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(57) ABSTRACT 

The present invention provides compositions and methods for 
recombinational cloning. The compositions include vectors 
having multiple recombination sites with unique specificity. 
The methods permit the simultaneous cloning of two or more 
different nucleic acid molecules. In some embodiments the 
molecules are fused together while in other embodiments the 
molecules are inserted into distinct sites in a vector. The 
invention also generally provides for linking or joining 
through recombination a number of molecules and/or com 
pounds (e.g., chemical compounds, drugs, proteins or pep 
tides, lipids, nucleic acids, carbohydrates, etc.) which may be 
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combinations of such molecules and/or compounds can also 
be bound through recombination to various structures or Sup 
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CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTA 
GCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCA 
AGAAGATCCTTTGATCTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCA 
CGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTT 
TAAATAAAAATGAAGTTTTAAATCAATCTAAAGTATAATGAGTAAACTTGGTC 
TGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTT 
CGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG 
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGC 
TCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGG 
TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTA 
AGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCG 
TGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCA 
AGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTC 
CTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGC 
AGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTCTGTGACTG 
GTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTC 
TTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGT 
GCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTG 
TTGAGATCCAGTTCGATGAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTT 
TACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAA 
AAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAA 
TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGAACATATTTGAATG 
TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCC 
ACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGT 
ATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGAC 
ACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCA 
GACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTTA 
ACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTGAAA 
TACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCATTCGCCATTCA 
GGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTCGCTATTACGCCA 
GCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTT 
TTCCCAGTCACGACGTT SEQ ID NO: 156 

