
NIH-0394 Genotyping Strategies

Reaction Components Vol (ul) Step Temp Time Note
5x Phusion buffer 8 1 96C 17"
25mM MgCl2 3.2 2 63C 15" Decrease 1C/cycle
10mM dNTPs 1 3 72C 15" Go to 1, 6 cycles
Primer 20 uM 1 4 96C 17"
Primer 20 uM 1 5 57C 15"
Phusion Enzyme 0.1 6 72C 15" Go to 4, 29 cycles
Water 20.7
Total mix volume 35
Tail lysate (1:20 dilution) 5
Total reaction volume 40

Primer Sequences (5’ to 3’): 
Mutant PCR: Primer 0394-22 and Primer 0394-23, 225 bp
Recommended Wt PCR: Primer 0394-19 and Primer 0394-20, 108 bp
Primer 0394-22 GATGCGGTGGGCTCTATG
Primer 0394-23 TGAACTAGCTAGCCGTCCGT
Primer 0394-19 AGACCCTCATCGCCGCCTA
Primer 0394-20 CAGACCCCTCGCGTGACAG

Mutant PCR
Well Sample Genotype Mk  1      2        3       4       5       6       7   Mk

1 12 het
2 13 wt 
3 14 het
4 30 het
5 wt lysate wt 
6 ES DNA het
7 water no amp
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Southern Blot Genotyping Strategies: 
 
 

 5’ External 3’ External

Name of Probe: 15+16 11+12 

Restriction Enzyme for Genomic Digest: HpaI HpaI 

Predicted Wild-type Band (kb): 18.6  18.6 

Predicted Mutant Band (kb): 10.2 14.0 

Probe Size: 589 bp 469 bp 
 
 
 
 
Primer sequences:   
 
Southern probes 
0394-15  5’ – GTGTCATGTAGGGATGTCTG 
0394-16  5’ – GCAACTGTGTACATAGCCTTG 
0394-11  5’ – ACAGTGTAGGCGGAACA 
0394-12  5’ – TGGTTGTCTATAAGCGCAGTC 
 
 
 
 
 

   



   

 
Genomic Sequence Deleted): 
 
TGAAGACCCTCATCGCCGCCTACTCCGGGGTCCTGCGGGGTGAGCGTCGGGCGGAAGCTGCCCGCAGCGAAAACAAGA
ATAAAGGATCTGCCCTGTCACGCGAGGGGTCTGGGCGATGGGGTGAGTGTCA 
 
KOS clone sequence:  (note: pKOS-##51 was used to generate the TV and that is the sequence included here) 
 
