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attBo AGCCTGCTTTTTTATACTAACTTGAGC (SEQ ID NO:1)
TCGGACGAAAAAATATGATTGAACTCG

attPo GITCAGCTTTITTATACTAAGTTGGCA (SEQ ID NO:2)
CAAGTCGAAAAAATATGATTCAACCGT

attLo AGCCTGCTTTTTTATACTAAGTTGGCA (SEQ ID NO:3)
TCGGACGAAAAAATATGATTCAACCGT

attRo GTTCAGCTTTITTATACTAACTTGAGC (SEQ ID NO:4)
CAAGTCGAAAAAATATGATTGAACTCG

attBl AGCCTGCTTTITIGTACAAACTTGT  (SEQ ID NO:5)
TCGGACGAAAAAATATGTTTGAACA

attPl GTTCAGCTTTITTGTACAAAGTTGGCA (SEQ ID NO:6)
CAAGTCGAAAAAACATGTTTCAACCGT

attll AGCCTGCTTTTTTGTACAAAGTTGGCA (SEQ ID NO:7)
TCGGACGAAAAAACATGTTTCAACCGT

attRl GTTCAGCTTTITIGTACAAACTTGT ~ (SEQ ID NO:8)
CAAGTCGAAAAAACATGTTTGAACA

attB2 ACCCAGCTTTCTTGTACAAAGTGGT  (SEQ ID NO:9)
TGGGTCGAAAGAATATGTTTCACCA

attpP2 GTTCAGCTTTCTTGTACAAAGTTGGCA (SEQ ID NO:10)
CAAGTCGAAAGAACATGTTTCAACCGT

attL2 ACCCAGCTTTCITGTACAAAGTTGGCA (SEQ ID NO:11)
TGGGTCGAAAGAACATGTTTCAACCGT

attR2 GTTCAGCTTTCTIGTACAAAGTGGT  (SEQ ID NO:12)
CAAGTCGAAAGAACATGTTTGACCA

attBs CAACTTTATTATACAAAGTTGT ~ (SEQ ID NO:13)

- GTTGAAATAATATGTTTCAACA

attP5 GTTCAACTTTATTATACAAAGTTGGCA (SEQ ID NO:14)

CAAGTTGAAATAATATGTTTCAACCGT

FIG.24A
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attLs CAACTTTATTATACAAAGTTGGCA (SEQ ID NO:15)
GTTGAAATAATATGTTTCAACCGT
attRb GTTCAACTTTATTATACAAAGTTGT ~ (SEQ ID NO:16)
CAAGTTGAAATAATATGTTTCAACA
attBll CAACTTTTCTATACAAAGTTGT  (SEQ ID NO:17)
GTTGAAAAGATATGTTTCAACA
attP1l  GTTCAACTTTICTATACAAAGTTGGCA (SEQ ID NO:18)
CAAGTTGAAAAGATATGTTTCAACCGT
attLll CAACTTTICTATACAAAGTTGGCA (SEQ ID NO:19)
GTTGAAAAGATATGTTTCAACCGT
attR1ll  GTTCAACTTTICTATACAAAGTTGT (SEQ ID NO:20)
CAAGTTGAAAAGATATGTTTCAACA
attBl7 CAACTTTIGTATACAAAGTTGT  (SEQ ID NO:21)
GTTGAAAACATATGTTTCAACA
attPl7  GTTCAACT IIGTATACAAAGTTGGCA (SEQ ID NO:22)
CAAGTTGAAAACATATGTTTCAACCGT
attLl/ CAACTTTIGTATACAAAGTTGGCA (SEQ ID N0O:23)
GTTGAAAACATATGT TTCAACCGT
attR17  GTTCAACTTTIGTATACAAAGTTGT  (SEQ ID NO:24)
CAAGTTGAAAACATATGTTTCAACA
atiBl9 CAACTTTITCGTACAAAGTTGT  (SEQ ID NO:25)
GTTGAAAAAGCATGTTTCAACA
attP19  GTTCAACTTTITCGTACAAAGTTGGCA (SEQ ID NO:26)
CAAGTTGAAAAAGCATGTTTCAACCGT
attL19 CAACTTTITCGTACAAAGTTGGCA (SEQ ID NO:27)
GTTGAAAAAGCATGTTTCAACCGT
attR19  GTTCAACTTTITCGTACAAAGTTGT  (SEQ ID NO:28)

CAAGTTGAAAAAGCATGTTTCAACA

FIG.24B
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attBz0 CAACTTTITGGTACAAAGTTGT  (SEQ ID NO:29)
GTTGAAAAACCATGTTTCAACA
attP20  GTTCAACTTTITGGTACAAAGTTGGCA (SEQ ID NO:30)
CAAGTTGAAAAACCATGTTTCAACCGT
attL2o CAACTTTITGGTACAAAGTTGGCA (SEQ ID NO:31)
GTTGAAAAACCATGTTTCAACCGT
attR20  GTTCAACTTTITGGTACAAAGTTGT  (SEQ ID NO:32)
CAAGTTGAAAAACCATGTTTCAACA
attB21 CAACTTTITAATACAAAGTTGT  (SEQ ID NO:33)
GTTGAAAAATTATGTTTCAACA
attP2l  GTTCAACTTTITAATACAAAGTTGGCA (SEQ ID NO:34)
CAAGTTGAAAAATTATGTTTCAACCGT
atti?1 CAACTTTTITAATACAAAGTTGGCA (SEQ ID NO:35)
GTTGAAAAATTATGTTTCAACCGT
attR2l  GTTCAACTTTITAATACAAAGTTGT  (SEQ ID NO:36)
CAAGTTGAAAAATTATGTTTCAACA

FIG.24C
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GTAAAACGACGGCCAGTGAATTATCAACTTTGTATAGAAAAGTTGAACGAGAAA
CGTAAAATGATATAAATATCAATATATTAAATTAGATTTTGCATAAAAAACAGAC
TACATAATACTGTAAAACACAACATATCCAGTCACTATGGCGGCCGCTAAGTTGG
CAGCATCACCCGACGCACTTTGCGCCGAATAAATACCTGTGACGGAAGATCACTT
CGCAGAATAAATAAATCCTGGTGTCCCTGTTGATACCGGGAAGCCCTGGGCCAA
CTTTTGGCGAAAATGAGACGTTGATCGGCACGTAAGAGGTTCCAACTTTCACCAT
AATGAAATAAGATCACTACCGGGCGTATTTTTTGAGTTATCGAGATTTTCAGGAG
CTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACCGTTGATATAT
CCCAATGGCATCGTAAAGAACATTTTGAGGCATTTCAGTCAGTTGCTCAATGTAC
CTATAACCAGACCGTTCAGCTGGATATTACGGCCTTTTTAAAGACCGTAAAGAAA
AATAAGCACAAGTTTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGC
TCATCCGGAATTCCGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAG
TGTTCACCCTTGTTACACCGTTTTCCATGAGCAAACTGAAACGTTTTCATCGCTCT
GGAGTGAATACCACGACGATTTCCGGCAGTTTCTACACATATATTCGCAAGATGTGG
CGTGTTACGGTGAAAACCTGGCCTATTTCCCTAAAGGGTTTATTGAGAATATGTT
TTTCGTCTCAGCCAATCCCTGGGTGAGTTTCACCAGTTTTGATTTAAACGTGGCCA
ATATGGACAACTTCTTCGCCCCCGTTTTCACCATGGGCAAATATTATACGCAAGG
CGACAAGGTGCTGATGCCGCTGGCGATTCAGGTTCATCATGCCGTCTGTGATGGC
TTCCATGTCGGCAGAATGCTTAATGAATTACAACAGTACTGCGATGAGTGGCAGG
GCGGGGCGTAATCTAGAGGATCCGGCTTACTAAAAGCCAGATAACAGTATGCGT

. ATTTGCGCGCTGATTTTTGCGGTATAAGAATATATACTGATATGTATACCCGAAG
TATGTCAAAAAGAGGTGTGCTATGAAGCAGCGTATTACAGTGACAGTTGACAGC
GACAGCTATCAGTTGCTCAAGGCATATATGATGTCAATATCTCCGGTCTGGTAAG
CACAACCATGCAGAATGAAGCCCGTCGTCTGCGTGCCGAACGCTGGAAAGCGGA
AAATCAGGAAGGGATGGCTGAGGTCGCCCGGTTTATTGAAATGAACGGCTCTITT
GCTGACGAGAACAGGGACTGGTGAAATGCAGTTTAAGGTTTACACCTATAAAAG
AGAGAGCCGTTATCGTCTGTTTGTGGATGTACAGAGTGATATTATTGACACGCCC
GGGCGACGGATGGTGATCCCCCTGGCCAGTGCACGTCTGCTGTCAGATAAAGTCT
CCCGTGAACTTTACCCGGTGGTGCATATCGGGGATGAAAGCTGGCGCATGATGAC

. CACCGATATGGCCAGTGTGCCGGTCTCCGTTATCGGGGAAGAAGTGGCTGATCTC
AGCCACCGCGAAAATGACATCAAAAACGCCATTAACCTGATGTTCTGGGGAATA -
TAAATGTCAGGCTCCGTTATACACAGCCAGTCTGCAGGTCGACCATAGTGACTGG
ATATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAATCTAATTTAA
TATATTGATATTTATATCATTTTACGTTTCTCGTTCAGCTTTATTATACAAAGTTGA
TAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAAC
GCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAA
AATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAG
GCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTAC
CGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCAC
-GCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACG -
AACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTC
CAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT
TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAA
CTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTT

FIG.28A
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CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTA
GCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCA
AGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCA
CGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT
TAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTC
TGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTT
CGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG -
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGC
TCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTA
AGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCG
TGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCA
AGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTC
CTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGC
AGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTG
GTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGT
GCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTG
TTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTT

. TACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAA
AAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAA
TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCC
ACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGT
ATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGAC
ACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCA
GACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTA
ACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAA
TACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCA
GGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCA
GCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTT
TTCCCAGTCACGACGTT SEQ ID NO: 156

FIG.28B
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CTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAG
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCA
ACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAG
GCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGG
CGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCG
GCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCCTAC
TCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG
GCCAGTCTTAAGCTCGGGCCCCAAATAATGATTTTATTTTGACTGATAGTGACCT
GTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAAGTTTGTACAA
AAAAGCAGAACGAGAAACGTAAAATGATATAAATATCAATATATTAAATTAGAT
TTTGCATAAAAAACAGACTACATAATACTGTAAAACACAACATATCCAGTCACTA
TGAATCAACTACTTAGATGGTATTAGTGACCTGTAGTCGACCGACAGCCTTCCAA
ATGTTCTTCGGGTGATGCTGCCAACTTAGTCGACCGACAGCCTTCCAAATGTTCTT
CTCAAACGGAATCGTCGTATCCAGCCTACTCGCTATTGTCCTCAATGCCGTATTA
AATCATAAAAAGAAATAAGAAAAAGAGGTGCGAGCCTCTTTT TTGTGTGACAAA
ATAAAAACATCTACCTATTCATATACGCTAGTGTCATAGTCCTGAAAATCATCTG
CATCAAGAACAATTTCACAACTCTTATACTTTTCTCTTACAAGTCGTTCGGCTTCA
TCTGGATTTTCAGCCTCTATACTTACTAAACGTGATAAAGTTTCTGTAATTTCTAC
TGTATCGACCTGCAGACTGGCTGTGTATAAGGGAGCCTGACATTTATATTCCCCA
GAACATCAGGTTAATGGCGTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCC
ACTTCTTCCCCGATAACGGAGACCGGCACACTGGCCATATCGGTGGTCATCATGC
GCCAGCTTTCATCCCCGATATGCACCACCGGGTAAAGTTCACGGGAGACTTTATC
TGACAGCAGACGTGCACTGGCCAGGGGGATCACCATCCGTCGCCCGGGCGTGTC
AATAATATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTTATAG
GTGTAAACCTTAAACTGCATTTCACCAGTCCCTGTTCTCGTCAGCAAAAGAGCCG
TTCATTTCAATAAACCGGGCGACCTCAGCCATCCCTTCCTGATTTTCCGCTTTCCA
GCGTTCGGCACGCAGACGACGGGCTTCATTCTGCATGGTTGTGCTTACCAGACCG
GAGATATTGACATCATATATGCCTTGAGCAACTGATAGCTGTCGCTGTCAACTGT
CACTGTAATACGCTGCTTCATAGCACACCTCTTTTTGACATACTTCGGGTATACAT -
ATCAGTATATATTCTTATACCGCAAAAATCAGCGCGCAAATACGCATACTGTTAT
CTGGCTTTTAGTAAGCCGGATCCACGCGATTACGCCCCGCCCTGCCACTCATCGC
AGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGGC
ATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATAT
" TTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAAT
CAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAA
TAAACCCTTTAGGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGA
~ ATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAA
AACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATA
TCACCAGCTCACCGTCTTTCATTGCCATACGGAATTCCGGATOAGCATTCATCAG
GCGGGCAAGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACG
GTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAG
CAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAAC
GGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATC
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TCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTT
GGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGC
TTCCCGGTATCAACAGGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCG
TCACAGGTATTTATTCGGCGCAAAGTGCGTCGGGTGATGCTGCCAACTTAGTCGA
CTACAGGTCACTAATACCATCTAAGTAGTTGATTCATAGTGACTGGATATGTTGT
GTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAATCTAATTTAATATATTGAT
ATTTATATCATTTTACGTTTCTCGTTCAGCTTTCTTGTACAAAGTGGGCATTATAA
GAAAGCATTGCTTATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAA
AATCATTATTTGCCATCCAGCTGATATCCCCTATAGTGAGTCGTATTACATGGTCA
TAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCA
CAAGATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTA
ATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAA
ATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGG
GCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTG
TTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCA
GACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCG
TACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTC
CAGGTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAG
TGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGAT
CGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATG
CGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAG
AAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTC
TCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTG
GACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCT
‘CGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATA
ATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCA
GAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGACG
GCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGC
GTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGC
GTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGC
CGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCA
GATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAAC
TCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGC
CAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGAT
AGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAG
CGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCATTGAGAAAGCGCC
ACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGT
CCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGG
GGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCITFTTACGGTTCCTGGE
CTTTTGCTGGCCTTTTGCTCACATGTT SEQ ID NO: 157
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CTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAG
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCA
ACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAG
GCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGG
CGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCG
GCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCCTAC
TCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG
~ GCCAGTCTTAAGCTCGGGCCCTGCAGCTCTAGAGCTCGAATTCTACAGGTCACTA
ATACCATCTAAGTAGTTGATTCATAGTGACTGCATATGTTGTGTTTTACAGTATTA
TGTAGTCTGTTTTTTATGCAAAATCTAATTTAATATATTGATATTTATATCATTTTA
CGTTTCTCGTTCAACTTTCTTGTACAAAGTTGGCATTATAAAAAAGCATTGCTTAT
CAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAAAATCATTATTTGGAG
CTCTAGAGCGTCGACTAAGTTGGCAGCATCACCCGACGCACTTTGCGCCGAATAA
ATACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCCCTGTTG
ATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACG
TAAGAGGTTCCAACTTTCACCATAATGAAATAAGATCACTACCGGGCGTATTTTT
TGAGTTATCGAGATTTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCAC
TGGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCA
TTTCAGTCAGTTGCTCAATGTACCTATAACCAGACCGTTCAGCTGGATATTACGG
CCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATTCA
CATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTCCGTATGGCAATGAAAGAC
GGTGAGCTGGTGATATGGGATAGTGTTCACCCTTGTTACACCGTTTTCCATGAGC
AAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTT
TCTACACATATATTCGCAAGATGTGGCGTGTTACGGTGAAAACCTGGCCTATTTC
. CCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTT
CACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCA
CCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTC
AGGTTCATCATGCCGTCTGTGATGGCTTCCATGTCGGCAGAATGCTTAATGAATT
ACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGTAATCGCGTGGATCCGGCTT
ACTAAAAGCCAGATAACAGTATGCGTATTTGCGCGCTGATTTTTGCGGTATAAGA
ATATATACTGATATGTATACCCGAAGTATGTCAAAAAGAGGTGTGCTATGAAGCA
GCGTATTACAGTGACAGTTGACAGCGACAGCTATCAGTTGCTCAAGGCATATATG
ATGTCAATATCTCCGGTCTGGTAAGCACAACCATGCAGAATGAAGCCCGTCGTCT
GCGTGCCGAACGCTGGAAAGCGGAAAATCAGGAAGGGATGGCTGAGGTCGCCCE
GTTTATTGAAATGAACGGCTCTTTTGCTGACGAGAACAGGGACTGGTGAAATGCA
GTTTAAGGTTTACACCTATAAAAGAGAGAGCCGTTATCGTCTGTTTGTGGATGTA
CAGAGTGATATTATTGACACGCCCGGGCGACGGATGGTGATCCCCCTGGCCAGT
GCACGTCTGCTGTCAGATAAAGTCTCCCGTGAACTTTACCCGGTGGTGCATATCG
GGGATGAAAGCTGGCGCATGATGACCACCGATATGGCCAGTGTGCCGGTCTCCG
TTATCGGGGAAGAAGTGGCTGATCTCAGCCACCGCGAAAATGACATCAAAAACG
CCATTAACCTGATGTTCTGGGGAATATAAATGTCAGGCTCCCTTATACACAGCCA
GTCTGCAGGTCGATACAGTAGAAATTACAGAAACT
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TTATCACGTTTAGTAAGTATAGAGGCTGAAAATCCAGATGAAGCCGAACGACTTG
TAAGAGAAAAGTATAAGAGTTGTGAAATTGTTCTTGATGCAGATGATTTTCAGGA
CTATGACACTAGCGTATATGAATAGGTAGATGTTTTTATTTTGTCACACAAAAAA
GAGGCTCGCACCTCTTTTTCTTATTTCTTTTTATGATTTAATACGGCATTGAGGAC
AATAGCGAGTAGGCTGGATACGACGATTCCGTTTGAGAAGAACATTTGGAAGGC
TGTCGGTCGAGCTCGAATTCTACAGGTCACTAATACCATCTAAGTAGTTGATTCA
TAGTGACTGCATATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAA
TCTAATTTAATATATTGATATTTATATCATTTTACGTTTCTCGTTCAACTTTATTAT
ACAAAGTTGGCATTATAAAAAAGCATTGCTTATCAATTTGT TGCAACGAACAGGT
CACTATCAGTCAAAATAAAATCATTATTTGGAGCTCCATGGTAGCGTTAACGCGG
CCGCGATATCCCCTATAGTGAGTCGTATTACATGGTCATAGCTGTTTCCTGGCAG
CTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATAT
CATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTAT
GAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGC
TGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACA
ATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCA
AAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGA .
CGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCA
TGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAAT
ATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTT
GCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCG
CTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGA
CGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTG
CCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTAT
TTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCA
GACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTC
ATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAA
TTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTT
GTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACC
AAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCAGACCCCGTAGAA
AAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACC
AACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTC
CTTCTAGTGTAGCCGTAGT TAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTA
CATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTC
GGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACAC
CGAACTGAGATACCTACAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGG
GAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCA
CGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCG
CCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTA
TGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTT
TTGCTCACATGTT SEQ ID NO: 158
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CTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAG
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCA
ACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAG
GCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGG
CGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCG
GCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCCTAC
TCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG
GCCAGTCTTAAGCTCGGGCCCGCGTTAACGCTACCATGGAGCTCCAAATAATGAT
TTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATAAGCAATGCTTTT
TTATAATGCCAACTTTGTATAGAAAAGT TGAACGAGAAACGTAAAATGATATAA
ATATCAATATATTAAATTAGATTTTGCATAAAAAACAGACTACATAATACTGTAA
AACACAACATATGCAGTCACTATGAATCAACTACTTAGATGGTATTAGTGACCTG
TAGAATTCGAGCTCGACCGACAGCCTTCCAAATGTTCTTCTCAAACGGAATCGTC
GTATCCAGCCTACTCGCTATTGTCCTCAATGCCGTATTAAATCATAAAAAGAAAT
AAGAAAAAGAGGTGCGAGCCTCTTTTTTGTGTGACAAAATAAAAACATCTACCTA
TTCATATACGCTAGTGTCATAGTCCTGAAAATCATCTGCATCAAGAACAATTTCA
CAACTCTTATACTTTTCTCTTACAAGTCGTTCGGCTTCATCTGGATTTTCAGCCTCT
ATACTTACTAAACGTGATAAAGTTTCTGTAATTTCTACTGTATCGACCTGCAGACT
GGCTGTGTATAAGGGAGCCTGACATTTATATTCCCCAGAACATCAGGTTAATGGC
GTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTCTTCCCCGATAACGG
AGACCGGCACACTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGAT
ATGCACCACCGGGTAAAGTTCACGGGAGACTTTATCTGACAGCAGACGTGCACT
GGCCAGGGGGATCACCATCCGTCGCCCGGGCGTGTCAATAATATCACTCTGTACA
TCCACAAACAGACGATAACGGCTCTCTCTTTTATAGGTGTAAACCTTAAACTGCA
TTTCACCAGTCCCTGTTCTCGTCAGCAAAAGAGCCGTTCATTTCAATAAACCGGG
CGACCTCAGCCATCCCTTCCTGATTTTCCGCTTTCCAGCGTTCGGCACGCAGACG
ACGGGCTTCATTCTGCATGGTTGTGCTTACCAGACCGGAGATATTGACATCATAT
ATGCCTTGAGCAACTGATAGCTGTCGCTGTCAACTGTCACTGTAATACGCTGCTT
CATAGCACACCTCTTTTTGACATACTTCGGGTATACATATCAGTATATATTCTTAT
ACCGCAAAAATCAGCGCGCAAATACGCATACTGTTATCTGGCTTTTAGTAAGCCG
GATCCACGCGATTACGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCAT
TAAGCATTCTGCCGACATGGAAGCCATCACAGACGGCATGATGAACCTGAATCG
CCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAAC
GGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACT
CACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAA
ATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAAC
TGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCT
CATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCACCGT -
CTTTCATTGCCATACGGAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTG
AATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTTACGGTCTTTAAAAAGGCC
GTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATG
CCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAACGGTGGTATATCCAGT
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GATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAA
ATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTTGGAACCTCTTACGTG
CCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACA
GGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTATTTATTC
GGCGCAAAGTGCGTCGGGTGATGCTGCCAACTTAGTCGACGCTCTAGAGCTCCA
AATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATAAG
CAATGCTTTTTTATAATGCCAACTTTGTACAAAAAAGTTGAACGAGAAACGTAAA
ATGATATAAATATCAATATATTAAATTAGATTTTGCATAAAAAACAGACTACATA
ATACTGTAAAACACAACATATGCAGTCACTATGAATCAACTACTTAGATGGTATT
AGTGACCTGTAGAATTCGAGCTCTAGAGCTGCAGGGCGGCCGCGATATCCCCTAT
AGTGAGTCGTATTACATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTC
AAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGG
GAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATA
AATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGG
GAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAA
TGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTT
CCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTG
CGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTG
AAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTT
TGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACG
AATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGG

~ CCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGATT
CAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAA
ATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGAT
CTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCT
TTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGA
TGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCAGAG
CATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTG
AGTTACGCGTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTT
CTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACC
GCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAG
GTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGT
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCT
AATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTG

- GACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGT
TCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTA
CAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAG
GTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGG -
GGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAG
CGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGC
AACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTT
SEQ ID NO: 159
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GTAAAACGACGGCCAGTGAATTATCAACTTTGTATAGAAAAGTTGTTATGACAAC
TTGACGGCTACATCATTCACTTTTTCTTCACAACCGGCACGGAACTCGCTCGGGC |
TGGCCCCGGTGCATTTTTTAAATACCCGCGAGAAATAGAGT TGATCGTCAAAACC
AACATTGCGACCGACGGTGGCGATAGGCATCCGGGTGGTGCTCAAAAGCAGCTT
CGCCTGGCTGATACGTTGGTCCTCGCGCCAGCTTAAGACGCTAATCCCTAACTGC
TGGCGGAAAAGATGTGACAGACGCGACGGCGACAAGCAAACATGCTGTGCGACG
CTGGCGATATCAAAATTGCTGTCTGCCAGGTGATCGCTGATGTACTGACAAGCCT
CGCGTACCCGATTATCCATCGGTGGATGGAGCGACTCGTTAATCGCTTCCATGCG
CCGCAGTAACAATTGCTCAAGCAGATTTATCGCCAGCAGCTCCGAATAGCGCCCT
TCCCCTTGCCCGGCGTTAATGATTTGCCCAAACAGGTCGCTGAAATGCGGCTGGT
GCGCTTCATCCGGGCGAAAGAACCCCGTATTGGCAAATATTGACGGCCAGTTAA
GCCATTCATGCCAGTAGGCGCGCGGACGAAAGTAAACCCACTGGTGATACCATT
CGCGAGCCTCCGGATGACGACCGTAGTGATGAATCTCTCCTGGCGGGAACAGCA
AAATATCACCCGGTCGGCAAACAAATTCTCGTCCCTGATTTTTCACCACCCCCTG
ACCGCGAATGGTGAGATTGAGAATATAACCTTTCATTCCCAGCGGTCGGTCGATA
AAAAAATCGAGATAACCGTTGGCCTCAATCGGCGTTAAACCCGCCACCAGATGG .
GCATTAAACGAGTATCCCGGCAGCAGGGGATCATTTTGCGCTTCAGCCATACTTT
TCATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATATTGCATCAGACATTG
CCGTCACTGCGTCTTTTACTGGCTCTTCTCGCTAACCAAACCGGTAACCCCGCTTA
TTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACA -
AAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCAC
ACTTTGCTATGCCATAGCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGCT
TTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTGGGCTAACAGGAGGA
ATTAACCATGCCAAGTTTGTACAAAAAAGCAGGCTCATTTAACTTTAAGAAGGAG
ATATATACCATGGTCCGTCCTGTAGAAACCCCAACCCGTGAAATCAAAAAACTCG
ACGGCCTGTGGGCATTCAGTCTGGATCGCGAAAACTGTGGAATTGATCAGCGTTG
GTGGGAAAGCGCGTTACAAGAAAGCCGGGCAATTGCTGTGCCAGGCAGTTTTAA
CGATCAGTTCGCCGATGCAGATATTCGTAATTATGCGGGCAACGTCTGGTATCAG
CGCGAAGTCTTTATACCGAAAGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCG
ATGCGGTCACTCATTACGGCAAAGTGTGGGTCAATAATCAGGAAGTGATGGAGC
ATCAGGGCGGCTATACGCCATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGG
GAAAAGTGTACGTATCACCGTTTGTGTGAACAACGAACTGAACTGGCAGACTATC
CCGCCGGGAATGGTGATTACCGACGAAAACGGCAAGAAAAAGCAGTCTTACTTC
CATGATTTCTTTAACTATGCCGGAATCCATCGCAGCGTAATGCTCTACACCACGC
CGAACACCTGGGTGGACGATATCACCGTGGTGACGCATGTCGCGCAAGACTGTA
ACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGTCAGCGTTGAACT
GCGTGATGCGGATCAACAGGTGGTTGCAACTGGACAAGGCACTAGCGGGACTTT
GCAAGTGGTGAATCCGCACCTCTGGCAACCGGGTGAAGGTTATCTCTATGAACTG
TGCGTCACAGCCAAAAGCCAGACAGAGTGTGATATCTACCCGCTTCGCGTCGGC
ATCCGGTCAGTGGCAGTGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCT
ACTTTACTGGCTTTGGTCGTCATGAAGATGCGGACTTACGTGGCAAAGGATTCGA
TAACGTGCTGATGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCC
TACCGTACCTCGCATTACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAAC
ATGGCATCGTGGTGATTGATGAAACTGCTGCTGTCGGCTTTAACCTCTCTTTAGGC
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ATTGGTTTCGAAGCGGGCAACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTC
AACGGGGAAACTCAGCAAGCGCACTTACAGGCGATTAAAGAGCTGATAGCGCGTG
ACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAACCGGATACCC
GTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAGCAACGCGTAAAC
TCGACCCGACGCGTCCGATCACCTGCGTCAATGTAATGTTCTGCGACGCTCACAC
CGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTACGGATGG
TATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGAACTT
CTGGCCTGGCAGGAGAAACTGCATCAGCCGATTATCATCACCGAATACGGCGTG
GATACGTTAGCCGGGCTGCACTCAATGTACACCGACATGTGGAGTGAAGAGTAT
CAGTGTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCG
TCGGTGAACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCG
CGTTGGCGGTAACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGC
GGCTTTTCTGCTGCAAAAACGCTGGACTGGCATGAACTTCGGTGAAAAACCGCAG
CAGGGAGGCAAACAATGATACCCAGCTTTCTTGTACAAAGTGGAGGAAACAGCT
ATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCECC
GGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAA
CCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGG
CGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTG
AATGGCGAATGGCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTC
ACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGCAACTT
TATTATACAAAGTTGATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGA
AATTGTTATCCGCTCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACA
GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTARAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCT
GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGEG
CTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAA
GCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGT
AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAG
CCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCT
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGC
TCTGCTGAAGCCAGT TACCTTCGGAAAAAGAGT TGGTAGCTCTTGATCCGGCAAA
CAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCA -
GAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCA
GTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGAT
CTTCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGAC
CCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCC
GAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTT
GCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGC
CATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT
CCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGC

FIG.32B
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GGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTA
TCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATG
CGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATA
GCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTC
AAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAAC
TGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAA
GGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTC
ATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGT TATTGTCTCATGAG
CGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC
ATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTA
ACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATG
ACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGATGTTGGCGG
GTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCAC
CATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGG
CGCCATTCGCCATTCAGGCTGCGCAACTGT TGGGAAGGGCGATCGGTGCGGGCCT
CTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTG
GGTAACGCCAGGGTTTTCCCAGTCACGACGTT SEQ ID NO: 160

FIG.32C
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USE OF MULTIPLE RECOMBINATION SITES
WITH UNIQUE SPECIFICITY IN
COMBINATIONAL CLONING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
application Ser. No. 10/640,422, filed Aug. 14, 2003, which
claims the benefit of the filing date of U.S. Provisional Appli-
cation No. 60/402,920, filed Aug. 14, 2002. U.S. application
Ser. No. 10/640,422 also is a continuation-in-part of, and
claims the benefit under 35 U.S.C. §120 of, U.S. application
Ser. No. 09/732,914, filed Dec. 11, 2000, which claims the
benefit of the filing dates of U.S. Provisional Application Nos.
60/169,983, filed Dec. 10, 1999, and 60/188,020, filed Mar. 9,
2000. The disclosures of all of these referenced applications
are incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresent invention relates to the fields of biotech-
nology and molecular biology. In particular, the present
invention relates to joining multiple nucleic acid molecules
containing recombination sites, preferably using recombina-
tion sites having a unique specificity. The present invention
also relates to cloning such joined nucleic acid molecules
using recombinational cloning methods. The invention also
relates to joining multiple peptides, and combinations of pep-
tides and nucleic acid molecules through the use of recombi-
nation sites. Other molecules and compounds or combina-
tions of molecules and compounds may also be joined
through recombination sites according to the invention. Such
peptides, nucleic acids and other molecules and/or com-
pounds (or combinations thereof) may also be joined or
bound through recombination to one or a number of supports
or structures in accordance with the invention.

[0004] 2. Related Art
[0005] Site-Specific Recombinases
[0006] Site-specific recombinases are proteins that are

present in many organisms (e.g., viruses and bacteria) and
have been characterized as having both endonuclease and
ligase properties. These recombinases (along with associated
proteins in some cases) recognize specific sequences of bases
in a nucleic acid molecule and exchange the nucleic acid
segments flanking those sequences. The recombinases and
associated proteins are collectively referred to as “recombi-
nation proteins” (see, e.g., Landy, A., Current Opinion in
Biotechnology 3:699-707 (1993)).

[0007] Numerous recombination systems from various
organisms have been described. See, e.g., Hoess, et al.,
Nucleic Acids Research 14(6):2287 (1986); Abremski, et al.,
J. Biol. Chem. 261(1):391 (1986); Campbell, J. Bacteriol.
174(23):7495 (1992); Qian, et al.,, J. Biol. Chem. 267(11):
7794 (1992); Araki, et al., J. Mol. Biol. 225(1):25 (1992);
Maeser and Kahnmann, Mol. Gen. Genet. 230:170-176)
(1991); Esposito, etal., Nucl. Acids Res. 25(18):3605 (1997).
Many of these belong to the integrase family of recombinases
(Argos, et al.,, EMBO J. 5:433-440 (1986); Voziyanov, et al.,
Nucl. Acids Res. 27:930 (1999)). Perhaps the best studied of
these are the Integrase/att system from bacteriophage A
(Landy, A. Current Opinions in Genetics and Devel. 3:699-
707 (1993)), the Cre/loxP system from bacteriophage P1
(Hoess and Abremski (1990) In Nucleic Acids and Molecular
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Biology, vol. 4. Eds.: Eckstein and Lilley, Berlin-Heidelberg:
Springer-Verlag; pp. 90-109), and the FLP/FRT system from
the Saccharomyces cerevisiae 2u circle plasmid (Broach, et
al., Cell 29:227-234 (1982)).

[0008]

[0009] Transposons are mobile genetic elements. Trans-
posons are structurally variable, being described as simple or
compound, but typically encode a transposition catalyzing
enzyme, termed a transposase, flanked by DNA sequences
organized in inverted orientations. For a more thorough dis-
cussion of the characteristics of transposons, one may consult
Mobile Genetic Elements, D. J. Sherratt, Ed., Oxford Univer-
sity Press (1995) and Mobile DNA, D. E. Berg and M. M.
Howe, Eds., American Society for Microbiology (1989),
Washington, D.C. both of which are specifically incorporated
herein by reference.

[0010] Transposons have been used to insert DNA into
target DNA. As a general rule, the insertion of transposons
into target DNA is a random event. One exception to this rule
is the insertion of transposon Tn7. Transposon Tn7 can inte-
grate itself into a specific site in the £. co/i genome as one part
of'its life cycle (Stellwagen, A. E., and Craig, N. L. Trends in
Biochemical Sciences 23, 486-490, 1998 specifically incor-
porated herein by reference). This site specific insertion has
been used in vivo to manipulate the baculovirus genome
(Lucklow et al., J. Virol. 67:4566-4579 (1993) specifically
incorporated herein by reference). The site specificity of Tn7
is atypical of transposable elements whose hallmark is move-
ment to random positions in acceptor DNA molecules. For the
purposes of this application, transposition will be used to
refer to random or quasi-random movement, unless otherwise
specified, whereas recombination will be used to refer to site
specific recombination events. Thus, the site specific inser-
tion of Tn7 into the attTn 7 site would be referred to as a
recombination event while the random insertion of Tn7
would be referred to as a transposition event.

[0011] York, et al. (Nucleic Acids Research, 26(8):1927-
1933, (1998)) disclose an in vitro method for the generation
of nested deletions based upon an intramolecular transposi-
tion within a plasmid using TnS5. A vector containing a kana-
mycin resistance gene flanked by two 19 base pair TnS5 trans-
posase recognition sequences and a target DNA sequence was
incubated in vitro in the presence of purified transposase
protein. Under the conditions of low DNA concentration
employed, the intramolecular transposition reaction was
favored and was successfully used to generate a set of nested
deletions in the target DNA. The authors suggested that this
system might be used to generate C-terminal truncations in a
protein encoded by the target DNA by the inclusion of stop
signals in all three reading frames adjacent to the recognition
sequences. In addition, the authors suggested that the inclu-
sion of a His tag and kinase region might be used to generate
N-terminal deletion proteins for further analysis.

[0012] Devine, et al., (Nucleic Acids Research, 22:3765-
3772 (1994) and U.S. Pat. Nos. 5,677,170 and 5,843,772, all
of which are specifically incorporated herein by reference)
disclose the construction of artificial transposons for the
insertion of DNA segments into recipient DNA molecules in
vitro. The system makes use of the insertion-catalyzing
enzyme of yeast TY1 virus-like particles as a source of trans-
posase activity. The DNA segment of interest is cloned, using
standard methods, between the ends of the transposon-like

Transposons
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element TY1. In the presence of the TY1 insertion-catalyzing
enzyme, the resulting element integrates randomly into a
second target DNA molecule.

[0013] Another class of mobile genetic elements are inte-
grons. Integrons generally consist of a 5'- and a 3'-conserved
sequence flanking a variable sequence. Typically, the 5'-con-
served sequence contains the coding information for an inte-
grase protein. The integrase protein may catalyze site-specific
recombination at a variety of recombination sites including
attl, attC as well as other types of sites (see Francia et al., J.
Bacteriology 181(21):6844-6849, 1999, and references cited
therein).

[0014] Recombination Sites

[0015] Whether the reactions discussed above are termed
recombination, transposition or integration and are catalyzed
by a recombinase or integrase, they share the key feature of
specific recognition sequences, often termed “recombination
sites,” on the nucleic acid molecules participating in the reac-
tions. These recombination sites are sections or segments of
nucleic acid on the participating nucleic acid molecules that
are recognized and bound by the recombination proteins dur-
ing the initial stages of integration or recombination. For
example, the recombination site for Cre recombinase is loxP
which is a 34 base pair sequence comprised of two 13 base
pair inverted repeats (serving as the recombinase binding
sites) flanking an 8 base pair core sequence. (See FIG. 1 of
Sauver, B., Curr. Opin. Biotech. 5:521-527 (1994).) Other
examples of recognition sequences include the attB, attP,
attl,, and attR sequences which are recognized by the recom-
bination protein A Int. attB is an approximately 25 base pair
sequence containing two 9 base pair core-type Int binding
sites and a 7 base pair overlap region, while attP is an approxi-
mately 240 base pair sequence containing core-type Int bind-
ing sites and arm-type Int binding sites as well as sites for
auxiliary proteins integration host factor (IHF), FIS and exci-
sionase (X is). (See Landy, Curr. Opin. Biotech. 3:699-707
(1993).)

[0016] Stop Codons and Suppressor tRNAs

[0017] Three codons are used by both eukaryotes and
prokaryotes to signal the end of gene. When transcribed into
mRNA, the codons have the following sequences: UAG (am-
ber), UGA (opal) and UAA (ochre). Under most circum-
stances, the cell does not contain any tRNA molecules that
recognize these codons. Thus, when a ribosome translating an
mRNA reaches one of these codons, the ribosome stalls and
falls of the RNA, terminating translation of the mRNA. The
release of the ribosome from the mRNA is mediated by spe-
cific factors (see S. Mottagui-Tabar, NAR 26(11), 2789,
1998). A gene with an in-frame stop codon (TAA, TAG, or
TGA) will ordinarily encode a protein with a native carboxy
terminus. However, suppressor tRNAs, can result in the inser-
tion of amino acids and continuation of translation past stop
codons.

[0018] Mutant tRNA molecules that recognize what are
ordinarily stop codons suppress the termination of translation
of an mRNA molecule and are termed suppressor tRNAs. A
number of such suppressor tRNAs have been found.
Examples include, but are not limited to, the supE, supP,
supD, supF and supZ suppressors which suppress the termi-
nation of translation of the amber stop codon, supB, gIT,
supL, supN, supC and supM suppressors which suppress the
function of the ochre stop codon and glyT, trpT and Su-9
which suppress the function of the opal stop codon. In gen-
eral, suppressor tRNAs contain one or more mutations in the
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anti-codon loop of the tRNA that allows the tRNA to base pair
with a codon that ordinarily functions as a stop codon. The
mutant tRNA is charged with its cognate amino acid residue
and the cognate amino acid residue is inserted into the trans-
lating polypeptide when the stop codon is encountered. For a
more detailed discussion of suppressor tRNAs, the reader
may consult Eggertsson, et al., (1988) Microbiological
Review 52(3):354-374, and Engleerg-Kukla, et al. (1996) in
Escherichia coli and Salmonella Cellular and Molecular
Biology, Chapter 60, pps 909-921, Neidhardt, et al. eds.,
ASM Press, Washington, D.C.

[0019] Mutations which enhance the efficiency of termina-
tion suppressors, i.e., increase the read through of the stop
codon, have been identified. These include, but are not limited
to, mutations in the uar gene (also known as the prfA gene),
mutations in the ups gene, mutations in the sueA, sueB and
sueC genes, mutations in the rpsD (ramA) and rpsE (spcA)
genes and mutations in the rpll. gene.

[0020] Under ordinary circumstances, host cells would not
be expected to be healthy if suppression of stop codons is too
efficient. This is because of the thousands or tens of thousands
of'genes in a genome, a significant fraction will naturally have
one of the three stop codons; complete read-through of these
would result in a large number of aberrant proteins containing
additional amino acids at their carboxy termini. If some level
of suppressing tRNA is present, there is a race between the
incorporation of the amino acid and the release of the ribo-
some. Higher levels of tRNA may lead to more read-through
although other factors, such as the codon context, can influ-
ence the efficiency of suppression.

[0021] Organisms ordinarily have multiple genes for
tRNAs. Combined with the redundancy of the genetic code
(multiple codons for many of the amino acids), mutation of
one tRNA gene to a suppressor tRNA status does not lead to
high levels of suppression. The TAA stop codon is the stron-
gest, and most difficult to suppress. The TGA is the weakest,
and naturally (in E. coli) leaks to the extent of 3%. The TAG
(amber) codon is relatively tight, with a read-through of
.about.1% without suppression. In addition, the amber codon
can be suppressed with efficiencies on the order of 50% with
naturally occurring suppressor mutants.

[0022] Suppression has been studied for decades in bacteria
and bacteriophages. In addition, suppression is known in
yeast, flies, plants and other eukaryotic cells including mam-
malian cells. For example, Capone, et al. (Molecular and
Cellular Biology 6(9):3059-3067, 1986) demonstrated that
suppressor tRNAs derived from mammalian tRNAs could be
used to suppress a stop codon in mammalian cells. A copy of
the E. coli chloramphenicol acetyltransferase (cat) gene hav-
ing a stop codon in place of the codon for serine 27 was
transfected into mammalian cells along with a gene encoding
a human serine tRNA which had been mutated to form an
amber, ochre, or opal suppressor derivative of the gene. Suc-
cessful expression of the cat gene was observed. An inducible
mammalian amber suppressor has been used to suppress a
mutation in the replicase gene of polio virus and cell lines
expressing the suppressor were successfully used to propa-
gate the mutated virus (Sedivy, et al., (1987) Cell 50: 379-
389). The context effects on the efficiency of suppression of
stop codons by suppressor tRNAs has been shown to be
different in mammalian cells as compared to £. coli (Phillips-
Jones, et al., (1995) Molecular and Cellular Biology 15(12):
6593-6600, Martin, etal., (1993) Biochemical Society Trans-
actions 21:846-851) Since some human diseases are caused
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by nonsense mutations in essential genes, the potential of
suppression for gene therapy has long been recognized (see
Temple, et al. (1982) Nature 296(5857):537-40). The sup-
pression of single and double nonsense mutations introduced
into the diphtheria toxin A-gene has been used as the basis of
a binary system for toxin gene therapy (Robinson, et al.,
(1995) Human Gene Therapy 6:137-143).

[0023] Conventional Nucleic Acid Cloning

[0024] The cloning of nucleic acid segments currently
occurs as a daily routine in many research labs and as a
prerequisite step in many genetic analyses. The purpose of
these clonings is various, however, two general purposes can
be considered: (1) the initial cloning of nucleic acid from
large DNA or RNA segments (chromosomes, YACs, PCR
fragments, mRNA, etc.), done in a relative handful of known
vectors such as pUC, pGem, pBlueScript, and (2) the sub-
cloning of these nucleic acid segments into specialized vec-
tors for functional analysis. A great deal of time and effort is
expended both in the transfer of nucleic acid segments from
the initial cloning vectors to the more specialized vectors.
This transfer is called subcloning.

[0025] The basic methods for cloning have been known for
many years and have changed little during that time. A typical
cloning protocol is as follows:

[0026] (1)digestthe nucleic acid of interest with one or two
restriction enzymes;

[0027] (2) gel purify the nucleic acid segment of interest
when known;
[0028] (3) prepare the vector by cutting with appropriate

restriction enzymes, treating with alkaline phosphatase, gel
purity etc., as appropriate;

[0029] (4)ligate the nucleic acid segment to the vector, with
appropriate controls to eliminate background of uncut and
self-ligated vector;

[0030] (5) introduce the resulting vector into an E. coli host
cell;

[0031] (6) pick selected colonies and grow small cultures
overnight;

[0032] (7) make nucleic acid minipreps; and

[0033] (8) analyze the isolated plasmid on agarose gels

(often after diagnostic restriction enzyme digestion) or by
PCR.

[0034] The specialized vectors used for subcloning nucleic
acid segments are functionally diverse. These include but are
not limited to: vectors for expressing nucleic acid molecules
in various organisms; for regulating nucleic acid molecule
expression; for providing tags to aid in protein purification or
to allow tracking of proteins in cells; for modifying the cloned
nucleic acid segment (e.g., generating deletions); for the syn-
thesis of probes (e.g., riboprobes); for the preparation of
templates for nucleic acid sequencing; for the identification
of protein coding regions; for the fusion of various protein-
coding regions; to provide large amounts of the nucleic acid
of interest, etc. It is common that a particular investigation
will involve subcloning the nucleic acid segment of interest
into several different specialized vectors.

[0035] Asknown inthe art, simple subclonings can be done
in one day (e.g., the nucleic acid segment is not large and the
restriction sites are compatible with those of the subcloning
vector). However, many other subclonings can take several
weeks, especially those involving unknown sequences, long
fragments, toxic genes, unsuitable placement of restriction
sites, high backgrounds, impure enzymes, etc. One of the
most tedious and time consuming type of subcloning involves
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the sequential addition of several nucleic acid segments to a
vector in order to construct a desired clone. One example of
this type of cloning is in the construction of gene targeting
vectors. Gene targeting vectors typically include two nucleic
acid segments, each identical to a portion of the target gene,
flanking a selectable marker. In order to construct such a
vector, it may be necessary to clone each segment sequen-
tially, i.e., first one gene fragment is inserted into the vector,
then the selectable marker and then the second fragment of
the target gene. This may require a number of digestion,
purification, ligation and isolation steps for each fragment
cloned. Subcloning nucleic acid fragments is thus often
viewed as a chore to be done as few times as possible.
[0036] Several methods for facilitating the cloning of
nucleic acid segments have been described, e.g., as in the
following references.

[0037] Ferguson, I., et al., Gene 16:191 (1981), disclose a
family of vectors for subcloning fragments of yeast nucleic
acids. The vectors encode kanamycin resistance. Clones of
longer yeast nucleic acid segments can be partially digested
and ligated into the subcloning vectors. If the original cloning
vector conveys resistance to ampicillin, no purification is
necessary prior to transformation, since the selection will be
for kanamycin.

[0038] Hashimoto-Gotoh, T., et al., Gene 41:125 (1986),
disclose a subcloning vector with unique cloning sites within
a streptomycin sensitivity gene; in a streptomycin-resistant
host, only plasmids with inserts or deletions in the dominant
sensitivity gene will survive streptomycin selection.

[0039] Notwithstanding the improvements provided by
these methods, traditional subclonings using restriction and
ligase enzymes are time consuming and relatively unreliable.
Considerable labor is expended, and if two or more days later
the desired subclone can not be found among the candidate
plasmids, the entire process must then be repeated with alter-
native conditions attempted.

[0040] Recombinational Cloning

[0041] Cloning systems that utilize recombination at
defined recombination sites have been previously described
in the related applications listed above, and in U.S. applica-
tion Ser. No. 09/177,387, filed Oct. 23,1998; U.S. application
Ser. No. 09/517,466, filed Mar. 2, 2000; and U.S. Pat. Nos.
5,888,732 and 6,143,557, all of which are specifically incor-
porated herein by reference. In brief, the GATEWAY™ Clon-
ing System, described in this application and the applications
referred to in the related applications section, utilizes vectors
that contain at least one recombination site to clone desired
nucleic acid molecules in vivo or in vitro. More specifically,
the system utilizes vectors that contain at least two different
site-specific recombination sites based on the bacteriophage
lambda system (e.g., att]l and att2) that are mutated from the
wild-type (att0) sites. Each mutated site has a unique speci-
ficity for its cognate partner att site (i.e., its binding partner
recombination site) of the same type (for example attB1 with
attP1, or attl.l1 with attR1) and will not cross-react with
recombination sites of the other mutant type or with the
wild-type attO site. Different site specificities allow direc-
tional cloning or linkage of desired molecules thus providing
desired orientation of the cloned molecules. Nucleic acid
fragments flanked by recombination sites are cloned and sub-
cloned using the GATEWAY™ system by replacing a select-
able marker (for example, ccdB) flanked by att sites on the
recipient plasmid molecule, sometimes termed the Destina-
tion Vector. Desired clones are then selected by transforma-
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tion of a ccdB sensitive host strain 2and positive selection for
a marker on the recipient molecule. Similar strategies for
negative selection (e.g., use of toxic genes) can be used in
other organisms such as thymidine kinase (TK) in mammals
and insects.

[0042] Mutating specific residues in the core region of the
att site can generate a large number of different att sites. As
with the attl and att2 sites utilized in GATEWAY™, each
additional mutation potentially creates a novel att site with
unique specificity that will recombine only with its cognate
partner att site bearing the same mutation and will not cross-
react with any other mutant or wild-type att site. Novel
mutated att sites (e.g., attB1-10, attP1-10, attR1-10 and att[.1-
10) are described in previous patent application Ser. No.
09/517,466, filed Mar. 2, 2000, which is specifically incorpo-
rated herein by reference. Other recombination sites having
unique specificity (i.e., a first site will recombine with its
corresponding site and will not recombine or not substantially
recombine with a second site having a different specificity)
may be used to practice the present invention. Examples of
suitable recombination sites include, but are not limited to,
loxP sites; loxP site mutants, variants or derivatives such as
loxP511 (see U.S. Pat. No. 5,851,808); frt sites; fit site
mutants, variants or derivatives; dif sites; dif site mutants,
variants or derivatives; psi sites; psi site mutants, variants or
derivatives; cer sites; and cer site mutants, variants or deriva-
tives. The present invention provides novel methods using
such recombination sites to join or link multiple nucleic acid
molecules or segments and more specifically to clone such
multiple segments (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, seventy-five, one hundred,
two hundred, etc.) into one or more vectors (e.g., two, three,
four, five, seven, ten, twelve, etc.) containing one or more
recombination sites (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, seventy-five, one hundred,
two hundred, etc.), such as any GATEWAY™ Vector includ-
ing Destination Vectors.

BRIEF SUMMARY OF THE INVENTION

[0043] The present invention generally provides materials
and methods for joining or combining two or more (e.g., two,
three, four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty,
seventy-five, one hundred, two hundred, etc.) segments or
molecules of nucleic acid by the recombination reaction
between recombination sites, at least one of which is present
on each molecule or segment. Such recombination reactions
to join multiple nucleic acid molecules according to the
invention may be conducted in vivo (e.g., within a cell, tissue,
organ or organism) or in vitro (e.g., cell-free systems).
Accordingly, the invention relates to methods for creating
novel or unique combinations of nucleic acid molecules and
to the nucleic acid molecules created by such methods. The
invention also relates to host and host cells comprising the
nucleic acid molecules of the invention. The invention also
relates to kits for carrying out the methods of the invention,
and to compositions for carrying out the methods of the
invention as well as compositions made while carrying out
the methods of the invention.

[0044] The nucleic acid molecules created by the methods
of'the invention may be used for any purpose known to those
skilled in the art. For example, the nucleic acid molecules of
the invention may be used to express proteins or peptides
encoded by the nucleic acid molecules and may be used to
create novel fusion proteins by expressing different
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sequences linked by the methods of the invention. Such
expression can be accomplished in a cell or by using well
known in vitro expression/transcription systems. In one
aspect, at least one (and preferably two or more) of the nucleic
acid molecules or segments to be joined by the methods ofthe
invention comprise at least two recombination sites, although
each molecule may comprise multiple recombination sites
(e.g., two, three, four, five, seven, ten, twelve, fifteen, twenty,
thirty, fifty, etc.). Such recombination sites (which may be the
same or different) may be located at various positions in each
nucleic acid molecule or segment and the nucleic acid used in
the invention may have various sizes and be in different forms
including circular, supercoiled, linear, and the like. The
nucleic acid molecules used in the invention may also com-
prise one or more vectors or one or more sequences allowing
the molecule to function as a vector in a host cell (such as an
origin of replication). The nucleic acid molecules of the
invention may also comprise non-coding segments (e.g.,
intronic, untranslated, or other segments) that serve a struc-
tural or other non-expressive functions.

[0045] In a preferred aspect, the nucleic acid molecules or
segments for use in the invention are linear molecules having
at least one recombination site at or near at least one termini
of the molecule and preferably comprise at least one recom-
bination site at or near both termini of the molecule. In
another preferred aspect, when multiple recombination sites
are located on a nucleic acid molecule of interest, such sites
do not substantially recombine or do not recombine with each
other on that molecule. In this embodiment, the correspond-
ing binding partner recombination sites preferably are located
on one or more other nucleic acid molecules to be linked or
joined by the methods of the invention. For instance, a first
nucleic acid molecule used in the invention may comprise at
least a first and second recombination site and a second
nucleic acid molecule may comprise at least a third and fourth
recombination site, wherein the first and second sites do not
recombine with each other and the third and fourth sites do
not recombine with each other, although the first and third
and/or the second and fourth sites may recombine.

[0046] Thenucleic acid molecules to be joined by the meth-
ods of the invention (i.e., the “starting molecules™) are used to
produce one or more (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, seventy-five, one hundred,
two hundred, etc.) hybrid molecules (e.g., the “product
nucleic acid molecules™) containing all or a portion of the
starting molecules. The starting molecules can be any nucleic
acid molecule derived from any source or produced by any
method. Such molecules may be derived from natural sources
(such as cells (e.g., prokaryotic cells such as bacterial cells,
eukaryotic cells such as fungal cells (e.g., yeast cells), plant
cells, animals cells (e.g., mammalian cells such as human
cells), etc.), viruses, tissues, organs from any animal or non-
animal source, and organisms) or may be non-natural (e.g.,
derivative nucleic acids) or synthetically derived. Such mol-
ecules may also include prokaryotic and eukaryotic vectors,
plasmids, integration sequences (e.g., transposons), phage or
viral vectors, phagemids, cosmids, and the like. The segments
or molecules for use in the invention may be produced by any
means known to those skilled in the art including, but not
limited to, amplification such as by PCR, isolation from natu-
ral sources, chemical synthesis, shearing or restriction digest
of larger nucleic acid molecules (such as genomic or cDNA),
transcription, reverse transcription and the like, and recom-
bination sites may be added to such molecules by any means
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known to those skilled in the art including ligation of adapters
containing recombination sites, attachment with topoi-
somerases of adapters containing recombination sites, attach-
ment with topoisomerases of adapter primers containing
recombination sites, amplification or nucleic acid synthesis
using primers containing recombination sites, insertion or
integration of nucleic acid molecules (e.g., transponsons or
integration sequences) containing recombination sites etc. In
a preferred aspect, the nucleic acid molecules used in the
invention are populations of molecules such as nucleic acid
libraries or cDNA libraries.

[0047] Recombination sites for use in the invention may be
any recognition sequence on a nucleic acid molecule which
participates in a recombination reaction mediated or cata-
lyzed by one or more recombination proteins. In those
embodiments of the present invention utilizing more than one
(e.g., two, three, four, five, seven, ten, twelve, fifteen, twenty,
thirty, fifty, etc.) recombination sites, such recombination
sites may be the same or different and may recombine with
each other or may not recombine or not substantially recom-
bine with each other. Recombination sites contemplated by
the invention also include mutants, derivatives or variants of
wild-type or naturally occurring recombination sites. Pre-
ferred recombination site modifications include those that
enhance recombination, such enhancements being selected
from the group consisting of substantially (i) favoring inte-
grative recombination; (ii) favoring excisive recombination;
(iii) relieving the requirement for host factors; (iv) increasing
the efficiency of co-integrate or product formation; and (v)
increasing the specificity of co-integrate or product forma-
tion.

[0048] Preferred modifications to the recombination sites
include those that enhance recombination specificity, remove
one or more stop codons, and/or avoid hair-pin formation.
Desired modifications can also be made to the recombination
sites to include desired amino acid changes to the transcrip-
tion or translation product (e.g., mRNA or protein) when
translation or transcription occurs across the modified recom-
bination site. Preferred recombination sites used in accor-
dance with the invention include att sites, frt sites, dif sites, psi
sites, cer sites, and lox sites or mutants, derivatives and vari-
ants thereof (or combinations thereof). Recombination sites
contemplated by the invention also include portions of such
recombination sites. Depending on the recombination site
specificity used, the invention allows directional linking of
nucleic acid molecules to provide desired orientations of the
linked molecules or non-directional linking to produce ran-
dom orientations of the linked molecules.

[0049] In specific embodiments, the recombination sites
which recombine with each other in compositions and used in
methods of the invention comprise att sites having identical
seven base pair overlap regions. In specific embodiments of
the invention, the first three nucleotides of these seven base
pair overlap regions comprise nucleotide sequences selected
from the group consisting of AAA, AAC, AAG, AAT, ACA,
ACC, ACG, ACT, AGA, AGC, AGG, AGT, ATA, ATC, ATG;
ATT,CAA, CAC, CAG, CAT, CCA, CCC, CCG, CCT, CGA,
CGC, CGG, CGT, CTA, CTC,CTGCTT, GAA, GAC, GAG,
GAT, GCA, GCC, GCG, GCT, GGA, GGC, GGG, GGT,
GTA, GTC, GTG, GTT, TAA, TAC, TAG, TAT, TCA, TCC,
TCG, TCT, TGA, TGC, TGG, TGT, TTA, TTC, TTG, and
TTT.

[0050] Each starting nucleic acid molecule may comprise,
in addition to one or more recombination sites (e.g., two,
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three, four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty,
etc.), a variety of sequences (or combinations thereof) includ-
ing, but not limited to sequences suitable for use as primer
sites (e.g., sequences which a primer such as a sequencing
primer or amplification primer may hybridize to initiate
nucleic acid synthesis, amplification or sequencing), tran-
scription or translation signals or regulatory sequences such
as promoters or enhancers, ribosomal binding sites, Kozak
sequences, start codons, transcription and/or translation ter-
mination signals such as stop codons (which may be opti-
mally suppressed by one or more suppressor tRNA mol-
ecules), origins of replication, selectable markers, and genes
or portions of genes which may be used to create protein
fusion (e.g., N-terminal or carboxy terminal) such as glu-
tathione S-transferase (GST), f-glucuronidase (GUS), histi-
dine tags (HIS6), green fluorescent protein (GFP), yellow
fluorescent protein (YFP), cyan fluorescent protein (CFP),
openreading frame (ORF) sequences, and any other sequence
of interest which may be desired or used in various molecular
biology techniques including sequences for use in homolo-
gous recombination (e.g., for use in gene targeting).

[0051] In one aspect, the invention provides methods for
producing populations of hybrid nucleic acid molecules com-
prising (a) mixing at least a first population of nucleic acid
molecules comprising one or more recombination sites with
at least one target nucleic acid molecule comprising one or
more recombination sites; and (b) causing some or all of the
nucleic acid molecules of the at least first population to
recombine with all or some of the target nucleic acid mol-
ecules, thereby forming the populations of hybrid nucleic
acid molecules. In certain specific embodiments of the above
methods, the recombination is caused by mixing the first
population of nucleic acid molecules and the target nucleic
acid molecule with one or more recombination proteins under
conditions which favor the recombination to produce hybrid
nucleic acid molecules. In other specific embodiments, meth-
ods of the invention further comprise mixing the hybrid
nucleic acid molecules with at least a second population of
nucleic acid molecules comprising one or more recombina-
tion sites to produce a second population of product nucleic
acid molecules. Alternatively, the first population, second
population and target nucleic acid molecules may be mixed
together to form a hybrid population through recombination.
In additional specific embodiments, methods of the invention
further comprise selecting for the populations of hybrid
nucleic acid molecules generated by the methods described
above. Inyetadditional specific embodiments, methods of the
invention further comprise selecting for the population of
hybrid nucleic acid molecules, against the first population of
nucleic acid molecules, against the target nucleic acid mol-
ecules, and/or against the second population of nucleic acid
molecules.

[0052] In related embodiments, the invention provides
methods for recombining a first nucleic acid segment con-
taining a first recombination site, a second nucleic acid seg-
ment containing a second and third recombination site, and a
third nucleic acid segment containing a fourth recombination
site, wherein the first, second, or third nucleic acid segments
may be identical nucleic acid segments or populations of
nucleic acid molecules, such that recombination generates a
linear or closed, circle product comprising the first, second
and third nucleic acid segments. Further, members of the
recombination products may be amplified using oligonucle-
otides which either contain or do not contain recombination
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sites and are homologous or degenerate to the first or third
nucleic acid segments. Thus, for example, by performing
amplification with primers specific for the first and third
nucleic acid segments, a product comprising the first-second-
third hybrid molecules can be amplified, where other undes-
ired molecules (e.g., products comprising the first-second
hybrid molecules) are not amplified. In this way, amplifica-
tion can be used to select for desired products and against
undesired products. Such amplification can be designed to
select for any desired products or intermediates of a recom-
bination reaction. For example, four different molecules (e.g.,
A, B, C, and D) can be joined and various intermediate prod-
ucts can be selected for (e.g., A-B-C, or A-B) using primers
designed to amplify the desired products (e.g., primers cor-
responding to molecules A and C, when A-B-C is amplified
and A and B when A-B is amplified). The resulting amplified
products may then be cloned. In related embodiments, the
process described above can be performed using two or more
(e.g., two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fifteen, etc.) nucleic acid segments.

[0053] Inanother aspect, the invention provides methods of
producing populations of hybrid nucleic acid molecules com-
prising (a) mixing at least a first population of nucleic acid
molecules comprising one or more recombination sites with
at least a second population of nucleic acid molecules com-
prising one or more recombination sites; and (b) causing
some or all of the nucleic acid molecules of the at least first
population to recombine with all or some nucleic acid mol-
ecules of the at least second population, thereby forming one
or more populations of hybrid nucleic acid molecules. In
certain specific embodiments of the above methods, recom-
bination is caused by mixing the first population of nucleic
acid molecules and the second population of nucleic acid
molecules with one or more recombination proteins under
conditions which favor their recombination. In other specific
embodiments, methods of the invention further comprise
mixing the first and second populations of nucleic acid mol-
ecules with at least a third population of nucleic acid mol-
ecules comprising one or more recombination sites. In addi-
tional other specific embodiments, methods of the invention
further comprise selecting for the population of hybrid
nucleic acid molecules. In yet other specific embodiments,
methods of the invention further comprise selecting for the
population of hybrid nucleic acid molecules and against the
first, second, and/or third populations of nucleic acid mol-
ecules. In further specific embodiments, methods of the
invention further comprise selecting for or against cointegrate
molecules and/or byproduct molecules.

[0054] Theinvention further includes populations ofhybrid
nucleic acid molecules produced by the above methods and
populations of recombinant host cells comprising the above
populations of hybrid nucleic acid molecules.

[0055] Incertain embodiments, the recombination proteins
used in the practice of the invention comprise one or more
proteins selected from the group consisting of Cre, Int, IHF, X
is, Flp, Fis, Hin, Gin, Cin, Tn3 resolvase, TndX, XerC, XerD,
and ®C31. In specific embodiments, the recombination sites
comprise one or more recombination sites selected from the
group consisting of lox sites; psi sites; dif sites; cer sites; frt
sites; att sites; and mutants, variants, and derivatives of these
recombination sites which retain the ability to undergo
recombination.

[0056] In a specific aspect, the invention allows controlled
expression of fusion proteins by suppression of one or more
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stop codons. According to the invention, one or more starting
molecules (e.g., one, two, three, four, five, seven, ten, twelve,
etc.) joined by the invention may comprise one or more stop
codons which may be suppressed to allow expression from a
first starting molecule through the next joined starting mol-
ecule. For example, a first-second-third starting molecule
joined by the invention (when each of such first and second
molecules contains a stop codon) can express a tripartite
fusion protein encoded by the joined molecules by suppress-
ing each of the stop codons. Moreover, the invention allows
selective or controlled fusion protein expression by varying
the suppression of selected stop codons. Thus, by suppressing
the stop codon between the first and second molecules but not
between the second and third molecules of the first-second-
third molecule, a fusion protein encoded by the first and
second molecule may be produced rather than the tripartite
fusion. Thus, use of different stop codons and variable control
of'suppression allows production of various fusion proteins or
portions thereof encoded by all or different portions of the
joined starting nucleic acid molecules of interest. In one
aspect, the stop codons may be included anywhere within the
starting nucleic acid molecule or within a recombination site
contained by the starting molecule. Preferably, such stop
codons are located at or near the termini of the starting mol-
ecule of interest, although such stop codons may be included
internally within the molecule. In another aspect, one or more
of'the starting nucleic acid molecules may comprise the cod-
ing sequence of all or a portion of the target gene or open
reading frame of interest wherein the coding sequence is
followed by a stop codon. The stop codon may then be fol-
lowed by a recombination site allowing joining of a second
starting molecule. In some embodiments of this type, the stop
codon may be optionally suppressed by a suppressor tRNA
molecule. The genes coding for the suppressor tRNA mol-
ecule may be provided on the same vector comprising the
target gene of interest, on a different vector, or in the chro-
mosome of the host cell into which the vector comprising the
coding sequence is inserted. In some embodiments, more
than one copy (e.g., two, three, four, five, seven, ten, twelve,
fifteen, twenty, thirty, fifty, etc. copies) of the suppressor
tRNA may be provided. In some embodiments, the transcrip-
tion of the suppressor tRNA may be under the control of a
regulatable (e.g., inducible or repressible) promoter.

[0057] Thus, in one aspect, the invention relates to a
method of expressing one or more fusion proteins (e.g., one,
two, three, four, five, seven, ten, twelve, fifteen, twenty, thirty,
fifty, etc.) comprising:

[0058] (a) obtaining at least a first nucleic acid molecule
comprising at least one recombination site and at least one
stop codon (preferably the recombination site and/or stop
codon are located at or near a terminus or termini of said first
nucleic acid molecule), and a second nucleic acid molecule
comprising at least one recombination site (which is prefer-
ably located at or near a terminus or termini of said second
nucleic acid molecule);

[0059] (b) causing said first and second nucleic acid mol-
ecules to recombine through recombination of said recombi-
nation sites, thereby producing a third nucleic acid molecule
comprising said at least one stop codon and all or a portion of
said first and second molecules; and

[0060] (c)expressing one or more peptides or proteins (e.g.,
two, three, four, five, seven, ten, twelve, fifteen, twenty, thirty,
fifty, etc.) encoded by said third molecule while suppressing
said at least one stop codon.
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[0061] Further, recombination sites described herein (e.g.,
recombination sites having various recombination specifici-
ties) may contain stop codons in one, two or all three forward
or reverse reading frames. Such termination codons may be
suppressed as described above. Further, in appropriate
instances, such recombination sites may be designed so as to
eliminate stop codons in one, two and/or all three forward
and/or reverse reading frames.

[0062] Inanother aspect, the invention provides methods of
synthesizing proteins comprising (a) providing at least a first
nucleic acid molecule comprising a coding sequence fol-
lowed by a stop codon; (b) providing at least a second nucleic
acid molecule comprising a coding sequence, optionally, fol-
lowed by a stop codon; (¢) causing recombination such that
the nucleic acid molecules are joined; (d) inserting said joined
nucleic acid molecules into a vector to produce modified
vectors with the two coding sequences connected in frame;
(e) transforming host cells which express suppressor tRNAs
with the modified vectors; and (f) causing expression of the
two coding sequences such that fusion proteins encoded by at
least a portion of both of the coding sequences are produced,
wherein the nucleic acid molecules of (a) and (b) are each
flanked by at least one recombination site. Further, the fused
nucleic acid molecules or the vector may comprise at least
one suppressible stop codon (e.g., amber, opal and/or ochre
codons). In addition, either the first or second nucleic acid
molecule may already be present in the vector prior to appli-
cation of the methods described above. In specific embodi-
ments of the invention, the vectors and/or host cells comprise
genes which encode at least one suppressor tRNA molecule.
In other specific embodiments, methods of the invention fur-
ther comprise transforming the host cell with a nucleic acid
molecule comprising genes which encode at least one sup-
pressor tRNA molecule. In yet other specific embodiments,
the fusion proteins may comprise N- or C-terminal tags (e.g.,
glutathione S-transferase, P-glucuronidase, green fluorescent
protein, yellow fluorescent protein, red fluorescent protein,
cyan fluorescent protein, maltose binding protein, a six histi-
dine tag, an epitope tag, etc.) encoded by at least a portion of
the vector.

[0063] The invention also relates to a method of expressing
one or more fusion proteins (e.g., one, two, three, four, five,
seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) compris-
ing:

[0064] (a) obtaining at least a first nucleic acid molecule
comprising at least one recombination site (preferably the
recombination site is located at or near a terminus or termini
of said first nucleic acid molecule) and a second nucleic acid
molecule comprising at least one recombination site (which is
preferably located at or near a terminus or termini of said
second nucleic acid molecule);

[0065] (b) causing said at least first and second nucleic acid
molecules to recombine through recombination of said
recombination sites, thereby producing a third nucleic acid
molecule comprising all or a portion of said at least first and
second molecules; and

[0066] (c)expressing one or more peptides or proteins (e.g.,
one, two, three, four, five, seven, ten, twelve, fifteen, twenty,
thirty, fifty, etc.) encoded by said third nucleic acid molecule.
In certain such embodiments, at least part of the expressed
fusion protein will be encoded by the third nucleic acid mol-
ecule and at least another part will be encoded by at least part
of the first and/or second nucleic acid molecules. Such a
fusion protein may be produced by translation of nucleic acid
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which corresponds to recombination sites located between
the first and second nucleic acid molecules. Thus, fusion
proteins may be expressed by “reading through” mRNA cor-
responding to recombination sites used to connect two or
more nucleic acid segments. The invention further includes
fusion proteins produced by methods of the invention and
mRNA which encodes such fusion proteins.

[0067] As discussed below in more detail, the methods
discussed above can be used to prepare fusion proteins which
are encoded by different nucleic acid segments, as well as
nucleic acid molecules which encode such fusion proteins.
Thus, in one general aspect, the invention provides methods
for producing fusion proteins prepared by the expression of
nucleic acid molecules generated by connecting two or more
nucleic acid segments. In related embodiments, the invention
provides methods for producing fusion RNAs prepared by the
expression of nucleic acid molecules generated by connect-
ing two or more nucleic acid segments. These RNAs may be
mRNA or may be untranslated RNAs which have activities
other than protein coding functions. Examples of such RNAs
include ribozymes and tRNAs. The invention further pro-
vides nucleic acid molecules produced by methods of the
invention, expression products of these nucleic acid mol-
ecules, methods for producing these expression products,
recombinant host cells which contain these nucleic acid mol-
ecules, and methods for making these host cells. As discussed
below in more detail, the invention further provides combi-
natorial libraries which may be screened to identify nucleic
acid molecules and expression products having particular
functions or activities.

[0068] In one specific aspect, the present invention pro-
vides materials and methods for joining two nucleic acid
molecules or portions thereof, each of which contains at least
one recombination site, into one or more product nucleic acid
molecules by incubating the molecules under conditions
causing the recombination of a recombination site present on
one nucleic acid molecule with a recombination site present
on the other nucleic acid molecule. The recombination sites
are preferably located at or near the ends of the starting
nucleic acid molecules. Depending on the location of the
recombination sites within the starting molecules, the product
molecule thus created will contain all or a portion of the first
and second starting molecules joined by a recombination site
(which is preferably a new recombination site). For example,
recombination between an attB1 recombination site and an
attP1 recombination site results in generation of an attl.1
and/or attR1 recombination sites.

[0069] Inanother specific aspect, the present invention pro-
vides materials and methods for joining two or more nucleic
acid molecules (e.g., two, three, four, five seven, ten, twelve,
fifteen, twenty, thirty, fifty, etc.) into one or more product
nucleic acid molecules (e.g., one, two, three, four, five seven,
ten, twelve, etc.) wherein each starting nucleic acid molecule
has at least one recombination site and at least one of the
starting nucleic acid molecules has at least two recombination
sites. The recombination sites preferably are located at or near
one or both termini of the starting nucleic acid molecules.
Thus, the invention provides a method of joining at least two
nucleic acid molecules wherein at least a first nucleic acid
molecule contains at least one recombination site and at least
a second nucleic acid molecule contains two or more recom-
bination sites. The molecules are incubated in the presence of
at least one recombination protein under conditions sufficient
to combine all or a portion of the starting molecules to create
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one or more product molecules. The product molecules thus
created will contain all or a portion of each of the starting
molecules joined by a recombination site (which is preferably
a new recombination site).

[0070] Inanother specific aspect, the present invention pro-
vides a method to join at least three nucleic acid molecules
(e.g., two, three, four, five seven, ten, twelve, fifteen, twenty,
thirty, fifty, etc.) wherein the molecules have at least one
recombination site and at least one of the starting nucleic acid
molecules contains at least two recombination sites. Incubat-
ing such molecules in the presence of at least one recombi-
nation protein provides one or more product molecules (e.g.,
one, two, three, four, five seven, ten, twelve, fifteen, twenty,
thirty, fifty, etc.) containing all or a portion of the starting
molecules, wherein each molecule is joined by a recombina-
tion site (which is preferably a new recombination site).
[0071] In another specific embodiment, the present inven-
tion provides compositions and methods for joining two or
more nucleic acid molecules (e.g., two, three, four, five seven,
ten, twelve, fifteen, twenty, thirty, fifty, etc.), at least two of
which (and preferably all of which) have two or more recom-
bination sites. The recombination sites located on each mol-
ecule are preferably located at or near the ends of the starting
nucleic acid molecules. According to the method of the inven-
tion, the two or more nucleic acid molecules or portions
thereof are joined by a recombination reaction (e.g., incubate
the molecules in the presence of at least one recombination
protein) to form one or more product molecules comprising
all or a portion of each starting molecule joined by a recom-
bination site (which is preferably a new recombination site).
[0072] Inanother specific aspect, the present invention pro-
vides compositions and methods for joining at least three
nucleic acid molecules comprising providing at least a first, a
second and a third nucleic acid molecule, wherein the first
nucleic acid molecule comprises at least a first recombination
site, the second nucleic acid molecule comprises at least a
second and a third recombination site and the third nucleic
acid molecule comprises at least a fourth recombination site,
wherein the first recombination site is capable of recombining
with the second recombination site and the third recombina-
tion site is capable of recombining with the fourth recombi-
nation site and conducting at least one recombination reaction
such that the first and the second recombination sites recom-
bine and the third and the fourth recombination sites recom-
bine, thereby combining all or a portion of the molecules to
make one or more product molecules.

[0073] Thus, the present invention generally relates to a
method of combining n nucleic acid molecules or segments,
wherein n is an integer greater than 1 (e.g., 2,3, 4, 5, 6,7, 8,
9,10, 12,15, 18, 20, 30, 40, 50, etc.), comprising the steps of
providing a 1° through an n” nucleic acid molecule or seg-
ment, each molecule from 2 through n-1 having at least two
recombination sites and molecules 1 and n having at least one
recombination site (and preferably having at least two recom-
bination sites), and contacting the molecules or segments
with one or more recombination proteins (e.g., two, three,
four, etc.) under conditions sufficient to cause all or a portion
of the segments or molecules to recombine to form one or
more product nucleic acid molecules comprising all or a
portion of each 1% through n*h molecule or segment. Joining
of' molecules through recombination sites (e.g., interacting a
first recombination site on first molecule with a second
recombination site on a second molecule) preferably creates
anew recombination site at the junction of the two molecules
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and may create a new recombination site at each junction
where each molecule is joined to the next. For example, when
joining a number of molecules (e.g., a first or “x” molecule, a
second or “y” molecule, and a third or “z” molecule) when
each molecule has at least two recombination sites, the first
recombination site on the x molecule interacts with a second
recombination site on the y molecule and the second recom-
bination site on the x molecule interacts with a first recombi-
nation site on the z molecule to create a hybrid nucleic acid
molecule comprising y:x:Z joined by recombination sites. Of
course, other recombination events may produce hybrid mol-
ecules comprising, for example, x:y:z, xX:2y, Y:Z:X, Z:X:V,
and/or z:y:x or fragments thereof, joined by recombination
sites. Additional molecules can be added to product mol-
ecules by recombination between at least one recombination
site located another molecules with one or more recombina-
tion sites located on the product molecule (e.g., interacting a
second recombination site on the z molecule with a first
recombination site on an e molecule, etc. and/or interacting a
first recombination site on the y molecule with a second
recombination site on an f molecule, etc.). Further, the hybrid
nucleic acid molecule comprising y:x:z (or other sequences
as noted above) can be circularized by the interaction of
recombination sites on the free ends of'y and z. Addition of all
or a portion of the starting molecules may be done sequen-
tially or simultaneously.

[0074] In instances where nucleic acid segments joined by
methods of the invention contain a terminus, or termini,
which do not contain recombination sites, this terminus or
termini may be connected to the same nucleic acid segment or
another nucleic acid molecule using a ligase or a topoi-
somerase (e.g., a Vaccinia virus topoisomerase; see U.S. Pat.
No. 5,766,891, the entire disclosure of which is incorporated
herein by reference).

[0075] Inaddition to joining multiple molecules, the inven-
tion also provides a means to replace one or more molecules
(or combinations thereof) contained in a product molecule.
For instance, any one or more n molecules comprising the
product molecule may be replaced or substituted by recom-
bination with all or a portion of a different molecule (m)
which comprises one or more recombination sites. Thus, in
one example, m may replace x in the y:x:z molecule described
above by recombining a first recombination site onm with the
first recombination site flanking x (e.g., the recombination
site between y and x) and recombining a second recombina-
tion site on m with the second recombination site flanking x
(e.g., the recombination site between x and z), to produce
y:m:z. Multiple substitutions or replacements may be made
within or on any nucleic acid molecule of the invention by
recombining one or more recombination sites on such mol-
ecule with one or more recombination sites within or on the
molecule to be substituted. Moreover, one or more deletions
(e.g., two, three, four, five seven, ten, twelve, etc.) of various
sizes on the product molecules of the invention may be
accomplished by recombining two or more recombination
sites within the molecule of interest for creating the deletion.
For example, to create a deletion within the y:x:z (or other
arrangement thereof) molecule described above, recombina-
tion of the recombination sites flanking the x molecule will
create a new molecule from which x is deleted; that is, the new
molecule will comprise y:z. Thus, multiple deletions, mul-
tiple replacements and combinations of deletions and
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replacements of various portions of a molecule of interest
may be accomplished by directed recombination within the
molecule of interest.

[0076] Further, the inventionalso provides a means to insert
one or more molecules (or combinations thereof) into a prod-
uct molecule. For instance, using the molecule y:x:z
described above for illustration, molecule w, which com-
prises one or more recombination sites may be inserted
between y and x to form a new molecule: y:w:x:z. In one
specific embodiment, molecule w is flanked by 1loxP sites and
insertion of molecule w is mediated by Cre recombinase
between the loxP sites on the w molecule and corresponding
loxP sites on the y and x molecules. As one skilled in the art
would recognize, numerous variations of the above are pos-
sible and are included within the scope of the invention. For
example, molecule o, which comprises one or more recom-
bination sites may be inserted between y and x to form a new
molecule comprising either y:0:x:z or y:0:w:x:z, depending
on the starting molecule. The methods described herein can
be used to insert virtually any number of molecules into other
molecules. Further, these methods can be used sequentially,
for example, to prepare molecules having diverse structures.
[0077] The product molecules produced by the methods of
the invention may comprise any combination of starting mol-
ecules (or portions thereof) and can be any size and be in any
form (e.g., circular, linear, supercoiled, etc.), depending on
the starting nucleic acid molecule or segment, the location of
the recombination sites on the molecule, and the order of
recombination of the sites.

[0078] Importantly, the present invention provides a means
by which populations of nucleic acid molecules (known or
unknown) can be combined with one or more known or
unknown target sequences of interest (e.g., two, three, four,
five seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) or
with other populations of nucleic acid molecules (known or
unknown), thereby creating populations of combinatorial
molecules (e.g., combinatorial libraries) from which unique
and/or novel molecules (e.g., hybrid molecules) and proteins
or peptides encoded by these molecules may be obtained and
further analyzed.

[0079] In apreferred aspect, the population of nucleic acid
molecules used to create combinatorial libraries according to
the invention may comprise a population of segments or
molecules having at least one (and preferably two or more)
recombination sites (e.g., two, three, four, five seven, ten,
twelve, etc.). Such populations of molecules are preferably
obtained from genomic or ¢cDNA libraries (or portions
thereof) or random nucleic acids, amplification products
(e.g., PCR products generated with various primers) and
domains (e.g., nucleic acids encoding different protein
domains from the same or different proteins) constructed to
contain such recombination sites. Thus, in accordance with
the invention, a first population of molecules comprising
recombination sites can be randomly joined or combined
through recombination (by directed and/or random orienta-
tion) with at least one target sequence of interest or with a
second population of molecules comprising recombination
sites to produce a third population of molecules or hybrid
molecules.

[0080] In accordance with the invention, multiple popula-
tions of molecules from various sources may be combined
multiple times to create a new population which comprises
molecules having multiple combinations of sequences. For
instance, a first population, a second population and a third
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population can be recombined to create a fourth population
comprising a random population of tripartite molecules (e.g.,
some or all of the molecules of the fourth population contain
all or a portion of the segments from the first, second and third
population).

[0081] In a preferred aspect, the newly created population
of' molecules (e.g., the third population) created by the com-
binatorial methods may be preferentially selected and thus
separated or isolated from the original molecules (e.g., target
molecules, and first and second population molecules) and
from undesired product molecules (e.g., cointegrates and/or
byproduct molecules). Such selection may be accomplished
by assaying or selecting for the presence of a desired nucleic
acid fusion (PCR with diagnostic primers) and/or the pres-
ence of a desired activity of a protein encoded by the desired
nucleic acid fusion. Such selective may also be accomplished
by positive and/or negative selection. One or more toxic genes
(e.g., two, three, four, five seven, ten, etc.) are preferably used
according to the invention in such negative selection scheme.

[0082] Combinations of selection of the desired fusion
product (nucleic acid and/or protein) and positive and/or
negative selection may also be used in the invention. Thus, the
invention provides a means for selecting a population of
Product molecules (or even a specific class of product mol-
ecules or specific product molecule) created by recombina-
tional cloning and selecting against a population of Insert
Donors, Vector Donors and Cointegrates or, in similar fash-
ion, selecting for a population of Insert Donors, Vector
Donors, Byproducts and/or Cointegrates and selecting
against a population of Product molecules (see FIG. 1).

[0083] Referring to FIG. 2, in the recombinatorial library
methods of the invention, a first population of molecules of
the invention, represented by segment A, may be provided as
one population of Insert Donor molecules while a second
population of molecules, represented by segment B, may be
provided as a second population of Insert Donor molecules.
While these segments are depicted as linear fragments, they
may be provided as segments within a larger molecule, for
example, as segments in a plasmid.

[0084] Those skilled in the art will appreciated that in this
situation, cointegrate molecules, other than the one shown in
FIG. 1, may be produced. For example, cointegrates compris-
ing a segment A and a segment B Insert Donor molecule may
be formed. In addition, cointegrates comprising segment A
and/or segment B Insert Donor molecules and a Vector Donor
molecule may be formed. The selection methods of the
present invention permit selection against the Insert Donor
molecules and against the various cointegrate molecules and
for the newly created population of hybrid molecules which
may be referred to as a population of Product molecules.
Conversely, the selection methods may permit selection
against Products and for Insert/Vector Donors, Byproducts,
and/or Cointegrates.

[0085] Thus, the invention relates to a method to create a
population of hybrid nucleic acid molecules comprising:
[0086] (a) mixing at least a first population of nucleic acid
molecules comprising one or more recombination sites (e.g.,
two, three, four, five seven, ten, twelve, etc.) with at least one
target nucleic acid molecule of interest comprising one or
more recombination sites (e.g., two, three, four, five seven,
ten, twelve, etc.);

[0087] (b) causing (preferably randomly) some or all of the
molecules of said at least first population to recombine with
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all or some molecules of said target molecule of interest,
thereby forming a third population of hybrid molecules; and
[0088] (c) optionally selecting specifically for said third
population of hybrid molecules.

[0089] In accordance with the invention, the hybrid mol-
ecules contained by the third population preferably comprise
all or a portion of a molecule obtained from the first popula-
tionand all or a portion of the target molecule. The orientation
in which the molecules are joined may be done in a directed
or random manner, depending on the need.

[0090] In one aspect, the target molecule used to produce
said third population described above can be a DNA binding
domain or a transcription activation domain, such that the
third population of hybrid molecules can be used in 2-hybrid
screening methods well known in the art.

[0091] The invention more specifically relates to a method
of creating a population of combinatorial molecules compris-
ing:

[0092] (a) obtaining at least a first population of nucleic

acid molecules comprising one or more recombination sites
(e.g., two, three, four, five seven, ten, twelve, etc.) and at least
a second population of nucleic acid molecules comprising
one or more recombination sites (e.g., two, three, four, five
seven, ten, twelve, etc.);

[0093] (b) causing (preferably randomly) some or all of the
molecules of at least said first population to recombine with
some or all of the molecules of at least said second popula-
tion, thereby creating a third population of hybrid molecules;
and

[0094] (c) optionally selecting specifically for said third
population of hybrid molecules.

[0095] In accordance with the invention, each or many of
the hybrid molecules contained by the third population pref-
erably comprises all or a portion of a molecule obtained from
the first population and all or a portion of a molecule obtained
from the second population. The orientation which the mol-
ecules are joined may be done in a directed or random man-
ner, depending on the need.

[0096] Populations of nucleic acid molecules used in accor-
dance with the combinatorial methods of the invention can
comprise synthetic, genomic, or cDNA libraries (or portions
thereof), random synthetic sequences or degenerate oligo-
nucleotides, domains and the like. Preferably, the population
of nucleic acid molecules used comprises a random popula-
tion of molecules, each having at least two recombination
sites which preferably do not recombine with each other and
which are preferably located at or near both termini of each
molecule. Random recombination of populations of mol-
ecules by the methods of the invention provides a powerful
technique for generating populations of molecules having
significant sequence diversity. For example, recombination of
afirst library having about 10° sequences with a second popu-
lation having about 10° sequences results in a third population
having about 102 sequences.

[0097] The invention further provides methods for prepar-
ing and screening combinatorial libraries in which segments
of the nucleic acid molecules of the library members have
been altered. Such alterations include mutation, shuffling,
insertion, and/or deletion of nucleic acid segments. In par-
ticular, the invention provides methods for preparing nucleic
acid libraries which contain members having such alterations
and methods for introducing such alterations in existing
libraries. In a related aspect, the invention includes combina-
torial libraries produced by methods of the invention, meth-
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ods for screening such libraries to identify members which
encode expression products having particular functions or
activities, and expression products of these libraries (e.g.,
RNA, proteins, etc.).