FIG.28B 
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CTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTGAGTGAG 
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG 
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC 
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCA 
ACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAG 
GCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGG 
CGTCCTGCCCGCCACCCTCCGGGCCGTGCTCACAACGTTCAAATCCGCTCCCG 
GCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA 
AGGCCCAGTCTTCCGACTGAGCCTTCGTTTTATTTGATGCCTGGCAGTTCCCTAC 
TCTCGCGTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG 
GCCAGTCTTAAGCTCGGGCCCCAAATAATGATTATTTTGACTGATAGTGACCT 
GTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAATGCCAAGTTTGTACAA 
AAAAGCAGAACGAGAAACGTAAAATGATAAAAATCAATATATTAAATTAGAT 
TTTGCATAAAAAACAGACTACATAATACTGTAAAACACAACATATCCAGTCACA 
TGAATCAACTACTTAGATGGTATTAGTGACCTGTAGTCGACCGACAGCCTTCCAA 
ATGTTCTTCGGGTGATGCTGCCAACTTAGTCGACCGACAGCCTTCCAAATGTTCTT 
CCAAACGGAATCGTCGTATCCAGCCTACTCGCTATTGTCCTCAATGCCGTATA 
AATCATAAAAAGAAATAAGAAAAAGAGGTGCGAGCCTCTTTTTTGTGTGACAAA 
AAAAAACATCTACCTATCATAACGCTAGTGTCATAGTCCTGAAAATCATCTG 
CATCAAGAACAATTTCACAACTCTTATACTTTTCTCTTACAAGTCGTTCGGCTTCA 
TCTGGATTTTCAGCCTCTATACTTACTAAACGTGATAAAGTTTCTGTAATTTCTAC 
TGTATCGACCTGCAGACTGGCTGTGTATAAGGGAGCCTGACATTTATATTCCCCA 
GAACATCAGGTTAATGGCGTTTTTGATGTCATTTTCGCGGGGCTGAGATCAGCC 
ACTTCTTCCCCGATAACGGAGACCGGCACACTGGCCATATCGGTGGTCATCATGC 
GCCAGCTTTCATCCCCGATATGCACCACCGGGTAAAGTTCACGGGAGACTTTATC 
TGACAGCAGACGTGCACTGGCCAGGGGGATCACCATCCGTCGCCCGGGCGTGTC 
AATAAATCACTCTGTACATCCACAAACAGACGATAACGGCTCTCTCTTTATAG 
GTGTAAACCTAAACTGCATTTCACCAGTCCCTGTTCTCGTCAGCAAAAGAGCCG 
TTCATTTCAATAAACCGGGCGACCTCAGCCATCCCTTCCTGATTTTCCGCTTTCCA 
GCGTTCGGCACGCAGACGACGGGCTTCATTCTGCATGGTTGTGCTTACCAGACCG 
GAGATATTGACATCATATATGCCTTGAGCAACTGATAGCTGTCGCTGTCAACTGT 
CACTGTAATACGCTGCTTCATAGCACACCTCTTTTTGACATACTTCGGGTATACAT. 
ATCAGTATATATTCTTATACCGCAAAAATCAGCGCGCAAATACGCATACTGTTAT 
CTGGCTTTTAGTAAGCCGGATCCACGCGATTACGCCCCGCCCTGCCACTCATCGC 
AGTACTGTTGTAATTCATTAAGCATTCTGCCGACATGGAAGCCATCACAGACGGC 
ATGATGAACCTGAATCGCCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATAT 
TTGCCCATGGTGAAAACGGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAAT 
CAAAACTGGTGAAACTCACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAA 
TAAACCCTTTAGGGAAATAGGCCAGGTTTTCACCGTAACACGCCACATCTTGCGA 
ATATATGTGTAGAAACTGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAA 
AACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATA 
TCACCAGCTCACCGTCTTTCATTGCCATACGGAATTCCGGATOAGCATTCATCAG 
GCGGGCAAGAATGTGAATAAAGGCCGGATAAAACTTGTGCTTATTTTTCTTACG 
GTCTTTAAAAAGGCCGTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAG 
CAACTGACTGAAATGCCTCAAAATGTTCTTTACGATGCCATTGGGATATATCAAC 
GGTGGTATATCCAGTGATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATC 
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TCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAAAGTT 
GGAACCTCTTACGTGCCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGC 
TTCCCGGTATCAACAGGGACACCAGGATTTATATTCTGCGAAGTGATCTTCCG 
TCACAGGTATTTATTCGGCGCAAAGTGCGCGGGTGATGCTGCCAACTTAGTCGA 
CTACAGGTCACTAATACCATCTAAGTAGGATTCATAGTGACTGGATATGTTGT 
GTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAATCTAATTTAATATATTGAT 
ATTTATATCATTTTACGTTTCTCGTTCAGCTTTCTTGTACAAAGTGGGCATTATAA 
GAAAGCATTGCTTATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAA 
AATCATTATTGCCATCCAGCTGATATCCCCTATAGTGAGTCGTATTACATGGTCA 
TAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCA 
CAAGATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTA 
ATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAA 
ATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGG 
GCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTG 
TTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCA 
GACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCG 
TACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTC 
CAGGTATTAGAAGAAATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAG 
TGTTCCTGCGCCGGTTGCATTCGATTCCTGTGTAATTGTCCTTTTAACAGCGAT 
CGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATG 
CGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAG 
AAATGCATAAACTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTC 
TCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTG 
GACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCT 
CGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATA 
ATCCTGATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCA 
GAATTGGTTAATTGGTTGTAACACTGGCAGAGCATTACGCTGACTTGACGGGACG 
GCGCAAGCTCATGACCAAAATCCCTTAACGTGAG TACGCGTCGTTCCACTGAGC 
GTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTCTGCGC 
GTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGC 
CGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCA 
GATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAAC 
TCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGC 
CAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGAT 
AAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAG 
CGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCATTGAGAAAGCGCC 
ACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA 
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTATAGT 
CCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGG 
GGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCC1Tf TTACGGTTCCTGGC 
CTTTTGCTGGCCTTTTGCTCACATGTT SEQ ID NO: 157 