CTGCTTCTGCCTCCTTAGAGTTGGAGTTAAAAGTGTGCTGACCCACAAGGTTCCCTAGATTTGGCTCCTGTTGTCAACTT
TCAACTCCACCTCCTCCCTCCCACCTCCCCCCTAACTTACCATCTACATCCCCTTTCCAGCCATACCAGGGCTCCATTGG
AACCCATGCTGGAACCTCTGAATATATGCCCTTCCTCTCTGACCAACAGATTAATCTCATATCCAGCAGCAATATTGCCT
CATTTTGACTTTCTCATTTATCGTTCCCTGACAAATGACACGTCTATTGGCCAATCTACCGTCCACTGAGCCTCTTGGTTG
AGTTAGACCCACAATGGGCATAGACCAAGGGCTCCTGGGCTTGGGTAAATTCCAAGCTCAGCAGAGGCAGGCAATGGC
AACCAGGATGGGAGGGCCAGCCTTGGCCTGACCTTACACTTCCCTGCACAACAGCCTGGCCATCCTTTGACCACTGGTC
TCATCTCTTGGTTGAGTCTCCACCAAGGCAGGGACAAGTTCTGGTTCTGTGTGTTCCAATCAGTACCTGACCCAGAGAA
GGTGCACAGGAAAATGCTGAAGTATACACATGAACTTGGGATCTGAATGTTTCCAATGGGCCTTGTTTACCCAAAGTCC
TGCCATTTGTTATCATTAAGATAATGGTATCTTACTCTCCTTGCATAATGGTAACACCCTTTCCATATTACTTTAGTTGAT
CCATAAGTAGTCAAGATAGGAACTGTCACCCTTTCTTTCTGTCTCCCTTTTTTCCTCCCTCCTCCTGTTTCTTTTTTGAGA
CAGGGTCTCGGCTAACTCAGGCCAGCTTCCAAATCATTACATAGTCGAGAATGACCTTGAGCTCCTGAAGGAGACATCC
TCCTCCACCTCCTCTTCCTCTTCCTCACTGACCACATGCTCAGGTTATAACAGGAAGGCTAACTTCCCACCTCCACTTTG
TGATGAACAACTATCGACTTAGCAAGGACACTTGACAAGTCACTGCTAAAGGAAAGACTACACCCCAGGCTTATAACC
TTCCAGATTAATCTCTGCCCATCGGACAGTAGCAGAGTAAGTGAGTTTTTCATGGGTCCTGGCACAAGGCCTCCTCCAC
AGAGATGCTCCTGGAGCAGGAATGTGCCATACAGTGACCCGAGGTCTTCCATGCTGTGTGTGTGTGTGTGTGTGTGTAT
GTTTGTGTATTGTTCTGCCCCCCATATATATATATATATATATATATATATATATATATATATATATATATATACCTCTCT
CCCCCCACAGTTGTTGCACAGCATACATCCATCTCGAGTCTCCCGTGAGCATGGCATGCCAGTAGCTTTCCCTTAGTTCC
ATAAAATGACCTAGGACTACCACAGAGCATCATCATGCCCTAGGATCTTTTTCCTTCTATTTATGGTTGACTCAGTTCTC
TGGGTTTGGTAGTATTTTCTCAGTGAGATTTGTGCCCCACCACTCATCATGCAAGTGTTTCTAGGTTTCACTAATGGCAT
TTGTCACAGGCCCTGGGACTTTCTCCCCTCTTCAGGTAGAACTCACCTCCTTTCTTTTCTGCTCTTCCCCAAGGCCCTATT
GACCTAGACCTTACAGTATGCAACCCAAAGGTGAGCCACACCCCAGTCCTATCTTTTTTCTGAAGGGCATACCTTTAAC
CACTGCCTTTGCTTGAGATTCTCCCACTCACCCAGCTCCCCACTGCAACCTGTCCTCACGTTTATTTCTCATACTCTGTCA
AGAGGGATCCTACAATTCATCTTACCTCTTTCGTTTCTTTTAAGGCTCTCCCAGAACCCAGTCCCACCCCAAAGTCTTAA
GAGAGACACTGGAGGATTTTCTAATCCCATGTCACTGCAGTCTCCATCTCCCACGTTGCCAGGACTACAGTCTCTATGG
TCCTGCCCCAATCCAGACATGCTGACTGATGCTGCCCTTCGGCTTGTGCTCACACCCTCATTCTGCGGAACTCCTCTTCC