[0098] Further, in aspects related to those described above,
the invention provides methods for generating populations of
nucleic acid molecule containing one or more (e.g., one, two,
three, four, five, ten, fifteen) nucleic acid segments which are
the same and one or more nucleic acid segments which are
derived from members of one or more populations of nucleic
acid molecules. One method for producing such nucleic acid
molecules involves the use of a vector which contains two
recombination sites. A first nucleic acid segment, which
encodes a protein having a particular function or activity (e.g.,
signal peptide activity, DNA binding activity, affinity for a
particular ligand, etc.), is inserted in the first recombination
site and a second nucleic acid segment, which is derived from
a population of nucleic acid molecules, is inserted into the
second recombination site. Further, these nucleic acid seg-
ments are operably linked to a sequence which regulates
transcription, thereby producing a fusion peptide and an RNA
molecule produced by the fusion sequence. The resulting
combinatorial library may then be screened to identify
nucleic acid molecules which encode expression products
having particular functions or activities (e.g., transcriptional
activation activity; DNA binding activity; the ability to form
multimers; localization to a sub-cellular compartments, such
as the endoplasmic reticulum, the nucleus, mitochondria,
chloroplasts, the cell membrane, etc.; etc.). When three or
more (e.g., three, four, five, six, eight, ten, etc.) nucleic acid
segments are used in methods such as those described above,
one or more of the nucleic acid segments may be kept con-
stant and one or more of the nucleic acid segments may be
derived from members of one or more populations of nucleic
acid molecules. For example, in constructing a four part mol-
ecule, represented by A-B-C-D, A and D may be known
molecules having known functions (e.g., tags such as HIS6,
promoters, transcription or translation signals, selectable
markers, etc.) while molecules B and C may be derived from
one or more populations of nucleic acid molecules.

[0099] Any of the product molecules of the invention may
be further manipulated, analyzed or used in any number of
standard molecular biology techniques or combinations of
such techniques (in vitro or in vivo). These techniques include
sequencing, amplification, nucleic acid synthesis, making
RNA transcripts (e.g., through transcription of product mol-
ecules using RNA promoters such as T7 or SP6 promoters),
protein or peptide expression (for example, fusion protein
expression, antibody expression, hormone expression etc.),
protein-protein interactions (2-hybrid or reverse 2-hybrid
analysis), homologous recombination or gene targeting, and
combinatorial library analysis and manipulation. The inven-
tion also relates to cloning the nucleic acid molecules of the
invention (preferably by recombination) into one or more
vectors (e.g., two, three, four, five seven, ten, twelve, fifteen,
twenty, thirty, fifty, etc.) or converting the nucleic acid mol-
ecules of the invention into a vector by the addition of certain
functional vector sequences (e.g., origins of replication). In a
preferred aspect, recombination is accomplished in vitro
(e.g., in cell-free systems) and further manipulation or analy-
sis is performed directly in vitro. Thus, further analysis and
manipulation will not be constrained by the ability to intro-
duce the molecules of the invention into a host cell and/or
maintained in a host cell. Thus, less time and higher through-
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put may be accomplished by further manipulating or analyz-
ing the molecules of the invention directly in vitro. Alterna-
tively, in vitro analysis or manipulation can be done after
passage through host cells or can be done directly in vivo
(e.g., while in the host cells, tissues, organs, or organisms).
[0100] Nucleic acid synthesis steps, according to the inven-
tion, may comprise:

[0101] (a) mixing a nucleic acid molecule of interest or
template with one or more primers (e.g., one, two, three, four,
five seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) and
one or more nucleotides (e.g., one, two, three, or four) to form
a mixture; and

[0102] (b) incubating said mixture under conditions suffi-
cient to synthesize a nucleic acid molecule complementary to
all or a portion of said molecule or template.

[0103] The synthesized molecule may then be used as a
template for further synthesis of a nucleic acid molecule
complementary to all or a portion of the first synthesized
molecule. Accordingly, a double stranded nucleic acid mol-
ecule (e.g., DNA) may be prepared. Preferably, such second
synthesis step is preformed in the presence of one or more
primers and one or more nucleotides under conditions suffi-
cient to synthesize the second nucleic acid molecule comple-
mentary to all or a portion of the first nucleic acid molecule.
Typically, synthesis of one or more nucleic acid molecules
(e.g., one, two, three, four, five seven, ten, twelve, fifteen,
twenty, thirty, fifty, etc.) is performed in the presence of one or
more polymerases (preferably DNA polymerases which may
be thermostable or mesophilic), although reverse tran-
scriptases may also be used in such synthesis reactions.
Accordingly, the nucleic acid molecules used as templates for
the synthesis of additional nucleic acid molecules may be
RNA, mRNA, DNA or non-natural or derivative nucleic acid
molecules. Nucleic acid synthesis, according to the invention,
may be facilitated by incorporating one or more primer sites
(e.g., two, three, four, five, seven, ten, twelve, fifteen, twenty,
thirty, fifty, etc.) into the product molecules through the use of
starting nucleic acid molecules containing such primer sites.
Thus, by the methods of the invention, primer sites may be
added at one or a number of desired locations in the product
molecules, depending on the location of the primer site within
the starting molecule and the order of addition of the starting
molecule in the product molecule.

[0104] Sequencing steps, according to the invention, may
comprise:
[0105] (a) mixing a nucleic acid molecule to be sequenced

with one or more primers (e.g., one, two, three, four, five
seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.), one or
more nucleotides (e.g., one, two, three, or four) and one or
more termination agents (e.g., one, two, three, four, or five) to
form a mixture;

[0106] (b) incubating said mixture under conditions suffi-
cient to synthesize a population of molecules complementary
to all or a portion of said molecules to be sequenced; and
[0107] (c) separating said population to determine the
nucleotide sequence of all or a portion of said molecule to be
sequenced.

[0108] Such sequencing steps are preferably performed in
the presence of one or more polymerases (e.g., DNA poly-
merases and/or reverse transcriptases) and one or more prim-
ers. Preferred terminating agents for sequencing include
derivative nucleotides such as dideoxynucleotides (ddATP,
ddTTP, ddGTP, ddCTP and derivatives thereof). Nucleic acid
sequencing, according to the invention, may be facilitated by
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incorporating one or more sequencing primer sites (e.g., one,
two, three, four, five, seven, ten, twelve, fifteen, twenty, thirty,
fifty, etc.) into the product molecules through the use of
starting nucleic acid molecules containing such primer sites.
Thus, by the methods of the invention, sequencing primer
sites may be added at one or a number of desired locations in
the product molecules, depending on the location of the
primer site within the starting molecule and the order of
addition of the starting molecule in the product molecule.

[0109] Protein expression steps, according to the invention,
may comprise:
[0110] (a) obtaining a nucleic acid molecule to be

expressed which comprises one or more expression signals
(e.g., one, two, three, or four); and

[0111] (b) expressing all or a portion of the nucleic acid
molecule under control of said expression signal thereby
producing a peptide or protein encoded by said molecule or
portion thereof.

[0112] Inthis context, the expression signal may be said to
be operably linked to the sequence to be expressed. The
protein or peptide expressed can be expressed in a host cell (in
vivo), although expression may be conducted in vitro (e.g., in
cell-free expression systems) using techniques well known in
the art. Upon expression of the protein or peptide, the protein
or peptide product may optionally be isolated or purified.
Moreover, the expressed protein or peptide may be used in
various protein analysis techniques including 2-hybrid inter-
action, protein functional analysis, and agonist/antagonist-
protein interactions (e.g., stimulation or inhibition of protein
function through drugs, compounds or other peptides). Fur-
ther, expressed proteins or peptides may be screened to iden-
tify those which have particular biological activities.
Examples of such activities include binding affinity for
nucleic acid molecules (e.g., DNA or RNA) or proteins or
peptides. In particular, expressed proteins or peptides may be
screened to identify those with binding affinity for other
proteins or themselves. Proteins or peptides which have bind-
ing affinities for themselves will generally be capable of
forming multimers or aggregates. Proteins or peptides which
have binding affinities for themselves and/or other proteins
will often be capable of forming or participating in the for-
mation of multi-protein complexes such as antibodies, splice-
somes, multi-subunit enzymes, multi-subunit enzymes, ribo-
somes, etc. Further included within the scope of the invention
are the expressed proteins or peptides described above,
nucleic acid molecules which encodes these proteins, meth-
ods for making these nucleic acid molecules, methods for
producing recombinant host cells which contain these nucleic
acid molecules, recombinant host cells produced by these
methods, and methods for producing the expressed proteins
or peptides.

[0113] The novel and unique hybrid proteins or peptides
(e.g., fusion proteins) produced by the invention and particu-
larly from expression of the combinatorial molecules of the
invention may generally be useful for any number of appli-
cations. More specifically, as one skilled in the art would
recognize, hybrid proteins or peptides of the invention may be
designed and selected to identify those which to perform
virtually any function. Examples of applications for which
these proteins may be used include therapeutics, industrial
manufacturing (e.g., microbial synthesis of amino acids or
carbohydrates), small molecule identification and purifica-
tion (e.g., by affinity chromatography), etc.
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[0114] Protein expression, according to the invention, may
be facilitated by incorporating one or more transcription or
translation signals (e.g., one, two, three, four, five, seven, ten,
twelve, fifteen, etc.) or regulatory sequences, start codons,
termination signals, splice donor/acceptor sequences (e.g.,
intronic sequences) and the like into the product molecules
through the use of starting nucleic acid molecules containing
such sequences. Thus, by the methods of the invention,
expression sequences may be added at one or a number of
desired locations in the product molecules, depending on the
location of such sequences within the starting molecule and
the order of addition of the starting molecule in the product
molecule.

[0115] In another aspect, the invention provides methods
for performing homologous recombination between nucleic
acid molecules comprising (a) mixing at least a first nucleic
acid molecule which comprises one or more recombination
sites with at least one target nucleic acid molecule, wherein
the first and target nucleic acid molecules have one or more
homologous sequences; and (b) causing the first and target
nucleic acid molecules to recombine by homologous recom-
bination. In specific embodiments of the invention, the
homologous recombination methods of the invention result in
transfer of all or a portion of the first nucleic acid molecule
into the target nucleic acid molecule. In certain specific
embodiments of the invention, the first nucleic acid molecule
comprises two or more sequences which are homologous to
sequences of the target nucleic acid molecule. In other spe-
cific embodiments, the homologous sequences of the first
nucleic acid molecule flank at least one selectable marker
and/or one or more recombination sites. In yet other specific
embodiments, the homologous sequences of the first nucleic
acid molecule flank at least one selectable marker flanked by
recombination sites. In additional specific embodiments, the
homologous sequences of the first nucleic acid molecule
flank a nucleic acid segment which regulates transcription.
[0116] Further, homologous recombination, according to
the invention, may comprise:

[0117] (a) mixing atleasta first nucleic acid molecule of the
invention (which is preferably a product molecule) compris-
ing one or more recombination sites (e.g., one, two, three,
four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.)
with at least one target nucleic acid molecule (e.g., one, two,
three, four, five, seven, ten, twelve, etc.), wherein said first
and target molecules have one or more homologous
sequences (e.g., one, two, three, four, five, seven, etc.); and
[0118] (b) causing said first and target nucleic acid mol-
ecules to recombine by homologous recombination.

[0119] Such homologous recombination may occur in vitro
(e.g., in cell-free systems), but preferably is accomplished in
vivo (e.g., in a host cell). Preferably, homologous recombi-
nation causes transfer of all or a portion of a nucleic acid
molecule of the invention containing recombination sites (the
first nucleic acid molecule) into one or more positions of the
target nucleic acid molecule containing homologous
sequences (e.g., one, two, three, four, five, seven, etc.). Selec-
tion of such homologous recombination may be facilitated by
positive or negative selection (e.g., using selectable markers)
to select for a desired product and/or against an undesired
product. Ina preferred aspect, the nucleic acid molecule of the
invention comprises at least one selectable marker and at least
two sequences which are homologous to the target molecule.
Preferably, the first molecule comprises at least two homolo-
gous sequences flanking at least one selectable marker.
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[0120] The present invention thus facilitates construction
of gene targeting nucleic acid molecules or vectors which
may be used to knock-out or mutate a sequence or gene of
interest (or alter existing sequences, for example to convert a
mutant sequence to a wild-type sequence), particularly genes
or sequences within a host or host cells such as animals
(including animals, such as humans), plants, insects, bacteria,
yeast, and the like or sequences of adventitious agents such as
viruses within such host or host cells. Such gene targeting
may preferably comprise targeting a sequence on the genome
of such host cells. Such gene targeting may be conducted in
vitro (e.g., in a cell-free system) or in vivo (e.g., in a host cell).
Thus, in a preferred aspect, the invention relates to a method
of targeting or mutating a nucleotide sequence or a gene
comprising:

[0121] (a) obtaining at least one nucleic acid molecule of
the invention comprising one or more recombination sites
(and preferably one or more selectable markers) wherein said
molecule comprises one or more nucleotide sequences
homologous to the target gene or nucleotide sequence of
interest (said one or more homologous sequences preferably
flank one or more selectable markers e.g., one, two, three,
four, five, seven, ten, etc.) on the molecule of the invention);
and

[0122] (b)contacting said molecule with one or more target
genes or nucleotide sequences of interest (e.g., one, two,
three, four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty,
etc.) under conditions sufficient to cause homologous recom-
bination at one or more sites e.g., one, two, three, four, five,
seven, ten, etc.) between said target nucleotide sequence or
gene of interest and said molecule of the invention, thereby
causing insertion of all or a portion of the molecule of the
invention within the target nucleotide sequence or gene.
[0123] Such targeting method may cause deletion, activa-
tion, inactivation, partial inactivation, or partial activation of
the target nucleic acid or gene such that an expression product
(typically a protein or peptide) normally expressed by the
target nucleic acid or gene is not produced or produced at a
higher or lower level or to the extent produced is has an altered
protein sequence which may result in more or less activity or
in an inactive or partially inactive expression product. The
selectable marker preferably present on the molecule of the
invention facilitates selection of candidates (for example host
cells) in which the homologous recombination event was
successful. Thus, the present invention provides a method to
produce host cells, tissues, organs, and animals (e.g., trans-
genic animals) containing the modified nucleic acid or gene
produced by the targeting methods of the invention. The
modified nucleic acid or gene preferably comprises at least
one recombination site and/or at least one selectable marker
provided by the nucleic acid molecule of the invention.
[0124] Thus, the present invention more specifically relates
to a method of targeting or mutating a nucleic acid or a gene
comprising:

[0125] (a) obtaining at least one nucleic acid molecule of
the invention comprising one or more recombination sites
(e.g., one, two, three, four, five, seven, ten, twelve, fifteen,
twenty, thirty, fifty, etc.) and at least one selectable marker
(e.g., one, two, three, four, five, seven, ten, etc.) flanked by
one or more sequences homologous to the target nucleic acid
or gene of interest (e.g., one, two, three, four, five, seven, ten,
etc.);

[0126] (b)contacting said molecule with one or more target
nucleic acids or genes of interest (e.g., one, two, three, four,
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five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) under
conditions sufficient to cause homologous recombination at
one or more sites between the target nucleic acid or gene of
interest and the nucleic acid molecule, thereby causing inser-
tion of all or a portion of the nucleic acid molecule of the
invention (and preferably causing insertion of at least one
selectable marker and/or at least one recombination site)
within the target nucleic acid or gene of interest; and

[0127] (c) optionally selecting for the target nucleic acid or
gene of interest comprising all or a portion of the nucleic acid
molecule of the invention or for a host cell containing the
target nucleic acid or gene containing all or a portion of the
nucleic acid molecule of the invention.

[0128] Preferably, selectable markers used in the methods
described above are positive selection markers (e.g., antibi-
otic resistance markers such as ampicillin, tetracycline, kana-
mycin, neomycin, and G-418 resistance markers).

[0129] In one general aspect, the invention provides meth-
ods for targeting or mutating a target gene or nucleotide
sequence comprising, (a) obtaining at least one first nucleic
acid molecule comprising one or more recombination sites
and one or more selectable markers, wherein the first nucleic
acid molecule comprises one or more nucleotide sequences
homologous to the target gene or nucleotide sequence; and (b)
contacting the first nucleic acid molecule with one or more
target genes or nucleotide sequences under conditions suffi-
cient to cause homologous recombination at one or more sites
between the target gene or nucleotide sequence and the first
nucleic acid molecule, thereby causing insertion of all or a
portion of the first nucleic acid molecule within the target
gene or nucleotide sequence. In certain specific embodiments
of the invention, the first nucleic acid molecule comprises at
least one selectable marker flanked by the homologous
sequences. In other specific embodiments, the selectable
marker is flanked by the homologous sequences. In additional
specific embodiments, the target gene or nucleotide sequence
is inactivated as a result of the homologous recombination. In
yet additional specific embodiments, methods of the inven-
tion further comprise selecting for a host cell containing the
target gene or nucleotide sequence.

[0130] In some specific embodiments, one or more of the
one or more nucleotide sequences of the first nucleic acid
molecule which are homologous to the target gene or nucle-
otide sequence will not be 100% identical to the target gene or
nucleotide sequence. In other words, the nucleic acid seg-
ments which facilitate homologous recombination need not
necessarily share 100% sequence identity. However, in gen-
eral, these nucleic acid segments will share at least 70%
identity (e.g., at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 97%, at least 98%, or
at least 99%) in their regions of homology.

[0131] The use of nucleic acid segments to facilitate
homologous recombination which do not share 100%
sequence identity to the nucleic acid with which they are to
recombine (i.e., the target gene or nucleotide sequence) can
be advantageous under a number of instances. One example
of such an instance is where the homologous nucleic acids
correspond to part of a target nucleotide sequence which is a
gene and homologous recombination results in the introduc-
tion one or more sequence alterations in the target nucleotide
sequence. In a related example, the homologous nucleic acids
may correspond to a target nucleotide sequence which repre-
sents an entire gene. Thus, homologous recombination results
in replacement of the target gene. Another example of such an

Nov. 10, 2011

instance is where one seeks to perform homologous recom-
bination on an organism which has different nucleotide
sequences at the site where homologous recombination is to
occur as compared to the one or more homologous nucleotide
sequences of the first nucleic acid molecule. The differences
in these sequences may result, for example, when an organ-
ism in which homologous recombination is intended to occur
is of a different strain or species than the organism from which
the homologous nucleotide sequences of the first nucleic acid
molecule are obtained or where the organism has a different
genotype at the recombination locus.

[0132] Further, the length of the homologous regions which
facilitate recombination can vary in size, but, will generally
be at least 15 nucleotides in length (e.g., at least 20 nucle-
otides, at least 50 nucleotides, at least 100 nucleotides, at least
200 nucleotides, at least 400 nucleotides, at least 600 nucle-
otides, at least 800 nucleotides, at least 1000 nucleotides, at
least 1500 nucleotides, at least 2000 nucleotides, at least 2500
nucleotides, at least 3000 nucleotides, at least 3500 nucle-
otides, at least 4000 nucleotides at least 4500 nucleotides, at
least 5000 nucleotides, at least 5500 nucleotides, at least 6000
nucleotides, at least 6000 nucleotides, etc.).

[0133] The invention further provides recombinant host
cells produced by the methods described herein, which may
be prokaryotic (e.g., bacteria), or eukaryotic (e.g., fungal
(e.g., yeasts), plant, or animal (e.g., insect, mammalian
including human, etc.) hosts).

[0134] In another aspect of the invention, recombination
sites introduced into targeted nucleic acids or genes accord-
ing to the invention may be used to excise, replace, or remove
all or a portion of the nucleic acid molecule inserted into the
target nucleic acid or gene of interest. Thus, the invention
allows for in vitro or in vivo removal of such nucleic acid
molecules and thus may allow for reactivation of the target
nucleic acid or gene. In some embodiments, after identifica-
tion and isolation of a nucleic acid or gene containing the
alterations introduced as above, a selectable marker present
on the molecule of the present invention may be removed.

[0135] The present invention also provides methods for
cloning the starting or product nucleic acid molecules of the
invention into one or more vectors or converting the product
molecules of the invention into one or more vectors. In one
aspect, the starting molecules are recombined to make one or
more product molecules and such product molecules are
cloned (preferably by recombination) into one or more vec-
tors. In another aspect, the starting molecules are cloned
directly into one or more vectors such that a number of start-
ing molecules are joined within the vector, thus creating a
vector containing the product molecules of the invention. In
another aspect, the starting molecules are cloned directly into
one or more vectors such that the starting molecules are not
joined within the vector (i.e., the starting molecules are sepa-
rated by vector sequences). In yet another aspect, a combina-
tion of product molecules and starting molecules may be
cloned in any order into one or more vectors, thus creating a
vector comprising a new product molecule resulting from a
combination of the original starting and product molecules.

[0136] Thus, the invention relates to a method of cloning
comprising:
[0137] (a) obtaining at least one nucleic acid molecule of

the invention (e.g., one, two, three, four, five, seven, ten,
twelve, etc.) comprising recombination sites; and
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[0138] (b) transferring all or a portion of said molecule into
one or more vectors (e.g., one, two, three, four, five, seven,
ten, twelve, fifteen, etc.).

[0139] Preferably, such vectors comprise one or more
recombination sites (e.g., one, two, three, four, five, seven,
ten, twelve, fifteen, twenty, thirty, fifty, etc.) and the transfer
of'the molecules into such vectors is preferably accomplished
by recombination between one or more sites on the vectors
(e.g., one, two, three, four, five, seven, ten, etc.) and one or
more sites on the molecules of the invention (e.g., one, two,
three, four, five, seven, ten, etc.). In another aspect, the prod-
uct molecules of the invention may be converted to molecules
which function as vectors by including the necessary vector
sequences (e.g., origins of replication). Thus, according to the
invention, such vectors sequences may be incorporated into
the product molecules through the use of starting molecules
containing such sequences. Such vector sequences may be
added at one or a number of desired locations in the product
molecules, depending on the location of the sequence within
the starting molecule and the order of addition of the starting
molecules in the product molecule. Thus, the invention allows
custom construction of a desired vector by combining (pref-
erably through recombination) any number of functional ele-
ments that may be desired into the vector. The product mol-
ecule containing the vector sequences may be in linear form
or may be converted to a circular or supercoiled form by
causing recombination of recombination sites within the
product molecule or by ligation techniques well known in the
art. Preferably, circularization of such product molecule is
accomplished by recombining recombination sites at or near
both termini of the product molecule or by ligating the termini
of'the product molecule to circularize the molecule. As will be
recognized, linear or circular product molecules can be intro-
duced into one or more hosts or host cells for further manipu-
lation.

[0140] Vector sequences useful in the invention, when
employed, may comprise one or a number of elements and/or
functional sequences and/or sites (or combinations thereof)
including one or more sequencing or amplification primers
sites (e.g., one, two, three, four, five, seven, ten, etc.), one or
more sequences which confer translation termination sup-
pressor activities (e.g., one, two, three, four, five, seven, ten,
etc.) such as sequences which encode suppressor tRNA mol-
ecules, one or more selectable markers (e.g., one, two, three,
four, five, seven, or ten toxic genes, antibiotic resistance
genes, etc.), one or more transcription or translation sites or
signals (e.g., one, two, three, four, five, seven, ten, etc.), one or
more transcription or translation termination sites (e.g., one,
two, three, four, five, seven, ten, twelve, etc.), one or more
splice sites (e.g., one, two, three, four, five, seven, ten, etc.)
which allows for the excision, for example, of RNA corre-
sponding to recombination sites or protein translated from
such sites, one or more tag sequences (e.g., HIS6, GST, GUS,
GFP, YFP, CFP, epitope tags, etc.), one or more restriction
enzyme sites (e.g., multiple cloning sites), one or more ori-
gins of replication (e.g., one, two, three, four, five, seven, ten,
etc.), one or more recombination sites (or portions thereof)
(e.g., one, two, three, four, five, seven, ten, twelve, fifteen,
twenty, thirty, fifty, etc.), etc. The vector sequences used in the
invention may also comprise stop codons which may be sup-
pressed to allow expression of desired fusion proteins as
described herein. Thus, according to the invention, vector
sequences may be used to introduce one or more of such
elements, functional sequences and/or sites into any of the
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nucleic acid molecule of the invention, and such sequences
may be used to further manipulate or analyze such nucleic
acid molecule. For example, primer sites provided by a vector
(preferably located on both sides of the insert cloned in such
vector) allow sequencing or amplification of all or a portion of
a product molecule cloned into the vector.

[0141] Additionally, transcriptional or regulatory
sequences contained by the vector allows expression of pep-
tides, polypeptides or proteins encoded by all or a portion of
the product molecules cloned to the vector. Likewise, genes,
portions of genes or sequence tags (such as GUS, GST, GFP,
YFP, CFP, His tags, epitope tags and the like) provided by the
vectors allow creation of populations of gene fusions with the
product molecules cloned in the vector or allows production
of a number of peptide, polypeptide or protein fusions
encoded by the sequence tags provided by the vector in com-
bination with the product sequences cloned in such vector.
Such genes, portions of genes or sequence tags may be used
in combination with optionally suppressed stop codons to
allow controlled expression of fusion proteins encoded by the
sequence of interest being cloned into the vector and the
vector supplied gene or tag sequence.

[0142] Ina construct, the vector may comprise one or more
recombination sites, one or more stop codons and one or more
tag sequences. In some embodiments, the tag sequences may
be adjacent to a recombination site. Optionally, a suppressible
stop codon may be incorporated into the sequence of the tag
or in the sequence of the recombination site in order to allow
controlled addition of the tag sequence to the gene of interest.
In embodiments of this type, the gene of interest may be
inserted into the vector by recombinational cloning such that
the tag and the coding sequence of the gene of interest are in
the same reading frame.

[0143] The gene of interest may be provided with transla-
tion initiation signals (e.g., Shine-Delgamo sequences,
Kozak sequences and/or IRES sequences) in order to permit
the expression of the gene with a native N-terminal when the
stop codon is not suppressed. Further, recombination sites
which reside between nucleic acid segments which encode
components of fusion proteins may be designed either to not
encode stop codons or to not encode stop codons in the fusion
protein reading frame. The gene of interest may also be pro-
vided with a stop codon (e.g., a suppressible stop codon) at
the 3'-end of the coding sequence. Similarly, when a fusion
protein is produced from multiple nucleic acid segments (e.g.,
three, four, five, six, eight, ten, etc. segments), nucleic acid
which encodes stop codons can be omitted between each
nucleic acid segment and, if desired, nucleic acid which
encodes a stop codon can be positioned at the 3' end of the
fusion protein coding region.

[0144] In some embodiments, a tag sequence may be pro-
vided at both the N- and C-terminals of the gene of interest.
Optionally, the tag sequence at the N-terminal may be pro-
vided with a stop codon and the gene of interest may be
provided with a stop codon and the tag at the C-terminal may
be provided with a stop codon. The stop codons may be the
same or different.

[0145] Insome embodiments, the stop codon of the N-ter-
minal tag is different from the stop codon of the gene of
interest. In embodiments of this type, suppressor tRNAs cor-
responding to one or both of the stop codons may be provided.
When both are provided, each of the suppressor tRNAs may
be independently provided on the same vector, on a different
vector, or in the host cell genome. The suppressor tRNAs need
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not both be provided in the same way, for example, one may
be provided on the vector contain the gene of interest while
the other may be provided in the host cell genome.

[0146] Depending on the location of the expression signals
(e.g., promoters), suppression of the stop codon(s) during
expression allows production of a fusion peptide having the
tag sequence at the N- and/or C-terminus of the expressed
protein. By not suppressing the stop codon(s), expression of
the sequence of interest without the N- and/or C-terminal tag
sequence may be accomplished. Thus, the invention allows
through recombination efficient construction of vectors con-
taining a gene or sequence of interest (e.g., one, two, three,
four, five, six, ten, or more ORF’s) for controlled expression
of fusion proteins depending on the need.

[0147] Preferably, the starting nucleic acid molecules or
product molecules of the invention which are cloned or con-
structed according to the invention comprise at least one open
reading frame (ORF) (e.g., one, two, three, four, five, seven,
ten, twelve, or fifteen ORFs). Such starting or product mol-
ecules may also comprise functional sequences (e.g., primer
sites, transcriptional or translation sites or signals, termina-
tion sites (e.g., stop codons which may be optionally sup-
pressed), origins of replication, and the like, and preferably
comprises sequences that regulate gene expression including
transcriptional regulatory sequences and sequences that func-
tion as internal ribosome entry sites (IRES). Preferably, at
least one of the starting or product molecules and/or vectors
comprise sequences that function as a promoter. Such starting
or product molecules and/or vectors may also comprise tran-
scription termination sequences, selectable markers, restric-
tion enzyme recognition sites, and the like.

[0148] Insomeembodiments, the starting or product and/or
vectors comprise two copies of the same selectable marker,
each copy flanked by two recombination sites. In other
embodiments, the starting or product and/or vectors comprise
two different selectable markers each flanked by two recom-
bination sites. In some embodiments, one or more of the
selectable markers may be a negative selectable marker (e.g.,
ccdB, kicB, Herpes simplex thymidine kinase, cytosine
deaminase, etc.).

[0149] In one aspect, the invention provides methods of
cloning nucleic acid molecules comprising (a) providing a
first nucleic acid segment flanked by a first and a second
recombination site; (b) providing a second nucleic acid seg-
ment flanked by a third and a fourth recombination site,
wherein either the first or the second recombination site is
capable of recombining with either the third or the fourth
recombination site; (¢) conducting a recombination reaction
such that the two nucleic acid segments are recombined into
a single nucleic acid molecule; and (d) cloning the single
nucleic acid molecule. In certain specific embodiments of
these methods, the first recombination site is not capable of
recombining with the second and fourth recombination sites
and the second recombination site is not capable of recom-
bining with the first and third recombination sites.

[0150] Ina specific aspect, the invention provides a method
of cloning comprising providing at least a first nucleic acid
molecule comprising at least a first and a second recombina-
tion site and at least a second nucleic acid molecule compris-
ing at least a third and a fourth recombination site, wherein
either the first or the second recombination site is capable of
recombining with either the third or the fourth recombination
site and conducting a recombination reaction such that the
two nucleic acid molecules are recombined into one or more
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product nucleic acid molecules and cloning the product
nucleic acid molecules into one or more vectors. Preferably,
the recombination sites flank the first and/or second nucleic
acid molecules. Moreover, the cloning step is preferably
accomplished by the recombination reaction of the product
molecule into a vector comprising one or more recombination
sites, although such cloning steps may be accomplished by
standard ligation reactions well known in the art. In one
aspect, the cloning step comprises conducting a recombina-
tion reaction between the sites in the product nucleic acid
molecule that did not react in the first recombination reaction
with a vector having recombination sites capable of recom-
bining with the unreacted sites.

[0151] Inanother aspect, the invention provides methods of
cloning nucleic acid molecules comprising (a) providing a
first nucleic acid segment flanked by at least a first and a
second recombination sites and a second nucleic acid seg-
ment flanked by at least a third and a fourth recombination
sites, wherein none of the recombination sites flanking the
first and second nucleic acid segments are capable of recom-
bining with any of the other sites flanking the first and second
nucleic acid segments; (b) providing a vector comprising at
least a fifth, sixth, seventh and eighth recombination sites,
wherein each of the at least fifth, sixth, seventh and eighth
recombination sites is capable of recombining with one ofthe
at least first, second, third and/or fourth recombination sites;
and (¢) conducting a recombination reaction such that the two
nucleic acid segments are recombined into the vector thereby
cloning the first and the second nucleic acid segments.

[0152] In another specific aspect, the invention provides a
method of cloning comprising providing at least a first nucleic
acid molecule comprising at least a first and a second recom-
bination site and at least a second nucleic acid molecule
comprising at least a third and a fourth recombination site,
wherein none of the first, second, third or fourth recombina-
tion sites is capable of recombining with any of the other sites,
providing one or more vectors (e.g., two, three, four, five,
seven, ten, twelve, etc.), comprising at least a fifth, sixth,
seventh and eighth recombination site, wherein each of the
fifth, sixth, seventh and eighth recombination sites are
capable of recombining with one of the first, second, third or
fourth recombination site, and conducting a recombination
reaction such that at least said first and second molecules are
recombined into said vectors. In a further aspect, the method
may allow cloning of at least one additional nucleic acid
molecule (e.g., at least a third nucleic acid molecule), wherein
said molecule is flanked by a ninth and a tenth recombination
site and wherein the vector comprises an eleventh and a
twelfth recombination site each of which is capable of recom-
bining with either the ninth or the tenth recombination site.

[0153] Theinvention also specifically relates to amethod of
cloning comprising providing a first, a second and a third
nucleic acid molecule, wherein the first nucleic acid molecule
is flanked by at least a first and a second recombination sites,
the second nucleic acid molecule is flanked by at least a third
and a fourth recombination sites and the third nucleic acid
molecule is flanked by at least a fifth and a sixth recombina-
tion sites, wherein the second recombination site is capable of
recombining with the third recombination site and the fourth
recombination site is capable of recombining with the fifth
recombination site, providing a vector having at least a sev-
enth and an eighth recombination sites, wherein the seventh
recombination site is capable of reacting with the first recom-
bination site and the eighth recombination site is capable of
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reacting with the sixth recombination site, and conducting at
least one recombination reaction such that the second and the
third recombination sites recombine, the fourth and the fifth
recombination sites recombine, the first and the seventh
recombination sites recombine and the sixth and the eighth
recombination sites recombine thereby cloning the first, sec-
ond and third nucleic acid segments in said vector.

[0154] In another specific aspect, the invention provides a
method of cloning comprising providing at least a first, a
second and a third nucleic acid molecule, wherein the first
nucleic acid molecule is flanked by a first and a second recom-
bination site, the second nucleic acid molecule is flanked by a
third and a fourth recombination site and the third nucleic acid
molecule is flanked by a fifth and a sixth recombination site,
wherein the second recombination site is capable of recom-
bining with the third recombination site and none of the first,
fourth, fifth or sixth recombination sites is capable of recom-
bining with any of the first through sixth recombination sites,
providing one or more vectors comprising a seventh and an
eighth recombination site flanking at least a first selectable
marker and comprising a ninth and a tenth recombination site
flanking at least a second selectable marker wherein none of
the seventh through tenth recombination sites can recombine
with any of the seventh through tenth recombination sites,
conducting at least one recombination reaction such that the
second and the third recombination sites recombine, the first
and the fourth recombination sites recombine with the sev-
enth and the eighth recombination sites and the fifth and the
sixth recombination sites recombine with the ninth and the
tenth recombination sites thereby cloning the first, second and
third nucleic acid segments. In some embodiments, the
selectable markers may be the same or may be different.
Moreover, the one or more selectable markers (e.g., two,
three, four, five, seven, etc.) may be negative selectable mark-
ers.

[0155] The invention also provides methods of cloning n
nucleic acid segments, wherein n is an integer greater than 1,
comprising (a) providing n nucleic acid segments, each seg-
ment flanked by two recombination sites which do not recom-
bine with each other; (b) providing a vector comprising 2n
recombination sites, wherein each of the 2n recombination
sites is capable of recombining with one of the recombination
sites flanking one of the nucleic acid segments; and (c) con-
ducting a recombination reaction such that the n nucleic acid
segments are recombined into the vector thereby cloning the
nnucleic acid segments. In specific embodiments, the recom-
bination reaction between the n nucleic acid segments and the
vector is conducted in the presence of one or more recombi-
nation proteins under conditions which favor the recombina-
tion. In other specific embodiments, nis 2, 3, 4, or 5.

[0156] Thus, the invention generally provides a method of
cloning n nucleic acid molecules, wherein n is an integer
greater than 1, comprising the steps of providing n nucleic
acid molecules, each molecule comprising at least one and
preferably two recombination sites (the two recombination
sites preferably flank the n nucleic acid molecule), providing
at least one vector comprising one or more recombination
sites (and preferably 2n recombination sites) wherein the
vector containing recombination sites is capable of recom-
bining with the recombination sites of the n molecules, and
conducting a recombination reaction such that the n nucleic
acid molecules are inserted into said vectors thereby cloning
the nnucleic acid segments. The n molecules may be inserted
next to or adjoining each other in the vector and/or may be

Nov. 10, 2011

inserted at different positions within the vector. The vectors
used for cloning according to the invention preferably com-
prise n copies of the same or different selectable marker, each
copy of which is flanked by at least two recombination sites.
Preferably, one or more of the selectable markers are negative
selectable markers.

[0157] The invention also generally relates to a method of
cloning n nucleic acid molecules, wherein n is an integer
greater than 1, comprising the steps of providing a 1* through
an n” nucleic acid molecules, each molecule flanked by at
least two recombination sites, wherein the recombination
sites are selected such that one of the two recombination sites
flanking the i segment, n,, reacts with one of the recombi-
nation sites flanking the n,_,.sup.th segment and the other
recombination site flanking the i segment, n,, reacts with one
of the recombination sites flanking the n,,,” segment, pro-
viding a vector comprising at least two recombination sites
wherein one of the two recombination sites on the vector react
with one of the sites on the 1°* nucleic acid segment and
another site on the vector reacts with a recombination site on
the n” nucleic acid segment.

[0158] The nucleic acid molecules/segments cloned by the
methods of the invention can be different types and can have
different functions depending on the need and depending on
the functional elements present. In one aspect, at least one of
the nucleic acid segments cloned according to the invention is
operably linked to a sequence which is capable of regulating
transcription (e.g., a promoter, an enhancer, a repressor, etc.).
For example, at least one of'the nucleic acid segments may be
operably linked to a promoter which is either an inducible
promoter or a constitutive promoter. In yet other specific
embodiments, translation of an RNA produced from the
cloned nucleic acid segments results in the production of
either a fusion protein or all or part of a single protein. In
additional specific embodiments, at least one of the nucleic
acid segments encodes all of part of an open reading frame
and at least one of the nucleic acid segments contains a
sequence which is capable of regulating transcription (e.g., a
promoter, an enhancer, a repressor, etc.). In further specific
embodiments, at least one of the nucleic acid segments pro-
duces a sense RNA strand upon transcription and at least one
of the nucleic acid segments produces an antisense RNA
strand upon transcription. In related embodiments, the sense
RNA and antisense RNA have at least one complementary
region and are capable of hybridizing to each other. In other
specific embodiments, transcription of at least two of the
nucleic acid segments results in the production of a single
RNA or two separate RNAs. In various specific embodi-
ments, these nucleic acid segments may be connected to each
other or may be spatially separated within the same nucleic
acid molecule. In specific embodiments, the nucleic acid
segments comprise nucleic acid molecules of one or more
libraries. Further, these libraries may comprise cDNA, syn-
thetic DNA, or genomic DNA. In addition, the nucleic acid
molecules of these libraries may encode variable domains of
antibody molecules (e.g., variable domains of antibody light
and heavy chains). In specific embodiments, the invention
provides screening methods for identifying nucleic acid mol-
ecules which encode proteins having binding specificity for
one or more antigens and/or proteins having one or more
activities (e.g., secretion from a cell, sub-cellular localization
(e.g., localization to the endoplasmic reticulum, the nucleus,
mitochondria, chloroplasts, the cell membrane, etc.), ligand
binding activity (e.g., small molecules, binding activities for
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nucleic acids, cell surface receptors, soluble proteins, metal
ions, structural elements, protein interaction domains, etc.),
enzymatic activity, etc.). Further, nucleic acid molecules/
segments cloned using methods of the invention may have
one or more of the activities referred to above.

[0159] Inanother aspect, the invention provides methods of
cloning at least one nucleic acid molecule comprising (a)
providing at least a first, a second and a third nucleic acid
segments, wherein the first nucleic acid segment is flanked by
at least a first and a second recombination sites, the second
nucleic acid segment is flanked by at least a third and a fourth
recombination sites and the third nucleic acid segment is
flanked by at least a fifth and a sixth recombination sites,
wherein the second recombination site is capable of recom-
bining with the third recombination site and none of the first,
fourth, fifth or sixth recombination sites is capable of recom-
bining with any of the first through sixth recombination sites;
(b) providing a vector comprising at least a seventh and an
eighth recombination sites flanking at least a first negative
selectable marker and comprising at least a ninth and a tenth
recombination sites flanking at least a second negative select-
able marker, wherein none of the seventh through tenth
recombination sites can recombine with any of the seventh
through tenth recombination sites; (¢) conducting a first
recombination reaction such that the second and the third
recombination sites recombine; and (d) conducting a second
recombination reaction such that the first and the fourth
recombination sites recombine with the seventh and the
eighth recombination sites and the fifth and the sixth recom-
bination sites recombine with the ninth and the tenth recom-
bination sites thereby cloning the first, second and third
nucleic acid segments. In related embodiments, the first and
second recombination reactions are conducted in the pres-
ence of one or more recombination proteins under conditions
which favor the recombination. Such first and second recom-
bination reactions may be carried out simultaneously or
sequentially.

[0160] Inanother aspect, the invention provides methods of
cloning at least one nucleic acid molecule comprising (a)
providing a first, a second and a third nucleic acid segment,
wherein the first nucleic acid segment is flanked by a first and
a second recombination site, the second nucleic acid segment
is flanked by a third and a fourth recombination site and the
third nucleic acid segment is flanked by a fifth and a sixth
recombination site, wherein the second recombination site is
capable of recombining with the third recombination site and
the fourth recombination site is capable of recombining with
the fifth recombination site; (b) providing a vector comprising
a seventh and an eighth recombination site; and (c¢) conduct-
ing at least one recombination reaction such that the second
and the third recombination sites recombine and the fourth
and the fifth recombination sites recombine and the first and
the sixth recombination sites recombine with the seventh and
the eighth recombination sites respectively, thereby cloning
the first, second and third nucleic acid segments. In related
embodiments, the recombination reaction is conducted in the
presence of one or more recombination proteins under con-
ditions which favor the recombination. In specific embodi-
ments, the recombination sites which recombine with each
other comprise att sites having identical seven base pair over-
lap regions.

[0161] Inanother aspect, the invention provides methods of
cloning n nucleic acid fragments, wherein n is an integer
greater than 2, comprising (a) providing a 1* through an nth
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nucleic acid segment, each segment flanked by two recombi-
nation sites, wherein the recombination sites are selected such
that one of the two recombination sites flanking the i* seg-
ment, n,, reacts with one of the recombination sites flanking
the n,_,” segment and the other recombination site flanking
the i” segment reacts with one of the recombination sites
flanking the n**'# segment; (b) providing a vector comprising
at least two recombination sites, wherein one of the two
recombination sites on the vector reacts with one of the sites
on the 1% nucleic acid segment and another site on the vector
reacts with a recombination site on the n” nucleic acid seg-
ment; and (¢) conducting at least one recombination reaction
such thatall of the nucleic acid fragments are recombined into
the vector. In specific embodiments, the recombination reac-
tion is conducted in the presence of one or more recombina-
tion proteins under conditions which favor the recombina-
tion.

[0162] In specific embodiments of the methods described
above, multiple nucleic acid segments are inserted into
another nucleic acid molecules. While numerous variations
of such methods are possible, in specific embodiments,
nucleic acid segments which contain recombination sites
having different specificities (e.g., attl.l and attl.2) are
inserted into a vector which contains more than one set of
cognate recombination sites (e.g., attR1 and attR2), each set
of which flanks negative selection markers. Thus, recombi-
nation at cognate sites results can be used to select for nucleic
acid molecules which have undergone recombination at one
ormore of the recombination sites. The nucleic acid segments
which are inserted into the vector may be the same or differ-
ent. Further, these nucleic acid segments may encode expres-
sion products or may be transcriptional control sequences.
When the nucleic acid segments encode expression products,
vectors of the invention may be used to amplify the copy
number or increase expression of encoded products. Further,
when nucleic acid segments are inserted in both direct and
inverted orientations, vectors of the invention may be used,
for example, to express RNAA, as described elsewhere herein.
When the nucleic acid segments encode sequence which
regulate transcription (e.g., promoters, enhancers, etc.), vec-
tors of the invention may be used to place multiple regulatory
elements in operable linkage with nucleic acid that encodes
expression products. Vectors of this nature may be used to
increased expression of expression products, for example, by
providing multiple binding sites for proteins which activate
transcription. Similarly, vectors of this nature may be used to
decrease expression of expression products, for example, by
providing multiple binding sites for proteins which inhibit
transcription. Vectors of this nature may be used to increased
or decrease the expression of expression products, for
example, by the expression of multiple copies of nucleic acid
molecules which encode factors involved in the regulation of
transcription. Other embodiments related to the above would
be apparent to one skilled in the art.

[0163] Inanother aspect, the invention provides methods of
cloning at least one nucleic acid molecule comprising (a)
providing a first population of nucleic acid molecules
wherein all or a portion of such molecules are flanked by at
least a first and a second recombination sites; (b) providing at
least one nucleic acid segment flanked by at least a third and
a fourth recombination sites, wherein either the first or the
second recombination site is capable of recombining with
either the third or the fourth recombination site; (c¢) conduct-
ing a recombination reaction such that all or a portion of the
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nucleic acid molecules in the population are recombined with
the segment to form a second population of nucleic acid
molecules; and (d) cloning the second population of nucleic
acid molecules. In related embodiments, the recombination
reaction is conducted in the presence of one or more recom-
bination proteins under conditions which favor the recombi-
nation. In specific embodiments, the second population of
nucleic acid molecules encodes a fusion protein. In related
embodiments, the nucleic acid segment encodes a polypep-
tide which comprises a sequence (preferably an N-terminal
and/or a C-terminal tag sequence) encoding all or a portion of
the following: the Fc portion of an immunoglobin, an anti-
body, a B-glucuronidase, a fluorescent protein (e.g., green
fluorescent protein, yellow fluorescent protein, red fluores-
cent protein, cyan fluorescent protein, etc.), a transcription
activation domain, a protein or domain involved in transla-
tion, protein localization tag, a protein stabilization or des-
tabalization sequence, a protein interaction domains, a bind-
ing domain for DNA, a protein substrate, a purification tag
(e.g., an epitope tag, maltose binding protein, a six histidine
tag, glutathione S-transferase, etc.), and an epitope tag.
[0164] Inanother aspect, the invention provides methods of
cloning at least one nucleic acid molecule comprising (a)
providing a first population of nucleic acid molecules
wherein all or a portion of such molecules are flanked by at
least a first and a second recombination site; (b) providing a
second population of nucleic acid molecules wherein all or a
portion of such molecules are flanked by a third and a fourth
recombination site, wherein either the first or the second
recombination site is capable of recombining with either the
third or the fourth recombination site; (¢) conducting a
recombination reaction such that all or a portion of the mol-
ecules in the first population is recombined with one or more
molecules from the second population to form a third popu-
lation of nucleic acid molecules; and (d) cloning the third
population of nucleic acid molecules. In related embodi-
ments, the recombination reaction is conducted in the pres-
ence of one or more recombination proteins under conditions
which favor the recombination.

[0165] Thus, the invention generally provides methods of
joining at least two segments of nucleic acid (including join-
ing populations of nucleic acid molecules), comprising (a)
providing at least two segments of nucleic acid (one or both of
which may be derived from a population or library of mol-
ecules), each segment comprising at least one recombination
site capable of recombining with a recombination site present
on another (or second) segment; and (b) contacting the seg-
ments with one or more recombination proteins under condi-
tions causing recombination between the recombination
sites, thereby joining the segments. The invention further
provides composition comprising the joined nucleic acid seg-
ments (or population of segments) prepared by such methods,
hosts or host cells comprising such joined nucleic acid seg-
ments (which may be populations of host cells or recombi-
nant host cells), and methods of making such hosts or host
cells (such as by transforming or transfecting such cells with
product molecules of the invention). In specific embodi-
ments, methods of the invention further comprise inserting
the joined nucleic acid segments into one or more vectors.
The invention also relates to hosts or host cells containing
such vectors. In additional specific embodiments, at least one
of the two segments of nucleic acid encodes an expression
product (e.g, a selectable marker, an enzyme, a ribozyme,
etc.) having one or more identifiable activities. In yet other
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specific embodiments, at least one of the two segments of
nucleic acid contains all or part of an open reading frame
(ORF). In another aspect, at least one of the two segments of
nucleic acid contains a sequence which is capable of regulat-
ing transcription (e.g., a promoter, an enhancer, a repressor,
etc.). In a specific aspect, one segment encodes an ORF and
the other encodes a sequence capable of regulating transcrip-
tion and/or translation and the recombination reaction allows
such sequences to be operably linked. In yet other additional
specific embodiments, one or more of the nucleic acid seg-
ments encode a selectable marker or contains an origin of
replication. In further specific embodiments, some or all of
the nucleic acid segments comprise nucleic acid molecules of
one or more libraries. In certain specific embodiments, the
one or more libraries comprise polynucleotides which encode
variable domains of antibody molecules. In related embodi-
ments, at least one of the nucleic acid segments encodes a
polypeptide linker for connecting variable domains of anti-
body molecules and/or one or more libraries comprise poly-
nucleotides which encode variable domains of antibody light
and heavy chains. In specific embodiments, methods of the
invention further comprises at least one screening step to
identify nucleic acid molecules which encode proteins having
one or more identifiable activities (e.g., binding specificities
for one or more antigens, enzymatic activities, activities asso-
ciated with selectable markers, etc.). Thus, the invention can
be used to produce modified expression products (by variably
linking different segments and/or replacing and/or deleting
segments) and analyzing the expression products for desired
activities. According to the invention, portions of genes and/
or a number of genes can be linked to express novel proteins
or novel compounds and to select for activities of interest. As
described herein, substitution and/or deletions of such linked
molecules can also be used to produce altered or modified
proteins or compounds for testing. In one aspect, biological
pathways can be modified by the methods of the invention to,
for example, use different enzymes or mutant enzymes in a
particular pathway (e.g., link different enzymes or mutant
enzymes which participate in reactions in the same biological
pathway). Such modification to biological pathways accord-
ing to the invention leads to (1) the production of potentially
novel compounds such as antibiotics or carbohydrates or (2)
unique post-translational modification of proteins (e.g., gly-
cosylation, sialation, etc.). The invention also allows for pro-
duction of novel enzymes by manipulating or changing sub-
units of multimeric enzyme complexes. In other specific
embodiments, the invention also provides methods of altering
properties of a cell comprising introducing into the cell
nucleic acid segments produced by the methods described
herein. In certain specific embodiments, cells altered or pro-
duced by methods of the invention are either fungal cells or
bacterial cells (e.g., Escherichia coli).

[0166] The invention further provides methods for altering
biological pathways and generating new biological pathways.
For example, genes encoding products involved in the pro-
duction of a particular pathway (e.g., a pathway which leads
to the production of an antibiotic) may be altered using meth-
ods of the invention. These alterations include the deletion,
replacement, and/or mutation of one or more genes which
encode products that participate in the pathway. In addition,
regions of genes may be deleted or exchanged following by
screening to identify, for example, pathway products having
particular features (e.g., a particular methylation pattern).
Further, genes of different organisms which perform similar



US 2011/0275541 Al

but different functions may be combined to produce novel
products. Further, these products may be identified by screen-
ing for specific functional properties (e.g., the ability to
inhibit an enzymatic reaction, binding affinity for a particular
ligand, antimicrobial activity, antiviral activity, etc.). Thus,
the invention provides, in one aspect, screening methods for
identifying compounds which are produced by expression
products of nucleic acid molecules of the invention.

[0167] Further, when the nucleic acid segments which
encode one or more expression products involved in a par-
ticular biological pathway or process have been assembled
into one or more nucleic acid molecules, regions of these
molecules (e.g., regions which encode expression products)
may be deleted or replaced to generate nucleic acid molecules
which, for example, express additional expression products,
altered expression products, or which do not express one or
more expression product involved in the biological pathway
or process. Further, nucleic acid segments which encode one
or more expression products involved in a particular biologi-
cal pathway or process may be deleted or inserted as a single
unit. These methods find application in the production and
screening of novel products. In particular, the invention also
includes novel products produced by the expression products
of nucleic acid molecules described herein.

[0168] In another aspect, the invention provides methods
for preparing and identifying nucleic acid molecules contain-
ing two or more nucleic acid segments which encode gene
products involved in the same biological process or biological
pathway, as well as unrelated biological processes or biologi-
cal pathways, comprising (a) providing a first population of
nucleic acid molecules comprising at least one recombination
site capable of recombining with other nucleic acid molecules
in the first population; (b) contacting the nucleic acid mol-
ecules of'the first population with one or more recombination
proteins under conditions which cause the nucleic acid mol-
ecules to recombine and create a second population of nucleic
acid molecules; and (c) screening the second population of
nucleic acid molecules to identify a nucleic acid molecule
which encodes two or more products involved in the same
process or pathway. In specific embodiments of the invention,
the nucleic acid molecules which encodes two or more prod-
ucts involved in the same process or pathway encode two
different domains of a protein or protein complex. In other
specific embodiments, the protein is a single-chain antigen-
binding protein. In yet other specific embodiments, the pro-
tein complex comprises an antibody molecule or multivalent
antigen-binding protein comprising at least two single-chain
antigen-binding protein. The invention further provides
methods similar to those described above for preparing and
identifying nucleic acid molecules containing two or more
nucleic acid segments which encode gene products involved
in different or unrelated biological processes or biological
pathways.

[0169] Methods of the invention may also be employed to
determine the expression profile of genes in cells and/or tis-
sues. In one embodiment, RNA may be obtained from cells
and/or tissues and used to generate cDNA molecules. These
c¢DNA molecules may then be linked to each other and
sequenced to identify genes which are expressed in cells
and/or tissues, as well as the prevalence of RNA species in
these cells and/or tissues. Thus, in one aspect, the invention
provides methods for identifying genes expressed in particu-
lar cells and/or tissues and the relative quantity of particular
RNA species present in these cells and/or tissues as compared
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to the quantity of other RNA species. As discussed below,
such methods may be used for a variety of applications
including diagnostics, gene discovery, the identification of
genes expressed in specific cell and/or tissue types, the iden-
tification of genes which are over- or under-expressed in
particular cells (e.g., cells associated with a pathological con-
dition), the screening of agents to identify agents (e.g., thera-
peutic agents) which alter gene expression, etc. Further, it will
often be possible to identify the gene from which a particular
RNA species or segment is transcribed by comparison of the
sequence data obtained by methods of the invention to nucleic
acid sequences cataloged in public databases. Generally,
about 10 nucleotides or so of sequence data will be required to
identify the gene from which RNA has been transcribed.

[0170] Thus, in a specific aspect, the invention provides
methods for determining gene expression profiles in cells or
tissues comprising (a) generating at least one population of
c¢DNA molecules from RNA obtained from the cells or tis-
sues, wherein the individual cDNA molecules of the popula-
tion comprise at least two recombination sites capable of
recombining with at least one recombination site present on
the individual members of the same or a different population
of ¢cDNA molecules; (b) contacting the nucleic acid mol-
ecules of (a) with one or more recombination proteins under
conditions which cause the nucleic acid molecules to join;
and (c) determining the sequence of the joined nucleic acid
molecules. In specific embodiments of the invention, the
joined cDNA molecules are inserted into vectors which con-
tain sequencing primer binding sites flanking the insertion
sites. In yet other specific embodiments, the joined cDNA
molecules are separated by attB recombination sites. In addi-
tional specific embodiments, the joined cDNA molecules
contain between about 10 and about 30 nucleotides which
corresponds to the RNA obtained from the cell or tissue.

[0171] Once the sequences of ¢cDNA corresponding to
RNA expression products have been determined, these
sequences can be compared to databases which contain the
sequences of known genes to determine which genes are
expressed in the particular cells and/or tissues and the expres-
sion levels of individual genes. Further, the expression levels
of genes can be determined using methods of the invention
under particular conditions to determine if these conditions
result in the alteration of the expression of one or more genes.
Examples of such conditions include decreased activity of
cellular gene expression products, nutrient limitation and/or
deprivation, heat shock, low temperatures, contact with solu-
tions having low or high ionic strengths, exposure to chemical
agents (e.g., antibiotics, chemotherapeutic agents, metal ions,
mutagens, etc.), ionizing radiation, etc. Thus, the invention
provides methods for identifying genes which exhibit alter-
ations in expression as a result of specific stimuli.

[0172] The invention further provides methods for identi-
fying genes involved in cellular metabolism (e.g., pathologi-
cal conditions). For example, methods of the invention can be
used to determine the expression profile of cells of a particular
strain or cells which exhibit an aberrant phenotype. The
expression profile of cells of the particular strain or cells
which exhibit the aberrant phenotype is compared to the
expression profile of cells of another strain or cells which do
not exhibit the aberrant phenotype, referred to herein as “ref-
erence cells.” By comparison of expression profiles of genes
of cells of the particular strain or cells which exhibit the
aberrant phenotype to appropriate reference cells, expression
characteristics of associated with the strain or aberrant phe-
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notype can be determined. Thus, in one specific aspect, the
invention provides diagnostic methods, wherein the gene
expression profiles of cells of a patient which exhibit an
aberrant phenotype (e.g., cancerous) is compared to the gene
expression profiles of cells which do not exhibit the aberrant
phenotype (i.e., reference cells).

[0173] In another specific aspect, the invention provides
methods for screening therapeutic agents (e.g., immuno-
stimulatory agent) comprising (a) exposing cells (e.g., human
cells) to a candidate therapeutic agent, (b) determining the
gene expression profile of the exposed cells, (¢) comparing
the gene expression profile to the gene expression profile of
cells which have not been exposed to the candidate therapeu-
tic agent (i.e., reference cells). The invention further includes
therapeutic agents identified by the methods described above.
[0174] Inanotheraspect, the invention provides a means for
attaching or binding through recombination molecules and/or
compounds or population of molecules and/or compounds to
other molecules, compounds and/or supports (preferably
solid or semisolid). Suitable molecules and compounds for
use in the present invention include, but are not limited to,
proteins, polypeptides, or peptides, chemical compounds,
drugs, lipids, lipoproteins, carbohydrates, hormones, ste-
roids, antibodies (or portions thereof), antigens, enzymes
(e.g., nucleases, polymerases, etc.), polysaccharides, nucleo-
sides and derivatives thereof, nucleotides and derivatives
thereof, amino acids and derivatives thereof, fatty acids,
receptors, ligands, haptens, small molecules (e.g., activation
groups such as —COOH), binding molecules (e.g., biotin,
avidin, strepavidin, Protein A, Protein B, etc.), growth factors,
metal ions, cytokines, ribozymes, or nucleic acid molecules
(e.g., RNA, DNA, DNA/RNA hybrids, cDNA or ¢cDNA
libraries, double stranded nucleic acids, single stranded
nucleic acids, linear nucleic acids, circular nucleic acids,
supercoiled nucleic acids and the like) and combinations of
two or more of the foregoing. In specific embodiments, mol-
ecules may be linked to supports either directly or indirectly.
Further, molecules may be linked to supports by either
covalently or non-covalently. For purposes of illustration, one
example of the indirect non-covalent linkage of a nucleic acid
molecule to a support is where a protein which exhibits high
binding affinity for nucleic acid molecules is directly linked
to a support. The support containing this protein is then con-
tacted with the nucleic acid molecules under appropriate con-
ditions resulting in the non-covalent attachment of the nucleic
acid molecules to the support through the protein. This asso-
ciation between nucleic acid molecule/protein interaction can
be either sequence specific or non-sequence specific.

[0175] In another aspect, the invention provides supports
comprising (either bound or unbound to the support) at least
one first nucleic acid molecule, wherein the first nucleic acid
molecule comprises one or more recombination sites or por-
tions thereof. In specific embodiments, supports of the inven-
tion further comprise at least one second nucleic acid mol-
ecule or at least one peptide or protein molecule or other
compound bound to the supports through the recombination
site on the first nucleic acid molecule.

[0176] The invention also relates to supports of the inven-
tion which comprise (either bound or unbound to the support)
one or more components selected from the group consisting
of'one or more nucleic acid molecules comprising at least one
recombination site, one or more recombination proteins, and
one or more peptides or compounds comprising at least one
recombination site.
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[0177] In another aspect, the invention provides methods
for attaching or binding one or more nucleic acid molecules,
protein or peptide molecules, or other compounds to supports
comprising (a) obtaining at least one nucleic acid molecule,
protein or peptide molecule, other compounds, or population
of such molecules or compounds comprising at least one
recombination site and obtaining supports comprising at least
one recombination site; and (b) causing some or all of the
recombination sites on the at least one nucleic acid molecule,
protein or peptide molecule, other compounds, or population
of such molecules or compounds to recombine with all or a
portion of the recombination sites comprising the supports. In
specific embodiments of the invention, the methods further
comprise attaching or binding one or more nucleic acid mol-
ecules to the supports. In other specific embodiments, only
one nucleic acid molecule is directly linked to the support. In
yet other specific embodiments, the nucleic acid molecules
form microarrays. In even more specific embodiments, the
microarrays form a DNA chip. The invention further provides
supports prepared by the methods described above. In spe-
cific embodiments, the support of the invention are either
solid or semisolid. Further, as discussed above, nucleic acid
molecules may be linked to supports either directly or indi-
rectly. As also discussed above, nucleic acid molecules may
be linked to supports either covalently or non-covalently. In
addition, nucleic acid molecules may be linked to supports
through linkage to a protein or small molecule (e.g., a mol-
ecule having an activation group such as —COOH). Further,
nucleic acid molecules may be linked to supports through
linkages which are either labile or non-labile.

[0178] In another aspect, the invention provides methods
for linking or connecting two or more molecules or com-
pounds of interest, comprising (a) providing at least a firstand
a second molecule or compound of interest, each of the first
and second molecules or compounds of interest comprising at
least one recombination site; (b) causing some or all of the
recombination sites on the first molecule or compound of
interest to recombine with some or all of the recombination
sites on the second molecule or compound of interest. In
specific embodiments of the invention, the methods further
comprise attaching nucleic acids comprising recombination
sites to the first and the second molecules or compounds of
interest. In other specific embodiments, at least one of the
molecules or compounds of interest comprises a protein or
peptide, a nucleic acid, a carbohydrate, a steroid, or a lipid.
[0179] In some embodiments, one or more of the com-
pounds and/or molecules of the invention (e.g., two, three,
four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.)
may comprise one or more recombination sites (e.g., two,
three, four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty,
etc.) or portions thereof. Such molecules and/or compounds
may be unlabeled or detectably labeled by methods well
known in the art. Detectable labels include, but are not limited
to, radioactive labels, mass labels, fluorescent labels, chemi-
luminescent labels, bioluminescent labels, and enzyme
labels. Use of such labels may allow for the detection of the
presence or absence of labeled molecules and/or compounds
ona support. Thus, the invention generally relates to attaching
to a support any number of molecules and/or compounds or
populations of molecules and/or compounds by recombina-
tion and the supports made by this method. Such compounds
and/or molecules can thus be attached to a support or structure
via a nucleic acid linker containing a recombination site or
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portion thereof. Such linkers are preferably small (e.g., 5, 20,
30, 50, 100, 200, 300, 400, or 500 base pairs in length).
[0180] Accordingly, the present invention encompasses a
support comprising one or a number of recombination sites
(or portions thereof) which can be used according to this
aspect of the invention. Thus, one or a number of nucleic acid
molecules, or proteins, peptides and/or other molecules and/
or compounds having one or more recombination sites or
portions thereof which are to be added or attached or bound to
the support are recombined by a recombination reaction with
the recombination-site-containing support, thereby creating a
support containing one or more nucleic acid molecules, or
protein, peptides and/or other molecules and/or compounds
of interest. The recombination reaction in binding the mol-
ecule and/or compound of interest to the support is preferably
accomplished in vitro by contacting the support and the mol-
ecule and/or compound of interest with at least one recombi-
nation protein under conditions sufficient to cause recombi-
nation of at least one recombination site on the molecule
and/or compound of interest with at least one recombination
site present on the support. This aspect of the invention is
particularly useful in creating arrays of nucleic acids, or pro-
teins and/or other molecules and/or compounds on one or
more supports (e.g., two, three, four, five, seven, ten, twelve,
etc.) in that it facilitates binding of a number of the same or
different nucleic acids, or proteins and/or other molecules
and/or compounds of interest through recombination to the
support or various parts of the support. Thus, the invention
relates to a method of attaching or binding one or more (e.g.,
two, three, four, five, seven, ten, twelve, fifteen, twenty, thirty,
fifty, etc.) nucleic acid, or protein molecules and/or other
molecules and/or compounds to a support comprising:
[0181] (a) obtaining at least a first molecule and/or com-
pound or population of molecules and/or compounds com-
prising at least one recombination site (e.g., the starting
nucleic acid molecules of the invention) and obtaining a sup-
port comprising at least one recombination site (which may
also be the starting molecules of the invention); and

[0182] (b)causing some or all of the recombination sites on
said at least first molecule and/or compound or population of
molecules and/or compounds to recombine with all or a por-
tion of the recombination sites on the support.

[0183] Once the molecules and/or compounds are added to
the support, the presence or absence or position of such mol-
ecules and/or compounds on the support can be determined
(for example by using detectable labels). Additionally, the
molecules and/or compounds bound to the support may be
further manipulated by well known techniques.

[0184] In addition to joining one or multiple molecules
and/or compounds to a support in accordance with the inven-
tion, the invention also allows replacement, insertion, or dele-
tion of one or more molecules and/or compounds contained
by the support. As discussed herein, causing recombination of
specific sites within a molecule and/or compound of interest,
all or a portion of molecule and/or compound may be
removed or replaced with another molecule or compound of
interest. This process may also be applied to molecules and/or
compounds having recombination site which are attached to
the support. Thus, recombination may be used to remove or
replace all or a portion of the molecule and/or compound of
the interest from the support, in addition to adding all or part
of molecules to supports.

[0185] The molecules and/or compounds added to the sup-
port or removed from the support may be further manipulated
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oranalyzed in accordance with the invention and as described
herein. For example, further analysis or manipulation of mol-
ecules and/or compounds bound to or removed from the
support include sequencing, hybridization (DNA, RNA etc.),
amplification, nucleic acid synthesis, protein or peptide
expression, protein-DNA interactions (2-hybrid or reverse
2-hybrid analysis), interaction or binding studies with other
molecules and/or compounds, homologous recombination or
gene targeting, and combinatorial library analysis and
manipulation. Such manipulation may be accomplished
while the molecules and/or compounds are bound to the sup-
port or after the molecules and/or compounds are removed
from the support.

[0186] Inaccordance with the invention, any solid or semi-
solid supports may be used and sequences containing recom-
bination sites (or portions thereof) may be added by well
known techniques for attaching nucleic acids to supports.
Furthermore, recombination sites may be added to nucleic
acid, protein molecules and/or other molecules and/or com-
pounds of interest by techniques well known in the art. More-
over, any wild-type or mutant recombination sites or combi-
nations of the same or different recombination sites may be
used for adding and removing molecules and/or compounds
of interest to or from a support.

[0187] Theinvention also relates to any support comprising
one or more recombination sites (e.g., two, three, four, five,
seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) or portions
thereof and to supports comprising nucleic acid, protein mol-
ecules and/or other molecules and/or compounds having one
or more recombination sites (or portions thereof) bound to
said support.

[0188] The invention also relates to compositions compris-
ing such supports of the invention. Such compositions may
further comprise one or more recombination proteins (pref-
erably site specific recombination proteins), suitable buffers
(e.g., for causing recombination), nucleic acid, protein mol-
ecules and/or other molecules and/or compounds, preferably
comprising recombination sites which may be unbound to the
support, and any other reagents used for recombining recom-
bination sites according to the invention (and combinations
thereof). The invention also relates to compositions for use in
further manipulating or analyzing the supports of the inven-
tion or the nucleic acid or protein molecules or other mol-
ecules and/or compounds attached thereto. Further manipu-
lation and analysis may be preformed on the nucleic acids,
proteins, and/or other molecules and/or compounds while
bound to the support or after removal from the support. Such
compositions may comprise suitable buffers and enzymes
such as restriction enzymes, polymerases, ligases, recombi-
nation proteins, and the like.

[0189] In another aspect, the present invention provides a
means for attaching or binding one or more (e.g., two, three,
four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.)
molecules and/or compounds or populations of molecules
and/or compounds to one or more of the same or different
molecules and/or compounds or populations of molecules
and/or compounds. Thus, the invention generally relates to
connecting any number of molecules and/or compounds or
population of molecules and/or compounds by recombina-
tion. As described herein, such linked molecules and/or com-
pounds may be unlabeled or detectably labeled. Further, such
linked molecules and/or compounds may be linked to either
covalently or non-covalently. Suitable molecules and/or com-
pounds include, but are not limited to, those described herein
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such as nucleic acids, proteins or peptides, chemical com-
pounds, drugs, lipids, lipoproteins, hormones, etc. In one
aspect, the same molecules and/or compounds, or the same
type of molecules and/or compounds (e.g., protein-protein,
nucleic acid-nucleic acid, etc.) may be linked through recom-
bination. Thus, in one aspect, small molecules and/or proteins
may be linked to recombination sites and then linked to each
other in various combinations.

[0190] In another aspect, different molecules and/or com-
pounds or different types of molecules and/or compounds
(e.g., protein-nucleic acid, nucleic acid-ligand, protein-
ligand, etc.) may be linked through recombination. Addition-
ally, the molecules and/or compounds linked through recom-
bination (e.g., protein-protein, protein-ligand, etc.) may be
attached to a support or structure through recombination as
described herein. Thus, the molecules and/or compounds (op-
tionally linked to a support) produced are linked by one or
more recombination sites (or portions thereof). Such recom-
bination sites (or portions thereof) may be attached to mol-
ecules such as proteins, peptides, carbohydrates, steroids and/
or lipids or combinations thereof using conventional
technologies and the resulting recombination-site-containing
molecules and/or compounds may be linked using the meth-
ods of the present invention. Further, the resultant linked
molecules and/or compounds may be attached via one or
more of the recombination sites to other molecules and/or
compounds comprising recombination sites. For example, a
nucleic acid comprising a recombination site may be attached
to amolecule ofinterest and a second nucleic acid comprising
a compatible recombination site may be attached to a second
molecule of interest. Recombination between the sites results
in the attachment of the two molecules via a small nucleic
acid linker. The nucleic acid linker may be any length depend-
ing on the need but preferably is small (e.g., from about 5 to
about 500 bps in length). Using this methodology, proteins,
peptides, nucleic acids, carbohydrates, steroids and/or lipids
or combinations thereof may be attached to proteins, pep-
tides, nucleic acids, carbohydrates, steroids and/or lipids or
combinations thereof. Thus, the present invention provides a
method of connecting two or more molecules and/or com-
pounds, comprising the steps of:

[0191] (a) obtaining at least a first and a second molecule
and/or compound, each of said molecules and/or compounds
comprising at least one recombination site (or portion
thereof); and

[0192] (b)causing some or all of the recombination sites (or
portions thereof) on said first molecule and/or compound to
recombine with all or a portion of the recombination sites (or
portions thereof) on said second molecule and/or compound.
[0193] In some preferred embodiments, a recombination
site may be attached to a molecule of interest using conven-
tional conjugation technology. For example, oligonucleotides
comprising the recombination site can be synthesized so as to
include one or more reactive functional moieties (e.g., two,
three, four, five, seven, ten, etc.) which may be the same or
different. Suitable reactive functional moieties include, but
are not limited to, amine groups, epoxy groups, vinyl groups,
thiol groups and the like. The synthesis of oligonucleotides
comprising one or more reactive functional moieties is rou-
tine in the art. Once synthesized, oligonucleotides comprising
one or more reactive functional moieties may be attached to
one or more reactive groups (e.g., two, three, four, five, seven,
ten, etc.) present on the molecule or compound of interest.
The oligonucleotides may be attached directly by reacting
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one or more of the reactive functional moieties with one or
more of the reactive functional groups. In some embodi-
ments, the attachment may be effected using a suitable link-
ing group capable of reacting with one or more of the reactive
functional moieties present on the oligonucleotide and with
one or more of the reactive groups present on the molecule of
interest. In other embodiments, both direct attachment and
attachment through a linking group may be used. Those
skilled in the art will appreciate that the reactive functional
moieties on the oligonucleotide may be the same or different
as the reactive functional moieties on the molecules and/or
compounds of interest. Suitable reagents and techniques for
conjugation of the oligonucleotide to the molecule of interest
may be found in Hermanson, Bioconjugate Techniques, Aca-
demic Press Inc., San Diego, Calif., 1996.

[0194] The present invention also relates to kits for carrying
out the methods of the invention, and particularly for use in
creating the product nucleic acid molecules of the invention
or other linked molecules and/or compounds of the invention
(e.g., protein-protein, nucleic acid-protein, etc.), or supports
comprising such product nucleic acid molecules or linked
molecules and/or compounds. The invention also relates to
kits for adding and/or removing and/or replacing nucleic
acids, proteins and/or other molecules and/or compounds to
or from one or more supports, for creating and using combi-
natorial libraries of the invention, and for carrying out
homologous recombination (particularly gene targeting)
according to the methods of the invention. The kits of the
invention may also comprise further components for further
manipulating the recombination site-containing molecules
and/or compounds produced by the methods of the invention.
The kits of the invention may comprise one or more nucleic
acid molecules of the invention (particularly starting mol-
ecules comprising one or more recombination sites and
optionally comprising one or more reactive functional moi-
eties), one or more molecules and/or compounds of the inven-
tion, one or more supports of the invention and/or one or more
vectors of the invention. Such kits may optionally comprise
one or more additional components selected from the group
consisting of one or more host cells (e.g., two, three, four, five
etc.), one or more reagents for introducing (e.g., by transfec-
tion or transformation) molecules or compounds into one or
more host cells, one or more nucleotides, one or more poly-
merases and/or reverse transcriptases (e.g., two, three, four,
five, etc.), one or more suitable buffers (e.g., two, three, four,
five, etc.), one or more primers (e.g., two, three, four, five,
seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.), one or
more terminating agents (e.g., two, three, four, five, seven,
ten, etc.), one or more populations of molecules for creating
combinatorial libraries (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, etc.) and one or more
combinatorial libraries (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, etc.). The kits of the inven-
tion may also contain directions or protocols for carrying out
the methods of the invention.

[0195] In another aspect the invention provides kits for
joining, deleting, or replacing nucleic acid segments, these
kits comprising at least one component selected from the
group consisting of (1) one or more recombination proteins or
compositions comprising one or more recombination pro-
teins, and (2) at least one nucleic acid molecule comprising
one or more recombination sites (preferably a vector having
at least two different recombination specificities). The kits of
the invention may also comprise one or more components
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selected from the group consisting of (a) additional nucleic
acid molecules comprising additional recombination sites;
(b) one or more enzymes having ligase activity; (c) one or
more enzymes having polymerase activity; (d) one or more
enzymes having reverse transcriptase activity; (e) one or more
enzymes having restriction endonuclease activity; (f) one or
more primers; (g) one or more nucleic acid libraries; (h) one
or more supports; (i) one or more buffers; (O) one or more
detergents or solutions containing detergents; (k) one or more
nucleotides; (1) one or more terminating agents; (m) one or
more transfection reagents; (n) one or more host cells; and (O)
instructions for using the kit components.

[0196] Further, kits of the invention may contain one or
more recombination proteins selected from the group consist-
ing of Cre, Int, IHF, X is, Flp, Fis, Hin, Gin, Cin, Tn3
resolvase, ®C31, TndX, XerC, and XerD.

[0197] Inaddition, recombination sites of kits of the inven-
tion will generally have different recombination specificities
each comprising att sites with different seven base pair over-
lap regions. In specific embodiments of the invention, the first
three nucleotides of these seven base pair overlap regions
comprise nucleotide sequences selected from the group con-
sisting of AAA, AAC, AAG, AAT, ACA, ACC, ACG, ACT,
AGA, AGC, AGG, AGT, ATA, ATC, ATG; ATT, CAA, CAC,
CAG, CAT, CCA, CCC,CCG, CCT,CGA, CGC,CGG, CGT,
CTA, CTC,CTG CTT, GAA, GAC, GAG, GAT, GCA, GCC,
GCG, GCT, GGA, GGC, GGG, GGT, GTA, GTC, GTG,
GTT, TAA, TAC, TAG, TAT, TCA, TCC, TCG, TCT, TGA,
TGC, TGG, TGT, TTA, TTC, TTG, and TTT.

[0198] In specific embodiments, kits of the invention con-
tain compositions comprising one or more recombination
proteins capable of catalyzing recombination between att
sites. In related embodiments, these compositions comprise
one or more recombination proteins capable of catalyzing
attBxattP (BP) reactions, attl.xattR (LR) reactions, or both
BP and LR reactions.

[0199] Nucleic acid libraries supplied with kits of the
invention may comprise cDNA or genomic DNA. Further,
these libraries may comprise polynucleotides which encode
variable domains of antibody light and heavy chains. 1

[0200] The invention also relates to compositions for car-
rying out the methods of the invention and to compositions
created while carrying out the methods of the invention. In
particular, the invention includes nucleic acid molecules pre-
pared by methods of the invention, methods for preparing
host cells which contain these nucleic acid molecules, host
cells prepared by these methods, and methods employing
these host cells for producing products (e.g., RNA, protein,
etc.) encoded by these nucleic acid molecules, products
encoded by these nucleic acid molecules (e.g., RNA, protein,
etc.).

[0201] The compositions, methods and kits of the invention
are preferably prepared and carried out using a phage-lambda
site-specific recombination system and more preferably with
the GATEWAY™ Recombinational Cloning System avail-
able from Invitrogen Corp. (Carlsbad, Calif.). The GATE-
WAY™ Cloning Technology Instruction Manual (Invitrogen
Corp.) describes in more detail the systems and is incorpo-
rated herein by reference in its entirety.

[0202] Other preferred embodiments of the invention-will
be apparent to one or ordinary skill in the art in light of what
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is known in the art, in light of the following drawings and
description of the invention, and in light of the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0203] FIG. 1 is a schematic representation of the basic
recombinational cloning reaction.

[0204] FIG. 2 is a schematic representation of the use of the
present invention to clone two nucleic acid segments by per-
forming an LR recombination reaction.

[0205] FIG. 3 is a schematic representation of the use of the
present invention to clone two nucleic acid segments by join-
ing the segments using an LR reaction and then inserting the
joined fragments into a Destination Vector using a BP recom-
bination reaction.

[0206] FIG. 4 is a schematic representation of the use of the
present invention to clone two nucleic acid segments by per-
forming a BP reaction followed by an LR reaction.

[0207] FIG. 5 is a schematic representation of two nucleic
acid segments having attB sites being cloned by performing a
first BP reaction to generate an attl site on one segment and
an attR on the other followed by an LR reaction to combine
the segments. In variations of this process, P1, P2, and/or P3
can be oligonucleotides or linear stretches of nucleotides.
[0208] FIG. 6 is a schematic representation of the cloning
of two nucleic acid segments into two separate sites in a
Destination Vector using an LR reaction.

[0209] FIG. 7 is a schematic representation of the cloning
of two nucleic acid segments into two separate sites in a
vector using a BP reaction.

[0210] FIG. 8 is a schematic representation of the cloning
of three nucleic acid segments into three vectors using BP
reactions, cloning the three segments into a single vector
using an LR reaction, and generating segments separated by
attB sites.

[0211] FIG. 9 is a schematic representation of the cloning
of three nucleic acid segments into a single vector using a BP
reaction and generating segments separated by attR sites.
[0212] FIG. 10 is a schematic representation of adding one
or more of the same or different molecules (nucleic acid,
protein/peptide, carbohydrate, and/or other compounds) to a
support (shaded box) by recombination. The open boxes rep-
resent recombination sites.

[0213] FIG. 11 is a schematic representation of joining
multiple molecules and/or compounds (A and B). Labels used
in this figure correspond to those in FIG. 10. The addition of
A and B can be simultaneous or sequential.

[0214] FIG. 12 is a schematic representation of deleting a
portion of a molecule or compound (A) from a support.
Labels used in this figure correspond to those in FIG. 10.
[0215] FIG. 13 is a schematic representation of replacing a
portion of a molecule or compound (A) with a second mol-
ecule or compound (C). Labels used in this figure correspond
to those in FIG. 10.

[0216] FIG. 14A is a plasmid map showing a construct for
providing a C-terminal fusion to a gene of interest. SupF
encodes a suppressor function. Thus, when supF is expressed,
a GUS-GST {fusion protein is produced. In variations of this
molecules, GUS can be any gene.

[0217] FIG. 14B is a schematic representation of method
for controlling both gene suppression and expression. The T7
RNA polymerase gene contains one or more (two are shown)
amber stop codons (labeled “am”) in place of tyrosine
codons. Leaky (uninduced) transcription from the inducible
promoter makes insufficient supF to result in the production
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of active T7 RNA polymerase. Upon induction, sufficient
supF is produced to make active T7 RNA polymerase, which
results in increased expression of supF, which results in fur-
ther increased expression of T7 RNA polymerase. The T7
RNA polymerase further induces expression of Gene. Fur-
ther, expression of supF results in the addition of a C-terminal
tag to the Gene expression product by suppression of the
intervening amber stop codon.

[0218] FIG.151saplasmid map showing a construct for the
production of N- and/or C-terminal fusions of a gene of
interest. Circled numbers represent amber, ochre, or opal stop
codons. Suppression of these stop codons result in expression
of fusion tags on the N-terminus, the C-terminus, or both
termini. In the absence of suppression, native protein is pro-
duced.

[0219] FIG. 16 is a schematic representation of the single
step insertion of four separate DNA segments into a Destina-
tion Vector using LR reactions. In particular, a first DNA
segment having an attl1 site at the 5' end and an attl3 site at
the 3' end is linked to a second DNA segment having an attR3
site at the 5' end and an attl4 site at the 3' end. The second
DNA segment is then linked to a third DNA segment having
an attR4 site at the 5' end and an attL5 site at the 3' end. The
third DNA segment is then linked to a fourth DNA segment
having an attRS site at the 5' end and an att].2 site at the 3' end.
Thus, upon reaction with LR CLONASE™, the first, second,
third, and fourth DNA segments are inserted into a Destina-
tion Vector which contains a ccdB gene flanked by attR1 and
attR2 sites. The inserted DNA segments are separated from
each other and vector sequences by attB1, attB3, attB4, attB5,
and attB2 sites.

[0220] FIGS. 17A and 17B show schematic representations
of the construction of a lux operon prepared according to the
methods set out below in Example 18. In accordance with the
invention, one or more genes of the operon can be replaced or
deleted through recombination to construct one or more
modified operons and then tested for activity and/or effect on
host cells. Alternatively, other genes (including variants and
mutants) can be used in the initial construction of the operon
to replace one or more genes of interest, thereby producing
one or more modified operons.

[0221] FIG. 18 is a schematic representation of the inser-
tion of six separate DNA segments into a vector using a two
step, one vector process. In particular, a first DNA segment
(DNA-A)having an att]1 site at the 5' end and an attl3 site at
the 3' end is linked to a second DNA segment (DNA-B)
having an attR3 site at the 5' end and an att] 4 site at the 3' end.
The second DNA segment is then linked to a third DNA
segment (DNA-C) having an attR4 site at the 5' end and an
attL.5 site at the 3' end. A fourth DNA segment (DNA-D)
having an attR 1 site at the 5' end and an att[.3 site at the 3' end
is linked to a fifth DNA segment (DNA-E) having an attR3
site at the 5' end and an attl4 site at the 3' end. The fifth DNA
segment is then linked to a sixth DNA segment (DNA-F)
having an attR4 site at the 5' end and an att].2 site at the 3' end.
The two resulting molecules (i.e., DNA-A-DNA-B-DNA-C
and DNA-D-DNA-E-DNA-F) are then inserted into the inser-
tion vector. Each of the above reactions is catalyzed by LR
CLONASE™. An I R reaction is also used to insert the joined
DNA segments into a Destination Vector which contains a
ccdB gene flanked by attR1 and attR2 sites. The inserted
DNA segments are separated from each other and the vector
by attB1, attB3, attB4, attB5, and attB2 sites. As described in
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FIG. 6, for example, the assembled segments may be inserted
into contiguous or non-contiguous sites.

[0222] FIG. 19 is a schematic representation of the inser-
tion of six separate DNA segments into a vector using a two
step, two vector process. In particular, a first DNA segment
(DNA-A) having an attB1 site at the 5' end and an attl.3 site
at the 3' end is linked to a second DNA segment (DNA-B)
having an attR3 site at the 5' end and an attl4 site at the 3' end.
The second DNA segment is then linked to a third DNA
segment (DNA-C) having an attR4 site at the 5' end and an
attB5 site at the 3' end. The linked DNA segments are then
inserted into a vector which contains attP1 and attP5 sites.
Further, a fourth DNA segment (DNA-D) having an attB5 site
at the 5' end and an attL3 site at the 3' end is linked to a fifth
DNA segment (DNA-E) having an attR3 site at the 5' end and
an attl.4 site at the 3' end. The fifth DNA segment is then
linked to a sixth DNA segment (DNA-F) having an attR4 site
at the 5' end and an attB2 site at the 3' end. The linked DNA
segments are then inserted into a vector which contains attP 1
and attP2 sites.

[0223] After construction of the two plasmids as described,
each of which contains three inserted DNA segments, these
plasmids are reacted with LR CLONASE™ to generate
another plasmid which contains the six DNA segments
flanked by attB sites (i.e., B1-DNA-A-B3-DNA-B-B4-DNA-
C-B5-DNA-D- -B3-B 1-DNA-E-B4-DNA-F-B2).

[0224] FIG. 20A is a schematic representation of an exem-
plary vector of the invention which contains two different
DNA inserts, the transcription of which is driven in different
directions by T7 promoters. Depending on the type of tran-
scripts which are to be produced, either of DNA-A and/or
DNA-B may be in an orientation which results in the produc-
tion of either sense or anti-sense RNA.

[0225] FIG. 20B is a schematic representation of an exem-
plary vector of the invention which contains one DNA insert,
the transcription of which is driven in two different directions
by T7 promoters. Thus, RNA produced by transcription
driven by one promoter will be sense RNA and RNA pro-
duced by transcription driven by the other promoter will be
anti-sense RNA.

[0226] FIG. 20C is a schematic representation of an exem-
plary vector of the invention which contains two different
DNA inserts having the same nucleotide sequence (i.e.,
DNA-A), the transcription of which are driven in different
directions by two separate T7 promoters. In this example,
RNA produced by transcription driven by one promoter will
be sense RNA and RNA produced by transcription driven by
the other promoter will be anti-sense RNA.

[0227] FIG. 20D is a schematic representation of an exem-
plary vector of the invention which contains two DNA inserts
having the same nucleotide sequence (i.e., DNA-A) in oppo-
site orientations, the transcription of which is driven by one
T7 promoter. A transcription termination signal is not present
between the two copies of DNA-A and the DNA-A inserts.
Transcription of one segment produces a sense RNA and of
the other produces an anti-sense RNA. The RNA produced
from this vector will undergo intramolecular hybridization
and, thus, will form a double-stranded molecule with a hair-
pin turn.

[0228] FIGS. 20E and 20F are schematic representations of
exemplary vectors of the invention, each of which contains a
DNA insert having the same nucleotide sequence (i.e., DNA-
A). Transcription of these inserts results in the production of
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sense and anti-sense RNA which may then hybridize to form
double stranded RNA molecules.

[0229] FIG. 21A is a schematic representation of an exem-
plary vector of the invention which contains three inserts,
labeled “promoter,” “coding sequence,” and “Kan””” In this
example, the inserted promoter drives expression of the cod-
ing sequence. Further, an inserted DNA segment confers
resistance to kanamycin upon host cells which contain the
vector. As discussed below in more detail, a considerable
number of vector components (e.g., a selectable marker (for
example a kanamycin resistance gene) cassette, an ori cas-
sette, a promoter cassette, a tag sequence cassette, and the
like) can be inserted into or used to construct vectors of the
invention.

[0230] FIG. 21B is a schematic representation of an exem-
plary vector of the invention which contains four inserts,
labeled “promoter 1,” “coding sequence 1,” “promoter 2,” and
“coding sequence 2.” In this example, promoter 1 drives
expression of coding sequence 1 and promoter 2 drives
expression of coding sequence 2.