FIG.29B 



Patent Application Publication Nov. 10, 2011 Sheet 39 of 78 US 2011/0275541 A1 

CTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAG 
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG 
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC 
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCA 
ACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAG 
GCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGG 
CGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCG 
GCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA 
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTATTGAGCCTGGCAGTTCCCTAC 
TCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG 
GCCAGTCTTAAGCTCGGGCCCTGCAGCTCTAGAGCTCGAATTCTACAGGTCACTA 
ATACCATCTAAGTAGTTGATTCATAGTGACTGCATATGTTGTGTTTTACAGTATTA 
TGTAGTCTGTTTTTTATGCAAAATCTAATTTAATAATTGAATTTATATCATTTTA 
CGTTTCTCGTTCAACTTTCTTGTACAAAGTTGGCAFTATAAAAAAGCATTGCTTAT 
CAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAAAATCATTATTTGGAG 
CTCTAGAGCGTCGACTAAGTTGGCAGCATCACCCGACGCACTTTGCGCCGAATAA 
ATACCTGTGACGGAAGATCACTCGCAGAATAAATAAATCCTGGTGTCCCTGTTG 
ATACCGGGAAGCCCTGGGCCAACTTTTGGCGAAAATGAGACGTTGATCGGCACG 
AAGAGGCCAACTTCACCAAATGAAATAAGAT CACACCGGGCGTATT 
TGAGTTATCGAGATTTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCAC 
TGGATATACCACCGTTGATATATCCCAATGGCATCGTAAAGAACATTTTGAGGCA 
TTTCAGTCAGTGCTCAATGTACCTATAACCAGACCGTCAGCTGGATATTACGG 
CCTTTTTAAAGACCGTAAAGAAAAATAAGCACAAGTTTTATCCGGCCTTTATTCA 
CATTCTTGCCCGCCTGATGAATGCTCATCCGGAATTCCGTATGGCAATGAAAGAC 
GGTGAGCTGGTGATATGGGATAGTGTTCACCCTTGTACACCGTTTCCATGAGC 
AAACTGAAACGTTTTCATCGCTCTGGAGTGAATACCACGACGATTTCCGGCAGTT 
TCACACATATATTCGCAAGATGTGGCGTGTACGGTGAAAACCTGGCCTATTTC 
CCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTT 
CACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTTCTTCGCCCCCGTTTTCA 
CCATGGGCAAATATTATACGCAAGGCGACAAGGTGCTGATGCCGCTGGCGATTC 
AGGTTCATCATGCCGTCTGTGATGGCTTCCATGTCGGCAGAATGCTAATGAATT 
ACAACAGTACTGCGATGAGTGGCAGGGCGGGGCGTAATCGCGTGGATCCGGCTT 
ACTAAAAGCCAGATAACAGTATGCGTATTTGCGCGCTGATTTTTGCGGTATAAGA 
ATATATACTGATATGTATACCCGAAGTATGTCAAAAAGAGGTGTGCTATGAAGCA 
GCGTATTACAGTGACAGTTGACAGCGACAGCTATCAGTTGCTCAAGGCATATATG 
ATGTCAAATCTCCGGTCTGGTAAGCACAACCATGCAGAATGAAGCCCGTCGTCT 
GCGTGCCGAACGCTGGAAAGCGGAAAATCAGGAAGGGATGGCTGAGGTCGCCCG 
GTTTATTGAAATGAACGGCTCTTTTGCTGACGAGAACAGGGACTGGTGAAATGCA 
GTTTAAGGTTTACACCTATAAAAGAGAGAGCCGTTACGTCTGTTTGTGGATGTA 
CAGAGTGATATTATTGACACGCCCGGGCGACGGATGGTGATCCCCCTGGCCAGT 
GCACGTCTGCTGTCAGATAAAGTCTCCCGTGAACTTACCCGGTGGTGCATATCG 
GGGATGAAAGCTGGCGCATGATGACCACCGATATGGCCAGTGTGCCGGTCTCCG 
TTATCGGGGAAGAAGTGGCTGATCTCAGCCACCGCGAAAATGACATCAAAAACG 
CCATTAACCTGATGTTCTGGGGAATATAAATGTCAGGCTCCCTTATACACAGCCA 
GTCTGCAGGTCGATACAGTAGAAATTACAGAAACT 
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TTATCACGTTTAGTAAGTATAGAGGCTGAAAATCCAGATGAAGCCGAACGACTTG 
TAAGAGAAAAGTATAAGAGTGTGAAATTGTTCTTGATGCAGAGATTTTCAGGA 
CTATGACACAGCGTATATGAATAGGTAGATGTTTTTATTTTGTCACACAAAAAA 
GAGGCTCGCACCTCTTTTTCTTATTTCTTTTTATGATTTAATACGGCATTGAGGAC 
AATAGCGAGTAGGCTGGATACGACGATTCCGTTTGAGAAGAACATTTGGAAGGC 
TGTCGGTCGAGCTCGAATTCACAGGTCACTAATACCATCTAAGTAGTTGATTCA 
TAGTGACTGCATATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATGCAAAA 
TCTAATTTAATATATTGATATTTATATCATTTTACGTTTCTCGTTCAACTTTATTAT 
ACAAAGTGGCATTATAAAAAAGCATTGCTTATCAA TGTTGCAACGAACAGGT 
CACTATCAGTCAAAATAAAATCATTATTGGAGCTCCATGGTAGCGTTAACGCGG 
CCGCGAATCCCCTATAGTGAGTCGTATTACATGGTCATAGCTGTTTCCTGGCAG 
CTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAGATAAAAATATAT 
CATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTAT 
GAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAA TCCAACATGGATGC 
TGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACA 
ATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTCTGAAACATGGCA 
AAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGA 
CGGAATTTATGCCTCTCCGACCATCAAGCATTATCCGTACTCCTGATGATGCA 
TGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAAT 
ATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTT 
GCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCG . 
CTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGA 
CGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTG 
CCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTAT 
TTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCA 
GACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTC 
ATACAGAAACGGCTTTTTCAAAAATATGGTATTGAAATCCTGAATGAATAAA 
TTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTT 
GTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACC 
AAAATCCCTTAACGTGAGTTACGCGTCGTTCCACTGAGCGTCAGACCCCGTAGAA 
AAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA 
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACC 
AACTCTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTC 
CTTCTAGTGTAGCCGTAG TAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTA 
CATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC 
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTC 
GGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACAC 
CGAACTGAGATACCACAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGG 
GAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCA 
CGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCG 
CCACCTCTGACTTGAGCGTCGATTTTTGGATGCTCGTCAGGGGGGCGGAGCCTA 
TGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTT 
TTGCTCACATGTT SEQ ID NO: 158 