TCTGTGGGCAATGGGAATGAGTCCCAGTGCCTGTAGTGAGCTTAGTCCATATACCTCAGTTCCTCAATTCTCAAAGCCT
CTCACAATACAATCACGGGTGTTCCCGTTTTTACAGATGTGAAAGAAAACTGAAGCTGCAAACTGCGAGTGGTGGCAC
ATGCCTTTCACTCAGCACTAGAGTCAGACAAAGGTGCATCTCTATAAATTCAGGCCAGCCTAGTCTACATAGTGCCAGG
ACAGCCAGGGCTACAAGGAGAAACCCAATTTCTAAAAAGAGAAAAGAAAAGAAAAACCAAAACATCAACATTCACAC
AACCCTCAACCCCACACCCTGCCCCCCTCCGGCAAACCAAGCCAAACAAAAGACACCCTGAAGTTGAGGAAAAGAGA
GGAAGAGAGGTCTGGAACTGGGCTTGAAGTCCATCACTCACTATGCTTGTAGTATTGCCTTTGTCTTTGGTGTTTGGAG
ACAGGGTCACTATGTAGCCTGGGCTGGCTTCAAACTCTTGCATACATACAGGAGAGGGAGGGAGAGAGAGAGAAGAG
GCGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGAGAGAGAGAGAGGAGAGAGGGG
AGAGAAGGGGGAGAGAGGAGAGAGAAGAGGCGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG
AGAGAGAGAGAGAGAGAGGAGAGAGAGAGCGAGCTGCTAGGATTGTAGGATTACAGGTAGTAGACTCCATCGCTCTA
GGTTCCTTCCTGATAAGACTCAATCACTCCTATTTTTTTGCTGGTAAAAGGAAAGGCTGCGGCACTTGGGTAACTGTCA
GGTCCAGCTGTAACCTAACGAATTCCAACACTACTCACTGCAGGCTAGGCCTGCCCAAGGAAAGCACAGCCAAAAGGG
ACACAGGCACCCGCACGGTCCGGATCGTCCCGCACGTGCTCAAACTCCCTGCCCACGTTCCAGCTGCTGGACCGTACTA
ACGTCTGAGAGAGAGGCTTGGGAGAAGGACAAGGCGGTCGCTGGGGCAACCAGGAGTAGTTTCATACACCGGGACTC
CGGCTCCCTTGCCCGTATTCTATAGACTCTGAACCGTACAGTTCAGGCCATGCTGCCTTCCTGGGCTCTGTGCATAGTTT
ATCGCCGGGAGTCTCACCCCCTACAAGAACATGGCACAGTCCGGGGCGGACCCTTTTGCCCCGCCCTATAGCGTCACGA
CCCGCCCCGTTGTGAGGTTATAAAGTGCGCGCGCAGCGGCGCTCGGCGCCGTGGCCGCGCTTCGCTGGCTTTCTGCTCA
TCTAGGGTGGCAGCGGCTACCTACCTCAGCTCTCGCCCTGCTGCCGCCACGGCCTGGGCGCTGTCCCTCAGCTCCCGGA
GCTCAGCGCGAAGCCCTGGCCCCGGCGGCCGGGGCATGGGTCAGGGGCGCGGCGTGAGGCGGCTTTCTGCACGGCCGT
GACGTGCATTGGCTTCAGCATGAAGACCCTCATCGCCGCCTACTCCGGGGTCCTGCGGGGTGAGCGTCGGGCGGAAGC
TGCCCGCAGCGAAAACAAGAATAAAGGATCTGCCCTGTCACGCGAGGGGTCTGGGCGATGGGGTGAGTGTCAGTCATC
CCTAGGGCTTTCATCCTGAGGGCACCCACAGCAAGACGACTTTCAGGAAGGGACTTTGGCCAAAGCGTGCTGCCCTGT
GCTGGACGGACGGCTAGCTAGTTCAGGTCGGAGTCCCAGACAATTATTTCCAGTTTTTAAAAGGTCTCGCCTTGTAGCC
TAGGCTGGCTTCCAACTCTTAATCCTCCTTCCTTGGCATCCCAGGTGCTGTGATTGCAGGTGTGCCACTACAACTAGCTT
CTCTTTAGGGGAACTTGACTCTTCTGCATCCTGTCATTTGGTTAAGGATGAGGCAAGATTCATGCTTAGCTCGGCTGGTT
ACCCAGTTTGAGCCAGGCAACCTGGTATCCTAGGCTAGCCTGGCTTCATTCTCCATCCTGGTACTCACTAATGTTGCAAC