[0231] FIG. 21C is a schematic representation of an exem-
plary vector of the invention for homologous recombination.
This vector which contains four inserts, labeled “5' homol-
ogy,” “NEO,” “DNA-A,” and “3' homology.” The 5' and 3'
homology regions, in this example, are homologous to a
chromosomal region selected for insertion of a neomycin
resistance marker (“NEO”) and a DNA segment (“DNA-A”).
Targeting vectors of this type can be designed to insert, delete
and/or replace nucleic acid present in targeted nucleic acid
molecules.

[0232] FIGS. 22A and 22B show a schematic representa-
tion of processes for preparing targeting vectors of the inven-
tion.

[0233] FIG. 23 shows mRNA amplified with random-
primed first strand reverse transcription, then random-primed
with PCR. These amplification products are split into n pools,
and each pool is amplified with random primers with a dif-
ferent pair of attB sites. The “R” suffix shows that some of the
attB sites can be in inverted orientation. attB sites with either
the standard or reverse orientations are used in separate pools
to generate amplification products where the attB sites are
linked in either standard or inverted orientation. When these
sites react with inverted attP sites, attR sites are formed in the
Entry Clones instead of attL. sites. Hence, reacting pools with
standard or inverted attRS will generate mixtures of mol-
ecules flanked by attR and attL sites. The amplification prod-
ucts are sized by gel purification, then cloned with the GATE-
WAY™ BP reaction to make Entry Clones, each containing
small inserts planked by attL sites, attR sites, or attl. and attR,
depending on the orientation of the attB sites and attP sites
used. When Entry Clones are mixed together, the inserts clone
form a concatamer that can be cloned into a suitable Desti-
nation Vector, to give n inserts, each separated by an attB site.
Sequencing a number of concatamers generates a profile of
mRNA molecules present in the original sample.

[0234] FIGS. 24A-24C show the sequences of a number of
att sites (SEQ ID NOs:1-36) suitable for use in methods and
compositions of the invention.

[0235] FIGS. 25A-25B show a collection of Entry Clones
which contain inserts including, N-terminal tags or sequences
(N-tag), open reading frames (ORF), C-terminal tags or
sequences (C-tag), selectable markers (amp), origins of plas-
mid replication (ori) and other vector elements (for example
aloxP site). Each Entry Clone vector element insert is flanked
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by attl. or attR sites such that the vector elements can be
linked together and form a new vector construct in an LR
Clonase reaction (shown in FIG. 25B).

[0236] FIG. 26A-26B show a process for constructing attP
DONOR plasmids containing attP sites of any orientation and
specificity. FIG. 26 A shows four arrangements of attP sites in
attP DONOR plasmids consisting of two orientations of
direct repeat and two orientations of inverted repeat attP sites.
The four attP DONOR plasmids shown in FIG. 26 A can be
used as templates for PCR reactions with PCR primers that
would anneal specifically to the core of an attP site and thus
create an attL. or attR site of any desired specificity at the ends
of'the PCR products. For each new attP DONOR vector to be
constructed, two such PCR products are generated, one con-
sisting of the plasmid backbone (ori-kan) and a second con-
sisting of the ccdB and cat genes. The PCR products are
reacted together in LR Clonase reactions to generate new
plasmids with attP sites of any orientation with any att site
specificity.

[0237] FIG. 27A shows a process for linking two nucleic
acid segments, A and B. The segments are cloned in two
similarly configured plasmids. Each segment is flanked by
two recombination sites. One of the recombination sites on
each plasmid is capable of reacting with its cognate partner on
the other plasmid, whereas the other two recombination sites
do not react with any other site present. Each plasmid carries
a unique origin of replication which may or may not be
conditional. Each plasmid also carries both positive and nega-
tive selectable markers (+smX and smY, respectively) to
enable selection against, and for elements linked to a particu-
lar marker. Lastly, each plasmid carries a third recombination
site (loxP in this example), suitably positioned to enable
deletion of undesired elements and retention of desired ele-
ments. In this example, the two plasmids are initially fused at
L2 and R2 via a Gateway LxR reaction. This results in the
juxtaposition of segments A and B via a B2 recombination
site, and the juxtapostion of sml and oriB via a P2 recombi-
nation site. The two loxP sites in the backbone that flank a
series of plasmid elements are depicted in the second panel.
Addition of the Cre protein will resolve the single large plas-
mid into two smaller ones. One of these will be the desired
plasmid which carries the linked A and B segments with oriA
now linked to sm2 and +sm4. The other carries a set of
dispensable and/or undesirable elements. Transformation of
an appropriate host and subsequent imposition of appropriate
genetic selections will result in loss of the undesired plasmid,
while the desired plasmid is maintained.

[0238] FIG. 27B shows a process for linking two chimeric
nucleic acid segments, A-B and C-D, constructed as shown
above in FIG. 27A. The segments are cloned in two similarly
configured plasmids. Each segment is flanked by two recom-
bination sites. One of these on each plasmid is capable of
reacting with its cognate partner on the other plasmid,
whereas the other two recombination sites do not react with
any other site present. In this example, the two plasmids are
initially fused at .2 and R2 via a Gateway LxR reaction. This
results in the juxtaposition of segments A and B via a B2
recombination site, and the juxtapostion of sml and oriB via a
P2 recombination site. The two loxP sites in the backbone that
flank a series of plasmid elements are depicted in the second
panel. Addition of the Cre protein will resolve the single large
plasmid into two smaller ones. One of these will be the
desired plasmid which carries the linked A-B and C-D seg-
ments with oriA now linked to sm2 and +sm4. The other
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carries a set of dispensable and/or undesirable elements.
Transformation of an appropriate host and subsequent impo-
sition of appropriate genetic selections will result in loss of
the undesired plasmid, whilst the desired plasmid is main-
tained.

[0239] FIGS. 28A-B show the sequence of pDESTT™R4-
R3 (SEQ ID NO:156).

[0240] FIGS. 29A-B show the sequence of pPDONR™221
(SEQ ID NO:157).

[0241] FIGS. 30A-B show the sequence of pPDONR™P2R-
P3 (SEQ ID NO: 158).

[0242] FIGS. 31A-B show the sequence of pDONR™P4-
PIR (SEQ ID NO:159).

[0243] FIGS. 32A-C show the sequence of pMS/GW (SEQ
1D NO:160).
[0244] FIG. 33 shows vectors of a Two Fragment Modular

Vector Construction Kit of the invention, as well as a recom-
bination process using these vectors. This kit may be used to
link DNA elements to the 5' end of nucleic acid molecules
comprising a recombination site (e.g., Gateway-adapted
ORFs). The Entry clones of 5' elements and ORFs are linked
and assembled on the destination vector pDEST-R4R2 in a
single LR reaction. The unique specificities of the different att
sites allow for directional assembly of the Entry fragments.
[0245] FIG. 34 shows vectors of a Three Fragment Modular
Vector Construction Kit of the invention, as well as a recom-
bination process using these vectors. This kit allows DNA
elements to be linked to the 5' and 3' ends of nucleic acid
molecules comprising recombination sites (e.g., Gateway-
adapted ORFs). 5' and 3' elements are linked and assembled
on the destination vector pDEST-R4R3 in a single LR reac-
tion. The 5' and 3' elements are supplied to the LR reaction as
Entry clones.

[0246] FIG.35pEXP-Al-ssGUS was constructed using the
entry clones pENTR Aland pENTR ssGUS in an LR Clonase
reaction with the destination vector pDEST R4R2. Bacterial
colonies transformed with either Entry clones alone or the
Destination vector used in the assembly of pEXP-Al-ssGUS
alone were determined to be negative for Gus activity within
the assay parameters. (Al promoter: arabinose inducible pro-
moter; ssGUS: Glucoronidase gene with a Shine-Delgamo
sequence and a translation stop codon).

[0247] FIG. 36 Bsr GI digestion of six pExp-Al-ssGUS
Expression clones. The predicted fragments from this diges-
tion are 3670 bp, 1167 bp, 426 by and 279 bp. Lanes 2 and 9
are 1 kb-plus-DNA markers. Lanes 3 to 8 are Bsr GI digested
mini-prep DNA. A 1.2% E-Gel was used for the separation of
the digested fragments.

[0248] FIG. 37 pExp-Al-ssGUS-ss alacZ19, a polycis-
tronic expression clone, was assembled with the Entry clones
pENTR Al pENTR ssGUS and pENTR ss alacZ19 in a
single LR reaction with the Destination vector pDEST R4R3.
ss alacZ19: alpha lacZ fragment from puC19 with a Shine
Delgamo and a translation stop codon.

[0249] FIG. 38 Bsr GI digestion of six pExp-Al-ssGUS-ss
alacZ19 Expression clones. The predicted fragments from
this digestion are 4026 bp, 1167 bp, 426 by and 279 bp. Lanes
2 and 9 are 1 kb-plus-DNA markers. Lanes 3 to 8 are Bsr GI
digested mini-prep plasmid DNA. All samples showed the
desired profile. The extra fragment in lane 8 was later proven
to be a partial digest fragment.

[0250] FIG. 39 Effects of spermidine concentration on the
linking of three Entry clones in an LR reaction. Transfor-
mants from this reaction were scored against the final sper-
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midine concentration. Several titration experiments were
conducted however only one is depicted in the graph. All the
experiments suggested a peak activity of between 7 to 10 mM
spermidine but due to the variability of the colony count assay
compiling all results onto one graph was not feasible. The
final concentration of spermidine in many Gateway LR reac-
tions may be about 4.5 mM.

[0251] FIG. 40 The effects of spermidine concentration
between 7.5 and 10 mM in MultiSite LR reactions. Results
from two separate experiments are depicted in the graph.

[0252] FIG. 41A is a schematic diagram of vector
pDONRS'.
[0253] FIG. 41B is a schematic diagram of vector

pDONR3'. In particular embodiments, a spectinomycin resis-
tance marker may be present instead or in addition to the
chloramphenicol resistance marker shown in this figure (ab-
breviated “cmr”).

[0254] FIG. 41C is a schematic diagram of vector
pDESTR4R2.

[0255] FIG. 41D is a schematic diagram of vector
pDESTR4R3.

[0256] FIG. 41E is a schematic diagram of vector pMVC
Control.

[0257] FIG. 42A depicts a BP reaction, where recombina-

tion of an attB substrate (e.g. attB PCR product or expression
clone) with an attP substrate (donor vector) creates an att] -
containing entry clone.

[0258] FIG. 42B depicts an LR reaction, where recombi-
nation of an attl.-containing entry clone with an attR-contain-
ing destination vector creates an attB-containing expression
clone.

[0259] FIG. 43 diagram showing three entry clones in a
single MultiSite Gateway LR recombination reaction with a
specially designed desination vector, pDESTT™R4-R3
[0260] FIG. 44 depicts the recombination reaction between
an attB4 and attB1-flanked PCR product and pDONR™P4-
PIR to create an entry clone and a by-product (SEQ ID
NO:161, SEQ ID NO:162, SEQ ID NO:163, SEQ ID
NO:164).

[0261] FIG. 45 depicts the recombination reaction between
an attB1 and attB2-flanked PCR product and pDONR™221
to create an entry clone and a by-product (SEQ ID NO:165,
SEQ ID NO:166, SEQ ID NO:167, SEQ ID NO:168).
[0262] FIG. 46 depicts the recombination reaction between
an attB2 and attB3-flanked PCR product and pDONR™P2R-
P3 to create and entry clone and a by-product (SEQ ID
NO:169, SEQ ID NO:170, SEQ ID NO:171, SEQ ID
NO:172).

[0263] FIG. 47A depicts the generation of an att14 and
attR1-flanked entry clone containing a 5' element of interest.
[0264] FIG. 47B depicts the generation of an attR2 and
att].3-flanked entyr clone containing a 3' element of interest.

[0265] FIG. 48 depicts various methods of generating an
entry clone.
[0266] FIG. 49 depicts attB forward primers (SEQ ID

NO:173, SEQ ID NO:174, SEQ ID NO:175).

[0267] FIG. 50 depicts attB reverse primers (SEQ ID
NO:176, SEQ ID NO:177, SEQ ID NO:178).

[0268] FIG. 51A depicts the recombination reagion of the
entry clone resulting from pDONR™P4-P1RxattB4-5' ele-
ment-attB1(SEQ 1D NO:179).

[0269] FIG. 51B depicts the recombination region of the
entry clone resulting from pDONR™221xattB1-genen of
interest-attB2 (SEQ 1D NO:180).
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[0270] FIG. 51C depicts the recombination region of the
entry clone resulting from pDONR™P2R-P3xattB2-3' ele-
ment-attB3 (SEQ ID NO:181).

[0271] FIG. 52 depicts the recombination region of the
expression clone resulting from pDEST™R4-R3xattl.4-5'
entry clone-attR1xattl.1-entry clone-attR2-3' entry clone-
attL.3 (SEQ ID NO:182).

[0272] FIG. 53 is a vector map of pPDONR™P4-P1R.
[0273] FIG. 54 is a vector map of pDONR™22 1.
[0274] FIG. 55 is a vector map of pDONRT™P2R-P3
[0275] FIG. 56 is a vector map of pDESTT™R4-R3.
[0276] FIG. 57 is a vector map of pMS/GW.

DETAILED DESCRIPTION OF THE INVENTION

[0277] Definitions

[0278] In the description that follows, a number of terms
used in recombinant nucleic acid technology are utilized
extensively. In order to provide a clear and more consistent
understanding of the specification and claims, including the
scope to be given such terms, the following definitions are
provided.

[0279] Gene: As used herein, the term “gene” refers to a
nucleic acid which contains information necessary for
expression of a polypeptide, protein, or untranslated RNA
(e.g.,rRNA, tRNA, anti-sense RNA). When the gene encodes
a protein, it includes the promoter and the structural gene
open reading frame sequence (ORF), as well as other
sequences involved in expression of the protein. Of course, as
would be clearly apparent to one skilled in the art, the tran-
scriptional and translational machinery required for produc-
tion of the gene product is not included within the definition
of' a gene. When the gene encodes an untranslated RNA, it
includes the promoter and the nucleic acid which encodes the
untranslated RNA.

[0280] Structural Gene: As used herein, the phrase “struc-
tural gene” refers to refers to a nucleic acid which is tran-
scribed into messenger RNA that is then translated into a
sequence of amino acids characteristic of a specific polypep-
tide.

[0281] Host: As used herein, the term “host” refers to any
prokaryotic or eukaryotic organism that is a recipient of a
replicable expression vector, cloning vector or any nucleic
acid molecule. The nucleic acid molecule may contain, but is
not limited to, a structural gene, a transcriptional regulatory
sequence (such as a promoter, enhancer, repressor, and the
like) and/or an origin of replication. As used herein, the terms
“host,” “host cell,” “recombinant host” and “recombinant
host cell” may be used interchangeably. For examples of such
hosts, see Maniatis et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory, Cold Spring Har-
bor, N.Y. (1982).

[0282] Transcriptional Regulatory Sequence: As used
herein, the phrase “transcriptional regulatory sequence”
refers to a functional stretch of nucleotides contained on a
nucleic acid molecule, in any configuration or geometry, that
act to regulate the transcription of (1) one or more structural
genes (e.g., two, three, four, five, seven, ten, etc.) into mes-
senger RNA or (2) one or more genes into untranslated RNA.
Examples of transcriptional regulatory sequences include,
but are not limited to, promoters, enhancers, repressors, and
the like.

[0283] Promoter: As used herein, a promoter is an example
of a transcriptional regulatory sequence, and is specifically a
nucleic acid generally described as the 5'-region of a gene

Nov. 10, 2011

located proximal to the start codon or nucleic acid which
encodes untranslated RNA. The transcription of an adjacent
nucleic acid segment is initiated at the promoter region. A
repressible promoter’s rate of transcription decreases in
response to a repressing agent. An inducible promoter’s rate
of transcription increases in response to an inducing agent. A
constitutive promoter’s rate of transcription is not specifically
regulated, though it can vary under the influence of general
metabolic conditions.

[0284] Insert: As used herein, the term “insert” refers to a
desired nucleic acid segment that is a part of a larger nucleic
acid molecule. In many instances, the insert will be intro-
duced into the larger nucleic acid molecule. For example, the
nucleic acid segments labeled ccdB and DNA-A inFIG. 2, are
nucleic acid inserts with respect to the larger nucleic acid
molecule shown therein. In most instances, the insert will be
flanked by recombination sites (e.g., at least one recombina-
tion site at each end). In certain embodiments, however, the
insert will only contain a recombination site on one end.
[0285] Target Nucleic Acid Molecule: As used herein, the
phrase “target nucleic acid molecule” refers to a nucleic acid
segment of interest, preferably nucleic acid which is to be
acted upon using the compounds and methods of the present
invention. Such target nucleic acid molecules preferably con-
tain one or more genes (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, etc.) or portions of genes.
[0286] Insert Donor: As used herein, the phrase “Insert
Donor” refers to one of the two parental nucleic acid mol-
ecules (e.g., RNA or DNA) of the present invention which
carries the Insert (see FIG. 1). The Insert Donor molecule
comprises the Insert flanked on both sides with recombina-
tion sites. The Insert Donor can be linear or circular. In one
embodiment of the invention, the Insert Donor is a circular
nucleic acid molecule, optionally supercoiled, and further
comprises a cloning vector sequence outside of the recombi-
nation signals. When a population of Inserts or population of
nucleic acid segments are used to make the Insert Donor, a
population of Insert Donors result and may be used in accor-
dance with the invention.

[0287] Product: Asusedherein, the term “Product” refers to
one the desired daughter molecules comprising the A and D
sequences which is produced after the second recombination
event during the recombinational cloning process (see FIG.
1). The Product contains the nucleic acid which was to be
cloned or subcloned. In accordance with the invention, when
a population of Insert Donors are used, the resulting popula-
tion of Product molecules will contain all or a portion of the
population of Inserts of the Insert Donors and preferably will
contain a representative population of the original molecules
of the Insert Donors.

[0288] Byproduct: As used herein, the term “Byproduct”
refers to a daughter molecule (a new clone produced after the
second recombination event during the recombinational clon-
ing process) lacking the segment which is desired to be cloned
or subcloned.

[0289] Cointegrate: As used herein, the term “Cointegrate”
refers to at least one recombination intermediate nucleic acid
molecule of the present invention that contains both parental
(starting) molecules. Cointegrates may be linear or circular.
RNA and polypeptides may be expressed from cointegrates
using an appropriate host cell strain, for example E. coli
DB3.1 (particularly E. coli LIBRARY EFFICIENCY® DB3.
1™ Competent Cells), and selecting for both selection mark-
ers found on the cointegrate molecule.
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[0290] Recognition Sequence: As used herein, the phrase
“recognition sequence” refers to a particular sequence to
which a protein, chemical compound, DNA, or RNA mol-
ecule (e.g., restriction endonuclease, a modification methy-
lase, or a recombinase) recognizes and binds. In the present
invention, a recognition sequence will usually refer to a
recombination site. For example, the recognition sequence
for Cre recombinase is loxP which is a 34 base pair sequence
comprising two 13 base pair inverted repeats (serving as the
recombinase binding sites) flanking an 8 base pair core
sequence. (See FIG. 1 of Sauer, B., Current Opinion in Bio-
technology 5:521-527 (1994).) Other examples of recogni-
tion sequences are the attB, attP, attl, and attR sequences
which are recognized by the recombinase enzyme A Inte-
grase. attB is an approximately 25 base pair sequence con-
taining two 9 base pair core-type Int binding sites and a 7 base
pair overlap region. attP is an approximately 240 base pair
sequence containing core-type Int binding sites and arm-type
Int binding sites as well as sites for auxiliary proteins inte-
gration host factor (1HF), FIS and excisionase (X is). (See
Landy, Current Opinion in Biotechnology 3:699-707 (1993).)
Such sites may also be engineered according to the present
invention to enhance production of products in the methods of
the invention. For example, when such engineered sites lack
the PI or Hi domains to make the recombination reactions
irreversible (e.g., attR or attP), such sites may be designated
attR’ or attP’ to show that the domains of these sites have been
modified in some way.

[0291] Recombination Proteins: As used herein, the phrase
“recombination proteins” includes excisive or integrative
proteins, enzymes, co-factors or associated proteins that are
involved in recombination reactions involving one or more
recombination sites (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, etc.), which may be wild-
type proteins (see Landy, Current Opinion in Biotechnology
3:699-707 (1993)), or mutants, derivatives (e.g., fusion pro-
teins containing the recombination protein sequences or frag-
ments thereof), fragments, and variants thereof. Examples of
recombination proteins include Cre, Int, IHF, Xis, Flp, Fis,
Hin, Gin, ®C31, Cin, Tn3 resolvase, TndX, XerC, XerD,
TnpX, Hje, Gin, SpCCE1, and ParA.

[0292] Recombination Site: A used herein, the phrase
“recombination site” refers to a recognition sequence on a
nucleic acid molecule which participates in an integration/
recombination reaction by recombination proteins. Recom-
bination sites are discrete sections or segments of nucleic acid
on the participating nucleic acid molecules that are recog-
nized and bound by a site-specific recombination protein
during the initial stages of integration or recombination. For
example, the recombination site for Cre recombinase is loxP
which is a 34 base pair sequence comprised of two 13 base
pair inverted repeats (serving as the recombinase binding
sites) flanking an 8 base pair core sequence. (See FIG. 1 of
Sauver, B., Curr. Opin. Biotech. 5:521-527 (1994).) Other
examples of recognition sequences include the attB, attP,
attl,, and attR sequences described herein, and mutants, frag-
ments, variants and derivatives thereof, which are recognized
by the recombination protein A Int and by the auxiliary pro-
teins integration host factor (1HF), FIS and excisionase (A is).
(See Landy, Curr. Opin. Biotech. 3:699-707 (1993).)

[0293] Recombination sites may be added to molecules by
any number of known methods. For example, recombination
sites can be added to nucleic acid molecules by blunt end
ligation, PCR performed with fully or partially random prim-
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ers, or inserting the nucleic acid molecules into an vector
using a restriction site which flanked by recombination sites.
[0294] Recombinational Cloning: As used herein, the
phrase “recombinational cloning” refers to a method, such as
that described in U.S. Pat. Nos. 5,888,732 and 6,143,557 (the
contents of which are fully incorporated herein by reference),
whereby segments of nucleic acid molecules or populations
of such molecules are exchanged, inserted, replaced, substi-
tuted or modified, in vitro or in vivo. Preferably, such cloning
method is an in vitro method.

[0295] Repression Cassette: As used herein, the phrase
“repression cassette” refers to a nucleic acid segment that
contains a repressor or a selectable marker present in the
subcloning vector.

[0296] Selectable Marker: As used herein, the phrase
“selectable marker” refers to a nucleic acid segment that
allows one to select for or against a molecule (e.g., a replicon)
or a cell that contains it, often under particular conditions.
These markers can encode an activity, such as, but not limited
to, production of RNA, peptide, or protein, or can provide a
binding site for RNA, peptides, proteins, inorganic and
organic compounds or compositions and the like. Examples
of selectable markers include but are not limited to: (1)
nucleic acid segments that encode products which provide
resistance against otherwise toxic compounds (e.g., antibiot-
ics); (2) nucleic acid segments that encode products which are
otherwise lacking in the recipient cell (e.g., tRNA genes,
auxotrophic markers); (3) nucleic acid segments that encode
products which suppress the activity of a gene product; (4)
nucleic acid segments that encode products which can be
readily identified (e.g., phenotypic markers such as ([3-galac-
tosidase, green fluorescent protein (GFP), yellow flourescent
protein (YFP), red fluorescent protein (RFP), cyan fluores-
cent protein (CFP), and cell surface proteins); (5) nucleic acid
segments that bind products which are otherwise detrimental
to cell survival and/or function; (6) nucleic acid segments that
otherwise inhibit the activity of any of the nucleic acid seg-
ments described in Nos. 1-5 above (e.g., antisense oligonucle-
otides); (7) nucleic acid segments that bind products that
modify a substrate (e.g., restriction endonucleases); (8)
nucleic acid segments that can be used to isolate or identify a
desired molecule (e.g., specific protein binding sites); (9)
nucleic acid segments that encode a specific nucleotide
sequence which can be otherwise non-functional (e.g., for
PCR amplification of subpopulations of molecules); (10)
nucleic acid segments, which when absent, directly or indi-
rectly confer resistance or sensitivity to particular com-
pounds; and/or (11) nucleic acid segments that encode prod-
ucts which either are toxic (e.g., Diphtheria toxin) or convert
a relatively non-toxic compound to a toxic compound (e.g.,
Herpes simplex thymidine kinase, cytosine deaminase) in
recipient cells; (12) nucleic acid segments that inhibit repli-
cation, partition or heritability of nucleic acid molecules that
contain them; and/or (13) nucleic acid segments that encode
conditional replication functions, e.g., replication in certain
hosts or host cell strains or under certain environmental con-
ditions (e.g., temperature, nutritional conditions, etc.).
[0297] Selection Scheme: As used herein, the phrase
“selection scheme” refers to any method which allows selec-
tion, enrichment, or identification of a desired nucleic acid
molecules or host cells contacting them (in particular Product
or Product(s) from a mixture containing an Entry Clone or
Vector, a Destination Vector, a Donor Vector, an Expression
Clone or Vector, any intermediates (e.g., a Cointegrate or a
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replicon), and/or Byproducts). In one aspect, selection
schemes of the invention rely on one or more selectable
markers. The selection schemes of one embodiment have at
least two components that are either linked or unlinked during
recombinational cloning. One component is a selectable
marker. The other component controls the expression in vitro
or in vivo of the selectable marker, or survival of the cell (or
the nucleic acid molecule, e.g., a replicon) harboring the
plasmid carrying the selectable marker. Generally, this con-
trolling element will be a repressor or inducer of the select-
able marker, but other means for controlling expression or
activity of the selectable marker can be used. Whether a
repressor or activator is used will depend on whether the
marker is for a positive or negative selection, and the exact
arrangement of the various nucleic acid segments, as will be
readily apparent to those skilled in the art. In some preferred
embodiments, the selection scheme results in selection of or
enrichment for only one or more desired nucleic acid mol-
ecules (such as Products). As defined herein, selecting for a
nucleic acid molecule includes (a) selecting or enriching for
the presence of the desired nucleic acid molecule (referred to
as a “positive selection scheme™), and (b) selecting or enrich-
ing against the presence of nucleic acid molecules that are not
the desired nucleic acid molecule (referred to as a “negative
selection scheme™).

[0298] In one embodiment, the selection schemes (which
can be carried out in reverse) will take one of three forms,
which will be discussed in terms of FIG. 1. The first, exem-
plified herein with a selectable marker and a repressor there-
fore, selects for molecules having segment D and lacking
segment C. The second selects against molecules having seg-
ment C and for molecules having segment D. Possible
embodiments of the second form would have a nucleic acid
segment carrying a gene toxic to cells into which the in vitro
reaction products are to be introduced. A toxic gene can be a
nucleic acid that is expressed as a toxic gene product (a toxic
protein or RNA), or can be toxic in and of itself. (In the latter
case, the toxic gene is understood to carry its classical defi-
nition of “heritable trait”.)

[0299] Examples of such toxic gene products are well
known in the art, and include, but are not limited to, restriction
endonucleases (e.g., Dpnl, Nla3, etc.); apoptosis-related
genes (e.g., ASK1 or members of the bcl-21ced-9 family);
retroviral genes; including those of the human immunodefi-
ciency virus (HIV); defensins such as NP-1; inverted repeats
or paired palindromic nucleic acid sequences; bacteriophage
Iytic genes such as those from ®X174 or bacteriophage T4;
antibiotic sensitivity genes such as rpsL; antimicrobial sen-
sitivity genes such as pheS; plasmid killer genes’ eukaryotic
transcriptional vector genes that produce a gene product toxic
to bacteria, such as GATA-1; genes that kill hosts in the
absence ofa suppressing function, e.g., kicB, ccdB, ®X174 E
(Liu, Q. et al., Curr. Biol. 8:1300-1309 (1998)); and other
genes that negatively affect replicon stability and/or replica-
tion. A toxic gene can alternatively be selectable in vitro, e.g.,
a restriction site.

[0300] Many genes coding for restriction endonucleases
operably linked to inducible promoters are known, and may
be used in the present invention. (See, e.g., U.S. Pat. No.
4,960,707 (Dpnl and Dpnll); U.S. Pat. Nos. 5,000,333, 5,082,
784 and 5,192,675 (Kpnl); U.S. Pat. No. 5,147,800 (Ngo AIII
and NgoAl); U.S. Pat. No. 5,179,015 (Fspl and HaellI): U.S.
Pat. No. 5,200,333 (Haell and Taql); U.S. Pat. No. 5,248,605
(Hpall); U.S. Pat. No. 5,312,746 (Clal); U.S. Pat. Nos. 5,231,
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021 and 5,304,480 (Xhol and XholI); U.S. Pat. No. 5,334,526
(Alul); U.S. Pat. No. 5,470,740 (Nsil); U.S. Pat. No. 5,534,
428 (Sstl/Sacl); U.S. Pat. No. 5,202,248 (Ncol); U.S. Pat. No.
5,139,942 (Ndel); and U.S. Pat. No. 5,098,839 (PacI). (See
also Wilson, G. G., Nucl. Acids Res. 19:2539-2566 (1991);
and Lunnen, K. D, et al., Gene 74:25-32 (1988).)

[0301] In the second form, segment D carries a selectable
marker. The toxic gene would eliminate transformants har-
boring the Vector Donor, Cointegrate, and Byproduct mol-
ecules, while the selectable marker can be used to select for
cells containing the Product and against cells harboring only
the Insert Donor.

[0302] The third form selects for cells that have both seg-
ments A and D in cis on the same molecule, but not for cells
that have both segments in trans on different molecules. This
could be embodied by a selectable marker that is split into two
inactive fragments, one each on segments A and D.

[0303] The fragments are so arranged relative to the recom-
bination sites that when the segments are brought together by
the recombination event, they reconstitute a functional select-
able marker. For example, the recombinational event can link
a promoter with a structural nucleic acid molecule (e.g., a
gene), can link two fragments of a structural nucleic acid
molecule, or can link nucleic acid molecules that encode a
heterodimeric gene product needed for survival, or can link
portions of a replicon.

[0304] Site-Specific Recombinase: As used herein, the
phrase “site-specific recombinase” refers to a type of recom-
binase which typically has at least the following four activi-
ties (or combinations thereof): (1) recognition of specific
nucleic acid sequences; (2) cleavage of said sequence or
sequences; (3) topoisomerase activity involved in strand
exchange; and (4) ligase activity to reseal the cleaved strands
of'nucleic acid. (See Sauer, B., Current Opinions in Biotech-
nology 5:521-527 (1994).) Conservative site-specific recom-
bination is distinguished from homologous recombination
and transposition by a high degree of sequence specificity for
both partners. The strand exchange mechanism involves the
cleavage and rejoining of specific nucleic acid sequences in
the absence of DNA synthesis (Landy, A. (1989) Ann. Rev.
Biochem. 58:913-949).

[0305] Homologous Recombination: As used herein, the
phrase “homologous recombination” refers to the process in
which nucleic acid molecules with similar nucleotide
sequences associate and exchange nucleotide strands. A
nucleotide sequence of a first nucleic acid molecule which is
effective for engaging in homologous recombination at a
predefined position of a second nucleic acid molecule will
therefore have a nucleotide sequence which facilitates the
exchange of nucleotide strands between the first nucleic acid
molecule and a defined position of the second nucleic acid
molecule. Thus, the first nucleic acid will generally have a
nucleotide sequence which is sufficiently complementary to a
portion of the second nucleic acid molecule to promote nucle-
otide base pairing.

[0306] Homologous recombination requires homologous
sequences in the two recombining partner nucleic acids but
does not require any specific sequences. As indicated above,
site-specific recombination which occurs, for example, at
recombination sites such as att sites, is not considered to be
“homologous recombination,” as the phrase is used herein.
[0307] Vector: As used herein, the terms “vector” refers to
a nucleic acid molecule (preferably DNA) that provides a
useful biological or biochemical property to an insert.
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Examples include plasmids, phages, autonomously replicat-
ing sequences (ARS), centromeres, and other sequences
which are able to replicate or be replicated in vitro or in a host
cell, or to convey a desired nucleic acid segment to a desired
location within a host cell. A vector can have one or more
restriction endonuclease recognition sites (e.g., two, three,
four, five, seven, ten, etc.) at which the sequences can be cut
in a determinable fashion without loss of an essential biologi-
cal function of the vector, and into which a nucleic acid
fragment can be spliced in order to bring about its replication
and cloning. Vectors can further provide primer sites (e.g., for
PCR), transcriptional and/or translational initiation and/or
regulation sites, recombinational signals, replicons, select-
able markers, etc. Clearly, methods of inserting a desired
nucleic acid fragment which do not require the use of recom-
bination, transpositions or restriction enzymes (such as, but
not limited to, uracil N-glycosylase (UDG) cloning of PCR
fragments (U.S. Pat. Nos. 5,334,575 and 5,888,795, both of
which are entirely incorporated herein by reference), T:A
cloning, and the like) can also be applied to clone a fragment
into a cloning vector to be used according to the present
invention. The cloning vector can further contain one or more
selectable markers (e.g., two, three, four, five, seven, ten, etc.)
suitable for use in the identification of cells transformed with
the cloning vector.

[0308] Subeloning Vector: As used herein, the phrase “sub-
cloning vector” refers to a cloning vector comprising a circu-
lar or linear nucleic acid molecule which includes, preferably,
an appropriate replicon. In the present invention, the subclon-
ing vector (segment D in FIG. 1) can also contain functional
and/or regulatory elements that are desired to be incorporated
into the final product to act upon or with the cloned nucleic
acid insert (segment A in FIG. 1). The subcloning vector can
also contain a selectable marker (preferably DNA).

[0309] Vector Donor: As used herein, the phrase “Vector
Donor” refers to one of the two parental nucleic acid mol-
ecules (e.g., RNA or DNA) of the present invention which
carries the nucleic acid segments comprising the nucleic acid
vector which is to become part of the desired Product. The
Vector Donor comprises a subcloning vector D (or it can be
called the cloning vector if the Insert Donor does not already
contain a cloning vector) and a segment C flanked by recom-
bination sites (see FIG. 1). Segments C and/or D can contain
elements that contribute to selection for the desired Product
daughter molecule, as described above for selection schemes.
The recombination signals can be the same or different, and
can be acted upon by the same or different recombinases. In
addition, the Vector Donor can be linear or circular.

[0310] Primer: As used herein, the term “primer” refers to a
single stranded or double stranded oligonucleotide that is
extended by covalent bonding of nucleotide monomers dur-
ing amplification or polymerization of a nucleic acid mol-
ecule (e.g., a DNA molecule). In one aspect, the primer may
be a sequencing primer (for example, a universal sequencing
primer). In another aspect, the primer may comprise a recom-
bination site or portion thereof.

[0311] Adapter: As used herein, theterm “adapter” refers to
an oligonucleotide or nucleic acid fragment or segment (pref-
erably DNA) which comprises one or more recombination
sites (or portions of such recombination sites) which in accor-
dance with the invention can be added to a circular or linear
Insert Donor molecule as well as other nucleic acid molecules
described herein. When using portions of recombination
sites, the missing portion may be provided by the Insert

Nov. 10, 2011

Donor molecule. Such adapters may be added at any location
within a circular or linear molecule, although the adapters are
preferably added at or near one or both termini of a linear
molecule. Preferably, adapters are positioned to be located on
both sides (flanking) a particular nucleic acid molecule of
interest. In accordance with the invention, adapters may be
added to nucleic acid molecules of interest by standard
recombinant techniques (e.g., restriction digest and ligation).
For example, adapters may be added to a circular molecule by
first digesting the molecule with an appropriate restriction
enzyme, adding the adapter at the cleavage site and reforming
the circular molecule which contains the adapter(s) at the site
of cleavage. In other aspects, adapters may be added by
homologous recombination, by integration of RNA mol-
ecules, and the like. Alternatively, adapters may be ligated
directly to one or more and preferably both termini of a linear
molecule thereby resulting in linear molecule(s) having
adapters at one or both termini. In one aspect of the invention,
adapters may be added to a population of linear molecules,
(e.g., a ¢cDNA library or genomic DNA which has been
cleaved or digested) to form a population of linear molecules
containing adapters at one and preferably both termini of all
or substantial portion of said population.

[0312] Adapter-Primer: As used herein, the phrase
“adapter-primer” refers to a primer molecule which com-
prises one or more recombination sites (or portions of such
recombination sites) which in accordance with the invention
can be added to a circular or linear nucleic acid molecule
described herein. When using portions of recombination
sites, the missing portion may be provided by a nucleic acid
molecule (e.g., an adapter) of the invention. Such adapter-
primers may be added at any location within a circular or
linear molecule, although the adapter-primers are preferably
added at or near one or both termini of a linear molecule.
Examples of such adapter-primers and the use thereof in
accordance with the methods of the invention are shown in
Example 8 herein. Such adapter-primers may be used to add
one or more recombination sites or portions thereof to circu-
lar or linear nucleic acid molecules in a variety of contexts and
by a variety of techniques, including but not limited to ampli-
fication (e.g., PCR), ligation (e.g., enzymatic or chemical/
synthetic ligation), recombination (e.g., homologous or non-
homologous (illegitimate) recombination) and the like.

[0313] Template: As used herein, the term “template” refers
to a double stranded or single stranded nucleic acid molecule
which is to be amplified, synthesized or sequenced. In the
case of a double-stranded DNA molecule, denaturation of its
strands to form a first and a second strand is preferably per-
formed before these molecules may be amplified, synthesized
or sequenced, or the double stranded molecule may be used
directly as a template. For single stranded templates, a primer
complementary to at least a portion of the template hybridizes
under appropriate conditions and one or more polypeptides
having polymerase activity (e.g., two, three, four, five, or
seven DNA polymerases and/or reverse transcriptases) may
then synthesize a molecule complementary to all or a portion
of'the template. Alternatively, for double stranded templates,
one or more transcriptional regulatory sequences (e.g., two,
three, four, five, seven or more promoters) may be used in
combination with one or more polymerases to make nucleic
acid molecules complementary to all or a portion of the tem-
plate. The newly synthesized molecule, according to the
invention, may be of equal or shorter length compared to the
original template. Mismatch incorporation or strand slippage
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during the synthesis or extension of the newly synthesized
molecule may result in one or a number of mismatched base
pairs. Thus, the synthesized molecule need not be exactly
complementary to the template. Additionally, a population of
nucleic acid templates may be used during synthesis or ampli-
fication to produce a population of nucleic acid molecules
typically representative of the original template population.
[0314] Incorporating: As used herein, the term “incorporat-
ing” means becoming a part of a nucleic acid (e.g., DNA)
molecule or primer.

[0315] Library: As used herein, the term “library” refers to
a collection of nucleic acid molecules (circular or linear). In
one embodiment, a library may comprise a plurality of
nucleic acid molecules (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, one hundred, two hundred,
five hundred one thousand, five thousand, or more), which
may or may not be from a common source organism, organ,
tissue, or cell. In another embodiment, a library is represen-
tative of all or a portion or a significant portion of the nucleic
acid content of an organism (a “genomic” library), or a set of
nucleic acid molecules representative of all or a portion or a
significant portion of the expressed nucleic acid molecules (a
c¢DNA library or segments derived therefrom) in a cell, tissue,
organ or organism. A library may also comprise nucleic acid
molecules having random sequences made by de novo syn-
thesis, mutagenesis of one or more nucleic acid molecules,
and the like. Such libraries may or may not be contained in
one or more vectors (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, etc.).

[0316] Amplification: As used herein, the term “amplifica-
tion” refers to any in vitro method for increasing the number
of copies of a nucleic acid molecule with the use of one or
more polypeptides having polymerase activity (e.g., one, two,
three, four or more nucleic acid polymerases or reverse tran-
scriptases). Nucleic acid amplification results in the incorpo-
ration of nucleotides into a DNA and/or RNA molecule or
primer thereby forming a new nucleic acid molecule comple-
mentary to a template. The formed nucleic acid molecule and
its template can be used as templates to synthesize additional
nucleic acid molecules. As used herein, one amplification
reaction may consist of many rounds of nucleic acid replica-
tion. DNA amplification reactions include, for example, poly-
merase chain reaction (PCR). One PCR reaction may consist
of' 5 to 100 cycles of denaturation and synthesis of a DNA
molecule.

[0317] Nucleotide: As used herein, the term “nucleotide”
refers to a base-sugar-phosphate combination. Nucleotides
are monomeric units of a nucleic acid molecule (DNA and
RNA). The term nucleotide includes ribonucleoside triphos-
phates ATP, UTP, CTG, GTP and deoxyribonucleoside triph-
osphates such as DATP, dCTP, dITP, dUTP, dGTP, dTTP, or
derivatives thereof. Such derivatives include, for example,
[aS]dATP, 7-deaza-dGTP and 7-deaza-d ATP. The term nucle-
otide as used herein also refers to dideoxyribonucleoside
triphosphates (ddNTPs) and their derivatives. Illustrated
examples of dideoxyribonucleoside triphosphates include,
but are not limited to, ddATP, ddCTP, ddGTP, ddITP, and
ddTTP. According to the present invention, a “nucleotide”
may be unlabeled or detectably labeled by well known tech-
niques. Detectable labels include, for example, radioactive
isotopes, fluorescent labels, chemiluminescent labels, biolu-
minescent labels and enzyme labels.

[0318] Nucleic Acid Molecule: As used herein, the phrase
“nucleic acid molecule” refers to a sequence of contiguous
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nucleotides (riboNTPs, dNTPs or ddNTPs, or combinations
thereof) of any length which may encode a full-length
polypeptide or a fragment of any length thereof, or which may
be non-coding. As used herein, the terms “nucleic acid mol-
ecule” and “polynucleotide” may be used interchangeably
and include both RNA and DNA.

[0319] Oligonucleotide: As used herein, the term “oligo-
nucleotide” refers to a synthetic or natural molecule compris-
ing a covalently linked sequence of nucleotides which are
joined by a phosphodiester bond between the 3' position of
the pentose of one nucleotide and the 5' position of the pen-
tose of the adjacent nucleotide.

[0320] Polypeptide: As used herein, the term “polypeptide”
refers to a sequence of contiguous amino acids, of any length.
The terms “peptide,” “oligopeptide,” or “protein” may be
used interchangeably herein with the term “polypeptide.”
[0321] Hybridization: As used herein, the terms “hybrid-
ization” and “hybridizing” refer to base pairing of two
complementary single-stranded nucleic acid molecules
(RNA and/or DNA) to give a double stranded molecule. As
used herein, two nucleic acid molecules may hybridize,
although the base pairing is not completely complementary.
Accordingly, mismatched bases do not prevent hybridization
of two nucleic acid molecules provided that appropriate con-
ditions, well known in the art, are used. In some aspects,
hybridization is said to be under “stringent conditions.” By
“stringent conditions,” as the phrase is used herein, is meant
overnight incubation at 42° C. in a solution comprising: 50%
formamide, 5xSSC (750 mM NaCl, 75 mM trisodium cit-
rate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt’s
solution, 10% dextran sulfate, and 20 pg/ml denatured,
sheared salmon sperm DNA, followed by washing the filters
in 0.1xSSC at about 65° C.

[0322] Reaction Buffers: The invention further includes
reaction buffers for performing recombination reactions (e.g.,
LxR reaction, BxP reactions, etc.) and reaction mixtures
which comprise such reaction buffer, as well as methods
employing reaction buffers of the invention for performing
recombination reactions and products of recombination reac-
tions produced using such reaction buffers. Typically, reac-
tion buffers of the invention will contain one or more of the
following components: (1) one or more buffering agent (e.g.,
sodium phosphate, sodium acetate, 2-(N-moropholino)-
ethanesulfonic acid (MES), tris-(hydroxymethyl)ami-
nomethane (Tris), 3-(cyclohexylamino)-2-hydroxy-1-pro-
panesulfonic acid (CAPS), citrate, N-2-
hydroxyethylpiperazine-N'-2-etha- nesulfonic acid
(HEPES), acetate, 3-(N-morpholino)prpoanesulfonic acid
(MOPS), N-tris (hydroxymethyl)methyl-3-aminopropane-
sulfonio acid (TAPS), etc.), (2) one or more salt (e.g., NaCl,
K, etc.), (3) one or more chelating agent (e.g., one of more
chelating agent which predominantly chelate divalent metal
ions such as EDTA or EGTA), (4) one or more polyamine
(e.g., spermidine, spermine, etc.), (5) one or more protein
which is not typically directly involved in recombination
reactions (e.g., BSA, ovalbumin, etc.), or (6) one or more
diluent (e.g., water).

[0323] The concentration of the buffering agent in the reac-
tion buffer of the invention will vary with the particular buff-
ering agent used. Typically, the working concentration (i.e.,
the concentration in the reaction mixture) of the buffering
agent will be from about 5 mM to about 500 mM (e.g., about
10 mM, about 15 mM, about 20 mM, about 25 mM, about 30
mM, about 35 mM, about 40 mM, about 45 mM, about 50
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mM, about 55 mM, about 60 mM, about 65 mM, about 70
mM, about 75 mM, about 80 mM, about 85 mM, about 90
mM, about 95 mM, about 100 mM, from about 5 mM to about
500 mM, from about 10 mM to about 500 mM, from about 20
mM to about 500 mM, from about 25 mM to about 500 mM,
from about 30 mM to about 500 mM, from about 40 mM to
about 500 mM, from about 50 mM to about 500 mM, from
about 75 mM to about 500 mM, from about 100 mM to about
500 mM, from about 25 mM to about 50 mM, from about 25
mM to about 75 mM, from about 25 mM to about 100 mM,
from about 25 mM to about 200 mM, from about 25 mM to
about 300 mM, etc.). When Tris (e.g., Tris-HC]) is used, the
Tris working concentration will typically be from about 5
mM to about 100 mM, from about 5 mM to about 75 mM,
from about 10 mM to about 75 mM, from about 10 mM to
about 60 mM, from about 10 mM to about 50 mM, from about
25 mM to about 50 mM, etc.

[0324] The final pH of solutions of the invention will gen-
erally be set and maintained by buffering agents present in
reaction buffers ofthe invention. The pH of reaction buffers of
the invention, and hence reaction mixtures of the invention,
will vary with the particular use and the buffering agent
present but will often be from about pH 5.5 to about pH 9.0
(e.g., about pH 6.0, about pH 6.5, about pH 7.0, about pH 7.1,
aboutpH 7.2, about pH 7.3, about pH 7.4, about pH 7.5, about
pH 7.6, about pH 7.7, about pH 7.8, about pH 7.9, about pH
8.0, about pH 8.1, about pH 8.5, about pH 9.0, from about pH
6.0 to about pH 8.5, from about pH 6.5 to about pH 8.5, from
about pH 7.0 to about pH 8.5, from about pH 7.5 to about pH
8.5, from about pH 6.0 to about pH 8.0, from about pH 6.0 to
about pH 7.7, from about pH 6.0 to about pH 7.5, from about
pH 6.0 to about pH 7.0, from about pH 7.2 to about pH 7.7,
from about pH 7.3 to about pH 7.7, from about pH 7.4 to about
pH 7.6, from about pH 7.0 to about pH 7.4, from about pH 7.6
to about pH 8.0, from about pH 7.6 to about pH 8.5, etc.)

[0325] As indicated, one or more salts (e.g., NaCl, KCl,
etc.) may be included in reaction buffers of the invention. In
many instances, salts used in reaction buffers of the invention
will dissociate in solution to generate at least one species
which is monovalent (e.g., Na+, K+, etc.) When included in
reaction buffers of the invention, salts will often be present
either individually or in a combined concentration of from
about 0.5 mM to about 500 mM (e.g., about 1 mM, about 2
mM, about 3 mM, about 5 mM, about 10 mM, about 12 mM,
about 15 mM, about 17 mM, about 20 mM, about 22 mM,
about 23 mM, about 24 mM, about 25 mM, about 27 mM,
about 30 mM, about 35 mM, about 40 mM, about 45 mM,
about 50 mM, about 55 mM, about 60 mM, about 64 mM,
about 65 mM, about 70 mM, about 75 mM, about 80 mM,
about 85 mM, about 90 mM, about 95 mM, about 100 mM,
about 120 mM, about 140 mM, about 150 mM, about 175
mM, about 200 mM, about 225 mM, about 250 mM, about
275 mM, about 300 mM, about 325 mM, about 350 mM,
about 375 mM, about 400 mM, from about 1 mM to about 500
mM, from about 5 mM to about 500 mM, from about 10 mM
to about 500 mM, from about 20 mM to about 500 mM, from
about 30 mM to about 500 mM, from about 40 mM to about
500 mM, from about 50 mM to about 500 mM, from about 60
mM to about 500 mM, from about 65 mM to about 500 mM,
from about 75 mM to about 500 mM, from about 85 mM to
about 500 mM, from about 90 mM to about 500 mM, from
about 100 mM to about 500 mM, from about 125 mM to about
500 mM, from about 150 mM to about 500 mM, from about
200 mM to about 500 mM, from about 10 mM to about 100
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mM, from about 10 mM to about 75 mM, from about 10 mM
to about 50 mM, from about 20 mM to about 200 mM, from
about 20 mM to about 150 mM, from about 20 mM to about
125 mM, from about 20 mM to about 100 mM, from about 20
mM to about 80 mM, from about 20 mM to about 75 mM,
from about 20 mM to about 60 mM, from about 20 mM to
about 50 mM, from about 30 mM to about 500 mM, from
about 30 mM to about 100 mM, from about 30 mM to about
70 mM, from about 30 mM to about 50 mM, etc.).

[0326] As also indicated above, one or more agents which
chelate metal ions (e.g., monovalent or divalent metal ions)
with relatively high affinity may also be present in reaction
buffers of the invention. Examples of compounds which che-
late metal ions with relatively high affinity include ethylene-
diamine tetraacetic acid (EDTA), diethylenetriaminepen-
taacetic acid (DTPA), triethylenetetraamine hexaacetic acid
(TTHA), ethylenebis(oxyethylenenitrilo)]tetraacetic acid
(EGTA), and propylenetriaminepentaacetic acid (PTPA). The
free acid or salt of chelating agents may be used to prepare
reaction buffers of the invention.

[0327] When included in reaction buffers of the invention,
chelating agents will often be present either individually or in
a combined concentration of from about 0.1 mM to about 50
mM (e.g., about 0.2 mM, about 0.3 mM, about 0.5 mM, about
0.7 mM, about 0.9 mM, about 1 mM, about 2 mM, about 3
mM, about 4 mM, about 5 mM, about 6 mM, about 10 mM,
about 12 mM, about 15 mM, about 17 mM, about 20 mM,
about 22 mM, about 23 mM, about 24 mM, about 25 mM,
about 27 mM, about 30 mM, about 35 mM, about 40 mM,
about 45 mM, about 50 mM, from about 0.1 mM to about 50
mM, from about 0.5 mM to about 50 mM, from about 1 mM
to about 50 mM, from about 2 mM to about 50 mM, from
about 3 mM to about 50 mM, from about 0.5 mM to about 20
mM, from about 0.5 mM to about 10 mM, from about 0.5 mM
to about 5 mM, from about 0.5 mM to about 2.5 mM, from
about 1 mM to about 20 mM, from about 1 mM to about 10
mM, from about 1 mM to about 5 mM, from about 1 mM to
about 3.4 mM, from about 0.5 mM to about 3.0 mM, from
about 1 mM to about 3.0 mM, from about 1.5 mM to about 3.0
mM, from about 2 mM to about 3.0 mM, from about 0.5 mM
to about 2.5 mM, from about 1 mM to about 2.5 mM, from
about 1.5 mM to about 2.5 mM, from about 2 mM to about 3.0
mM, from about 2.5 mM to about 3.0 mM, from about 0.5
mM to about 2 mM, from about 0.5 mM to about 1.5 mM,
from about 0.5 mM to about 1.1 mM, etc.)

[0328] Reaction buffers of the invention may also contain
one or more polyamine (e.g., spermine, spermidine, prota-
mine, polylysine, and polyethylenimine, etc.), which may be
synthetic or naturally occurring. When included in reaction
buffers of the invention, polyamines will often be present
either individually or in a combined concentration of from
about 0.1 mM to about 50 mM (e.g., about 0.2 mM, about 0.3
mM, about 0.5 mM, about 0.7 mM, about 0.9 mM, about 1
mM, about 2 mM, about 3 mM, about 4 nm, about 5 mM,
about 6 mM, about 6.5 mM, about 7 mM, about 7.5 mM,
about 8 mM, about 8.5 mM, about 9 mM, about 9.5 mM,
about 10 mM, about 12 mM, about 15 mM, about 17 mM,
about 20 mM, about 22 mM, about 23 mM, about 24 mM,
about 25 mM, about 27 mM, about 30 mM, about 35 mM,
about 40 mM, about 45 mM, about 50 mM, from about 0.1
mM to about 50 mM, from about 0.5 mM to about 50 mM,
from about 1 mM to about 50 mM, from about 2 mM to about
50 mM, from about 3 mM to about 50 mM, from about 0.5
mM to about 20 mM, from about 0.5 mM to about 10 mM,
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from about 0.5 mM to about 5 mM, from about 0.5 mM to
about 2.5 mM, from about 1 mM to about 20 mM, from about
1 mM to about 10 mM, from about 1 mM to about 5 mM, from
about 1 mM to about 3.4 mM, from about 0.5 mM to about 3.0
mM, from about 1 mM to about 3.0 mM, from about 1.5 mM
to about 3.0 mM, from about 2 mM to about 3.0 mM, from
about 0.5 mM to about 2.5 mM, from about 1 mM to about 2.5
mM, from about 1.5 mM to about 2.5 mM, from about 2 mM
to about 3.0 mM, from about 2.5 mM to about 3.0 mM, from
about 0.5 mM to about 2 mM, from about 0.5 mM to about 1.5
mM, from about 0.5 mM to about 1.1 mM, from about 7.6
mM to about 20 mM, from about 7.7 mM to about 20 mM,
from about 7.8 mM to about 20 mM, from about 8.0 mM to
about 20 mM, from about 8.1 mM to about 20 mM, from
about 8.2 mM to about 20 mM, from about 8.3 mM to about
20 mM, from about 8.4 mM to about 20 mM, from about 8.5
mM to about 20 mM, from about 9.0 mM to about 20 mM,
from about 10.0 mM to about 20 mM, from about 12.0 mM to
about 20 mM, from about 7.6 mM to about 50 mM, from
about 8.0 mM to about 50 mM, etc.). For example, reaction
buffers of the invention may contain spermidine at a concen-
tration of from about 7.6 mM to about 20 mM, from about 7.7
mM to about 20 mM, from about 7.8 mM to about 20 mM,
from about 8.0 mM to about 20 mM, from about 8.1 mM to
about 20 mM, from about 8.2 mM to about 20 mM, from
about 8.3 mM to about 20 mM, from about 8.4 mM to about
20 mM, from about 8.5 mM to about 20 mM, from about 9.0
mM to about 20 mM, from about 10.0 mM to about 20 mM,
from about 12.0 mM to about 20 mM, from about 7.6 mM to
about 50 mM, from about 8.0 mM to about 50 mM, etc.

[0329] Reaction buffers of the invention may also contain
one or more protein which is not typically directly involved in
recombination reactions (e.g., bovine serum albumin (BSA);
ovalbumin; immunoglobins, such as IgE, IgG, IgD; etc.).
When included in reaction buffers of the invention, such
proteins will often be present either individually or in a com-
bined concentration of from about 0.1 mg/ml to about 50
mg/ml (e.g., about 0.1 mg/ml, about 0.2 mg/ml, about 0.3
mg/ml, about 0.4 mg/ml, about 0.5 mg/ml, about 0.6 mg/ml,
about 0.7 mg/ml, about 0.8 mg/ml, about 0.9 mg/ml, about 1.0
mg/ml, about 1.1 mg/ml, about 1.3 mg/ml, about 1.5 mg/ml,
about 1.7 mg/ml, about 2.0 mg/ml, about 2.5 mg/ml, about 3.5
mg/ml, about 5.0 mg/ml, about 7.5 mg/ml, about 10 mg/ml,
about 15 mg/ml, about 20 mg/ml, about 25 mg/ml, about 30
mg/ml, about 35 mg/ml, about 40 mg/ml, from about 0.5
mg/ml to about 30 mg/ml, from about 0.75 mg/ml to about 30
mg/ml, from about 1.0 mg/ml to about 30 mg/ml, from about
2.0 mg/ml to about 30 mg/ml, from about 3.0 mg/ml to about
30 mg/ml, from about 4.0 mg/ml to about 30 mg/ml, from
about 5.0 mg/ml to about 30 mg/ml, from about 7.5 mg/ml to
about 30 mg/ml, from about 10 mg/ml to about 30 mg/ml,
from about 15 mg/ml to about 30 mg/ml, from about 0.5
mg/ml to about 20 mg/ml, from about 0.5 mg/ml to about 10
mg/ml, from about 0.5 mg/ml to about 5 mg/ml, from about
0.5 mg/ml to about 2 mg/ml, from about 0.5 mg/ml to about 1
mg/ml, from about 1 mg/ml to about 10 mg/ml, from about 1
mg/ml to about 5 mg/ml, from about 1 mg/ml to about 2
mg/ml, etc.).

[0330] Examples of reaction buffers of the invention
include the following:

[0331] (1) 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1
mg/ml BSA, 64 mM NaCl, 8 mM spermidine; (2) 50 mM
Tris-HC1 (pH 7.5), | mM EDTA, 1 mg/ml BSA, 64 mM NaCl,
10 mM spermidine; (3) 50 mM Tris-HCI (pH 7.5), 1 mM
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EDTA, 1 mg/ml BSA, 64 mM NaCl, 12 mM spermidine; (4)
50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1 mg/ml BSA, 75
mM NaCl, 8 mM spermidine; (5) 50 mM Tris-HCI (pH 7.5),
1 mM EDTA, 1 mg/ml BSA, 64 mM NaCl, 15 mM spermi-
dine; (6) 25 mM Tris-HC1 (pH 7.5), 1 mM EDTA, 1 mg/ml
BSA, 64 mM NaCl, 8 mM spermidine; (7) 50 mM Tris-HCl
(pH 7.5), 1 mM EDTA, 2 mg/ml BSA, 64 mM NaCl, 8 mM
spermidine; (8) 25 mM Tris-HCI (pH 7.5), 5 mM EDTA, 1
mg/ml BSA, 64 mM NaCl, 8 mM spermidine; (9) 25 mM
Tris-HCI (pH 7.5), 1 mM EDTA, 2 mg/ml BSA, 64 mM NaCl,
8 mM spermidine; (10) 100 mM Tris-HCI (pH 7.5), 1 mM
EDTA, 1 mg/ml BSA, 64 mM NaCl, 10 mM spermidine; (11)
75 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1 mg/ml BSA, 65
mM NaCl, 8 mM spermidine; (12) 50 mM Tris-HCl (pH 7.5),
1 mM EDTA, 1 mg/ml BSA, 64 mM NaCl, 8 mM spermine;
(13) 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1 mg/ml BSA,
65 mM NaCl, 8 mM spermidine; (14) 50 mM Tris-HCI (pH
7.5), 1 mM EDTA, 1 mg/ml BSA, 64 mM KCl, 8 mM sper-
midine; and (15) 75 mM Tris-HCI (pH 7.5), 1 mM EDTA| 1
mg/ml BSA, 64 mM KCl, 8 mM spermidine.

[0332] Reaction buffers ofthe invention may be prepared as
concentrated solutions which are diluted to a working con-
centration for final use. For example, a reaction buffer of the
invention may be prepared as a 5x concentrate with the fol-
lowing working concentrations of components being 50 mM
Tris-HCI (pH 7.5), 1 mM EDTA, 1 mg/ml BSA, 64 mM NaCl,
8 mM spermidine. Such a 5x solution would contain 200 mM
Tris-HCI (pH 7.5), 5 mM EDTA, 5 mg/ml BSA, 325 mM
NaCl, and 40 mM spermidine. Thus, a 5:1 dilution is required
to bring such a 5x solution to a working concentration. Reac-
tion buffers of the invention may be prepared, for examples,
as a 2x, a3x, adx, aSx, abx, a7x, a8x, a9x, alOx, etc. solu-
tions. One major limitation on the fold concentration of such
solutions is that, when compounds reach particular concen-
trations in solution, precipitation occurs. Thus, concentrated
reaction buffers will generally be prepared such that the con-
centrations of the various components are low enough so that
precipitation of buffer components will not occur. As one
skilled in the art would recognize, the upper limit of concen-
tration which is feasible for each solution will vary with the
particular solution and the components present.

[0333] In many instances, reaction buffers of the invention
will be provided in sterile form. Sterilization may be per-
formed onthe individual components of reaction buffers prior
to mixing or on reaction buffers after they are prepared.
Sterilization of such solutions may be performed by any
suitable means including autoclaving or ultrafiltration.
[0334] Nucleic acid molecules used in methods of the
invention, as well as those prepared by methods of the inven-
tion, may be dissolved in an aqueous buffer and added to the
reaction mixture. One suitable set of conditions is 4 PI CLO-
NASE™ enzyme mixture (e.g., Invitrogen Corporation, Cat.
Nos. 11791-019 and 11789-013), 4 ul 5x reaction buffer and
nucleic acid and water to a final volume of 20 pl. This will
typically result in the inclusion of about 200 ng of Int and
about 80 ng of ITHF in a 20 pl BP reaction and about 150 ng Int,
about 25 ng IHF and about 30 ngx is in a 20 ul LR reaction.
[0335] Additional suitable sets of conditions include the
use of smaller reaction volumes, for example, 2 pul CLO-
NASE™ enzyme mixture (e.g., Invitrogen Corporation, Cat.
Nos. 11791-019 and 11789-013), 2 ul 5x reaction buffer and
nucleic acid and water to a final volume of 10 pl. In other
embodiments, a suitable set of conditions includes 2 pl CLO-
NASE™ enzyme mixture (e.g., Invitrogen Corporation, Cat.
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Nos. 11791-019 and 11789-013), 1 ul 10x reaction buffer and
nucleic acid and water to a final volume of 10 pl.

[0336] Proteins for conducting an LR reaction may be
stored in a suitable buffer, for example, LR Storage Buffer,
which may comprise about 50 mM Tris at about pH 7.5, about
50 mM NaCl, about 0.25 mM EDTA, about 2.5 mM spermi-
dine, and about 0.2 mg/ml BSA. When stored, proteins for an
LR reaction may be stored at a concentration of about 37.5
ng/ul INT, 10 ng/ul IHF and 15 ng/pl XIS. Proteins for con-
ducting a BP reaction may be stored in a suitable buffer, for
example, BP Storage Buffer, which may comprise about 25
mM Tris at about pH 7.5, about 22 mM NaCl, about 5 mM
EDTA, about 5 mM spermidine, about 1 mg/ml BSA, and
about 0.0025% Triton X-100. When stored, proteins for an
BP reaction may be stored at a concentration of about 37.5
ng/ul NT and 20 ng/ul IHF. One skilled in the art will recog-
nize that enzymatic activity may vary in different prepara-
tions of enzymes. The amounts suggested above may be
modified to adjust for the amount of activity in any specific
preparation of enzymes.

[0337] A suitable 5x reaction buffer for conducting recom-
bination reactions may comprise 100 mM Tris pH 7.5, 88 mM
NaCl, 20 mM EDTA, 20 mM spermidine, and 4 mg/ml BSA.
Thus, in a recombination reaction, the final buffer concentra-
tions may be 20 mM Tris pH 7.5, 17.6 mM NaCl, 4 mM
EDTA, 4 mM spermidine, and 0.8 mg/ml BSA. Those skilled
in the art will appreciate that the final reaction mixture may
incorporate additional components added with the reagents
used to prepare the mixture, for example, a BP reaction may
include 0.005% Triton X-100 incorporated from the BP Clo-
nase™.,

[0338] In additional embodiments, a IOX reaction buffer
for conducting recombination reactions may be prepared and
comprise 200 mM Tris pH 7.5, 176 mM NaCl, 40 mM EDTA,
40 mM spermidine, and 8 mg/ml BSA. Thus, in a recombi-
nation reaction, the final buffer concentrations may be 20 mM
TrispH 7.5, 17.6 mM NaCl, 4 mM EDTA, 4 mM spermidine,
and 0.8 mg/ml BSA. Those skilled in the art will appreciate
that the final reaction mixture may incorporate additional
components added with the reagents used to prepare the mix-
ture, for example, a BP reaction may include 0.01% Triton
X-100 incorporated from the BP Clonase™

[0339] In particular embodiments, particularly those in
which attL sites are to be recombined with attR sites, the final
reaction mixture may include about 50 mM Tris HCI, pH 7.5,
about 1 mM EDTA, about 1 mg/ml BSA, about 75 mM NaCl
and about 7.5 mM spermidine in addition to recombination
enzymes and the nucleic acids to be combined. In other
embodiments, particularly those in which an attB site is to be
recombined with an attP site, the final reaction mixture may
include about 25 mM Tris HCI, pH 7.5, about 5 mM EDTA,
about 1 mg/ml bovine serum albumin (BSA), about 22 mM
NaCl, and about 5 mM spermidine.

[0340] In some embodiments, particularly those in which
attL, sites are to be recombined with attR sites, the final
reaction mixture may include about 40 mM Tris HCI, pH 7.5,
about 1 mM EDTA, about 1 mg/ml BSA, about 64 mM NaCl
and about 8 mM spermidine in addition to recombination
enzymes and the nucleic acids to be combined. One of skill in
the art will appreciate that the reaction conditions may be
varied somewhat without departing from the invention. For
example, the pH of the reaction may be varied from about 7.0
to about 8.0; the concentration of buffer may be varied from
about 25 mM to about 100 mM; the concentration of EDTA
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may be varied from about 0.5 mM to about 2 mM; the con-
centration of NaCl may be varied from about 25 mM to about
150 mM; and the concentration of BSA may be varied from
0.5 mg/ml to about 5 mg/ml. In other embodiments, particu-
larly those in which an attB site is to be recombined with an
attP site, the final reaction mixture may include about 25 mM
Tris HCI, pH 7.5, about 5 mM EDTA, about 1 mg/ml bovine
serum albumin (BSA), about 22 mM NaCl, about 5 mM
spermidine and about 0.005% detergent (e.g., Triton X-100).

[0341] In other embodiments, the recombination reactions
may be prepared using a buffer which performs the functions
of both the storage and reaction buffers in one. Suitably, in
such embodiments, this buffer may comprise between about
100-200 mM Tris pH 7.5, between about 88-176 mM NaCl,
between about 20-40 mM EDTA, between about 20-40 mM
spermidine, and between about 4-8 mg/ml BSA. Those
skilled in the art will appreciate that the final reaction mixture
may incorporate additional components added with the
reagents used to prepare the mixture, for example, a BP
reaction may include between about 0.005-0.01% Triton
X-100 incorporated from the BP Clonase™. These combina-
tion buffers would also include proteins for conducting an LR
or a BP reaction. When stored, proteins for an LR reaction
may be stored at a concentration of between about 37.5-75
ng/ul INT, between about 10-20 ng/ul IHF and between about
15-30 ng/ul XI8; proteins for an BP reaction may be stored at
a concentration of between about 37.5-75 ng/ul INT and
between about 20-40 ng/ul THF.

[0342] Derivative: As used herein the term “derivative”,
when used in reference to a vector, means that the derivative
vector contains one or more (e.g., one, two, three, four five,
etc.) nucleic acid segments which share sequence similar to at
least one vector represented in one or more of FIG. 1, 2, 3, 5,
6,7,8,9,14,15,16,17,18, 19, 20, 21, 22, 25, 26, 27, 28, 29,
30,31,32,33,34,35,37,41,42,43,47,53, 54, 55,56, or 57.
In particular embodiments, a derivative vector (1) may be
obtained by alteration of a vector described herein (e.g., a
vector represented in FIG. 1, 2,3,5,6,7, 8,9,14, 15,16, 17,
18,19,20,21,22,25,26,27,28,29,30,31,32,33, 34, 35,37,
41, 42, 43, 47, 53, 54, 55, 56, or 57), or (2) may contain one
or more elements (e.g., ampicillin resistance marker, attl.1
recombination site, TOPO site, etc.) of a vector described
herein. Further, as noted above, a derivative vector may con-
tain one or more element which shares sequence similarity
(e.g., at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 95%, etc. sequence identity at the nucle-
otide level) to one or more element of a vector described
herein. Derivative vectors may also share at least at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, at least
95%, etc. sequence identity at the nucleotide level to the
complete nucleotide sequence of a vector described herein.
One example of a derivative vectors is the vector represented
in FIG. 26 after the ccdB/chloramphenicol resistance cassette
has been replaced by another nucleic acid segment using a
recombination reaction. Thus, derivative vectors include
those which have been generated by performing a cloning
reaction upon a vector described herein. Derivative vectors
also include vectors which have been generated by the inser-
tion of elements of a vector described herein into another
vector. Often these derivative vectors will contain at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at
least 95%, etc. of the nucleic acid present in a vector
described herein. Derivative vectors also include progeny of
any ofthe vectors referred to above, as well as vectors referred
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to above which have been subjected to mutagenesis (e.g.,
random mutagenesis). The invention includes vectors which
are derivatives of vectors described herein, as well as uses of
these vector in various described methods and compositions
comprising these vectors.

[0343] Other terms used in the fields of recombinant
nucleic acid technology and molecular and cell biology as
used herein will be generally understood by one of ordinary
skill in the applicable arts.

[0344]

[0345] The present invention relates to methods, composi-
tions and kits for the recombinational joining of two or more
segments or nucleic acid molecules or other molecules and/or
compounds (or combinations thereof). The invention also
relates to attaching such linked nucleic acid molecules or
other molecules and/or compounds to one or more supports or
structures preferably through recombination sites or portions
thereof. Thus, the invention generally relates to linking any
number of nucleic acids or other molecules and/or com-
pounds via nucleic acid linkers comprising one or more
recombination sites (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, etc.) or portions thereof.

[0346] The linked products produced by the invention may
comprise any number of the same or different nucleic acids or
other molecules and/or compounds, depending on the starting
materials. Such starting materials include, but are not limited
to, any nucleic acids (or derivatives thereof such as peptide
nucleic acids (PNAs)), chemical compounds, detectably
labeled molecules (such as fluorescent molecules and chemi-
luminescent molecules), drugs, peptides or proteins, lipids,
carbohydrates and other molecules and/or compounds com-
prising one or more recombination sites or portions thereof.
Through recombination of such recombination sites accord-
ing to the invention, any number or combination of such
starting molecules and/or compounds can be linked to make
linked products of the invention. In addition, deletion or
replacement of certain portions or components of the linked
products of the invention can be accomplished by recombi-
nation.

[0347] Insome embodiments, the joined segments may be
inserted into a different nucleic acid molecule such as a vec-
tor, preferably by recombinational cloning methods but also
by homologous recombination. Thus, in some embodiments,
the present invention relates to the construction of nucleic
acid molecules (RNA or DNA) by combining two or more
segments of nucleic acid (e.g., two, three, four, five, seven,
ten, twelve, fifteen, twenty, thirty, fifty, etc.) by a recombina-
tion reaction and inserting the joined two or more segments
into a vector by recombinational cloning.

[0348] In embodiments where the joined nucleic acid mol-
ecules are to be further combined with an additional nucleic
acid molecule by a recombination reaction, the timing of the
two recombination events, i.e., the joining of the segments
and the insertion of the segments into a vector, is not critical.
That is to say, it is not critical to the present invention, for
example, whether the two or more nucleic acid segments are
joined together before insertion into the vector or whether one
recombination site on each segment first reacts with a recom-
bination site on the vector and subsequently the recombina-
tion sites on the nucleic acid segments react with each other to
join the segments. Moreover, the nucleic acid segments can
be cloned in any one or a number of positions within the
vector and do not need to be inserted adjacent to each other,
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although, in some embodiments, joining of two or more of
such segments within the vector is preferred.

[0349] In accordance with the invention, recombinational
cloning allows efficient selection and identification of mol-
ecules (particularly vectors) containing the combined nucleic
acid segments. Thus, two or more nucleic acid segments of
interest can be combined and, optionally, inserted into a
single vector suitable for further manipulation of the com-
bined nucleic acid molecule.

[0350] In a fundamental embodiment, at least two nucleic
acid segments, each comprising at least one recombination
site, are contacted with suitable recombination proteins to
effect the joining of all or a portion of the two molecules,
depending on the position of the recombination sites in the
molecules. Each individual nucleic acid segment may com-
prise a variety of sequences including, but not limited to
sequences suitable for use as primer sites (e.g., sequences for
which a primer such as a sequencing primer or amplification
primer may hybridize to initiate nucleic acid synthesis, ampli-
fication or sequencing), transcription or translation signals or
regulatory sequences such as promoters and/or enhancers,
ribosomal binding sites, Kozak sequences, start codons, ter-
mination signals such as stop codons, origins of replication,
recombination sites (or portions thereof), selectable markers,
and genes or portions of genes to create protein fusions (e.g.,
N-terminal or C-terminal) such as GST, GUS, GFP,YFP, CFP,
maltose binding protein, 6 histidines (HIS6), epitopes, hap-
tens and the like and combinations thereof. The vectors used
for cloning such segments may also comprise these func-
tional sequences (e.g., promoters, primer sites, etc.). After
combination of the segments comprising such sequences and
optimally the cloning of the sequences into one or more
vectors (e.g., two, three, four, five, seven, ten, twelve, fifteen,
etc.), the molecules may be manipulated in a variety of ways,
including sequencing or amplification of the target nucleic
acid molecule (i.e., by using at least one of the primer sites
introduced by the integration sequence), mutation of the tar-
get nucleic acid molecule (i.e., by insertion, deletion or sub-
stitution in or on the target nucleic acid molecule), insertion
into another molecule by homologous recombination, tran-
scription of the target nucleic acid molecule, and protein
expression from the target nucleic acid molecule or portions
thereof (i.e., by expression of translation and/or transcription
signals contained by the segments and/or vectors).

[0351] The present invention also relates to the generation
of combinatorial libraries using the recombinational cloning
methods disclosed. Thus, one or more of the nucleic acid
segments joined may comprise a nucleic acid library. Such a
library may comprise, for example, nucleic acid molecules
corresponding to permutations of a sequence coding for a
peptide, polypeptide or protein sequence. The permutations
can be joined to another nucleic acid segment consisting of a
single sequence or, alternatively, the second nucleic acid seg-
ment may also be a library corresponding to permutation of
another peptide, polypeptide or protein sequence such that
joining of the two segments may produce a library represent-
ing all possible combinations of all the permutations of the
two peptide, polypeptide or proteins sequences. These
nucleic acid segments may be contiguous or non-contiguous.
Numerous examples of the use of combinatorial libraries are
known in the art. (See, e.g., Waterhouse, et al., Nucleic Acids
Res., 1993, Vol. 21, No. 9, 2265-2266, Tsurushita, et al.,
Gene, 1996, Vol. 172 No. 1, 59-63, Persson, Int. Rev. Immu-
nol. 1993 10:2-3 153-63, Chanock, et al., Infect Agents Dis
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1993 June 2:3 118-31, Burioni, et al., Res Virol 1997 March-
April 148:2 161-4, Leung, Thromb. Haemost. 1995 July
74:1373-6, Sandhu, Crit. Rev. Biotechnol. 1992, 12:5-6 437-
62 and U.S. Pat. Nos. 5,733,743, 5,871,907 and 5,858,657, all
of which are specifically incorporated herein by reference.)

[0352] When one or more nucleic acid segments used in
methods and compositions of the invention are mutated, these
segments may contain either (1) a specified number of muta-
tions or (2) an average specified number of mutations. Fur-
ther, these mutations may be scored with reference to the
nucleic acid segments themselves or the expression products
(e.g., polypeptides of such nucleic acid segments. For
example, nucleic acid molecules of a library may be mutated
to produce nucleic acid molecules which are, on average, at
least 50%, at least 55%, at least 60%, at least 65%, at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to corresponding nucleic acid molecules of the
original library. Similarly, nucleic acid molecules of a library
may be mutated to produce nucleic acid molecules which,
encode polypeptides that are, on average, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to
polypeptides encoded by corresponding nucleic acid mol-
ecules of the original library.

[0353]

[0354] Recombination sites for use in the invention may be
any nucleic acid that can serve as a substrate in a recombina-
tion reaction. Such recombination sites may be wild-type or
naturally occurring recombination sites, or modified, variant,
derivative, or mutant recombination sites. Examples of
recombination sites for use in the invention include, but are
not limited to, phage-lambda recombination sites (such as
attP, attB, attl, and attR and mutants or derivatives thereof)
and recombination sites from other bacteriophage such as
phi80, P22, P2, 186, P4 and P1 (including lox sites such as
loxP and /oxP511). Mutated att sites (e.g., attB1-10, attP1-10,
attR1-10 and attl.1-10) are described in Example 9 below and
in previous patent U.S. Appl. No. 60/136,744, filed May 28,
1999, and U.S. application Ser. No. 09/517,466, filed Mar. 2,
2000, which are specifically incorporated herein by refer-
ence. Other recombination sites having unique specificity
(i.e., a first site will recombine with its corresponding site and
will not recombine with a second site having a different
specificity) are known to those skilled in the art and may be
used to practice the present invention. Corresponding recom-
bination proteins for these systems may be used in accor-
dance with the invention with the indicated recombination
sites. Other systems providing recombination sites and
recombination proteins for use in the invention include the
FLP/FRT system from Saccharomyces cerevisiae, the
resolvase family (e.g., y5, TndX, TnpX, Tn3 resolvase, Hin,
Hjc, Gin, SpCCEl, ParA, and Cin), and 1S231 and other
Bacillus thuringiensis transposable elements. Other suitable
recombination systems for use in the present invention
include the XerC and XerD recombinases and the psi, dif and
cer recombination sites in E. coli. Other suitable recombina-
tion sites may be found in U.S. Pat. No. 5,851,808 issued to
Elledge and Liu which is specifically incorporated herein by
reference. Suitable recombination proteins and mutant, modi-
fied, variant, or derivative recombination sites for use in the
invention include those described in U.S. Pat. Nos. 5,888,732
and 6,143,557, and in U.S. application Ser. No. 09/438,358
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(filed Nov. 12, 1999), based upon U.S. provisional applica-
tion No. 60/108,324 (filed Nov. 13, 1998), and U.S. applica-
tion Ser. No. 09/517,466 (filed Mar. 2, 2000), based upon U.S.
provisional application No. 60/136,744 (filed May 28, 1999),
as well as those associated with the GATEWAY™ Cloning
Technology and MultiSite Gatway Cloning Technology are
available from Invitrogen Corp. (Carlsbad, Calif.), the entire
disclosures of all of which are specifically incorporated
herein by reference in their entireties.

[0355] Representative examples of recombination sites
which can be used in the practice of the invention include att
sites referred to above. The inventors have determined that att
sites which specifically recombine with other att sites can be
constructed by altering nucleotides in and near the 7 base pair
overlap region. Thus, recombination sites suitable for use in
the methods, compositions, and vectors of the invention
include, but are not limited to, those with insertions, deletions
or substitutions of one, two, three, four, or more nucleotide
bases within the 15 base pair core region (GCTTTTTTATAC-
TAA (SEQ ID NO:37)), which is identical in all four wild-
type lambda att sites, attB, attP, attl. and attR (see U.S. appli-
cation Ser. No. 08/663,002, filed Jun. 7, 1996 (now U.S. Pat.
No. 5,888,732) and Ser. No. 09/177,387, filed Oct. 23, 1998,
which describes the core region in further detail, and the
disclosures of which are incorporated herein by reference in
their entireties). Recombination sites suitable for use in the
methods, compositions, and vectors of the invention also
include those with insertions, deletions or substitutions of
one, two, three, four, or more nucleotide bases within the 15
base pair core region (GCTTTTTTATACTAA (SEQ ID
NO:37)) which are at least 50% identical, at least 55% iden-
tical, at least 60% identical, at least 65% identical, at least
70% identical, at least 75% identical, at least 80% identical, at
least 85% identical, at least 90% identical, or at least 95%
identical to this 15 base pair core region.

[0356] Analogously, the core regions in attB1, attP1, attl.1
and attR1 are identical to one another, as are the core regions
in attB2, attP2, attl.2 and attR2. Nucleic acid molecules suit-
able for use with the invention also include those which
comprising insertions, deletions or substitutions of one, two,
three, four, or more nucleotides within the seven base pair
overlap region (TTTATAC, which is defined by the cut sites
for the integrase protein and is the region where strand
exchange takes place) that occurs within this 15 base pair core
region (GCTTTTTTATACTAA (SEQ ID NO:37)). Examples
of such mutants, fragments, variants and derivatives include,
but are not limited to, nucleic acid molecules in which (1) the
thymine at position 1 of the seven by overlap region has been
deleted or substituted with a guanine, cytosine, or adenine; (2)
the thymine at position 2 of the seven by overlap region has
been deleted or substituted with a guanine, cytosine, or
adenine; (3) the thymine at position 3 of the seven by overlap
region has been deleted or substituted with a guanine,
cytosine, or adenine; (4) the adenine at position 4 of the seven
by overlap region has been deleted or substituted with a
guanine, cytosine, or thymine; (5) the thymine at position 5 of
the seven by overlap region has been deleted or substituted
with a guanine, cytosine, or adenine; (6) the adenine at posi-
tion 6 of the seven by overlap region has been deleted or
substituted with a guanine, cytosine, or thymine; and (7) the
cytosine at position 7 of the seven by overlap region has been
deleted or substituted with a guanine, thymine, or adenine; or
any combination of one or more such deletions and/or sub-
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stitutions within this seven by overlap region. The nucleotide
sequences of the exemplary seven base pair core region are set
out below in Table 2.

[0357] The present invention also embodies the use of the
recombination sites attB3 and attB4 shown below in a Mul-
tiSite Gateway recombination cloning system:

(SEQ ID NO: 141)

attB3 5' CAACTTTGTATAATAAAGTTG 3!
(SEQ ID NO: 142)
attB4 5' CAACTTTGTATAGAAAAGTTG 3!

[0358] These attB sites, like attB1 and attB2 sites create
sequence specific recombination groups that do not recom-
bine with non-like sequences. This sequence specific recom-
bination property of the attB sites confers directionality of
cloning in standard Gateway cloning and directs the accurate
assembly of multiple fragments when cloning with MultiSite
Gateway.

[0359] MultiSite Gateway is an extension of the Gateway
site-specific recombinational cloning system. The introduc-
tion of att site specificities attB3 and attB4 (in addition to
attB1 and attB2 sets presently used in Gateway) allows the
simultaneous cloning of multiple DNA fragments in a defined
order and orientation. MultiSite Gateway applications are
extensive and varied including but not limited to; the expres-
sion of multiple gene products from a single vector, addition
of promoter/tag elements to the ends of standard Gateway
Entry Clones (att [.1/1.2), construction of gene-targeting vec-
tors, engineering and shuffling of protein coding domains,
construction of synthetic operons, biological and biochemi-
cal pathway engineering and genome engineering.

[0360] As in the present version of Gateway, to enter Mul-
tiSite Gateway, sets of Entry Clones are obtained or gener-
ated. Entry Clones are then simply mixed together with the
appropriate MultiSite Gateway Destination Vector in a single
LR reaction that results in the simultaneous cloning of mul-
tiple fragments into the Destination Vector backbone. The
site-specific recombination reactions are precise, efficient
and directional resulting in all of the colonies recovered con-
taining the desired Expression Clone constructs. MultiSite
Gateway Entry Clones can be sequenced validated and serve
as source clones in the assembly of complex DNA construc-
tions. This eliminates the need to sequence validate the final
assembled products. Further, each element of a construct
assembly using MultiSite Gateway can be replaced by any
other element, of similar recombinant ends, affording maxi-
mum flexibility in vector construction.

[0361] As described below in Examples 9-12, altered att
sites have been constructed which demonstrate that (1) sub-
stitutions made within the first three positions of the seven
base pair overlap (TTTATAC) strongly affect the specificity
of recombination, (2) substitutions made in the last four posi-
tions (TTTATAC) only partially alter recombination specific-
ity, and (3) nucleotide substitutions outside of the seven by
overlap, but elsewhere within the 15 base pair core region, do
not affect specificity of recombination but do influence the
efficiency of recombination. Thus, nucleic acid molecules
and methods of the invention include those which comprising
or employ one, two, three, four, five, six, eight, ten, or more
recombination sites which affect recombination specificity,
particularly one or more (e.g., one, two, three, four, five, six,
eight, ten, twenty, thirty, forty, fifty, etc.) different recombi-
nation sites that may correspond substantially to the seven
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base pair overlap within the 15 base pair core region, having
one or more mutations that affect recombination specificity.
Particularly preferred such molecules may comprise a con-
sensus sequence such as NNNATAC, wherein “N” refers to
any nucleotide (i.e., may be A, G, T/U or C). Preferably, ifone
of the first three nucleotides in the consensus sequence is a
T/U, then at least one of the other two of the first three
nucleotides is not a T/U.

[0362] The core sequence of each att site (attB, attP, attl
and attR) can be divided into functional units consisting of
integrase binding sites, integrase cleavage sites and
sequences that determine specificity. As discussed below in
Example 12, specificity determinants are defined by the first
three positions following the integrase top strand cleavage
site. These three positions are shown with underlining in the
following reference sequence: CAACTTTTTTATAC
AAAGTTG (SEQ ID NO:38). Modification of these three
positions (64 possible combinations) which can be used to
generate att sites which recombine with high specificity with
other att sites having the same sequence for the first three
nucleotides ofthe seven base pair overlap region are shown in
Table 1.

TABLE 1

Modifications of the First Three Nucleotides
of the att Site Seven Base Pair Overlap
Region which Alter Recombination Specificity.

ARA cAA GAA TAA

AAC CcAC GAC TAC

ARG CcAG GAG TAG

AAT CAT GAT TAT

ACA cca aca TCA

Acc cee ace TCC

Aca cee felele! TCG

ACT cer GeT TCT

AGA cca GeA TGA

AGC cac aac TGC

AGe cae felele! TGG

AGT car GGT TGT

ATA CTA GTA TTA

ATC cTC arC TTC

ATG cTG fehiel TTG

ATT CTT GTT TTT
[0363] Representative examples of seven base pair att site

overlap regions suitable for in methods, compositions and
vectors of the invention are shown in Table 2. The invention
further includes nucleic acid molecules comprising one or
more (e.g., one, two, three, four, five, six, eight, ten, twenty,
thirty, forty, fifty, etc.) nucleotides sequences set out in Table
2. Thus, for example, in one aspect, the invention provides
nucleic acid molecules comprising the nucleotide sequence
GAAATAC, GATATAC, ACAATAC, or TGCATAC. How-
ever, in certain embodiments, the invention will not include
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nucleic acid molecules which comprise att site core regions
set out herein in FIGS. 24A-24C or in Example 9.

TABLE 2

Representative Examples of Seven Base
Pair att Site Overlap Regions Suitable
for with the Invention.

ARRATAC CAAATAC GARATAC TARATAC
AACATAC CACATAC GACATAC TACATAC
AAGATAC CAGATAC GAGATAC TAGATAC
AATATAC CATATAC GATATAC TATATAC
ACRATAC CCAATAC GCAATAC TCAATAC
ACCATAC CCCATAC GCCATAC TCCATAC
ACGATAC CCGATAC GCGATAC TCGATAC
ACTATAC CCTATAC GCTATAC TCTATAC
AGRATAC CGAATAC GGAATAC TGAATAC
AGCATAC CGCATAC GGCATAC TGCATAC
AGGATAC CGGATAC GGGATAC TGGATAC
AGTATAC CGTATAC GGTATAC TGTATAC
ATARTAC CTAATAC GTAATAC TTAATAC
ATCATAC CTCATAC GTCATAC TTCATAC
ATGATAC CTGATAC GTGATAC TTGATAC
ATTATAC CTTATAC GTTATAC TTTATAC

[0364] As noted above, alterations of nucleotides located 3'

to the three base pair region discussed above can also affect
recombination specificity. For example, alterations within the
last four positions of the seven base pair overlap can also
affect recombination specificity.