FIG. 3OB 



Patent Application Publication Nov. 10, 2011 Sheet 41 of 78 US 2011/0275541 A1 

CTTTCCTGCGITATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAG 
CTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG 
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC 
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCA 
ACGCAATTAATACGCGTACCGCTAGCCAGGAAGAGTTTGTAGAAACGCAAAAAG 
GCCATCCGTCAGGATGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTTATGGCGGG 
CGTCCTGCCCGCCACCCTCCGGGCCGTTGCTTCACAACGTTCAAATCCGCTCCCG 
GCGGATTTGTCCTACTCAGGAGAGCGTTCACCGACAAACAACAGATAAAACGAA 
AGGCCCAGTCTTCCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCAGTTCCCTAC 
TCTCGCGTTAACGCTAGCATGGATGTTTTCCCAGTCACGACGTTGTAAAACGACG 
GCCAGTCTTAAGCTCGGGCCCGCGTTAACGCTACCATGGAGCTCCAAATAATGAT 
TTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATAAGCAATGCTTTT 
TTATAATGCCAACTTTGTATAGAAAAGTTGAACGAGAAACGTAAAATGATATAA 
ATATCAATAATTAAATTAGATTTTGCATAAAAAACAGACTACATAATACTGTAA 
AACACAACATATGCAGTCACTATGAATCAACTACTTAGATGGTATTAGTGACCTG 
TAGAATTCGAGCTCGACCGACAGCCTTCCAAATGTTCTTCTCAAACGGAATCGTC 
GTATCCAGCCACTCGCTATTGTCCTCAAGCCGTATTAAATCATAAAAAGAAAT 
AAGAAAAAGAGGTGCGAGCCTCTTTTTTGGTGACAAAATAAAAACATCTACCTA 
TTCATATACGCTAGTGTCATAGTCCTGAAAATCATCTGCATCAAGAACAATTTCA 
CAACTCTTATACTTTCTCTTACAAGTCG TCGGCTTCATCTGGATTTTCAGCCTCT 
ATACTTACTAAACGTGATAAAGTTTCTGTAATTTCTACTGTATCGACCTGCAGACT 
GGCTGTGTATAAGGGAGCCTGACATTTATATTCCCCAGAACATCAGGTTAATGGC 
GTTTTTGATGTCATTTTCGCGGTGGCTGAGATCAGCCACTTCTTCCCCGATAACGG 
AGACCGGCACACTGGCCATATCGGTGGTCATCATGCGCCAGCTTTCATCCCCGAT 
ATGCACCACCGGGTAAAGTTCACGGGAGACTTTATCTGACAGCAGACGGCACT 
GGCCAGGGGGATCACCATCCGTCGCCCGGGCGTGTCAATAATATCACTCTGTACA 
TCCACAAACAGACGATAACGGCTCTCTCTTTTATAGGTGTAAACCTTAAACTGCA 
TTCACCAGTCCCTGTTCTCGTCAGCAAAAGAGCCGTTCATTTCAATAAACCGGG 
CGACCTCAGCCATCCCTTCCTGATTTTCCGCTTTCCAGCGTTCGGCACGCAGACG 
ACGGGCTTCATTCTGCATGGTTGTGCTTACCAGACCGGAGATATTGACATCATAT 
ATGCCTTGAGCAACTGATAGCTGTCGCTGTCAACTGTCACTGTAATACGCTGCTT 
CATAGCACACCTCTTTTGACATACTTCGGGTATACATATCAGTATATATTCTTAT 
ACCGCAAAAATCAGCGCGCAAATACGCATACTGTTATCTGGCTTTTAGTAAGCCG 
GATCCACGCGATTACGCCCCGCCCTGCCACTCATCGCAGTACTGTTGTAATTCAT 
TAAGCATTCTGCCGACATGGAAGCCATCACAGACGGCATGATGAACCTGAATCG 
CCAGCGGCATCAGCACCTTGTCGCCTTGCGTATAATATTTGCCCATGGTGAAAAC 
GGGGGCGAAGAAGTTGTCCATATTGGCCACGTTTAAATCAAAACTGGTGAAACT 
CACCCAGGGATTGGCTGAGACGAAAAACATATTCTCAATAAACCCTTTAGGGAA 
ATAGGCCAGGTTTCACCGTAACACGCCACATCTTGCGAATATATGTGTAGAAAC 
TGCCGGAAATCGTCGTGGTATTCACTCCAGAGCGATGAAAACGTTTCAGTTTGCT 
CATGGAAAACGGTGTAACAAGGGTGAACACTATCCCATATCACCAGCTCACCGT 
CTTTCATTGCCATACGGAATTCCGGATGAGCATTCATCAGGCGGGCAAGAATGTG 
AATAAAGGCCGGATAAAACTTGGCTTATTTTTCTTTACGGTCTTTAAAAAGGCC 
GTAATATCCAGCTGAACGGTCTGGTTATAGGTACATTGAGCAACTGACTGAAATG 
CCTCAAAATGTTCTTACGATGCCATTGGGATATATCAACGGTGGTATATCCAGT 
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GATTTTTTTCTCCATTTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAA 
ATACGCCCGGTAGTGATCTTATTTCATATGGTGAAAGTGGAACCTCTTACGTG 
CCGATCAACGTCTCATTTTCGCCAAAAGTTGGCCCAGGGCTTCCCGGTATCAACA 
GGGACACCAGGATTTATTTATTCTGCGAAGTGATCTTCCGTCACAGGTATTTATTC 
GGCGCAAAGTGCGTCGGGTGATGCTGCCAACTTAGTCGACGCTCTAGAGCTCCA 
AATAATGATTTTATTTTGACTGATAGTGACCTGTTCGTTGCAACAAATTGATAAG 
CAATGCTTTTTTATAATGCCAACTTTGTACAAAAAAGTTGAACGAGAAACGTAAA 
ATGATATAAATATCAATATATTAAATTAGATTTTGCATAAAAAACAGACTACATA 
ATACTGTAAAACACAACATATGCAGTCACTATGAATCAACTACTTAGATGGTATT 
AGTGACCGTAGAATTCGAGCTCTAGAGCTGCAGGGCGGCCGCGATATCCCCTAT 
AGTGAGTCGTATTACATGGTCATAGCTGTTTCCTGGCAGCTCTGGCCCGTGTCC 