   

ACGTGTTACATCACTTGCCATCCCCCCAGCTGCTGAGGGCGACACCACCCACTCAGCTCAGTTAGTAGTGATATTTCAC
TCTCCAGCCCCCAGTACTGATCTACCTCACAAGGTGGAGCAGGATTTGGCTGGGAGGAACTGGATGGGGCAGGGTGGT
AAGTAGGGTTTTGTAATCCCCTGAAACAGTCACTGGATGGAGAACATGCCTGCCTGGAACCAGGTGTGCCCCAACTGCC
CTCTGCCCCAGCTTTTGTGGGCCAACCCAGACTGTGAAGCCCTCACAGCGCAACCCTGAGTCTGACATACTTAGAAGAG
GGGTGGGAAACCCTTGGATTTTTTTCGTTTGTTTAGTCTGTGTAACAGCTCTGTTTGTCCTGGTATTCTATAGACCAGGC
TGGCCTTGAACTCACAGAGATCTGCCTAAGTTGATTATCCTTCTAGAAGTTGTGTCTGCCTTCAAGATAGAACCGAGGC
CTTCAGTGAATGGGGAAGGGGGGCATACAGTTCAAATCACACCTCAGCCTTTTCCATACAAGGCAAAGCACCCCACGT
TGCTTAGCTGAAGCTGCAGAAACTGAAGGAGGAGGAACGAGCTACCCCAGTTTTCCTTAGAAAGGGCAGCGGTGATGC
ACACCTTCAATCCTAGGACTTGGGAGGCAGAAGCAGGCAGATCTCTTGAGAGTGAGTCCAGCCTGGCTTACAGGATGA
GTTAGTTCCAGGACATATTAGTTGTGGTAATCTTGAAAGTTTAGGCAATCAGGAACAAAATAAGATTGCTGGTAAACCA
ACTATCTAGTGGTTACATCTCTTAGTACATGTTGTATAAAGTCAAGAATATGAGATAGAGATACACGCACACGCACACA
CACACACGCGCACACAGTTCTAAATTCAGTCTTCTCTTAATGGTACGGCATGAATATTTCTTACCATTTGTATGTCTGCC
ATTCTCACATGCTGGTGGCTGCAAGCTAACCCATGCTGGGGCTCCATCAGAGTGTTTCCACCTGGCATTGGCACCAGTC
CTAGCTGACTGTTGCTATGGTTATCTGCCCCTGGAGAAGTGTTTCCATCCTAGGGGGCAAGCCCCTGGAGCTGCCCCAC
ATACAGCCTACAGCTTCCACTGGCCTCTTCTCAGTGCTTCTCTCTTCCTTGGGCCTTTTGATTCCCTTAACAGGGAAGGA
CGCGATCTGCCCATGTCAATGCTTTTAAATATTCTCAGTCTCTGGGTAATGGCCCCTGCCTGCGGTCTGCTATGGCCCCT
CCTGGAGCTATTCTTCCTGGGCTCTCCTCTGTCTTCCAAGAGCAGGATGCCTGTTAAATTCTTTTTTTTTTTTTTTTGACA
GTTTTGTTTTTGTTTTTTAACTCAGAATTTGTCCTCCAGCTCTTGAGCAGTTCTTTACTGTCATAGCAAGAGAATTTCTCC
ATGTTGATGTTCAATGTAGAAAATACAATGGGGAAAAAAGTGGGTGTGATTACCTCATAGACTGCAACCAGGACTAAT
ATGAAATGCAGACTAGTCAGTTTAACTCTCTGGAATCTACTTTGGTGAAAGACTAGGTGGGGTAGGGGAGGGTGCTCTA
GCAAAGTCTCTGTTATCTTGCCATCTCCAGGAGGCCTCCTTGTTCCTCCTTGGTCCTATGGACACTCCCTAGTGGCCTAG
TTTGTCTCCTCAGAGCAGTTCCCACCAACCACCCTGGTAGTGGCAGTGTTCAAGGAAGGAGGCAAGAGTATGGACTCTG
TGAAGGGAAGTTCCATAATGGGTGAGAGATTGCACTGATAACTTGTTTTATTGTCGAAACCTGGATGGTGTGCATTTGT
TGGGAGAGAGGGAGTCTGTTTTTTATTTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTAGTTCCTC
AAGACAGGTTGTTTTGTTTGTTTTTTATGGCTGGCTGTCCTGTCACTTACTCTGTAGACCAGGTTGGCCTTACAGAACTA
CCTACCTGCCTCCTGAGTGCTGGGATTAAAGGCATATGCCACCCCTCCTGGTTCACATTGGCATTTCTGATCTCTGAATG
TCTGGCTTAGACGGTGGCTTAGAAGCTAATAGGCACCCGCAGGGCCATCCCTGCCTTTGCTCCTGGATGGGGGGCTTCT
CATGGTGGAGCCTTGGCTGCTTGTGACTATTCTTAGTTTAGTCCACGACCCAGCGTGAGGTAGTGGCAGTACAGCTCTG
AGCTGGGACATTGTGTGGCTCTGAAGCCTAGGACAGGGGTGGAGTCATAGTTGGGATTTTAATAAAAGAATCCCAACA
GCTGTTTATGATGACCGCATAGCTTGGATGGTAGAGATGGAGAACCCCTCCCCTGCGCATATGCTAGGTGGAGGGTAA