[0365] The invention thus provides recombination sites
which recombine with a cognate partner, as well as molecules
which contain these recombination sites and methods for
generating, identifying, and using these sites. Methods which
can be used to identify such sites are set out below in Example
12. Examples of such recombinations sites include att sites
which contain 7 base pairs overlap regions which associate
and recombine with cognate partners. The nucleotide
sequences of specific examples of such 7 base pair overlap
regions are set out above in Table 2.

[0366] Further embodiments of the invention include iso-
lated nucleic acid molecules comprising a nucleotide
sequence at least 50% identical, at least 60% identical, at least
70% identical, at least 75% identical, at least 80% identical, at
least 85% identical, at least 90% identical, or at least 95%
identical to the nucleotide sequences of the seven by overlap
regions set out above in Table 2 or the 15 base pair core region
shown in SEQ ID NO:37, as well as a nucleotide sequence
complementary to any of these nucleotide sequences or frag-
ments, variants, mutants, and derivatives thereof. Additional
embodiments of the invention include compositions and vec-
tors which contain these nucleic acid molecules, as well as
methods for using these nucleic acid molecules.

[0367] By apolynucleotide having a nucleotide sequence at
least, for example, 95% “identical” to a reference nucleotide
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sequence encoding a particular recombination site or portion
thereof is intended that the nucleotide sequence of the poly-
nucleotide is identical to the reference sequence except that
the polynucleotide sequence may include up to five point
mutations (e.g., insertions, substitutions, or deletions) per
each 100 nucleotides of the reference nucleotide sequence
encoding the recombination site. For example, to obtain a
polynucleotide having a nucleotide sequence at least 95%
identical to a reference attB 1 nucleotide sequence (SEQ ID
NO:5), up to 5% of the nucleotides in the attB1 reference
sequence may be deleted or substituted with another nucle-
otide, or a number of nucleotides up to 5% of the total nucle-
otides in the attB 1 reference sequence may be inserted into
the attB 1 reference sequence. These mutations of the refer-
ence sequence may occur at the 5' or 3' terminal positions of
the reference nucleotide sequence or anywhere between those
terminal positions, interspersed either individually among
nucleotides in the reference sequence or in one or more con-
tiguous groups within the reference sequence.

[0368] As apractical matter, whether any particular nucleic
acid molecule is at least 50%, 60%, 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% identical to, for instance,
a given recombination site nucleotide sequence or portion
thereof can be determined conventionally using known com-
puter programs such as DNAsis software (Hitachi Software,
San Bruno, Calif.) for initial sequence alignment followed by
ESEE version 3.0 DNA/protein sequence software
(cabot@trog.mbb.sfu.ca) for multiple sequence alignments.
Alternatively, such determinations may be accomplished
using the BESTFIT program (Wisconsin Sequence Analysis
Package, Genetics Computer Group, University Research
Park, 575 Science Drive, Madison, Wis. 53711), which
employs a local homology algorithm (Smith and Waterman,
Advances in Applied Mathematics 2: 482-489 (1981)) to find
the best segment of homology between two sequences. When
using DNAsis, ESEE, BESTFIT or any other sequence align-
ment program to determine whether a particular sequence is,
for instance, 95% identical to a reference sequence according
to the present invention, the parameters are set such that the
percentage of identity is calculated over the full length of the
reference nucleotide sequence and that gaps in homology of
up to 5% of the total number of nucleotides in the reference
sequence are allowed.

[0369] As noted above, the invention further provides, in
one aspect, methods for constructing and/or identifying
recombination sites suitable for use with nucleic acid mol-
ecules of the invention, as well as recombination sites con-
structed and/or identified by these methods. In brief, the
invention provides methods for constructing and/or identify-
ing recombination sites which are capable of recombining
with other recombination sites. For example, the invention
provides methods for constructing recombination sites and
identifying whether these recombination sites recombine
with other recombination sites. Recombination sites which
are screened for recombination activity and specificity can be
constructed by any number of means, including site-directed
mutagenesis and random nucleic acid synthesis.

[0370] The invention further provides “single use” recom-
bination sites which undergo recombination one time and
then either undergo recombination with low frequency (e.g.,
have at least five fold, at least ten fold, at least fifty fold, at
least one hundred fold, or at least one thousand fold lower
recombination activity in subsequent recombination reac-
tions) or are essentially incapable of undergo recombination.
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The invention also provides methods for making and using
nucleic acid molecules which contain such single use recom-
bination sites and molecules which contain these sites.
Examples of methods which can be used to generate and
identify such single use recombination sites are set out below.
[0371] The att system core integrase binding site comprises
an interrupted seven base pair inverted repeat having the
following nucleotide sequence:

______ > . gmmmeeo
caactttnnnnnnnaaagttg,

[0372] as well as variations thereof which can comprise
either perfect or imperfect repeats.

[0373] The repeat elements can be subdivided into two
distal and/or proximal “domains” composed of caac/gttg seg-
ments (underlined), which are distal to the central undefined
sequence (the nucleotides of which are represented by the
letter “n”), and ttt/aaa segments, which are proximal to the
central undefined sequence.

[0374] Alterations in the sequence composition of the distal
and/or proximal domains on one or both sides of the central
undefined region can affect the outcome of a recombination
reaction. The scope and scale of the effect is a function of the
specific alterations made, as well as the particular recombi-
national event (e.g., LR vs. BP reactions).

[0375] Forexample, it is believed that an attB site altered to
have the following nucleotide sequence:

(SEQ ID NO: 39)

______ > ... gmmm—--
caactttnnnnnnnaaacaag,

[0376] will functionally interact with a cognate attP and
generate attl, and attR. However, whichever of the latter two
recombination sites acquires the segment containing “caag”
(located on the left side of the sequence shown above) will be
rendered non-functional to subsequent recombination events.
The above is only one of many possible alterations in the core
integrase binding sequence which can render att sites non-
functional after engaging in a single recombination event.
Thus, single use recombination sites may be prepared by
altering nucleotides in the seven base pair inverted repeat
regions which abut seven base pair overlap regions of att sites.
This region is represented schematically as:

(SEQ ID NO: 40)

CAAC TTT [Seven Base Pair Overlap Region]| AAA
GTTG

[0377] In generating single use recombination sites, one,
two, three, four or more of nucleotides of the sequences
CAACTTT or AAAGTTG (i.e., the seven base pair inverted
repeat regions) may be substituted with other nucleotides or
deleted altogether. These seven base pair inverted repeat
regions represent complementary sequences with respect to
each other. Thus, alterations may be made in either seven base
pair inverted repeat region in order to generate single use
recombination sites. Further, when DNA is double stranded
and one seven base pair inverted repeat region is present, the
other seven base pair inverted repeat region will also be
present on the other strand.

[0378] Using the sequence CAACTTT for illustration,
examples of seven base pair inverted repeat regions which can
form single use recombination sites include, but are not lim-
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ited to, nucleic acid molecules in which (1) the cytosine at
position 1 of the seven base pair inverted repeat region has
been deleted or substituted with a guanine, adenine, or thym-
ine; (2) the adenine at position 2 of the seven base pair
inverted repeat region has been deleted or substituted with a
guanine, cytosine, or thymine; (3) the adenine at position 3 of
the seven base pair inverted repeat region has been deleted or
substituted with a guanine, cytosine, or thymine; (4) the
cytosine at position 4 of the seven base pair inverted repeat
region has been deleted or substituted with a guanine,
adenine, or thymine; (5) the thymine at position 5 of the seven
base pair inverted repeat region has been deleted or substi-
tuted with a guanine, cytosine, or adenine; (6) the thymine at
position 6 of the seven base pair inverted repeat region has
been deleted or substituted with a guanine, cytosine, or
adenine; and (7) the thymine at position 7 of the seven base
pair inverted repeat region has been deleted or substituted
with a guanine, cytosine, or adenine; or any combination of
one, two, three, four, or more such deletions and/or substitu-
tions within this seven base pair region. Representative
examples of nucleotide sequences of the above described
seven base pair inverted repeat regions are set out below in
Table 3.

TABLE 3

aagaaaa aagagcg aagagaa aagatat

cegecac ccgecte cegeaca cegettt

ggtggga ggthtC ggtgata ggtgtat

ttctttg ttectete ttetgaa ttetttt

aatacac aatagcg aataaca aatatat

cctegga ccteceg cctcaca cetettt

ggcgaaa ggcgccg ggcggaa ggcgtat

ttgtcac ttgtgeg ttgtaca ttgtttt

acaagga acaaccg acaaata acaattt

caccttg caccaga caccgaa cacctat

gaggcac gagggcg gaggaca gaggttt

tattgga tattaga tattaca tatttat

agaaaaa agaaaga agaagaa agaattt

cgeccac cgeccte cgecaca cgecttt

gegggga gegggeg geggata geggtat

tcttttg tctteeg tottgaa tottttt

ataacac ataactc ataaaca ataattt

ctccaaa cteegeg ctecata ctectat

gtgggga gtggccg gtgggaa gtggtat

tgttttg tgttcte tgttaca tgttttt

[0379] Representative examples of nucleotide sequences
which form single use recombination sites may also be pre-
pared by combining a nucleotide sequence set out in Table 4,
Section 1, with a nucleotide sequence set out in Table 4,
Section 2. Single use recombination sites may also be pre-
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pared by the insertion of one or more (e.g., one, two, three,
four, five six, seven, etc.) nucleotides internally within these
regions.

TABLE 4

Section 1 (CAAG) Section 2 (TTT)
aaaa cccc gggyg tttt aaa cca ttc
aaac ccca ggga ttta aac cac ttg
aaag ccct ggge ttte aag cgc tat
aaat cccg gggt tttg aat ctc tct
aaca ccac ggag ttat aca ggg tgt
aaga ccgc ggtg ttet aga gga
aata cctc ggeg ttgt ata ggc
acaa cacc gagg tatt caa ggt
agaa cgcc gegyg tett gaa gag
ataa ctcc gtgg tgtt taa gcg
caaa accc aggyg attt cce gtg
gaaa gccce CGG cttt ccg ttt
taaa tccc tggg gttt cct tta

[0380] Inmostinstances where one seeks to prevent recom-
bination events with respect to a particular nucleic acid seg-
ment, the altered sequence will be located proximally to the
nucleic acid segment. Using the following schematic for
illustration:

[0381] =5'Nucleic Acid Segment 3'=caac ttt [Seven Base
Pair Overlap Region] AAA GTTG, the lower case nucleotide
sequence which represent a seven base pair inverted repeat
region (i.e., caac ttt) will generally have a sequence altered by
insertion, deletion, and/or substitution to form a single use
recombination site when one seeks to prevent recombination
atthe 3'end (i.e., proximal end with respect to the nucleic acid
segment) of the nucleic acid segment shown. Thus, a single
recombination reaction can be used, for example, to integrate
the nucleic acid segments into another nucleic acid molecule,
then the recombination site becomes effectively non-func-
tional, preventing the site from engaging in further recombi-
nation reactions. Similarly, single use recombination sites can
be position at both ends of a nucleic acid segment so that the
nucleic acid segment can be integrated into another nucleic
acid molecule, or circularized, and will remain integrated, or
circularized even in the presence of recombinases.

[0382] A number of methods may be used to screen poten-
tial single use recombination sites for functional activity (e.g.,
undergo one recombination event followed by the failure to
undergo subsequent recombination events). For example,
with respect to the screening of recombination sites to iden-
tify those which become non-functional after a single recom-
bination event, a first recombination reaction may be per-
formed to generate a plasmid in which a negative selection
marker is linked to one or more potentially defective recom-
bination sites. The plasmid may then be reacted with another
nucleic acid molecule which comprises a positive selection
marker similarly linked to recombination sites. Thus, this
selection system is designed such that molecules which

40

Nov. 10, 2011

recombine are susceptible to negative selection and mol-
ecules which do not recombine may be selected fro by posi-
tive selection. Using such a system, one may then directly
select for desired single use core site mutants.

[0383] As one skilled in the art would recognize, any num-
ber of screening assays may be designed which achieve the
same results as those described above. In many instances,
these assays will be designed so that an initial recombination
event takes place and then recombination sites which are
unable to engage in subsequent recombination events are
identified or molecules which contain such recombination
sites are selected for. A related screening assay would result in
selection against nucleic acid molecule which have under-
gone a second recombination event. Further, as noted above,
screening assays can be designed where there is selection
against molecules which have engaged in subsequent recom-
bination events and selection for those which have not
engaged in subsequent recombination events.

[0384] Single use recombination sites are especially useful
for either decreasing the frequency of or preventing recom-
bination when either large number of nucleic acid segments
are attached to each other or multiple recombination reactions
are performed. Thus, the invention further includes nucleic
acid molecules which contain single use recombination sites,
as well as methods for performing recombination using these
sites.

[0385] Construction and Uses Nucleic Acid Molecules of
the Invention
[0386] As discussed below in more detail, in one aspect, the

invention provides a modular system for constructing nucleic
acid molecules having particular functions or activities. The
invention further provides methods for combining popula-
tions of nucleic acid molecules with one or more known or
unknown target sequences of interest (e.g., two, three, four,
five seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) or
with other populations of nucleic acid molecules (known or
unknown), thereby creating populations of combinatorial
molecules (e.g., combinatorial libraries) from which unique
and/or novel molecules (e.g., hybrid molecules) and proteins
or peptides encoded by these molecules may be obtained and
further analyzed.

[0387] The present invention also includes methods for
preparing vectors containing more than one nucleic acid
insert (e.g., two, three, four, five, six, eight, ten, twelve, fif-
teen, twenty, thirty, forty, fifty, etc. inserts). In one general
embodiment of the invention, vectors of the invention are
prepared as follows. Nucleic acid molecules which are to
ultimately be inserted into the Destination Vector are obtained
(e.g., purchased, prepared by PCR or by the preparation of
c¢DNA using reverse transcriptase). Suitable recombination
sites are either incorporated into the 5' and 3' ends of the
nucleic acid molecules during synthesis or added later. When
one seeks to prepare a vector containing multiple nucleic acid
inserts, these inserts can be inserted into a vector in either one
reaction mixture or a series of reaction mixtures. For
example, as shown in FIG. 16, multiple nucleic acid segments
can be linked end to end and inserted into a vector using
reactions performed, for example, in a single reaction mix-
ture. The nucleic acid segments in this reaction mixture can be
designed so that recombination sites on their 5' and 3' ends
result in their insertion into a Destination Vector in a specific
order and a specific 5' to 3' orientation. Alternatively, nucleic
acid segments can be designed so that they are inserted into a
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Destination Vector without regard to order, orientation (i.e., 5'
to 3' orientation), the number of inserts, and/or the number of
duplicate inserts.

[0388] Further, in some instances, one or more of the
nucleic acid segments will have a recombination site on only
one end. Also, if desired, this end, or these ends, may be
linked to other nucleic acid segments by the use of, for
example, ligases or topoisomerases. As an example, a linear
nucleic acid molecule with an attR1 site on its 5' terminus can
be recombined with a Destination Vector containing a ccdB
gene flanked by an attl.1 site and an att].2 site. Before, during,
or after an LR reaction, the Destination Vector can be cut, for
example, by a restriction enzyme on the side of the attR2 site
which is opposite to the ccdB gene. Thus, the Destination
Vector will be linear after being cut and undergoing recom-
bination. Further, the attR1 site of the nucleic acid molecule
will undergo recombination with the attl.1 site of the Desti-
nation Vector to produce a linear vector which contains the
nucleic acid molecule. The resulting linear product can then
be circularized using an enzyme such as a ligase or topoi-
somerases.

[0389] Using the embodiment shown in FIG. 16 to exem-
plify another aspect of the invention, a first DNA segment
having an attl.1 site at the 5' end and an att[.3 site at the 3' end
is attached by recombination to a second DNA segment hav-
ing an attR3 site at the 5' end and an att] 4 site at the 3' end. A
third DNA segment having an attR4 site at the 5' end and an
attL5 site at the 3' end is attached by recombination with the
attl4 site on the 3' end of the second DNA segment. A fourth
DNA segment having an attRS5 site at the 5' end and an att.2
site at the 3' end is attached by recombination with the attL5
site on the 3' end of the third DNA segment. The Destination
Vector contains an attR1 site and an attR2 site which flanks a
ccdB gene. Thus, upon reaction with LR CLONASE™, the
first, second, third, and fourth DNA segments are inserted into
the insertion vector but are flanked or separated by attB1,
attB3, attB4, attB5, and attB2 sites. A similar process involv-
ing assembly of the lux operon is shown in FIGS. 17A-17B
and described below in Example 18.

[0390] As one skilled in the art would recognize, multiple
variations of the process shown in FIG. 16 are possible. For
example, various combinations of attB, attP, attl, and attR
sites, as well as other recombination sites, can be used. Simi-
larly, various selection markers, origins of replication, pro-
moters, and other genetic elements can be used. Further,
regions which allow for integration into eukaryotic chromo-
somes (e.g., transposable elements) can be added to these
vectors.

[0391] One example of a multi-reaction process for insert-
ing multiple DNA segments into a vector is shown in FIG. 18.
In this exemplary embodiment, three DNA segments recom-
bine with each other in two separate reaction mixtures. The
products generated in these mixtures are then mixed together
under conditions which facilitate both recombination
between the products of the two reaction mixtures and inser-
tion of the linked product into a vector (e.g., a Destination
Vector). This embodiment has the advantages that the (1)
DNA segments can be inserted directly into a Destination
Vector without prior insertion into another vector, and (2) the
same att sites, as well as other recombination sites, can be
used to prepare each of the linked DNA segments for insertion
into the vector.

[0392] As one skilled in the art would recognize, multiple
variations of the processes described herein are possible. For
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example, single use recombination sites can be used to con-
nect individual nucleic acid segments. Thus, eliminating or
reducing potential problems associated with arrays of nucleic
acid segments engaging in undesired recombination reac-
tions. Further, the processes described above can be used to
connect large numbers of individual nucleic acid molecules
together in a varying ways. For example, nucleic acid seg-
ments can be connected randomly, or in a specified order, both
with or without regard to 5' to 3' orientation of the segments.

[0393] Further, identical copies of one or more nucleic acid
segments can be incorporated into another nucleic acid mol-
ecule. Thus, the invention also provides nucleic acid mol-
ecules which contain multiple copies of a single nucleic acid
segment. Further, the selection of recombination sites posi-
tioned at the 5' and 3' ends of these segments can be used to
determine the exact number of identical nucleic acid seg-
ments which are connected and then inserted, for example,
into a vector. Such vectors may then be inserted into a host
cell where they can, for example, replicate autonomously or
integrate into one or more nucleic acid molecules which
normally reside in the host cell (e.g., integrate by site-specific
recombination or homologous recombination).

[0394] Nucleic acid molecules which contain multiple cop-
ies of a nucleic acid segment may be used, for example, to
amplify the copy number of a particular gene. Thus, the
invention also provides methods for gene amplification,
nucleic acid molecules which contain multiple copies of a
nucleic acid segment, and host cells which contain nucleic
acid molecules of the invention.

[0395] As another example, two different nucleic acid seg-
ments can be connected using processes of the invention.
Recombination sites can be positioned on these segments, for
example, such that the segments alternate upon attachment
(e.g., Segment A+Segment B+Segment A+Segment B, etc.).
A nucleic acid molecule having such a structure will be espe-
cially useful for when one seeks to use increased copy number
of'anucleic acid to increase the amount of expression product
produced. In such an instance, “Segment A” can be, for
example, a nucleic acid molecule comprising an inducible
promoter and “Segment B” can be, for example, a nucleic
acid molecule comprising an ORF. Thus, cells can be pre-
pared which contain the above construct and do not express
substantial quantities of the product of Segment B in the
absence of the inducing signal but produce high levels of this
product upon induction. Such a system will be especially
useful when the Segment B expression product is toxic to
cells. Thus, the methods set out above can be used for the
construction and maintenance of cells which contain Seg-
ment B in the absence of deleterious effects resulting from the
Segment B expression product. Further, induction of expres-
sion of the ORF residing in Segment B can then be used, for
example, to transiently produce high levels of the Segment B
expression product.

[0396] Another example of a multi-step process for insert-
ing multiple DNA segments into a vector is shown in FIG. 19.
In this embodiment, three DNA segments are linked to each
other in separate recombination reactions and then inserted
into separate vectors using LR and BP CLONASE™ reac-
tions. After construction of these two vectors, the inserted
DNA segments are transferred to another vector using an LR
reaction. This results in all six DNA segments being inserted
into a single Destination Vector. As one skilled in the art
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would recognize, numerous variations of the process shown
in FIG. 19 are possible and are included within the scope of
the invention.

[0397] Thenumber of genes which may be connected using
methods of the invention in a single step will in general be
limited by the number of recombination sites with different
specificities which can be used. Further, as described above
and represented schematically in FIGS. 18 and 19, recombi-
nation sites can be chosen so as to link nucleic acid segments
in one reaction and not engage recombination in later reac-
tions. For example, again using the process set out in FIG. 18
for reference, a series of concatamers of ordered nucleic acid
segments can be prepared using attl. and attR sites and LR
Clonase™. These concatamers can then be connected to each
other and, optionally, other nucleic acid molecules using
another LR reaction. Numerous variations of this process are
possible.

[0398] Similarly, single use recombination sites may be
used to prevent nucleic acid segments, once incorporated into
another nucleic acid molecule, from engaging in subsequent
recombination reactions. The use of single use recombination
sites allows for the production of nucleic acid molecules
prepared from an essentially limitless number of individual
nucleic acid segments.

[0399] Inone aspect, the invention further provides method
for combining nucleic acid molecules in a single population
with each other or with other molecules or populations of
molecules, thereby creating populations of combinatorial
molecules from which unique and/or novel molecules (e.g.,
hybrid molecules) and proteins or peptides encoded by these
molecules may also be obtained and further analyzed. The
invention further provides methods for screening populations
of nucleic acid molecules to identify those which have par-
ticular activities or which encode expression products (e.g.
RNAs or polypeptides) which have particular activities. Thus,
methods of the invention can be used to combine nucleic acid
segments which encode functional domains (e.g., SH;
domains, antibody binding sites, transmembrane domains,
signal peptides, enzymatic active sites) in various combina-
tions with each other and to identify products of these meth-
ods which have particular activities.

[0400] For example, nucleic acid segments which contain
transcriptional regulatory sequences can be identified by the
following methods. The nucleic acid molecules of a genomic
DNA library are modified to contain recombination sites on
their 5' and 3' termini. These nucleic acid molecules are then
inserted into a Destination Vector such that they are located 5'
to a selectable marker. Thus, expression of the selectable
marker will occur in vectors where the marker is in operable
linkage with a nucleic acid molecule which activates its tran-
scription. The invention thus further provides isolated nucleic
acid molecules which are capable of activating transcription.
In many instances, these nucleic acid molecules which acti-
vate transcription will be identified using methods and/or
compositions of the invention.

[0401] Further, because some transcriptional regulatory
sequences activate gene expression in a tissue-specific man-
ner, methods of the invention can be used to identify tissue-
specific transcriptional regulatory sequences. For example,
when one seeks to identify transcriptional regulatory
sequences which activate transcription in a specific cell or
tissue type, the above screening process can be performed in
cells of that cell or tissue type. Similarly, when one seeks to
identify regulatory sequences which activate transcription in
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cells at a particular time, at a particular stage of development,
or incubated under particular conditions (e.g., at a particular
temperature), the above screening process can be performed
in cells at an appropriate time, at the particular stage of
development or incubated under the particular conditions.
Once a sequence which activates transcription has been iden-
tified using such methods, the transcriptional regulatory
sequences can then be tested to determine if it is capable of
activating transcription in other cells types or under condi-
tions other than those which resulted in its identification
and/or selection. Thus, in one general aspect, the invention
provides methods for constructing and/or identifying tran-
scriptional regulatory sequences, as well as nucleic acid mol-
ecules which contain transcriptional regulatory sequences
identified by methods of the invention in operable linkage
with nucleic acid segments which encode expression prod-
ucts and methods for preparing such molecules.

[0402] Methods similar to those described above can also
be used to identify origins of replication. Thus, the invention
further includes methods for identifying nucleic acid mol-
ecules which contain origins of replication, as well as nucleic
acid molecules which contain origins of replication identified
by methods of the invention and methods for preparing such
molecules.

[0403] As discussed below in Example 1, the invention is
thus particularly suited for the construction of combinatorial
libraries. For example, methods of the invention can also be
used to “shuffle” nucleic acid molecules which encode
domains and regions of proteins to generate new nucleic acid
molecules which can be used to express proteins having spe-
cific properties or activities. In such embodiments, nucleic
acid segments which encode portions of proteins are joined
and then screened for one or more properties or activities.
[0404] The nucleic acid segments in these combinatorial
libraries may be prepared by any number of methods, includ-
ing reverse transcription of mRNA. Altered forms of the
nucleic acid segments in these libraries may be generated
using methods such as error prone PCR. In many applica-
tions, it will be desirable for the nucleic acid segments in these
libraries to encode subportions of protein. When this is the
case, the methods can be adjusted to generate populations of
nucleic acid segments the majority of which do not contain
full length ORFs. This can be done, for example, by shearing
the cDNA library and then separating the sheared molecules
(e.g., using polyacrylamide or agarose gel electrophoresis).
Fragments between, for example, 300 and 600 nucleotides in
length (fragments which potentially encode 100 to 200 amino
acid residues) may then be recombined and inserted into a
vector in operable linkage with a transcriptional regulatory
sequence. Polypeptide expression products of the individual
members of such a combinatorial library may then be
screened to identify those with particular properties or activi-
ties.

[0405] The invention further provides methods for produc-
ing combinatorial libraries generated using exon nucleic acid
derived from genomic DNA. Intron/exon splice boundaries
are known in the art; thus the locations of exons in genomic
DNA can be identified using routine, art-known methods
without undue experimentation. Further, primers correspond-
ing to intron/exon splice boundaries can be used to generate
nucleic acid molecules which correspond to exon sequences.
Further, these nucleic acid molecules may then be connected
to each other to generate combinatorial libraries comprising
nucleic acid molecules which correspond to exon sequences.
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For example, primers corresponding to intron/exon splice
boundaries can be used to generate nucleic acid molecules
which correspond to exon sequences using PCR. Recombi-
nation sites may then be added to the termini of the resulting
PCR products using ligases or amplifying the sequences
using primers containing recombination sites. The PCR prod-
ucts may then be connected to each other using recombina-
tion reactions and inserted into an expression vector. The
resulting combinatorial library may then be screened to iden-
tify nucleic acid molecules which, for example, encode
polypeptides having particular functions or activities. Fur-
ther, recombination sites in expression products (e.g., RNA or
protein) of nucleic acid molecules of the combinatorial
library can be removed by splicing as described elsewhere
herein.

[0406] Further, nucleic acid molecules used to produce
combinatorial libraries, as well as the combinatorial libraries
themselves, may be mutated to produce nucleic acid mol-
ecules which are, on average, at least 50%, at least 55%, at
least 60%, at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to the
corresponding original nucleic acid molecules. Similarly,
nucleic acid molecules used to produce combinatorial librar-
ies may be mutated to produce nucleic acid molecules which,
encode polypeptides that are, on average, are at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical
to polypeptides encoded by the corresponding original
nucleic acid molecules.

[0407] In one aspect the invention provides methods for
generating and identifying dominant/negative suppressors of
biological processes or biological pathways. For example,
combinatorial libraries described above can be screened for
dominant/negative activity. In general, dominant/negative
activity results in the suppression of a biological process or
biological pathway. In most instances, dominant/negative
suppressors exhibit their affects through interaction with cel-
Iular components. For example, many dominant/negative
suppressors contain domains having binding activities asso-
ciated with one or more cellular proteins but do not have other
activities associated with the cellular proteins. While not
intending to be bound by theory, upon expression in a cell,
dominant/negative suppressors generally interact with one or
more cellular ligands and block activation by cellular pro-
teins. Thus, one mechanism by which dominant/negative sup-
pressors are believed to interfere with normal cellular pro-
cesses is by ligand sequestration.

[0408] Dominant/negative activity can be conferred by
mutations in a wild-type protein such as an alteration of a
single amino acid residue or a deletion of an entire region of
the protein. Oury et al., J. Biol. Chem. 275:22611-22614
(2000), for example, describe a dominant/negative receptor
where dominant/negative activity results from the deletion of
a single amino acid residue.

[0409] Protein fragments can also have dominant/negative
activity. For example, McNellis et al., Plant Cell 8:1491-1503
(1996), describe an N-terminal fragment of constitutive pho-
tomorphogenic 1 protein (COP1) which has dominant/nega-
tive activity when expressed in Arabidopsis seedlings.
[0410] Any number of assays can be used to screen for
dominant/negative activities. Maemura et al., J. Biol. Chem.
274:31565-31570 (1999), for example, describe a deletion
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mutant of a transcription factor referred to as endothelial PAS
domain protein 1 (EPASI) which has dominant/negative
activity. In particular, Maemura et al. demonstrated that
expression of the EPAS1 mutant in cells inhibits induction of
VEGF mRNA production, an activity associated with wild-
type EPAS 1.

[0411] The invention also provides methods for identifying
nucleic acid molecules which encode polypeptides having
particular functions or activities, as well as nucleic acid mol-
ecules produced by these methods, expression products of
these nucleic acid molecules, and host cells which contain
these nucleic acid molecules. Such functions or activities
include secretion from cells, enzymatic activities, ligand
binding activities (e.g., binding affinity for metal ions, cell
surface receptors, nucleic acids, soluble proteins), and the
ability to target the expression product to a sub-cellular local-
ization (e.g., localization to mitochondria, chloroplasts,
endoplasmic reticulum, etc.). Assays for identifying these
nucleic acid molecules will generally be designed to identify
the function of activity associated with the polypeptide.
[0412] The invention also provides methods for identifying
nucleic acid molecules which encode polypeptides having
regions which interact with other polypeptides. One example
of'such a method involves the use of two hybrid assays. (See,
e.g., Fields et al., U.S. Pat. No. 5,667,973, the entire disclo-
sure of which is incorporated herein by reference.) More
specifically, nucleic acid molecules can be prepared using
methods of the invention which encode a fusion protein
between a polypeptide (e.g., a Gal4N-terminal domain) that
exhibits a particular function when in close proximity with
another polypeptide (e.g., a Gal4C-terminal domain) and
protein or region of a protein for which a ligand is sought.
Other nucleic acid molecules are then prepared which encode
fusions between the other polypeptide referred to in the pre-
vious sentence and protein segments encoded by a combina-
torial library. Thus, nucleic acid segments in the combinato-
rial library which encode desired ligands can be identified by
screening for activities associated conferred by bringing the
two polypeptides into close proximity with each other.
[0413] Phage and bacterial surface display libraries may
also be generated by methods of the invention to identify
domains which have particular functional activities (e.g.,
binding activity for a particular ligand). For example, Kim et
al., Appl. Environ. Microbiol. 66:788-793 (2000), describe a
bacterial surface display method for the selectively screening
for improved variants of carboxymethyl cellulase (CMCase).
According to this method, a library of mutated CMCase genes
is generated by DNA shuffling and fused to the ice nucleation
protein (Inp) gene, which results in the fusion proteins being
displayed on the bacterial cell surface.

[0414] The invention thus provide methods for identifying
nucleic acid segments which encode proteins or protein
regions that interact with other proteins or have particular
functional activities, as well as nucleic acid segments identi-
fied by such methods and polypeptide expression products of
these nucleic acid segments. In one aspect, methods of the
invention involve generating combinatorial libraries and
screening these libraries to identify individual nucleic acid
molecules which encode expression products that interact
with a particular protein or have a particular activity. In many
instances, the combinatorial libraries described above will
encode fusion proteins.

[0415] Thus, methods of the invention can be used to pre-
pare and identify nucleic acid molecules which encode pro-
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teins and protein variants having particular properties, func-
tions or activities. One example of a protein property which is
readily assayable is solubility. For example, fluorescence
generated by GFP is quenched when an insoluble GFP fusion
protein is produced. Further, alterations in a relatively small
number of amino acid residues of a protein (e.g., one, two,
three, four, etc.), when appropriately positioned, can alter the
solubility of that protein. Thus, combinatorial libraries which
express GFP fusion proteins can be used to isolate proteins
and protein variants which have altered solubility. In one
specific example, a combinatorial library designed to express
GFP fused with variants of'a single, insoluble polypeptide can
be used to isolate nucleic acid molecules which encode
soluble variants of the polypeptide.

[0416] Methods of the invention can be used to construct
nucleic acid molecules which contain two or more nucleic
acid segments, wherein expression one nucleic acid segment
is facilitated by the expression product of one of the other
nucleic acid segments. For example, one nucleic acid seg-
ment may be operably linked to a T7 polymerase promoter
and another nucleic acid segments encodes a T7 polymerase.
Thus, the nucleic acid segment operably linked to the T7
polymerase promoter will be expressed upon expression of
the T7 polymerase. Numerous variations of such systems fall
within the scope of the invention. For example, nucleic acid
encoding components or having particular activities referred
to above can reside in a vector into which one or more the
nucleic acid segments are inserted.

[0417] Methods of the invention can also be used to con-
struct nucleic acid molecules which encode more than one
subunit of a multi-subunit enzyme. Further, expression of
each of the subunits of this enzyme may be regulated by the
same promoter or different promoter. When the same pro-
moter is used to drive expression of nucleic acid which
encode two or more proteins, the mRNA may contain, for
example one or more internal ribosome entry sites (IRES)
which allow for translation of protein encoded by RNA which
is 3' to the 5' most coding sequence.

[0418] Methods of the invention can be used to construct
nucleic acid molecules and cells which contain a wide variety
of specific inserts. Thus, in one aspect, methods of the inven-
tion can be used to prepare nucleic acid molecules and cells
which contain multiple genes encode specific products. These
methods allow for the generation of nucleic acid molecules
and organisms which have specific characteristics. For
example, as discussed below in Example 18, nucleic acids
which contain all of the genes involved in a particular bio-
logical pathway can be prepared. Such genes may each be
linked to different transcriptional regulatory sequences or one
or more copies of the same transcriptional regulatory
sequence. In addition, genes involved in the same or different
biological pathways or biological processes may be operably
linked to transcriptional regulatory sequences which facili-
tate transcription in the presence of the same or different
inducing agents, under the same or different environmental
conditions (e.g., temperature), or in the same or different cell
types. Further, when genes encode polypeptide expression
products involved in a pathway or process, one or more of
these expression products may be expressed as fusion pro-
teins. Additionally, cells can be constructed using methods of
the invention which contain inserted nucleic acid segments
that encode gene products involved in more than one different
biological pathway or biological process.
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[0419] One may also use methods of the invention, for
example, to modify one or more particular nucleic acid seg-
ments in a multi-nucleic acid segment array constructed with
a multisite recombination system. Using the lux operon con-
struct shown in FIG. 17B for illustration, where each gene is
flanked by attB sites having different recombination speci-
ficities, one or more specific nucleic acid segments in the
molecule may be substituted with another nucleic acid seg-
ment. For example, the second coding region in the lux
operon construct shown in FIG. 17B, luxD, can be replaced
by reacting the vector containing the operon with an appro-
priate plasmid (e.g., a pDONR plasmid), such that luxD is
substituted with an element comprising attRx-ccdB-cat-
attRy to create a vector (i.e., an output construct) wherein the
locus previously occupied by luxD becomes an acceptor site
for Entry clones with an attl x-gene-attly configuration. The
product vector may then be reacted with an attl.x-gene-attLy
Entry clone, which will result in the replacement of the attRx-
ccd/B-cat-attRy cassette with the new gene flanked by attBx
and attBy. In related embodiments, populations of Entry
clones with the general configuration of attlx-gene-attLy
may be reacted with the product vector, prepared as described
above, such that a population of output constructs is gener-
ated and for any given construct in the population the segment
comprising attRx-ccdB-cat-attRy will have been replaced by
another nucleic acid segment flanked by attBx and attBy. In
any given output construct within the population, the attRx-
ccdB-cat-attRy cassette will have been replaced by a new
gene flanked by attBx and attBy. Thus, the composition of a
given nucleic acid segment array can be permuted in a parallel
manner, while other genes in the operon construct remain
substantially unaffected by these manipulations.

[0420] Further, nucleic acids segments which encode
expression products involved in one or more specific biologi-
cal processes or pathways may be recombined on supports.
For example, a first nucleic acid molecule which has a free
end on which there is a recombination site and encodes one of
three enzymes involved in a biological pathway or process
can be attached to a support. Nucleic acid molecules of a
library having recombination sites on at least one end which
are capable of recombining with the nucleic acid molecule
attached to the support can then be contacted with the support
under conditions which facilitate recombination, leading to
the attachment of a second nucleic acid molecule to the first
nucleic acid molecule. A similar process can be used to
attached a third nucleic acid molecule to the free end of the
second nucleic acid molecule. These resulting nucleic acid
products may then be either released from the support prior to
assaying for biological activity or such assaying may be per-
formed while the nucleic acid products remain attached the
support. Examples of assays which can be performed are
hybridization assays to detect whether specific nucleic acid
molecules are present, assays for polypeptide expression
products of the connected nucleic acid molecules, or assays
for end products produced by the polypeptide expression
products (e.g., taxol, amino acids, carbohydrates, etc.) of the
connected nucleic acid molecules.

[0421] In embodiments related to the above, nucleic acid
segments may be cycled on and off the supports described
above. Thus, after a second nucleic acid molecule has recom-
bined with the first nucleic acid molecule, a second recombi-
nation reaction, for example, could be used to release the
second nucleic acid molecule.
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[0422] Thus, in one aspect, the invention provides methods
for performing recombination between nucleic acid mol-
ecules wherein at least one of the nucleic acid molecules is
bound to a support. The invention further provides methods
for identifying nucleic acid molecules involved in the same
biological process or pathway by recombining these nucleic
acid molecules on supports (e.g., solid and semi-solid sup-
ports). The invention thus provides methods for screening
nucleic acid libraries to identify nucleic acid molecules which
encode expression products involved in particular biological
processes or pathways, as well as nucleic acid molecules
identified by these methods, expressions products produced
from the nucleic acid molecules, and products produced by
these biological processes or pathways.

[0423] The phrases “biochemical pathway” and “biologi-
cal pathway” refer to any series of related biochemical reac-
tions that are carried out by an organism or cell. Such path-
ways may include but are not limited to biosynthetic or
biodegradation pathways, or pathways of energy generation
or conversion.

[0424] Nucleic acid molecules of the invention can be used
for a wide variety of applications. For example, methods of
the invention can be used to prepare Destination Vectors
which contain all of the structural genes of an operon. As
discussed below in Example 18 the lux operon has been
reconstructed using nucleic acids encoding the luxCDABE
genes obtained from the bioluminescent bacterium Vibrio
fischeri.

[0425] Further, as noted above, expression products of
nucleic acid molecules of the invention, including multiple
proteins which are part of the same or different biological
pathway or process, can be produced as fusion proteins.
These fusion proteins may contain amino acids which facili-
tate purification (e.g., 6 His tag), “target” the fusion protein to
a particular cellular compartment (e.g., a signal peptide),
facilitate solubility (e.g., maltose binding protein), and/or
alter the characteristics of the expression product of the
cloned gene (e.g., the Fc portion of an antibody molecule, a
green flourescent protein (GFP), a yellow fluorescent protein
(YFP), or a cyan flourescent protein (CFP)).

[0426] Methods ofthe invention can also be used to prepare
nucleic acid molecule which, upon expression, produce
fusion proteins having more than one property, function, or
activity. One example of such a nucleic acid molecule is a
molecule which encodes a three component fusion protein
comprising a polypeptide of interest, Domain II of
Pseudomonas exotoxin, and a polypeptide which promotes
binding of'the fusion protein to a cell type of interest. Domain
1I of Pseudomonas exotoxin often confers upon fusion pro-
teins the ability to translocate across cell membranes. Thus,
the expression product could be designed so that it both
localizes to a particular cell-type and crosses the cell mem-
brane. An expression product of this type would be especially
useful when, for example, the polypeptide of interest is cyto-
toxic (e.g., induced apoptosis). Nucleic acid molecules which
encode proteins similar to those described above are
described in Pastan et al., U.S. Pat. No. 5,328,984.

[0427] Further, the expression product can be produced in
such a manner as to facilitate its export from the cell. For
example, these expression products can be fusion proteins
which contain a signal peptide which results in export of the
protein from the cell. One application where cell export may
be desirable is where the proteins that are to be exported are
enzymes which interact with extracellular substrates.
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[0428] In one aspect, the invention provides methods for
preparing nucleic acid molecules which encode one or more
expression products involved in the same or different biologi-
cal pathway or process, as well as cells which contain these
nucleic acid molecules and the resulting products of such
biological pathways or processes. For example, methods of
the invention can be used to construct cells which export
multiple proteins involved in the same or different biological
processes. Thus, in one aspect, the invention provides a sys-
tem for cloning multiple nucleic acid segments in a cell,
which export one or more gene products of the expression
products of these nucleic acid segments (e.g., two, three, four,
five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.).
Further, these expression products may perform functions
(e.g., catalyze chemical reactions) in extracellular media
(e.g., culture media, soils, salt water marshes, etc.).

[0429] When nucleic acid molecules are prepared and/or
expressed using methods of the invention, these nucleic acid
molecules may encode expression products which are
involved in the same or different processes (e.g., biosynthetic
pathways, degradation pathway). As explained below, when
one seeks to provide a wide range of functional characteristics
to an organism, the nucleic acid molecules may encode
expression products which confer relatively unrelated prop-
erties upon the organism.

[0430] Further, nucleic acid molecules can be prepared
using methods of the invention which encode all of parts of
biosynthetic pathways that lead to desired end products. Fur-
ther, methods of the invention can be used to generate nucleic
acid molecules which encode expression products having
unique properties. Thus, the invention also provides methods
generating novel end products of biological pathways or pro-
cesses. In this regard, methods of the invention are useful for
generating an identifying novel compounds, including thera-
peutic agents. Thus, in one aspect, the invention further pro-
vides drug discovery methods and therapeutic agents identi-
fied by these methods.

[0431] Examples of end products which can be produced
by biological pathways or processes reconstituted and/or
altered by methods ofthe invention include chemotherapeutic
agents (e.g., antibiotics, antivirals, taxol), carbohydrates,
nucleotides, amino acids, lipids, ribosomes, and membrane-
bound organelles, as well as novel forms of each. Thus, the
methods of the invention can be used to prepare nucleic acids
which confer upon cells the ability to produce a wide variety
of natural compounds, as well as modified forms of these
compounds. Examples of such compounds include those
which fall into the following broad classes: anti-bacterial
therapeutics, anti-viral therapeutics, anti-parasitic therapeu-
tics, anti-fungal therapeutics, anti-malarial therapeutics,
amebicide therapeutics, and anti-neoplastic therapeutics.
[0432] Due to the rapid rate at which microorganisms are
developing resistance to antibiotics, there is a great need for
the development of new antibiotics. Further, it has been pos-
tulated that microorganisms will develop resistance more
slowly to novel antibiotics for which there is no naturally
occurring equivalent. Thus, in one aspect, the invention pro-
vides methods for producing novel antibiotics, as well as
antibiotics produced by methods of the invention.

[0433] One example of an organism which can be produced
using methods of the invention is an organism which pro-
duces novel antibiotic agents. Stassi et al., Proc. Natl. Acad.
Sci. USA 95:7305-7309 (1998) describe the production of
novel ethyl-substituted erythromycin derivatives produced
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by genetically engineered cells of Saccharopolyspora eryth-
racea. Thus, methods of the invention can be used to insert
into the cell genetic elements which encode proteins that
generate novel antibiotics. The invention further includes
cells produced by these methods and methods for using such
cells to produce antibiotics, as well as antibiotics produced by
the methods of the invention.

[0434] Nucleic acid molecules encoding products involved
in biosynthetic pathways for numerous therapeutic agents are
known in the art. For example, genes and enzymes involved in
the biosynthesis of f3-lactam antibiotics are described, for
example, in Martin, Appl. Microbiol. Biotechnol. 50(1):1-15
(1998). Thus, in specific aspects, the invention includes meth-
ods for producing these antibiotics and altered forms ofthese
antibiotics, as well as the antibiotics themselves.

[0435] The invention further provides methods for produc-
ing anti-bacterial therapeutics, anti-viral therapeutics, anti-
parasitic therapeutics, anti-fungal therapeutics, anti-malarial
therapeutics, amebicide therapeutics, and anti-neoplastic
therapeutics and altered forms of such agents, as well as the
agents themselves. Examples of anti-bacterial therapeutics
include compounds such as penicillins, ampicillin, amoxicil-
lin, cyclacillin, epicillin, methicillin, nafcillin, oxacillin,
cloxacillin, dicloxacillin, flucloxacillin, carbenicillin, ceph-
alexin, cepharadine, cefadoxil, cefaclor, cefoxitin, cefo-
taxime, ceftizoxime, cefinenoxine, ceftriaxone, moxalactam,
imipenem, clavulanate, timentin, sulbactam, erythromycin,
neomycin, gentamycin, streptomycin, metronidazole,
chloramphenicol, clindamycin, lincomycin, quinolones,
rifampin, sulfonamides, bacitracin, polymyxin B, vancomy-
cin, doxycycline, methacycline, minocycline, tetracycline,
amphotericin B, cycloserine, ciprofloxacin, norfloxacin, iso-
niazid, ethambutol, and nalidixic acid, as well as derivatives
and altered forms of each of these compounds.

[0436] Examples of anti-viral therapeutics include acyclo-
vir, idoxuridine, ribavirin, trifluridine, vidirabine, dideoxucy-
tidine, dideoxyinosine, zidovudine and gancyclovir, as well
as derivatives and altered forms of each of these compounds.
[0437] Examples of anti-parasitic therapeutics include
bithionol, diethylcarbamazine citrate, mebendazole, metri-
fonate, niclosamine, niridazole, oxamniquine (and other qui-
nine derivatives), piperazine citrate, praziquantel, pyrantel
pamoate and thiabendazole, as well as derivatives and altered
forms of each of these compounds.

[0438] Examples of anti-fungal therapeutics include
amphotericin B, clotrimazole, econazole nitrate, flucyto sine,
griseofulvin, ketoconazole and miconazole, as well as deriva-
tives and altered forms of each of these compounds. Anti-
fungal compounds also include aculeacin A and papulocan-
din B. (See, e.g., Komiyama et al., Biol. Pharm. Bull. (1998)
21(10):1013-1019).)

[0439] Examples of anti-malarial therapeutics include
chloroquine HCI, primaquine phosphate, pyrimethamine,
quinine sulfate, and quinacrine HCI, as well as derivatives and
altered forms of each of these compounds.

[0440] Examples of amebicide therapeutics include dehy-
droemetine dihydrochloride, iodoquinol, and paramomycin
sulfate, as well as derivatives and altered forms of each of
these compounds.

[0441] Examples of anti-neoplastic therapeutics include
aminoglutethimide, azathioprine, bleomycin sulfate, busul-
fan, carmustine, chlorambucil, cisplatin, cyclophosphamide,
cyclosporine, cytarabidine, dacarbazine, dactinomycin,
daunorubicin, doxorubicin, taxol, etoposide, fluorouracil,
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interferon-cc, lomustine, mercaptopurine, methotrexate,
mitotane, procarbazine HCl, thioguanine, vinblastine sulfate
and vincristine sulfate, as well as derivatives and altered
forms of each of these compounds.

[0442] Additional anti-microbial agents include peptides.
Examples of anti-microbial peptides are disclosed in Han-
cock et al., U.S. Pat. No. 6,040,435 and Hancock et al., Proc.
Natl. Acad. Sci. USA 97:8856-8861 (2000).

[0443] Nucleic acid molecules can also be prepared using
the methods of the invention which encode more than one
subunit of a multi-protein complex. Examples of such multi-
protein complexes include splicesomes, ribosomes, the
human 268 proteasome, and yeast RNA polymerase II1. (See,
e.g., Saito et al., Gene 203(2):241-250 (1997); Flores et al.,
Proc. Natl. Acad. Sci. USA 96(14):7815-7820 (1999).)
[0444] Methods of the invention can also be used for the
partial synthesis of non-naturally occurring products, as well
as variants of these products (e.g., novel variants). For
example, microorganisms which express enzymes which
catalyze particular reactions can be supplied with precursors
which these organisms do not normally produce. In cases
where these precursors act as substrates for enzymes
expressed by the microorganisms, novel compounds may be
produced. “Feeding” processes of this type have been used in
the past to produce novel antibiotics. In one aspect, feeding of
this type is used in combination with microorganisms which
express enzymes encoded by combinatorial libraries
described above.

[0445] Methods of the invention can be used to either (1)
introduce a new pathway into a cells or (2) alter an existing
cellular pathway so that, for example, one or more additional
catalytic steps (e.g., two, three, four, five, seven, ten, etc.)
occur during product synthesis. One example of such an
application of methods of the invention involves the modifi-
cation of a protein which is naturally produced by a cell. In
this example, genes encoding one or more catalytic steps
which alter the protein (e.g., encode enzymes involved in
post-translation modification reactions) are introduced into
the cell. For example, nucleic acids which encode enzymes
involved in ADP-ribosylation, glycosylation, sialylation,
acetylation, ubiquination, serine to D-alanine conversion,
biotinylation, acylation, amidation, formylation, carboxyla-
tion, GPI anchor formation, hydroxylation, methylation,
myristoylation, oxidation, proteolytic processing, phospho-
rylation, prenylation, racemization, selenoylation, sulfation,
arginylation can be inserted into the cell. Post-translational
modifications of proteins are discussed in PROTEINS-
STRUCTURE AND MOLECULAR PROPERTIES, 2nd
Ed., T. E. Creighton, W. H. Freeman and Company, New
York, 1993; Wold, F., POST-TRANSLATIONAL PROTEIN
MODIFICATIONS: PERSPECTIVES AND PROSPECTS,
pgs. 1-12 in Post-translational Covalent Modification of Pro-
teins, B. C. Johnson, Ed., Academic Press, New York, 1983;
Seifter et al., “Analysis for Protein Modifications and Non-
protein Cofactors”, Meth. Enzymol. (1990) 182:626-646 and
Rattan et al., “Protein Synthesis: Post-translational Modifi-
cations and Aging”, Ann. NY Acad. Sci. (1992) 663:48-62.
[0446] Methods of the invention can be used, for example,
to produce cells which contain nucleic acid molecules which
encode proteins involved in signaling pathways. Further,
these cells may be used to screen agents which modulate cell
signaling. For example, cells may be produced using methods
of the invention which express all of the components neces-
sary for responding to tumor necrosis factors (INFs). These
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cells can then be used to screen agents which either induce
TNF mediated responses (TNF agonists) or block TNF medi-
ated responses (TNF antagonists). Thus, included within the
scope of the invention are methods for producing cells which
can be used to screen for agonists and antagonists of cellular
ligands, as well as cells produced by such methods. Further
included within the scope of the invention are methods for
using cells of the invention to identify agonists and antago-
nists of cellular ligands and agonists and antagonists identi-
fied by methods of the invention.

[0447] As noted above, methods of the invention can also
be used to generate nucleic acids and cells which produce
nutrients such as carbohydrates and amino acids. Carbohy-
drates and amino acids, as well as other carbon sources, can
be used for a number of purposes. For example, carbohy-
drates and amino acids to prepare culture medium compo-
nents for growing microorganisms, mammalian cells, and
plant cells. Further, these compounds can be added to food
products for both humans and liverstock. One specific
example of a use of carbohydrates and amino acids is in the
preparation of nutritional formula for infants. (See, e.g.,
Highman etal., U.S. Pat. No. 6,120,814.) Thus, the invention
further provides food products (e.g., infant formula) made
using carbon sources produced using methods of the inven-
tion.

[0448] Carbon sources which can be produced using cells
prepared using methods of the invention include carbohy-
drates (e.g., glucose, fructose, lactose, molasses, cellulose
hydrolyzates, crude sugar hydrolyzates, and starch hydrolyz-
ates), organic acids (e.g., pyruvic acid, acetic acid, ftimaric
acid, malic acid, and lactic acid), alcohols (glycerol, 1,3.-
propanediol, and ethanol), lipids, fatty acids, nucleotides,
nucleosides, and amino acids. (See, e.g., Skraly et al., Appl.
Environ Microbiol. 64:98-105 (1998).)

[0449] One example of an organism which can be produced
using methods of the invention is an organism which has
acquired the ability to produce ethanol. Deng et al., Appl.
Environ. Microbiol. 65:523-528 (1999), for example,
describe Cyanobacteria which have been engineered to pro-
duce ethanol. Thus, methods of the invention can be used to
insert into cell genetic elements which encode proteins
involved in the production of ethanol. The invention further
includes cells produced by these methods and methods for
using such cells to produce ethanol.

[0450] Another example of an organism which can be pro-
duced using methods of the invention is an organism which
has acquired the ability to produce either poly(3-hydroxyal-
kanoates) or increased amounts of poly(3-hydroxyal-
kanoates). Poly(3-hydroxyalkanoates) are compounds
which, on extraction from cells, have plastic like properties.
(See, e.g., Madison et al., Microbiol. Molec. Biol. Rev. 63:21-
53 (1999).) Thus, methods of the invention can be used to
insert into cell genetic elements which encode proteins
involved in the production of poly(3-hydroxyalkanoates).
The invention further includes cells produced by these meth-
ods and methods for using such cells to produce poly(3-
hydroxyalkanoates), poly(3-hydroxyalkanoates) derivatives,
and compounds formed from poly(3-hydroxyalkanoates).
[0451] Amino acids which can be produced using cells
prepared using methods of the invention include phenylala-
nine, tryptophan, tyrosine, leucine, isoleucine, valine,
glutamine, asparagine, arginine, lysine, histidine, aspartic
acid, glutamic acid, alanine, proline, serine, threonine,
methionine, cysteine, and glycine. Genes and enzymes
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involved in the biosynthesis of amino acids and amino acid
precursors in a considerable number of organism are known
in the art. (See, e.g., G. N. Cohen, “The Common Pathway to
Lysine, Methionine and Threonine,” pp. 147-171 in Amino
Acids: Biosynthesis and Genetic Regulation, K. M. Her-
rmann and R. L. Somerville, eds., Addison-Welesley Publish-
ing Co., Inc., Reading, Mass. (1983).)

[0452] In addition to altering cells to produce new com-
pounds, methods ofthe invention can also be used to engineer
cells so that they either overproduce or underproduce prod-
ucts of the cells normal metabolism. For example, Donnelly
etal., U.S. Pat. No. 5,770,435 described a mutant strain of .
coli which produce increased amounts of succinic acid. Meth-
ods of the invention can be used, for example, to construct
nucleic acid molecules which encode enzymes in the succinic
acid biosynthetic pathway. Further, the expression of one or
more of these enzymes can be regulated at the transcriptional
level. Thus, the introduction of these nucleic acid molecules
into the above described E. coli cells will effectively result in
an amplification of one or more genes in the succinic acid
biosynthetic pathway. Further, one or more of these genes can
be operably linked to an inducible promoter (e.g., the lad
promoter) so that increased succinic acid occurs only in the
presence of the inducing signal (e.g., IPTG).

[0453] Methods of the invention can also be used to gener-
ate nucleic acids and cells which produce components and
precursors that can be used in manufacturing processes.
Examples of such components include plastics, plastic-like
compounds (e.g., polyketides), soaps, fertilizers, papers, syn-
thetic rubber, dyes, inks, etc. The invention further includes
components and precursors produced by methods and cells of
the invention.

[0454] Similarly, nucleic acid molecules prepared by the
methods of the invention can also be used to down regulate
expression of, for example, one or more endogenous genes.
One example of this is when nucleic acid inserts prepared by
methods of the invention are transcribed to produce antisense
RNA. Again, nucleic acid molecules which encode antisense
RNAs may be operably linked to a regulatable promoter.
[0455] Thus, the invention further includes methods for
producing cells which either overproduce or underproduce
products of the cells normal metabolism, as well as cells
produced by these methods.

[0456] As noted above, nucleic acid molecules prepared by
methods of the invention can be used to alter the physical
characteristics of an organism so that the organism has par-
ticular characteristics. For example, a cell which lacks spe-
cific enzymes required to produce either recombinant or
native proteins having particular glycosylation patterns can
be introduced into the cell using the vectors of the invention.
Glycosylation patterns of proteins has been found to be, to
some extent, cell-type and species specific. (See, e.g., Jarvis
etal., Cum Opin. Biotechnol. 9:528-533 (1998).) Thus, in one
aspect, the invention provides methods for producing cells
which exhibit altered glycosylation pathways, as well as cells
produced by these methods and glycosylated compounds pro-
duced by these cells. This process is generally termed “gly-
cosylation engineering” Stanley, Glycobiology 2:99-107
(1992).

[0457] For example, bacterial cells which do not glycosy-
late proteins may be modified using methods of the invention
to produce enzymes which glycosylate proteins. Examples of
such enzymes include N-acetylglucosaminlytransferases 111
and V, pl,4-galactosyltransfera- se, a2,6-sialyltransferase,
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a2,3-sialyltransferase, al,3-fucosyltransferase 11l and VI,
and al,2-mannosyltransfer-ase.

[0458] In another aspect, the invention provides methods
for producing cells which exhibit altered metabolic properties
leading to increased production of compounds synthesized by
these cells, as well as cells produced by these methods and
products produced by these cells. One example of such meth-
ods result in the production of cells which produce increased
quantities of precursors for biological pathways. This process
is referred to herein as metabolic channeling or funneling. For
example, when one seeks to produce a cell which produces
increased amounts of serine, nucleic acid molecules which
encode enzymes of pathways which lead to the production of
3-phosphoglycerate can be inserted into the cell. Optionally,
nucleic acid molecules which encode enzymes involved in
the conversion of 3-phosphoglycerate to serine can also be
inserted into the cell. Parameters useful for consideration
when engineering cells which contain increased intracellular
concentrations of precursor pools an compounds include the
rate limiting set in the particular pathway and pathway fluxes.
(See, e.g., Kholodenko et al., Biotechnol. Bioeng. 59:239-
247 (1997).)

[0459] Polyketides represent a large family of diverse com-
pounds synthesized from 2-carbon units through a series of
condensations and subsequent modifications. Polyketides are
produced in many types of organisms, including fungi and
numerous bacteria, in particular, the actinomycetes. There are
a wide variety of polyketide structures and polyketides
encompasses numerous compounds with diverse activities.
(See, e.g., PCT publication Nos. WO 93/13663; WO
95/08548; WO 96/40968; 97/02358; and 98/27203; U.S. Pat.
Nos. 4,874,748, 5,063,155, 5,098,837, 5,149,639, 5,672,491,
and 5,712,146; and Fu et al., 1994, Biochemistry 33:9321-
9326; McDaniel et al., 1993, Science 262:1546-1550; and
Rohr, 1995, Angew. Chem. Int. Ed. Engl. 34:881-888, each of
which is incorporated herein by reference.)

[0460] Polyketide synthases (PKSs) assemble structurally
diverse natural products using a common mechanistic strat-
egy that relies on a cysteine residue to anchor the polyketide
during a series of decarboxylative condensation reactions that
build the final reaction product. PKSs generally catalyze the
assembly of complex natural products from simple precur-
sors such as propionyl-CoA and methylmalonyl-CoA in a
biosynthetic process that closely parallels fatty acid biosyn-
thesis. Examples of polyketides include callystatin A, ansa-
trienin A, actinorhodin, rapamycin, methymycin, and pikro-
mycin.

[0461] In one aspect, the invention provides methods for
preparing nucleic acid molecules which encode one or more
PKSs, as well as cells which contain these nucleic acid mol-
ecules and the resulting polyketide products. The invention
further provides methods for generating novel PKSs using
combinatorial libraries and products produced by these novel
PKSs (e.g., novel macrolide antibiotics), as well methods for
producing these novel PKS products.

[0462] Methods of the invention can also be used to con-
struct strains of microorganisms which are useful for decreas-
ing the toxicity of various agents. Such agents include petro-
leum-based pollutants (e.g., chlorinated and non-chlorinated
aliphatic compounds (e.g., C5-C;;), chlorinated and non-
chlorinated aromatic compounds (e.g., C4-C,,), crude oil,
refined oil, fuel oils (e.g., Nos. 2, 4 and 6 fuel oils), diesel oils,
gasoline, hydraulic oils, kerosene, benzene, toluene, ethyl-
benzene and xylenes, trimethylbenzenes, naphthalene,
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anthracene, acenaphthene, acenaphthylene, benzo(a)an-
thracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,
i)perylene, benzo(k)fluoranthene, pyrene, methylene chlo-
ride, 1,1-dichloroethane, chloroform, 1,2-dichloropropane,
dibromochloromethane, 1,1,2-trichloroethane, 2-chloroeth-
ylvinyl ether, tetrachloroethene (PCE), chlorobenzene, 1,2-

dichloroethane, 1,1,1-trichloroethane, bromodichlo-
romethane, trans-1,3-dichloropropene, cis-1,3-
dichloropropene, bromoform, chloromethane,

bromomethane, vinyl chloride, chloroethane, 1,1-dichloroet-
hene, trans-1,2-dichloroethene, trichloroethene (TCE),
dichlorobenzenes, cis-1,2-dichloroethene, dibromomethane,
1,4-dichlorobutane, 1,2,3-trichloropropane, bromochlo-
romethane, 2,2-dichloropropane, 1,2-dibromoethane, 1,3-
dichloropropane, bromobenzene, chlorotoluenes, trichlo-

robenzenes, trans-1,4-dichloro-2-but-ene and
butylbenzenes).
[0463] One example of an organism which can be produced

using methods ofthe invention is an organism which degrades
toluene. Panke et al., Appl. Environ. Microbiol 64:748-751
(1998) describe strains of Pseudomonas putida which con-
verts toluene, as well as several toluene derivatives, to ben-
zoates. Thus, methods of the invention can be used to insert
into cell genetic elements which encode proteins that convert
toluene, as well as derivatives thereof, to less toxic com-
pounds. The invention further includes cells produced by
these methods and methods for using such cells to convert
toluene, as well as several toluene derivatives, to less toxic
compounds.

[0464] Methods ofthe invention can also be used to prepare
organism suitable for the detoxifying non-petroleum agents
such as heavy metal ions (e.g., mercury, copper, cadmium,
silver, gold, tellurite, selenite, and uranium). Methods by
which mercury, for example, can be detoxified include reduc-
tion of mercury ions to generate metallic mercury and
through volatilization. Genes involved in the detoxification
by bacterial are described in Miller, “Bacterial Detoxification
of Hg(II) and Organomercurials”, Essays Biochem. 34:17-30
(1999).

[0465] Another example of a heavy metal ion detoxifica-
tion system has been identified in a strain of Rhodobacter
sphaeroide (see O'Gara et al., Appl. Environ. Microbiol.
63(12):4713-4720 (1997)). Tellurite-resistance in this strain
appears to be conferred by two loci. The first genetic locus
contains four genes; two of these genes (i.e., trgA and trgB)
confer increased tellurite-resistance when inserted into
another bacterium. Disruption of another gene at this locus,
cysK (cysteine synthase), results in decreased tellurite resis-
tance. The second genetic locus contains the telA gene. Inac-
tivation of telA results in a significant decreased tellurite
resistance compared to the wild-type strain.

[0466] Microorganisms which are capable of detoxifying
agents are described, for example, in Perriello, U.S. Pat. No.
6,110,372. Microorganisms suitable for bioremediation
applications include those of the Pseudomonadaceae family,
the Actinomycetes family, the Micrococcaceae family, the
Vibrionaceae family, the Rhizobiaceae family, the Cytoph-
agaceae family, and the Corynebacterium family. Specific
examples of organisms suitable for use after modification
using the methods of the invention for bioremediation appli-
cations include Pseudomonas rubrisubalbicans, Pseudomo-
nas aeruginosa, Variovorax paradoxus, Nocardia asteroides,
Deinococcus radiodurans, Nocardia restricta, Chryseobac-
terium indologenes, Comamonas acidovorans, Acidovorax
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delafieldii, Rhodococcus rhodochrous, Rhodococcus eryti-
ropolis, Aureobacterium esteroaromaticum, Aureobacterium
saperdae, Micrococcus varians, Micrococcus kristinae,
Aeromonas caviae, Stenotrophomonas maltophilia, Sphingo-
bacterium thalpophilum, Clavibacter michiganense, Alcali-
genes xylosoxydans, Corynebacterium aquaticum B and
Cytophaga johnsonae.

[0467] Organisms suitable for bioremediation further
include plants. Meagher et al., U.S. Pat. No. 5,965,796, for
example, describes transgenic plants which express a metal
ion resistance protein and reduce metal ions such as those of
copper, mercury, gold, cadmium, lead and silver. Further,
genes encoding phytochelatins can be introduced into plants
to increase phytochelatin synthesis. Phytochelatins are glu-
tathione derivatives which detoxify metal ions through
sequestration. Genes from a number of plant species involved
in phytochelatin synthesis are discussed in Corbett, “Phy-
tochelatin Biosynthesis and Function in Heavy-Metal
Detoxification”, Curr. Opin. Plant Biol. 3(3):211-216 (2000).

[0468] Specific plants suitable for bioremediation applica-
tions after modification by methods of the invention include
Lepidium sativum, Brassica juncea, Brassica oleracea, Bras-
sica rapa, Acena sativa, Triticum aestivum, Helianthus
annuus, Colonial bentgrass, Kentucky bluegrass, perennial
ryegrass, creeping bentgrass, Bermudagrass, Buffalograss,
centipedegrass, switch grass, Japanese lawngrass, coastal
panicgrass, spinach, sorghum, tobacco and corn. Methods for
generating transgenic plants are known in the art and, as noted
above, are described, for example, in Meagher et al., U.S. Pat.
No. 5,965,796.

[0469] Methods ofthe invention can also be used to prepare
organisms which have diverse characteristics and contain a
considerable number of inserted genes. As noted above,
methods of the invention can be used to insert an almost
unlimited number of nucleic acid segments into cells. For
example, in one specific embodiment, the invention provides
methods for producing cells which express pesticidal proteins
(e.g., pesticidal proteins of Bacillus thurginiensis). (See, e.g.,
Schnepf et al., Microbiol. Molec. Biol. Rev. 62:775-806
(1998).) Thus, methods of the invention can be used to insert
into cell genetic elements which encode pesticidal proteins.
The invention further includes cells produced by these meth-
ods and methods for using such cells to produce pesticidal
proteins. The invention further includes methods for using
cells (e.g., bacterial or plant cells) and pesticidal proteins
produced by methods of the invention to control insect popu-
lations. In certain embodiments, cells produced by methods
of the invention and used in methods of the invention will be
plant cells.

[0470] Thus, in one aspect, methods of the invention may
be used to prepare nucleic acid molecules which contain one
or more ORFs and/or nucleic acid segments which encode
one or more non-protein expression products (e.g., functional
RNAs such as tRNAs or ribozymes). In most embodiments of
the invention, the number of ORFs and/or nucleic acid seg-
ments which encode one or more non-protein expression
products will generally range between about 1 and about 300
(eg,1,2,3,4,5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50,
55,60, 65,70,75,80, 85, 90,95,100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 225, 250, 275, 300, etc.). Nucleic
acid molecules which contain one or more ORFs and/or
nucleic acid segments which encode one or more non-protein
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expression products will be especially useful for altering
organisms to have specified characteristics such as those
described above.

[0471] Depending on a number of factors, including the
number of functional segments present, the size of nucleic
acid molecules of the invention will vary considerably in size
but, in general, will range between from about 0.5 kb to about
300 kb (e.g., about 0.5 kb, about 1 kb, about 2 kb, about 3 kb,
about 4 kb, about 5 kb, about 7 kb, about 10 kb, about 12 kb,
about 15 kb, about 20 kb, about 40 kb, about 60 kb, about 80
kb, about 100 kb, about 200 kb, about 300 kb, etc.).

[0472] Inaspecific embodiment, the invention further pro-
vides methods for introducing nucleic acid molecules of the
invention into animals (e.g., humans) and animal cells (e.g.,
human cells), as part of a gene therapy protocol. Gene therapy
refers to therapy performed by the administration to a subject
of'an expressed or expressible nucleic acid molecule. In many
embodiment of the invention, nucleic acid molecules of the
invention will encoded one or more proteins which mediates
at least one therapeutic effect. Thus, the invention provide
nucleic acid molecules and methods for use in gene therapy.
[0473] Nucleic acid molecules of the invention can be used
to prepare gene therapy vectors designed to replace genes
which reside in the genome of a cell, to delete such genes, or
to insert a heterologous gene or groups of genes. When
nucleic acid molecules of the invention function to delete or
replace a gene or genes, the gene or genes being deleted or
replaced may lead to the expression of either a “normal”
phenotype or an aberrant phenotype. One example of an
aberrant phenotype is the disease cystic fibrosis. Further, the
gene therapy vectors may be either stably maintained (e.g.,
integrate into cellular nucleic acid by homologous recombi-
nation) or non-stably maintained in cells.

[0474] Further, nucleic acid molecules of the invention may
be used to suppress “abnormal” phenotypes or complement
or supplement “normal” phenotypes which result from the
expression of endogenous genes. One example of a nucleic
acid molecule of the invention designed to suppress an abnor-
mal phenotype would be where an expression product of the
nucleic acid molecule has dominant/negative activity. An
example of a nucleic acid molecule of the invention designed
to supplement a normal phenotype would be where introduc-
tion of the nucleic acid molecule effectively results in the
amplification of a gene resident in the cell.

[0475] Further, nucleic acid molecules of the invention may
be used to insert into cells nucleic acid segments which
encode expression products involved in each step of particu-
lar biological pathways (e.g., biosynthesis of amino acids
such as lysine, threonine, etc.) or expression products
involved in one or a few steps of such pathways. These nucleic
acid molecules can be designed to, in effect, amplify genes
encoding expression products in such pathways, insert genes
into cells which encode expression products involved in path-
ways not normally found in the cells, or to replace one or more
genes involved one or more steps of particular biological
pathways in cells. Thus, gene therapy vectors of the invention
may contain nucleic acid which results in the production one
or more products (e.g., one, two, three, four, five, eight, ten,
fifteen, etc.). Such vectors, especially those which lead to the
production of more than one product, will be particularly
useful for the treatment of diseases and/or conditions which
result from the expression and/or lack of expression of more
than one gene or for the treatment of more than one diseases
and/or conditions.
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[0476] Thus, inrelated aspects, the invention provides gene
therapy vectors which express one or more expression prod-
ucts (e.g., one or more fusion proteins), methods for produc-
ing such vectors, methods for performing gene therapy using
vectors of the invention, expression products of such vector
(e.g., encoded RNA and/or proteins), and host cells which
contain vectors of the invention.

[0477] For general reviews of the methods of gene therapy,
see Goldspiel etal., 1993, Clinical Pharmacy 12:488-505; Wu
and Wu, 1991, Biotherapy 3:87-95; Tolstoshev, 1993, Ann.
Rev. Pharmacol. Toxicol. 32:573-596; Mulligan, 1993, Sci-
ence 260:926-932; and Morgan and Anderson, 1993, Ann.
Rev. Biochem. 62:191-217; May, 1993, TIBTECH 11(5):
155-215). Methods commonly known in the art of recombi-
nant DNA technology which can be used are described in
Ausubel et al. (eds.), 1993, Current Protocols in Molecular
Biology, John Wiley & Sons, NY; and Kriegler, 1990, Gene
Transfer and Expression, A Laboratory Manual, Stockton
Press, NY.

[0478] Delivery of the nucleic acid molecules of the inven-
tion into a patient may be either direct, in which case the
patient is directly exposed to the nucleic acid or nucleic acid
carrying vectors, or indirect, in which case, cells are first
transformed with the nucleic acid in vitro, then transplanted
into the patient. These two approaches are known, respec-
tively, as in vivo or ex vivo gene therapy.

[0479] Ina specific embodiment, nucleic acid molecules of
the invention are directly administered in vivo, where they are
expressed to produce one or more expression products. This
can be accomplished by any of numerous methods known in
the art, such as by constructing an expression vector and
administering it so that they become intracellular (e.g., by
infection using defective or attenuated retroviral vectors or
other viral vectors (see U.S. Pat. No. 4,980,286), by direct
injection of naked DNA, by use of microparticle bombard-
ment (e.g., a gene gun; Biolistic, Dupont), by coating with
lipids or cell-surface receptors or transfecting agents, encap-
sulation in liposomes, microparticles, or microcapsules, or by
administering them in linkage to a peptide which is known to
enter the nucleus, by administering it in linkage to a ligand
subject to receptor-mediated endocytosis (see, e.g., Wu and
Wu, 1987, J. Biol. Chem. 262:4429-4432) (which can be used
to target cell types specifically expressing the receptors),
etc.). In another embodiment, nucleic acid molecules of the
invention can be targeted in vivo for cell specific uptake and
expression, by targeting a specific receptor (see, e.g., PCT
Publications WO 92/06180 dated Apr. 16, 1992 (Wu et al.);
WO 92/22635 dated Dec. 23, 1992 (Wilson et al.); WO92/
20316 dated Nov. 26, 1992 (Findeis et al.); W093/14188
dated Jul. 22, 1993 (Clarke et al.), WO 93/20221 dated Oct.
14, 1993 (Young)). Alternatively, nucleic acid molecules of
the invention can be introduced intracellularly and incorpo-
rated within host cell DNA for expression, by homologous
recombination (Koller and Smithies, 1989, Proc. Natl. Acad.
Sci. USA 86:8932-8935; Zijlstra et al., 1989, Nature 342:
435-438). Example of such nucleic acid construct suitable for
such an application are shown in FIGS. 21C and 22B.
[0480] In another specific embodiment, viral vectors that
contains nucleic acid sequences encoding an antibody or
other antigen-binding protein of the invention are used. For
example, a retroviral vector can be used (see Miller et al.,
1993, Meth. Enzymol. 217:581-599). These retroviral vec-
tors have been used to delete retroviral sequences that are not
necessary for packaging of the viral genome and integration
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into host cell DNA. The nucleic acid sequences encoding the
antibody to be used in gene therapy are cloned into one or
more vectors, which facilitates delivery of the gene into a
patient. More detail about retroviral vectors can be found in
Boesen et al., 1994, Biotherapy 6:291-302, which describes
the use of a retroviral vector to deliver the mdrl gene to
hematopoietic stem cells in order to make the stem cells more
resistant to chemotherapy. Other references illustrating the
use of retroviral vectors in gene therapy are: Clowes et al.,
1994, J. Clin. Invest. 93:644-651; Kiem et al., 1994, Blood
83:1467-1473; Salmons and Gunzberg, 1993, Human Gene
Therapy 4:129-141; and Grossman and Wilson, 1993, Curr.
Opin. in Genetics and Devel. 3:110-114.

[0481] Adenoviruses are other viral vectors that can be used
in gene therapy. Adenoviruses are especially attractive
vehicles for delivering genes to respiratory epithelia and the
use of such vectors are included within the scope of the
invention. Adenoviruses naturally infect respiratory epithelia
where they cause a mild disease. Other targets for adenovirus-
based delivery systems are liver, the central nervous system,
endothelial cells, and muscle. Adenoviruses have the advan-
tage of being capable of infecting non-dividing cells. Kozar-
sky and Wilson, 1993, Current Opinion in Genetics and
Development 3:499-503 present a review of adenovirus-
based gene therapy. Bout et al., 1994, Human Gene Therapy
5:3-10 demonstrated the use of adenovirus vectors to transfer
genes to the respiratory epithelia of rhesus monkeys. Other
instances of the use of adenoviruses in gene therapy can be
foundin Rosenfeld et al., 1991, Science 252:431-434; Rosen-
feld et al., 1992, Cell 68:143-155; Mastrangeli et al., 1993, J.
Clin. Invest. 91:225-234; PCT Publication Nos. W(094/12649
and WO 96/17053; U.S. Pat. No. 5,998,205; and Wang et al.,
1995, Gene Therapy 2:775-783, the disclosures of all of
which are incorporated herein by reference in their entireties.
In a one embodiment, adenovirus vectors are used.

[0482] Adeno-associated virus (AAV) and Herpes viruses,
as well as vectors prepared from these viruses have also been
proposed for use in gene therapy (Walsh et al., 1993, Proc.
Soc. Exp. Biol. Med. 204:289-300; U.S. Pat. No. 5,436,146;
Wagstaff et al., Gene Ther. 5:1566-70 (1998)). Herpes viral
vectors are particularly useful for applications where gene
expression is desired in nerve cells.

[0483] Another approach to gene therapy involves transfer-
ring a gene to cells in tissue culture by such methods as
electroporation, lipofection, calcium phosphate mediated
transfection, or viral infection. Usually, the method of trans-
fer includes the transfer of a selectable marker to the cells.
The cells are then placed under selection to isolate those cells
that have taken up and are expressing the transferred gene.
Those cells are then delivered to a patient.

[0484] In this embodiment, the nucleic acid is introduced
into a cell prior to administration in vivo of the resulting
recombinant cell. Such introduction can be carried out by any
method known in the art, including but not limited to trans-
fection, electroporation, microinjection, infection with a viral
or bacteriophage vector containing the nucleic acid
sequences, cell fusion, chromosome-mediated gene transfer,
microcell-mediated gene transfer, spheroplast fusion, etc.
Numerous techniques are known in the art for the introduc-
tion of foreign genes into cells (see, e.g., Loeffler and Behr,
1993, Meth. Enzymol. 217:599-618; Cohen et al., 1993,
Meth. Enzymol. 217:618-644; Cline, 1985, Pharmac. Ther.
29:69-92) and may be used in accordance with the present
invention, provided that the necessary developmental and
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physiological functions of the recipient cells are not dis-
rupted. The technique should provide for the stable transfer of
the nucleic acid to the cell, so that the nucleic acid is express-
ible by the cell and, optionally, heritable and expressible by its
cell progeny.

[0485] The resulting recombinant cells can be delivered to
a patient by various methods known in the art. Recombinant
blood cells (e.g., hematopoietic stem or progenitor cells) will
generally be administered intravenously. The amount of cells
envisioned for use depends on the desired effect, patient state,
etc., and can be determined by one skilled in the art.

[0486] Cellsinto which a nucleic acid can be introduced for
purposes of gene therapy encompass any desired, available
cell type, and include but are not limited to epithelial cells,
endothelial cells, keratinocytes, fibroblasts, muscle cells,
hepatocytes; blood cells such as T-lymphocytes, B-lympho-
cytes, monocytes, macrophages, neutrophils, eosinophils,
megakaryocytes, granulocytes; various stem or progenitor
cells, in particular hematopoietic stem or progenitor cells
(e.g., as obtained from bone marrow, umbilical cord blood,
peripheral blood, fetal liver, etc.).

[0487] In a certain embodiment, the cell used for gene
therapy is autologous to the patient.

[0488] In an embodiment in which recombinant cells are
used in gene therapy, nucleic acid sequences encoding an
antibody or other antigen-binding protein are introduced into
the cells such that they are expressible by the cells or their
progeny, and the recombinant cells are then administered in
vivo for therapeutic effect. In a specific embodiment, stem or
progenitor cells are used. Any stem and/or progenitor cells
which can be isolated and maintained in vitro can potentially
be used in accordance with this embodiment of the present
invention (see, e.g., PCT Publication WO 94/08598, dated
Apr. 28, 1994; Stemple and Anderson, 1992, Cell 71:973-
985; Rheinwald, 1980, Meth. Cell Bio. 21A:229; and Pit-
telkow and Scott, 1986, Mayo Clinic Proc. 61:771).

[0489] In a specific embodiment, nucleic acid molecules to
be introduced for purposes of gene therapy comprises an
inducible promoter operably linked to the coding region, such
that expression of the nucleic acid molecules are controllable
by controlling the presence or absence of the appropriate
inducer of transcription.

[0490] The nucleic acid molecules of the invention can also
be used to produce transgenic organisms (e.g., animals and
plants). Animals of any species, including, but not limited to,
mice, rats, rabbits, hamsters, guinea pigs, pigs, micro-pigs,
goats, sheep, cows and non-human primates (e.g., baboons,
monkeys, and chimpanzees) may be used to generate trans-
genic animals. Further, plants of any species, including but
not limited to Lepidium sativum, Brassica juncea, Brassica
oleracea, Brassica rapa, Acena sativa, Triticum aestivum,
Helianthus annuus, Colonial bentgrass, Kentucky bluegrass,
perennial ryegrass, creeping bentgrass, Bermudagrass, Buf-
falo grass, centipedegrass, switch grass, Japanese lawngrass,
coastal panicgrass, spinach, sorghum, tobacco and corn, may
be used to generate transgenic plants.

[0491] Any technique known in the art may be used to
introduce nucleic acid molecules of the invention into organ-
isms to produce the founder lines of transgenic organisms.
Such techniques include, but are not limited to, pronuclear
microinjection (Paterson et al., Appl. Microbiol. Biotechnol.
40:691-698 (1994); Carver et al., Biotechnology (NY)
11:1263-1270 (1993); Wright et al., Biotechnology (NY)
9:830-834 (1991); and Hoppe et al., U.S. Pat. No. 4,873,191
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(1989)); retrovirus mediated gene transfer into germ lines
(Van der Putten et al., Proc. Natl. Acad. Sci., USA 82:6148-
6152 (1985)), blastocysts or embryos; gene targeting in
embryonic stem cells (Thompson et al., Cell 56:313-321
(1989)); electroporation of cells or embryos (Lo, Mol. Cell.
Biol. 3:1803-1814 (1983)); introduction of the polynucle-
otides of the invention using a gene gun (see, e.g., Ulmer et
al., Science 259:1745 (1993); introducing nucleic acid con-
structs into embryonic pluripotent stem cells and transferring
the stem cells back into the blastocyst; and sperm-mediated
gene transfer (Lavitrano et al., Cell 57:717-723 (1989); etc.
For a review of such techniques, see Gordon, “Transgenic
Animals,” Intl. Rev. Cytol. 115:171-229 (1989), which is
incorporated by reference herein in its entirety. Further, the
contents of each of the documents recited in this paragraph is
herein incorporated by reference in its entirety. See also, U.S.
Pat. No. 5,464,764 (Capecchi et al., Positive-Negative Selec-
tion Methods and Vectors); U.S. Pat. No. 5,631,153 (Capec-
chi et al., Cells and Non-Human Organisms Containing Pre-
determined Genomic Modifications and Positive-Negative
Selection Methods and Vectors for Making Same); U.S. Pat.
No. 4,736,866 (Leder et al., Transgenic Non-Human Ani-
mals); and U.S. Pat. No. 4,873,191 (Wagner et al., Genetic
Transformation of Zygotes); each of which is hereby incor-
porated by reference in its entirety.

[0492] Any technique known in the art may be used to
produce transgenic clones containing nucleic acid molecules
of'the invention, for example, nuclear transfer into enucleated
oocytes of nuclei from cultured embryonic, fetal, or adult
cells induced to quiescence (Campell et al., Nature 380:64-66
(1996); Wilmut et al., Nature 385:810-813 (1997)), each of
which is herein incorporated by reference in its entirety).

[0493] The present invention provides for transgenic
organisms that carry nucleic acid molecules of the invention
in all their cells, as well as organisms which carry these
nucleic acid molecules, but not all their cells, i.e., mosaic
organisms or chimeric. The nucleic acid molecules of the
invention may be integrated as a single copy or as multiple
copies such as in concatamers, e.g., head-to-head tandems or
head-to-tail tandems. The nucleic acid molecules of the
invention may also be selectively introduced into and acti-
vated in a particular cell type by following, for example, the
teaching of Lasko et al. (Lasko et al., Proc. Natl. Acad. Sci.
USA 89:6232-6236 (1992)). The regulatory sequences
required for such a cell-type specific activation will depend
upon the particular cell type of interest, and will be apparent
to those of skill in the art. When it is desired that nucleic acid
molecules of the invention be integrated into the chromo-
somal site of the endogenous gene, this will normally be done
by gene targeting. Briefly, when such a technique is to be
utilized, vectors containing some nucleotide sequences
homologous to the endogenous gene are designed for the
purpose of integrating, via homologous recombination with
chromosomal sequences, into and disrupting the function of
the nucleotide sequence of the endogenous gene. Nucleic acid
molecules of the invention may also be selectively introduced
into a particular cell type, thus inactivating the endogenous
gene in only that cell type, by following, for example, the
teaching of Gu et al. (Gu et al., Science 265:103-106 (1994)).
The regulatory sequences required for such a cell-type spe-
cific inactivation will depend upon the particular cell type of
interest, and will be apparent to those of skill in the art. The
contents of each of the documents recited in this paragraph is
herein incorporated by reference in its entirety.



US 2011/0275541 Al

[0494] Oncetransgenic organisms have been generated, the
expression of the recombinant gene may be assayed utilizing
standard techniques. Initial screening may be accomplished
by Southern blot analysis or PCR techniques to analyze
organism tissues to verify that integration of nucleic acid
molecules of the invention has taken place. The level of
mRNA expression of nucleic acid molecules of the invention
in the tissues of the transgenic organisms may also be
assessed using techniques which include, but are not limited
to, Northern blot analysis of tissue samples obtained from the
organism, in situ hybridization analysis, and reverse tran-
scriptase-PCR  (rt-PCR). Samples of tissue may which
express nucleic acid molecules of the invention also be evalu-
ated immunocytochemically or immunohistochemically
using antibodies specific for the expression product of these
nucleic acid molecules.

[0495] Once the founder organisms are produced, they may
be bred, inbred, outbred, or crossbred to produce colonies of
the particular organism. Examples of such breeding strategies
include, but are not limited to: outbreeding of founder organ-
isms with more than one integration site in order to establish
separate lines; inbreeding of separate lines in order to produce
compound transgenic organisms that express nucleic acid
molecules of the invention at higher levels because of the
effects of additive expression of each copy of nucleic acid
molecules of the invention; crossing of heterozygous trans-
genic organisms to produce organisms homozygous for a
given integration site in order to both augment expression and
eliminate the need for screening of organisms by DNA analy-
sis; crossing of separate homozygous lines to produce com-
pound heterozygous or homozygous lines; and breeding to
place the nucleic acid molecules of the invention on a distinct
background that is appropriate for an experimental model of
interest.

[0496] Transgenic and “knock-out” organisms of the inven-
tion have uses which include, but are not limited to, model
systems (e.g., animal model systems) useful in elaborating
the biological function of expression products of nucleic acid
molecules of the invention, studying conditions and/or disor-
ders associated with aberrant expression of expression prod-
ucts of nucleic acid molecules of the invention, and in screen-
ing for compounds effective in ameliorating such conditions
and/or disorders.

[0497] As one skilled in the art would recognize, in many
instances when nucleic acid molecules of the invention are
introduced into metazoan organisms, it will be desirable to
operably link sequences which encode expression products to
tissue-specific transcriptional regulatory sequences (e.g., tis-
sue-specific promoters) where production of the expression
product is desired. Such promoters can be used to facilitate
production of these expression products in desired tissues. A
considerable number of tissue-specific promoters are known
in the art. Further, methods for identifying tissue-specific
transcriptional regulatory sequences are described elsewhere
herein.