AAAATCTCTGATGTTACATTGCACAAGATAAAAATATATCATCATGAACAATAAA 
ACTGTCTGCTTACATAAACAGTAATACAAGGGGTGTTATGAGCCATATTCAACGG 
GAAACGTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATA 
AATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGATGG 
GAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAA 
TGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTT 
CCGACCATCAAGCATTTATCCGTACTCCTGATGATGCATGGTTACT CACCACTG 
CGATCCCCGGAAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTG 
AAAAATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTT 
TGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACG 
AATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGG 
CCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGATT 
CAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAA 
ATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGAT 
CTTGCCACCTATGGAACTGCCTCGGTGAGTTTCTCCTTCATTACAGAAACGGCT 
TTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTGA 
TGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTTGTAACACTGGCAGAG 
CATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTG 
AGTTACGCGTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTT 
CTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACC 
GCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAG 
GTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGT 
AGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCT 
AATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGGTCTTACCGGGTTG 
GACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGT 
TCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTA 
CAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAG 
GTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGG 
GGGAAACGCCTGGTATCTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAG 
CGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGC 
AACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTT 
SEO ID NO: 159 
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GTAAAACGACGGCCAGTGAATTATCAACTTTGTATAGAAAAGTTGTTATGACAAC 
TTGACGGCTACATCATTCACTTTTTCTTCACAACCGGCACGGAACTCGCTCGGGC 
TGGCCCCGGTGCATTTTTTAAATACCCGCGAGAAATAGAGTTGATCGTCAAAACC 
AACATTGCGACCGACGGTGGCGATAGGCATCCGGGTGGTGCTCAAAAGCAGCTT 
CGCCTGGCTGATACGTTGGTCCTCGCGCCAGCTTAAGACGCTAATCCCTAACTGC 
TGGCGGAAAAGATGTGACAGACGCGACGGCGACAAGCAAACATGCTGTGCGACG 
CTGGCGATATCAAAATTGCTGTCTGCCAGGTGATCGCTGATGTACTGACAAGCCT 
CGCGTACCCGATTATCCATCGGTGGATGGAGCGACTCGTTAATCGCTTCCATGCG 
CCGCAGTAACAATTGCTCAAGCAGATTTATCGCCAGCAGCTCCGAATAGCGCCCT 
TCCCCTTGCCCGGCGTTAATGATTTGCCCAAACAGGTCGCTGAAATGCGGCTGGT 
GCGCTTCATCCGGGCGAAAGAACCCCGTATTGGCAAATATTGACGGCCAGTTAA 
GCCATTCATGCCAGTAGGCGCGCGGACGAAAGAAACCCACTGGTGATACCATT 
CGCGAGCCTCCGGATGACGACCGTAGTGATGAATCTCTCCTGGCGGGAACAGCA 
AAATATCACCCGGTCGGCAAACAAATTCTCGTCCCTGATTTTTCACCACCCCCTG 
ACCGCGAATGGTGAGATTGAGAATATAACCTTTCATTCCCAGCGGTCGGTCGATA 
AAAAAATCGAGATAACCGTTGGCCTCAATCGGCGTTAAACCCGCCACCAGATGG. 
GCATAAACGAGTATCCCGGCAGCAGGGGATCATTTTGCGCTTCAGCCATACTTT 
TCATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATATTGCATCAGACATTG 
CCGTCACTGCGTCTTTTACTGGCTCTCTCGCTAACCAAACCGGTAACCCCGCTTA 
TTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACA 
AAAGTGTCTATAATCACGGCAGAAAAGTCCACATTGATTATTGCACGGCGTCAC 
ACTTTGCTATGCCATAGCATTTTTATCCATAAGATTAGCGGATCCTACCTGACGCT 
TTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTGGGCTAACAGGAGGA 
ATTAACCATGCCAAGTTTGTACAAAAAAGCAGGCTCATTTAACTTTAAGAAGGAG 