AACTAAGTGGCTAGATTGTTGCGGGTAATTCTGGAACTGGGGGTTGGCAGTCATCTGACATAGTCCCGTAGTCCTGTGA
TCGCAGAGTGAGAACCTTGCTCTTGTCCCCGCTCCCTCAGTTCCCTGTGGCTTTTCCCACTTTTGAGTCGCATCTGCTGC
CAAGGCTCACCTCGGCCAGGAAAGGAGGGCCAAATGCAGTGCATTATTAGCAGGGAAGTGACTCAGTTGCAAGTGTGG
AAATTCTGCTCTGCCTCTACCTTCCTGCTCCTAAATTCAGCCGCCAGTACTTGAGTTATCAAACTACAGTCATCCATGGT
GCTGGGTCTGGCCCAACCTTCATAGTACACATTAGAAACTGAGGTCTCAGCTGGGCGGTGGTGGCGCACGCCTTTAATC
CCAGCACTTGGAAGGCAGGTGACAGGTGGATTTCTCAGTTCTAGGCCAGCCTGGTCTACAGAGTGAGTTCCAGGACAG
CCAGGGGCTATACAGAGAAACCCTGTCTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACCCCCCAAAAGAA
AAAAAAAAAAGAAAGAAAGAAAGGTCCCCACGAAGGACTGGTCCAGGAGAAGAAAAGACAAAAGCCAGAACAGAAC
CCCCGATTCATCTCCATCTGCCCATCAGCCTCCTTAAGCCAGAGAGAGGCATGGGGACAGGACTGAGAGCTGACCATA
ATATGCACCATGCTGTTGCCAAATGCCTGCTGCTTACTCCATGTTGGGTATGGTGTCTCCTTCCCAAGCTTTTTGAGGAA
GCTCCCCTAGGCTTGGTGGATAGGAATACCAACAGCCCATAGAACTTCTGTCTGGCTAGATAAATTTTCTCCATCCCCC
CACCCCCAATACTTCATACTTCAGATCCTGTGAGGCTACCTGAACCCCTCCCACCCCCTCATGACCTCCTGGCTGCCATG
CCACATGCTGGTACTCTTTCTGACCCTCCATCACTGTGCATAAGTTAGTTCTCTCTCCCGGTCCTGGATCTTGCATGCCTA
CCCATATTGCCACCACATCCTCCAGCTCCCAGAGCTTGTACTTTGAAAGTCATTATCACTTAGTTGTGACATGTGTGTAT
TGTTTGGGTAATTGTCAGCCCTTGGGGACAAGGACCTCATTTGTCTTTCTCAGTGCTGTGTCCCTAGTGTCTGACCCAGT
GCAGGCAGGTGGTAGGAGCCCTGGTGATATTTGTTGAGTAAAAGAATCATTCGTGGGGCTTCCAGGTCCTCTAGGCAG
AAAACTCTGCTGTCTCTGAAGATTACTTTCTCCAGTCAAAGCTGGGTGTGGTGGTTGCACACCTTTAATCCTAGCGCTCA
TGCAGAGGCAGGTAGATTTCTGAGAGCCCAGACAGCCAGGGTTTTTGGAACCTGGTATCCTAAGTGGCATACTTCCTTG
GCCTCATCATCAAAGACTACTTCATAAAAACGGGATATGTGAAGACTGGCTCCTGGAGCGGACTCCCCTGGGTCTGAGT
TTGCAGTCTGCTGGCTGATCACTTATTGCTGACTGTGTCAGCCAGCATGCCTGACTTGGCCTCAGCAAGCCACTGCCTCT
TGCTGATTGTTAGTCCCCTTCCTGTGTGCAGTGGACAGGGGTATGGTAAAAGTATCTTCACTGTTGTGCTGAGCCTGGG
AGACCCTTGTGCCAATCCCATAGCAGGAAGCCTGAGGGTCTGCTCTCAGAGCAGCGGGGAATTCTGAGCCAGGGCAGG
AACCTCATTCTGCTTCTACCTTCCACACTGCGCCAGCTCTTCGTGCGTGTGGTGCGAGGAGGCCTGACTAGGTCAGCCC
CTTTGGTTCCTTCCAGATCAGTGGGAAGTGTGTTGTTGCCAGACCTGGCCCCCTACTCTTCCTCGTTCGTACCCTCTGTC
ATTCCAGAAAATGGGACTTGCATCCTCCTTGGGGCCCAGGTGAGTGCCCTAGAGGAACGTACCTCCCCATGGATTGTCA
TAAGGACCTATTCTGGGGACTCCTTGGTGACGCACATGCAAACTGATGGTGTTGCCATGGCAGCCCCTCCTACTCAGGA
TTGAATGTGCTGGGTCAGAGAGTGGGGGTGGAGAAAGCAGGCGCTGGGGTCTCATGTCACTTGTATTGCAGTCCTGGTT
GGCTGTTGAGAACCTACCATCCTAAAAGACTTACTTTTTTGCCTTTACCTCCCAGGACTCTATCTTATTTAATGAAAAGT
AAATATGTTAAACCCTAACTCTCTAGAATAACTCTTGTAGGAGCCAATGTTCTTATTAGCAAGGTCATTTGTAGATTAA