[0498] Host Cells

[0499] The invention also relates to host cells comprising
one or more of the nucleic acid molecules or vectors of the
invention (e.g., two, three, four, five, seven, ten, twelve, fif-
teen, twenty, thirty, fifty, etc.), particularly those nucleic acid
molecules and vectors described in detail herein. Represen-
tative host cells that may be used according to this aspect of
the invention include, but are not limited to, bacterial cells,
yeast cells, plant cells and animal cells. Preferred bacterial
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host cells include Escherichia spp. cells (particularly E. coli
cells and most particularly E. coli strains DH10B, Stb12,
DHS, DB3 (deposit No. NRRL B-30098), DB3.1 (preferably
E. coli LIBRARY EFFICIENCY® DB3.1™ Competent
Cells; Invitrogen Corporation, Carlsbad, Calif.), DB4 and
DBS5 (deposit Nos. NRRL B-30106 and NNRL B-30107
respectively, see U.S. application Ser. No. 09/518,188, filed
Mar. 2, 2000, the disclosure of which is incorporated by
reference herein in its entirety), JDP682 and ccdA-over (See
U.S. Provisional Application No. 60/475,004, filed Jun. 3,
2003, the disclosure of which is incorporated by reference
herein in its entirety), Bacillus spp. cells (particularly B.
subtilis and B. megaterium cells), Streptomyces spp. cells,
Erwinia spp. cells, Klebsiella spp. cells, Serratia spp. cells
(particularly S. marcessans cells), Pseudomonas spp. cells
(particularly P. aeruginosa cells), and Salmonella spp. cells
(particularly S. typhimurium and S. typhi cells). Preferred
animal host cells include insect cells (most particularly
Drosophila melanogaster cells, Spodoptera frugiperda S19
and Sf21 cells and Trichoplusa High-Five cells), nematode
cells (particularly C. elegans cells), avian cells, amphibian
cells (particularly Xenopus laevis cells), reptilian cells, and
mammalian cells (most particularly NIH3T3, CHO, COS,
VERO, BHK and human cells). Preferred yeast host cells
include Saccharomyces cerevisiae cells and Pichia pastoris
cells. These and other suitable host cells are available com-
mercially, for example, from Invitrogen Corp. (Carlsbad,
Calif.), American Type Culture Collection (Manassas, Va.),
and Agricultural Research Culture Collection (NRRL; Peo-
ria, T11.).

[0500] Methods for introducing the nucleic acid molecules
and/or vectors of the invention into the host cells described
herein, to produce host cells comprising one or more of the
nucleic acid molecules and/or vectors of the invention, will be
familiar to those of ordinary skill in the art. For instance, the
nucleic acid molecules and/or vectors of the invention may be
introduced into host cells using well known techniques of
infection, transduction, electroporation, transfection, and
transformation. The nucleic acid molecules and/or vectors of
the invention may be introduced alone or in conjunction with
other the nucleic acid molecules and/or vectors and/or pro-
teins, peptides or RNAs. Alternatively, the nucleic acid mol-
ecules and/or vectors of the invention may be introduced into
host cells as a precipitate, such as a calcium phosphate pre-
cipitate, or in a complex with a lipid. Electroporation also
may be used to introduce the nucleic acid molecules and/or
vectors of the invention into a host. Likewise, such molecules
may be introduced into chemically competent cells such as E.
coli. If the vector is a virus, it may be packaged in vitro or
introduced into a packaging cell and the packaged virus may
be transduced into cells. Thus nucleic acid molecules of the
invention may contain and/or encode one or more packaging
signal (e.g., viral packaging signals which direct the packag-
ing of viral nucleic acid molecules). Hence, a wide variety of
techniques suitable for introducing the nucleic acid mol-
ecules and/or vectors of the invention into cells in accordance
with this aspect of the invention are well known and routine to
those of skill in the art. Such techniques are reviewed at
length, for example, in Sambrook, J., et al., Molecular Clon-
ing, a Laboratory Manual, 2nd Ed., Cold Spring Harbor, N.Y.:
Cold Spring Harbor Laboratory Press, pp. 16.30-16.55
(1989), Watson, J. D., et al., Recombinant DNA, 2nd Ed.,
New York: W.H. Freeman and Co., pp. 213-234 (1992), and
Winnacker, E.-L., From Genes to Clones, New York: VCH



US 2011/0275541 Al

Publishers (1987), which are illustrative of the many labora-
tory manuals that detail these techniques and which are incor-
porated by reference herein in their entireties for their rel-
evant disclosures.

[0501] Polymerases

[0502] Polymerases for use in the invention include but are
not limited to polymerases (DNA and RNA polymerases),
and reverse transcriptases. DNA polymerases include, but are
not limited to, Thermus thermophilus (Tth) DNA poly-
merase, hermus aquaticus (Taq) DNA polymerase, Thermo-
toga neopolitana (Tne) DNA polymerase, Thermotoga mar-
itima (Tma) DNA polymerase, Thermococcus litoralis (Tlior
VENT™) DNA polymerase, Pyrococcus furiosus (Pfu) DNA
polymerase, DEEPVENT™ DNA polymerase, Pyrococcus
woosii (Pwo) DNA polymerase, Pyrococcus sp KOD2
(KOD) DNA polymerase, Bacillus sterothermophilus (Bst)
DNA polymerase, Bacillus caldophilus (Bca) DNA poly-
merase, Sulfolobus acidocaldarius (Sac) DNA polymerase,
Thermoplasma acidophilum (Tac) DNA polymerase, Ther-
mus flavus (Tf/Tub) DNA polymerase, Thermus ruber (Tru)
DNA polymerase, Thermus brockianus (DYNAZYME™)
DNA polymerase, Methanobacterium thermoautotrophicum
(Mth) DNA polymerase, mycobacterium DNA polymerase
(Mtb, Mlep), E. coli pol I DNA polymerase, TS DNA poly-
merase, T7 DNA polymerase, and generally pol I type DNA
polymerases and mutants, variants and derivatives thereof.
RNA polymerases such as T3, T5, T7 and SP6 and mutants,
variants and derivatives thereof may also be used in accor-
dance with the invention.

[0503] The nucleic acid polymerases used in the present
invention may be mesophilic or thermophilic, and are prefer-
ably thermoplhilic. Preferred mesophilic DNA polymerases
include Pol I family of DNA polymerases (and their respec-
tive Klenow fragments) any of which may be isolated from
organism such as E. coli, H. influenzae, D. radiodurans, H.
pylori, C. aurantiacus, R. prowazekii, T pallidum, Syn-
echocystis sp., B. subtilis, L. lactis, S. pneumoniae, M tuber-
culosis, M leprae, M. smegmatis, Bacteriophage L5, phi-C31,
T7, T3, TS, SP0O1, SPO,, mitochondrial from S. cerevisiae
MIP-1, and eukaryotic C. elegans, and D. melanogaster (As-
tatke, M. et al., 1998, J. Mol. Biol. 278, 147-165), pol 111 type
DNA polymerase isolated from any sources, and mutants,
derivatives or variants thereof, and the like. Preferred thermo-
stable DNA polymerases that may be used in the methods and
compositions of the invention include Taq, Tne, Tma, Pfu,
KOD, Tfl, Tth, Stoffel fragment, VENT™ and DEEP-
VENT™ DNA polymerases, and mutants, variants and
derivatives thereof (U.S. Pat. No. 5,436,149; U.S. Pat. No.
4,889,818; U.S. Pat. No. 4,965,188; U.S. Pat. No. 5,079,352;
U.S. Pat. No. 5,614,365; U.S. Pat. No. 5,374,553; U.S. Pat.
No. 5,270,179; U.S. Pat. No. 5,047,342; U.S. Pat. No. 5,512,
462; WO 92/06188; WO 92/06200, WO 96/10640; WO
97/09451; Barnes, W. M., Gene 112:29-35 (1992); Lawyer, F.
C., etal.,, PCR Meth. Appl. 2:275-287 (1993); Flaman, J.-M,
et al., Nucl. Acids Res. 22(15):3259-3260 (1994)).

[0504] Reverse transcriptases for use in this invention
include any enzyme having reverse transcriptase activity.
Such enzymes include, but are not limited to, retroviral
reverse transcriptase, retrotransposon reverse transcriptase,
hepatitis B reverse transcriptase, cauliflower mosaic virus
reverse transcriptase, bacterial reverse transcriptase, Tth
DNA polymerase, Taq DNA polymerase (Saiki, R. K., et al.,
Science 239:487-491 (1988); U.S. Pat. Nos. 4,889,818 and
4,965,188), Tne DNA polymerase (WO 96/10640 and WO
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97/09451), Tma DNA polymerase (U.S. Pat. No. 5,374,553)
and mutants, variants or derivatives thereof (see, e.g., WO
97/09451 and WO 98/47912). Preferred enzymes for use in
the invention include those that have reduced, substantially
reduced or eliminated RNase H activity. By an enzyme “sub-
stantially reduced in RNase H activity” is meant that the
enzyme has less than about 20%, more preferably less than
about 15%, 10% or 5%, and most preferably less than about
2%, of the RNase H activity of the corresponding wild-type or
RNase Ft enzyme such as wild-type Moloney Murine Leu-
kemia Virus (M-MLV), Avian Myeloblastosis Virus (AMV)
or Rous Sarcoma Virus (RSV) reverse transcriptases. The
RNase H activity of any enzyme may be determined by a
variety of assays, such as those described, for example, in
U.S. Pat. No. 5,244,797, in Kotewicz, M. L., et al., Nucl.
Acids Res. 16:265 (1988) and in Gerard, G. F., et al., FOCUS
14(5):91 (1992), the disclosures of all of which are filly
incorporated herein by reference. Particularly preferred
polypeptides for use in the invention include, but are not
limited to, M-MLYV if reverse transcriptase, RSV if reverse
transcriptase, AMV if reverse transcriptase, RAV (rous-asso-
ciated virus) if reverse transcriptase, MAV (myeloblastosis-
associated virus) if reverse transcriptase and HIV if reverse
transcriptase. (See U.S. Pat. No. 5,244,797 and WO
98/47912). It will be understood by one of ordinary skill,
however, that any enzyme capable of producing a DNA mol-
ecule from a ribonucleic acid molecule (i.e., having reverse
transcriptase activity) may be equivalently used in the com-
positions, methods and kits of the invention.

[0505] The enzymes having polymerase activity for use in
the invention may be obtained commercially, for example
from Invitrogen Corp. (Carlsbad, Calif.), Perkin-Elmer
(Branchburg, N.J.), New England BioLabs (Beverly, Mass.)
or Boehringer Mannheim Biochemicals (Indianapolis, Ind.).
Enzymes having reverse transcriptase activity for use in the
invention may be obtained commercially, for example, from
Invitrogen Corp., (Carlsbad, Calif.), Pharmacia (Piscataway,
N.J.), Sigma (Saint Louis, Mo.) or Boehringer Mannheim
Biochemicals (Indianapolis, Ind.). Alternatively, poly-
merases or reverse transcriptases having polymerase activity
may be isolated from their natural viral or bacterial sources
according to standard procedures for isolating and purifying
natural proteins that are well-known to one of ordinary skill in
the art (see, e.g., Houts, G. E., et al., J. Virol. 29:517 (1979)).
In addition, such polymerases/reverse transcriptases may be
prepared by recombinant DNA techniques that are familiar to
one of ordinary skill in the art (see, e.g., Kotewicz, M. L., et
al., Nucl. Acids Res. 16:265 (1988); U.S. Pat. No. 5,244,797,
WO 98/47912; Soltis, D. A., and Skalka, A. M., Proc. Natl.
Acad. Sci. USA 85:3372-3376 (1988)). Examples of
enzymes having polymerase activity and reverse tran-
scriptase activity may include any of those described in the
present application.

[0506]

[0507] Supports for use in accordance with the invention
may be any support or matrix suitable for attaching nucleic
acid molecules comprising one or more recombination sites
or portions thereof. Such molecules may be added or bound
(covalently or non-covalently) to the supports of the invention
by any technique or any combination of techniques well
known in the art. Supports of the invention may comprise
nitrocellulose, diazocellulose, glass, polystyrene (including
microtitre plates), polyvinylchloride, polypropylene, poly-
ethylene, polyvinylidenedifluoride (PVDF), dextran,

Supports and Arrays
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Sepharose, agar, starch and nylon. Supports of the invention
may be in any form or configuration including beads, filters,
membranes, sheets, frits, plugs, columns and the like. Solid
supports may also include multi-well tubes (such as microti-
tre plates) such as 12-well plates, 24-well plates, 48-well
plates, 96-well plates, and 384-well plates. Preferred beads
are made of glass, latex or a magnetic material (magnetic,
paramagnetic or superparamagnetic beads).

[0508] In apreferred aspect, methods of the invention may
beused to prepare arrays of proteins or nucleic acid molecules
(RNA or DNA) or arrays of other molecules, compounds,
and/or substances. Such arrays may be formed on micro-
plates, glass slides or standard blotting membranes and may
be referred to as microarrays or gene-chips depending on the
format and design of the array. Uses for such arrays include
gene discovery, gene expression profiling, genotyping (SNP
analysis, pharmacogenomics, toxicogenetics), and the prepa-
ration of nanotechnology devices.

[0509] Synthesis and use of nucleic acid arrays and gener-
ally attachment of nucleic acids to supports have been
described (see, e.g., U.S. Pat. No. 5,436,327, U.S. Pat. No.
5,800,992, U.S. Pat. No. 5,445,934, U.S. Pat. No. 5,763,170,
U.S. Pat. No. 5,599,695 and U.S. Pat. No. 5,837,832). An
automated process for attaching various reagents to position-
ally defined sites on a substrate is provided in Pirrung, et al.
U.S. Pat. No. 5,143,854 and Barrett, et al. U.S. Pat. No.
5,252,743, For example, disulfide-modified oligonucleotides
can be covalently attached to solid supports using disulfide
bonds. (See Rogers et al., Anal. Biochem. 266:23-30 (1999).)
Further, disulfide-modified oligonucleotides can be peptide
nucleic acid (PNA) using solid-phase synthesis. (See Aldrian-
Herrada et al., J. Pept. Sci. 4:266-281 (1998).) Thus, nucleic
acid molecules comprising one or more recombination sites
or portions thereof can be added to one or more supports (or
can be added in arrays on such supports) and nucleic acids,
proteins or other molecules and/or compounds can be added
to such supports through recombination methods of the
invention. Conjugation of nucleic acids to a molecule of
interest are known in the art and thus one of ordinary skill can
produce molecules and/or compounds comprising recombi-
nation sites (or portions thereof) for attachment to supports
(in array format or otherwise) according to the invention.

[0510] Essentially, any conceivable support may be
employed in the invention. The support may be biological,
non-biological, organic, inorganic, or a combination of any of
these, existing as particles, strands, precipitates, gels, sheets,
tubing, spheres, containers, capillaries, pads, slices, films,
plates, slides, etc. The support may have any convenient
shape, such as a disc, square, sphere, circle, etc. The support
is preferably flat but may take on a variety of alternative
surface configurations. For example, the support may contain
raised or depressed regions which may be used for synthesis
orother reactions. The support and its surface preferably form
a rigid support on which to carry out the reactions described
herein. The support and its surface are also chosen to provide
appropriate light-absorbing characteristics. For instance, the
support may be a polymerized Langmuir Blodgett film, func-
tionalized glass, Si, Ge, GaAs, GaP, Si02, SIN4, modified
silicon, or any one of a wide variety of gels or polymers such
as (poly)tetrafluoroethylene, (poly)vinylidenedifluoride,
polystyrene, polycarbonate, or combinations thereof. Other
support materials will be readily apparent to those of skill in
the art upon review of this disclosure. In a preferred embodi-
ment the support is flat glass or single-crystal silicon.
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[0511] Thus, the invention provides methods for preparing
arrays of nucleic acid molecules attached to supports. Insome
embodiments, these nucleic acid molecules will have recom-
bination sites at one or more (e.g., one, two, three or four) of
their termini. In some additional embodiments, one nucleic
acid molecule will be attached directly to the support, orto a
specific section of the support, and one or more additional
nucleic acid molecules will be indirectly attached to the sup-
port via attachment to the nucleic acid molecule which is
attached directly to the support. In such cases, the nucleic acid
molecule which is attached directly to the support provides a
site of nucleation around which a nucleic acid array may be
constructed.

[0512] The invention further provides methods for linking
supports to each other and for linking molecules bound to the
same support together. Using FIG. 11 for non-limiting illus-
tration of one embodiment of such a process, a recombination
site designated RS can be positioned at the end of the RS site
on the A/B composition shown attached to the support in the
lower portion of the figure. Further, an identical composition
may also be attached to another part of the same or different
support. Recombination between the RS, sites can then be
used to connect the two compositions, thereby forming either
a linkage between two compositions attached to the same
support or two compositions attached to the different support.
The invention thus provides methods for cross-linking com-
pounds attached to the same support by linking one or more
compositions bound to the support using recombination sites.
The invention also provides methods for cross-linking sepa-
rate supports by linking one or more compositions bound to
these supports suing recombination sites.

[0513] In one aspect, the invention provides supports con-
taining nucleic acid molecules which are produced by meth-
ods of the invention. In many embodiments, the nucleic acid
molecules of these supports will contain at least one recom-
bination site. In some embodiments, this recombination site
will have undergone recombination prior to attachment of the
nucleic acid molecule to the support. These bound nucleic
acid molecules are useful, for example, for identifying other
nucleic acid molecules (e.g., nucleic acid molecules which
hybridize to the bound nucleic acid molecules under stringent
hybridization conditions) and proteins which have binding
affinity for the bound nucleic acid molecules. Expression
products may also be produced from these bound nucleic acid
molecules while the nucleic acid molecules remain bound to
the support. Thus, compositions and methods of the invention
can be used to identify expression products and products
produced by these expression products.

[0514] In other embodiments, nucleic acid molecules
bound to supports will undergo recombination after attach-
ment of the nucleic acid molecule to the support. As already
discussed, these bound nucleic acid molecules may thus be
used to identify nucleic acid molecules which encode expres-
sion products involved in one or a specified number of bio-
logical processes or pathways.

[0515] Further, nucleic acid molecules attached to supports
may be released from these supports. Methods for releasing
nucleic acid molecules include restriction digestion, recom-
bination, and, altering conditions (e.g., temperature, salt con-
centrations, etc.) to induce the dissociation of nucleic acid
molecules which have hybridized to bound nucleic acid mol-
ecules. Thus, methods of the invention include the use of
supports to which nucleic acid molecules have been bound for
the isolation of nucleic acid molecules.
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[0516] As noted above, in one aspect, the invention pro-
vides methods for screening nucleic acid libraries to identi-
fying nucleic acid molecules which encode expression prod-
ucts involved in the same biological processes or pathways. In
specific embodiments, such methods involve (1) attaching a
nucleic acid molecule comprising at least one recombination
site to a support, (2) contact the bound nucleic acid molecule
with a library of nucleic acid molecules, wherein individual
nucleic acid molecules of the library comprise at least one
recombination site, under conditions which facilitate recom-
bination between the bound nucleic acid molecule and
nucleic acid molecules of the library, and (3) screening for
either expression products of the nucleic acid molecule
formed by recombination or products produced by the
expression products of these nucleic acid molecules.

[0517] Examples of compositions which can be formed by
binding nucleic acid molecules to supports are “gene chips,”
often referred to in the art as “DNA microarrays™ or “genome
chips” (see U.S. Pat. Nos. 5,412,087 and 5,889,165, and PCT
Publication Nos. WO 97/02357, WO 97/43450, WO
98/20967, WO 99/05574, WO 99/05591, and WO 99/40105,
the disclosures of which are incorporated by reference herein
in their entireties). In various embodiments of the invention,
these gene chips may contain two- and three-dimensional
nucleic acid arrays described herein.

[0518] The adressability of nucleic acid arrays of the inven-
tion means that molecules or compounds which bind to par-
ticular nucleotide sequences can be attached to the arrays.
Thus, components such as proteins and other nucleic acids
can be attached to specific locations/positions in nucleic acid
arrays of the invention.

[0519] Thus, in one aspect, the invention provides affinity
purification methods comprising (1) providing a support to
which nucleic acid molecules comprising at least one recom-
bination site are bound, (2) attaching one or more additional
nucleic acid molecules to the support using recombination
reactions, (3) contacting the support with a composition con-
taining molecules or compounds which have binding affinity
for nucleic acid molecules bound to the support, under con-
ditions which facilitate binding of the molecules or com-
pounds to the nucleic acid molecules bound to the support, (4)
altering the conditions to facilitate the release of the bound
molecules or compounds, and (5) collecting the released mol-
ecules or compounds.

[0520] Methods of Nucleic Acid Synthesis, Amplification
and Sequencing

[0521] The present invention may be used in combination
with any method involving the synthesis of nucleic acid mol-
ecules, such as DNA (including cDNA) and RNA molecules.
Such methods include, but are not limited to, nucleic acid
synthesis methods, nucleic acid amplification methods and
nucleic acid sequencing methods. Such methods may be used
to prepare molecules (e.g., starting molecules) used in the
invention or to further manipulate molecules or vectors pro-
duced by the invention.

[0522] Nucleic acid synthesis methods according to this
aspect of the invention may comprise one or more steps (e.g.,
two, three, four, five, seven, ten, twelve, fifteen, etc.). For
example, the invention provides a method for synthesizing a
nucleic acid molecule comprising (a) mixing a nucleic acid
template (e.g., a nucleic acid molecules or vectors of the
invention) with one or more primers (e.g., two, three, four,
five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) and
one or more enzymes (e.g., two, three, four, five, seven, etc.)
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having polymerase or reverse transcriptase activity to form a
mixture; and (b) incubating the mixture under conditions
sufficient to make a first nucleic acid molecule complemen-
tary to all or a portion of the template. According to this aspect
of the invention, the nucleic acid template may be a DNA
molecule such as a cDNA molecule or library, or an RNA
molecule such as a mRNA molecule. Conditions sufficient to
allow synthesis such as pH, temperature, ionic strength, and
incubation times may be optimized by those skilled in the art.
If desired, recombination sites may be added to such synthe-
sized molecules during or after the synthesis process (see,
e.g., U.S. patent application Ser. No. 09/177,387 filed Oct. 23,
1998 based on U.S. provisional patent application No.
60/065,930 filed Oct. 24, 1997).

[0523] Inaccordance with the invention, the target or tem-
plate nucleic acid molecules or libraries may be prepared
from nucleic acid molecules obtained from natural sources,
such as a variety of cells, tissues, organs or organisms. Cells
that may be used as sources of nucleic acid molecules may be
prokaryotic (bacterial cells, including those of species of the
genera Escherichia, Bacillus, Serratia, Salmonella, Staphy-
lococcus, Streptococcus, Clostridium, Chlamydia, Neisseria,
Treponema, Mycoplasma, Borrelia, Legionella, Pseudomo-
nas, Mycobacterium, Helicobacter, Evwinia, Agrobacterium,
Rhizobium, and Streptomyces) or eukaryotic (including fungi
(especially yeast’s), plants, protozoans and other parasites,
and animals including insects (particularly Drosophila spp.
cells), nematodes (particularly Caenorhabditis elegans
cells), and mammals (particularly human cells)).

[0524] Of course, other techniques of nucleic acid synthe-
sis which may be advantageously used will be readily appar-
ent to one of ordinary skill in the art.

[0525] In other aspects of the invention, the invention may
be used in combination with methods for amplifying or
sequencing nucleic acid molecules. Nucleic acid amplifica-
tion methods according to this aspect of the invention may
include the use of one or more polypeptides having reverse
transcriptase activity, in methods generally known in the art
as one-step (e.g., one-step RT-PCR) or two-step (e.g., two-
step RT-PCR) reverse transcriptase-amplification reactions.
For amplification of long nucleic acid molecules (i.e., greater
than about 3-5 Kb in length), a combination of DNA poly-
merases may be used, as described in WO 98/06736 and WO
95/16028.

[0526] Amplification methods according to the invention
may comprise one or more steps (e.g., two, three, four, five,
seven, ten, etc.). For example, the invention provides a
method for amplifying a nucleic acid molecule comprising
(a) mixing one or more enzymes with polymerase activity
(e.g., two, three, four, five, seven, ten, etc.) with one or more
nucleic acid templates (e.g., two, three, four, five, seven, ten,
twelve, fifteen, twenty, thirty, fifty, one hundred, etc.); and (b)
incubating the mixture under conditions sufficient to allow
the enzyme with polymerase activity to amplify one or more
nucleic acid molecules complementary to all or a portion of
the templates. The invention also provides nucleic acid mol-
ecules amplified by such methods. If desired, recombination
sites may be added to such amplified molecules during or
after the amplification process (see, e.g., U.S. patent applica-
tion Ser. No. 09/177,387 filed Oct. 23, 1998 based on U.S.
provisional patent application No. 60/065,930 filed Oct. 24,
1997).

[0527] General methods for amplification and analysis of
nucleic acid molecules or fragments are well known to one of
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ordinary skill in the art (see, e.g., U.S. Pat. Nos. 4,683,195;
4,683,202; and 4,800,159; Innis, M. A, et al., eds., PCR
Protocols: A Guide to Methods and Applications, San Diego,
Calif.: Academic Press, Inc. (1990); Griffin, H. G., and Grit-
fin, A. M., eds., PCR Technology: Current Innovations, Boca
Raton, Fla.: CRC Press (1994)). For example, amplification
methods which may be used in accordance with the present
invention include PCR (U.S. Pat. Nos. 4,683,195 and 4,683,
202), Strand Displacement Amplification (SDA; U.S. Pat.
No. 5,455,166; EP 0 684 315), and Nucleic Acid Sequence-
Based Amplification (NASBA; U.S. Pat. No. 5,409,818; EP O
329 822).

[0528] Typically, these amplification methods comprise:
(a) mixing one or more enzymes with polymerase activity
with the nucleic acid sample in the presence of one or more
primers, and (b) amplifying the nucleic acid sample to gen-
erate a collection of amplified nucleic acid fragments, pref-
erably by PCR or equivalent automated amplification tech-
nique.

[0529] Following amplification or synthesis by the meth-
ods of the present invention, the amplified or synthesized
nucleic acid fragments may be isolated for further use or
characterization. This step is usually accomplished by sepa-
ration of the amplified or synthesized nucleic acid fragments
by size or by any physical or biochemical means including gel
electrophoresis, capillary electrophoresis, chromatography
(including sizing, affinity and immunochromatography),
density gradient centrifugation and immunoadsorption.
Separation of nucleic acid fragments by gel electrophoresis is
particularly preferred, as it provides a rapid and highly repro-
ducible means of sensitive separation of a multitude of
nucleic acid fragments, and permits direct, simultaneous
comparison of the fragments in several samples of nucleic
acids. One can extend this approach, in another preferred
embodiment, to isolate and characterize these fragments or
any nucleic acid fragment amplified or synthesized by the
methods of the invention. Thus, the invention is also directed
to isolated nucleic acid molecules produced by the amplifi-
cation or synthesis methods of the invention.

[0530] Inthis embodiment, one or more of the amplified or
synthesized nucleic acid fragments are removed from the gel
which was used for identification (see above), according to
standard techniques such as electroelution or physical exci-
sion. The isolated unique nucleic acid fragments may then be
inserted into standard vectors, including expression vectors,
suitable for transfection or transformation of a variety of
prokaryotic (bacterial) or eukaryotic (yeast, plant or animal
including human and other mammalian) cells. Alternatively,
nucleic acid molecules produced by the methods of the inven-
tion may be further characterized, for example by sequencing
(i.e., determining the nucleotide sequence of the nucleic acid
fragments), by methods described below and others that are
standard in the art (see, e.g., U.S. Pat. Nos. 4,962,022 and
5,498,523, which are directed to methods of DNA sequenc-
ing).

[0531] Nucleic acid sequencing methods according to the
invention may comprise one or more steps. For example, the
invention may be combined with a method for sequencing a
nucleic acid molecule comprising (a) mixing an enzyme with
polymerase activity with a nucleic acid molecule to be
sequenced, one or more primers, one or more nucleotides, and
one or more terminating agents (such as a dideoxynucle-
otides) to form a mixture; (b) incubating the mixture under
conditions sufficient to synthesize a population of molecules
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complementary to all or a portion of the molecule to be
sequenced; and (c) separating the population to determine the
nucleotide sequence of all or a portion of the molecule to be
sequenced.

[0532] Nucleic acid sequencing techniques which may be
employed include dideoxy sequencing methods such as those
disclosed in U.S. Pat. Nos. 4,962,022 and 5,498,523.

[0533] Kits

[0534] In another aspect, the invention provides kits which
may be used in conjunction with the invention. Kits according
to this aspect of the invention may comprise one or more
containers, which may contain one or more components
selected from the group consisting of one or more nucleic acid
molecules or vectors of the invention, one or more primers,
the molecules and/or compounds of the invention, supports of
the invention, one or more polymerases, one or more reverse
transcriptases, one or more recombination proteins (or other
enzymes for carrying out the methods of the invention), one
or more buffers, one or more detergents, one or more restric-
tion endonucleases, one or more nucleotides, one or more
terminating agents (e.g., ddNTPs), one or more transfection
reagents, pyrophosphatase, and the like.

[0535] A wide variety of nucleic acid molecules or vectors
of the invention can be used with the invention. Further, due
to the modularity of the invention, these nucleic acid mol-
ecules and vectors can be combined in wide range of ways.
Examples of nucleic acid molecules which can be supplied in
kits of the invention include those that contain promoters,
signal peptides, enhancers, repressors, selection markers,
transcription signals, translation signals, primer hybridiza-
tion sites (e.g., for sequencing or PCR), recombination sites,
restriction sites and polylinkers, sites which suppress the
termination of translation in the presence of a suppressor
tRNA, suppressor tRNA coding sequences, sequences which
encode domains and/or regions (e.g., 6 His tag) for the prepa-
ration of fusion proteins, origins of replication, telomeres,
centromeres, and the like. Similarly, libraries can be supplied
in kits of the invention. These libraries may be in the form of
replicable nucleic acid molecules or they may comprise
nucleic acid molecules which are not associated with an ori-
gin of replication. As one skilled in the art would recognize,
the nucleic acid molecules of libraries, as well as other
nucleic acid molecules, which are not associated with an
origin of replication either could be inserted into other nucleic
acid molecules which have an origin of replication or would
be an expendable kit components.

[0536] Further, in some embodiments, libraries supplied in
kits of the invention may comprise two components: (1) the
nucleic acid molecules of these libraries and (2) 5' and/or 3'
recombination sites. In some embodiments, when the nucleic
acid molecules of a library are supplied with 5' and/or 3'
recombination sites, it will be possible to insert these mol-
ecules into vectors, which also may be supplied as a kit
component, using recombination reactions. In other embodi-
ments, recombination sites can be attached to the nucleic acid
molecules of the libraries before use (e.g., by the use of a
ligase, which may also be supplied with the kit). In such cases,
nucleic acid molecule which contain recombination sites or
primers which can be used to generate recombination sites
may be supplied with the kits.

[0537] Vector supplied in kits of the invention can vary
greatly. In most instances, these vectors will contain an origin
of replication, at least one selectable marker, and at least one
recombination site. For example, vectors supplied in kits of
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the invention can have four separate recombination sites
which allow for insertion of nucleic acid molecules at two
different locations. A vector of this type is shown schemati-
cally in FIG. 6. Other attributes of vectors supplied in kits of
the invention are described elsewhere herein.

[0538] Kits of the invention can also be supplied with prim-
ers. These primers will generally be designed to anneal to
molecules having specific nucleotide sequences. For
example, these primers can be designed for use in PCR to
amplify a particular nucleic acid molecule. Further, primers
supplied with kits of the invention can be sequencing primers
designed to hybridize to vector sequences. Thus, such primers
will generally be supplied as part of a kit for sequencing
nucleic acid molecules which have been inserted into a vector.
[0539] One or more buffers (e.g., one, two, three, four, five,
eight, ten, fifteen) may be supplied in kits of the invention.
These bufters may be supplied at a working concentrations or
may be supplied in concentrated form and then diluted to the
working concentrations. These buffers will often contain salt,
metal ions, co-factors, metal ion chelating agents, etc. for the
enhancement of activities of the stabilization of either the
buffer itself or molecules in the buffer. Further, these buffers
may be supplied in dried or aqueous forms. When buffers are
supplied in a dried form, they will generally be dissolved in
water prior to use. Examples of buffers suitable for use in kits
of the invention are set out in the following examples.
[0540] Supports suitable for use with the invention (e.g.,
solid supports, semi-solid supports, beads, multi-well tubes,
etc., described above in more detail) may also be supplied
with kits of the invention. Exemplary uses of supports in
processes of the invention are shown in FIGS. 10-13.

[0541] Kits ofthe invention may contain virtually any com-
bination of the components set out above or described else-
where herein. As one skilled in the art would recognize, the
components supplied with kits of the invention will vary with
the intended use for the kits. Thus, kits may be designed to
perform various functions set out in this application and the
components of such kits will vary accordingly.

[0542] It will be understood by one of ordinary skill in the
relevant arts that other suitable modifications and adaptations
to the methods and applications described herein are readily
apparent from the description of the invention contained
herein in view of information known to the ordinarily skilled
artisan, and may be made without departing from the scope of
the invention or any embodiment thereof. Having now
described the present invention in detail, the same will be
more clearly understood by reference to the following
examples, which are included herewith for purposes of illus-
tration only and are not intended to be limiting of the inven-
tion.

[0543] The entire disclosures of U.S. application Ser. No.
08/486,139 (now abandoned), filed Jun. 7, 1995, U.S. appli-
cation Ser. No. 08/663,002, filed Jun. 7, 1996 (now U.S. Pat.
No. 5,888,732), U.S. application Ser. No. 09/233,492, filed
Jan. 20, 1999, U.S. Pat. No. 6,143,557, issued Nov. 7, 2000,
U.S. Appl. No. 60/065,930, filed Oct. 24,1997, U.S. applica-
tion Ser. No. 09/177,387 filed Oct. 23, 1998, U.S. application
Ser. No. 09/296,280, filed Apr. 22, 1999, U.S. application Ser.
No. 09/296,281, filed Apr. 22, 1999, U.S. Appl. No. 60/108,
324, filed Nov. 13, 1998,U.S. application Ser. No. 09/438,
358, filed Nov. 12, 1999, U.S. application Ser. No. 09/695,
065, filed Oct. 25, 2000, U.S. application Ser. No. 09/432,085
filed Nov. 2, 1999, U.S. Appl. No. 60/122,389, filed Mar. 2,
1999, U.S. Appl. No. 60/126,049, filed Mar. 23, 1999, U.S.
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Appl. No. 60/136,744, filed May 28, 1999, U.S. Appl. No.
60/122,392, filed Mar. 2, 1999, and U.S. Appl. No. 60/161,
403, filed Oct. 25, 1999, are herein incorporated by reference.

EXAMPLES
Example 1

Simultaneous Cloning of Two Nucleic Acid Seg-
ments Using an LR Reaction

[0544] Twonucleic acid segments may be clonedina single
reaction using methods of the present invention. Methods of
the present invention may comprise the steps of providing a
first nucleic acid segment flanked by a first and a second
recombination site, providing a second nucleic acid segment
flanked by a third and a fourth recombination site, wherein
either the first or the second recombination site is capable of
recombining with either the third or the fourth recombination
site, conducting a recombination reaction such that the two
nucleic acid segments are recombined into a single nucleic
acid molecule and cloning the single nucleic acid molecule.

[0545] With reference to FIG. 2, two nucleic acid segments
flanked by recombination sites may be provided. Those
skilled in the art will appreciate that the nucleic acid segments
may be provided either as discrete fragments or as part of a
larger nucleic acid molecule and may be circular and option-
ally supercoiled or linear. The sites can be selected such that
one member of a reactive pair of sites flanks each of the two
segments.

[0546] By “reactive pair of sites,” what is meant is two
recombination sites that can, in the presence of the appropri-
ate enzymes and cofactors, recombine. For example, in some
preferred embodiments, one nucleic acid molecule may com-
prise an attR site while the other comprises an attl site that
reacts with the attR site. As the products of an LR reaction are
two molecules, one of which comprises an attB site and one of
which comprises an attP site, it is possible to arrange the
orientation of the starting attl. and attR sites such that, after
joining, the two starting nucleic acid segments are separated
by anucleic acid sequence that comprises either an attB site or
an attP site.

[0547] In some preferred embodiments, the sites may be
arranged such that the two starting nucleic acid segments are
separated by an attB site after the recombination reaction. In
other preferred embodiments, recombination sites from other
recombination systems may be used. For example, in some
embodiments one or more of the recombination sites may be
a lox site or derivative. In some preferred embodiments,
recombination sites from more than one recombination sys-
tem may be used in the same construct. For example, one or
more of the recombination sites may be an att site while others
may be lox sites. Various combinations of sites from different
recombination systems may occur to those skilled in the art
and such combinations are deemed to be within the scope of
the present invention.

[0548] As shown in FIG. 2, nucleic acid segment A (DNA-
A) may be flanked by recombination sites having unique
specificity, for example attlL1 and attl3 sites and nucleic acid
segment B (DNA-B) may be flanked by recombination sites
attR3 and attl.2. For illustrative purposes, the segments are
indicated as DNA. This should not be construed as limiting
the nucleic acids used in the practice of the present invention
to DNA to the exclusion of other nucleic acids. In addition, in
this and the subsequent examples, the designation of the
recombination sites (i.e., L1, L3, R1, R3, etc.) is merely
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intend to convey that the recombination sites used have dif-
ferent specificities and should not be construed as limiting the
invention to the use of the specifically recited sites. One
skilled in the art could readily substitute other pairs of sites for
those specifically exemplified.

[0549] The attR3 and att].3 sites comprise a reactive pair of
sites. Other pairs of unique recombination sites may be used
to flank the nucleic acid segments. For example, lox sites
could be used as one reactive pair while another reactive pair
may be att sites and suitable recombination proteins included
in the reaction. Likewise, the recombination sites discussed
above can be used in various combinations. In this embodi-
ment, the only critical feature is that, of the recombination
sites flanking each segment, one member of a reactive pair of
sites, in this example an LR pair [.3 and R3, is present on one
nucleic acid segment and the other member of the reactive
pair is present on the other nucleic acid segment. The two
segments may be contacted with the appropriate enzymes and
a Destination Vector.

[0550] The Destination Vector comprises a suitable select-
able marker flanked by two recombination sites. In some
embodiments, the selectable marker may be a negative select-
able marker (such as a toxic gene, e.g., ccdB). One site in the
Destination Vector will be compatible with one site present on
one of the nucleic acid segments while the other compatible
site present in the Destination Vector will be present on the
other nucleic acid segment.

[0551] Absent a recombination between the two starting
nucleic acid segments, neither starting nucleic acid segment
has recombination sites compatible with both the sites in the
Destination Vector. Thus, neither starting nucleic acid seg-
ment can replace the selectable marker present in the Desti-
nation Vector.

[0552] The reaction mixture may be incubated at about 25°
C. for from about 60 minutes to about 16 hours. All or a
portion of the reaction mixture will be used to transform
competent microorganisms and the microorganisms screened
for the presence of the desired construct.

[0553] In some embodiments, the Destination Vector com-
prises a negative selectable marker and the microorganisms
transformed are susceptible to the negative selectable marker
present on the Destination Vector. The transformed microor-
ganisms will be grown under conditions permitting the nega-
tive selection against microorganisms not containing the
desired recombination product.

[0554] In FIG. 2, the resulting desired product consists of
DNA-A and DNA-B separated by an attB3 site and cloned
into the Destination Vector backbone. In this embodiment, the
same type of reaction (i.e., an LR reaction) may be used to
combine the two fragments and insert the combined frag-
ments into a Destination Vector.

[0555] In some embodiments, it may not be necessary to
control the orientation of one or more of the nucleic acid
segments and recombination sites of the same specificity can
be used on both ends of the segment.

[0556] With reference to FIG. 2, if the orientation of seg-
ment A with respect to segment B were not critical, segment
A could be flanked by L1 sites on both ends oriented as
inverted repeats and the end of segment B to be joined to
segment A could be equipped with an R1 site. This might be
useful in generating additional complexity in the formation of
combinatorial libraries between segments A and B. That is,
the joining of the segments can occur in various orientations
and given that one or both segments joined may be derived
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from one or more libraries, a new population or library com-
prising hybrid molecules in random orientations may be con-
structed according to the invention.

[0557] Although, in the present examples, the recombina-
tion between the two starting nucleic acid segments is shown
as occurring before the recombination reactions with the Des-
tination Vector, the order of the recombination reactions is not
important. Thus, in some embodiments, it may be desirable to
conduct the recombination reaction between the segments
and isolate the combined segments. The combined segments
can be used directly, for example, may be amplified,
sequenced or used as linear expression elements as taught by
Sykes, et al. (Nature Biotechnology 17:355-359, 1999). In
some embodiments, the joined segments may be encapsu-
lated as taught by Tawfik, et al. (Nature Biotechnology
16:652-656, 1998) and subsequently assayed for one or more
desirable properties. In some embodiments, the combined
segments may be used for in vitro expression of RNA by, for
example, including a promoter such as the T7 promoter or
SP6 promoter on one of the segments. Such in vitro expressed
RNA may optionally be translated in an in vitro translation
system such as rabbit reticulocyte lysate.

[0558] Optionally, the joined segments may be further
reacted with a Destination Vector resulting in the insertion of
the combined segments into the vector. In some instances, it
may be desirable to isolate an intermediate comprising one of
the segments and the vector. For insertion of the segments into
a vector, it is not critical to the practice of the present inven-
tion whether the recombination reaction joining the two seg-
ments occurs before or after the recombination reaction
between the segments and the Destination Vector.

[0559] According to the invention, all three recombination
reactions preferably occur (i.e., the reaction between segment
A and the Destination Vector, the reaction between segment B
and the Destination Vector, and the reaction between segment
A and segment B) in order to produce a nucleic acid molecule
in which both of the two starting nucleic acid segments are
now joined in a single molecule. In some embodiments,
recombination sites may be selected such that, after insertion
into the vector, the recombination sites flanking the joined
segments form a reactive pair of sites and the joined segments
may be excised from the vector by reaction of the flanking
sites with suitable recombination proteins.

[0560] With referenceto FIG. 2, if the [.2 site on segment B
were replaced by an L1 site in the opposite orientation with
respect to segment B (i.e., the long portion of the box indi-
cating the recombination site was not adjacent to the segment)
and the R2 site in the vector were replaced by an R1 site in
opposite orientation, the recombination reaction would pro-
duce an attP1 site in the vector. The attP 1 site would then be
capable of reaction with the attB1 site on the other end of the
joined segments. Thus, the joined segments could be excised
using the recombination proteins appropriate for a BP reac-
tion.

[0561] This embodiment of the invention is particularly
suited for the construction of combinatorial libraries. In some
preferred embodiments, each of the nucleic acid segments in
FIG. 2 may represent libraries, each of which may have a
known or unknown nucleic acid sequence to be screened. In
some embodiments, one or more of the segments may have a
sequence encoding one or more permutations of the amino
acid sequence of a given peptide, polypeptide or protein. In
some embodiments, each segment may have a sequence that
encodes a protein domain or a library representing various
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permutations of the sequence of protein domain. For
example, one segment may represent a library of mutated
forms of the variable domain of an antibody light chain while
the other segment represents a library of mutated forms of an
antibody heavy chain. Thus, recombination would generate a
population of molecules (e.g., antibodies, single-chain anti-
gen-binding proteins, etc.) each potentially containing a
unique combination of sequences and, therefore, a unique
binding specificity.

[0562] In other preferred embodiments, one of the seg-
ments may represent a single nucleic acid sequence while the
other represents a library. The result of recombination will be
a population of sequences all of which have one portion in
common and are varied in the other portion. Embodiments of
this type will be useful for the generation of a library of fusion
constructs. For example, DNA-A may comprise a regulatory
sequence for directing expression (i.e., a promoter) and a
sequence encoding a purification tag. Suitable purification
tags include, but are not limited to, glutathione S-transferase
(GST), the maltose binding protein (MBP), epitopes, defined
amino acid sequences such as epitopes, haptens, six histidines
(HIS6), and the like. DNA-B may comprise a library of
mutated forms of a protein of interest. The resultant con-
structs could be assayed for a desired characteristic such as
enzymatic activity or ligand binding.

[0563] Alternatively, DNA-B might comprise the common
portion of the resulting fusion molecule. In some embodi-
ments, the above described methods may be used to facilitate
the fusion of promoter regions or transcription termination
signals to the 5'-end or 3'-end of structural genes, respectively,
to create expression cassettes designed for expression in dif-
ferent cellular contexts, for example, by adding a tissue-
specific promoter to a structural gene.

[0564] Insome embodiments, one or more of the segments
may represent a sequence encoding members of a random
peptide library. This approach might be used, for example, to
generate a population of molecules with a certain desirable
characteristic. For example, one segment might contain a
sequence coding for a DNA binding domain while the other
segment represents a random protein library. The resulting
population might be screened for the ability to modulate the
expression of a target gene of interest. In other embodiments,
both segments may represent sequences encoding members
of a random protein library and the resultant synthetic pro-
teins (e.g., fusion proteins) could be assayed for any desirable
characteristic such as, for example, binding a specific ligand
or receptor or possessing some enzymatic activity.

[0565] It is not necessary that the nucleic acid segments
encode an amino acid sequence. For example, both of the
segments may direct the transcription of an RNA molecule
that is not translated into protein. This will be useful for the
construction of tRNA molecules, ribozymes and anti-sense
molecules. Alternatively, one segment may direct the tran-
scription of an untranslated RNA molecule while the other
codes for a protein. For example, DNA-A may direct the
transcription of an untranslated leader sequence that
enhances protein expression such as the encephalomyocardi-
tis virus leader sequence (EMC leader) while DNA-B
encodes a peptide, polypeptide or protein of interest. In some
embodiments, a segment comprising a leader sequence might
further comprise a sequence encoding an amino acid
sequence. For example, DNA-A might have a nucleic acid
sequence corresponding to an EMC leader sequence and a
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purification tag while DNA-B has a nucleic acid sequence
encoding a peptide, polypeptide or protein of interest.
[0566] The above process is especially useful for the prepa-
ration of combinatorial libraries of single-chain antigen-bind-
ing proteins. Methods for preparing single-chain antigen-
binding proteins are known in the art. (See, e.g., PCT
Publication No. WO 94/07921, the entire disclosure of which
is incorporated herein by reference.) Using the constructs
shown in FIG. 6 for illustration, DNA-A could encode, for
example, mutated forms of the variable domain of an anti-
body light chain and DNA-B could encode, for example,
mutated forms of the variable domain of an antibody light
chain. Further, the intervening nucleic acid between DNA-A
and DNA-B could encode a peptide linker for connecting the
light and heavy chains. Cells which express the single-chain
antigen-binding proteins can then be screened to identify
those which produce molecules that bind to a particular anti-
gen.

[0567] Numerous variation of the above are possible. For
example, instead of using a construct illustrated in FIG. 6, a
constructs such as that illustrated in FIG. 2 could be used with
the linker peptide coding region being embedded in the
recombination site. This is one an example of recombination
site embedded functionality discussed above.

[0568] As another example, single-chain antigen-binding
proteins composed of two antibody light chains and two
antibody heavy chains can also be produced. These single-
chain antigen-binding proteins can be designed to associate
and form multivalent antigen binding complexes. Using the
constructs shown in FIG. 2 again for illustration, DNA-A and
DNA-B could each encode, for example, mutated forms of
the variable domain of an antibody light chain. At the same
site in a similar vector or at another site in a vector which is
designed for the insertion of four nucleic acid inserts, DNA-A
and DNA-B could each encode, for example, mutated forms
of the variable domain of an antibody heavy chain. Cells
which express both single-chain antigen-binding proteins
could then be screened to identity, for example, those which
produce multivalent antigen-binding complexes having
specificity for a particular antigen.

[0569] Thus, the methods of the invention can be used, for
example, to prepare and screen combinatorial libraries to
identify cells which produce antigen-binding proteins (e.g.,
antibodies and/or antibody fragments or antibody fragment
complexes comprising variable heavy or variable light
domains) having specificities for particular epitopes. The
methods of the invention also methods for preparing antigen-
binding proteins and antigen-binding proteins prepared by
the methods of the invention.

Example 2

Simultaneous Cloning of Two Nucleic Acid Frag-
ments Using an LR Reaction to Join the Segments
and a BP Reaction to Insert the Segments into a Vec-
tor

[0570] As shown in FIG. 3, a first nucleic acid segment
flanked by an attB recombination site and an attl, recombi-
nation site may be joined to a second nucleic acid segment
flanked by an attR recombination site that is compatible with
the attl. site present on the first nucleic acid segment and
flanked by an attB site that may be the same or different as the
attB site present on the first segment. FIG. 3 shows an
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embodiment wherein the two attB sites are different. The two
segments may be contacted with a vector containing attP sites
in a BP reaction.

[0571] A subsequent LR reaction would generate a product
consisting of DNA-A and DNA-B separated by either an attP
site or an attB site (the product of the LR reaction) and cloned
into the vector backbone. In the embodiment shown in FIG. 3,
the attl, and attR sites are arranged so as to generate an attB
site between the segments upon recombination. In other
embodiments, the attl, and the attR may be oriented difter-
ently so as to produce an attP site between the segments upon
recombination. In preferred embodiments, after recombina-
tion, the two segments may be separated by an attB site.
[0572] Those skilled in the art can readily optimize the
conditions for conducting the reactions described above with-
out the use of undue experimentation. In a typical reaction
from about 50 ng to about 1000 ng of vector may be contacted
with the fragments to be cloned under suitable reaction con-
ditions. Each fragment may be present in a molar ratio of from
about 25:1 to about 1:25 vector:fragment. In some embodi-
ments, one or more of the fragments may be present ata molar
ratio of from about 10:1 to 1:10 vector:fragment. In a pre-
ferred embodiment, each fragment may be present at a molar
ratio of about 1:1 vector:fragment.

[0573] Typically, the nucleic acid may be dissolved in an
aqueous buffer and added to the reaction mixture. One suit-
able set of conditions is 4 pul CLONASE™ enzyme mixture
(e.g., Invitrogen Corp. (Carlsbad, Calif.), Cat. Nos. 11791-
019 and 11789-013), 4 ul 5x reaction buffer and nucleic acid
and water to a final volume of 20 pl. This will typically result
in the inclusion of about 200 ng of Int and about 80 ng of IHF
in a 20 pl BP reaction and about 150 ng Int, about 25 ng IHF
and about 30 ng X is in a 20 pt LR reaction.

[0574] In some preferred embodiments, particularly those
in which attL sites are to be recombined with attR sites, the
final reaction mixture may include about 50 mM Tris HCI, pH
7.5, about 1 mM EDTA, about 1 mg/ml BSA, about 75 mM
NaCl and about 7.5 mM spermidine in addition to recombi-
nation enzymes and the nucleic acids to be combined. In other
preferred embodiments, particularly those in which an attB
site is to be recombined with an attP site, the final reaction
mixture may include about 25 mM Tris HCI, pH 7.5, about 5
mM EDTA, about 1 mg/ml bovine serum albumin (BSA),
about 22 mM NaCl, and about 5 mM spermidine.

[0575] When it is desired to conduct both a BP and an LR
reaction without purifying the nucleic acids in between, the
BP reaction can be conducted first and then the reaction
conditions adjusted to about 50 mM NaCl, about 3.8 mM
spermidine, about 3.4 mM EDTA and about 0.7 mg/ml by the
addition of the LR CLONASE™ enzymes and concentrated
NaCl. The reaction solution may be incubated at suitable
temperature such as, for example, 25° C. for from about 60
minutes to 16 hours. After the recombination reaction, the
solution may be used to transform competent host cells and
the host cells screened as described above.

[0576] One example of a “one-tube” reaction protocol,
which facilitates the transfer of PCR products directly to
Expression Clones in a two-step reaction performed in a
single tube follows. This process can also be used to transfer
a gene from one Expression Clone plasmid backbone to
another. The Expression Clone is first be linearized within the
plasmid backbone to achieve the optimal topology for the BP
reaction and to eliminate false-positive colonies due to co-
transformation.
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[0577] Twenty-five ul BP reaction mixture is prepared in a
1.5 ml tube with the following components:

attB DNA (100-200 ng) 1-12.5 pl
attP DNA (pDONR201) 150 ng/ul 2.5 ul
BP Reaction Buffer 5.0 pl
TE to 20 pl
BP Clonase 5.0 pl
Total vol. 25 pl

[0578] The contents of the tube is mixed and incubated for
4 hours, or longer, at 25° C. If the PCR product is amplified
from a plasmid template containing selectable markers
present on the GATEWAY™ pDONR or pDEST vectors (i.e.,
kand or ampr), the PCR product may be treated with the
restriction endonuclease Dpnl to degrade the plasmid. Such
plasmids are a potential source of false-positive colonies in
the transformation of GATEWAY™ reactions. Further, when
the template for PCR or starting Expression Clone has the
same selectable marker as the final Destination Vector (e.g.,
amp’), plating on LB plates containing 100 pg/ml ampicillin
can be used to determine the amount of false positive colonies
carried over to the LR reaction step.

[0579] Five ul of the reaction mixture is transferred to a
separate tube to which is added 0.5 ul Proteinase K Solution.
This tube is then incubate for 10 minutes at 37° C. One
hundred pl of competent cells are then transformed with 1-2
ul of the mixture and plated on LB plates containing 50 ug/ml
kanamycin. This yields colonies for isolation of individual
Entry Clones and for assessment of the BP Reaction effi-
ciency.

[0580] The following components are added to the remain-
ing 20 ul BP reaction described above:

NacCl 0.75M 1l
Destination Vector 150 ng/ul 3ul
LR Clonase 6
Total vol. 30 pl
[0581] The mixture is then incubate at 25° C. for 2 hours,

after which 3 pl of proteinase K solution, followed by a
further incubation of 10 minutes at 37° C. 1-2 ul of this
mixtures is then used to transform 100 pl competent cells,
which are then plated on LB plates containing 100 ng/ml
ampicillin.

Example 3

Cloning of PCR Products Using Fragments by Con-
verting attB Sites into a Reactive Pair of att, and
attR Sites in a BP Reaction and Subsequent LR
Reaction

[0582] A similar strategy to that described in Example 2 can
be used to recombine two PCR products and clone them
simultaneously into a vector backbone. Since attl. and attR
sites are 100 and 125 base pairs long, respectively, it may be
desirable to incorporate attB sites into the PCR primers since
an attB site is 25 base pairs in length. Depending on the
orientation of the attB site with respect to the nucleic acid
segment being transferred, attB sites can be converted to
either an attl, or attR site by the BP reaction. Thus, the



US 2011/0275541 Al

orientation of the attB site in the attB PCR primer determines
whether the attB site is converted to attL or attR. This affords
the GATEWAY™ system and methods of the invention great
flexibility in the utilization of multiple att sites with unique
specificity.

[0583] As shown in FIG. 4, two segments (e.g., PCR prod-
ucts) consisting of segment A flanked by mutated attB sites
each having a different specificity (e.g., by attB1 and attB3)
and segment B flanked by mutated attB sites of different
specificity, wherein one of the attB sites present on segment A
is the same as one of the attB sites present on segment B (e.g.
segment B may contain attB3 and attB2 sites) may be joined
and inserted into a vector. The segments may be reacted either
individually or together with two attP site containing vectors
in a BP reaction. Alternatively, the attP sites might be present
on linear segments. One vector contains attP sites compatible
with the attB sites present on segment A (e.g., attP1 and attP3
sites). The other vector contains attP sites compatible with the
attB sites present on segment B (e.g., attP3 and attP2 sites).
When linear segments are used to provide the attP sites, each
attP site may be provided on a segment. The orientations of
the attB3 and attP3 sites are such that an attR3 site would be
generated at the 5'-end of the DNA-B segment and an attl.3
site generated at the 3'-end of segment A. The resulting entry
clones are mixed with a Destination Vector in a subsequent
LR reaction to generate a product consisting of DNA-A and
DNA-B separated by an attB3 site and cloned into the Desti-
nation Vector backbone.

[0584] This basic scheme has been used to link two seg-
ments, an attl.1-fragment A-attl.3 entry clone that is reacted
with an attR3-fragment B-attl.2 entry clone, and to insert the
linked fragments into the destination vector. To generate the
appropriate entry clones, two attP Donor vectors were con-
structed consisting of attP1-ccdB-attP3 and attP3R-ccdB-
attP2 such that they could be reacted with appropriate attB
PCR products in order to convert the attB sites to attl and attR
sites. The designation attP3R is used to indicated that the
orientation of the attP3 site is such that reaction with a DNA
segment having a cognate attB site will result in the produc-
tion of an attR site on the segment. This is represented sche-
matically in FIG. 4 by the reversed orientation of the stippled
and lined sections of the attB3 on segment B as compared to
segment A. On segment B the stippled portion is adjacent to
the segment while on segment A the lined portion is adjacent
to the segment.

[0585] This methodology was exemplified by constructing
a DNA segment in which the tetracycline resistance gene (tet)
was recombined with the P-galactosidase gene such that the
two genes were separated by an attB site in the product. The
tet gene was PCR amplified with 5'-attB1 and 3'-attB3 ends.
The lacZ gene was PCR amplified with 5'-attB3R and
3'-attB2 ends. The two PCR products were precipitated with
polyethylene glycol (PEG). The B1-tet-B3 PCR product was
mixed with an attP1-ccdB-attP3 donor vector and reacted
with BP CLONASE™ using a standard protocol to generate
an attl.1-tet-attL.3 entry clone. A correct tet entry clone was
isolated and plasmid DNA prepared using standard tech-
niques. In a similar fashion, the attB3R-lacZ-attB2 PCR
product was mixed with an attP3R-ccdB-attP2 donor vector
and reacted with BP CLONASE™ to generate an attR3-lacZ-
attl.2 entry clone.

[0586] In order to join the two segments in a single vector,
an LR CLONASE™ reaction was prepared in a reaction
volume of 20 pl containing the following components: 60 ng
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(25 fmoles) of the supercoiled tet entry clone; 75 ng (20
fmoles) of the supercoiled lacZ entry clone; 150 ng (35
fmoles) of pDEST6 (described in PCT Publication WO
00/52027, the entire disclosure of which is incorporated
herein by reference) linearized with Ncol; 4 ul reaction buffer
and 4 ul of LR CLONASE™. The final reaction mixture
contained 51 mM Tris. HCI, 1 mM EDTA, 1 mg/ml BSA, 76
mM

[0587] NaCl, 7.5 mM spermidine, 160 ng of Int, 35 ng of
THF and 35 ng of Xis. The reaction was incubated at 25° C.
overnight and stopped with 2 pl of proteinase K solution (2
mg/ml). A 2 pl aliquot was used to transform 100 pul of E. coli
DHS5a. LE cells and plated on LB plates containing ampicillin
and XGal. Approximately 35,000 colonies were generated in
the transformation mixture with cells at an efficiency of 1.6x
10® cful/ug of pUC DNA. All the colonies appeared blue
indicating the presence of the lacZ gene. 24 colonies were
streaked onto plates containing tetracycline and XGal. All of
the colonies tested, 24/24, were resistant to tetracycline. 12
colonies were used to inoculate 2 ml of LB broth containing
ampicillin for mini preps. 12/12 minipreps contained a super-
coiled plasmid of the correct size (7 kb).

[0588] Insomeembodiments, such as that shown in FIG. 5,
two segments can be reacted with a vector containing a single
recombination site in order to convert one of the recombina-
tion sites on the segments into a different recombination site.
In some embodiments, segments containing attB sites may be
reacted with a target vector having attP sites. For example,
segments A and B are reacted either together or separately
with a vector having an attP3 site in order to convert the attB3
sites on the segments into an attl.3 and an attR3, respectively.
This is done so that the subsequent LR reaction between the
two segments results in their being joined by an attB site. The
segments may be joined with the attP site containing vector
before, simultaneously with or after the recombination reac-
tion to convert the sites to generate a co-integrate molecule
consisting of DNA-A flanked by attl.1 and att].3 and DNA-B
flanked by attR3 and attL.2. A subsequent LR reaction will
generate a product clone consisting of DNA-A and DNA-B
separated by attB3 cloned into a vector backbone.

[0589] In some embodiments, an attP site designed to con-
vert the attB used to link the segments to a reactive pair of attl,
and attR sites may be provided as shorter segments such as
restriction fragments, duplexes of synthetic oligonucleotides
or PCR fragments. Reactions involving a linear fragment in a
BP reaction may require longer incubation times, such a
overnight incubation.

[0590] The conversion of attB sites to attL or attR sites can
also be accomplished solely by PCR. PCR primers containing
attl, or attR sites can be used to amplify a segment having an
attB site on the end. Since the sequence of attl. and attR sites
contains a portion of the sequence of an attB site, the attB site
in this case serves as an overlap region to which the attlL or
attR PCR primer can anneal. Extension of the annealed attl.
or attR primer through to the end of the PCR product will
generate a fusion template for PCR amplification of the full
length PCR product using flanking primers that anneal to the
ends of the attl or attR sites. The primers for the PCR reaction
may be provided as single stranded oligonucleotides. In some
preferred embodiments, the primers may be provided as a
duplex, for example, as the product of a PCR reaction to
amplify either an attl, or attR site.
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Example 4

Cloning of Two or More Nucleic Acid Fragments
into Different Places in the Same Vector

[0591] Two or more nucleic acid fragments can be cloned
simultaneously into different regions of a vector having mul-
tiple sets of recombination sites each flanking a selectable
marker. In some embodiments, one or more of the selectable
markers may be a negative selectable marker.

[0592] As shown in FIG. 6, two nucleic acid segments A
and B which may be present as discrete fragments or as part
of a larger nucleic acid molecule such as a plasmid, can be
simultaneously cloned into the same destination vector.
Nucleic acid segment A (DNA-A) flanked by recombination
sites that do not recombine with each other (e.g., attl.1 and
attl.2) and nucleic acid segment B (DNA-B) flanked by
recombination sites that do not recombine with each other
and do not recombine with the sites flanking segment A (e.g.,
attl.3 and attl.4) may be combined with a Destination Vector
in an LR reaction. The Destination Vector will contain two
pairs of recombination sites, each pair selected to recombine
with the sites flanking one of the segments. As an example,
FIG. 6 shows two pairs of attR sites (attR1/attR2 and attR3/
attR4) each flanking a ccdB negative selectable marker. The
three nucleic acids can be combined in a single LR reaction.
The resulting product will consist of DNA-A and DNA-B
flanked by pairs of attB sites and cloned into distinct regions
of the Destination Vector.

[0593] AsshowninFIG. 7, an analogous method for insert-
ing nucleic acid segments into a vector can be accomplished
using a BP reaction. For example, DNA-A flanked by recom-
bination sites attB1 and attB2 can be combined with DNA-B
flanked by recombination sites attB3 and attB4 and a vector
containing attP sites in a BP reaction. The resulting product
would consist of DNA-A and DNA-B cloned between pairs of
attL, sites into distinct regions of the vector. In some embodi-
ments, it may be desirable to insert the segments into the
target vector sequentially and isolate an intermediate mol-
ecule comprising only one of the segments.

[0594] Itis notnecessary that all of the sites be derived form
the same recombination system. For example, one segment
may be flanked by lox sites while the other segment is flanked
by att sites. A segment may have a lox site on one end and an
att site on the other end or anfit site on one end. Various
combinations of sites may be envisioned by those skilled in
the art and such combinations are within the scope of the
present invention.

[0595] Insome embodiments, it may be desirable to isolate
intermediates in the reaction shown in FIGS. 6 and 7. For
example, it may be desirable to isolate a vector having only
one of the segments inserted. The intermediate might be used
as is or might serve as the substrate in a subsequent recom-
bination reaction to insert the second segment.

[0596] In some embodiments, the present invention is a
method of cloning n nucleic acid segments, wherein n is an
integer greater than 1, comprising the steps of providing n
nucleic acid segments, each segment flanked by two unique
recombination sites, providing a vector comprising 2n recom-
bination sites wherein each of the 2n recombination sites is
capable of recombining with one of the recombination sites
flanking one of the nucleic acid segments and conducting a
recombination reaction such that the n nucleic acid segments
are recombined into the vector thereby cloning the n nucleic
acid segments. In further embodiments, the vector comprises

Nov. 10, 2011

n copies of a selectable marker each copy flanked by two
recombination sites. In other embodiments, the vector com-
prises two or more different selectable markers each flanked
by two recombination sites. In some embodiments, one or
more of the selectable markers may be a negative selectable
marker.

[0597] In some embodiments, the present invention pro-
vides a method of cloning, comprising the steps of providing
a first, a second and a third nucleic acid segment, wherein the
first nucleic acid segment is flanked by a first and a second
recombination site, the second nucleic acid segment is
flanked by a third and a fourth recombination site and the third
nucleic acid segment is flanked by a fifth and a sixth recom-
bination site, wherein the second recombination site is
capable of recombining with the third recombination site and
none of the first, fourth, fifth or sixth recombination sites is
capable of recombining with any of the first through sixth
recombination sites, providing a vector comprising a seventh
and an eighth recombination site flanking a first selectable
marker and comprising a ninth and a tenth recombination site
flanking a second selectable marker wherein none of the
seventh through tenth recombination sites can recombine
with any of the seventh through tenth recombination sites,
conducting a first recombination reaction such that the second
and the third recombination sites recombine and conducting a
second recombination reaction such that the first and the
fourth recombination sites recombine with the seventh and
the eighth recombination sites respectively and the fifth and
the sixth recombination sites recombine with the ninth and
the tenth recombination sites thereby cloning the first, second
and third nucleic acid segments.

[0598] Insome embodiments, a nucleic acid segment may
comprise a sequence that functions as a promoter. In some
embodiments, the first and the second nucleic acid segments
may comprise a sequence encoding a polypeptide and the
recombination places both polypeptides in the same reading
frame. In some embodiments, a nucleic acid segment may
comprise a sequence that functions as a transcription termi-
nation sequence.

[0599] The present invention provides an extremely versa-
tile method for the modular construction of nucleic acids and
proteins. Both the inserted nucleic acid segments and the
vector can contain sequences selected so as to confer desired
characteristics on the product molecules. In those embodi-
ments exemplified in FIGS. 6 and 7, in addition to the inserted
segments, one or more of the portions of the vector adjacent to
the inserted segments as well as the portion of the vector
separating the inserted segments can contain one or more
selected sequences.

[0600] Insomeembodiments, the selected sequences might
encode ribozymes, epitope tags, structural domains, select-
able markers, internal ribosome entry sequences, promoters,
enhancers, recombination sites and the like. In some pre-
ferred embodiments, the portion of the vector separating the
inserted segments may comprise one or more sclectable
markers flanked by a reactive pair of recombination sites in
addition to the recombination sites used to insert the nucleic
acid segments.

[0601] This methodology will be particularly well suited
for the construction of gene targeting vectors. For example,
the segment of the vector between the pairs of recombination
sites may encode one or more a selectable markers such as the
neomycin resistance gene. Segments A and B may contain
nucleic acid sequences selected so as to be identical or sub-
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stantially identical to a portion of a gene target that is to be
disrupted. After the recombination reaction, the Destination
Vector will contain two portions of a gene of interest flanking
a positive selectable marker. The vector can then be inserted
into a cell using any conventional technology, such as trans-
fection, whereupon the portions of the gene of interest present
on the vector can recombine with the homologous portions of
the genomic copy of the gene. Cells containing the inserted
vector can be selected based upon one or more characteristics
conferred by the selectable marker, for example, in the case
when the selectable marker is the neomycin resistance gene,
their resistance to G-418.

[0602] In some embodiments, one or more a negative
selectable markers may be included in the portion of the
Destination Vector that does not contain the target gene seg-
ments and the positive selectable marker. The presence of one
or more negative selectable markers permits the selection
against cells in which the entire Destination Vector was
inserted into the genome or against cells in which the Desti-
nation Vector is maintained extrachromosomally.

[0603] In some preferred embodiments, additional recom-
bination sites may be positioned adjacent to the recombina-
tion sites used to insert the nucleic acid segments. Molecules
of'this type will be useful in gene targeting application where
it is desirable to remove the selectable marker from the tar-
geted gene after targeting, the so called “hit and run” meth-
odology. Those skilled in the art will appreciate that the
segments containing homologous sequence need not neces-
sarily correspond to the sequence of a gene. In some
instances, the sequences may be selected to be homologous to
a chromosomal location other than a gene.

[0604] This methodology is also well suited for the con-
struction of bi-cistronic expression vectors. In some embodi-
ments, expression vectors containing bi-cistronic expression
elements where two structural genes are expressed from a
single promoter and are separated by an internal ribosome
entry sequence (IRES, see Encamaci6n, Current Opinion in
Biotechnology 10:458-464 (1999), specifically incorporated
herein by reference). Such vectors can be used to express two
proteins from a single construct.

[0605] In some embodiments, it may not be necessary to
control the orientation of one or more of the nucleic acid
segments and recombination sites of the same specificity can
be used on both ends of the segment. With reference to FIG.
6, if the orientation of segment A with respect to segment B
were not critical, segment A could be flanked by L1 sites on
both ends and the vector equipped with two R1 sites. This
might be useful in generating additional complexity in the
formation of combinatorial libraries between segments A and
B.

Example 5

Combining Multiple Fragments into a Single Site in
a Vector

[0606] In some embodiments, the present invention pro-
vides a method of cloning n nucleic acid segments, wherein n
is an integer greater than 1, comprising the steps of providing
a 1° through an n” nucleic acid segment, each segment
flanked by two unique recombination sites, wherein the
recombination sites are selected such that one of the two
recombination sites flanking the i” segment, n,, reacts with
one of the recombination sites flanking the n,_, ,;, segment and
the other recombination site flanking the i,,, segment reacts
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with one of the recombination sites flanking the n,, ,, seg-
ment, providing a vector comprising at least two recombina-
tion sites wherein one of the two recombination sites on the
vector reacts with one of the sites on the 1% nucleic acid
segment and another site on the vector reacts with a recom-
bination site on the n” nucleic acid segment. It is a further
object ofthe present invention to provide a method of cloning,
comprising the steps of providing a first, a second and a third
nucleic acid segment, wherein the first nucleic acid segment
is flanked by a first and a second recombination site, the
second nucleic acid segment is flanked by a third and a fourth
recombination site and the third nucleic acid segment is
flanked by a fifth and a sixth recombination site, wherein the
second recombination site is capable of recombining with the
third recombination site and the fourth recombination site is
capable of recombining with the fifth recombination site,
providing a vector having at least a seventh and an eighth
recombination site such that the seventh recombination site is
capable of reacting with the first recombination site and the
eighth recombination site is capable of reacting with the sixth
recombination site and conducting at least one recombination
reaction such that the second and the third recombination
sites recombine, the fourth and the fifth recombination sites
recombine, the first and the seventh recombination sites
recombine and the sixth and the eighth recombination sites
recombine thereby cloning the first, second and third nucleic
acid segments. In some embodiments, at least one nucleic
acid segment comprises a sequence that functions as a pro-
moter.

[0607] Insomeembodiments, atleast two nucleic acid seg-
ments comprise sequences encoding a polypeptide and the
recombination places both polypeptides in the same reading
frame. In some embodiments, at least one nucleic acid seg-
ment comprises a sequence that functions as a transcription
termination sequence. In some embodiments, at least one
fragment comprises an origin of replication. In some embodi-
ments, at least one fragment comprises a sequence coding for
a selectable marker.

[0608] Thisembodimentis exemplifiedin FIGS. 8 and 9 for
the case when n=3. In this embodiment, the present invention
provides a method of cloning, comprising the steps of pro-
viding a first, a second and a third nucleic acid segment,
wherein the first nucleic acid segment is flanked by a first and
a second recombination site, the second nucleic acid segment
is flanked by a third and a fourth recombination site and the
third nucleic acid segment is flanked by a fifth and a sixth
recombination site, wherein the second recombination site is
capable of recombining with the third recombination site and
the fourth recombination site is capable of recombining with
the fifth recombination site, providing a vector comprising a
seventh and an eighth recombination site and conducting at
least one recombination reaction such that the second and the
third recombination sites recombine and the fourth and the
fifth recombination sites recombine and the first and the sixth
recombination sites recombine with the seventh and the
eighth recombination sites respectively, thereby cloning the
first, second and third nucleic acid segments.

[0609] As discussed above, when the orientation of a given
segment is not critical, the invention may be modified by
placing recombination sites having the same specificity on
both ends of the given segment and adjusting the recombina-
tion sites of the adjacent segments and/or the recombination
sites in the vector accordingly.
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[0610] In addition to the utilities discussed above for the
combination of two fragments in a single vector, embodi-
ments of this type will be useful for the construction of vec-
tors from individual fragments containing various functions.
Thus, the invention provides a modular method for the con-
struction of vectors.

[0611] Insome embodiments, atleast one nucleic acid seg-
ment comprises a sequence that functions as a promoter. In
some embodiments, at least two nucleic acid segments com-
prise a sequence encoding a polypeptide and the recombina-
tion places both polypeptides in the same reading frame. In
some embodiments, at least one nucleic acid segment com-
prises a sequence that functions as a transcription termination
sequence. In some embodiments, at least one fragment com-
prises an origin of replication. In some embodiments, at least
one fragment comprises a sequence coding for a selectable
marker. In some embodiments, a fragment may comprise
sequence coding for more than one function. In some embodi-
ments, a fragment may comprise sequence coding for an
origin of replication and sequence encoding a selectable
marker.

[0612] When multiple nucleic acid segments are inserted
into vectors using methods of the invention, expression of
these segments may be driven by the same regulatory
sequence or different regulatory sequences. FIG. 20A shows
one example of a vector which contains two inserted DNA
segments, the expression of which is driven by different pro-
moters (i.e., two different T7 promoters).

[0613] The methods of the invention may also be used to
produce constructs which allow for silencing of genes in vivo.
One method of silencing genes involves the production of
involves the production of double-stranded RNA, termed
RNA interference (RNAI). (See, e.g., Mette et al., EMBO J,
19:5194-5201 (2000)). Methods of the invention can be used
in a number of ways to produce molecules such as RNAi.
Thus, expression products of nucleic acid molecules of the
invention can be used to silence gene expression.

[0614] Nucleic acid molecules of the invention may be
prepared to generate interfering RNAs (RNAi). RNAIi is
double-stranded RNA that results in degradation of specific
mRNAs, and can also be used to lower or eliminate gene
expression. Nucleic acid molecules of the invention may be
engineered, for example, to produce dsRNA molecules by, for
example, engineering nucleic acid molecules to have a
sequence that, when transcribed, folds back upon itself to
generate a hairpin molecule containing a double-stranded
portion. One strand of the double-stranded portion may cor-
respond to all or a portion of the sense strand of the mRNA
transcribed from the gene to be silenced while the other strand
of the double-stranded portion may correspond to all or a
portion of the antisense strand. Other methods of producing a
double-stranded RNA molecule may be used, for example,
nucleic acid molecules may be engineered to have a first
sequence that, when transcribed, corresponds to all or a por-
tion of the sense strand of the mRNA transcribed from the
gene to be silenced and a second sequence that, when tran-
scribed, corresponds to all or portion of an antisense strand
(i.e., the reverse complement) of the mRNA transcribed from
the gene to be silenced. This may be accomplished by putting
the first and the second sequence on the same strand of the
vector each under the control of its own promoter. Alterna-
tively, two promoters may be positioned on opposite strands
of'the vector such that expression from each promoter results
in transcription of one strand of the double-stranded RNA. In
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some embodiments, it may be desirable to have the first
sequence on one nucleic acid molecule and the second
sequence on a second nucleic acid molecule and to introduce
both vectors or molecules into a cell containing the gene to be
silenced. In other embodiments, a nucleic acid molecule con-
taining only the antisense strand may be introduced and the
mRNA transcribed from the gene to be silenced may serve as
the other strand of the double-stranded RNA. In some
embodiments, a dsRNA to be used to silence a gene may have
one or more regions of homology to a gene to be silenced.
Regions of homology may be from about 20 bp to about 5 kbp
in length, 20 bp to about 4 kbp in length, 20 bp to about 3 kbp
in length, 20 bp to about 2.5 kbp in length, from about 20 bp
to about 2 kbp inlength, 20 bp to about 1.5 kbp in length, from
about 20 bp to about 1 kbp in length, 20 bp to about 750 bp in
length, from about 20 bp to about 500 bp in length, 20 bp to
about 400 bp in length, 20 bp to about 300 bp in length, 20 bp
to about 250 bp in length, from about 20 bp to about 200 bp in
length, from about 20 bp to about 150 bp in length, from about
20 bp to about 100 bp in length, from about 20 bp to about 90
bp in length, from about 20 bp to about 80 bp in length, from
about 20 bp to about 70 bp in length, from about 20 bp to
about 60 bp in length, from about 20 bp to about 50 bp in
length, from about 20 bp to about 40 bp in length, from about
20 bp to about 30 by in length, from about 20 bp to about 25
bp in length, from about 15 bp to about 25 bp in length, from
about 17 bp to about 25 bp in length, from about 19 bp to
about 25 bp in length, from about 19 bp to about 23 bp in
length, or from about 19 bp to about 21 bp in length.

[0615] As discussed above, a hairpin containing molecule
having a double-stranded region may be used as RNAi. The
length of the double stranded region may be from about 20 bp
to about 2.5 kbp in length, from about 20 bp to about 2 kbp in
length, 20 bp to about 1.5 kbp in length, from about 20 bp to
about 1 kbp in length, 20 bp to about 750 bp in length, from
about 20 bp to about 500 bp in length, 20 bp to about 400 bp
in length, 20 bp to about 300 bp in length, 20 bp to about 250
bp in length, from about 20 bp to about 200 bp in length, from
about 20 bp to about 150 bp in length, from about 20 bp to
about 100 bp in length, 20 bp to about 90 bp in length, 20 bp
to about 80 bp in length, 20 bp to about 70 bp in length, 20 bp
to about 60 bp in length, 20 bp to about 50 bp in length, 20 bp
to about 40 bp in length, 20 bp to about 30 bp in length, or
from about 20 bp to about 25 bp in length. The non-base-
paired portion of the hairpin (i.e., loop) can be of any length
that permits the two regions of homology that make up the
double-stranded portion of the hairpin to fold back upon one
another.

[0616] Any suitable promoter may be used to control the
production of RNA from the nucleic acid molecules of the
invention. Promoters may be those recognized bp any poly-
merase enzyme. For example, promoters may be promoters
for RNA polymerase II or RNA polymerase 11 (e.g., a U6
promoter, an HI promoter, etc.). Other suitable promoters
include, but are not limited to, T7 promoter, cytomegalovirus
(CMV) promoter, mouse mammary tumor virus (MMTV)
promoter, metalothionine, RSV (Rous sarcoma virus) long
terminal repeat, SV40 promoter, human growth hormone
(hGH) promoter. Other suitable promoters are known to those
skilled in the art and are within the scope of the present
invention.

[0617] One example of a construct designed to produce
RNAi is shown in FIG. 20B. In this construct, a DNA segment
is inserted into a vector such that RNA corresponding to both
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strands are produced as two separate transcripts. Another
example of a construct designed to produce RNAi is shown in
FIG. 20C. In this construct, two copies of a DNA segment are
inserted into a vector such that RNA corresponding to both
strands are again produced. Yet another example of a con-
struct designed to produce RNA1 is shown in FIG. 20D. Inthis
construct, two copies of a DNA segment are inserted into a
vector such that RNA corresponding to both strands are pro-
duced as a single transcript. The exemplary vector system
shown in shown in FIG. 20E comprises two vectors, each of
which contain copies of the same DNA segment. Expression
of one of these DNA segments results in the production of
sense RNA while expression of the other results in the pro-
duction of an anti-sense RNA. RNA strands produced from
vectors represented in FIGS. 20B-20E will thus have comple-
mentary nucleotide sequences and will generally hybridize
either to each or intramolecularly under physiological condi-
tions.

[0618] Nucleic acid segments designed to produce RNAI,
such as the vectors represented in FIGS. 20B-20E, need not
correspond to the full-length gene or open reading frame. For
example, when the nucleic acid segment corresponds to an
OREF, the segment may only correspond to part of the ORF
(e.g., 50 nucleotides at the 5' or 3' end of the ORF). Further,
while FIGS. 20B-20E show vectors designed to produce
RNAI, nucleic acid segments may also perform the same
function in other forms (e.g., when inserted into the chromo-
some of a host cell).

[0619] Gene silencing methods involving the use of com-
pounds such as RNAi and antisense RNA, for examples, are
particularly useful for identifying gene functions. More spe-
cifically, gene silencing methods can be used to reduce or
prevent the expression of one or more genes in a cell or
organism. Phenotypic manifestations associated with the
selective inhibition of gene functions can then be used to
assign role to the “silenced” gene or genes. As an example,
Chuang et al., Proc. Natl. Acad. Sci. (USA) 97:4985-4990
(2000), have demonstrated that in vivo production of RNAi
can alter gene activity in Arabidopsis thaliana. Thus, the
invention provides methods for regulating expression of
nucleic acid molecules in cells and tissues comprising the
expression of RNAI and antisense RNA. The invention fur-
ther provides methods for preparing nucleic acid molecules
which can be used to produce RNA corresponding to one or
both strands of a DNA molecule.

[0620] Similarly, the invention relates to compounds and
methods for gene silencing involving ribozymes. In particu-
lar, the invention provides antisense RNA/ribozymes fusions
which comprise (1) antisense RNA corresponding to a target
gene and (2) one or more ribozymes which cleave RNA (e.g.,
hammerhead ribozyme, hairpin ribozyme, delta ribozyme,
Tetrahymena [.-21 ribozyme, etc.). Further, provided by the
invention are vectors which express these fusions, methods
for producing these vectors, and methods for using these
vector to suppress gene expression.

[0621] In one embodiment, a Destination Vector is con-
structed which encodes a ribozyme located next to a ccdB
gene, wherein the a ccdB gene is flanked by attR sites. An LR
reaction is used to replace the ccdB gene with a nucleic acid
molecule which upon expression produces an antisense RNA
molecule. Thus, the expression product will result in the
production of an antisense sequence fused to the ribozyme by
an intervening sequence encoded by an attB site. As discussed
below in Example 13, this attB site can be removed from the
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transcript (e.g., using intron and exon slice sequences), if
desired, or, in certain cases, nucleic acid which encodes the
ribozyme can be embedded in the attB site.

[0622] Expression of antisense molecules fused to
ribozymes can be used, for example, to cleave specific RNA
molecules in a cell. This is so because the antisense RNA
portion of the transcript can be designed to hybridize to par-
ticular mRNA molecules. Further, the ribozyme portion of
the transcript can be designed to cleave the RNA molecule to
which it has hybridized. For example, the ribozyme can be
one which cleaves double-stranded RNA (e.g., Tetrahymena
L-21 ribozyme).

Example 6

Use of Suppressor tRNAs to Generate Fusion Pro-
teins

[0623] The recently developed recombinational cloning
techniques described above permit the rapid movement of a
target nucleic acid from one vector background to one or
more other vector backgrounds. Because the recombination
event is site specific, the orientation and reading frame of the
target nucleic acid can be controlled with respect to the vector.
This control makes the construction of fusions between
sequences present on the target nucleic acid and sequences
present on the vector a simple matter.

[0624] In general terms, a gene may be expressed in four
forms: native at both amino and carboxy termini, modified at
either end, or modified at both ends. A construct containing
the target gene of interest may include the N-terminal
methionine ATG codon, and a stop codon at the carboxy end,
of the open reading frame, or ORF, thus ATG-ORF-stop.
Frequently, the gene construct will include translation initia-
tion sequences, tis, that may be located upstream of the ATG
that allow expression of the gene, thus tis-ATG-ORF-stop.
Constructs of this sort allow expression of a gene as a protein
that contains the same amino and carboxy amino acids as in
the native, uncloned, protein. When such a construct is fused
in-frame with an amino-terminal protein tag, e.g., GST, the
tag will have its own tis, thus tis-ATG-tag-tis-ATG-ORF-
stop, and the bases comprising the tis of the ORF will be
translated into amino acids between the tag and the ORF. In
addition, some level of translation initiation may be expected
in the interior of the mRNA (i.e., at the ORF’s ATG and not the
tag’s ATG) resulting in a certain amount of native protein
expression contaminating the desired protein.

DNA (lower case) :
tisl-atg-tag-tis2-atg-orf-stop

RNA (lower casge, italics):
tisl-atg-tag-tis2-atg-orf-stop

[0625] Protein (upper case): ATG-TAG-TIS2-ATG-ORF
(tis 1 and stop are not translated)+contaminating ATG-ORF
(translation of ORF beginning at tis2).

[0626] Using recombinational cloning, it is a simple matter
for those skilled in the art to construct a vector containing a
tag adjacent to a recombination site permitting the in frame
fusion of a tag to the C- and/or N-terminus of the ORF of
interest.

[0627] Given the ability to rapidly create a number of
clones in a variety of vectors, there is a need in the art to
maximize the number of ways a single cloned gene can be
expressed without the need to manipulate the gene construct
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itself. The present invention meets this need by providing
materials and methods for the controlled expression of a C-
and/or N-terminal fusion to a target gene using one or more
suppressor tRNAs to suppress the termination of translation
at a stop codon. Thus, the present invention provides materi-
als and methods in which a gene construct is prepared flanked
with recombination sites.

[0628] The construct is prepared with a sequence coding
for a stop codon preferably at the C-terminus of the gene
encoding the protein of interest. In some embodiments, a stop
codon can be located adjacent to the gene, for example, within
the recombination site flanking the gene. The target gene
construct can be transferred through recombination to various
vectors which can provide various C-terminal or N-terminal
tags (e.g., GFP, GST, His Tag, GUS, etc.) to the gene of
interest. When the stop codon is located at the carboxy ter-
minus of the gene, expression of the gene with a “native”
carboxy end amino acid sequence occurs under non-sup-
pressing conditions (i.e., when the suppressor tRNA is not
expressed) while expression of the gene as a carboxy fusion
protein occurs under suppressing conditions. The present
invention is exemplified using an amber suppressor supF,
which is a particular tyrosine tRNA gene (tyrT) mutated to
recognize the UAG stop codon. Those skilled in the art will
recognize that other suppressors and other stop codons could
be used in the practice of the present invention.

[0629] In the present example, the gene coding for the
suppressing tRNA has been incorporated into the vector from
which the target gene is to be expressed. In other embodi-
ments, the gene for the suppressor tRNA may be in the
genome of the host cell. In still other embodiments, the gene
for the suppressor may be located on a separate vector and
provided in trans. In embodiments of this type, the vector
containing the suppressor gene may have an origin of repli-
cation selected so as to be compatible with the vector con-
taining the gene construct. The selection and preparation of
such compatible vectors is within ordinary skill in the art.
Those skilled in the art will appreciate that the selection of an
appropriate vector for providing the suppressor tRNA in trans
may include the selection of an appropriate antibiotic resis-
tance marker. For example, if the vector expressing the target
gene contains an antibiotic resistance marker for one antibi-
otic, a vector used to provide a suppressor tRNA may encode
resistance to a second antibiotic. This permits the selection
for host cells containing both vectors.