ATATATACCATGGTCCGTCCTGTAGAAACCCCAACCCGTGAAATCAAAAAACTCG 
ACGGCCTGTGGGCATTCAGTCTGGATCGCGAAAACTGTGGAATTGATCAGCGTTG 
GTGGGAAAGCGCGTTACAAGAAAGCCGGGCAATTGCTGTGCCAGGCAGTTTTAA 
CGATCAGTTCGCCGATGCAGATATTCGTAATTATGCGGGCAACGTCTGGTATCAG 
CGCGAAGTCTTTATACCGAAAGGTTGGGCAGGCCAGCGTATCGTGCTGCGTTTCG 
ATGCGGTCACTCATTACGGCAAAGTGTGGGTCAATAATCAGGAAGTGATGGAGC 
ATCAGGGCGGCTATACGCCATTTGAAGCCGATGTCACGCCGTATGTTATTGCCGG 
GAAAAGTGTACGTATCACCGTTTGTGTGAACAACGAACTGAACTGGCAGACTATC 
CCGCCGGGAATGGTGATTACCGACGAAAACGGCAAGAAAAAGCAGTCTTACTTC 
CATGATTTCTTTAACTATGCCGGAATCCATCGCAGCGTAATGCTCTACACCACGC 
CGAACACCTGGGTGGACGATATCACCGTGGTGACGCATGTCGCGCAAGACTGTA 
ACCACGCGTCTGTTGACTGGCAGGTGGTGGCCAATGGTGATGTCAGCGTTGAACT 
GCGTGATGCGGATCAACAGGTGGTTGCAACTGGACAAGGCACTAGCGGGACTTT 
GCAAGTGGTGAATCCGCACCTCTGGCAACCGGGTGAAGGTTATCTCTATGAACTG 
TGCGTCACAGCCAAAAGCCAGACAGAGTGGATATCTACCCGCTTCGCGTCGGC 
ATCCGGTCAGTGGCAGGAAGGGCGAACAGTTCCTGATTAACCACAAACCGTTCT 
ACTTTACTGGCTTTGGTCGTCATGAAGATGCGGACTTACGGGCAAAGGATTCGA 
TAACGTGCTGATGGTGCACGACCACGCATTAATGGACTGGATTGGGGCCAACTCC 
TACCGTACCTCGCATTACCCTTACGCTGAAGAGATGCTCGACTGGGCAGATGAAC 
ATGGCATCGTGGTGATTGATGAAACTGCTGCTGTCGGCTTTAACCTCTCTTTAGGC 
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ATTGGTTTCGAAGCGGGCAACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTC 
AACGGGGAAACTCAGCAAGCGCACTTACAGGCGATTAAAGAGCTGATAGCGCGTG 
ACAAAAACCACCCAAGCGTGGTGATGTGGAGTATTGCCAACGAACCGGATACCC 
GTCCGCAAGGTGCACGGGAATATTTCGCGCCACTGGCGGAAGCAACGCGTAAAC 
TCGACCCGACGCGTCCGATCACCTGCGTCAA GTAATGTTCTGCGACGCTCACAC 
CGATACCATCAGCGATCTCTTTGATGTGCTGTGCCTGAACCGTTATTACGGATGG 
TATGTCCAAAGCGGCGATTTGGAAACGGCAGAGAAGGTACTGGAAAAAGAACTT 
CTGGCCTGGCAGGAGAAACTGCATCAGCCGATTATCATCACCGAATACGGCGTG 
GATACGTTAGCCGGGCTGCACTCAATGTACACCGACATGTGGAGTGAAGAGTAT 
CAGTGTGCATGGCTGGATATGTATCACCGCGTCTTTGATCGCGTCAGCGCCGTCG 
TCGGTGAACAGGTATGGAATTTCGCCGATTTTGCGACCTCGCAAGGCATATTGCG 
CGTTGGCGGTAACAAGAAAGGGATCTTCACTCGCGACCGCAAACCGAAGTCGGC 
GGCTTTTCTGCTGCAAAAACGCTGGACTGGCATGAACTTCGGGAAAAACCGCAG 
CAGGGAGGCAAACAATGATACCCAGCTTTCTTGTACAAAGTGGAGGAAACAGCT 
ATGACCATGATTACGCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCC 
GGGTACCGAGCTCGAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAA 
CCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGG 
CGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTG 
AATGGCGAATGGCGCCTGATGCGGTATTTCTCCTTACGCATCTGTGCGGTATTC 
ACACCGCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGCAACTT 
TATTATACAAAGTTGATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGA 
AATTGTTATCCGCTCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACA 
GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC 
CAGGAACCGTAAAAAGGCCGCGTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCT 
GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA 
CTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC 
GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCG 
CTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAA 
GCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGT 
AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACGGCAGCAG 
CCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGGCACAGAGTTCT 
TGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGC 
TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAA 
CAAACCACCGCTGGTAGCGGTGGTTTTTTGTTTGCAAGCAGCAGATTACGCGCA 
GAAAAAAAGGATCTCAAGAAGATCCTTGATCTTTCTACGGGGTCTGACGCTCA 
GTGGAACGAAAACTCACGTTAAGGGATTTGGTCATGAGATTATCAAAAAGGAT 