[0630] In some preferred embodiments, more than one
copy of a suppressor tRNA may be provided in all of the
embodiments described above. For example, a host cell may
be provided that contains multiple copies of a gene encoding
the suppressor tRNA. Alternatively, multiple gene copies of
the suppressor tRNA under the same or different promoters
may be provided in the same vector background as the target
gene of interest. In some embodiments, multiple copies of a
suppressor tRNA may be provided in a different vector than
the one use to contain the target gene of interest. In other
embodiments, one or more copies of the suppressor tRNA
gene may be provided on the vector containing the gene for
the protein of interest and/or on another vector and/or in the
genome of the host cell or in combinations of the above. When
more than one copy of a suppressor tRNA gene is provided,
the genes may be expressed from the same or different pro-
moters which may be the same or different as the promoter
used to express the gene encoding the protein of interest.
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[0631] In some embodiments, two or more different sup-
pressortRNA genes may be provided. In embodiments of this
type one or more of the individual suppressors may be pro-
vided in multiple copies and the number of copies of a par-
ticular suppressor tRNA gene may be the same or different as
the number of copies of another suppressor tRNA gene. Each
suppressor tRNA gene, independently of any other suppres-
sor tRNA gene, may be provided on the vector used to express
the gene of interest and/or on a different vector and/or in the
genome of the host cell. A given tRNA gene may be provided
in more than one place in some embodiments. For example, a
copy of the suppressor tRNA may be provided on the vector
containing the gene of interest while one or more additional
copies may be provided on an additional vector and/or in the
genome of the host cell. When more than one copy of a
suppressor tRNA gene is provided, the genes may be
expressed from the same or different promoters which may be
the same or different as the promoter used to express the gene
encoding the protein of interest and may be the same or
different as a promoter used to express a different tRNA gene.

[0632] Withreference to FIG. 14, the GUS gene was cloned
in frame with a GST gene separated by the TAG codon. The
plasmid also contained a supF gene expressing a suppressor
tRNA. The plasmid was introduced into a host cell where
approximately 60 percent of the GUS gene was expressed as
a fusion protein containing the GST tag. In control experi-
ments, a plasmid containing the same GUS-stop codon-GST
construct did not express a detectable amount of a fusion
protein when expressed from a vector lacking the supF gene.
In this example, the supF gene was expressed as part of the
mRNA containing the GUS-GST fusion. Since tRNAs are
generally processed from larger RNA molecules, constructs
of'this sort can be used to express the suppressor tRNAs ofthe
present invention. In other embodiments, the RNA containing
the tRNA sequence may be expressed separately from the
mRNA containing the gene of interest.

[0633] Insome embodiments of the present invention, the
target gene of interest and the gene expressing the suppressor
tRNA may be controlled by the same promoter. In other
embodiments, the target gene of interest may be expressed
from a different promoter than the suppressor tRNA. Those
skilled in the art will appreciate that, under certain circum-
stances, it may be desirable to control the expression of the
suppressor tRNA and/or the target gene of interest using a
regulatable promoter. For example, either the target gene of
interest and/or the gene expressing the suppressor tRNA may
be controlled by a promoter such as the lac promoter or
derivatives thereof such as the tac promoter. In the embodi-
ment shown, both the target gene of interest and the suppres-
sor tRNA gene are expressed from the T7 RNA polymerase
promoter. Induction of the T7 RNA polymerase turns on
expression of both the gene of interest (GUS in this case) and
the supF gene expressing the suppressor tRNA as part of one
RNA molecule.

[0634] In some preferred embodiments, the expression of
the suppressor tRNA gene may be under the control of a
different promoter from that of the gene of interest. In some
embodiments, it may be possible to express the suppressor
gene before the expression of the target gene. This would
allow levels of suppressor to build up to a high level, before
they are needed to allow expression of a fusion protein by
suppression of a the stop codon. For example, in embodi-
ments of the invention where the suppressor gene is con-
trolled by a promoter inducible with IPTG, the target gene is
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controlled by the T7 RNA polymerase promoter and the
expression of the T7 RNA polymerase is controlled by a
promoter inducible with an inducing signal other than IPTG,
e.g., NaCl, one could turn on expression of the suppressor
tRNA gene with IPTG prior to the induction of the T7 RNA
polymerase gene and subsequent expression of the gene of
interest. In some preferred embodiments, the expression of
the suppressor tRNA might be induced about 15 minutes to
about one hour before the induction of the T7 RNA poly-
merase gene. In a preferred embodiment, the expression of
the suppressor tRNA may be induced from about 15 minutes
to about 30 minutes before induction of the T7 RNA poly-
merase gene. In the specific example shown, the expression of
the T7 RNA polymerase gene is under the control of a salt
inducible promoter. A cell line having an inducible copy of
the T7 RNA polymerase gene under the control of a salt
inducible promoter is commercially available from Invitro-
gen Corp. (Carlsbad, Calif.) under the designation of the
BL21 81 strain.

[0635] In some preferred embodiments, the expression of
the target gene of interest and the suppressor tRNA can be
arranged in the form of a feedback loop. For example, the
target gene of interest may be placed under the control of the
T7 RNA polymerase promoter while the suppressor gene is
under the control of both the T7 promoter and the lac pro-
moter, and the T7 RNA polymerase gene itself is transcribed
by both the T7 promoter and the lac promoter, and the T7
RNA polymerase gene has an amber stop mutation replacing
anormal tyrosine stop codon, e.g., the 28” codon (out 0of 883).
No active T7 RNA polymerase can be made before levels of
suppressor are high enough to give significant suppression.
Then expression of the polymerase rapidly rises, because the
T7 polymerase expresses the suppressor gene as well as itself.
In other preferred embodiments, only the suppressor gene is
expressed from the T7 RNA polymerase promoter. Embodi-
ments of this type would give a high level of suppressor
without producing an excess amount of T7 RNA polymerase.
In other preferred embodiments, the T7 RNA polymerase
gene has more than one amber stop mutation (see, e.g., FIG.
14B). This will require higher levels of suppressor before
active T7 RNA polymerase is produced.

[0636] In some embodiments of the present invention it
may be desirable to have more than one stop codon suppress-
ible by more than one suppressor tRNA. With reference to
FIG. 15, a vector may be constructed so as to permit the
regulatable expression of N- and/or C-terminal fusions of a
protein of interest from the same construct. A first tag
sequence, TAG1 in FIG. 15, is expressed from a promoter
represented by an arrow in the figure. The tag sequence
includes a stop codon in the same reading frame as the tag.
The stop codon 1, may be located anywhere in the tag
sequence and is preferably located at or near the C-terminal of
the tag sequence. The stop codon may also be located in the
recombination site RS, or in the internal ribosome entry
sequence (IRES). The construct also includes a gene of inter-
est (GENE) which includes a stop codon 2. The first tag and
the gene of interest are preferably in the same reading frame
although inclusion of a sequence that causes frame shifting to
bring the first tag into the same reading frame as the gene of
interest is within the scope of the present invention. Stop
codon 2 is in the same reading frame as the gene of interest
and is preferably located at or near the end of the coding
sequence for the gene. Stop codon 2 may optionally be
located within the recombination site RS,. The construct also
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includes a second tag sequence in the same reading frame as
the gene of interest indicated by TAG2 in FIG. 15 and the
second tag sequence may optionally include a stop codon 3 in
the same reading frame as the second tag. A transcription
terminator may be included in the construct after the coding
sequence of the second tag (not shown in FIG. 15). Stop
codons 1, 2 and 3 may be the same or different. In some
embodiments, stop codons 1, 2 and 3 are different. In embodi-
ments where 1 and 2 are different, the same construct may be
used to express an N-terminal fusion, a C-terminal fusion and
the native protein by varying the expression of the appropriate
suppressor tRNA. For example, to express the native protein,
no suppressor tRNAs are expressed and protein translation is
controlled by the IRES. When an N-terminal fusion is
desired, a suppressor tRNA that suppresses stop codon 1 is
expressed while a suppressor tRNA that suppresses stop
codon 2 is expressed in order to produce a C-terminal fusion.
In some instances it may be desirable to express a doubly
tagged protein of interest in which case suppressor tRNAs
that suppress both stop codon 1 and stop codon 2 may be
expressed.

[0637] The present invention has been described in some
detail by way of illustration and example for purposes of
clarity of understanding, it will be obvious to one of ordinary
skill in the art that the same can be performed by modifying or
changing the invention within a wide and equivalent range of
conditions, formulations and other parameters without affect-
ing the scope of the invention or any specific embodiment
thereof, and that such modifications or changes are intended
to be encompassed within the scope of the appended claims.

Example 7

Testing Functionality of Entry and Destination Vec-
tors

[0638] As part of assessment of the functionality of particu-
lar vectors of the invention, it is important to functionally test
the ability ofthe vectors to recombine. This assessment can be
carried out by performing a recombinational cloning reaction
by transforming F. coli and scoring colony forming units.
However, an alternative assay may also be performed to allow
faster, more simple assessment of the functionality ofa given
Entry or Destination Vector by agarose gel electrophoresis.
The following is a description of such an in vitro assay.
[0639] Materials and Methods:

[0640] Plasmid templates pEZC1301 and pEZC1313 (de-
scribed in PCT Publication WO 00/52027, the entire disclo-
sure of which is incorporated herein by reference), each con-
taining a single wild-type att site, were used for the generation
of PCR products containing attl. or attR sites, respectively.
Plasmid templates were linearized with A1wNI, phenol
extracted, ethanol precipitated and dissolved in TE to a con-
centration of 1 ng/ul.

[0641] PCR Primers (Capital Letters Represent Base
Changes from Wild-Type):

attLl

(SEQ ID NO: 41)
gggg agcct gettttttGtacAaa gttggcatta taaaaaagca
ttgc

attL2
(SEQ ID NO: 42)
gggg agcct getttCttGtacAaa gttggcatta taaaaaagca
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-continued
ttge

attL right
(SEQ ID NO: 43)
tgttgcecggg aagctagagt aa

attR1l
(SEQ ID NO: 44)
gggg Acaag ttTgtaCaaaaaagc tgaacgaga aacgtaaaat

attR2
(SEQ ID NO: 45)
gggg Acaag ttTgtaCaaGaaagc tgaacgaga aacgtaaaat

attR right
(SEQ ID NO: 46)
ca gacggcatga tgaacctgaa

[0642] PCR primers were dissolved in TE to a concentra-
tion of 500 pmol/ul. Primer mixes were prepared, consisting
of attl.1+attLright primers, attl.2+attlright primers, attR1+
attRright primers, and attR2+attRright primers, each mix
containing 20 pmol/ul of each primer.

[0643] PCR Reactions:

[0644] 1 pl plasmid template (1 ng)

[0645] 1 pl primer pairs (20 pmoles of each)

[0646] 3 pulofH,O

[0647] 45 pl of Platinum PCR SuperMix® (Invitrogen

Corp., Carlsbad, Calif.)

[0648] Cycling Conditions (Performed in MJ Thermocy-
cler):

[0649] 95° C./2 minutes

[0650] 94° C./30 seconds

[0651] 25 cycles of 58° C./30 seconds and 72° C./1.5 min-
utes

[0652] 72° C./5 minutes

[0653] 5°C./hold

[0654] The resulting attl. PCR product was 1.5 kb, and the

resulting attR PCR product was 1.0 kb.

[0655] PCR reactions were PEG/MgCl, precipitated by
adding 150 H,O and 100 ul of 3xPEG/MgCl, solution fol-
lowed by centrifugation. The PCR products were dissolved in
50 ul of TE. Quantification of the PCR product was performed
by gel electrophoresis of 1 ul and was estimated to be 50-100
ng/ul.

[0656] Recombination reactions of PCR products contain-
ing attl, or attR sites with GATEWAY™ plasmids was per-
formed as follows:

[0657] 8ulofH,O

[0658] 2 ul of attL. or attR PCR product (100-200 ng)
[0659] 2 pl of GATEWAY™ plasmid (100 ng)

[0660] 4 pl of SxDestination buffer

[0661] 4 pl of GATEWAY™ LR Clonase™ Enzyme Mix
[0662] 20 pl total volume (the reactions can be scaled down

to a 5 ul total volume by adjusting the volumes of the com-
ponents to about ¥4 of those shown above, while keeping the
stoichiometries the same).

[0663] Clonase reactions were incubated at 25° C. for 2
hours. Two ul of proteinase K (2 mg/ml) was added to stop the
reaction. Ten pl was then run on a 1% agarose gel. Positive
control reactions were performed by reacting attl.1 PCR
product (1.0 kb) with attR1 PCR product (1.5 kb) and by
similarly reacting attl.2 PCR product with attR2 PCR product
to observe the formation of a larger (2.5 kb) recombination
product. Negative controls were similarly performed by
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reacting attl.1 PCR product with attR2 PCR product and vice
versa or reactions of attl. PCR product with an attL plasmid,
etc.

[0664] Inalternative assays, to test attB Entry vectors, plas-
mids containing single attP sites were used. Plasmids con-
taining single att sites could also be used as recombination
substrates in general to test all Entry and Destination vectors
(i.e., those containing attl, attR, attB and attP sites). This
would eliminate the need to do PCR reactions.

[0665] Results:

[0666] Destination and Entry plasmids when reacted with
appropriate att-containing PCR products formed linear
recombinant molecules that could be easily visualized on an
agarose gel when compared to control reactions containing
no attl, or attR PCR product. Thus, the functionality of Des-
tination and Entry vectors constructed according to the inven-
tion may be determined, for example, by carrying out the
linearization assay described above.

Example 8
PCR Cloning Using Universal Adapter-Primers

[0667] As described herein, the cloning of PCR products
using the GATEWAY™ PCR Cloning System (Invitrogen
Corp., Carlsbad, Calif.) requires the addition of attB sites
(attB1 and attB2) to the ends of gene-specific primers used in
the PCR reaction. Available data suggested that the user add
29 bp (25 bp containing the attB site plus four G residues) to
the gene-specific primer. It would be advantageous to high
volume users of the GATEWAY™ PCR Cloning System to
generate attB-containing PCR product using universal attB
adapter-primers in combination with shorter gene-specific
primers containing a specified overlap to the adapters. The
following experiments demonstrate the utility of this strategy
using universal attB adapter-primers and gene-specific prim-
ers containing overlaps of various lengths from 6 bp to 18 bp.
The results demonstrate that gene-specific primers with over-
laps of 10 bp to 18 bp can be used successfully in PCR
amplifications with universal attB adapter-primers to gener-
ate full-length PCR products. These PCR products can then
be successfully cloned with high fidelity in a specified orien-
tation using the GATEWAY™ PCR Cloning System.

[0668] Methods and Results:

[0669] To demonstrate that universal attB adapter-primers
can be used with gene-specific primers containing partial attB
sites in PCR reactions to generate full-length PCR product, a
small 256 bp region of the human hemoglobin cDNA was
chosen as a target so that intermediate sized products could be
distinguished from full-length products by agarose gel elec-
trophoresis.

[0670] The following oligonucleotides were used:

Bl-Hgb:
(SEQ ID NO: 47)
GGGG ACA AGT TTG TAC AAA AAA GCA GGC T-5'-Hgb*

B2-Hgb:
(SEQ ID NO: 48)
GGGG ACC ACT TTG TAC AAG AAA GCT GGG T-3'-Hgb**

18B1-Hgb:
(SEQ ID NO: 49)
TG TAC AAA AAA GCA GGC T-5'-Hgb
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-continued
18B2-Hgb:
(SEQ ID NO: 50)
TG TAC AAG ARA GCT GGG T-3'-Hgb

15B1-Hgb:
(SEQ ID NO: 51)
AC ARA AAA GCA GGC T-5'-Hgb

15B2-Hgb:
(SEQ ID NO: 52)
AC AAG AAA GCT GGG T-3'-Hgb

12B1-Hgb:
(SEQ ID NO: 53)
AA AAA GCA GGC T-5'-Hgb

12B2-Hgb:
(SEQ ID NO: 54)
AG AAA GCT GGG T-3'-Hgb

11B1-Hgb:
(SEQ ID NO: 55)
A AAA GCA GGC T-5'-Hgb

11B2-Hgb:
(SEQ ID NO: 56)
G AAA GCT GGG T-3'-Hgb

10B1-Hgb:
(SEQ ID NO: 57)
AAA GCA GGC T-5'-Hgb

10B2-Hgb:
(SEQ ID NO: 58)
AAA GCT GGG T-3'-Hgb

9B1-Hgb:
AA GCA GGC T-5'-Hgb

9B2-Hgb:
AA GCT GGG T-3'-Hgb

8B1-Hgb:
A GCA GGC T-5'-Hgb

8B2-Hgb:
A GCT GGG T-3'-Hgb

7B1-Hab:
GCA GGC T-5'-Hgb

7B2-Hgb:
GCT GGG T-3'-Hgb

6B1-Hgb:
CA GGC T-5'-Hgb

6B2-Hgb:
CT GGG T-3'-Hgb

attBl adapter:
(SEQ ID NO: 47)
GGGG ACA AGT TTG TAC AAA AAA GCA GGC T

attB2 adapter:
(SEQ ID NO: 48)
GGGGE ACC ACT TTG TAC AAG AAA GCT GGG T

(SEQ ID NO: 59)
*-5'-Hgb = GTC ACT AGC CTG TGG AGC AAG A

(SEQ ID NO: 60)
*%*-3'-Hgb = AGG ATG GCA GAG GGA GAC GAC A

[0671] The aim of these experiments was to develop a
simple and efficient universal adapter PCR method to gener-
ate attB containing PCR products suitable for use in the
GATEWAY™ PCR Cloning System. The reaction mixtures
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and thermocycling conditions should be simple and efficient
so that the universal adapter PCR method could be routinely
applicable to any PCR product cloning application.

[0672] PCR reaction conditions were initially found that
could successfully amplify predominately full-length PCR
product using gene-specific primers containing 18 bp and 15
bp overlap with universal attB primers. These conditions are
outlined below:

[0673] 10 pmoles of gene-specific primers

[0674] 10 pmoles of universal attB adapter-primers

[0675] 1 ng of plasmid containing the human hemoglobin
cDNA.

[0676] 100 ng of human leukocyte cDNA library DNA.
[0677] 5 ul of 10xPLATINUM Taq HiFi® reaction buffer

(Invitrogen Corp., Carlsbad, Calif.)

[0678] 2 ul of 50 mM MgSO,
[0679] 1 ulof 10 mM dNTPs
[0680] 0.2 ul of PLATINUM Taq HiFi® (1.0 unit)
[0681] H,O to 50 pul total reaction volume
[0682] Cycling Conditions:
95° C./5 min
95° C./3 min

[94° C./15 sec
25 x [48° C./45 sec

[68° C./1 min

68° C./5 min

5¢ C. /hold

[0683] To assess the efficiency of the method, 2 pl ({frac-
tion (¥s)}) of the 50 ul PCR reaction was electrophoresed in
a 3% Agarose-1000 gel. With overlaps of 12 bp or less,
smaller intermediate products containing one or no universal
attB adapter predominated the reactions. Further optimiza-
tion of PCR reaction conditions was obtained by titrating the
amounts of gene-specific primers and universal attb adapter-
primers. The PCR reactions were set up as outlined above
except that the amounts of primers added were:

[0684] O, 1,3 or 10 pmoles of gene-specific primers
[0685] O, 10, 30 or 100 pmoles of adapter-primers
[0686] Cycling Conditions:

95° C./3 min

[94° C./15 sec
25 x [48° C./45 sec

[68° C./1 min

68° C./5 min

5¢ C. /hold

[0687] The use of limiting amounts of gene-specific prim-
ers (3 pmoles) and excess adapter-primers (30 pmoles)
reduced the amounts of smaller intermediate products. Using
these reaction conditions the overlap necessary to obtain pre-
dominately full-length PCR product was reduced to 12 bp.
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The amounts of gene-specific and adapter-primers was fur-
ther optimized in the following PCR reactions:

[0688] O, 1, 2 or 3 pmoles of gene-specific primers
[0689] 0, 30, 40 or 50 pmoles of adapter-primers
[0690] Cycling Conditions:

95° C./3 min

[94° C./15 sec

25 x [48° C./1 min
[68° C./1 min
68° C./5 min

5° C. /hold

[0691] Theuse of 2 pmoles of gene-specific primers and 40
pmoles of adapter-primers further reduced the amounts of
intermediate products and generated predominately full-
length PCR products with gene-specific primers containing
an 11 bp overlap. The success of the PCR reactions can be
assessed in any PCR application by performing a no adapter
control. The use of limiting amounts of gene-specific primers
should give faint or barely visible bands when { fraction (¥2s)}
to {fraction (¥i0)} of the PCR reaction is electrophoresed on
a standard agarose gel. Addition of the universal attB adapter-
primers should generate a robust PCR reaction with a much
higher overall yield of product.

[0692] PCR products from reactions using the 18 bp, 15 bp,
12 bp, 11 bp and 10 bp overlap gene-specific primers were
purified using the CONCERTS Rapid PCR Purification Sys-
tem (PCR products greater than 500 bp can be PEG precipi-
tated). The purified PCR products were subsequently cloned
into an attP containing plasmid vector using the GATE-
WAY™ PCR Cloning System (Invitrogen Corp., Carlsbad,
Calif.) and transformed into E. coli. Colonies were selected
and counted on the appropriate antibiotic media and screened
by PCR for correct inserts and orientation.

[0693] Raw PCR products (unpurified) from the attB
adapter PCR of a plasmid clone of part of the human beta-
globin (Hgb) gene were also used in GATEWAY™ PCR
Cloning System reactions. PCR products generated with the
full attB B1/B2-Hgb, the 12B1/B2, 11B1/B2 and 101B/B2
attB overlap Hgb primers were successfully cloned into the
GATEWAY™ pENTR21 attP vector (described in PCT Pub-
lication WO 00/52027, the entire disclosure of which is incor-
porated herein by reference). 24 colonies from each (24x
4=96 total) were tested and each was verified by PCR to
contain correct inserts. The cloning efficiency expressed as
cfu/ml is shown below:

Primer Used cfu/ml
Hgb full attB 8,700
Hgb 12 bp overlap 21,000
Hgb 11 bp overlap 20,500
Hgb 10 bp overlap 13,500
GFP control 1,300

[0694] Interestingly, the overlap PCR products cloned with
higher efficiency than did the full attB PCR product. Presum-
ably, and as verified by visualization on agarose gel, the
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adapter PCR products were slightly cleaner than was the full
attB PCR product. The differences in colony output may also
reflect the proportion of PCR product molecules with intact
attB sites.

[0695] Using the attB adapter PCR method, PCR primers
with 12 bp attB overlaps were used to amplify cDNAs of
different sizes (ranging from 1 to 4 kb) from a leukocyte
c¢DNA library and from first strand cDNA prepared from
HeLa total RNA. While three of the four cDNAs were able to
be amplified by this method, a non-specific amplification
product was also observed that under some conditions would
interfere with the gene-specific amplification. This non-spe-
cific product was amplified in reactions containing the attB
adapter-primers alone without any gene-specific overlap
primers present. The non-specific amplification product was
reduced by increasing the stringency of the PCR reaction and
lowering the attB adapter PCR primer concentration.

[0696] These results indicate that the adapter-primer PCR
approach described in this Example will work well for cloned
genes. These results also demonstrate the development of a
simple and efficient method to amplify PCR products that are
compatible with the GATEWAY™ PCR Cloning System that
allows the use of shorter gene-specific primers that partially
overlap universal attB adapter-primers. In routine PCR clon-
ing applications, the use of 12 bp overlaps is recommended.
The methods described in this Example can thus reduce the
length of gene-specific primers by up to 17 residues or more,
resulting in a significant savings in oligonucleotide costs for
high volume users of the GATEWAY™ PCR Cloning Sys-
tem. In addition, using the methods and assays described in
this Example, one of ordinary skill can, using only routine
experimentation, design and use analogous primer-adapters
based on or containing other recombination sites or fragments
thereof, such as attL, attR, attP, lox, FRT, etc.

[0697] As an alternative to adding 29 bases to the ends of
PCR primers, attB PCR products can be generated with prim-
ers containing as few as 12 bases of attB added to template-
specific primers using a two-step PCR protocol. In the first
step template-specific primers containing 12 bases of attB are
used in 10 cycles of PCR to amplify the target gene. A portion
of this PCR reaction is transferred to a second PCR reaction
containing universal attB adapter primers to amplify the full-
attB PCR product.

[0698] Template-specific primers with 12 bases of attB1
and attB2 at their 5'-ends are designed as shown below:

(SEQ ID NO: 139)

12 attBl: AA AAA GCA GGC TNN
forward template-specific primer
(SEQ ID NO: 140)
12 attB2: A GAA AGC TGG GTN
reverse template-specific primer
[0699] The template-specific part of the primers is gener-

ally be designed to have a Tm of greater than 50° C. The
optimal annealing temperature is determined by the Tm ofthe
template-specific part of the primer.

attBl adapter primer:
(SEQ ID NO: 47)
GGGGACAAGTTTGTACAAAAAAGCAGGCT
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-continued
attB2 adapter primer:
(SEQ ID NO: 48)
GGGGACCACTTTGTACAAGAAAGCTGGGT

[0700] A 50 ul PCR reaction containing 10 pmoles of each
template-specific primer and the appropriate amount of tem-
plate DNA is prepared. Tubes containing this PCR reaction
mixture are placed in a thermal cycler at 95° C. and incubated
for 2 minutes.

[0701] Ten cycles of PCR are performed as follows:
[0702] Denature 94° C. for 15 seconds

[0703] Anneal 50-60° C. for 30 seconds

[0704] Extend 68° C. for 1 minute/kb of target amplicon
[0705] Ten pl of the PCR reaction product is transferred to

a 40 ul PCR reaction mixture containing 40 pmoles each of
the attB1 and attB2 adapter primers. Tubes containing this
mixtures are then placed in a thermal cycler at 95° C. and
incubated for 1 minute.

[0706] Five cycles of PCR are performed as follows:
[0707] Denature 94° C. for 15 seconds

[0708] Anneal 45° C. for 30 seconds

[0709] Extend 68° C. for 1 minute/kb of target amplicon
[0710] Fifteen to twenty cycles of PCR are then performed
as follows:

[0711] Denature 94° C. for 15 seconds

[0712] Anneal 55° C. for 30 seconds

[0713] Extend 68° C. for 1 minute/kb of target amplicon
[0714] The amplification products are then analyzed by

agarose gel electrophoresis.

Example 9

Mutational Analysis of the Bacteriophage Lambda
attl, and attR Sites: Determinants of att Site Specific-
ity in Site-specific Recombination

[0715] To investigate the determinants of att site specificity,
the bacteriophage lambda attl. and attR sites were systemati-
cally mutagenized and examined to define precisely which
mutations produce unique changes in att site specificity. As
noted herein, the determinants of specificity have previously
been localized to the 7 bp overlap region (TTTATAC, which is
defined by the cut sites for the integrase protein and is the
region where strand exchange takes place) within the 15 bp
core region (GCTTTTTTATACTAA (SEQIDNO:37)) thatis
identical in all four lambda att sites, attB, attP, attL. and attR.
[0716] Therefore, to examine the effect of att sequence on
site specificity, mutant attl, and attR sites were generated by
PCR and tested in an in vitro site-specific recombination
assay. In this way all possible single base pair changes within
the 7 bp overlap region of the core att site were generated as
well as five additional changes outside the 7 bp overlap but
within the 15 bp core att site. Each attl, PCR substrate was
tested in the in vitro recombination assay with each ofthe attR
PCR substrates.

[0717] Methods

[0718] To examine both the efficiency and specificity of
recombination of mutant attl. and attR sites, a simple in vitro
site-specific recombination assay was developed. Since the
core regions of attl, and attR lie near the ends of these sites, it
was possible to incorporate the desired nucleotide base
changes within PCR primers and generate a series of PCR
products containing mutant attl, and attR sites. PCR products
containing attl. and attR sites were used as substrates in an in
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vitro reaction with GATEWAY™ LR CLONASE™ Enzyme
Mix (Invitrogen Corp., Carlsbad, Calif.). Recombination
between a 1.5 kb attl, PCR product and a 1.0 kb attR PCR
product resulted in a 2.5 kb recombinant molecule that was
monitored using agarose gel electrophoresis and ethidium
bromide staining.

[0719] Plasmid templates pEZC1301 and pEZC1313 (de-
scribed in PCT Publication WO 00/52027, the entire disclo-
sure of which is incorporated herein by reference), each con-
taining a single wild-type attL or attR site, respectively, were
used for the generation of recombination substrates. The fol-
lowing list shows primers used in PCR reactions to generate
the attl. PCR products that were used as substrates in LR
CLONASE™ reactions (capital letters represent changes
from the wild-type sequence, and the underline represents the
7 bp overlap region within the 15 bp core att site; a similar set
of PCR primers was used to prepare the attR PCR products
containing matching mutations):

[0720] GATEWAY™ sites (note: attl.2 sequence in GATE-
WAY™ plasmids begins “accca” while the att[.2 site in this
example begins “agcct” to reflect wild-type attlL outside the
core region.):

(SEQ ID NO: 41)

attLl: gggg agcct getttittGtachaa gttggcatta
taaaaa-agca ttgc
(SEQ ID NO: 42)
attL2: gggg agcct getttlttGtachaa gttggcatta
taaaaa-agca ttgc
[0721] Wild-Type:
(SEQ ID NO: 61)
attLo: gggg agcect getttittatactaa gttggecatta
taaaaa-agca ttgc
[0722] Single Base Changes from Wild-Type:
(SEQ ID NO: 62)
attLT1A: gggg agcct gettt Attatactaa gttggcatta-
taaaaaagca ttgc
(SEQ ID NO: 63)
attLT1C: gggg agcct gettt Cttatactaa gttggcatta-
taaaaaagca ttgc
(SEQ ID NO: 64)
attLT1G: gggg agcct gettt Gttatactaa gttggcatta-
taaaaaagca ttgc
(SEQ ID NO: 65)
attLT2A: gggg agcct gettt tAtatactaa gttggcatta-
taaaaaagca ttgc
(SEQ ID NO: 66)
attLT2C: gggg agect gettt tCtatactaa gttggcatta-
taaaaaagca ttgc
(SEQ ID NO: 67)
attLT2G: gggg agect gettt tGtatactaa gttggcatta-
taaaaaagca ttgc
(SEQ ID NO: 68)
attLT3A: gggg agcct gettt ttAatactaa gttggcatta-

taaaaaagca ttgc



US 2011/0275541 Al

attLT3C:

attLT3G:

attLA4C:

attLA4G:

attLA4T:

attLTBA:

attLT5C:

attLT5G:

attLA6C:

attLA6G:

attLA6T:

attLC7A:

attLC7G:

attLC7T:

[0723]

attL8:

attL9:

attLlo:

attLl4:

-continued

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gggg agect
taaaaaagca

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

gettt
ttge

(SEQ ID NO: 69)
ttCatactaa gttggcatta-

(SEQ ID NO: 70)
ttGatactaa gttggcatta-

(SEQ ID NO: 71)
tttCtactaa gttggcatta-

(SEQ ID NO: 72)
tttGtactaa gttggcatta-

(SEQ ID NO: 73)
tttTtactaa gttggcatta-

(SEQ ID NO: 74)
tttalactaa gttggcatta-

(SEQ ID NO: 75)
tttaCactaa gttggcatta-

(SEQ ID NO: 76)
tttaGactaa gttggcatta-

(SEQ ID NO: 77)
tttatCctaa gttggcatta-

(SEQ ID NO: 78)
tttatGetaa gttggcatta-

(SEQ ID NO: 79)
tttatTctaa gttggcatta-

(SEQ ID NO: 80)
tttatalAtaa gttggcatta-

(SEQ ID NO: 81)
tttataGtaa gttggcatta-

(SEQ ID NO: 82)
tttataTtaa gttggcatta-

Single Base Changes Outside of the 7 bp Overlap:

(SEQ ID NO: 83)

gggg agcct Acttt tttatactaa gttggcatta-
taaaaaagcattgc

gggg agect geCtt tttatactaa gttggcatta-

taaaaaagcattgc

(SEQID NO:

84)

(SEQ ID NO: 85)

gggg agect gettC tttatactaa gttggcatta-
taaaaaagcattgc

(SEQ ID NO: 86)

gggg agect gettt tttatacCaa gttggcatta-
taaaaaagcattgc
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-continued
(SEQ ID NO: 87)
attLl5: gggg agcect gettt tttatactaG gttggcatta-
taaaaaagcattgc
[0724] Note: Additional vectors wherein the first nine bases

are gggg agceca (i.e., substituting an adenine for the thymine in
the position immediately preceding the 15-bp core region),
which may or may not contain the single base pair substitu-
tions (or deletions) outlined above, can also be used in these
experiments.

[0725] Recombination reactions of attl- and attR-contain-
ing PCR products was performed as follows:

[0726] 8pulof H,O

[0727] 2 pl of attl. PCR product (100 ng)

[0728] 2 pl of attR PCR product (100 ng)

[0729] 4 pl of Sxbuffer

[0730] 4 w1 of GATEWAY™ LR CLONASE™ Enzyme
Mix

[0731] 20 wl total volume

[0732] CLONASE™ reactions were incubated at 25° C. for
2 hours.

[0733] 2 pl of 10xCLONASE™ stop solution (proteinase

K, 2 mg/ml) were added to stop the reaction.

[0734] 10 pl of the reaction mixtures were run on a 1%
agarose gel.

[0735] Results

[0736] Each attl. PCR substrate was tested in the in vitro

recombination assay with each of the attR PCR substrates.
The results indicate that changes within the first three posi-
tions of the 7 bp overlap (TTTATAC) strongly altered the
specificity of recombination. These mutant att sites each
recombined as well as the wild-type, but only with their
cognate partner mutant; they did not recombine detectably
with any other att site mutant. In contrast, changes in the last
four positions (TTTATAC) only partially altered specificity;
these mutants recombined with their cognate mutant as well
as wild-type att sites and recombined partially with all other
mutant att sites except for those having mutations in the first
three positions of the 7 bp overlap. Changes outside of the 7
bp overlap were found not to affect specificity of recombina-
tion, but some did influence the efficiency of recombination.
[0737] Basedon theseresults, the following rules for att site
specificity were determined:

[0738] Only changes within the 7 bp overlap affect speci-
ficity.

[0739] Changes within the first 3 positions strongly affect
specificity.

[0740] Changes within the last 4 positions weakly affect
specificity.

[0741] Mutations that affected the overall efficiency of the

recombination reaction were also assessed by this method. In
these experiments, a slightly increased (less than 2-fold)
recombination efficiency with attLT1A and attLC7T sub-
strates was observed when these substrates were reacted with
their cognate attR partners. Also observed were mutations
that decreased recombination efficiency (approximately 2-3
fold), including attL. A6G, attl.14 and attl.15. These muta-
tions presumably reflect changes that affect Int protein bind-
ing at the core att site.

[0742] The results of these experiments demonstrate that
changes within the first three positions of the 7 bp overlap
(TTTATAC) strongly altered the specificity of recombination
(i.e., att sequences with one or more mutations in the first
three thymidines would only recombine with their cognate
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partners and would not cross-react with any other att site
mutation). In contrast, mutations in the last four positions
(TTTATAC) only partially altered specificity (i.e., att
sequences with one or more mutations in the last four base
positions would cross-react partially with the wild-type att
site and all other mutant att sites, except for those having
mutations in one or more of'the first three positions of the 7 bp
overlap). Mutations outside of the 7 bp overlap were not
found to affect specificity of recombination, but some were
found to influence (i.e., to cause a decrease in) the efficiency
of recombination.

Example 10

Discovery of Au Site Mutations That Increase the
Cloning Efficiency of GATEWAY™ Cloning Reac-
tions

[0743] Inexperiments designed to understand the determi-
nants of au site specificity, point mutations in the core region
of attl, were made. Nucleic acid molecules containing these
mutated attl, sequences were then reacted in an LR reaction
with nucleic acid molecules containing the cognate attR site
(i.e., an attR site containing a mutation corresponding to that
in the attL site), and recombinational efficiency was deter-
mined as described above. Several mutations located in the
core region of the au site were noted that either slightly
increased (less than 2-fold) or decreased (between 2-4-fold)
the efficiency of the recombination reaction (Table 5).

TABLE 5
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Example 11

Effects of Core Region Mutations on Recombination
Efficiency

[0745] To directly compare the cloning efficiency of muta-
tions in the att site core region, single base changes were made
in the attB2 site of an attB1-tet-attB2 PCR product. Nucleic
acid molecules containing these mutated attB2 sequences
were then reacted in a BP reaction with nucleic acid mol-
ecules containing non-cognate attP sites (i.e., wild-type
attP2), and recombinational efficiency was determined as
described above. The cloning efficiency of these mutant attB2
containing PCR products compared to standard attB1-tet-
attB2 PCR product are shown in Table 6.

TABLE 6

Efficiency of Recombination
With Mutated attB2 Sites.

SEQ

ID Cloning
Site Sequence NO. MutationEfficiency
attBO tcaagttagtataaaaaag 95

caggcet

attBl ggggacaagtttgtacaaa 47

aaagcaggct

Effects of attL mutations on Recombination Reactions.

Site Sequence SEQ IDEffect on Recombination
attLo agcctgettttttatactaagttggcatta 88 slightly increased
attL5 agcctgctttAttatactaagttggcatta 89 slightly increased
attlLé agcctgcttttttataTtaagttggcatta 90 decreased

attLl3 agcctgcttttttatGetaagttggcatta 91 decreased

attLl4 agcctgcttttttatacCaagttggcatta 92 decreased

attLlb agcctgcttttttatactaGgttggcatta 93 decreased

consensus CAACTTnNTnNNNANNAAGTTG 94 N/A

[0744] It was also noted that these mutations presumably

reflected changes that either increased or decreased, respec-
tively, the relative affinity of the integrase protein for binding
the core att site. A consensus sequence for an integrase core-
binding site (CAACTTNNT) has been inferred in the litera-
ture but not directly tested (see, e.g., Ross and Landy, Cell
33:261-272 (1983)). This consensus core integrase-binding
sequence was established by comparing the sequences of
each of the four core att sites found in attP and attB as well as
the sequences of five non-att sites that resemble the core
sequence and to which integrase has been shown to bind in
vitro. These experiments suggest that many more au site
mutations might be identified which increase the binding of
integrase to the core au site and thus increase the efficiency of
GATEWAY™ cloning reactions.

TABLE 6-continued

Efficiency of Recombination
With Mutated attB2 Sites.

SEQ
ID Cloning

Site Sequence NO. MutationEfficiency

attB2 ggggaccactttgtacaag 48 100.00%
aaagctgggt

attB2.1 ggggalAcactttgtacaag 96 C—A 40%
aaagctgggt

attB2.2 ggggacBAactttgtacaag 97 C—A 131%
aaagctgggt
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TABLE 6-continued

Efficiency of Recombination
With Mutated attB2 Sites.

SEQ
ID Cloning

Site Sequence NO. MutationEfficiency

attB2.3 ggggaccCctttgtacaag 98 A—=C 4%
aaagctgggt

attB2.4 ggggaccaAtttgtacaag 99 C—A 11%
aaagctgggt

attB2.5 ggggaccacGttgtacaag 100 T—=G 4%
aaagctgggt

attB2.6 ggggaccactGtgtacaag 101 T—=G 6%
aaagctgggt

attB2.7 ggggaccacttGgtacaag 102 T—=G 1%
aaagctgggt

attB2.8 ggggaccactttgtacaag 103 G—=T 0.5%
aaagctgggt

[0746] As noted above, a single base change in the attB2.2

site increased the cloning efficiency of the attB1-tet-attB2.2
PCR product to 131% compared to the attB1-tet-attB2 PCR
product. Interestingly, this mutation changes the integrase
core binding site of attB2 to a sequence that matches more
closely the proposed consensus sequence.

[0747] Additional experiments were performed to directly
compare the cloning efficiency of an attBl-tet-attB2 PCR
product with a PCR product that contained attB sites contain-
ing the proposed consensus sequence of an integrase core
binding site. The following attB sites were used to amplify
attB-tet PCR products:

(SEQ ID NO: 47)
attBl ggggacaagtttgtacaaaaaagcaggcet
(SEQ ID NO: 104)
attBl.6 ggggacaaCtttgtacaaaaaagTTggct
(SEQ ID NO: 48)
attB2 ggggaccactttgtacaagaaagcetgggt
(SEQ ID NO: 105)
attB2.10 ggggacAactttgtacaagaaagTtgggt
[0748] BP reactions were carried out between 300 ng (100

fmoles) of pDONR201 (Invitrogen Corp., Carlsbad, Calif.,
Cat. No. 11798-014) with 80 ng (80 fimoles) of attB-tet PCR
product in a 20 pl volume with incubation for 1.5 hours at 25°
C., creating pENTR201-tet Entry clones. A comparison of the
cloning efficiencies of the above-noted attB sites in BP reac-
tions is shown in Table 7.

TABLE 7

Cloning efficiency of BP Reactions.

PCR Product CFU/ml Fold Increase
Bl-tet-B2 7500

B1.6-tet-B2 12000 1.6x
Bl-tet-B2.10 20900 2.8x
B1.6-tet-B2.10 30100 4.0x
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[0749] These results demonstrate that attB PCR products
containing sequences that perfectly match the proposed con-
sensus sequence for integrase core binding sites can produce
Entry clones with four-fold higher efficiency than standard
GATEWAY™ attB1 and attB2 PCR products.

[0750] The entry clones produced above were then trans-
ferred to pDEST20 (Invitrogen Corp., Carlsbad, Calif., Cat.
No. 11807-013) via LR reactions (300 ng (64 fmoles)
pDEST20 mixed with 50 ng (77 fmoles) of the respective
pENTR201-tet Entry clone in 20 ul volume; incubated for a 1
hour incubation at 25° C.). The efficiencies of cloning for
these reactions are compared in Table 8.

TABLE 8

Cloning Efficiency of LR Reactions.

pENTR201-tet x pDEST20 CFU/ml Fold Increase
L1-tet-1L2 5,800

L1.6-tet-L2 8,000 14
L1-tet-1.2.10 10,000 1.7
L1.6-tet-L2.10 9,300 1.6

[0751] These results demonstrate that the mutations intro-
duced into attB1.6 and attB2.10 that transfer with the gene
into entry clones slightly increase the efficiency of LR reac-
tions. Thus, the present invention encompasses not only
mutations in attB sites that increase recombination efficiency,
but also to the corresponding mutations that result in the attl,
sites created by the BP reaction.

[0752] To examine the increased cloning efficiency of the
attB1.6-tet-attB2.10 PCR product over a range of PCR prod-
uct amounts, experiments analogous to those described above
were performed in which the amount of attB PCR product
was titrated into the reaction mixture. The results are shown in
Table 9.

TABLE 9

Titration of attB PCR products.

Amount of attB PCR

product (ng) PCR product CFU/ml  Fold Increase
20 attB1-tet-attB2 3,500 6.1
attB1.6-tet-attB2.10 21,500
50 attB1-tet-attB2 9,800 5.0
attB1.6-tet-attB2.10 49,000
100 attB1-tet-attB2 18,800 2.8
attB1.6-tet-attB2.10 53,000
200 attB1-tet-attB2 19,000 25
attB1.6-tet-attB2.10 48,000
[0753] These results demonstrate that as much as a six-fold

increase in cloning efficiency is achieved with the attB 1.6-
tet-attB2.10 PCR product as compared to the standard attB1-
tet-attB2 PCR product at the 20 ng amount.

Example 12

Determination of attB Sequence Requirements for
Optimum Recombination Efficiency

[0754] To examine the sequence requirements for attB and
to determine which attB sites would clone with the highest
efficiency from populations of degenerate attB sites, a series
of experiments was performed. Degenerate PCR primers
were designed which contained five bases of degeneracy in
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the B-arm of the attB site. These degenerate sequences would
thus transfer with the gene into Entry clone in BP reactions
and subsequently be transferred with the gene into expression
clones in LR reactions. The populations of degenerate attB
and attL, sites could thus be cycled from attB to attl. back and
forth for any number of cycles. By altering the reaction con-
ditions at each transfer step (for example, by decreasing the
reaction time and/or decreasing the concentration of DNA)
the reaction can be made increasingly more stringent at each
cycle and thus enrich for populations of attB and attL. sites
that react more efficiently.

[0755] Thefollowing degenerate PCR primers were used to
amplify a 500 bp fragment from pUC18 which contained the
lacZ alpha fragment (only the attB portion of each primer is
shown):

attBl:
GGGG ACAAGTTTGTACAAA AAAGC AGGCT (SEQ ID NO: 47)

attBlnlé-20:
GGGG ACAAGTTTGTACAAA nnnnn AGGCT (SEQ ID NO: 106)

attBln21-25:
GGGG ACAAGTTTGTACAAA AAAGC nnnnn (SEQ ID NO: 107)

attB2:
GGGG ACCACTTTGTACAAG AAAGC TGGGT (SEQ ID NO: 48)

attD2nl6-20:
GGGG ACCACTTTGTACAAG nnnnn TGGGT (SEQ ID NO: 108)

attB2n21-25:
GGGG ACCACTTTGTACAAG AAAGC nnnnn (SEQ ID NO: 109)

[0756] The starting population size of degenerate att sites is
4° or 1024 molecules. Four different populations were trans-
ferred through two BP reactions and two LR reactions. Fol-
lowing transformation of each reaction, the population of
transformants was amplified by growth in liquid media con-
taining the appropriate selection antibiotic. DNA was pre-
pared from the population of clones by alkaline lysis mini-
prep and used in the next reaction. The results of the BP and
LR cloning reactions are shown below.

[0757] BP-1, Overnight Reactions:

cfu/ml percent of control
attB1l-lacZa-attB2 78,500 100%
attB1n16-20-lacZa-attB2 1,140 1.5%
attB1n21-25-lacZa-attB2 11,100 14%
attB1-lacZa-attB2n16-20 710 0.9%
attBl-lacZa-attB2n21-25 16,600 21%

[0758] LR-1, pENTR201-lacZaxpDEST20/EcoRI, 1 Hour
Reactions

cfu/ml percent of control
attL1-lacZa-attL2 20,000 100%
attL1n16-20-lacZa-attL.2 2,125 11%
attL1n21-25-lacZa-attL.2 2,920 15%
attL1-lacZa-attL.2n16-20 3,190 16%
attL1-lacZa-attl.2n21-25 1,405 7%
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[0759] BP-2, pEXP20-lacZa/ScalxpDONR201, 1 Hour
Reactions

cfu/ml percent of control
attB1-lacZa-attB2 48,600 100%
attB1n16-20-lacZa-attB2 22,800 47%
attB1n21-25-lacZa-attB2 31,500 65%
attB1-lacZa-attB2n16-20 42,400 87%
attB1-lacZa-attB2n21-25 34,500 71%

[0760] LR-2, pENTR201-lacZaxpDEST6/Ncol, 1 Hour
Reactions

percent of
cfu/ml control
attl.1-lacZa-att].2 23,000 100%
attl.1n16-20-lacZa-attl.2 49,000 213%
attl.1n21-25-lacZa-attl.2 18,000 80%
attl.1-lacZa-att1.2n16-20 37,000 160%
attl.1-lacZa-attl.2n21-25 57,000 250%

[0761] These results demonstrate that at each successive
transfer, the cloning efficiency of the entire population of att
sites increases, and that there is a great deal of flexibility in the
definition of an attB site. Specific clones may be isolated from
the above reactions, tested individually for recombination
efficiency, and sequenced. Such new specificities may then be
compared to known examples to guide the design of new
sequences with new recombination specificities. In addition,
based on the enrichment and screening protocols described
herein, one of ordinary skill can easily identify and use
sequences in other recombination sites (e.g., other att sites,
lox, FRT, etc.), that result in increased specificity in the
recombination reactions using nucleic acid molecules con-
taining such sequences.

Example 13

Embedding of Functional Components in Recombi-
nation Sites

[0762] Recombination sites used with the invention may
also have embedded functions or properties. An embedded
functionality is a function or property conferred by a nucle-
otide sequence in a recombination site which is not directly
associated with recombination efficiency or specificity. For
example, recombination sites may contain protein coding
sequences (e.g., intein coding sequences), intron/exon splice
sites, origins of replication, and/or stop codons. In generally,
the longer the stretch of nucleic acid which makes up arecom-
bination site the more amendable the site will be to the incor-
poration of embedded functions or properties. On the con-
trary, longer recombination sites will be more likely to have
features (e.g., stop codons) which interfere with desired func-
tions or properties. Further, recombination sites which have
more than one (e.g., two, three, four, five, etc.) embedded
functions or properties may also be prepared.

[0763] As explained below, in one aspect, the invention
provides methods for removing nucleotide sequences
encoded by recombination sites from RNA molecules. One
example of such a method employs the use of intron/exon
splice sites to remove RNA encoded by recombination sites
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from RNA transcripts. Again, as explained below, nucleotide
sequences which encode these intron/exon splice sites may be
fully or partially embedded in the recombination sites which
encode sequences excised from RNA molecules or these
intron/exon splice sites may be encoded by adjacent nucleic
acid sequence. Similarly, one intron/exon splice sites may be
encoded by recombination site and another intron/exon splice
sites may be encoded by other nucleotide sequences (e.g.,
nucleic acid sequences of the vector or a nucleic acid of
interest). Nucleic acid splicing is discussed in the following
publications: R. Reed, Cum Opin. Genet. Devel. 6:215-220
(1996); S. Mount, Nucl. Acids. Res. 10:459-472, (1982); P.
Sharp, Cell 77:805-815, (1994); K. Nelson and M. Green,
Genes and Devel. 23:319-329 (1988); and T. Cooper and W.
Mattox, Am. J. Hum. Genet. 61:259-266 (1997).

[0764] Insome instances it will be advantageous to remove
either RNA corresponding to recombination sites from RNA
transcripts or amino acid residues encoded by recombination
sites. Removal of such sequences can be performed in several
ways and can occur at either the RNA or protein level. One
instance where it will generally be advantageous to remove
RNA transcribed from a recombination site will be where a
nucleic acid molecule which an ORF is inserted into a vector
in an orientation which is intended to result in the expression
of a fusion protein (e.g., GFP) between amino acid residues
encoded by the ORF and amino acid residues encoded by the
vector (e.g., GFP). In such an instance, the presence of an
intervening recombination site between the ORF and the
vector coding sequences may result in the recombination site
(1) contributing codons to the mRNA which results in the
inclusion of additional amino acid residues in the expression
product, (2) contributing a stop codon to the mRNA which
prevents the production of the desired fusion protein, and/or
(3) shifting the reading frame of the mRNA such that the two
protein are not fused “in-frame.”

[0765] One method for removing recombination sites from
mRNA molecules involves the use intron/exon splice sites
(i.e., splice donor and splice acceptor sites). Splice sites can
be suitably positioned in a number of locations. Using a
Destination Vector designed to express an inserted ORF with
an N-terminal GFP fusion, as an example, the first splice site
could be encoded for by vector sequences located 3' to the
GFP coding sequences and the second splice site could be
partially embedded in the recombination site which separates
the GFP coding sequences from the coding sequences of the
OREF. Further, the second splice site either could abut the 3'
end of the recombination site or could be positioned a short
distance (e.g., 2, 4, 8, 10, 20 nucleotides) 3' to the recombi-
nation site. In addition, depending on the length of the recom-
bination site, the second splice site could be fully embedded
in the recombination site.

[0766] A modification of the method described above
involves the connection of multiple nucleic acid segments
which, upon expression, results in the production of a fusion
protein. In one specific example, one nucleic acid segment
encodes GFP and another nucleic acid segment which con-
tains an ORF of interest. Each of these segments is flanked by
recombination sites. In addition, the nucleic acid segments
which encodes GFP contains an intron/exon splice site near
its 3' terminus and the nucleic acid segments which contains
the ORF of interest also contains an intron/exon splice site
near its 5' terminus. Upon recombination, the nucleic acid
segment which encodes GFP is positioned 5' to the nucleic
acid segment which encodes the ORF of interest. Further,
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these two nucleic acid segments are separated by a recombi-
nation site which is flanked by intron/exon splice sites. Exci-
sion of the intervening recombination site thus occurs after
transcription of the fusion mRNA. Thus, in one aspect, the
invention is directed to methods for removing RNA tran-
scribed from recombination sites from transcripts generated
from nucleic acids described herein.

[0767] One method which could be used to introduce
intron/exon splice sites into nucleic acid segments is by the
use of PCR. For example, primers could be used to generate
nucleic acid segments corresponding to an ORF of interest
and containing both a recombination site and an intron/exon
splice site.

[0768] Theabove methods can also be used to remove RNA
corresponding to recombination sites when the nucleic acid
segment which is recombined with another nucleic acid seg-
ment encodes RNA which is not produced in a translatable
format. One example of such an instance is where a nucleic
acid segment is inserted into a vector in a manner which
results in the production of antisense RNA. As discussed
below, this antisense RNA may be fused, for example, with
RNA which encodes a ribozyme. Thus, the invention also
provides methods for removing RNA corresponding to
recombination sites from such molecules.

[0769] The invention further provides methods for remov-
ing amino acid sequences encoded by recombination sites
from protein expression products by protein splicing. Nucle-
otide sequences which encode protein splice sites may be
fully or partially embedded in the recombination sites which
encode amino acid sequences excised from proteins or pro-
tein splice sites may be encoded by adjacent nucleotide
sequences. Similarly, one protein splice site may be encoded
by a recombination site and another protein splice sites may
be encoded by other nucleotide sequences (e.g., nucleic acid
sequences of the vector or a nucleic acid of interest).

[0770] It has been shown that protein splicing can occur by
excision of an intein from a protein molecule and ligation of
flanking segments. (See, e.g., Derbyshire et al., Proc. Natl.
Acad. Sci. (USA) 95:1356-1357 (1998).) In brief, inteins are
amino acid segments which are post-translationally excised
from proteins by a self-catalytic splicing process. A consid-
erable number of intein consensus sequences have been iden-
tified. (See, e.g., Perler, Nucleic Acids Res. 27:346-347
(1999).)

[0771] Similar to intron/exon splicing, N- and C-terminal
intein motifs have been shown to be involved in protein splic-
ing. Thus, the invention further provides compositions and
methods for removing amino acid residues encoded by
recombination sites from protein expression products by pro-
tein splicing. In particular, this aspect of the invention is
related to the positioning of nucleic acid sequences which
encode intein splice sites on both the 5' and 3' end of recom-
bination sites positioned between two coding regions. Thus,
when the protein expression product is incubated under suit-
able conditions, amino acid residues encoded these recombi-
nation sites will be excised.

[0772] Protein splicing may be used to remove all or part of
the amino acid sequences encoded by recombination sites.
Nucleic acid sequence which encode inteins may be fully or
partially embedded in recombination sites or may adjacent to
such sites. In certain circumstances, it may be desirable to
remove considerable numbers of amino acid residues beyond
the N- and/or C-terminal ends of amino acid sequences
encoded by recombination sites. In such instances, intein
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coding sequence may be located a distance (e.g., 30, 50, 75,
100, etc. nucleotides) 5' and/or 3' to the recombination site.
[0773] While conditions suitable for intein excision will
vary with the particular intein, as well as the protein which
contains this intein, Chong et al., Gene 192:271-281 (1997),
have demonstrated that a modified Saccharomyces cerevisiae
intein, referred to as Sce VMA intein, can be induced to
undergo self-cleavage by a number of agents including 1,4-
dithiothreitol (DTT), p-mercaptoethanol, and cysteine. For
example, intein excision/splicing can be induced by incuba-
tion in the presence of 30 mM DTT, at 4° C. for 16 hours.

Example 14

Removal of att Sites from RNA Transcripts by Pre-
mRNA Splicing in Eukaryotic Cells

[0774] Consensus RNA sequences in metazoan cells
needed for removal of introns by splicing of pre-mRNA tran-
scripts normally contain the following three elements:
[0775] 1). At the 5' end of the intron: exon-AG.vertline.
GTRAGT-intron; where .vertline. denotes the border
between the intron and exon, and R=purine nucleotide. This
element is referred to herein as (GT);

[0776] 2). At the 3' end of the intron: intron-Yn-N-CAG.
vertline.G-exon; where Yn=a pyrimidine-rich sequence of
10-12 nucleotides. This element is referred to herein as (Yn-
AG);

[0777] 3). At the branch point within the intron, .about.20-
40 bases 5' to (Yn-AG): YNRA*Y; where Y is a pyrimidine
nucleotide and A* is the branch point adenosine that partici-
pates in the initial transesterification reaction to form an RNA
lariat. This element is referred to herein as (BP-A*).

[0778] Underlined sequences shown above are those highly
conserved and are generally believed to be required for splic-
ing activity; other nucleotides in the consensus sequences are
less highly conserved.

[0779] 1. attB Splicing

[0780] These splicing elements can be combined with
GATEWAY™ att-site-containing vectors in at least the fol-
lowing three ways to remove attB1 sites by RNA splicing.
[0781] Method 1: (GT)-(BP-A*)[attB1](Yn-AG)-ORF
[0782] In this method, the (BP-A*) element is located just
5'to the end of attB1, and the (Yn-AG) consensus is merged
with the 3'-end of the attB1 sequence, exploiting the flexibil-
ity of the 5 nucleotides flanking the core of the attB sequence.
The (GT) consensus can be positioned conveniently ten or
more nucleotides upstream from (BP-A*) element.

[0783] This arrangement has the advantage that it requires
a minimum sequence addition between the 3' end of the attB1
site and the sequence encoding the ORF. A potential difficulty
with the use of this approach is that the pyrimidine-rich
sequence in (Yn-AG) overlaps with the attB1l sequence,
which is relatively purine rich. Thus, in certain instances,
sufficient nucleotide changes (to C or T) in the attB1 site to
permit efficient splicing may not be compatible with efficient
BxP recombination.

[0784] Sequences positioned 5' to the recombination cleav-
age site within attB1 are contributed in Expression Clones by
the Destination Vector, while sequences 3' to this site are
derived (in most cases) from an attB-PCR product. If the
splicing reaction is intended to fuse RNA encoding an N-ter-
minal protein (contributed by a Destination Vector) to RNA
encoding another ORF (contributed by an Entry Clone), the
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positioning of (GT) and (Yn-AG) will generally be positioned
so that the spliced product maintains the desired translational
reading frame.

[0785] Method 2: (GT)-(BP-A*)[attB1](Yn-AG)-ORF
[0786] In this method, the (Yn-AG) consensus is immedi-
ately next to the attB1 site; consequently the branch point A*
in (BP-A*) element will generally need to be close to the
attB1 site. Thus, the distance from AG in (Yn-AG) will gen-
erally be no more than about 40 nucleotides.

[0787] The (Yn-AG) sequence can be added as part of a
primer adapter, assuming the Entry Clone is constructed
using attB-PCR. Further, this primer can be designed using a
consensus (Yn-AG) sequence which favors efficient splicing.
In some instances, the presence of the attBl sequence
between (BP-A*) and (Yn-AG) may interfere with splicing.
If such cases, the attB1 sequence can be mutated to accom-
modate a more optimal splicing sequence.

[0788] Method 3: (GT)attB1]-(BP-A*)-(Yn-AG)-ORF
[0789] This method employs an arrangement which allows
one to choose an optimal splicing sequence and spacing for
the combined elements comprising (BP-A*)-(Yn-AG). The
minimum size for this combination is expected to be about 20
nucleotides. Therefore this sequence will normally be added
to PCR products as an attB1-primer adapter of about 45-50
nucleotides.

[0790] Similar considerations apply to designing
sequences that allow splicing to remove the attB2 site from
mRNA. But since in this case (BP-A*) and (Yn-AG) can be
contributed by the Destination Vector, the most attractive
option is:

[0791] ORF-(GT)[attB2]-(BP-A*)-(Yn-AG), where the
sequence between (GT) and attB2 is minimized, to reduce the
size of the attB2-PCR adapter primer. Minimized sequences
suitable for use in particular cases can be determined experi-
mentally using methods described herein.

[0792] Another way to produce a vector that splices attB
sites is to construct a vector directly that contains splicing
signals flanking the attB1 and attB2 sites. The main difference
from the approaches described above is that any sequences
added there using attB primer adapters (as in B and C) could
be pre-installed into the vector itself next to a multiple cloning
site positioned between the attB sites.

[0793] 2. attl. Splicing

[0794] The sequences encoding attl.1 and att[.2 sites may
be removed from transcripts by RNA splicing. However, the
100 nucleotide length of attl. imposes a constraint on the
options for arranging the splicing sequence elements. This
distance is generally too great for the placement of attl.1
between (BP-A*) and (Yn-AG). One alternative which can be
employed is that either or both of these elements can be
embedded in a mutated version of attl.1. Another approach is
that these elements (i.e., (BP-A*) and (Yn-AG)) can be con-
tributed by an attB-adapter primer and (GT) can be provided
by the attP Donor plasmid. By recombining these elements in
a BxP reaction an entry clone with splice sites for splicing
attB1 is created.

[0795] Similarly, for splicing of att].2, there is no practical
limit to the length of sequence allowed between (GT) and
(BP-A*). So (GT) could be provided on the attB2 adapter
primer, while (BP-A*) and (Yn-AG) would be contributed by
the attP Donor Vector. For such uses, the attP Donor Vector
will generally need to contain a eukaryotic promoter and the
rrnB transcription termination sequences will generally need
to be removed. The potential for an adverse effect of the attl.2
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sequence between (GT) and (BP-A*) seems low, but may
need to be determined on a case by case basis.

[0796] A potential advantage of splicing attl. sequences
from Entry Clone transcripts is that users could clone and
express PCR products directly as Entry Clones, without need
for further subcloning into a Destination Vector. Further, the
presence of a termination codon in our attl.1 sequence, which
appears difficult to remove without diminishing [.xR recom-
bination, would be of no consequence to translation of ORFs
fused with N-terminal peptides.

[0797] The above describes some applications of RNA
splicing with the GATEWAY™ system, which is to remove
attB1 between ORF and N-terminal sequences and to remove
attB2 sequences between ORF sequences and C-terminal
sequences of protein fusions. Other applications would be
apparent to one skilled in the art. Further, one such applica-
tion is the use of the RNA splicing process to remove att
sequences interposed (as a result of performing a GATE-
WAY™ recombination-based subcloning reaction) between
the sequences encoding multiple protein domains in a eukary-
otic expression vector, where the ORFs encoding the various
domains are separated by an att site sequence. Such vectors
can be constructed readily by GATEWAY™ recombination
with att sites of multiple specificities, such as attl, att2, att3,
att4, etc. Although this approach permits rapid construction
of protein fusions, as well as shuffling of DNA sequences
encoding protein domains, the recombination products typi-
cally will contain 25 bp attB sites (or 100 bp attl. sites)
intervening between these domains, whose removal often
will be desirable. The RNA splicing mechanism described is
one way to remove these intervening sequences. The use of
splicing to remove att sites between multiple protein domains
also makes it practical to make these constructs using GATE-
WAY™ recombination reactions between attB and attP sites,
which yield attlL and attR sites. This is because either type of
att sequence (attB or attl.) could be removed by an RNA
splicing reaction in a properly designed vector. In other situ-
ations, it will be useful to remove by splicing attR and/or attP
sites as well.

[0798] A second application addresses the common prob-
lem of obtaining copies of large or rare mRNAs. Some
mRNAs are difficult to reverse transcribe (into cDNA) in their
entirety due to their large size and/or low abundance. Often,
one or both ends of the cDNA can be obtained, but the entire
sequence as one molecule is unobtainable. When two or more
different portions of the cDNA are available which together
constitute the entire mRNA sequence, the sequence of these
c¢DNA sequences can be determined and PCR primers syn-
thesized. Then using attB-primers each non-overlapping por-
tion of the entire transcript can be amplified by PCR. These
amplified sequences then can be combined in the proper order
using GATEWAY™ recombination. Such a recombination
product will comprise the various sequences in their proper
order, but separated by att sites. Given the appropriate tran-
scription promoter and termination signals, such constructs
can be used to prepare RNA either in vitro foruse in an in vitro
splicing reaction, or to transfect metazoan cells with an
appropriate construct allowing transcription followed by
RNA splicing within the cell. In this manner, transcripts of the
authentic mRNA can then be produced. Such mRNA tran-
scripts can be used directly for studies of biological function
of'the protein encoded by the spliced transcript. Alternatively,
because the transcripts can be produced in abundance with
this approach, it becomes more feasible to produce a cDNA
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copy of the spliced RNA. This cDNA, which lacks the inter-
vening att sequences, is useful for producing the encoded
protein in cells lacking the proper splicing machinery, such as
E. coli.

[0799] A third application of this technology makes it pos-
sible to produce replicas of mRNAs that are difficult to obtain
due to their low abundance or lack of suitable tissue sources.
Most metazoan genes encoding proteins consist of exons
sequences separated by intron sequences. Whenever exon-
intron borders of a gene can be predicted accurately from
genomic DNA sequences by bioinformatic algorithms, PCR
products flanked by att site sequences can be synthesized that
contain the exon sequences. With proper design of the att
sequences flanking these products, they can be linked each
together in the proper order, while preserving the correct
translational reading frame, using GATEWAY™ recombina-
tion. By including the appropriate transcription signals, these
constructs can serve as templates to synthesize an RNA tran-
script containing the ordered exon sequences, each separated
by an att sequence. Given that the appropriate splicing signals
are included in these constructs, the transcripts produced will
be processed by the splicing reactions of metazoan cells to
yield nucleic acids which correspond to naturally produced
mRNA sequences. In this manner one can eliminate the need
first to isolate mRNA from cells. Further, cells producing
such mRNA from splicing of transcripts made as described
above can be used directly for studies of biological function
or as a source of a desired mRNA to produce its cDNA.
Alternatively, these constructs could be spliced in vitro using
properly constituted splicing extracts.

Example 15
Determination of Gene Expression Profiles of Cells

[0800] The invention further provides compositions and
methods for cloning and sequencing multiple cDNA mol-
ecules. In general, these methods involve generating concata-
mers of cDNA molecules and performing sequencing reac-
tions on these molecule to determine the nucleotide
sequences of the individual inserts. Such methods are particu-
larly useful for determining the gene expression profile of
particular cells and/or tissues. One example of such a method,
as well as a vector produced by the described method, are
shown in FIG. 23.

[0801] The vector shown in FIG. 23 contains a series of
relatively short cDNA inserts (e.g., 10, 15, 20, 25, 30, 45, or
50 nucleotides in length) connected to each other by attB
sites. The vector shown in FIG. 23 also contains sequencing
primer sites adjacent to each side of the cDNA insertion site.

[0802] Nucleic acid molecules which represent genes
expressed in a cell or tissue may be broken into relatively
small fragments in a number of ways, including mechanical
shearing, digestion with one or a combination of restriction
enzymes (e.g., Nlalll, Sau3A, etc.), or digestion with an
endonuclease having little or no sequence specificity (e.g.,
Micrococcal nuclease, DNAsel, etc.). The conditions will
generally be adjusted so that nucleic acid fragments of a
specific average size are produced. Further, if desired, nucleic
acid fragments of a particular size can be isolated before
insertion into a vector. Methods of separating nucleic acid
molecules based on size are known in the art and include the
column chromatography and gel electrophoresis (e.g., agar-
ose and polyacrylamide gel electrophoresis).
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[0803] Nucleotide sequence data may be obtained by
sequencing nucleic acids connected by methods of the inven-
tion and inserted in a sequencing vector using standard meth-
ods known in the art. In most instances, neither the 5' to 3'
orientation of the nucleic acid inserts in the sequencing vector
nor the strand which is sequenced will not be relevant for
determining the gene expression profile of a cell or tissue.
This is so because it will generally be possible to identity of
the mRNA from which the sequenced nucleic acid was
derived regardless of the orientation of the sequenced nucleic
acid segment or strand which is sequenced.

[0804] Thus, the invention provides methods for determin-
ing the gene expression profile of cells and/or tissues. In one
aspect, the invention provides methods for determining the
gene expression profile of cells and/or tissues, comprising (a)
generating one or more populations of cDNA molecules from
RNA obtained from the cells and/or tissues, wherein the
individual cDNA molecules of these populations comprise at
least two recombination sites capable of recombining with at
least one recombination site present on the individual mem-
bers ofthe same or a different population of cDNA molecules,
(b) contacting the nucleic acid molecules of (a) with one or
more recombination proteins under conditions which cause
the nucleic acid molecules to join, and (¢) determining the
sequence of the joined nucleic acid molecules.

Example 16

Use of GATEWAY™ System to Clone the Tet and
LacZ Genes

[0805] The following attB sites was added to PCR primers
which were synthesized by standard methods. The attB1 and
attB2 sites were shown as the standard GATEWAY ™ reading
frame (see GATEWAY™ GATEWAY™ Cloning Technology
Instruction Manual (Invitrogen Corp., Carlsbad, Calif.)) and
is indicated below. The reading frame of attB5 may be altered
as appropriate. The selection of a reading frame can be used to
generate fusion proteins.

attBl (5'-end of fragment A):
(SEQ ID NO: 110)
GGGG ACA ACT TTG TAC AAA AAA GTT GNN

attb5 (3'-end of fragment A):
(SEQ ID NO: 111)
GGGG A CAA CTT TGT ATA ATA AAG TTG

attB5R (5'-end of fragment B):
(SEQ ID NO: 112)
GGGG A CAA CTT TAT TAT ACA AAG TTG

attb2 (3'-end of fragment B) :
(SEQ ID NO: 113)
GGG AC AAC TTT GTA TAATAA AGT TGN

[0806] Nucleic acid fragments encoding the tet gene
(primed with 5'-attB1 and 3'-attB5) and the lacZ gene (primed
with 5'-attB5R and 3'-attB2) were amplified by PCR and
precipitated using polyethylene glycol as follows. 150 pl of
TE is added to a 50 ul PCR reaction, followed by the addition
of 100 ul of 30% PEG8000, 30 mM MgCl,. The solution is
then mixed an centrifuged at about 10,000xg at room tem-
perature for 15 minutes. The PEG solution is then removed
and the pellet id dissolved in TE.

[0807] The Bl-tet-B5 PCR product was mixed with an
attP1-ccdB-attP5 donor vector (pDONR-P1/P5) and reacted
with BP CLONASE™ using a standard protocol (see
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Example 3 herein) to generate an attl.1-tet-attL5 entry clone.
The B5R-lacZ-B2 PCR product was mixed with an attPSR-
ccd1B-attP2 donor vector (pDONR-P5R/P2) and reacted
with BP CLONASE™ to generate an attR5-lacZ-attl.2 entry
clone.

[0808] After incubation for 1-4 hours at 25° C., 2 ul of
Proteinase K (2 mg/ml) was added stop the BP reactions.
DHS5a. cells were then transformed with the LR vectors (i.e.,
entry clones) and plated on LB-Kan plates. The plates were
incubated overnight at 25° C. Miniprep DNA was prepared
from individual DHSa colonies and quantitated by agarose
gel electrophoresis.

[0809] An LR CLONASE™ reaction was prepared in a
reaction volume of 20 pl containing the following compo-
nents:

[0810] 60 ng (25 fmoles) of the supercoiled tet entry clone
[0811] 75 ng (20 fmoles) of the supercoiled lacZ entry
clone

[0812] 150 ng (35 fmoles) of pDEST6 (described in PCT

Publication WO 00/52027, the entire disclosure of which is
incorporated herein by reference) linearized with Ncol

[0813] 41 wl of LR4 reaction buffer
[0814] 4 pl of LRLONASE™
[0815] The reaction was incubated at 25° C. overnight and

stopped with 2 pl of proteinase K solution (2 mg/ml). 2 ul was
used to transform 100 pl of LE DHSa cells and plated on
LBamp plates containing XGal. Approximately 35,000 colo-
nies were generated in the transformation mixture with cells
at an efficiency of 1.6x10® cfu/pg of pUC DNA. All the
colonies appeared blue indicating the presence of the lacZ
gene. 24 colonies were streaked onto plates containing tetra-
cycline and XGal. 24 out of 24 colonies were tetracycline
resistant. 15 colonies were used to inoculate 2 ml of LB amp
broth for mini preps. 15/15 minipreps contained a supercoiled
plasmid of the correct size (8.8 kb). Three miniprep DNAs
were digested with EcORV. A banding pattern was observed
that was consistent with the two fragments cloned in the
correct orientation.

[0816] The resulting nucleic acid product consists of the
two fragments linked together and cloned into the destination
vector. The structure of these two fragments, as the are
inserted into the destination vector, is as follows (arrows
indicate the orientation of attB sites with respect to the over-
lap sequence):

[0817] attBl—tet<—attB5-lacZ<—attB2
Example 17
[0818] Useof GATEWAY™ System to Clone the Tet, LacZ
and Neo Genes
[0819] The following attB sites are added to PCR primers

which are synthesized by standard methods. The attB 1 and
attB2 sites are shown as the standard GATEWAY™ reading
frame (see GATEWAY™ GATEWAY ™ Cloning Technology
Instruction Manual (Invitrogen Corp., Carlsbad, Calif.) and is
indicated below. The reading frame of attBS5 and attB21 may
be specified by the user.

attBl (5'-end of fragment A):
(SEQ ID NO: 114)
GGGG ACA ACT TTG TAC AAA AAA GTT GNN
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-continued

attB5 (3'-end of fragment A)

(SEQ ID NO: 111)
GGGG A CAA CTT TGT ATA ATA AAG TTG
attB5 (3'-end of fragment A)

(SEQ ID NO: 111)
GGGG A CAA CTT TGT ATA ATA AAG TTG
attB5R (5'-end of fragment B):

(SEQ ID NO: 112)
GGGG A CAA CTT TAT TAT ACA AAG TTG
attB21R (3'-end of fragment B):

(SEQ ID NO: 115)
GGG A CAA CTT TIT AAT ACA AAG TTG
attB21 (5'-end of fragment C):

(SEQ ID NO: 116)

GGGG A CAA CTT TGT ATT AAA AAG TTG
attB2 (3'-end of fragment C):

(SEQ ID NO:
GGGG AC AAC TTT GTA TAA TAA AGT TGN

117)

[0820] Nucleic acid fragments encoding the tet gene
(primed with 5'-attB1 and 3'-attBS5), the Neo gene (primed
with 5'-attB5R and 3'-attB21R), and the lacZ gene (primed
with 5'-attB21 and 3'-attB2) were amplified by PCR and
precipitated using polyethylene glycol.

[0821] The Bl-tet-B5 PCR product was mixed with an
attP1-ccdB-attP5 donor vector (pDONR-P1/P5) and reacted
with BP CLONASE™ using a standard protocol to generate
an attl.1-tet-attl.3 entry clone. The B5R-Neo-B21R PCR
product was mixed with an attP5R-ccdB-attP21R donor vec-
tor (pDONR-P5R/P21R) and reacted with BP CLONASE™
to generate an attR5-Neo-attR21 entry clone. The B21-lacZ-
B2 PCR product was mixed with an attP21-ccdB-attP2 donor
vector (pDONR-P21/P2) and reacted with BP CLONASE™
to generate an attl.21-lacZ-attl.2 entry clone.

[0822] An LR CLONASE™ reaction was prepared in a
reaction volume of 20 pl containing the following compo-
nents:

[0823] 40 ng (17 fmoles) of the supercoiled tet entry clone
[0824] 50 ng (19 fmoles) of the supercoiled or linear (Vspl
digested) Neo entry clone

[0825] 75 ng (20 fmoles) of the supercoiled lacZ entry
clone

[0826] 150ng (35 fmoles) of pDEST6 linearized with Neol
[0827] 4 pl of LR4 reaction buffer (200 mM Tris HCI1 (pH

7.5), 475 mM EDTA, 4.8 mg/ml BSA, 445 mM NaCl, 47.5
mM spermidine)

[0828] 4 ul of LR CLONASE™

[0829] The reaction was incubated at 25° C. overnight and
stopped with 2 pl of proteinase K solution (2 mg/ml). Two pl
was used to transform 100 pl of DHSa ¢ LE cells and plated
on LBamp plates containing XGal. Approximately 3,200
colonies were generated in the transformation mixture with
supercoiled entry clones. 5,300 colonies were generated in
the transformation mixture with the reaction containing the
Vspl digested Neo entry clone. The efficiency of the compe-
tent cells was 1.2x10® cfu/n of pUC DNA. All the colonies
appeared blue indicating the presence of the lacZ gene. Nine
colonies were streaked onto tet plates containing XGal. Nine
out of 9 colonies were tetracycline resistant. Nine colonies
were used to inoculate 2 ml of LBamp broth for mini preps.
Nine out of 9 minipreps contained a supercoiled plasmid of
the correct size (11 kb). Nine miniprep DNAs were digested
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with EcoRV. A banding pattern was observed that was con-
sistent with the three fragments cloned in the correct orienta-
tion.

[0830] The resulting nucleic acid product consists of the
three fragments linked together and cloned into the destina-
tion vector. The structure of these three fragments, as the are
inserted into the destination vector, is as follows (arrows
indicate the orientation of attB sites with respect to the over-
lap sequence):

[0831] attBl—tet-attB5-Neo-attB21—=lacZ<—attB2
Example 18
[0832] Useofthe GATEWAY™ and Multiple att Sites with

Different Specificities to Clone a Lux Operon

[0833] The lux operon genes (luxA, luxB, luxC, luxD and
IuxE) of Vibrio fischeria genomic DNA were amplified using
the primers listed immediately below that introduced an opti-
mal Shine-Delgamo and Kozak sequence (ggaggtatataccatg
(SEQ ID NO:118)) at the 5'-end and a T7 promoter and stop
codon (gaagctatagtgagtcgtatta) (SEQ ID NO:183) at the
3'-end of each ORF.

TABLE 10

SD 5' and T7 3' lux primers.

SD 5’ luxA ggaggtatataccatgAAGTTTGGAAATATTTGTTTT
TC

(SEQ ID NO: 119)
T7 3' luxA gaagctatagtgagtcgtattaTTTAGGTTCTTTTAA
GAAAGGAGCGAC
(SEQ ID NO: 120)
SD 5' luxB ggaggtatataccatgAAATTTGGATTATTTTTTCTA
AAC

(SEQ ID NO: 121)
T7 3' luxB gaagctatagtgagtcgtattaTGGTAAATTCATTTC
GATTTTTTGG
(SEQ ID NO: 122)
SD 5' luxC ggaggtatataccatgAATAAATGTATTCCAATGATA
ATTAATGG
(SEQ ID NO: 123)
T7 3' luxC gaagctatagtgagtcgtattaTGGGACAAAAACTAA
AAACTTATCTTCC

(SEQ ID NO: 124)

sD 5' luxD
ACGATTG

(SEQ ID

ggaggtatataccatgAAAGATGAAAGTGCTTTTTTT

NO: 125)

T7 3' luxD gaagctatagtgagtcgtattaAGCCAATTCTAATAA
TTCATTTTC
(SEQ ID NO: 126)
SD 5' luxE ggaggtatataccatgACTGTCCATACTGAATATAAA
AGAAATC
(SEQ ID NO: 127)
T7 3' luxE gaagctatagtgagtcgtattaAATCCTTGATATTCT
TTTGTATGACATTAGC

(SEQ ID NO: 128)

[0834] The PCR products were further amplified with attB-
SD and attB-T7 adapter primers listed immediately below
utilizing the Shine-Delgarno and T7 promoter sequences as
primer sites to add attB sites to the ends of the PCR products.
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&1
TABLE 11 TABLE 11l-continued
attB SD and T7 adapter primers. attB SD and T7 adapter primers.
B1.6 SD B21R SD
GGGGACAACTTTGTACAAAAAAGTTGAAggaggtatataccaty GGGGACAACTTTTTAATACAAAGTTGAAggaggtatataccaty
(SEQ ID NO: 129) (SEQ ID NO: 137)
B5 T7 B2.10 T7
GGGGACAACTTTGTATAATAAAGTTGgaagctatagtgagtegt GGGGACAACTTTGTACAAGAAAGTTGgaagctatagtgagtegt
(SEQ ID NO: 130) (SEQ ID NO: 138)
BSR SD . .
GGGGACAACTTTATTATACARAGTTGAAggaggtatataceaty [0835] In this way the following attB PCR products were
(SEQ ID NO: 131) generated:
[0836] attBl. 6-SD-luxC-T7-attB5
Bll 17 [0837] attB5R-SD-luxD-T7-attB111
GGGGACAACTTTGTATAGAAAAGTTGgaagctatagtgagtegt [0838] attB1 R-SD-luxA-T7-attB17
SEQ ID NO: 132
(SEQ ) [0839] attB17R-SD-luxB-T7-attB21
B11R <D [0840] attB21R-SD-luxE-T7-attB2.10
GGGGACAACTTTTCTATACAAAGTTGAAggaggtatataccaty [0841] Each attB PCR product was precipitated with poly-

(SEQ ID NO: 133)

ethylene glycol and reacted with the appropriate attP plasmid
to generate Entry Clones of each lux ORF.

TABLE 12

BP Reaction Setup

1 2 3 4 5 10

TE

attBl-luxC-attB5 (10 2 pul

ng/pl)

attP1-attP5 (150
ng/pl)
attBSR-luxD-attB11
(10 ng/pl)
attP5R-attP11 (150
ng/pl)

attBl 1R-luxA-attB1l
(10 ng/pl)
attP17R-attP17 (150
ng/pl)

attB1 7R-luxB-attB2
(10 ng/pl)
attP17R-attP21 (150
ng/pl)
attB21R-luxE-attB2
(10 ng/pl)
attP21R-attP2 (150
ng/pl)

BP Buffer

BP Clonase Storage
Buffer

BP Clonase

Tul o 7l

2ul

TJul 7pl 7pl F7pl 7pl 7pl 7l 7l

2ul 2l
2ul

2ul

2ul
2ul
7

2pl 2

2pl 2

1 2ul 2l

2ul 2l
2ul
2ul

4l
4l

2ul
2ul

4l 4l

4l

4ul
4ul

4l
4l

4l

4ul 4ul 4l
4l

—  4pl — 4yl 4l 4pl 4l

TABLE 11-continued

attB SD and T7 adapter primers.

B17 T7
GGGGACAACTTTGTATACAAAAGTTGgaagctatagtgagtegt
SEQ ID NO: 134)

B17R SD
GGGGACAACTTTTGTATACAAAGTTGAAggaggtatataccaty
(SEQ ID NO: 135)

B21 T7
GGGGACAACTTTGTATTAAAAAGTTGgaagctatagtgagtegt
(SEQ ID NO: 136)

[0842] The reactions were incubated at 25° C. overnight.
Each reaction was stopped by the addition of 2 pl of Protein-
ase K (2 mg/ml) solution and incubated 10 minutes at 37° C.
Two pl of each reaction was used to transform LEDHS5a cells.
One hundred wl ({fraction (¥10)}) of each transformation was
plated on LB agar containing 50 pg/ml kanamycin. The
appropriate pENTR-lux clone was isolated from each reac-
tion as determined by rapid miniprep analysis.

[0843] The luxA Entry Clone (pENTR-luxA) was digested
with Vspl to linearize the plasmid in the plasmid backbone.
Equal amounts (40 ng) of each of the five lux Entry Clones
were mixed with 150 ng of pDEST14 in a single LR reaction
containing [LR4 buffer and LR Clonase. Negative control
reactions were prepared consisting of a no Clonase reaction
and a no pENTRIuxA reaction.
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TABLE 13

LR Reaction Setup

1 2 3
TE — apl —
pENTRIuxC (20 ng/pl) 4l 4l 4l
pENTRIuxD (20 ng/ul) 4l 4l 4l
pENTRIuxA/Vspl cut (20 ng/pl) 4l — 4l
pENTRIuxB (20 ng/ul) 4l 4l 4l
pENTRIuxE (20 ng/ul) 4 4l 4l
pDEST14/Ncol (150 ng/pl) 1l 1pl 1pl
LR4 Buffer 8 pul 8 pul
LR Clonase Storage Buffer 8l — —
LR Clonase — 8 pul 8 pul
[0844] The reactions were incubated at 25° C. overnight.

Each reaction was stopped by the addition of 4 pl Proteinase
K (2 mg/ml) solution and incubated for 10 minutes at 37° C.
Two pl of each reaction was used to transform LEDHS5a cells.
One hundred wl ({fraction (¥10)}) of each transformation was
plated on LB agar containing 100 pg/ml ampicillin.

[0845] The transformations generated no colonies for reac-
tion 1 (no clonase), approximately 200 colonies for reaction 2
(no pENTRIuxA DNA) and approximately 2500 colonies for
reaction 3 (complete reaction). Ten colonies were picked
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ing pUC DNA. Since the light output was generated and
detected in live E. coli cells the functional activity of all five
lux genes was confirmed.

Example 19
[0846] Generation of pDONR Vectors
[0847] As in the example above (lux operon cloning), a

collection of vector element Entry Clones was generated by
attB PCR cloning. The Entry Clones were designed such that
when a set of 4 vector element Entry Clones are reacted
together, each vector element is linked together to assemble a
new vector (FIG. 26A-26B). In this example two new attP
DONOR vectors were constructed.

[0848] The following set of attB PCR products was gener-
ated:

[0849] attB21R-attP1-ccdB-cat-attP2-attB5

[0850] attB5R-kan-attB11

[0851] attBSR-amp-attB11

[0852] attBl11R-loxP-attB17

[0853] attB17R-pUC ori-attB21

[0854] Each attB PCR product was purified by PEG pre-

cipitation and reacted with the appropriate attP plasmid to
generate Entry Clones of each vector element as follows:

TABLE 14

BP Reaction Setup

1 2 3 4 5 6 7 8 9 10

TE

attB21R-attP1-
ccdB-cat-attP2-
attB5 (10 ng/pl)
attP21R-attP5

(150 ng/pl)

attB5R-kan-attB11

(10 ng/pl)
attP5SR-attP11
(150 ng/pl)
attBSR-amp-
attB11 (10 ng/pl)
attP5SR-attP11
(150 ng/pl)
attB11R-loxP-
attB17 (10 ng/pl)
attP11R-attP17

(150 ng/pl)

attB17R-pUC ori-

attB21 (10 ng/pl)
attP17R-attP21
(150 ng/pl)

BP Buffer

BP Clonase
Storage Buffer
BP Clonase

7 ul
2ul

Tul 7ul Fpl 7pl 7l 7ul 7pl 7pl

2ul
2pl 2
2pl 2
2ul
2ul

2ul

2ul
2ul
2ul

2ul
2ul

2ul 2l
2ul 2l

4pul 4pul
4l —

—  4p —

4ul 4l
4ul —

4l 4pl 4pul

4l —
4ul —

4l — 4ul

from reaction 3 and examined by miniprep analysis. All 10

clones were determined to be correct based on size of the
supercoiled plasmid DNA (10.3 kb) and by diagnostic restric-
tion digests. The synthetic lux operon construct was trans-
formed into BL.21SI cells and luciferase activity was moni-
tored by luminometry. Four independent isolates were
demonstrated to generate titratable salt-inducible light in
BL21SI cells. No light was detected in BL21SI cells contain-

[0855] The reactions were incubated at 25° C. overnight.
Each reaction was stopped by the addition of 2 pl of Protein-
ase K (2 mg/ml) solution and incubated 10 minutes at 37° C.
Two pl of each reaction was used to transform LEDHS5a cells.
100 pl ({fraction (¥10)}) of each transformation was plated on
LB agar containing 50 pg/ml kanamycin. Colonies were
picked and used to isolate the following pENTR clones by
rapid miniprep analysis:



US 2011/0275541 Al

[0856] pENTR-attR21-attP1-ccdB-cat-attP2-attL5  (iso-
lated from reaction 2)

[0857] pENTR-attR5-kan-attl.11 (isolated from reaction
?3858] pENTR-attR5-amp-attl.11 (isolated from reaction
[63859] pENTR-attR11-loxP-attl.17 (isolated from reaction
?3860] pENTR-attR17-ori-attl.211 (from reaction 10)

[0861] The  attR21-attP1-ccdB-cat-attP2-attl.5  Entry

Clone was digested with Vspl to linearize the plasmid in the
plasmid backbone. Equal amounts (40 ng) of each of four
Entry Clones were mixed in a single LR reaction containing
LR4 buffer and LR Clonase. Negative control reactions were
prepared consisting of a no Clonase reaction and reactions
containing no pENTR-attR21-attP1-ccdB-cat-attP2-attl.5
DNA.

TABLE 15

LR Reaction Setup

1 2 3 4

TE — 4g - —
pENTR-attR21-attP1-ccdB-cat-attP2-att- L5 4pl —  4pul 4l
Vspl cut (20 ng/pl)

pENTR-attR5-kan-attL.11 (20 ng/ul) 4pl 4pl 4 —
pENTR-attR5-amp-attL.11 (20 ng/pl) — — — 4l
pENTR-attR11-loxP-attL.17 (20 ng/ul) 4pl 4pl 4pl 4l
pENTR-attR17-ori-attL.211 (20 ng/pl) 4pl 4pl 4pl 4l
LR4 Buffer 8ul  8ul  8pul  8pul
LR Clonase Storage Buffer 8ul — — —
LR Clonase —  8ul 8ul  8pul
[0862] The reactions were incubated at 25° C. overnight.

Four pl of proteinase K (2 mg/ml) solution was added to each
reaction and 2 ul used to transform DB3.1 cells. One hundred
ul ({fraction (Vio)}) of the transformation was plated on LB
agar containing 20 pg/ml chloramphenicol and 50 pg/ml
kanamycin (reactions 1, 2 and 3) or 20 pg/ml chlorampheni-
col and 100 pg/ml ampicillin (reaction 4).

[0863] The transformations generated approximately S000
and 10,000 colonies for reactions 3 and 4, respectively com-
pared to the negative controls of approximately 500 colonies
for reaction 1 (no clonase) and 80 colonies for reaction 2 (no
pENTR-attR21-attP1-ccdB-cat-attP2-attl.5 DNA). Six colo-
nies were picked from both reactions 3 and 4 and examined by
miniprep analysis. All of the clones were determined to be
correct based on size of the supercoiled plasmid DNA and by
diagnostic restriction digests. The assembled vectors were
shown to be functional by testing their ability to clone attB
PCR products.

Example 20
[0864] Construction of attP DONOR Plasmids for Multi-
site Gateway
[0865] Four attP DONOR plasmids were constructed
which contain the following arrangements of attP sites (FIG.
26A):
[0866] attPx—ccdB-cat<—attPy
[0867] attPx—ccdB-cat<—attPy
[0868] attPx—ccdB-cat<—attPy
[0869] attPx—ccdB-cat<—attPy
[0870] The plasmids were constructed by PCR amplifica-

tion of attP sites and attP DONOR vectors using primers
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containing compatible restriction endonuclease sites. Each
PCR product was digested with the appropriate restriction
enzyme. The digested attP DONOR vector PCR products
were dephosphorylated and ligated to the digested attP sites.
The products of the ligations consisted of plasmids contain-
ing of attP sites cloned into the pDONOR vector in both
orientations.

[0871] The attP plasmids described above were subse-
quently used as templates for PCR reactions (FI1G. 26B). PCR
was performed using primers that would anneal specifically
to the core of an attP site and thus create an attL or attR site of
any desired specificity at the ends of the PCR products (see
the primers used in the methods of Example 9). For each new
attP DONOR vector two such PCR products were generated,
one consisting of the plasmid backbone (ori-kan) and a sec-
ond consisting of the ccdB and cat genes. The PCR products
were generated and reacted together in LR Clonase reactions
to generate new plasmids containing attP sites of any orien-
tation and specificity.

Example 21
[0872] Modular Vector Construction
[0873] Materials and methods of the invention may be used

in conjunction with any site-specific recombinational cloning
system. Methods of the invention may be used to generate
recombination sites with new specificities (e.g., new att site
specificities). The development of sites having differing
specificities allows the simultaneous cloning of multiple
DNA fragments in a defined order and orientation, for
example, in a single reaction. One example of materials and
methods for the simultaneous recombinational cloning of
multiple fragments is the MultiSite GATEWAY™ system
(Invitrogen Corporation, Carlsbad, Calif. catalog no.
12537023). This technology makes complex cloning
schemes simpler and more efficient. Methods of the invention
may be used in a wide variety of applications including, but
not limited to, expression of multiple gene products from a
single vector, addition of promoter/tag elements to the ends of
nucleic acid molecules (e.g., standard Gateway Entry Clones
(att L1/L2)), construction of gene-targeting vectors, engi-
neering and shuffling of protein coding domains, construction
of synthetic operons, biological and biochemical pathway
engineering and genome engineering.

[0874] In the practice of some methods of the invention,
one or more nucleic acid molecules comprising one or more
recombination sites may be prepared using any technique.
For example, a set of nucleic acid molecules may be prepared
such that each nucleic acid molecule comprises one or more
recombination sites (e.g., two recombination sites) adjacent
to a sequence of interest (e.g., recombination sites flanking a
sequence of interest). Such nucleic acid molecules may be
mixed with a suitable vector (e.g., a vector comprising one or
more recombination sites) in the presence of one or more
recombination proteins thereby simultaneous cloning mul-
tiple fragments into the vector backbone. Nucleic acid mol-
ecules made using methods of the invention may be
sequenced validated and/or may serve as source clones in the
assembly of further nucleic acid molecules. Using methods of
the invention may eliminate the need to sequence validate the
final assembled products. Further, in some embodiments, in
the final assembled nucleic acid molecule, each of the original
nucleic acid molecules may be flanked by recombination sites
permitting replacement by any desired nucleic acid molecule
comprising suitable recombination sites (e.g., sites compat-
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ible with those flanking the nucleic acid molecule to be
replaced). Thus, methods of the invention provide maximum
flexibility in vector construction.

[0875] Insomeembodiments, materials and methods of the
invention may be used for the addition of nucleic acid mol-
ecules comprising sequences of interest (e.g., promoter
sequences, sequences encoding polypeptide tags, etc.) to the
5'and/or 3' ends of nucleic acid molecules comprising one or
more recombination sites. For example, materials and meth-
ods of the invention may be used to prepare nucleic acid
molecules comprising various combinations of promoters
and ORFs. Such nucleic acid molecules may be used to study
differential gene expression, in promoter investigations, to
evaluate several different promoters and purification tags (in-
dividually and in combination), to optimize protein expres-
sion and purification, and to investigate protein domain swap-
ping. Depicted in FIGS. 33 and 34 are some specific examples
of materials and methods of the invention. FIG. 33 depicts a
method in which two sequences of interest (depicted as an
ORF and a 5'-element) are combined into vector in a single
recombination reaction. FIG. 34 depicts a method in which
three sequences of interest (depicted as an ORF, a 5'-element
and a 3'-element) are combined into a vector in a single
recombination reaction.

[0876] In some embodiments, materials of the invention
may comprise one or more nucleic acid molecules compris-
ing a recombination site. For example, nucleic acid molecules
of the invention may comprise one or more of the following
sequences:

att B3 5' CAACTTTGTATAATAAAGTTG 3'. (SEQ ID NO: 141)

att B4 5' CAACTTTGTATAGAAAAGTTG 3'. (SEQ ID NO: 142)

[0877] Preferably, nucleic acid molecules comprising a
sequence of one type of recombination site (e.g., an att3 site
such as attB3, attP3, attl.3, or attR3) will not recombine with
a nucleic acid molecule comprising a sequence of a different
type of recombination site (e.g., an att4 site such as attB4,
attP4, attl 4, or attR4). Thus, materials of the invention may
include sequence specific recombination groups that do not
recombine with non-like sequences.

[0878] Insome embodiments of the invention, nucleic acid
molecules of the invention may be introduced into host cells.
For example, a nucleic acid molecule of the invention may
comprise a sequence encoding the ccdB gene. Such nucleic
acid molecules may be replicated in DB3.1 cells. Such a
nucleic acid molecule may further comprise one or more
selectable markers, for example, the kanamycin resistance
gene, the ampicillin resistance gene, the chloramphenicol
resistance gene, the spectinomycin resistance gene or com-
binations thereof. Such nucleic acid molecules may be intro-
duced into host cells and selected for using the appropriate
antibiotics. For example nucleic acid molecules of the inven-
tion may be selected for using LB media or plates supple-
mented with Kanamycin/Chloramphenicol 50 pg/ml and 30
ng/ml, respectively, for nucleic acid molecules comprising
the sequences of the kanamycin and chloramphenicol resis-
tance genes, Ampicillin/Chloramphenicol 100 pg/ml and 30
ng/ml, respectively, for nucleic acid molecules comprising
the sequences of the ampicillin and chloramphenicol resis-
tance genes. Cells comprising nucleic acid molecules of the
invention may be amplified in [.B media with the appropriate
antibiotics.
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[0879] Specific examples of nucleic acid molecules of the
invention include, but are not limited to, pDONRS' and
pDONR3'. These nucleic acid molecules are derivatives of
pDONR 221. See FIGS. 29A-B for the nucleic acid sequence
of pDONR221, FIGS. 41A-B for vector maps of pDONRS'
and pDONR3', respectively and FIG. 54 for a vector map of
pDONR221.

[0880] Other specific examples of nucleic acid molecules
of the invention include cassettes comprising recombination
sites flanking one or more selectable markers. Examples of
such nucleic acid molecules include, but are not limited to,
cassettes comprising attR4-Cm®-ccdB-attR2 and attR4-
Cm?®-ccdB-attR3, which were cloned into the filled-in Eco RI
and Hind IIT sites of pUC 19 dlac. Clones of correct orienta-
tion were determined by restriction enzyme digestion analy-
sis and validated by DNA sequencing. pUC 19 dlac is a lac
promoter deletion mutant of pUC 19. The cassettes were
excised from pDEST6 R4R2 and pDEST6 R4R3 (available
from Invitrogen Corporation, Carlsbad, Calif.) with Eco RV.
[0881] Methods of the invention may be used to generate
nucleic acid molecules (e.g., PCR products) that will recom-
bine with other nucleic acid molecules of the invention. For
example, an nucleic acid molecule of the invention may be
constructed so as to have an attB site, which may then be
recombined with an attP site to generate a molecule having an
attl, and/or an attR site. In one embodiment, nucleic acid
molecules comprising attB sites may be constructed using
any suitable technique and then may be reacted with nucleic
acid molecules comprising attP sites to generate nucleic acid
molecules comprising attL, sites. attL. site containing nucleic
acid molecules may then be reacted with attR site containing
nucleic acid molecules to produce nucleic acid molecules
comprising attB sites. Thus, nucleic acid molecules may be
constructed that comprise attB sites that can be recombined
with a vector comprising an attP sites. Such nucleic acid
molecules may be constructed, for example, by amplifying a
nucleic acid sequence of interest with a primer comprising all
or a portion of a recombination site sequence. Thus attB sites
may be added to the ends of a sequence of interest (e.g., by
PCR) to produce a nucleic acid molecule that can recombine
with a nucleic acid molecule comprising attP sites (e.g.,
pDONRS") to generate a nucleic acid molecule comprising
attl, sites (e.g., pENTRS'). Suitable examples of sequences
that may be added to a sequence of interest by PCR include,
but are not limited to,

(SEQ ID NO: 143
att B4 5' GGGG CA ACT TTG TAT AGA AAA GTT G 3',

which may be added to the 5' PCR primer), and

(SEQ ID NO: 144
att Bl 5' GGGG C TGC TTT TTT GTA CAA ACT TG 3',

which may be added to the 3' PCR primer)

[0882] To generate PCR products that will recombine with
pDONR3' to generate pENTR3' clones the following
sequences may be added to the 5' end of 5' and 3' PCR
primers.

(SEQ ID NO: 145
att B2 5' GGGG CA GCT TTC TTG TAC AAA GTG G 3',

which may be added to the 5' PCR primer)
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(SEQ ID NO: 146
att B3 5' GGGG C AAC TTT GTA TAA TAA AGT TG 3',

which may be added to the 3' PCR primer)

[0883] PCR conditions used were as recommended by the
product profiles sheets of the thermostable polymerases used
with the exception that the annealing temperature of the PCR
was set at 45° C.

[0884] The arabinose inducible promoter together with its
regulatory protein araC was PCR amplified from pBAD HisA
(Invitrogen Corporation, Carlsbad, Calif. catalog no.
V43001) with the following 5' and 3' PCR primers:

5' PCR primer, B4-AI,

(SEQ ID NO: 147)
5' GGGGCAACTTTGTATAGAAAAGTTGTTATGACAACTTGACGGCTA
CATCATTCACTTT 3';
and

3' PCR primer, B1-AI,

(SEQ ID NO: 148)
5' GGGGCTGCTTTTTTGTACAAACTTGCCATGG TTAATTCCTCCTG
TTAGCCCAAAAAAACG 3'.

[0885] An additional 3' PCR primer (B1-Thio, 5
'GGGGCTGCTTTTTTGTACAAACTTGC-
CAGGTTAGCGTCGAGGAAC TCTTTCAACTGAC 3
(SEQ ID NO:149)) was synthesized to amplify the regulatory
protein araC, the arabinose inducible promoter and the thiore-
doxin gene from the plasmid template pBAD Thio (Invitro-
gen Corporation, Carlsbad, Calif. catalog no. K37001). The
PCR products B4-A1-B1 and B4-AM-Thio-B1 were purified
with the Concert Rapid PCR purification system prior to their
use in a BP Clonase reaction.

[0886] The Standard Gateway Entry clone, pEntr ssGUS,
(pEntr ssGUS; Glucoronidase with Shine-Delgano signal and
stop codon), is available from Invitrogen Corporation (Carls-
bad, Calif.).

[0887] Two 3' elements were PCR amplified, B2-V5-His-
terminator-B3 (template=pBAD Thio) and B2-ss alacZ19-B3
(template=pUC19). Primers for amplifying B2-V5-His-ter-
minator-B3 were B2-V5HST (5' GGGCAGCTTTCTTGTA-
CAAAGTGGGGTAAGCCTATCCCTAACCCT CTC-
CTCGGTCTC 3' (SEQ ID NO:150)) and B3-VSHST (&'
GGGGCAACTTTGTATAATAAAGTTGAAG-
GCCCAGTCTTTCGACTGA GCCTTTCGTTTT 3' (SEQ
1D NO:151). Primers for amplification of B2-ss alacZ19-B3
were  B2-19lacZ (' GGGGCAGCTTTCTTGTA-
CAAAGTGGA GGAAACAGCTATGACCATGATTACGC-

CAA 3 (SEQ ID NO:152)) and B3-19lacZ (5'
GGGGCAACTTTGTATAATAAAGTTGCTA TGCG-
GCATCAGAGCAGATTGTACTGAG 3' (SEQ 1D

NO:153)). The PCR products B2-V5-His-terminator-B3 and
B2-ss (xlacZ19-B3 were purified with the Concert Rapid
PCR purification system prior to their use in a BP Clonase
reaction.

[0888] Recombination reactions to generate nucleic acid
molecules comprising a sequence of interest flanked by attl,
sites (e.g., Entry clones) by recombining attB containing PCR
products with attP containing nucleic acid molecules (e.g.,
pDONRS', pDONR3', etc.) were carried out in a standard BP
clonase reaction (Invitrogen Corporation, Carlsbad, Calif.
catalog no. 11789021). Typically 2 or 5 pul of the 20 ul BP
Clonase reaction were transformed into 50 ul of One Shots
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TOP10 Chemically competent cells (Invitrogen Corporation,
Carlsbad, Calif. catalog no. C404003). 450 pl of SOC was
added after heat-shock treatment and the cells were allowed
to recover at 37° C. for an hour with shaking. 100 pl aliquots
of the transformation mix were spread onto appropriate LB
agar plates.

[0889] The final assembly of nucleic acid molecules com-
prising a sequence of interest flanked by attL sites (e.g., Entry
clones) and nucleic acid molecules comprising attR sites
(e.g., Destination vectors) was carried out in an LR reaction.
The significant difference between a standard LR reaction
and a MultiSite LR reaction is the use of 5x LR4 reaction
buffer (also known as 5x MS LR buffer) in place of the
standard 5xLR reaction buffer. Additionally, the total moles
of'plasmids in the reaction was kept below 120 fmoles and the
LR reaction was incubated at room temperature (22-25° C.)
for 12-16 hours. Each vector was present in the LR reaction at
equal molar amounts. Typically 5 ul of the 20 pl LR Clonase
reaction was transformed into 50 ul of One Shot® Topl0
Chemically competent cells. 450 pl of SOC was added after
heat-shock treatment and the cells were allowed to recover at
37° C. for an hour with shaking. 100 pul aliquots of the trans-
formation mix were spread onto [.B-Amp agar plates.
[0890] Proteins expressed from nucleic acid molecules
constructed using the materials and methods of the invention
may be detected and/or analyzed using techniques well
known in the art. One suitable technique is a chromogenic
assay. Five different LB-Ampicillin agar plates (100 mm)
were required for the chromogenic assay.

[0891] LB-Ampicillin agar plates (LB-Amp).

[0892] LB-Ampicillin X-Gal agar plates (LB-Amp/X-
Gal).

[0893] LB-Ampicillin X-GIcA agar plates (LB-Amp/X-

GIcA). These were made by spreading, using glass beads, 100
ul of a 2% X-GlcA solution onto LB-Amp plates an hour
before plating of a transformation mix. [(2% X-GlcA was
dissolved in dimethylformamide), (X-GlcA; 5-Bromo-4-
chloro-3-indolyl b-D-glucuronide cyclohexylammonium
salt, Sigma-Aldrich catalog numbers B6650 and B4782)].

[0894] The agar plates with arabinose were made by
spreading 100 ul of'a 20% arabinose solution with glass beads
onto appropriated agar plates, this was done concurrently
with the spreading of X-GlcA when LB-Amp/X-GlcA plus
arabinose agar plates were required.

[0895] The Invitrogen Corporation, Carlsbad, Core
Sequencing Facility sequenced all Entry and Expression
clones. Primers used were M13 Forward (5' GTAAAC-
GACGGCCAG3'(SEQIDNO:154)) and M13 Rev (5' CAG-
GAAACAGCTATGAC 3' (SEQ ID NO:155)). Plasmid
DNAs submitted for sequencing were purified with the Con-
cert Midi-prep plasmid purification kits or the SNAP mini
prep kits.

[0896] The present invention encompasses kits that may
comprise one or more components that may be used to link
DNA elements to the 5' and/or 3' ends of nucleic acid mol-
ecules comprising one or more sequence of interest flanked
by recombination sites (e.g., standard Gateway Entry clones).
Preferably, nucleic acid molecules are linked such that the
original translational reading frame of the recombination
sites (e.g., att B1 and B2 sites in an Entry clone) is maintained.
To assess specificity and efficiency of the assembly process
two assays were employed;
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[0897] (1) A chromogenic phenotype assay that is depen-
dent on specificity and the proper final order of the assembled
fragments.

[0898] (2) A bacterial colony count of desired and undes-
ired clones, as determined by the assay described above,
would reflect the efficiency of the assembly process.

[0899] For the demonstration of specificity and efficiency
of linking two DNA fragments the expression clone depicted
in FIG. 35 was assembled.

[0900] Thetransformation mix ofthe assembly LR Clonase
reaction was divided into two aliquots. The first aliquot was
plated onto LB-Amp/XGlcA plates and the second aliquot
plated onto LB-Amp/XGIcA plus arabinose plates. Plates
were incubated at 37° C. and inspected after 12 hours but
before 15 hours of incubation. (Most bacteria possess Glu-
coronidase analogs which will hydrolyze X-GlcA to generate
the blue chromogenic product however these analogs are
normally produce at low levels and will only generate a weak
positive reaction after 15 hours of incubation at 37° C.)
Colony counts from several LR clonase assembly reactions
are tabulated in Table 16.

TABLE 16

Efficiency of assembling two DNA fragments by MultiSite
LR reaction as determined by colony formation.

minus plus arabinose*
Experiments arabinose* (blue/white)
1 352 347/0
2 267 275/4
3 180 181/1
4 165 165/1
5 190 200/0
6 302 330/0

Only clones with the AI promoter correctly assembled at the 5' end of the GUS gene will
hydrolyze X-GlcA to produce blue colonies in the presence of arabinose. The white colonies
seen in the plus arabinose column were re-streaked on LB-Amp/XGIcA plus arabinose
plates and all re-streaked colonies had the blue phenotype.

*numbers are per plate averages.

[0901] The cloning fidelity and efficiency of linking two
DNA fragments, as reflected by the results in Table 16, appear
to be 100%. The minimum number of colonies from a 20 ul
LR Clonase assembly reaction was about 3600 colonies.

[0902] As a secondary assay for fidelity and efficiency ran-
dom colonies were selected, their plasmid DNA isolated and
analyzed by restriction enzyme digest (FI1G. 36). All colonies
generated the same restriction enzyme digestion pattern as
predicted for the expression construct pEXP-Al-ssGUS.
Clones from this analysis were amplified for plasmid purifi-
cation using the Concert Midi-prep plasmid purification kits
and submitted for sequencing. The sequencing data also dem-
onstrated that the LR Clonase reaction assembled the entry
clones correctly onto the destination vector as predicted and
with no anomalies.

[0903] The present invention encompasses kits for the
attachment of DNA elements to the 5' and 3' ends of nucleic
acid molecules comprising sequences of interest flanked by
recombination sites (e.g., Entry clones) in a single recombi-
nation reaction (e.g., an LR reaction). One nucleic acid mol-
ecule constructed using materials and methods of the inven-
tion is depicted in FIG. 37.

[0904] The LR assembly reaction was transformed into
TOP10 cells and plated onto LB-Amp plates. After an over-
night incubation at 37° C. twenty-five random colonies were
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picked and re-patched onto LB-Amp plates contain either
X-GlcA or X-Gal substrates with and without arabinose.

TABLE 17

Chromogenic phenotype assay for the proper assembly of three
DNA fragments using the Modular Vector Construction kit.

X-GlecA X-Gal
Experiment Colonies/rxn (—/+ arabinose) (~/+ arabinose)
1 3760 25 white/25 blue 25 white/25 blue
2 2172 25 white/25 blue 25 white/25 blue
3 2200 25 white/25 blue 25 white/25 blue

Total number of colonies per 20 pl LR reaction is shown in the second column labeled
Colonies/rxn. In the absence of arabinose all colonies were white. However, in the presence
of arabinose all colonies turned blue with either the X-GlcA or X-Gal substrates demon-
strating proper assembly ofthe three Entry clones onto the Destination vector pDEST R4R3.

[0905] Results tabulated in Table 17 clearly demonstrate
that the assembly of three Entry clones onto the Destination
vector pDESTR4R3 occurs at an extremely high fidelity with
a reasonable output of colonies per reaction. To validate the
Chromogenic assay six randomly selected clones were
sequenced and also analyzed by restriction enzyme digest.
The DNA sequencing results yielded sequences identical to
the predicted sequence of a properly assembled Expression
construct and the restriction enzyme digest analysis is seen in
FIG. 38.

[0906] PCR products flanked by appropriate att B
sequences were recombined, in a BP Clonase reaction, with
either pDONRS' or pDONR3' to generate pEntrS' or pEntr3'
Entry clones, respectively. pEntrS' Al, pEntr ssGUS and
pEntr3' ss alacZ19 Entry clones were cloned by BP Clonase
reactions with either pPDONRS' or pDONR3' and PCR prod-
uct (see above). As a positive control for the BP Clonase
reaction linearized pEXP-Al-ssGUS-ss alacZ19 (also known
as pMVC control, FIG. 37) was used as a source of att B
containing fragments in the control BP Clonase reactions.
The use of a linearized vector allows for an accurate determi-
nation of insert in a control BP reaction. The reaction was set
up as listed below and the results are seen in Table 18. Mini-
prep plasmid DNA was prepared from four random colonies
and their restriction digest analysis indicated that all selected
clones were correct.

[0907] The control BP Clonase reaction contained:
pDONRS' or pPDONR3Y' (150 ng) 1pl
pMVC control (Aat IT) (50 ng) 1pl
5X BP buffer 4l
BP Clonase 4l
TE. 10 pl
Final volume 20 ul

TABLE 18

Colony counts from the control BP Clonase reactions.

BP Clonase Reaction 1 hour reaction 3 hour reaction

pDonr 5' 225 197
pDonr 3' 368 424

The reactions were performed with linear pMVC control and either pDONRS' or pDONR3'.
The numbers tabulated are averaged from three experiments and represent the average
number of colonies from each LB-Kan agar plate.
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[0908] A new LR reaction buffer is required for MultiSite
GATEWAY™ reactions due to the lowered number of colo-
nies generated when performing these reactions with the stan-
dard 5xLR reaction buffer. As demonstrated by the results in
Table 19, MultiSite GATEWAY™ reactions performed with
the standard LR reaction buffer is only, at best, 4% as efficient
as the LR4 reaction buffer. One can successfully use the
standard LR reaction buffer for MultiSite GATEWAY™ reac-
tions, but this requires that the total molar amount of vectors
in the LR assembly reaction to reach 120 fmoles. Exceeding
120 fmoles of total plasmids in a MultiSite LR reaction
appears to lower efficiency of the LR reaction and generate
mis-assembled clones. Therefore, to maintain the 100% clon-
ing fidelity of the MultiSite LR reaction and obtain reason-
able colony numbers the LR reaction buffer was optimized.

TABLE 19

LR assembly reactions were performed with either
the Standard LR or the LR4 reaction buffer.

LR Reaction Standard 5 x LR Buffer 5 x LR4 Buffer
Two Fragment (1) 0 11200
Two Fragment (2) 165 3700
Two Fragment (3) 0 9625
Two Fragment (4) 100 5000
Three Fragment (1) 0 3760
Three Fragment (2) 0 2172
Three Fragment (3) 0 2200

The number of colonies obtained after the transformation into TOP10 cells determined
efficiency of these reactions. The colony counts are reflected as total number of colonies
obtained per LR assembly reaction.

[0909] To formulate an optimal MultiSite LR reaction
buffer, the concentrations of several buffer components were
varied to obtain the optimal buffer concoction. These com-
ponents include; Tris, sodium chloride, EDTA, glycerol,
bovine serum albumin and spermidine. Varying spermidine
concentration affected the LR reaction most significantly.
[0910] The titration of spermidine was assessed with the
LR reaction described above for the Three Fragment Modular
Vector Construction Kit (FIGS. 34 and 37); colony counts
from this reaction were scored against the final spermidine
concentration in the LR reaction. A broad spermidine con-
centration range was initially assessed and these results are
depicted in FIG. 39. From this graph it was decided to focus
on the activity of a MultiSite LR reaction with final spermi-
dine concentrations between 7 mM and 10 mM (FIG. 40).
[0911] From the results depicted in FIG. 40 it can be
inferred that varying spermidine concentration in the range of
7.5 mM to 9.5 mM has little effect on a MultiSite LR reaction.
Therefore, it was decided that a final spermidine concentra-
tion of 8.5 mM would be optimal for a MultiSite LR reaction.
The 5x MS LR buffer composition arrived at for optimal
MultiSite LR reactions is:

[0912] 200 mM Tris-HCl, pH 7.5

[0913] 5 mM EDTA

[0914] 40 mM Spermidine

[0915] 320 mM NaCl

[0916] 5 mg/mlBSA (Sigma; catalog #A3059)

[0917] Exemplary kits useful in the practice of the inven-

tion are listed below, and are available from Invitrogen Cor-
poration (Carlsbad, Calif.). Kits may comprise one or more of
the following nucleic acid molecules: pDONRS' (which may
be called pDONR P4-P1R), pDONR 221, pDest R4R2,
pMVC Control. Kits of the invention may comprise one or
more containers containing one or more buffers, for example,

Nov. 10, 2011

5x MS LR buffer. Kits of the invention may be adapted for the
construction of desired nucleic acid molecules comprising
portions of three starting nucleic acid molecules (e.g., Three
Fragment Modular Vector Construction Kit available from
Invitrogen Corporation, Carlsbad, Calif. catalog no. 12537-
023). Such kits may comprise one or more nucleic acid mol-
ecules such as pDONRS' (which may be known as pDONR
P4-P1R), pDONR3' (which may be known as pDONR P2R-
P3), pPDONR 221, pDest R4R3, and/or pMVC Control. Such
kits may also comprise one or more containers containing one
or more buffers, for example, Sx MS LR buffer. Kits of the
invention may also comprise one or more containers contain-
ing one or more enzymes and/or enzyme-containing mix-
tures. Suitable enzyme mixtures include, but are not limited
to, Clonase™ mixtures such as LR Clonase™ and/or BP
Clonase™. Other suitable enzymes include, but are not lim-
ited to, Proteinase K. Maps of exemplary nucleic acid mol-
ecules suitable for inclusion in kits of the invention are pro-
vided as FIGS. 41A-41E.

Example 22

[0918] MultiSite GATEWAY™ BP and LR Recombination
Reaction Protocols for Experienced Users

[0919] This example provides exemplary components and
instructions associated with kits of the invention.

[0920] Perform a BP recombination reaction between each
attB-flanked DNA fragment and the appropriate attP-contain-
ing donor vector to generate an entry clone.

[0921] 1. Add the following components to a 1.5 ml micro-
centrifuge tube at room temperature and mix:

attB PCR product (40-100 fmoles) 1-10 pl
pDONR ™ vector (supercoiled, 150 ng/ml) 2 pl
5 x BP Clonase ™ reaction buffer 4 ul
TE Buffer, pH 8.0 to 16 pl

[0922] 2. Vortex BP Clonase™ enzyme mix briefly. Add 4
ul to the components above and mix well by vortexing briefly
twice.

[0923] 3. Incubate reaction at 25° C. for 1 hour.

[0924] 4. Add 2 pl of 2 pg/ul Proteinase K solution and
incubate at 37° C. for 10 minutes.

[0925] 5. Transform 1 pl of the reaction into competent E.
coli and select for kanamycin-resistant entry clones.

[0926] MultiSite GATEWAY™ [R Recombination Reac-
tion
[0927] Perform a MultiSite GATEWAY™ [ R recombina-

tion reaction between multiple entry clones (attl.4-5' ele-
ment-attR1+attl.1-gene of interest-attl.2+attR2-3' element-
attl.3) and the pDESTT™R4-R3 vector to generate an
expression clone (attB4-5' element-attB1-gene of interest-
attB2-3' element-attB3).

[0928] 1. Add the following components to a 1.5 ml micro-
centrifuge tube at room temperature and mix:

Entry clones (supercoiled, 20-25 finoles each) 1-11 pl
pDEST ™ R4-R3 (supercoiled, 60 ng/ml) 1l
5 x LR Clonase ™ Plus reaction buffer 4 ul
TE Buffer, pH 8.0
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[0929] 2. Vortex LR Clonase™ Plus enzyme mix briefly.
Add 4 pl to the components above and mix well by vortexing
briefly twice.

[0930] 3. Incubate reaction at 25° C. for 16 hours (or over-
night).
[0931] 4. Add 2 pl of 2 pug/ul Proteinase K solution and

incubate at 37° C. for 10 minutes.

[0932] 5. Transform 2 pl of the reaction into competent E.
coli and select for ampicillin-resistant expression clones.
[0933]
[0934] All kits and components described in this section
and Example are available from Invitrogen Corporation
(Carlsbad, Calif.), unless otherwise noted.

[0935] Shipping/Storage

[0936] The MultiSite GATEWAY™ Three-Fragment Vec-
tor Construction Kit is shipped on dry ice in four boxes as
described below. Upon receipt, store each box as detailed
below.

Kit Contents and Storage

Box Item Storage
1 Vectors -20° C.
2 BP Clonase ™ Enzyme Mix -80° C.
3 LR Clonase ™ Plus Enzyme Mix -80° C.
4 One Shot ® TOP10 Chemically Competent E. coli -80° C.

[0937]

[0938] The Vectors box (Box 1) contains the following
items. Store Box 1 at -20° C.

Vectors

Item Composition Amount
PDONR ™ P4-P1R Lyophilized in TE Buffer, pH 8.0 6ug
PDONR ™ P2R-P3 Lyophilized in TE Buffer, pH 8.0 6ug
PDONR ™ 221 Lyophilized in TE Buffer, pH 8.0 6ug
PDEST ™ R4-R3 Lyophilized in TE Buffer, pH 8.0 6ug
pMS/GW control plasmid ~ Lyophilized in TE Buffer, pH 8.0 10 pug
[0939] BP Clonase™ Enzyme Mix

[0940] The following reagents are supplied with the BP

Clonase™ enzyme mix (Box 2). Store Box 2 at -80° C.

Item Composition Amount
BP Clonase ™ Enzyme Mix Proprietary 80 pl
5 x BP Clonase ™ Proprietary 100 pl
Reaction Buffer
Proteinase K solution 2 pg/ul in: 40 ul
10 mM Tris-HCl,
pH7.5
20 mM CaCl,
50% glycerol
30% PEG/Mg solution 30% PEG 8000/30 1 ml
mM MgCl,

[0941] LR Clonase™ Plus Enzyme Mix

[0942] The following reagents are supplied with the LR
Clonase™ Plus enzyme mix (Box 3). Store Box 3 at -80° C.
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Item Composition Amount
LR Clonase ™ Plus Proprietary 80 ul
Enzyme Mix
5 x LR Clonase ™ Proprietary 100 pl
Plus Reaction Buffer
Proteinase K solution 2 pg/ul in: 40 ul
10 mM Tris-HCI,
pH 7.5
20 mM CaCl,
50% glycerol
[0943] One Shot® TOP10 Reagents
[0944] The One Shot® TOP10 Chemically Competent E.

coli kit (Box 4) contains the following reagents. Transforma-
tion efficiency is 1x10° cfi/ug DNA. Store Box 4 at -80° C.

Item Composition Amount
SOC Medium 2% tryptone 6 ml
(may be stored at room  0.5% yeast extract
temperature or +4° C.) 10 mM NaCl
2.5mM KC1
10 mM MgCl,
10 mM MgSO,
20 mM glucose
TOP10 chemically — 21 x50 pl
competent cells
pUC19 Control DNA 10 pg/ul in 5 mM 50 pl
Tris-HCL, 0.5 mM EDTA,
pH®B
[0945] Genotype of TOP10
[0946] Note that this strain cannot be used for single-strand

rescue of DNA. The genotype of the TOP10 cell line is as
follows:

[0947] F-mcrA d(mrr-hsdRMS-mcerBC) ®80lacZAMI15
dlacX74 recAl deoR araD139 d(ara-leu)7697 galU galk rpsL.
(Str®) endAl nupG

[0948] Accessory Products

[0949] The products listed in this section may be used with
the MultiSite GATEWAY™ Three-Fragment Vector Con-
struction Kit, available from Invitrogen Corporation (Carls-
bad, Calif. catalog no. 12537-023).

[0950] Additional Products

[0951] Many of the reagents supplied in the MultiSite
GATEWAY™ Three-Fragment Vector Construction Kit as
well as other products suitable for use with the kit are avail-
able separately from Invitrogen. Ordering information for
these reagents is provided below.

Item Quantity Catalog no.
BP Clonase ™ Enzyme Mix 20 reactions 11789-013
LR Clonase ™ Plus Enzyme Mix 20 reactions 12538-013
Library Efficiency DHo ™ 5% 0.2 ml 18263-012
Chemically Competent Cells

One Shot ® TOP10 Chemically 20%x 50 ul C4040-03
Competent E. coli

Library Efficiency DB3.1 ™ 5% 0.2 ml 11782-018
Competent Cells

pDONR ™ 221 6 ug 12536-017
M13 Forward (-20) Sequencing 2 ug N520-02
Primer



US 2011/0275541 Al

-continued

Item Quantity Catalog no.

M13 Reverse Sequencing Primer 2 ug N530-02
S.N.A.P. ™ MiniPrep Kit 100 reactions K1900-01
S.N.A.P. ™ MidiPrep Kit 20 reactions K1910-01
S.N.A.P. ™ Gel Purification Kit 25 reactions K1999-25
Ampicillin 20 ml(10 mg/ml) 11593-019
Kanamyecin Sulfate 100 ml(10 mg/ml) 15160-054

Platinum ® Pfx DNA Polymerase 100 reactions 11708-013
250 reactions 11708-021
Platinum ® Taq DNA Polymerase 100 reactions 11304-011
High Fidelity 500 reactions 11304-029
Dpnl 100 units 15242-019
React ® 4 Buffer 2x1 ml 16304-016
[0952] GATEWAY™ Entry Vectors
[0953] The MultiSite GATEWAY™ Three-Fragment kit

provides the pDONR™ 221 vector to facilitate creation of
attl.1 and attl.2-flanked entry clones. Alternatively, a variety
of GATEWAY™ entry vectors are available from Invitrogen
to allow creation of entry clones using TOPO® Cloning or
restriction digestion and ligation.

Item Quantity Catalog no.

pENTR/D-TOPO ® Cloning Kit 20 reactions K2400-20
480 reactions K2400-480
500 reaction K2400-500
pENTR/SD/D-TOPO ® Cloning Kit 20 reactions K2420-20
480 reactions K2420-480
500 reactions K2420-500

pENTR ™ 1A 10 ng 11813-011
pENTR ™ 2B 10 ng 11816-014
pENTR ™ 3C 10 ng 11817-012
pENTR ™ 4 10 ng 11818-010
pENTR ™ 11 10 ng 11819-018
[0954] Overview

[0955] Introduction

[0956] The MultiSite GATEWAY™ Three-Fragment Vec-

tor Construction Kit facilitates rapid and highly efficient con-
struction of an expression clone containing your choice of
promoter, gene of interest, and termination or polyadenyla-
tion sequence. Other sequences of interest may be easily
substituted or incorporated, providing added flexibility for
your vector construction needs. Based on the GATEWAY™
Technology, the MultiSite GATEWAY™ Technology uses
site-specific recombinational cloning to allow simultaneous
cloning of multiple DNA fragments in a defined order and
orientation.

[0957] The MultiSite GATEWAY™ Three-Fragment Vec-
tor Construction Kit is designed to help you create a multiple-
fragment clone or an expression clone using the MultiSite
GATEWAY™ Technology. Details of the GATEWAY™
Technology can be found herein, and in the GATEWAY™
Technology Manual (Invitrogen Corp., Carlsbad, Calif;
Catalog no. 12539-011), which is incorporated by reference
herein in its entirety.

[0958] This Example provides an overview of the MultiSite
Gateway™ Technology, and provides instructions and guide-
lines to:

[0959] 1. Designthree sets of forward and reverse attB PCR
primers, and amplify your three DNA sequences of interest.
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[0960] 2. Perform a BP recombination reaction with each
attB PCR product and a specific donor vector to generate
three types of entry clones.

[0961] 3. Perform a MultiSite Gateway™ LR recombina-
tion reaction with your three entry clones and the
pDEST™R4-R3 destination vector to generate an expression
clone which may then be used in the appropriate application
or expression system.

[0962] Glossary of Terms

[0963] To help you understand the terminology used in the
MultiSite Gateway™ Technology, a glossary of terms is pro-
vided below.

[0964] The Gateway™ Technology

[0965] Gateway™ is a universal cloning technology based
on the bacteriophage lambda site-specific recombination sys-
tem that provides a rapid and highly efficient way to transfer
heterologous DNA sequences into multiple vector systems
for functional analysis and protein expression.

[0966] ILambda Recombination Reactions

[0967] In lambda, recombination occurs between lambda
and the E. coli chromosome via specific recombination
sequences (att sites), and is catalyzed by a mixture of recom-
bination proteins (Clonase™ enzyme mix; Invitrogen Corpo-
ration, Carlsbad, Calif.). The reactions are described in the
table below.

Pathway Reaction Catalyzed by . ..

Lysogenic attB x attP — attL x attR BP Clonase ™ (Int, IHF)

Lytic attl x attR — attB x attP LR Clonase ™ (Int, Xis, IHF)
[0968] Gateway™ Recombination Reactions

[0969] The Gateway™ Technology uses modified and opti-

mized att sites to permit transfer of heterologous DNA
sequences between vectors. Two recombination reactions
constitute the basis of the Gateway™ Technology:

[0970] BP Reaction: Facilitates recombination of an attB
substrate (e.g., attB PCR product or expression clone) with an
attP substrate (donor vector) to create an attl-containing
entry clone (see FIG. 42A). This reaction is catalyzed by BP
Clonase™ enzyme mix, a mixture of the A Integrase (Int) and
E. coli Integration Host Factor (IHF) proteins.

[0971] LR Reaction: Facilitates recombination of an attL-
containing entry clone with an attR-containing destination
vector to create an attB-containing expression clone (see F1G.
42B). This reaction is catalyzed by LR Clonase™ enzyme
mix, a mixture of the A Int and Excisionase (Xis) proteins, and
the E. coli IHF protein.

[0972] MultiSite Gateway™ Technology
[0973] Introduction
[0974] The MultiSite Gateway™ Three-Fragment Vector

Construction Kit (Invitrogen Corporation; Carlsbad, Calif.)
uses modifications of the site-specific recombination reac-
tions of the Gateway™ Technology to allow simultaneous
cloning of three DNA fragments in a defined order and ori-
entation to create your own expression clone. To generate
your own expression clone, you will:

[0975] 1. Amplify your three DNA sequences of interest
(i.e. 5' element, gene of interest, and 3' element) using the
recommended attB primers to generate PCR products that are
flanked by attB sites. To ensure that your fragments are joined
in a specific order, each PCR product must be flanked by
specific attB sites.
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[0976] 2. Use the PCR products in separate BP recombina-
tion reactions with three donor vectors (pDONR™P4-P1R,
pDONR™221, pDONR™P2R-P3) to generate three entry
clones containing your DNA sequences of interest.

[0977] 3. Use the three entry clones in a single MultiSite
Gateway™ LR recombination reaction with a specially
designed destination vector, pPDESTmR4-R3, to create your
expression clone of interest (see FIG. 43).

[0978] Modifications to the att Sites

[0979] To permit recombinational cloning using the Gate-
way™ Technology, the wild-type 1 att sites have been modi-
fied to improve the efficiency and specificity of the Gate-
way™ BP and LR recombination reactions (see the
Gateway™ Technology manual for details).

[0980] In MultiSite Gateway™, the att sites have been opti-
mized further to accommodate simultaneous, recombina-
tional cloning of multiple DNA fragments. These modifica-
tions include alterations to both the sequence and length of the
att sites, resulting in the creation of “new” att sites exhibiting
enhanced specificities and the improved efficiency required
to clone multiple DNA fragments at one time. In the MultiSite
Gateway™ Three-Fragment kit, four att sites are used versus
two att sites in the standard Gateway™ Technology.

[0981] Forexample, four attB sites are used in the MultiSite
Gateway™ Three-Fragment kit (see table below). Various
combinations of these attB sites will flank each PCR product
containing your DNA fragment of interest.

MultiSite Gateway ™ Gateway ™
attB1l attB1

attB2 attB2

attB3

attB4

[0982] Specificity of the Modified att Sites

[0983] In general, the modified att sites in the MultiSite
Gateway™ Technology demonstrate the same specificity as
in the GatewayM Technology. That is:

[0984] attB sites react only with attP sites; similarly attB1
sites react only with attP1 sites to generate attlL1 sites
[0985] attL sites react only with attR sites; similarly attl.1
sites react only with attR1 sites to generate attB1 sites
[0986] However, depending on the orientation and position
of'the attB site and attP site in relation to the DNA fragment
of interest or the donor vector, respectively, performing the
BP recombination reaction can result in creation of an attR
site instead of an attL. site. Specifically:

[0987] attB1 sites react with attP1R sites to generate attR1
sites
[0988] attB2 sites react with attP2R sites to generate attR2
sites
[0989] In this example, an attB4 and attB1-flanked PCR

product is used in a BP recombination reaction with
pDONR™P4-P R.

[0990] attB4-PCR  product-attB1xpDONR™P4-P1 R
attl.4-PCR product-attR1

[0991] Because of the orientation and position of the attB1
and attP1R site in the PCR product and donor vector, respec-
tively, the resulting entry clone contains the PCR product
flanked by an attl4 site and an attR1 site rather than two attl
sites.
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[0992] MultiSite Gateway™ Donor Vectors

[0993] The MultiSite Gateway™ donor vectors are used to
clone attB-flanked PCR products to generate entry clones,
and contain similar elements as other Gateway™ donor vec-
tors. However, because your PCR products will be flanked by
different attB sites, three different donor vectors are required
to facilitate generation of the three types of entry clones
required for MultiSite Gateway™:

[0994] pDONRT™P4-P1R: Use to clone attB4 and attB1-
flanked PCR products.

[0995] pDONR™221: Use to clone attBl and attB2-
flanked PCR products.

[0996] pDONRTP2R-P3: Use to clone attB2 and attB3-
flanked PCR products.

[0997] For a map and a description of the features of each
pDONR™ vector, see below and FIGS. 53-55.

[0998] While pDONR™221 is well suited for use in Gate-
way™ reactions, the pPDONR™P4-P1R and pDONR™P2R-
P3vectors are designed for use in MultiSite Gateway™ appli-
cations.

[0999] MultiSite Gateway™ Destination Vector

[1000] The MultiSite Gateway™ destination vector,
pDEST™R4-R3, is designed for use in the MultiSite Gate-
way™ three-fragment LR recombination reaction with the
three entry clones described above. The pDESTT™R4-R3 vec-
tor contains attR4 and attR3 sites flanking a selection cassette
and allows generation of the expression clone of interest.
Note that other Gateway™ destination vectors are not typi-
cally suitable for use in the MultiSite Gateway™ LR reaction.
[1001] For a map and a description of the features of the
pDEST™R4-R3 vector, see FIGS. 41D and 56.

[1002] LR Clonase™ Plus Enzyme Mix

[1003] The MultiSite Gateway™ LR recombination reac-
tion is catalyzed by an optimized LR Clonase™, LR Clo-
nase™ Plus enzyme mix. LR Clonase™ (Invitrogen Corpo-
ration, Carlsbad, Calif., catalog no. 12538-013). Plus enzyme
mix facilitates efficient recombinational cloning of multiple
DNA fragments, but may also be used in the standard Gate-
way™ LR recombination reaction. Note that LR Clonase™
enzyme mix is not well suited for use in the MultiSite Gate-
way™ LR recombination reaction.

[1004] MultiSite Gateway™ BP Recombination Reactions
[1005] Introduction
[1006] The MultiSite Gateway™ BP recombination reac-

tion facilitates production of entry clones from your three
attB-flanked PCR products. Since each PCR product is
flanked by a specific combination of attB sites, specific donor
vectors must also be used. An illustration of each BP recom-
bination reaction is provided in this section.

[1007] Note that the att sites used in MultiSite Gateway™
have been optimized to improve specificity and efficiency of
the MultiSite Gateway™ LR recombination reaction, and
may vary in size and sequence from those used in the Gate-
way™ Technology.

[1008] attB 5' ElementxpDONR™P4-P1R Recombination
Region
[1009] The diagram in FIG. 44 depicts the recombination

reaction between the attB4 and attB1-flanked PCR product
(i.e. attB 5' element) and pDONR™P4-P1R to create an entry
clone and a by-product.

[1010] Features of the Recombination Region:

[1011] Shaded regions in FIG. 44 correspond to those
sequences transferred from the attB 5' element into the entry
clone following recombination. Note that the 5' element in the
entry clone is flanked by attl.4 and attR1 sites.
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[1012] Boxed regions in FIG. 44 correspond to those
sequences transferred from the donor vector into the by-
product following recombination.

[1013] attB GenexpDONR™221 Recombination Region
[1014] FIG. 45 depicts the recombination reaction between
the attB1 and attB2-flanked PCR product (i.e., attB gene) and
pDONRT™221 to create an entry clone and a by-product.
[1015] Features of the Recombination Region

[1016] Shaded regions in FIG. 45 correspond to those
sequences transferred from the attB PCR product into the
entry clone following recombination. Note that the PCR
product in the entry clone is flanked by attl.1 and att].2 sites,
and is suitable for use for all standard Gateway™ applica-
tions.

[1017] Boxed regions in FIG. 45 correspond to those
sequences transferred from the donor vector into the by-
product following recombination.

[1018] attB 3' ElementxpDONR™P2R-P3 Recombination
Region
[1019] FIG. 46 depicts the recombination reaction between

the attB2 and attB3-flanked PCR product (i.e. attB 3' element)
and pPDONR™P2R-P3 to create an entry clone and a by-

product.
[1020] Features of the Recombination Region
[1021] Shaded regions in FIG. 46 correspond to those

sequences transferred from the attB 3' element into the entry
clone following recombination. Note that the 3' element in the
entry clone is flanked by attR2 and attl3 sites.

[1022] Boxed regions in FIG. 46 correspond to those
sequences transferred from the donor vector into the by-
product following recombination.

[1023] Features of the MultiSite Gateway™ Vectors
[1024] MultiSite Gateway™ Vectors
[1025] Two types of MultiSite Gateway™-adapted vectors

are available from Invitrogen:

Gateway ™ Vector Characteristics

Donor vector Contains attP sites

(pDONR ™) Used to clone attB-flanked PCR products to
generate entry clones
Destination Contains attR sites

vector Recombines with multiple entry clones in a
MultiSite Gateway ™ LR reaction to
generate an expression clone

[1026] Common Features of the MultiSite Gateway™ Vec-
tors
[1027] To enable recombinational cloning and efficient

selection of entry or expression clones, the MultiSite Gate-
way™ donor and destination vectors contain two att sites
flanking a cassette containing:

[1028] The ccdB gene (see below) for negative selection
[1029] Chloramphenicol resistance gene (Cm®) for coun-
terselection

[1030] After a BP or MultiSite Gateway™ LR recombina-

tion reaction, this cassette is replaced by the gene of interest
to generate the entry clone and expression clone, respectively.
[1031] ccdB Gene

[1032] The presence of the ccdB gene allows negative
selection of the donor and destination vectors in E. coli fol-
lowing recombination and transformation. The ccdB protein
interferes with . coli DNA gyrase, thereby inhibiting growth
of most E. coli strains (e.g., TOP10, DH5a™). When recom-
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bination occurs (i.e. between a destination vector and an entry
clone or between a donor vector and an attB PCR product),
the ccdb gene is replaced by the gene of interest. Cells that
take up unreacted vectors carrying the ccdB gene or by-
product molecules retaining the ccdB gene will fail to grow.
This allows high-efficiency recovery of the desired clones.

[1033] Methods
[1034] Propagating the MultiSite Gateway™ Vectors
[1035] The MultiSite Gateway™ Three-Fragment Vector

Construction Kit includes the following vectors. See the
guidelines below to propagate and maintain these vectors.

[1036] Donor Vectors:

[1037] pDONR™ P4-P1R

[1038] pDONR™ 221

[1039] pDONR™ P2R-P3

[1040] Destination Vector:

[1041] pDEST™ R4-R3

[1042] Control Vector:

[1043] pMS/GW

[1044] Propagating Donor and Destination Vectors

[1045] The pDONR™P4-P1R, pDONR™221,

pDONRT™P2R-P3, and pDEST™R4-R3 vectors contain the
ccdB gene and must be propagated in E. coli strains that are
resistant to ccdB effects. To propagate and maintain the vec-
tors, we recommend using the DB3.1™ £. ¢oli strain which
contains a gyrase mutation (gyrA462) that renders it resistant
to the ccdB effects (Bernard and Couturier, 1992; Bernard et
al., 1993; Miki et al., 1992). Library Efficiency® DB3.1™
Competent Cells are available from Invitrogen (Catalog no.
11782-018) for transformation. To maintain the integrity of
the vector, select for transformants in media containing 50
pg/ml kanamycin and 15-30 pg/ml chloramphenicol.

[1046] Note: DO NOT use general E. coli cloning strains
including TOP10 or DHS5o™ for propagation and mainte-
nance as these strains are sensitive to ccdB effects.

[1047] Genotype of DB3.1

[1048] Host cell strain . coli DB3.1 (Invitrogen Corpora-
tion; Carlsbad, Calif.) has the following genotype: F gyrA462
endAl d(srl-recA) merB mrr hsdS20(r;~, mz~) supE44
aral4 galK2 lacY1 proA2 rpsL.20(Smr) xy15 dleu mtll.
[1049] pMS/GW Vector

[1050] To propagate and maintain the pMS/GW plasmid,
you may use any recA, endA E. coli strain including TOP10,
DH5a, or DHIOB for transformation. One Shot®
TOP10Chemically Competent E. coli, included with the kit
for transformation, are recommend for use. Select for trans-
formants in media containing 50-100 pg/ml ampicillin.
[1051] Types of Entry Clones

[1052] To usethe MultiSite Gateway™ Three-Fragment kit
to construct your own expression clone, you will create 3
types of entry clones, then use these entry clones in a Multi-
Site Gateway™ LR recombination reaction with a MultiSite
Gateway™ destination vector to generate your expression
clone. For proper expression of the gene of interest, these
entry clones should, at a minimum, contain the sequences
described below. Note: Depending on your needs or applica-
tion of interest, other sequences are possible.

[1053] An attl4 and attR1-flanked entry clone containing
your 5' element of interest. The 5' element typically contains
promoter sequences required to control expression of your
gene of interest. Other additional sequences including an
N-terminal fusion tag may be added.

[1054] An attl.] and attl.2-flanked entry clone containing
your DNA fragment of interest. This DNA fragment gener-
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ally encodes the gene of interest. To obtain proper expression
in the system of choice, remember to include sequences nec-
essary for efficient translation initiation (i.e., Shine-Dalgamo,
Kozak consensus sequence, yeast consensus sequence).
[1055] An attR2 and attl.3-flanked entry clone containing
your 3' element of interest. The 3' element typically contains
transcription termination sequences or polyadenylation
sequences required for efficient transcription termination and
polyadenylation of mRNA. Other additional sequences
including a C-terminal fusion tag may be added.

[1056] For more information about how to generate each
type of entry clone, see below.

[1057] Important

[1058] If you construct an expression clone containing the
elements described above (i.e., promoter of choice+gene of
interest+termination or polyadenylation sequence of choice),
remember that this expression clone will be expressed tran-
siently in mammalian, yeast, and insect systems, but may be
expressed stably in prokaryotic systems. To perform stable
expression studies in mammalian, yeast, or insect systems,
include a resistance marker in one of the entry clones (gen-
erally the attR2 and attl.3-flanked entry clone).

[1059] Generating attl.4 and attR1-Flanked Entry Clones
[1060] To generate an attl.4 and attR1-flanked entry clone
containing your 5' element of interest:

[1061] 1. Design appropriate PCR primers and produce
your attB4 and attbB-flanked PCR product.

[1062] 2.Perform a BP recombination reaction between the
attB4 and attB1-flanked PCR product and pDONR™P4-P1R
to generate the entry clone (see FIG. 47A).

[1063] Generating attR2 and attl.3-Flanked Entry Clones
[1064] To generate an attR2 and attl.3-flanked entry clone
containing your 3' element of interest:

[1065] 1. Design appropriate PCR primers and produce
your attB2 and attB3-flanked PCR product.

[1066] 2.Perform a BP recombination reaction between the
attB2 and attB3-flanked PCR product and pDONR™P2R-P3
to generate the entry clone (see FIG. 47B).

[1067] Generating attl.1 and attl.2-Flanked Entry Clones
[1068] The attl.1 and attl.2-flanked entry clone contains
your gene of interest and can be used with both MultiSite
Gateway™ and traditional Gateway™ applications. This
entry clone may be generated using a variety of methods (see
FIG. 48).

[1069] 1. Generate a PCR product containing attB1 and
attB2 sites and use this attB PCR product in a BP recombi-
nation reaction with the pPDONR™221 vector. To use this
method, refer to the guidelines and instructions provided in
this manual.

[1070] 2. Clone a PCR product or a restriction enzyme
fragment into an entry (PENTR™) vector (see the next page
for more information).

[1071] 3. Generate or obtain a cDNA library cloned into a
Gateway™-compatible vector (i.e. attB-containing pCMV
SPORT6 or pEXP-ADS502 vectors), and use the cDNA clones
in a BP recombination reaction with the pPDONR™221 vector
(see the Gateway™ Technology manual for more informa-
tion).

[1072] Entry Vectors

[1073] Many entry vectors are available from Invitrogen to
facilitate generation of entry clones. The pENTR/D-TOPO®
and pENTR/SD/D-TOPO® vectors allow rapid TOPO®
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Cloning of PCR products while the pENTR™ vectors allow
ligase-mediated cloning of restriction enzyme fragments. All
entry vectors include:

[1074] attL1 and attL.2 sites to allow recombinational clon-
ing of the gene of interest with a destination vector to produce
an expression clone.

[1075] A Kozak consensus sequence for efficient transla-
tion initiation in eukaryotic cells. Some entry vectors include
a Shine-Dalgamo sequence for initiation in E. coli (see table
below).

[1076] Kanamycin resistance gene for selection of plasmid
in E. coli.
[1077] pUC origin for high-copy replication and mainte-

nance of the plasmid in E. coli.

Entry Vector Kozak Shine-Dalgarno Catalog no.
pENTR/D-TOPO ® X K2400-20

pENTR/SD/D-TOPO ® X X K2420-20

pENTR ™ 1A X X 11813-011
pENTR ™ 2B X 11816-014
pENTR ™ 3C X X 11817-012
pENTR ™ 4 X 11818-010
pENTR ™ 11 X X 11819-018
[1078] Constructing Entry Clones

[1079] To construct an entry clone using one of the
pENTR™ vectors, refer to information provided herein for
the specific entry vector you are using.

[1080] Designing attB PCR Primers

[1081] To generate PCR products suitable for use as sub-
strates in a Gateway™ BP recombination reaction with a
donor vector, you will need to incorporate attB sites into your
PCR products. To facilitate use in MultiSite Gateway™, each
PCR product must be flanked by a different combination of
attB sites (see table below). Guidelines are provided below to
help you design appropriate PCR primers.

DNA Sequence of Interest ~ Forward PCR Primer ~ Reverse PCR Primer
5" element attB4 attB1

Gene of interest attB1 attB2

3' element attB2 attB3

[1082] Designing Your PCR Primers

[1083] The design of the PCR primers to amplify your

DNA sequences of interest is critical for recombinational
cloning using MultiSite Gateway™ Technology. Consider
the following when designing your PCR primers:

[1084] Sequences required to facilitate MultiSite Gate-
way™ cloning.
[1085] Sequences required for efficient expression of the

protein of interest (i.e., promoter sequences, termination or
polyadenylation sequences, Shine-Dalgarno or Kozak con-
sensus sequences).

[1086] Whether or not you wish your PCR product(s) to be
fused in frame with any N- or C-terminal fusion tags. Note
that sequences encoding the tag are generally incorporated
into your PCR product as part of the 5' or 3' element.

[1087] Guidelines to Design the Forward PCR Primer
[1088] When designing the appropriate forward PCR
primer, consider the points below. See FIG. 49.
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[1089] To enable efficient MultiSite Gateway™ cloning,
the forward primer may contain the following structure:

[1090] 1. Four guanine (G) residues at the 5' end followed
by

[1091] 2. The 22 or 25 bp attB site followed by

[1092] 3. At least 18-25 bp of template- or gene-specific
sequences

[1093] Note: If you plan to express native protein in E. coli

or mammalian cells, you may want to include a Shine-Dal-
gamo or Kozak consensus sequence, respectively, in the attB1
forward PCR primer.

[1094] The attB4 and attB2 sites end with a guanine (G),
and the attB1 site with a thymine (T). If you wish to fuse your
PCR product in frame with an N- or C-terminal tag (as appro-
priate), the primer must include two additional nucleotides to
maintain the proper reading frame. Note that the two addi-
tional nucleotides in the attB1 primer cannot be AA, AG, or
GA because these additions will create a translation termina-
tion codon.

[1095] Guidelines to Design the Reverse PCR Primer
[1096] When designing your reverse PCR primer, consider
the points below. See FIG. 50.

[1097] To enable efficient MultiSite Gateway™ cloning,
the reverse primer may contain the following structure:

[1098] 1. Four guanine (G) residues at the 5' end followed
by

[1099] 2. The 22 or 25 bp attB site followed by

[1100] 3. 18-25 bp of template- or gene-specific sequences
[1101] Ifyou wish to fuse your PCR product in frame with

an N- or C-terminal tag the attB1 and attB2 reverse primers
should include one additional nucleotide to maintain the
proper reading frame (see FIG. 50).

[1102] Any in-frame stop codons between the attB sites and
your gene of interest may be removed.

[1103] Ifyoudo notwish to fuse your PCR productin frame
with a C-terminal tag, your gene of interest or the attB2
primer may include a stop codon.

[1104] Important

[1105] 50 nmol of standard purity, desalted oligonucle-
otides is sufficient for most applications.

[1106] Dissolve oligonucleotides to 20-50 mM in water or
TE Buffer and verity the concentration before use.

[1107] For more efficient cloning of large PCR products
(greater than 5 kb), we recommend using HPL.C or PAGE-
purified oligonucleotides.

[1108] Producing attB PCR Products

[1109] DNA Templates

[1110] The following DNA templates can be used for
amplification with attB-containing PCR primers:

[1111] Genomic DNA

[1112] mRNA

[1113] c¢DNA libraries

[1114] Plasmids containing cloned DNA sequences
[1115] Recommended Polymerases

[1116] We recommend using the following DNA poly-

merases available from Invitrogen to produce your attB PCR
products. Other DNA polymerases are suitable.

[1117] To generate PCR products less than 5-6 kb for use in
protein expression, use Platinum® Pfx DNA Polymerase (In-
vitrogen; Catalog no. 11708-013).

[1118] To generate PCR products for use in other applica-
tions (e.g., functional analysis), use Platinum® Taq DNA
Polymerase High Fidelity (Invitrogen; Catalog no. 11304-
011).
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[1119] Producing PCR Products

[1120] Standard PCR conditions can be used to prepare
attB PCR products. Follow the manufacturer’s instructions
for the DNA polymerase you are using, and use the cycling
parameters suitable for your primers and template. Note: In
general, attB sequences do not affect PCR product yield or
specificity.

[1121] Checking the PCR Product

[1122] Remove 1-2 pl from each PCR reaction and use
agarose gel electrophoresis to verify the quality and yield of
your PCR product. If the PCR product is of the appropriate
quality and quantity, proceed to Purifying attB PCR Products,
next section.

[1123] Ifyour PCR template is a plasmid that contains the
kanamycin resistance gene, we suggest treating your PCR
reaction mixture with Dpn I before purifying the attB PCR
product. This treatment degrades the plasmid (i.e., Dpn I
recognizes methylated GATC sites) and helps to reduce back-
ground in the BP recombina-tion reaction associated with
template contamination.

[1124] Materials Needed

[1125] 10x REact 4 Buffer (Invitrogen, Catalog no. 16304-
016)

[1126] Dpn I (Invitrogen, Catalog no. 15242-019)

[1127] Protocol

[1128] 1. To your 50 pl PCR reaction mixture, add 5 pl of

10x REact 4 Buffer and 5 units of Dpn 1.

[1129] 2. Incubate at 37° C. for 15 minutes.

[1130] 3. Heat-inactivate the Dpnlat 65° C. for 15 minutes.
[1131] 4. Proceed to Purifying attB PCR Products.

[1132] Purifying attB PCR Products

[1133] After you have generated your attB PCR products,

we recommend purifying each PCR product to remove attB
primers and any attB primer-dimers. Primers and primer-
dimers can recombine efficiently with the donor vector in the
BP reaction and may increase background after transforma-
tion into E. coli. A protocol is provided below to purify your
PCR products.

[1134] Important

[1135] Standard PCR product purification protocols using
phenol/chloroform extraction followed by sodium acetate
and ethanol or isopropanol precipitation are not recom-
mended for use in purifying attB PCR products. These pro-
tocols generally have exclusion limits of less than 100 bp and
do not efficiently remove large primer-dimer products.
[1136] Materials Needed

[1137] You should have the following materials on hand
before beginning:

[1138] Each attB PCR product (in a 50 pl volume)

[1139] TE Buffer, pH 8.0 (10 mM Tris-HCI, pH 8.0, 1 mM
EDTA)

[1140] 30% PEG 8000/30 mM MgCl, (supplied with the
kit, Box 2)

[1141] Agarose gel of the appropriate percentage to resolve

your attB PCR products

[1142] PEG Purification Protocol

[1143] Usethe protocol below to purify attB PCR products.
Note that this procedure removes DNA less than 300 bp in
size.

[1144] 1.Add 150 ul of TE, pH 8.0 to a 50 pul amplification
reaction containing your attB PCR product.

[1145] 2. Add 100 pl of 30% PEG 8000/30 mM MgCl,.
Vortex to mix thoroughly and centrifuge immediately at
10,000xg for 15 minutes at room temperature.
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[1146] Note: In most cases, centrifugation at 10,000xg for
15 minutes results in efficient recovery of PCR products. To
increase the amount of PCR product recovered, the centrifu-
gation time may be extended or the speed of centrifugation
increased.

[1147] 3. Carefully remove the supernatant. The pellet will
be clear and nearly invisible.

[1148] 4. Dissolve the pellet in 50 pl of TE, pH 8.0 (to
concentration>10 ng/ul).

[1149] 5. Check the quality and quantity of the recovered
attB PCR product on an agarose gel.

[1150] 6. Ifthe PCR product is suitably purified, proceed to
Creating Entry Clones Using the BP Recombination Reac-
tion. If the PCR product is not suitably purified (e.g., attB
primer-dimers are still detectable), see below.

[1151] Additional Purification

[1152] If you use the procedure above and your attB PCR
product is not suitably purified, you may gel purify your attB
PCR product. We recommend using the S.N.A.P.™ Gel Puri-
fication Kit available from Invitrogen (Catalog no. K1999-

25).

[1153] Creating Entry Clones Using the BP Recombination
Reaction

[1154] Once you have generated your attB PCR products,

you will perform a BP reaction to transfer the DNA sequence
of interest into an attP-containing donor vector to create an
entry clone. To ensure that you obtain the best possible
results, we suggest that you read this section and the ones
entitled Performing the BP Recombination Reaction and
Transforming One Shot (V TOP10 Competent Cells before
beginning.

[1155] Choosing a Donor Vector

[1156] Since each attB PCR product is flanked by different
attB sites, a specific donor vector is required for each BP
recombination reaction. Refer to the table below to determine
which donor vector to use in the BP recombination reaction.
See FIGS. 51A-51C for an illustration of the recombination
region of each entry clone after the BP reaction.

If your PCR product contains . . . Thenuse. ..

attB4-PCR product-attB1
attB1-PCR product-attB2
attB2-PCR product-attB3

PDONR ™P4-P1R
PDONR ™221
PDONR ™P2R-P3

[1157] Experimental Outline
[1158] To generate an entry clone, you will:
[1159] 1. Perform a BP recombination reaction using the

appropriate linear attB PCR product and a supercoiled, attP-
containing donor vector (see above).

[1160] 2. Transform the reaction mixture into a suitable E.
coli host.

[1161] 3. Select for entry clones.

[1162] Important

[1163] For optimal results, perform the BP recombination
reaction using:

[1164] Linear attB PCR products

[1165] Supercoiled donor vector

[1166] Donor Vectors

[1167] The pDONR™P4-PIR, pDONR™221, and

pDONRT™P2R-P3 vectors are supplied with the kit to facili-
tate generation of entry clones using the BP recombination
reaction. The donor vectors contain the following elements:
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[1168] Two attP sites for recombinational cloning of attB-
containing PCR products

[1169] The ccdB gene located between the attP sites for
negative selection

[1170] Thechloramphenicol resistance gene (Cm™) located
between the two attP sites for counterselection

[1171] M13 forward (-20) and M13 reverse primer binding
sites to facilitate sequencing of the entry clone, if desired
[1172] pUC origin for high-copy replication and mainte-
nance of the plasmid in E. coli

[1173] Kanamycin resistance gene for selection ofthe plas-
mid in E. coli
[1174] For a map and a description of the features of each

donor vector, see the Appendix.

[1175] Resuspending the Donor Vectors

[1176] Alldonor vectors are supplied as 6 pg of supercoiled
plasmid, lyophilized in TE Bufter, pH 8.0. To use, resuspend
the pDONR™ plasmid DNA in 40 pl of sterile water to a final
concentration of 150 ng/ul.

[1177] Recombination Region of the attl4 and attR1-
Flanked Entry Clone

[1178] The recombination region of the entry clone result-
ing from pDONR™P4-P1RxattB4-5' element-attB1 is
shown in FIG. 51A.

[1179] Features of the Recombination Region:

[1180] Shaded regions in FIG. 51A correspond to those
DNA sequences transferred from the attB PCR product into
the pDONR™P4-P1R vector by recombination. Non-shaded
regions are derived from the pPDONR™P4-P1R vector.
[1181] Bases 674 and 2830 of the pDONRT™P4-PIR
sequence are marked.

[1182] Recombination Region of the attll and attl.2-
Flanked Entry Clone

[1183] The recombination region of the entry clone result-
ing from pDONR™221xattBl-gene of interest-attB2 is
shown in FIG. 51B.

[1184] Features of the Recombination Region:

[1185] Shaded regions in FIG. 51B correspond to those
DNA sequences transferred from the attB PCR product into
the pPDONR™221 vector by recombination. Non-shaded
regions are derived from the pPDONR™221 vector.

[1186] Bases 651 and 2894 of the pDONR™221 sequence
are marked.
[1187] Recombination Region of the attR2 and attl.3-

Flanked Entry Clone

[1188] The recombination region of the entry clone result-
ing from pDONR™P2R-P3xattB2-3' element-attB3 is
shown in FIG. 51C.

[1189] Features of the Recombination Region:

[1190] Shaded regions in FIG. 51C correspond to those
DNA sequences transferred from the attB PCR product into
the pDONR™P2R-P3 vector by recombination. Non-shaded
regions are derived from the pPDONRT™P2R-P3 vector.
[1191] Bases 733 and 2889 of the pDONRT™P2R-P3
sequence are marked.

[1192] Performing the BP Recombination Reaction
[1193] General guidelines and instructions are provided
below and in the next section to perform a BP recombination
reaction using the appropriate attB PCR product and donor
vector, and to transform the reaction mixture into a suitable .
coli host to select for entry clones. We recommend including
a positive control (see below) and a negative control (no attB
PCR product) in your experiment to help you evaluate your
results.
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[1194] Positive Control

[1195] pMS/GW is included with the MultiSite Gateway™
Three-Fragment Vector Construction Kit for use as a positive
control for each BP reaction, and contains multiple DNA
fragments that have been joined using MultiSite Gateway™
Technology.

[1196] The pMS/GW plasmid is supplied as 10 pg of super-
coiled plasmid, lyophilized in TE Buffer, pH 8.0. To use,
resuspend the pMS/GW plasmid DNA in 10 ml of sterile
water to a final concentration of 1 pg/ul. To propagate the
plasmid, see infra.

[1197] Linearizing the Positive Control

[1198] You will need to linearize the pMS/GW plasmid
before it may be used as a control for each BP reaction. We
recommend linearizing the vector by restriction digest using
Aat 11 (New England Biolabs, Catalog no. R0117S).

[1199] 1. Digest 5 nug of pMS/GW plasmid in a 50 pl reac-
tion using Aat II. Follow the manufacturer’s instructions.
[1200] 2. Heat-inactivate the Aat IT at 70° C. for 1 hour.
[1201] 3. Proceed to Setting Up the BP Reaction. Note that
the concentration of the digested DNA is 100 ng/pl.

[1202] Determining How Much attB PCR Product and
Donor Vector to Use in the Reaction

[1203] For optimal efficiency, we recommend using the
following amounts of attB PCR product and donor vector in a
20 ul BP recombination reaction:

[1204] An equimolar amount of attB PCR product and the
donor vector
[1205] 100 femtomoles (fmol) each of attB PCR product

and donor vector is preferred, but the amount of attB PCR
product used may range from 40-100 fmol

[1206] Note: 100 fmol of donor vector (pDONR™P4-P1R,
pDONR™221, or pDONR™P2R-P3) is approximately 300
ng

[1207] For large PCR products (>4 kb), use at least 100

fmol of attB PCR product, but no more than 500 ng

[1208] Caution

[1209] Do not use more than 500 ng of donor vectorin a 20
1l BP reaction as this will affect the efficiency of the reaction.
[1210] Do not exceed more than 1 pg of total DNA (donor
vector plus attB PCR product) in a 20 ul BP reaction as excess
DNA will inhibit the reaction.

[1211] Converting Femto-Moles (fmol) to Nanograms (ng)
[1212] Use the following formula to convert femtomoles
(fmol) of DNA to nanograms (ng) of DNA:

1 ng=(x fimol)(N)(660 fg/fmol)(1 ng 10/6 fg)

[1213] where x is the number of fmoles and N is the size of
the DNA in bp.

[1214] Materials Needed

[1215] You should have the following materials on hand
before beginning.

[1216] Supplied with the kit:

[1217] pDONR™  vectors (i.e., pDONRT™P4-PIR,

pDONR™221, and

[1218] pDONRTP2R-P3; resuspend each vector to 150
ng/ul with water)

[1219] BP Clonase™ enzyme mix (keep at -80° C. until
immediately before use)

[1220] 5x BP Clonase™ Reaction Buffer (thaw and keep
on ice until use)

[1221] 2 pg/ul Proteinase K solution (thaw and keep on ice
until use)
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[1222] pMS/GW positive control (linearize before use; 100
ng/ul)

[1223] Supplied by the User:

[1224] attB PCR products (i.e., attB4-PCR product-attB1,

attB1-PCR product-attB2, or attB2-PCR product-attB3; see
the previous page and above to determine the amount of DNA

to use)

[1225] TE Buffer, pH 8.0 (10 mM Tris-HCI, pH 8.0, 1 mM
EDTA)

[1226] Setting Up the BP Reaction

[1227] 1. For each BP recombination reaction between an

appropriate attB PCR product and donor vector, add the fol-
lowing components to 1.5 ml microcentriftige tubes at room
temperature and mix.

Negative  Positive

Components Sample Control  Control
attB PCR product (40-100 fmol) 1-10 pl — —
PDONR ™ vector (150 ng/pl) 2 pl 2 pul 2pl
PMS/GW positive control (100 ng/ul) — — 4l

5 x BP Clonase ™ Reaction Buffer 4 ul 4 ul 4ul
TE Buffer, pH 8.0 to 16 pl 10 ul 6l
[1228] 2. Remove the BP Clonase™ enzyme mix from

-80° C. and thaw on ice (.about.2 minutes).

[1229] 3. Vortex the BP Clonase™ enzyme mix briefly
twice (2 seconds each time).

[1230] 4. To each sample above, add 4 ml of BP Clonase™
enzyme mix. Mix well by vortexing briefly twice (2 seconds
each time).

[1231] Reminder: Return BP Clonase™ enzyme mix to
-80° C. immediately after use.

[1232] 5. Incubate reactions at 25° C. for 1 hour.

[1233] Note: A 1 hour incubation generally yields a suffi-
cient number of entry clones. Depending on your needs, the
length of the recombination reaction can be extended up to 18
hours. An overnight incubation typically yields 5-10 times
more colonies than a 1 hour incubation. For large PCR prod-
ucts (5 kb), longer incubations (i.e., overnight incubation)
will increase the yield of colonies and are recommended.
[1234] 6. Add 2 ml of the Proteinase K solution to each
reaction. Incubate for 10 minutes at 37° C.

[1235] 7. Proceed to Transforming One Shot® TOP10
Competent Cells, next page.

[1236] Note: You may store the BP reaction at -20° C. for
up to 1 week before transformation, if desired.

[1237] Transforming One Shot® TOP10 Competent Cells
[1238] Use the guidelines and procedures provided in this
section to transform competent E. coli with the BP recombi-
nation reaction or the MultiSite Gateway™ LR recombina-
tion reaction to select for entry clones or expression clones,
respectively. One Shot® TOP10 chemically competent E.
coli (Box 4) are included with the kit for use in transforma-
tion, however, you may also transform electrocompetent
cells. Instructions to transform chemically competent or elec-
trocompetent E. coli are provided in this section.

[1239] Note:

[1240] Youmay use any recA, endA E. coli strain including
TOP10 (supplied with the kit), DHS5a™, DH10B™ or
equivalent for transformation. Other strains are suitable. Do
not use E. coli strains that contain the F' episome (e.g.,
TOP10F") for transformation. These strains contain the ccdA
gene and will prevent negative selection with the ccdB gene.
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[1241] For your convenience, TOP10, DHS5a™, and
DH10B™ E. coli are available separately from Invitrogen as
chemically competent or electrocompetent cells (see table
below).

Item Quantity Catalog No.
Library Efficiency ® DH5a ™ 5% 200 pl 18263-012
One Shot ® TOP10 Chemically 20 x 50 pl C4040-03
Competent E. coli
One Shot ® Max Efficiency ® 20 x 50 pl 12331-013
DHI10B ™ T1 Phage
Resistant Chemically
Competent E. coli
One Shot ® TOP10 20 x 50 pl C4040-52
Electrocomp E. coli
ElectroMax ™ DH10B ™ 5% 100 pl 18290-015
[1242] Materials Needed
[1243] You should have the following materials on hand

before beginning.

[1244] Supplied with the kit:

[1245] One Shot® TOP10 chemically competent E. coli
(thaw on ice 1 vial of One Shots TOP 10 cells for each
transformation)

[1246] SOC medium (warm to room temperature)

[1247] Positive control (e.g., pUC19; use as a control for
transformation if desired)

[1248] Supplied by the User:

[1249] BP recombination reaction (from Setting Up the BP
Reaction, Step 7, previous page) or MultiSite Gateway™ LR
recombination reaction.

[1250] LB plates containing 50 pg/ml kanamycin (for the
BP reaction) or 50-100 pg/ml ampicillin (for the MultiSite
Gateway™ LR reaction). Prepare two plates for each trans-
formation; warm at 37° C. for 30 minutes.

[1251] 42° C. water bath (for chemical transformation)
[1252] 37° C. shaking and non-shaking incubator

[1253] One Shot® TOP10 Chemical Transformation Pro-
tocol

[1254] 1.Into avial of One Shot® TOP10 chemically com-

petent E. coli, add the following and mix gently. Do not mix
by pipetting up and down.

[1255] Add 1 pl of the BP recombination reaction or
[1256] Add 2 ul of the MultiSite Gateway™ LR recombi-
nation reaction. Note: You may transform up to 5 pl of the
reaction, if desired.

[1257] Reminder: If you are including the transformation
control, add 1 ul (10 pg) of pUC19.

[1258] 2. Incubate on ice for 5 to 30 minutes.

[1259] 3. Heat-shock the cells for 30 seconds at 42° C.
without shaking.

[1260] 4. Immediately transfer the tubes to ice.
[1261] 5. Add 250 pl of room temperature SOC medium.
[1262] 6. Cap the tube tightly and shake the tube horizon-

tally (200 rpm) at 37° C. for 1 hour.

[1263] 7. Spread the following amount from each transfor-
mation on a prewarmed selective plate and incubate overnight
at37° C. We generally plate 2 different volumes to ensure that
at least 1 plate has well-spaced colonies.

[1264] BP recombination reaction: spread 20 ul and 100 pl
[1265] MultiSite Gateway™ LR recombination reaction:
spread 50 ul and 100 pl

[1266] What You Should See

[1267] BPreaction: An efficient BP recombination reaction
may produce hundreds of colonies (approximately 3,000
colonies if the entire transformation is plated).
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[1268] MultiSite Gateway™ LR reaction: An efficient
MultiSite Gateway™ LR recombination reaction may pro-
duce approximately 100 colonies (approximately 2,000 to
8,000 if the entire transformation is plated).

[1269]
[1270] Use only electrocompetent cells for electroporation
to avoid arcing. Do not use the One Shot® TOP10 chemically
competent cells for electroporation.

[1271] 1.Into a 0.1 cuvette containing 50 ul of electrocom-
petent E. coli, add the following and mix gently. Do not mix
by pipetting up and down. Avoid formation of bubbles.

[1272]

Transformation by Electroporation

1 pl of the BP recombination reaction or

[1273] 2 pl of the MultiSite Gateway™ LR recombination
reaction.
[1274] 2. Electroporate your samples using an electropora-

tor and the manufacturer’s suggested protocol.

[1275] Note: If you have problems with arcing, see below.
[1276] 3. Immediately add 450 ul of room temperature
SOC medium.

[1277] 4. Transfer the solution to a 15 ml snap-cap tube

(i.e., Falcon) and shake for at least 1 hour at 37° C. to allow
expression of the antibiotic resistance marker.

[1278] 5. Spread 50-100 pl from each transformation on a
prewarmed selective plate and incubate overnight at 37° C.
We recommend plating 2 different volumes to ensure that at
least 1 plate has well-spaced colonies.

[1279] 6. An efficient recombination reaction may produce
several hundred colonies.

[1280] To prevent arcing of your samples during electropo-
ration, the volume of cells should be between 50 and 80 ul (0.1
cm cuvettes) or 100 to 200 pul (0.2 cm cuvettes).

[1281] Ifyou experience arcing during transformation, try
one of the following:

[1282] Reduce the voltage normally used to charge your
electroporator by 10%

[1283] Reduce the pulse length by reducing the load resis-
tance to 100 ohms

[1284] Dilute the BP reaction 5-10 fold with sterile water,
then transform 1 pl into cells

[1285]
[1286] You may sequence entry clones generated by BP
recombination using dye-labeled terminator chemistries
including DY Enamic™ energy transfer or BigDye™ reaction
chemistries.

[1287] Sequencing Primers

[1288] To sequence entry clones derived from BP recom-
bination with pDONR™P4-P1R, pDONR™221, and
pDONR™P2R-P3, we recommend using the following
sequencing primers:

Sequencing Entry Clones

Forward primer
(SEQ ID NO: 154)

M13 Forward (-20): 5'-GTAAAACGACGGCCAG-3"'

Reverse primer
(SEQ ID NO: 155)

M13 Reverse: 5'-CAGGAAACAGCTATGAC-3"'

[1289] The M13 Forward (-20) and M13 Reverse Primers
(Catalog nos. N520-02 and N530-O,, respectively) are avail-
able separately from Invitrogen. For more information, see
our Web site (www.invitrogen.com) or call Technical Service.
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[1290] Sequencing Using BigDye™ Chemistry
[1291] To sequence entry clones using the BigDye™ chem-
istry, we recommend the following:

[1292] Use at least 500 ng of DNA

[1293] Use 5-50 pmoles of primers

[1294] Use Y4 reaction and the PCR conditions listed below
[1295] PCR Conditions

[1296] Use the following PCR conditions for sequencing

using BigDye™ chemistry. These conditions are suitable for
most inserts, including small inserts.

Step Time Temperature Cycles
Initial Denaturation 5 minutes 95° C. 1x
Denaturation 10-30 seconds 96° C. 30x
Annealing 5-15 seconds 50° C.

Extension 4 minutes 60° C.

[1297] BigDye™ is a registered trademark of Applied Bio-
systems

[1298] Creating Expression Clones Using the MultiSite

Gateway™ LR Recombination Reaction

[1299] After you have generated entry clones containing
your 5' element, gene of interest, and 3' element, you will
perform the MultiSite Gateway™ LR recombination reaction
to simultaneously transfer the three DNA fragments into the
pDEST™R4-R3 destination vector to create an attB-contain-
ing expression clone with the following structure:

[1300] attB4-5' element-attBl-gene of interest-attB2-3'
element-attB3
[1301] To ensure that you obtain the best possible results,

we suggest reading this section and the next section entitled
Performing the MultiSite Gateway™ LR Recombination
Reaction before beginning.

[1302] Experimental Outline
[1303] To generate an expression clone, you will:
[1304] 1. Perform a MultiSite Gateway™ LR recombina-

tion reaction using the appropriate entry clones and
pDEST™R4-R3 (see below).

[1305] 2. Transform the reaction mixture into a suitable E.
coli host.

[1306] 3. Select for MultiSite Gateway™ expression
clones.

[1307] Substrates for the MultiSite Gateway™ LR Recom-

bination Reaction
[1308] To perform a three-fragment MultiSite Gateway™

LR recombination reaction, you must have the substrates
listed below.

[1309] attl4 and attR1-containing entry clone

[1310] attl1 and attl.2-containing entry clone

[1311] attR2 and attl.3-containing entry clone

[1312] pDEST™R4-R3 destination vector

[1313] Keep in mind the following:

[1314] Itwill be difficult create a three-fragment expression

cloneusing the MultiSite Gateway™ LR recombination reac-
tion if you have any combination of att-flanked entry clones
other than the ones listed above.

[1315] The pDEST™R4-R3 destination vector should be
used for the three-fragment MultiSite Gateway™ LR recom-
bination reaction.
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[1316] Important:
[1317] For optimal results, we recommend performing the
MultiSite Gateway™ LR recombination reaction using:

[1318] Supercoiled Entry Clones

[1319] Supercoiled pDEST™RA4-R3 pDEST™R4-R3 Vec-
tor

[1320] The pDEST™R4-R3 vector is supplied with the kit

for use in the MultiSite Gateway™ LR recombination reac-
tion to generate an expression clone containing your three
DNA fragments of choice. The pDEST™R4-R3 plasmid con-
tains the following elements:

[1321] attR4 and attR3 sites for recombinational cloning of
three DNA fragments from the appropriate Gateway™ entry
clones

[1322] M13 forward (-20) and M13 reverse primer binding
sites to facilitate sequencing of the expression clone, if
desired

[1323] pUC origin for high-copy replication and mainte-
nance of the plasmid in E. coli

[1324] Ampicillin resistance gene for selection of the plas-
mid in E. coli
[1325] Important: Note that all other elements required to

express your gene of interest in the system of choice must be
supplied by the entry clones.

[1326] Resuspending the pPDEST™R4-R3 Vector

[1327] pDES™R4-R3 is supplied as 6 pg of plasmid, lyo-
philized in TE, pH 8.0. To use, resuspend the destination
plasmid in 100 pl of sterile water to a final concentration of 60

ng/ul.

[1328] Determining How Much DNA to Use in the Reac-
tion
[1329] For optimal efficiency, we recommend using the

following amounts of plasmid DNA (i.e., entry clones and
destination vector) ina 20 pl MultiSite Gateway™ LR recom-
bination reaction:

[1330] An Equimolar Amount of Each Plasmid

[1331] 20-25 fmol of each entry clone and pDEST™R4-R3
is recommended. Do not use more than 30 fmol of each
plasmid.

[1332] Note: 20 fmol of pDESTT™R4-R3 is approximately
60 ng

[1333] Caution:

[1334] Do not use more than 120 fmol of total plasmid

DNA in a 20 pl MultiSite Gateway™ LR reaction as this will
affect the efficiency of the reaction.

[1335] Do not exceed more than 1 pgoftotal DNA (i.e., 250
ng of each entry clone plus destination vector) in a 20 ul
MultiSite Gateway™ LR reaction as excess DNA may inhibit
the reaction. If you need to use more than 1 pug of total DNA,
scale up the volume of the MultiSite Gateway™ LR reaction.
[1336] Recombination Region of the Expression Clone
[1337] The recombination region of the expression clone
resulting from pDEST™RA4-R3xatt] 4-5' entry clone-attR1x
attl.1-entry clone-attl.2xattR2-3' entry clone-attl.3 is shown
in FIG. 52.

[1338] Features of the Recombination Region:

[1339] Shaded regions in FIG. 52 correspond to those DNA
sequences transferred from the three entry clones into the
pDEST™R4-R3 vector by recombination. Note that the
sequences comprising the attB1 and attB2 sites are entirely
supplied by the entry clones. Non-shaded regions are derived
from the pDEST™R4-R3 vector.



US 2011/0275541 Al

[1340] Bases 31 and 1855 of the pDES™R4-R3 sequence
are indicated.
[1341] Performing the MultiSite Gateway™ LR Recombi-

nation Reaction

[1342] Guidelines and instructions are provided in this sec-
tion to:
[1343] Perform a MultiSite Gateway™ LR recombination

reaction between suitable entry clones and pDESTT™R4-R3
using LR Clonase™ Plus enzyme mix.