CTTCACCTAGATCCTTTTAAATAAAAATGAAGTTTTAAATCAATCTAAAGTATAT 
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC 
AGCGATCTGTCATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGAGATAACT 
ACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGAC 
CCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCC 
GAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATAATTGTT 
GCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGC 
CATGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCT 
CCGGTTCCCAACGACAAGGCGAGTTACATGATCCCCCA GTTGTGCAAAAAAGC 
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GGTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTA 
TCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAG 
ATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATG 
CGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATA 
GCAGAACTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTC 
AAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAAC 
TGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAA 
GGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTC 
ATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAG 
CGGATACATATTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCAC 
ATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTA 
ACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTCGCGCGTTTCGGTGATG 
ACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA 
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGG 
GTGTCGGGGCTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCAC 
CATATGCGGTGTGAAAACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGG 
CGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCT 
CTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTG 
GGTAACGCCAGGGTTTTCCCAGTCACGACGTT SEQ ID NO: 160 
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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. S 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. The present 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, et al., 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 W. 
(Landy, A. Current Opinions in Genetics and Devel. 3:699 
707 (1993)), the Cre/loxP system from bacteriophage P1 
(Hoess and Abremski (1990) InNucleic 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 2L circle plasmid (Broach, et 
al., Cell 29:227-234 (1982)). 
O008) 
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 TnT. Transposon TnT can inte 
grate itself into a specific site in the E. coligenome 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 TnT. 
is atypical of transposable elements whose hallmark is move 
ment to random positions inacceptor 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 TnT into the attTn 7 site would be referred to as a 
recombination event while the random insertion of TnT. 
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 Tn5. A vector containing a kana 
mycin resistance gene flanked by two 19 base pair Tn5 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 
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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 
0.015. 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 
Sauer, 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 W 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 Intbind 
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, glT 
Sup, 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 