[1344] Transform the reaction mixture into a suitable E.
coli host (see below)

[1345] Select for an Expression Clone

[1346] We recommend including a positive control (see
below) and a negative control (no entry clones) in your experi-
ment to help you evaluate your results.

[1347] E. coli Host

[1348] Werecommend using the One Shots TOP10 Chemi-
cally Competent E. coli supplied with the kit for transforma-
tion. If you wish to use another E. coli strain, note that any
recA, endA E. coli strain is suitable. Do not transform the LR
reaction mixture into E. coli strains that contain the F' epi-
some (e.g., TOP10F"). These strains contain the ccdA gene
and may prevent negative selection with the ccdB gene.
[1349] Note: If you plan to use the One Shot® TOP10
chemically competent cells for transformation, see the sec-
tion of this Example entitled “Transforming One Shot®
TOP10 Competent Cells.”

[1350] Positive Control

[1351] If you used the pMS/GW plasmid as a control for
each BP recombination reaction, you may use the resulting
three entry clones as controls in a MultiSite Gateway™ LR
recombination reaction with pPDEST™R4-R3.

[1352] Preparing Purified Plasmid DNA

[1353] In many instances you will need to have purified
plasmid DNA of each entry clone to perform the MultiSite
Gateway™ LR recombination reaction. You may use any
method of choice to isolate purified plasmid DNA. We rec-
ommend using the S.N.A.P.™ MidiPrep Kit available from
Invitrogen (Catalog no. K1910-01) or CsCl gradient centrifu-

gation.
[1354] Important:
[1355] You should use LR Clonase™ Plus enzyme mix to

catalyze the MultiSite Gateway™ LR recombination reac-
tion. Note that the LR Clonase™ enzyme mix (Catalog no.
11791-019) used for standard Gateway™ LR recombination
reactions is not optimized for MultiSite Gateway™ LR
recombination reactions.

[1356] LR Clonase™ Plus enzyme mix is supplied with the
kit, but is also available separately from Invitrogen (Carlsbad,
Calif.).

[1357] Materials Needed

[1358] You should have the following materials on hand

before beginning.

[1359] Supplied with the kit:
[1360] pDEST™R4-R3 (60 ng/ul in TE, pH 8.0)
[1361] LR Clonase™ Plus enzyme mix (Box 3, keep at

-80° C. until immediately before use)
[1362] 5x LR Clonase™ Plus Reaction Buffer (thaw and
keep on ice before use)

[1363] 2 pg/ul Proteinase K solution
[1364] Supplied by the User:
[1365] Purified plasmid DNA of your attl.4 and attR1-

flanked entry clone (supercoiled, 20-25 fmol)
[1366] Purified plasmid DNA of your attl1 and attl.2-
flanked entry clone (supercoiled, 20-25 fmol)
[1367] Purified plasmid DNA of your attR2 and attl.3-
flanked entry clone (supercoiled, 20-25 fmol)
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[1368] Important: Remember that you will need to add
plasmid DNA from three entry clones to the MultiSite Gate-
way™ R reaction. Make sure that the plasmid DNA for each
entry clone is sufficiently concentrated such that the total
amount of entry clone plasmid DNA added to a 20 pl Multi-
Site Gateway™ LR reaction does not exceed 11 pl.

[1369] TE Buffer, pH 8.0 (10 mM Tris-HCI, pH 8.0, 1 mM
EDTA)
[1370] Appropriate competent £. coli host (e.g., One

Shot® TOP10) and growth media for expression

[1371] SOC Medium

[1372] LB agar plates containing 50-100 pg/ml ampicillin
[1373] Setting Up the MultiSite Gateway™ LR Reaction
[1374] 1. Add the following components to 1.5 ml micro-

centrifuge tubes at room temperature and mix.

Component Sample  Negative Control
attl4 and attR1 entry clone (20-25 finol) 1-11 pl —

attl.1 and attL.2 entry clone (20-25 fimol)

attR2 and attL3 entry clone (20-25 finol)

PDEST ™ R4-R3 vector (60 ng/reaction) 1 1l

5X LR Clonase ™ Plus Reaction Buffer 4 4 ul

TE Buffer, pH 8.0 to 16 pl to 16 pl

[1375] 2.Removethe LR Clonase™ Plus enzyme mix from
-80° C. and thaw on ice (.about.2 minutes).

[1376] 3.Vortex the LR Clonase™ Plus enzyme mix briefly
twice (2 seconds each time).

[1377] 4. To each sample above, add 4 pul of LR Clonase™
Plus enzyme mix. Mix well by vortexing briefly twice (2
seconds each time).

[1378] Reminder: Return LR Clonase™ Plus enzyme mix
to —80° C. immediately after use.

[1379] 5. Incubate reactions at 25° C. for 16 hours or over-
night.
[1380] 6. Add 2 ul of the Proteinase K solution to each

reaction. Incubate for 10 minutes at 37° C.

[1381] 7. Proceed to transform a suitable E. coli host and
select for expression clones.

[1382] Note: You may store the MultiSite Gateway™ LR
reaction at —20° C. for up to 1 week before transformation, if
desired.

[1383] What You Should See

[1384] If you use E. coli cells with a transformation effi-
ciency of 1x10° cfu/mg, the MultiSite Gateway™ LR reac-
tion should give approximately 2,000 to 8,000 colonies if the
entire transformation is plated.

[1385] Once you have obtained an expression clone, pro-
ceed to express your recombinant protein in the appropriate
system.

[1386] Troubleshooting
[1387] MultiSite Gateway™ LR & BP Reactions
[1388] The table below lists some potential problems and

possible solutions that may help you troubleshoot the BP or
MultiSite Gateway™ LR recombination reactions.

Problem Reason Solution

Check the antibiotic
resistance marker and
use the correct

Incorrect antibiotic
used to select for
transformants

Few or no colonies
obtained from
sample reaction
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-continued -continued
Problem Reason Solution Problem Reason Solution
and the antibiotic to select background in the E. coli strain transfrmation
transformation for entry clones or absence of the containing the F’ (e.g. TOP10, DHa ™S5),
control gave expression clones. entry clones episome and the
colonies Recombination Treat reactions with ccdA gene
reactions were not proteinase K before Deletions (full or To maintain the
treated with transformation. partial) of the ccdB integrity of the
proteinase K gene from the vector, propagate in
Used incorrect Use the appropriate destination vector media containing
att sites for entry clones and 50-100 pg/ml
the reaction pDEST ™ R4-R3 for ampicillin and
the MultiSite 15-30 pg/ml
Gateway ™ LR reaction. chloramphenicol.
Use the correct attB Prepare plasmid DNA
PCR product and from one or more
donor vector (attP) colonies and verify
for the BP reaction. the integrity of the
Clonase ™ (Plus) Test another aliquot vector before use.
enzyme mix is of the Clonase ™ Contamination of Test for plasmid
inactive or didn’tuse  (Plus) enzyme mix. solution(s) with contamination by
suggested amount of  Store the Clonase ™ another plasmid transforming E. coli
Clonase ™ (Plus) (Plus) enzyme mix carrying the same with aliquots of each
enzyme mix at —-80° C. antibiotic resistance, of the separate
Do not freeze thaw or by a bacteria solutions used in the
the Clonase ™ (Plus) carrying a resistance MultiSite Gateway ™
enzyme mix more than plasmid LR reaction.
10 times. Test for bacterial
Use the recommended contamination by
amount ofClonase ™ plating an aliquot of
. (Plus) enzyme mix. each solution directly
Used incorrect Use the Clonase ™
. onto LB plates
Clonase ™ (Plus) (Plus) enzyme mix . s
enzyme mix for the MultiSite . containing ampicillin.
Gateway ™ LR reaction. Fewlor no colonies Compeltent cells Store competent cells
Do not use the LR obtained from the stored incorrectly at -80° C.
Clonase ™ enzyme mix. transformation Transformation If you are using
Use the CB Clonase ™ control performed One Shot ® TOP10
enzyme mix for the incorrectly E. coli, follow
BP reaction. the protocol.
Too much attB PCR Reduce the amount of If you are using
product was used in attB PCR product used. another E. coli
a BP reaction Use an equimolar strain, follow the
ratio of attB PCR manufacturer’s
product and donor instructions.
vector (i.e., ~100 fimol Insufficient amount Increase the amount
cach). of E. coli plated of E. coli plated.
Long attB P,CR Incuk?ate the B,P Two distinct types BP reaction: The Obtain a new pDONR ™
product or h?“ear reaction overnight. of colonies (large pDONR ™ vector vector.
attB expression and small) appear contains deletions or
clone (=5 kb) . . .
Too much DNA was Use an equimolar point mutations in
used in a MultiSite amount of each entry the ccdB gene .
Gateway ™ LR clone and Note: The. negatlve
reaction destination vector. control will give a
Do not exceed 120 similar number of
fmoles or 1 pg of colonies
total DNA in the Loss of plasmid Incubate selective
reaction. during culture plates at 30° C.
MultiSite Gateway ™  Incubate the (generally those instead of 37° C.
LR reaction not MultiSite Gateway ™ containing large Confirm whether a
incubated for LR reaction at genes or toxic deletion has occurred
sufficient time 25°C. for 16 genes) by analyzing the DNA
) hours or overnight. derived from the
Insufﬁme.nt amount MultlSm? Gateway ™ colonies.
of E. coli LR reaction: Use Stb12 ™ E. coli
transformed or Transform 2 to 5l . l
plated of the reaction; (Invitrogen, Catalog
no. 10268-019) to
plate 50 ul or 100 pl. .
BP reaction: help st.ablhze .
Transform 1 pl of plasmids containing
the reaction; plate large genes during
20 pl and 100 pl. propagation
MultiSite MultiSite Gateway ™  Use an E. coli strain Trinh, T, et al,
Gateway ™ LR LR reaction that does not contain FOCUS 16: 78-80 (1994)

Reaction: High transformed into an

the F' episome for
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[1389] attB PCR Cloning
[1390] The table below lists some potential problems and
possible solutions that may help you troubleshoot the BP

recombination reaction when using an attB PCR product as a
substrate. These potential problems are in addition to those
encountered in the general BP reaction.

Problem Reason Solution

Low yield of attB attB PCR product not Dilute with 150 pl of 1X TE, pH 8.0 before
PCR product diluted with TE adding the PEG/MgCl, solution.

obtained after PEG ~ Centrifugation step too Increase the time and speed of the
purification short or centrifugation centrifugation step to 30 minutes and

Few or no colonies
obtained from a BP
reaction with attB
PCR product and
both attB positive
control and
transformation
control gave
expected number of
colonies

Entry clones migrate
as 2.2 kb
supercoiled
plasmids

speed too low
Lost PEG pellet

attB PCR primers
incorrectly designed

attB PCR primers
contaminated with
incomplete sequences
attB PCR product not
purified sufficiently

For large PCR products
(25 kb), too few attB
PCR molecules added to
the BP reaction

Insufficient incubation
time

BP reaction may have
cloned attB primer-

dimers

15,000 x g.

When removing the tube from the
microcentrifuge, keep track of the
orientation of the outer edge of the tube
where the pellet is located.

When removing the supernatant from
the tube, take care not to disturb the
pellet.

Make sure that each attB PCR primer
includes four 3' terminal Gs and the 22
or 25 bp attB site as specified.

Use HPLC or PAGE-purified oligonucleotides
to generate your attB PCR product.

Gel purify your attB PCR product to remove
attB primers and attB primer-dimers.
Increase the amount of attB PCR

product to 40-100 finol per 20 pl

reaction.

Note: Do not exceed 500 ng DNA per 20 pl
reaction.

Incubate the BP raection overnight.

Increase the incubation time of the BP reaction
up to 18 hours.

Purify attB PCR product using the
PEG/MgC]l, purification protocol or
gel-purify the attB PCR product.

Use a Platinum ® DNA polymerase

with automatic hot-start capability for
higher specificity amplification.

Redesign attB PCR primers to

minimize potential mutual priming sites
leading to primer-dimers.

Feature

Benefit

1B T1 and T2 transcription terminators

M13 forward (-20) priming site

attP4 and attP1R site (p)DONR ™ P4-P1R)
attP1 and attP2 sites (p)DONR ™ 221)
attP2R and attP3 sites (pDONR ™ P2R-P3)

ccdB gene

Chloramphenicol resistance gene (Cm¥)
M13 reverse priming site

Kanamyecin resistance gene

pUC origin and replisome assembly site

Protects the cloned gene from expression by
vector-encoded promoters, thereby reducing
possible toxicity Orosz, A., et al., Eur. J.
Biochem. 201: 653-659 (1991)

Allows sequencing in the sense orientation.
Bacteriophage A-derived DNA recombination
sequences that have been optimized to permit
recombinational cloning of DNA fragments
from specific attB PCR products Landy, A.,
Annu. Rev. Biochem. 58: 913-949 (1989).
Permits negative selection of the plasmid.
Allows counterselection of the plasmid.
Permits sequencing in the anti-sense orientation.
Allows selection of the plasmid in E. coli.
Permits high-copy replication and maintenance
of the plasmid in E. coli.




US 2011/0275541 Al

[1391] pDEST™R4-R3 (4248 bp) contains the following
elements. All features have been functionally tested.
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Feature Benefit

M13 forward (-20) priming site
attR4 and attR3 sites

Allows sequencing in the sense orientation.
Bacteriophage A-derived DNA recombination

sequences that have been optimized to permit
recombinational cloning of DNA fragments

from specific attL-flanked entry clones

(Landy, 1989).

Chloramphenicol resistance gene (Cm®)  Allows counterselection of the plasmid.
Permits negative selection of the plasmid.
Permits sequencing in the anti-sense orientation.

ccdB gene
M13 reverse priming site

pUC origin and replisome assembly site Permits high-copy replication and maintenance

of the plasmid in E. coli.

Ampicillin resistance gene (p-lactamase) Allow selection of the plasmid in E. coli.
Permits expression of the ampicillin resistance

bla promoter
gele.

[1392] Description

[1393] pMS/GW is a 5898 bp control vector, and was gen-
erated using the MultiSite Gateway™ LR recombination
reaction between pDEST™R4-R3 and three entry clones
containing the araC gene and araBAD promoter, gus gene,
and lacZa fragment, respectively. This expression clone is
designed for use as a control for each BP recombination
reaction.

[1394] Glossary of Terms Use in this Example
[1395] attL, attR, attB, and attP
[1396] The recombination sites from bacteriophage

lambda that are utilized in the Gateway™ Technology.
[1397] attl always recombines with attR in a reaction
mediated by the LR Clonase™ enzyme mix (for standard
Gateway™ reactions) or LR Clonase™ Plus enzyme mix (for
MultiSite Gateway™ reactions). The LR reaction is the basis
for the entry clone(s)xdestination vector reaction. Recombi-
nation between attl, and attR sites yields attB and attP sites on
the resulting plasmids.

[1398] attB sites always recombine with attP sites in a
reaction mediated by the BP Clonase™ enzyme mix. The BP
reaction is the basis for the reaction between the donor vector
(pDONR™) and PCR products or other clones containing
attB sites. Recombination between attB and attP sites yields
attl, and attR sites on the resulting plasmids.

[1399] BP Clonase™ Enzyme Mix

[1400] A proprietary mix (available from Invitrogen Cor-
poration; Carlsbad, Calif. catalog nos. 11789-013 and 11789-
021) of lambda recombination proteins that mediates the
attBxattP recombination reaction.

[1401] ccdB Gene

[1402] A gene which encodes a protein that interferes with
E. coli DNA gyrase, thereby inhibiting the growth of standard
E. coli hosts. This gene is present on Gateway™ destination,
donor, and supercoiled entry vectors. When recombination
occurs between a destination vector and an entry clone, the
ccdB gene is replaced by the gene of interest. Cells that take
up unreacted vectors carrying the ccdB gene, or by-product
molecules that retain the ccdB gene, will fail to grow. This
allows high-efficiency recovery of only the desired clones.
[1403] DB3.1™ Competent Cells

[1404] These cells (available from Invitrogen Corporation,
Carlsbad, Calif.) are resistant to the effects of the ccdB gene

product and are used to propagate vectors that contain the
ccdB gene (e.g., donor, supercoiled entry, and destination

vectors).
[1405] Destination Vector
[1406] Gateway™-adapted expression vectors which con-

tain attR sites and allow recombination with entry clones.
[1407] Donor Vector (pDONR™)

[1408] A Gateway™ vector containing attP sites. This vec-
tor is used for cloning PCR products and DNA sequences of
interest flanked by attB sites (expression clones) to generate
entry clones. When PCR fragments modified with attB sites
are recombined with the pDONR™ vector in a BP reaction,
they yield an entry clone:

[1409] PCR fragment (attB sites)+pDONR™ vector (attP
sites)+entry clone

[1410] Entry Clone

[1411] The result of cloning a DNA segment into an entry
vector or donor vector. For MultiSite Gateway™ applica-
tions, the entry clone contains the DNA sequence of interest
flanked by attL sites or a combination of attl. and attR sites.
The entry clone can be used for subsequent transfers into
destination vectors.

[1412] Entry Vector (pENTR™)

[1413] A Gateway™ vector containing attl.1 and attl.2
sites used for cloning DNA fragments using either TOPO®
Cloning or conventional restriction enzymes and ligase.
[1414] Expression Clone

[1415] The result of subcloning the DNA of interest from
an entry clone into a destination vector of choice by LR
recombination. For MultiSite Gateway™ applications, the
expression clone contains DNA fragments transferred from
multiple entry clones into a single destination vector. Each
DNA fragment of interest in the expression clone is flanked
by attB sites:

[1416] Entry clone(s)+destination vectorexpression clone
[1417] Gateway™ Technology
[1418] A universal cloning technology (available from

Invitrogen Corporation; Carlsbad, Calif.) based on the site-
specific recombination properties of bacteriophage lambda to
allow highly efficient movement of a DNA sequence of inter-
est into multiple vector systems. See U.S. Pat. Nos. 5,888,
732; 6,143,557, 6,171,861; 6,270,969; and 6,277,608, the
disclosures of all of which are incorporated herein by refer-
ence in their entireties.
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[1419] LR Clonase™ Plus Enzyme Mix

[1420] A proprietary mix (Available from Invitrogen Cor-
poration; Carlsbad, Calif., catalog no. 12538-013) of lambda
and E. coli recombination proteins that mediates the attl.x
attR recombination reaction. This enzyme mix has been opti-
mized for demanding applications including MultiSite Gate-
way™, but is also suitable for use in standard Gateway™
applications.
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[1432] The invention illustratively described herein suit-
ably may be practiced in the absence of any element or ele-
ments, limitation or limitations which is not specifically dis-
closed herein. Thus, for example, in each instance herein any
of the terms “comprising,” “consisting essentially of,” and
“consisting of” may be replaced with either of the other two
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terms. The terms and expressions that have been employed
are used as terms of description and not of limitation, and
there is no intention that in the use of such terms and expres-
sions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention
claimed. Thus, it should be understood that although the
present invention has been specifically disclosed herein,
optional features, modification and variation of the concepts
herein disclosed may be resorted to by those skilled in the art,
and that such modifications and variations are considered to
be within the scope of this invention as defined by the
appended claims. In addition, where features or aspects of the
invention are described in terms of Markush groups, those
skilled in the art will recognize that the invention is also
thereby described in terms of any individual member or sub-
group of members of the Markush group.

[1433] The invention has been described broadly and
generically herein. Each of the narrower species and subge-
neric groupings falling within the generic disclosure also
form part of the invention. This includes the generic descrip-
tion of the invention with a proviso or negative limitation
removing any subject matter from the genus, regardless of
whether or not the excised material is specifically recited
herein. Other aspects of the invention are within the following
claims.

[1434] All publications, patents and patent applications
mentioned in this specification are indicative of the level of
skill of those skilled in the art to which this invention pertains,
and are herein incorporated by reference to the same extent as
if each individual publication, patent or patent application
was specifically and individually indicated to be incorporated
by reference.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 183

<210> SEQ ID NO 1

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 1

agcctgettt tttatactaa cttgage

<210> SEQ ID NO 2

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 2

gttcagettt tttatactaa gttggca

<210> SEQ ID NO 3
<211> LENGTH: 27

Synthetic

27

Synthetic

27
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-continued
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 3

agcctgettt tttatactaa gttggea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 4

gttcagettt tttatactaa cttgage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 5

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 5

agcctgettt tttgtacaaa cttgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 6

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 6

gttcagettt tttgtacaaa gttggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 7

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 7

agcctgettt tttgtacaaa gttggea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 8

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 8

gttcagettt tttgtacaaa cttgt

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

27

Synthetic

27

Synthetic

25

Synthetic

27

Synthetic

27

Synthetic

25
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 9

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 9

acccagettt cttgtacaaa gtggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 10

gttcagettt cttgtacaaa gttggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 11

acccagettt cttgtacaaa gttggea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 12

gttcagettt cttgtacaaa gtggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 13

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 13

caactttatt atacaaagtt gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 14

gttcaacttt attatacaaa gttggca

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

25

Synthetic

27

Synthetic

27

Synthetic

25

Synthetic

22

Synthetic

27
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 15

caactttatt atacaaagtt ggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 16

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 16

gttcaacttt attatacaaa gttgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 17

caacttttct atacaaagtt gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 18

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 18

gttcaacttt tctatacaaa gttggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 19

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 19

caacttttct atacaaagtt ggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 20

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

24

Synthetic

25

Synthetic

22

Synthetic

27

Synthetic

24

Synthetic
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gttcaacttt tctatacaaa gttgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 21

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 21

caacttttgt atacaaagtt gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 22

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 22

gttcaacttt tgtatacaaa gttggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 23

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 23

caacttttgt atacaaagtt ggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 24

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 24

gttcaacttt tgtatacaaa gttgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 25

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 25

caacttttte gtacaaagtt gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 26

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

25

Synthetic

22

Synthetic

27

Synthetic

24

Synthetic

25

Synthetic

22

Synthetic
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<400> SEQUENCE: 26

gttcaacttt ttcgtacaaa gttggca

<210> SEQ ID NO 27

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 27

caacttttte gtacaaagtt ggca

<210> SEQ ID NO 28

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 28

gttcaacttt ttcgtacaaa gttgt

<210> SEQ ID NO 29

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 29

caactttttg gtacaaagtt gt

<210> SEQ ID NO 30

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 30

gttcaacttt ttggtacaaa gttggca

<210> SEQ ID NO 31

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 31

caactttttg gtacaaagtt ggca

<210> SEQ ID NO 32

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

27

24

25

22

27

24
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<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 32

gttcaacttt ttggtacaaa gttgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 33

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 33

caacttttta atacaaagtt gt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 34

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 34

gttcaacttt ttaatacaaa gttggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 35

caacttttta atacaaagtt ggca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 36

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 36

gttcaacttt ttaatacaaa gttgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 37

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 37
gcttttttat actaa
<210> SEQ ID NO 38

<211> LENGTH: 21
<212> TYPE: DNA

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

25

Synthetic

22

Synthetic

27

Synthetic

24

Synthetic

25

Synthetic

15
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 38

caactttttt atacaaagtt g

<210> SEQ ID NO 39

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (8)..(14)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 39

caactttnnn nnnnaaagtt g

<210> SEQ ID NO 40

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (8)..(14)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 40

caactttnnn nnnnaaacaa g

<210> SEQ ID NO 41

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 41

ggggagcctyg cttttttgta caaagttgge attataaaaa agecattgce

<210> SEQ ID NO 42

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 42

ggggagcctyg ctttettgta caaagttgge attataaaaa agecattge

<210> SEQ ID NO 43

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

21

Synthetic

21

Synthetic

21

Synthetic

48

Synthetic

48

Synthetic
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primer
<400> SEQUENCE: 43

tgttgcceggyg aagctagagt aa

<210> SEQ ID NO 44

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 44

ggggacaagt ttgtacaaaa aagctgaacyg agaaacgtaa aat

<210> SEQ ID NO 45

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 45

ggggacaagt ttgtacaaga aagctgaacyg agaaacgtaa aat

<210> SEQ ID NO 46

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 46

cagacggcat gatgaacctg aa

<210> SEQ ID NO 47

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 47

ggggacaagt ttgtacaaaa aagcaggct

<210> SEQ ID NO 48

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 48
ggggaccact ttgtacaaga aagctgggt
<210> SEQ ID NO 49
<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

22

43

43

22

29

29
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<220> FEATURE:
<223> OTHER INFORMATION:
oligonucleotide

<400> SEQUENCE: 49

tgtacaaaaa agcaggct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 50

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 50

tgtacaagaa agctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 51

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 51

acaaaaaagc aggct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 52

LENGTH: 15

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 52

acaagaaagc tgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 53

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 53

aaaaagcagyg ct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 54

LENGTH: 12

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 54
agaaagctgyg gt

<210> SEQ ID NO 55
<211> LENGTH: 11

Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

18

Synthetic

18

Synthetic

15

Synthetic

15

Synthetic

12

Synthetic

12
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 55

aaaagcaggce t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 56

LENGTH: 11

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 56

gaaagctggg t

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 57

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 57

aaagcaggct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 58

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 58

aaagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 59

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 59

gtcactagce tgtggagcaa ga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 60

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 60

aggatggcag agggagacga ca

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

11

Synthetic

11

Synthetic

10

Synthetic

10

Synthetic

22

Synthetic

22
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 61

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

Synthetic primer
<400> SEQUENCE: 61

ggggagcectyg cttttttata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 62

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 62

ggggagcectyg ctttattata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 63

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 63

ggggagcctyg ctttettata ctaagttgge attataaaaa agecattge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 64

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 64

ggggagcctyg ctttgttata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 65

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 65

ggggagcctyg cttttatata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 66

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 66

ggggagcctyg cttttctata ctaagttgge attataaaaa agecattge

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 67

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 67

ggggagcctyg cttttgtata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 68

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 68

ggggagcctyg ctttttaata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 69

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 69

ggggagcectyg ctttttcata ctaagttgge attataaaaa agecattge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 70

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 70

ggggagcctyg ctttttgata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 71

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 71

ggggagcectyg cttttttcta ctaagttgge attataaaaa agecattge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 72

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 72

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic



US 2011/0275541 Al
115

-continued

Nov. 10, 2011

ggggagcctyg cttttttgta ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 73

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 73

ggggagcctyg ctttttttta ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 74

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 74

ggggagcectyg cttttttaaa ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 75

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 75

ggggagcctyg cttttttaca ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 76

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 76

ggggagcctyg cttttttaga ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 77

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 77

ggggagcectyg cttttttatce ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 78

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic
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<400> SEQUENCE: 78

ggggagcctyg cttttttatg ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 79

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 79

ggggagcctyg cttttttatt ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 80

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 80

ggggagcctyg cttttttata ataagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 81

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 81

ggggagcctyg cttttttata gtaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 82

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 82

ggggagcectyg cttttttata ttaagttgge attataaaaa agecattge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 83

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 83
ggggagccta cttttttata ctaagttgge attataaaaa agecattgce
<210>
<211>
<212>

<213>
<220>

SEQ ID NO 84

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48
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<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 84

ggggagcctyg cctttttata ctaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 85

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 85

ggggagcctyg cttetttata ctaagttgge attataaaaa agecattge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 86

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer
<400> SEQUENCE: 86

ggggagcctyg cttttttata ccaagttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 87

LENGTH: 48

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 87

ggggagcctyg cttttttata ctaggttgge attataaaaa agecattgce

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 88

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 88

agcctgettt tttatactaa gttggeatta

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 89

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 89
agcctgettt attatactaa gttggeatta
<210> SEQ ID NO 90

<211> LENGTH: 30
<212> TYPE: DNA

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

48

Synthetic

30

Synthetic

30
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<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 90

agcctgettt tttatattaa gttggeatta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 91

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 91

agcctgettt tttatgetaa gttggeatta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 92

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 92

agcctgettt tttataccaa gttggeatta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 93

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

SEQUENCE: 93

agcctgettt tttatactag gttggeatta

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 94

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (7)..(8)

OTHER INFORMATION: a, ¢, g, t, unknown or other
FEATURE:

NAME/KEY: modified base

LOCATION: (10)..(12)

OTHER INFORMATION: a, ¢, g, t, unknown or other
FEATURE:

NAME/KEY: modified_base

LOCATION: (14)..(15)

OTHER INFORMATION: a, ¢, g, t, unknown or other

SEQUENCE: 94

caacttnntn nnannaagtt g

<210>
<211>

SEQ ID NO 95
LENGTH: 25

Synthetic

30

Synthetic

30

Synthetic

30

Synthetic

30

Synthetic

21
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 95

tcaagttagt ataaaaaagc aggct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 96

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 96

ggggaacact ttgtacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 97

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 97

ggggacaact ttgtacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 98

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 98

ggggaccect ttgtacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 99

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 99

ggggaccaat ttgtacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 100

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 100

ggggaccacg ttgtacaaga aagctgggt

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

25

Synthetic

29

Synthetic

29

Synthetic

29

Synthetic

29

Synthetic

29
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 101

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 101

ggggaccact gtgtacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 102

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 102

ggggaccact tggtacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 103

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 103

ggggaccact ttttacaaga aagctgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 104

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 104

ggggacaact ttgtacaaaa aagttggct

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 105

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 105

ggggacaact ttgtacaaga aagttgggt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 106

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

FEATURE:

NAME/KEY: modified_base
LOCATION: (20)..(24)

OTHER INFORMATION: a, ¢, g, t,

<220>
<221>
<222>

<223> unknown or other

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

29

Synthetic

29

Synthetic

29

Synthetic

29

Synthetic

29

Synthetic
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<400> SEQUENCE: 106

ggggacaagt ttgtacaaan nnnnaggct

<210> SEQ ID NO 107

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (25)..(29)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 107

ggggacaagt ttgtacaaaa aagcnnnnn

<210> SEQ ID NO 108

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (20)..(24)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 108

ggggaccact ttgtacaagn nnnntgggt

<210> SEQ ID NO 109

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (25)..(29)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 109

ggggaccact ttgtacaaga aagcnnnnn

<210> SEQ ID NO 110

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(28)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 110

ggggacaact ttgtacaaaa aagttgnn

<210> SEQ ID NO 111
<211> LENGTH: 26

Synthetic

Synthetic

Synthetic

Synthetic

29

29

29

29

28
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<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 111

ggggacaact ttgtataata aagttg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 112

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 112

ggggacaact ttattataca aagttg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 113

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

FEATURE:

NAME/KEY: modified_base
LOCATION: (26)..(26)

OTHER INFORMATION: a, ¢, g, t,

<220>
<221>
<222>
<223> unknown or other

<400> SEQUENCE: 113

gggacaactt tgtataataa agttgn

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 114

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

FEATURE:

NAME/KEY: modified base
LOCATION: (27)..(28)

OTHER INFORMATION: a, ¢, g, t,

<220>
<221>
<222>
<223> unknown or other

<400> SEQUENCE: 114

ggggacaact ttgtacaaaa aagttgnn

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 115

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 115

gggacaactt tttaatacaa agttg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 116

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

26

Synthetic

26

Synthetic

26

Synthetic

28

Synthetic

25
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<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide

<400> SEQUENCE: 116

ggggacaact ttgtattaaa aagttg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 117

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

FEATURE:

NAME/KEY: modified_base
LOCATION: (27)..(27)

OTHER INFORMATION: a, ¢, g, t,

<220>
<221>
<222>
<223> unknown or other

<400> SEQUENCE: 117

ggggacaact ttgtataata aagttgn

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 118

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 118

ggaggtatat accatg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 119

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 119

ggaggtatat accatgaagt ttggaaatat ttgttttte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 120

LENGTH: 49

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 120

gaagctatag tgagtcgtat tatttaggtt cttttaagaa aggagcgac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 121

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400> SEQUENCE: 121

ggaggtatat accatgaaat ttggattatt ttttctaaac

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

26

Synthetic

27

Synthetic

16

Synthetic

39

Synthetic

49

Synthetic

40
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<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 122

LENGTH: 47

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 122

gaagctatag tgagtcgtat tatggtaaat tcatttcgat tttttgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 123

LENGTH: 45

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 123

ggaggtatat accatgaata aatgtattcc aatgataatt aatgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 124

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 124

gaagctatag tgagtcgtat tatgggacaa aaactaaaaa cttatcttec

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 125

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 125

ggaggtatat accatgaaag atgaaagtgc tttttttacg attg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 126

LENGTH: 46

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 126

gaagctatag tgagtcgtat taagccaatt ctaataatte atttte

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 127

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400>

SEQUENCE: 127

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

47

Synthetic

45

Synthetic

50

Synthetic

44

Synthetic

46

Synthetic
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ggaggtatat accatgactg tccatactga atataaaaga aatc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 128

LENGTH: 53

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 128

gaagctatag tgagtcgtat taaatccttg atattctttt gtatgacatt age

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 129

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 129

ggggacaact ttgtacaaaa aagttgaagg aggtatatac catg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 130

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 130

ggggacaact ttgtataata aagttggaag ctatagtgag tcgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 131

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 131

ggggacaact ttattataca aagttgaagg aggtatatac catg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 132

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 132

ggggacaact ttgtatagaa aagttggaag ctatagtgag tcgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 133

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

44

Synthetic

53

Synthetic

44

Synthetic

44

Synthetic

44

Synthetic

44

Synthetic
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<400> SEQUENCE: 133

ggggacaact tttctataca aagttgaagg aggtatatac catg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 134

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 134

ggggacaact ttgtatacaa aagttggaag ctatagtgag tcgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 135

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 135

ggggacaact tttgtataca aagttgaagg aggtatatac catg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 136

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 136

ggggacaact ttgtattaaa aagttggaag ctatagtgag tcgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 137

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 137

ggggacaact ttttaataca aagttgaagg aggtatatac catg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 138

LENGTH: 44

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 138

ggggacaact ttgtacaaga aagttggaag ctatagtgag tcgt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 139

LENGTH: 14

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

44

Synthetic

44

Synthetic

44

Synthetic

44

Synthetic

44

Synthetic

44

Synthetic



US 2011/0275541 Al
127

Nov. 10, 2011

-continued
primer
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (13)..(14)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 139

aaaaagcagyg ctnn

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 140

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

FEATURE:

NAME/KEY: modified_base
LOCATION: (13)..(13)

OTHER INFORMATION: a, ¢, g, t,

<220>
<221>
<222>
<223> unknown or other

<400> SEQUENCE: 140

agaaagctgg gtn

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 141

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 141

caactttgta taataaagtt g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 142

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 142

caactttgta tagaaaagtt g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 143

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide

<400> SEQUENCE: 143

ggggcaactt tgtatagaaa agttg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 144

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

oligonucleotide
<400>

SEQUENCE: 144

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

14

Synthetic

13

Synthetic

21

Synthetic

21

Synthetic

25

Synthetic
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ggggctgett ttttgtacaa acttg 25

<210> SEQ ID NO 145

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 145

ggggcagcett tcecttgtacaa agtgg 25

<210> SEQ ID NO 146

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 146

ggggcaactt tgtataataa agttg 25

<210> SEQ ID NO 147

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 147

ggggcaactt tgtatagaaa agttgttatg acaacttgac ggctacatca ttcacttt 58

<210> SEQ ID NO 148

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 148

ggggctgett ttttgtacaa acttgccatg gttaattcct cctgttagec caaaaaaacyg 60

<210> SEQ ID NO 149

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 149

ggggctgett ttttgtacaa acttgccagyg ttagegtcga ggaactcttt caactgac 58

<210> SEQ ID NO 150

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
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<400> SEQUENCE: 150

ggggcagcett tcttgtacaa agtggggtaa gectatccct aaccctetece teggtete 58

<210> SEQ ID NO 151

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 151

ggggcaactt tgtataataa agttgaaggc ccagtcttte gactgagect ttegtttt 58

<210> SEQ ID NO 152

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 152

ggggcagcett tcttgtacaa agtggaggaa acagctatga ccatgattac gecaa 55

<210> SEQ ID NO 153

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 153

ggggcaactt tgtataataa agttgctatg cggcatcaga gcagattgta ctgag 55

<210> SEQ ID NO 154

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 154

gtaaacgacg gccag 15

<210> SEQ ID NO 155

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 155

caggaaacag ctatgac 17

<210> SEQ ID NO 156

<211> LENGTH: 4247

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 156

gtaaaacgac ggccagtgaa ttatcaactt tgtatagaaa agttgaacga gaaacgtaaa 60
atgatataaa tatcaatata ttaaattaga ttttgcataa aaaacagact acataatact 120
gtaaaacaca acatatccag tcactatgge ggccgctaag ttggcagcat caccecgacgce 180
actttgcgee gaataaatac ctgtgacgga agatcacttc gcagaataaa taaatcctgg 240
tgtccectgtt gataccggga agecctggge caacttttgg cgaaaatgag acgttgatceg 300
gcacgtaaga ggttccaact ttcaccataa tgaaataaga tcactaccgyg gegtattttt 360
tgagttatcg agattttcag gagctaagga agctaaaatg gagaaaaaaa tcactggata 420
taccaccgtt gatatatcce aatggcateg taaagaacat tttgaggcat ttcagtcagt 480
tgctcaatgt acctataacc agaccgttca gectggatatt acggectttt taaagaccgt 540
aaagaaaaat aagcacaagt tttatccgge ctttattcac attettgece gectgatgaa 600
tgctcatceg gaattcegta tggcaatgaa agacggtgag ctggtgatat gggatagtgt 660
tcaccecttgt tacaccgttt tccatgagca aactgaaacg ttttcatege tctggagtga 720
ataccacgac gatttccgge agtttctaca catatatteg caagatgtgg cgtgttacgg 780
tgaaaacctyg gectatttee ctaaagggtt tattgagaat atgttttteg tctcagccaa 840
tcectgggty agtttcacca gttttgattt aaacgtggec aatatggaca acttcttege 900
cccegtttte accatgggea aatattatac gcaaggegac aaggtgctga tgccgetgge 960

gattcaggtt catcatgccg tctgtgatgg cttceccatgte ggcagaatgc ttaatgaatt 1020
acaacagtac tgcgatgagt ggcagggcgg ggcgtaatct agaggatccg gcecttactaaa 1080
agccagataa cagtatgcgt atttgcgcge tgatttttge ggtataagaa tatatactga 1140
tatgtatacc cgaagtatgt caaaaagagg tgtgctatga agcagcgtat tacagtgaca 1200
gttgacagcg acagctatca gttgctcaag gcatatatga tgtcaatatc tccggtetgg 1260
taagcacaac catgcagaat gaagccegte gtetgegtge cgaacgcetgyg aaagcggaaa 1320
atcaggaagg gatggctgag gtcgcccggt ttattgaaat gaacggctcect tttgctgacg 1380
agaacaggga ctggtgaaat gcagtttaag gtttacacct ataaaagaga gagccgttat 1440
cgtctgtttg tggatgtaca gagtgatatt attgacacgc ccgggcgacg gatggtgatce 1500
ccectggeca gtgcacgtet getgtcagat aaagtctcecce gtgaacttta cecggtggtg 1560
catatcgggg atgaaagctg gcgcatgatg accaccgata tggccagtgt gecggtcetcece 1620
gttatcgggg aagaagtggc tgatctcagce caccgcgaaa atgacatcaa aaacgccatt 1680
aacctgatgt tctggggaat ataaatgtca ggctccgtta tacacagcca gtctgcaggt 1740
cgaccatagt gactggatat gttgtgtttt acagtattat gtagtctgtt ttttatgcaa 1800
aatctaattt aatatattga tatttatatc attttacgtt tctcgttcag ctttattata 1860
caaagttgat agcttggcgt aatcatggtc atagctgttt cctgtgtgaa attgttatcce 1920
gctecggtate agectcactca aaggcggtaa tacggttatc cacagaatca ggggataacyg 1980
caggaaagaa catgtgagca aaaggccagce aaaaggccag gaaccgtaaa aaggccgcegt 2040
tgctggegtt tttccatagg cteccgccccee ctgacgagca tcacaaaaat cgacgctcaa 2100

gtcagaggtyg gcgaaacccg acaggactat aaagatacca ggcgtttccce cctggaaget 2160
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ccetegtgeg ctetectgtt ccgaccectge cgettaccegg atacctgtee gectttetece 2220
cttcgggaag cgtggcgett tetcatagct cacgctgtag gtatctcagt teggtgtagg 2280
tcgttegete caagetggge tgtgtgcacg aacccceegt tcagcccgac cgctgcgect 2340
tatccggtaa ctatcgtett gagtccaacce cggtaagaca cgacttatcg ccactggcag 2400
cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga 2460
agtggtggcce taactacggc tacactagaa ggacagtatt tggtatctgce getctgctga 2520
agccagttcce ttcggaaaaa gagttggtag ctcecttgatcce ggcaaacaaa ccaccgctgg 2580
tagcggtggt ttttttgttt gcaagcagca gattacgcgce agaaaaaaag gatctcaaga 2640
agatcctttg atctttteta cggggtctga cgctcagtgg aacgaaaact cacgttaagg 2700
gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg 2760
aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacagtt accaatgcectt 2820
aatcagtgag gcacctatct cagcgatctg tctatttegt tcatccatag ttgecctgact 2880
cceegtegtg tagataacta cgatacggga gggcttacca tctggcecccca gtgctgcaat 2940
gataccgega gacccacgcet caccggetcece agatttatca gcaataaacc agcecagcecgg 3000
aagggccgag cgcagaagtg gtcecctgcaac tttatccgece tceccatccagt ctattaattg 3060
ttgccgggaa gctagagtaa gtagttcgce agttaatagt ttgcgcaacg ttgttgccat 3120
tgctacaggce atcgtggtgt cacgctecgte gtttggtatg gecttcattca getceccggtte 3180
ccaacgatca aggcgagtta catgatccce catgttgtgce aaaaaagcgg ttagctcectt 3240
cggtcctecg atcgttgtca gaagtaagtt ggccgcagtg ttatcactca tggttatggce 3300
agcactgcat aattctctta ctgtcatgcce atccgtaaga tgcttttctg tgactggtga 3360
gtactcaacc aagtcattct gagaatagtg tatgcggcga ccgagttgcet cttgcccgge 3420
gtcaatacgg gataataccg cgccacatag cagaacttta aaagtgctca tcattggaaa 3480
acgttcttecg gggcgaaaac tctcaaggat cttaccgetg ttgagatcca gttcgatgta 3540
acccactegt gcacccaact gatcttcage atcttttact ttcaccageg tttectgggtg 3600
agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata agggcgacac ggaaatgttg 3660
aatactcata ctcttccttt ttcaatatta ttgaagcatt tatcagggtt attgtctcat 3720
gagcggatac atatttgaat gtatttagaa aaataaacaa ataggggttc cgcgcacatt 3780
tcecccgaaaa gtgccacctg acgtctaaga aaccattatt atcatgacat taacctataa 3840
aaataggcgt atcacgaggc cctttegtcet cgegegttte ggtgatgacg gtgaaaacct 3900
ctgacacatg cagctccecgg agacggtcac agcttgtetg taagcggatg ccgggagcag 3960
acaagccecgt cagggcgegt cagcgggtgt tggegggtgt cggggctgge ttaactatgce 4020
ggcatcagag cagattgtac tgagagtgca ccatatgcgg tgtgaaatac cgcacagatg 4080
cgtaaggaga aaataccgca tcaggcgcca ttcgccattce aggctgcgca actgttggga 4140
agggcgatcg gtgcgggect cttegctatt acgccagetg gcgaaagggg gatgtgectgce 4200
aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgtt 4247
<210> SEQ ID NO 157

<211> LENGTH: 4758

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 157

ctttectgeg ttatccectyg attetgtgga taaccgtatt accgectttyg agtgagetga 60
taccgetege cgcagecgaa cgaccgageg cagcegagteca gtgagegagg aagcggaaga 120
gegeccaata cgcaaaccge ctctcccege gegttggeeg attcattaat geagetggea 180
cgacaggttt cccgactgga aagcgggeag tgagegcaac gcaattaata cgegtaccge 240
tagccaggaa gagtttgtag aaacgcaaaa aggccatceg tcaggatgge cttetgetta 300
gtttgatgce tggcagttta tggegggegt cctgeccgece acccteeggyg cegttgette 360
acaacgttca aatcegetee cggeggattt gtectacteca ggagagegtt caccgacaaa 420
caacagataa aacgaaaggc ccagtcttee gactgagect ttegttttat ttgatgectg 480
gcagttcecct actctcgegt taacgctage atggatgttt tcccagtcac gacgttgtaa 540
aacgacggcece agtcttaage tegggeccca aataatgatt ttattttgac tgatagtgac 600
ctgttegttyg caacaaattg atgagcaatg cttttttata atgccaagtt tgtacaaaaa 660
agcagaacga gaaacgtaaa atgatataaa tatcaatata ttaaattaga ttttgcataa 720
aaaacagact acataatact gtaaaacaca acatatccag tcactatgaa tcaactactt 780
agatggtatt agtgacctgt agtcgaccga cagecttceca aatgttcette gggtgatget 840
gccaacttag tcgaccgaca gecttccaaa tgttettete aaacggaatc gtegtatcca 900
gectactege tattgtecte aatgccgtat taaatcataa aaagaaataa gaaaaagagg 960

tgcgagecte ttttttgtgt gacaaaataa aaacatctac ctattcatat acgctagtgt 1020
catagtcctg aaaatcatct gcatcaagaa caatttcaca actcttatac ttttctetta 1080
caagtcgttc ggcttcatct ggattttcag cctcectatact tactaaacgt gataaagttt 1140
ctgtaatttc tactgtatcg acctgcagac tggctgtgta taagggagcc tgacatttat 1200
attccccaga acatcaggtt aatggcegttt ttgatgtcat tttcecgeggtg getgagatca 1260
gccacttett cceccgataac ggagaccggce acactggcca tatcggtggt catcatgege 1320
cagctttcat ccccgatatg caccaccggg taaagttcac gggagacttt atctgacagce 1380
agacgtgcac tggccagggg gatcaccatc cgtegccecegg gegtgtcaat aatatcactce 1440
tgtacatcca caaacagacg ataacggctc tctettttat aggtgtaaac cttaaactgc 1500
atttcaccag tccctgttet cgtcagcaaa agagccgttc atttcaataa accgggcgac 1560
ctcagccatc ccttectgat ttteccgettt ccagegtteg gcacgcagac gacgggctte 1620
attctgcatg gttgtgctta ccagaccgga gatattgaca tcatatatgce cttgagcaac 1680
tgatagctgt cgctgtcaac tgtcactgta atacgctgct tcatagcaca cctetttttg 1740
acatacttcg ggtatacata tcagtatata ttcttatacc gcaaaaatca gcgcgcaaat 1800
acgcatactg ttatctggct tttagtaagc cggatccacg cgattacgcc ccgcecctgece 1860
actcatcgca gtactgttgt aattcattaa gcattctgcc gacatggaag ccatcacaga 1920
cggcatgatg aacctgaatc gccagcggca tcagcacctt gtcgecttge gtataatatt 1980
tgcccatggt gaaaacgggg gcgaagaagt tgtccatatt ggccacgttt aaatcaaaac 2040

tggtgaaact cacccaggga ttggctgaga cgaaaaacat attctcaata aaccctttag 2100
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ggaaataggc caggttttca ccgtaacacg ccacatcttg cgaatatatg tgtagaaact 2160
gccggaaate gtegtggtat tcactccaga gcgatgaaaa cgtttcagtt tgctcatgga 2220
aaacggtgta acaagggtga acactatccc atatcaccag ctcaccgtcect ttcattgeca 2280
tacggaattc cggatgagca ttcatcaggc gggcaagaat gtgaataaag gccggataaa 2340
acttgtgett atttttcttt acggtcttta aaaaggccgt aatatccage tgaacggtct 2400
ggttataggt acattgagca actgactgaa atgcctcaaa atgttcttta cgatgccatt 2460
gggatatatc aacggtggta tatccagtga tttttttcte cattttaget tccttagetce 2520
ctgaaaatct cgataactca aaaaatacgc ccggtagtga tcttatttca ttatggtgaa 2580
agttggaacc tcttacgtgc cgatcaacgt ctcattttecg ccaaaagttg gceccagggct 2640
tcececggtate aacagggaca ccaggattta tttattctge gaagtgatct tecgtcacag 2700
gtatttattc ggcgcaaagt gcgtcgggtg atgctgccaa cttagtcgac tacaggtcac 2760
taataccatc taagtagttg attcatagtg actggatatg ttgtgtttta cagtattatg 2820
tagtctgttt tttatgcaaa atctaattta atatattgat atttatatca ttttacgttt 2880
ctcgttcecage tttcttgtac aaagtgggca ttataagaaa gcattgctta tcaatttgtt 2940
gcaacgaaca ggtcactatc agtcaaaata aaatcattat ttgccatcca gctgatatcce 3000
cctatagtga gtcgtattac atggtcatag ctgtttectg gcagctctgg cccgtgtcete 3060
aaaatctctg atgttacatt gcacaagata aaaatatatc atcatgaaca ataaaactgt 3120
ctgcttacat aaacagtaat acaaggggtg ttatgagcca tattcaacgg gaaacgtcga 3180
ggccgcgatt aaattccaac atggatgctg atttatatgg gtataaatgg gctcgcgata 3240
atgtcgggca atcaggtgcg acaatctatc gcttgtatgg gaagcccgat gcegccagagt 3300
tgtttctgaa acatggcaaa ggtagcgttg ccaatgatgt tacagatgag atggtcagac 3360
taaactggct gacggaattt atgcctectte cgaccatcaa gecattttatce cgtactectg 3420
atgatgcatg gttactcacc actgcgatcce ccggaaaaac agcattccag gtattagaag 3480
aatatcctga ttcaggtgaa aatattgttg atgcgctgge agtgttcctg cgccggttgce 3540
attcgattcce tgtttgtaat tgtcctttta acagcgatcg cgtatttcecgt ctecgetcagg 3600
cgcaatcacg aatgaataac ggtttggttg atgcgagtga ttttgatgac gagcgtaatg 3660
gctggectgt tgaacaagtce tggaaagaaa tgcataaact tttgccattc tcaccggatt 3720
cagtcgtcac tcatggtgat ttctcacttg ataaccttat ttttgacgag gggaaattaa 3780
taggttgtat tgatgttgga cgagtcggaa tcgcagaccg ataccaggat cttgccatcce 3840
tatggaactg cctcggtgag ttttctectt cattacagaa acggcttttt caaaaatatg 3900
gtattgataa tcctgatatg aataaattgc agtttcattt gatgctcgat gagtttttcet 3960
aatcagaatt ggttaattgg ttgtaacact ggcagagcat tacgctgact tgacgggacg 4020
gcgcaagcete atgaccaaaa tceccttaacg tgagttacge gtcecgttceccac tgagcecgtceag 4080
accccgtaga aaagatcaaa ggatcttctt gagatccttt ttttetgcge gtaatctget 4140
gcttgcaaac aaaaaaacca ccgctaccag cggtggtttg tttgccggat caagagctac 4200
caactctttt tccgaaggta actggcttca gcagagcgca gataccaaat actgtcectte 4260
tagtgtagcce gtagttaggc caccacttca agaactctgt agcaccgcct acatacctceg 4320

ctctgctaat cctgttacca gtggctgctg ccagtggcega taagtcgtgt cttaccgggt 4380
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tggactcaag acgatagtta ccggataagg cgcagcggtc gggctgaacg gggggttegt 4440
gcacacagcece cagcettggag cgaacgacct acaccgaact gagataccta cagcecgtgagce 4500
attgagaaag cgccacgctt cccgaaggga gaaaggcgga caggtatccyg gtaageggca 4560
gggtcggaac aggagagcgce acgagggagce ttccaggggg aaacgcctgg tatctttata 4620
gtcetgtegg gtttegecac ctetgacttg agegtecgatt tttgtgatge tcecgtcagggy 4680
ggcggagect atggaaaaac gccagcaacg cggcctttta cggttectgg ccttttgetg 4740
gccttttget cacatgtt 4758
<210> SEQ ID NO 158

<211> LENGTH: 4773

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 158

ctttectgeg ttatccectyg attctgtgga taaccgtatt accgectttyg agtgagetga 60
taccgetege cgcagecgaa cgaccgageg cagcgagtca gtgagcgagyg aagcggaaga 120
gegeccaata cgcaaaccge ctcteccege gegttggeceg attcattaat gecagetggea 180
cgacaggttt cccgactgga aagcgggcag tgagcgcaac gcaattaata cgcgtaccge 240
tagccaggaa gagtttgtag aaacgcaaaa aggccatceg tcaggatgge cttetgetta 300
gtttgatgee tggcagttta tggegggegt cctgccegec accctecggg cegttgette 360
acaacgttca aatccgctce cggcggattt gtectacteca ggagagegtt caccgacaaa 420
caacagataa aacgaaaggc ccagtcttcc gactgagect ttegttttat ttgatgectg 480
gcagttcect actctegegt taacgctage atggatgttt teccagtcac gacgttgtaa 540
aacgacggcce agtcttaage tcgggecctg cagetctaga gcetcgaattce tacaggtcac 600
taataccatc taagtagttg attcatagtg actgcatatg ttgtgtttta cagtattatg 660
tagtctgttt tttatgcaaa atctaattta atatattgat atttatatca ttttacgttt 720
ctcgttcaac tttcttgtac aaagttggca ttataaaaaa gcattgctta tcaatttgtt 780
gcaacgaaca ggtcactatc agtcaaaata aaatcattat ttggagctct agagcgtcga 840
ctaagttgge agcatcaccc gacgcacttt gegecgaata aatacctgtyg acggaagatce 900
acttcgcaga ataaataaat cctggtgtcce ctgttgatac cgggaagccce tgggcecaact 960

tttggcgaaa atgagacgtt gatcggcacg taagaggttc caactttcac cataatgaaa 1020
taagatcact accgggcgta ttttttgagt tatcgagatt ttcaggagct aaggaagcta 1080
aaatggagaa aaaaatcact ggatatacca ccgttgatat atcccaatgg catcgtaaag 1140
aacattttga ggcatttcag tcagttgctc aatgtaccta taaccagacc gttcagctgg 1200
atattacggc ctttttaaag accgtaaaga aaaataagca caagttttat ccggcecttta 1260
ttcacattct tgcccgcectg atgaatgcte atccggaatt cecgtatggca atgaaagacg 1320
gtgagctggt gatatgggat agtgttcacc cttgttacac cgttttccat gagcaaactg 1380
aaacgttttc atcgctctgg agtgaatacc acgacgattt ccggcagttt ctacacatat 1440
attcgcaaga tgtggcgtgt tacggtgaaa acctggecta tttccctaaa gggtttattg 1500

agaatatgtt tttcgtctca gccaatccct gggtgagttt caccagtttt gatttaaacg 1560
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tggccaatat

gcgacaaggt

atgtcggcag

aatcgegtygyg

tttgcggtat

tatgaagcag

tatgatgtca

cgtgeccgaac

gaaatgaacg

cacctataaa

cacgeeegygyg

ctcecegtgaa

cgatatggec

cgaaaatgac

ccttatacac

tagtaagtat

agagttgtga

aataggtaga

tctttttaty

cgtttgagaa

ccatctaagt

tgttttttat

tcaactttat

gaacaggtca

cggecgegat

ctggecegty

aacaataaaa

acgggaaacg

atgggetege

cgatgegeca

tgagatggtc

tatccgtact

ccaggtatta

cectgegeagy

tegteteget

tgacgagegt

attctcaccyg

cgaggggaaa

ggacaacttce

getgatgecyg

aatgcttaat

atccggetta

aagaatatat

cgtattacag

atatctcegyg

getggaaage

getettttge

agagagagcc

cgacggatgg

ctttaccegyg

agtgtgecgg

atcaaaaacg

agccagtetg

agaggctgaa

aattgttett

tgtttttatt

atttaatacg

gaacatttgg

agttgattca

gcaaaatcta

tatacaaagt

ctatcagtca

atcccctata

tctcaaaatc

ctgtctgett

tcgaggeege

gataatgtcg

gagttgttte

agactaaact

cctgatgatg

gaagaatatc

ttgcattcga

caggcgcaat

aatggctgge

gattcagtcg

ttaataggtt

ttcgeccceeyg

ctggcgatte

gaattacaac

ctaaaagcca

actgatatgt

tgacagttga

tctggtaage

ggaaaatcag

tgacgagaac

gttategtet

tgatcccect

tggtgcatat

tctecgttat

ccattaacct

caggtcgata

aatccagatg

gatgcagatg

ttgtcacaca

gcattgagga

aaggctgteg

tagtgactge

atttaatata

tggcattata

aaataaaatc

gtgagtcgta

tctgatgtta

acataaacag

gattaaattc

ggcaatcagg

tgaaacatgg

ggctgacgga

catggttact

ctgattcagg

ttectgttty

cacgaatgaa

ctgttgaaca

tcactcatgg

gtattgatgt

ttttcaccat

aggttcatca

agtactgcga

gataacagta

atacccgaag

cagcgacage

acaaccatge

gaagggatgg

agggactggt

gtttgtggat

ggccagtgcea

cggggatgaa

cggggaagaa

gatgttctgyg

cagtagaaat

aagccgaacyg

attttcagga

aaaaagaggc

caatagcgag

gtcgageteg

atatgttgtg

ttgatattta

aaaaagcatt

attatttgga

ttacatggtc

cattgcacaa

taatacaagg

caacatggat

tgcgacaatc

caaaggtagc

atttatgect

caccactgeg

tgaaaatatt

taattgtect

taacggtttyg

agtctggaaa

tgatttctca

tggacgagtc

gggcaaatat tatacgcaag

tgcegtetgt gatggettee

tgagtggcag ggcggggcgt

tgcgtatttyg cgcgetgatt

tatgtcaaaa agaggtgtgce

tatcagttgce tcaaggcata

agaatgaagc ccgtegtetg

ctgaggtege ccggtttatt

gaaatgcagt ttaaggttta

gtacagagtg atattattga

cgtetgetgt cagataaagt

agctggegca tgatgaccac

gtggctgate tcagccaccg

ggaatataaa tgtcaggcte

tacagaaact ttatcacgtt

acttgtaaga gaaaagtata

ctatgacact agcgtatatg

tcgcacctet ttttettatt

taggctggat acgacgattce

aattctacag gtcactaata

ttttacagta ttatgtagtc

tatcatttta cgtttctegt

gcettatcaat ttgttgcaac

getecatggt agegttaacg

atagctgttt cctggcaget

gataaaaata tatcatcatg

ggtgttatga gccatattca

getgatttat atgggtataa

tatcgettgt atgggaagece

gttgccaatyg atgttacaga

ctteccgacca tcaagcattt

atccceggaa aaacagcatt

gttgatgege tggcagtgtt

tttaacagcyg atcgegtatt

gttgatgega gtgattttga

gaaatgcata aacttttgce

cttgataacc ttatttttga

ggaatcgecag accgatacca

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
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ggatcttgec atcctatgga actgcctegg tgagttttet ccttcattac agaaacggct 3900
ttttcaaaaa tatggtattg ataatcctga tatgaataaa ttgcagtttc atttgatgcet 3960
cgatgagttt ttctaatcag aattggttaa ttggttgtaa cactggcaga gcattacgct 4020
gacttgacgg gacggcgcaa gctcatgacc aaaatccctt aacgtgagtt acgcgtegtt 4080
ccactgagcg tcagacccceg tagaaaagat caaaggatct tcttgagatce ctttttttet 4140
gcgegtaate tgctgcttge aaacaaaaaa accaccgcta ccagceggtgg tttgtttgece 4200
ggatcaagag ctaccaactc tttttccgaa ggtaactggce ttcagcagag cgcagatacce 4260
aaatactgtc cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcacc 4320
gcctacatac ctegcetectge taatcctgtt accagtgget getgccagtg gcgataagtce 4380
gtgtcttacc gggttggact caagacgata gttaccggat aaggcgcagc ggtcgggcetg 4440
aacggggggt tcgtgcacac agcccagett ggagcgaacyg acctacaccyg aactgagata 4500
cctacagegt gagcattgag aaagcgecac gettcccgaa gggagaaagyg cggacaggta 4560
tceggtaage ggcagggtceg gaacaggaga gegcacgagyg gagcettcecag ggggaaacgce 4620
ctggtatctt tatagtcctg tegggtttcg ccacctetga cttgagegte gatttttgtg 4680
atgctcegtca ggggggcgga gcectatggaa aaacgccagce aacgcggcect ttttacggtt 4740
cctggecttt tgctggectt ttgctcacat gtt 4773
<210> SEQ ID NO 159

<211> LENGTH: 4777

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 159

ctttectgeg ttatccectyg attctgtgga taaccgtatt accgectttyg agtgagetga 60
taccgetege cgcagecgaa cgaccgageg cagcgagtca gtgagcgagyg aagcggaaga 120
gegeccaata cgcaaaccge ctcteccege gegttggeceg attcattaat gecagetggea 180
cgacaggttt cccgactgga aagcgggcag tgagcgcaac gcaattaata cgcgtaccge 240
tagccaggaa gagtttgtag aaacgcaaaa aggccatceg tcaggatgge cttetgetta 300
gtttgatgee tggcagttta tggegggegt cctgccegec accctecggg cegttgette 360
acaacgttca aatccgctce cggcggattt gtectacteca ggagagegtt caccgacaaa 420
caacagataa aacgaaaggc ccagtcttcc gactgagect ttegttttat ttgatgectg 480
gcagttcect actctegegt taacgctage atggatgttt teccagtcac gacgttgtaa 540
aacgacggcce agtcttaage tcgggeccge gttaacgcta ccatggaget ccaaataatg 600
attttatttt gactgatagt gacctgttcg ttgcaacaaa ttgataagca atgctttttt 660
ataatgccaa ctttgtatag aaaagttgaa cgagaaacgt aaaatgatat aaatatcaat 720
atattaaatt agattttgca taaaaaacag actacataat actgtaaaac acaacatatg 780
cagtcactat gaatcaacta cttagatggt attagtgacc tgtagaattc gagctcgacce 840
gacagcctte caaatgttcet tctcaaacgg aatcgtegta tcecagectac tegetattgt 900

cctcaatgee gtattaaatce ataaaaagaa ataagaaaaa gaggtgcgag cctetttttt 960
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gtgtgacaaa ataaaaacat ctacctattc atatacgcta gtgtcatagt cctgaaaatc 1020
atctgcatca agaacaattt cacaactctt atacttttct cttacaagtce gttecggcette 1080
atctggattt tcagcctcta tacttactaa acgtgataaa gtttctgtaa tttctactgt 1140
atcgacctge agactggctg tgtataaggg agcctgacat ttatattccce cagaacatca 1200
ggttaatggc gtttttgatg tcattttcge ggtggctgag atcagccact tcttececga 1260
taacggagac cggcacactg gccatatcgg tggtcatcat gecgccagctt tcatccccga 1320
tatgcaccac cgggtaaagt tcacgggaga ctttatctga cagcagacgt gcactggcca 1380
gggggatcac catccgtcge ccgggcgtgt caataatatc actctgtaca tccacaaaca 1440
gacgataacg gctctcectcett ttataggtgt aaaccttaaa ctgcatttca ccagtcectg 1500
ttctegtcag caaaagagcec gttcatttca ataaaccggg cgacctcage catcccttece 1560
tgattttceg cttteccageg ttecggcacge agacgacggg cttcattctg catggttgtg 1620
cttaccagac cggagatatt gacatcatat atgccttgag caactgatag ctgtcgectgt 1680
caactgtcac tgtaatacgc tgcttcatag cacacctcectt tttgacatac ttcgggtata 1740
catatcagta tatattctta taccgcaaaa atcagcgcgc aaatacgcat actgttatct 1800
ggcttttagt aagccggatc cacgcgatta cgccccgceece tgccactcat cgcagtactg 1860
ttgtaattca ttaagcattc tgccgacatg gaagccatca cagacggcat gatgaacctg 1920
aatcgccage ggcatcagca ccttgtegcee ttgcgtataa tatttgccca tggtgaaaac 1980
gggggcgaag aagttgtcca tattggccac gtttaaatca aaactggtga aactcaccca 2040
gggattggct gagacgaaaa acatattctc aataaaccct ttagggaaat aggccaggtt 2100
ttcaccgtaa cacgccacat cttgcgaata tatgtgtaga aactgccgga aatcgtegtg 2160
gtattcactc cagagcgatg aaaacgtttc agtttgctca tggaaaacgg tgtaacaagg 2220
gtgaacacta tcccatatca ccagctcacc gtctttcatt gcecatacgga attccggatg 2280
agcattcatc aggcgggcaa gaatgtgaat aaaggccgga taaaacttgt gettattttt 2340
ctttacggtc tttaaaaagg ccgtaatatc cagctgaacg gtctggttat aggtacattg 2400
agcaactgac tgaaatgcct caaaatgttc tttacgatgc cattgggata tatcaacggt 2460
ggtatatcca gtgatttttt tcteccatttt agcttecctta gectcecctgaaa atctcgataa 2520
ctcaaaaaat acgcccggta gtgatcttat ttcattatgg tgaaagttgg aacctcttac 2580
gtgccgatca acgtctcatt ttcgccaaaa gttggcccag ggcttcececgg tatcaacagg 2640
gacaccagga tttatttatt ctgcgaagtg atcttccgtc acaggtattt attcggegca 2700
aagtgcgtcg ggtgatgctg ccaacttagt cgacgctcecta gagctccaaa taatgatttt 2760
attttgactg atagtgacct gttcgttgca acaaattgat aagcaatgct tttttataat 2820
gccaactttyg tacaaaaaag ttgaacgaga aacgtaaaat gatataaata tcaatatatt 2880
aaattagatt ttgcataaaa aacagactac ataatactgt aaaacacaac atatgcagtc 2940
actatgaatc aactacttag atggtattag tgacctgtag aattcgagct ctagagctgce 3000
agggcggccg cgatatccece tatagtgagt cgtattacat ggtcataget gtttcectggce 3060
agctctggece cgtgtctcaa aatctctgat gttacattgce acaagataaa aatatatcat 3120
catgaacaat aaaactgtct gcttacataa acagtaatac aaggggtgtt atgagccata 3180

ttcaacggga aacgtcgagg ccgcgattaa attccaacat ggatgctgat ttatatgggt 3240
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ataaatgggc tcgcgataat gtcgggcaat caggtgcgac aatctatcge ttgtatggga 3300
agcccgatge geccagagttg tttctgaaac atggcaaagg tagcgttgcce aatgatgtta 3360
cagatgagat ggtcagacta aactggctga cggaatttat gecctcttceg accatcaagce 3420
attttatccg tactcctgat gatgcatggt tactcaccac tgcgatccce ggaaaaacag 3480
cattccaggt attagaagaa tatcctgatt caggtgaaaa tattgttgat gcgctggcag 3540
tgttcectgeg cecggttgcat tcegattectg tttgtaattg tecttttaac agcgatcgeg 3600
tatttcgtct cgctcaggeg caatcacgaa tgaataacgg tttggttgat gcgagtgatt 3660
ttgatgacga gcgtaatggce tggcctgttg aacaagtcetg gaaagaaatg cataaacttt 3720
tgccattecte accggattca gtecgtcacte atggtgattt ctcacttgat aaccttattt 3780
ttgacgaggg gaaattaata ggttgtattg atgttggacg agtcggaatc gcagaccgat 3840
accaggatct tgccatccta tggaactgcce tcggtgagtt ttctecttceca ttacagaaac 3900
ggctttttca aaaatatggt attgataatc ctgatatgaa taaattgcag tttcatttga 3960
tgctcgatga gtttttctaa tcagaattgg ttaattggtt gtaacactgg cagagcatta 4020
cgctgacttg acgggacggc gcaagctcat gaccaaaatc ccttaacgtg agttacgegt 4080
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 4140
ttectgcgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 4200
tgccggatca agagctacca actcttttte cgaaggtaac tggcttcage agagcgcaga 4260
taccaaatac tgtccttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 4320
caccgcectac atacctcget ctgctaatce tgttaccagt ggctgectgece agtggcgata 4380
agtcgtgtcet taccgggttyg gactcaagac gatagttacc ggataaggcg cagcggtcegg 4440
gctgaacggyg gggttegtge acacagccca gettggageg aacgacctac accgaactga 4500
gatacctaca gcgtgagcat tgagaaagcg ccacgcttee cgaagggaga aaggcggaca 4560
ggtatceggt aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa 4620
acgcctggta tectttatagt cctgtcegggt ttegccacct ctgacttgag cgtcgatttt 4680
tgtgatgctce gtcagggggyg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 4740
ggttecctgge cttttgetgg ccttttgecte acatgtt 4777
<210> SEQ ID NO 160
<211> LENGTH: 5898
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 160

gtaaaacgac ggccagtgaa ttatcaactt tgtatagaaa agttgttatg acaacttgac 60
ggctacatca ttcacttttt cttcacaacc ggcacggaac tcgcteggge tggecceggt 120
gecatttttta aatacccgeg agaaatagag ttgatcgtca aaaccaacat tgegaccgac 180
ggtggcgata ggcatceggg tggtgctcaa aagcagette gectggetga tacgttggte 240
ctegegecag cttaagacge taatccectaa ctgetggegg aaaagatgtg acagacgcga 300
cggcegacaag caaacatgct gtgcegacget ggegatatca aaattgetgt ctgccaggtg 360

atcgctgatyg tactgacaag cctegegtac ccgattatec atcggtggat ggagegacte 420
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gttaatcget tccatgcgee gcagtaacaa ttgctcaage agatttatcg ccagcagetce 480
cgaatagcge ccttecectt geccggegtt aatgatttge ccaaacaggt cgctgaaatg 540
cggetggtge gettcatceg ggcgaaagaa ceccgtattyg gcaaatattyg acggecagtt 600
aagccattca tgccagtagg cgcgcggacg aaagtaaacce cactggtgat accattcgeg 660
agcctecgga tgacgaccgt agtgatgaat ctetectgge gggaacagca aaatatcace 720
cggteggcaa acaaattctc gtccctgatt tttcaccace cectgaccge gaatggtgag 780
attgagaata taacctttca ttcccagegg tcggtcgata aaaaaatcga gataaccgtt 840
ggectcaate ggegttaaac ccgecaccag atgggcatta aacgagtatc ceggcagcag 900
gggatcattt tgcgcttcag ccatactttt catactccceg ccattcagag aagaaaccaa 960
ttgtccatat tgcatcagac attgccgtca ctgcgtettt tactggctcet tetegctaac 1020
caaaccggta accccgctta ttaaaagcat tctgtaacaa agcgggacca aagccatgac 1080
aaaaacgcgt aacaaaagtg tctataatca cggcagaaaa gtccacattg attatttgca 1140
cggcgtcaca ctttgctatg ccatagcatt tttatccata agattagcgg atcctacctg 1200
acgcttttta tcgcaactcect ctactgttte tccatacccg ttttttggge taacaggagg 1260
aattaaccat gccaagtttg tacaaaaaag caggctcatt taactttaag aaggagatat 1320
ataccatggt ccgtcctgta gaaaccccaa cccegtgaaat caaaaaactc gacggcctgt 1380
gggcattcag tctggatcge gaaaactgtg gaattgatca gegttggtgg gaaagcgcegt 1440
tacaagaaag ccgggcaatt gctgtgccag gcagttttaa cgatcagttce gecgatgcag 1500
atattcgtaa ttatgcgggc aacgtctggt atcagcgcga agtctttata ccgaaaggtt 1560
gggcaggcca gcgtatcegtg ctgegttteg atgcggtcac tcattacggce aaagtgtggg 1620
tcaataatca ggaagtgatg gagcatcagg gcggctatac gccatttgaa gccgatgtca 1680
cgccgtatgt tattgccggg aaaagtgtac gtatcaccgt ttgtgtgaac aacgaactga 1740
actggcagac tatcccgecg ggaatggtga ttaccgacga aaacggcaag aaaaagcagt 1800
cttacttcca tgatttcttt aactatgccg gaatccatcg cagcgtaatg ctctacacca 1860
cgccgaacac ctgggtggac gatatcaccg tggtgacgca tgtcgcgcaa gactgtaacc 1920
acgcgtetgt tgactggcag gtggtggcca atggtgatgt cagcgttgaa ctgcgtgatg 1980
cggatcaaca ggtggttgca actggacaag gcactagcgg gactttgcaa gtggtgaatc 2040
cgcacctetg gecaaccgggt gaaggttatce tctatgaact gtgcgtcaca gccaaaagcce 2100
agacagagtg tgatatctac ccgcttegeg tcggcatcecg gtcagtggca gtgaagggcyg 2160
aacagttcct gattaaccac aaaccgttct actttactgg ctttggtcgt catgaagatg 2220
cggacttacg tggcaaagga ttcgataacg tgctgatggt gcacgaccac gcattaatgg 2280
actggattgg ggccaactcc taccgtacct cgcattaccce ttacgctgaa gagatgctcg 2340
actgggcaga tgaacatggc atcgtggtga ttgatgaaac tgctgctgte ggctttaacc 2400
tctetttagg cattggttte gaagcgggca acaagccgaa agaactgtac agcgaagagg 2460
cagtcaacgg ggaaactcag caagcgcact tacaggcgat taaagagctyg atagegegtg 2520
acaaaaacca cccaagcegtg gtgatgtgga gtattgccaa cgaaccggat acccgtccge 2580
aaggtgcacg ggaatatttc gcgccactgg cggaagcaac gcgtaaactc gacccgacgce 2640
gtccgatcac ctgecgtcaat gtaatgttcect gecgacgctca caccgatacc atcagcgatce 2700
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tctttgatgt gectgtgcecctyg aaccgttatt acggatggta tgtccaaagce ggcgatttgg 2760
aaacggcaga gaaggtactg gaaaaagaac ttctggcctyg gcaggagaaa ctgcatcage 2820
cgattatcat caccgaatac ggcgtggata cgttagccgg gcectgcactca atgtacaccg 2880
acatgtggag tgaagagtat cagtgtgcat ggctggatat gtatcaccgce gtctttgatce 2940
gcgtcagege cgtegteggt gaacaggtat ggaatttcge cgattttgeg acctcecgcaag 3000
gcatattgeg cgttggcggt aacaagaaag ggatcttcac tcgcgaccgc aaaccgaagt 3060
cggcggcettt tectgctgcaa aaacgctgga ctggcatgaa cttcecggtgaa aaaccgcagce 3120
agggaggcaa acaatgatac ccagctttct tgtacaaagt ggaggaaaca gctatgacca 3180
tgattacgcce aagcttgcat gcectgcaggt cgactctaga ggatccccgg gtaccgagcet 3240
cgaattcact ggccgtcgtt ttacaacgtc gtgactggga aaaccctggce gttacccaac 3300
ttaatcgecct tgcagcacat cccccttteg ccagetggeg taatagcgaa gaggceccgca 3360
ccgatcgecce ttceccaacag ttgcgcagcee tgaatggcega atggcgcectg atgecggtatt 3420
ttctecttac gecatctgtge ggtatttcac accgcatatg gtgcactcte agtacaatct 3480
gctetgatge cgcatagcaa ctttattata caaagttgat agecttggegt aatcatggtce 3540
atagctgttt cctgtgtgaa attgttatcce gcteggtatc agctcactca aaggcggtaa 3600
tacggttatc cacagaatca ggggataacg caggaaagaa catgtgagca aaaggccagce 3660
aaaaggccag gaaccgtaaa aaggccgcgt tgctggegtt tttceccatagg cteccgccccce 3720
ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtyg gcgaaacccyg acaggactat 3780
aaagatacca ggcgtttecee cctggaagct ccctegtgeg ctcetectgtt ccgaccctge 3840
cgcttaccgg atacctgtec gectttetee cttegggaag cgtggcgcett tetcataget 3900
cacgctgtag gtatctcagt teggtgtagg tcgttcecgete caagctggge tgtgtgcacg 3960
aaccceecgt tcagecccgac cgctgcegect tatccggtaa ctatcgtcectt gagtccaacce 4020
cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt agcagagcga 4080
ggtatgtagg cggtgctaca gagttcttga agtggtggcc taactacggc tacactagaa 4140
ggacagtatt tggtatctgc gctcectgctga agccagttac cttcggaaaa agagttggta 4200
gctettgate cggcaaacaa accaccgctg gtagecggtgg tttttttgtt tgcaagcage 4260
agattacgcg cagaaaaaaa ggatctcaag aagatccttt gatcttttet acggggtctg 4320
acgctcagtg gaacgaaaac tcacgttaag ggattttggt catgagatta tcaaaaagga 4380
tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa agtatatatg 4440
agtaaacttg gtctgacagt taccaatgct taatcagtga ggcacctatc tcagcgatct 4500
gtctattteg ttcatccata gttgcctgac tcccegtegt gtagataact acgatacggg 4560
agggcttacc atctggcccecce agtgctgcaa tgataccgeg agacccacgce tcaccggcetce 4620
cagatttatc agcaataaac cagccagccg gaagggccga gcgcagaagt ggtcectgcaa 4680
ctttatccge ctccatccag tcectattaatt gttgccggga agctagagta agtagttcegce 4740
cagttaatag tttgcgcaac gttgttgcca ttgctacagg catcgtggtg tcacgctegt 4800
cgtttggtat ggcttcattc agctccecggtt cccaacgatc aaggcgagtt acatgatccce 4860
ccatgttgtg caaaaaagcg gttagctcct tcggtcecctece gatcgttgte agaagtaagt 4920

tggccgcagt gttatcactce atggttatgg cagcactgca taattctctt actgtcatgce 4980
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catccgtaag atgcttttet gtgactggtg agtactcaac caagtcattc tgagaatagt 5040

gtatgcggeg accgagttge tcttgcececgg cgtcaatacg ggataatacc gcgccacata 5100

gcagaacttt aaaagtgctc atcattggaa aacgttcttc ggggcgaaaa ctctcaagga 5160

tcttaccget gttgagatcce agttcgatgt aacccactcg tgcacccaac tgatcttcag 5220

catcttttac tttcaccagc gtttctgggt gagcaaaaac aggaaggcaa aatgccgcaa 5280

aaaagggaat aagggcgaca cggaaatgtt gaatactcat actcttcctt tttcaatatt 5340

attgaagcat ttatcagggt tattgtctca tgagcggata catatttgaa tgtatttaga 5400

aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct gacgtctaag 5460

aaaccattat tatcatgaca ttaacctata aaaataggcg tatcacgagg ccctttegtce 5520

tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gcagctcceg gagacggtca 5580

cagcttgtet gtaagcggat geccgggagca gacaagcceg tcagggcegeyg tcagegggtyg 5640

ttggcgggtyg tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgce 5700

accatatgceg gtgtgaaata ccgcacagat gegtaaggag aaaataccgce atcaggcgcece 5760

attcgccatt caggctgcege aactgttggg aagggcgatc ggtgcgggcece tcettcegetat 5820

tacgccagct ggcgaaaggg ggatgtgctg caaggcgatt aagttgggta acgccagggt 5880

tttceccagte acgacgtt 5898

<210> SEQ ID NO 161

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 161

ggggacaact ttgtatagaa aagttgcaag tttgtacaaa aaagcagtcc cc 52

<210> SEQ ID NO 162

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 162

caactttgta tagaaaagtt gcaactttgt acaaaaaagt tg 42

<210> SEQ ID NO 163

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
oligonucleotide

<400> SEQUENCE: 163

caactttgta tagaaaagtt gcaagtttgt acaaaaaagt tg 42

<210> SEQ ID NO 164

<211> LENGTH: 52
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 164

ggggacaact ttgtatagaa aagttgcaac tttgtacaaa aaagcagtcc cc

<210> SEQ ID NO 165

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 165

Synthetic

52

Synthetic

ggggacaagt ttgtacaaaa aagcaggcta cccagcettte ttgtacaaag tggteccce 58

<210> SEQ ID NO 166

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 166

acaagtttgt acaaaaaagc aggctaccca getttettgt acaaagtggt

<210> SEQ ID NO 167

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 167

acaagtttgt acaaaaaagc aggctaccca getttettgt acaaagtggt

<210> SEQ ID NO 168

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 168

Synthetic

50

Synthetic

50

Synthetic

ggggacaagt ttgtacaaaa aagcaggcta cccagcettte ttgtacaaag tggteccce 58

<210> SEQ ID NO 169

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:
oligonucleotide

<400> SEQUENCE: 169

ggggacagct ttcttgtaca aagtggcaac tttattatac aaagttgtece cc

<210> SEQ ID NO 170

Synthetic

52
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<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 170

caactttctt gtacaaagtt gcaactttat tatacaaagt tg

<210> SEQ ID NO 171

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 171

caactttctt gtacaaagtg gcaactttat tatacaaagt tg

<210> SEQ ID NO 172

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 172

ggggacagct ttcttgtaca aagttgcaac tttattatac aaagttgtece cc

<210> SEQ ID NO 173

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (30)..(31)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 173

ggggacaagt ttgtacaaaa aagcaggctn n

<210> SEQ ID NO 174

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (27)..(28)
<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 174

ggggacagct ttcttgtaca aagtggnn
<210> SEQ ID NO 175

<211> LENGTH: 28

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

Synthetic

42

Synthetic

42

Synthetic

52

Synthetic

31

Synthetic

28
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<220>
<223>

<220>
<221>
<222>
<223>

<400>

-continued
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:
primer
FEATURE:
NAME/KEY: modified_base
LOCATION: (27)..(28)

OTHER INFORMATION: a, ¢, g, t, unknown or other

SEQUENCE: 175

ggggacaact ttgtatagaa aagttgnn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 176

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (27)..(27)

OTHER INFORMATION: a, ¢, g, t, unknown or other

SEQUENCE: 176

ggggactgcet tttttgtaca aacttgn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 177

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (30)..(30)

OTHER INFORMATION: a, ¢, g, t, unknown or other

SEQUENCE: 177

ggggaccact ttgtacaaga aagctgggtn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 178

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

FEATURE:

NAME/KEY: modified_base

LOCATION: (27)..(27)

OTHER INFORMATION: a, ¢, g, t, unknown or other

SEQUENCE: 178

ggggacaact ttgtataata aagttgn

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>

SEQ ID NO 179
LENGTH: 401

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:
polynucleotide

FEATURE:

NAME/KEY: modified base

LOCATION: (159)..(1l61)

OTHER INFORMATION: a, ¢, g, t, unknown or other

Synthetic

28

Synthetic

27

Synthetic

30

Synthetic

27

Synthetic
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<400> SEQUENCE: 179

gacgttgtaa aacgacggcce agtcttaage tcgggeccge gttaacgcta ccatggaget 60
ccaaataatg attttatttt gactgatagt gacctgtteg ttgcaacaaa ttgataagca 120
atgctttttt ataatgccaa ctttgtatag aaaagttgnn ncaagtttgt acaaaaaagt 180
tgaacgagaa acgtaaaatg atataaatat caatatatta aattagattt tgcataaaaa 240
acagactaca taatactgta aaacacaaca tatgcagtca ctatgaatca actacttaga 300
tggtattagt gacctgtaga attcgagctce tagagctgea gggcggcecge gatatcccct 360
atagtgagtc gtattacatg gtcatagctg tttcecctggca g 401

<210> SEQ ID NO 180

<211> LENGTH: 340

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (139)..(141)

<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 180

gacgttgtaa aacgacggcce agtcttaage tcgggcccca aataatgatt ttattttgac 60
tgatagtgac ctgttegttyg caacaaattg atgagcaatg cttttttata atgccaagtt 120
tgtacaaaaa agcaggctnn nacccagcett tcettgtacaa agtgggcatt ataagaaagce 180
attgcttatce aatttgttgc aacgaacagg tcactatcag tcaaaataaa atcattattt 240
gecatccage tgatatccee tatagtgagt cgtattacat ggtcataget gtttectgge 300
agctctggece cgtgtctcaa aatctctgat gttacattge 340

<210> SEQ ID NO 181

<211> LENGTH: 399

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<220> FEATURE:

<221> NAME/KEY: modified_base

<222> LOCATION: (218)..(220)

<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 181

gacgttgtaa aacgacggcce agtcttaage tcgggecctg cagctctaga getcgaatte 60
tacaggtcac taataccatc taagtagttg attcatagtg actgcatatg ttgtgtttta 120
cagtattatg tagtctgttt tttatgcaaa atctaattta atatattgat atttatatca 180
ttttacgttt ctcgttcaac tttcttgtac aaagtggnnn caactttatt atacaaagtt 240
ggcattataa aaaagcattg cttatcaatt tgttgcaacg aacaggtcac tatcagtcaa 300
aataaaatca ttatttggag ctccatggta gegttaacge ggccgcgata tccectatag 360
tgagtcgtat tacatggtca tagctgtttce ctggcagcet 399

<210> SEQ ID NO 182
<211> LENGTH: 199
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide
<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (46)..(48)

<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (73)..(75)

<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<220> FEATURE:
<221> NAME/KEY: modified_base
<222> LOCATION: (100)..(102)

<223> OTHER INFORMATION: a, ¢, g, t, unknown or other

<400> SEQUENCE: 182

gtaaaacgac ggccagtgaa ttatcaactt tgtatagaaa agttgnnnca agtttgtaca 60

aaaaagcagg ctnnnaccca gctttettgt acaaagtggn nncaacttta ttatacaaag 120

ttgatagctt ggcgtaatca tggtcatage tgtttcecectgt gtgaaattgt tatccgectceg 180

gtatcagcte actcaaagg

<210> SEQ ID NO 183

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

oligonucleotide
<400> SEQUENCE: 183

gaagctatag tgagtcgtat ta

199

Synthetic

22

1. A composition comprising a solid support having two or
more vectors affixed thereon in discrete, defined locations,
wherein each of said vectors comprises a DNA insert that is
operably linked at each end to at least one promoter.

2. A composition comprising a solid support having two or
more vectors affixed thereon in discrete, defined locations,
wherein each of said vectors comprises a first copy and a
second copy of a DNA insert each of which is operably linked
to a promoter, wherein transcription of the first copy of said
DNA insert results in the generation of a sense transcript, and
wherein transcription of the second copy of said DNA insert
results in the generation of an antisense transcript.

3. (canceled)

4. A composition comprising a solid support having at least
a first vector and a second vector affixed thereon in discrete,
defined locations, said first vector comprising a copy of a
DNA insert operably linked to a promoter, and said second
vector comprising a copy of said DNA insert operably linked
to a promoter, wherein transcription of the DNA insert of said
first vector results in the generation of a sense transcript, and
wherein transcription of the DNA insert of said second vector
results in the generation of an antisense transcript.

5. The composition of any one of claim 1, 2 or 4, wherein
said vectors are affixed to said solid support via covalent
linkage to said support.

6. The composition of any one of claim 1, 2 or 4, wherein
said vectors are affixed to said solid support via non-covalent
linkage to said support.

7. The composition of any one of claim 1, 2 or 4, wherein
said solid support comprises a material selected from the
group consisting of nitrocellulose, diazocellulose, glass,
polystyrene, polyvinylchloride, polypropylene, polyethyl-
ene, polyvinyldifiuoride and nylon.

8. The composition of any one of claim 1, 2 or 4, wherein
said vectors are affixed to said solid support in such a way as
to form an array.

9. The composition of any one of claim 1, 2 or 4, wherein
said DNA inserts comprise at least one open reading frame.

10. The composition of any one of claim 1, 2 or 4, wherein
at least one of said vectors further comprises at least one
recombination site.

11. The composition of claim 10, wherein said recombina-
tion site is selected from the group consisting of an att site, a
lox site, an fit site, a dif site, a psi site, a cer site, and mutants,
variants and derivatives of these sites.

12. The composition of claim 8, wherein at least one of said
vectors comprises at least one att recombination site located
between said promoter and said DNA insert.

13. The composition of claim 12, wherein said DNA insert
is flanked on both ends by at least one att recombination site.
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