Nov. 10, 2011 

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 Sue A, 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 E. coli (Phillips 
Jones, et al., (1995) Molecular and Cellular Biology 15(12): 
6593-6600, Martin, et al., (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, pFBlueScript, 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) digest the 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 
purify 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. As known in the 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, J., 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 amplicillin, 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 GATEWAYTMClon 
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., att1 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 attL1 with attR 1) and will not cross-react with 
recombination sites of the other mutant type or with the 
wild-type att0 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 GATEWAYTM 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 GATEWAYTM, 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 atti 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; frt 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 GATEWAYTMVector 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 of the 
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. The nucleic 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. 

0.048 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, difsites, 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, 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. 

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), B-glucuronidase (GUS), histi 
dine tags (HIS6), green fluorescent protein (GFP), yellow 
fluorescent protein (YFP), cyan fluorescent protein (CFP), 
open reading 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. In yet additional 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. In another 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 The invention further includes populations of hybrid 
nucleic acid molecules produced by the above methods and 
populations of recombinant host cells comprising the above 
populations of hybrid nucleic acid molecules. 
0055. In certain 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 dC31. 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 suppressionallows 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: 
0.058 (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. In another 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; (c) 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 
0.066 (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 preparefusion 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 orportions 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 attL1 
and/or attR1 recombination sites. 

0069. In another 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. In another 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 
thereofare 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. In another 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 ann" 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 
a new 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 they 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 comprisingy:X:Zjoined by recombination sites. Of 
course, other recombination events may produce hybrid mol 
ecules comprising, for example, X:y:Z, X:Z:y, y:Z:X, Z:X:y, 
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 finolecule, 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 ofy 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. In addition 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 in 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 replaceX in they:X:Z molecule described 
above by recombining a first recombination site on m with the 
first recombination site flanking X (e.g., the recombination 
site betweeny 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 invention also 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 loxP sites and 
insertion of molecule w is mediated by Cre recombinase 
between the loxP sites on the w molecule and corresponding 
loxP sites on they 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 betweeny and x to form a new 
molecule comprising either y:o:X:Z or y.o: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 a preferred 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). 
I0081. 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). 
I0083) 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. 
I0084 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: 
I0086 (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.); 
I0087 (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 
tion and 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 
a first library having about 10" sequences with a second popu 
lation having about 10" sequences results in a third population 
having about 10" 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 aparticular 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 In this 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 at least a 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. In a 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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0.120. 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: 
I0121 (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 
0.122 (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. 
0.124 Thus, the present invention more specifically relates 
to a method of targeting or mutating a nucleic acid or a gene 
comprising: 
0.125 (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.); 
0.126 (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 amplicillin, 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 
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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. 
0.132. 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.). 
I0133. 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). 
I0134. 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. 
0.135 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. 
0.136 Thus, the invention relates to a method of cloning 
comprising: 
0.137 (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. 
0.141. 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. In a 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. In some 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 ORFs) 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. In some embodiments, 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; (c) 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. In a 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. In another 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 of the 
at least first, second, third and/or fourth recombination sites: 
and (c) 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. The invention also specifically relates to a method 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 
CS. 

0155 The invention also provides methods of cloning in 
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 
n nucleic acid segments. In specific embodiments, the recom 
bination reaction between then 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, n is 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 n nucleic acid segments. Then molecules may be inserted 
next to or adjoining each other in the vector and/or may be 
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inserted at different positions within the vector. The vectors 
used for cloning according to the invention preferably com 
prisen 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 in" 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 thei" segment, n, reacts with one 
of the recombination sites flanking the ni" 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. In another 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; (c) 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. In another 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 In another 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 (c) conducting at least one recombination reaction 
Such that all 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., attL1 and attL2) 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 
or more 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 RNAi 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. In another 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. In another 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; (c) 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. 

0.165 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 
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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. 

0.168. 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 
cDNA 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 
cDNA 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, metalions, 
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 aparticular 
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, (c) 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. 
0.174. In another aspect, the invention provides a means for 
attaching orbinding 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. 
0.175. 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 first and 
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 canthus 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. In accordance 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. The invention 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 




























































































































































































































