   

AAAGCCATTAGGAATTCTAGTAGAGTGAAGAAGGTCCAAGTTGGCAAGACCTCAGGCCTCCTCTGCTCTGTTCTTATGC
CTTATGTAGTGCTCGAGGGAAACTAGAGGGAAGGGAGGGTCCCAGAAAATCTAAGGAGACTGGGATGCTGGGCTCCCT
GTAGCAGGCTCTTGATAGCCTGGCCAGGTACTTCCCCTAGCATAGCATGGATCTGTGGTGGTTTGGCCTTCCCTTTGGCC
CAAATGTCACTATGGGCACTATTTTGGGACGCCTAATTTCCATAATAGCTCTCAAAGGAGATTGTTCATCTTTCTGGGAA
AGGTCTCACCAGTGCGTTAGCAGCTGAATGGCTAGGTTGCTGCCCTGTCCAAAGTTGTTGGATGGAGTGGAAACTGATA
GGCTTTTCCTGGTGTTCAAGGTAGAGGCCAGCACTCCATGGCCTTCTCGTCCTTCCTGCCTGCCTCTCTGTTACTCAGAT
TCAGTCTCTGCTGTAGCTGGACTGGACTTGTATACTTAAGTCCTCAAATTTGTGCTCTCTCTTTGTAGATGCCATTCACA
GGGCCCATGACTTCCTTATGTTAGGCTGATACCTCATCTGAGCTGTTGTATCCCCTCCCCAGGACAGTCCGGGGACATC
CCTCTGAGCTTGGTCCTTTTAAGCCCCCTGTATATAATTCATAACCTTGTCTCCCCAGCTATGTCTAGGGTGGGTAGTAC
AAGAATTAACACCTCTGGCAGGTGCCTCGGAAGCAGGAGGAGGTGCGGACCGGAGCTTCTCTTCTGTTTCGGGATCCTT
AGGAAGTACGTTTCTCTCTGGAGCCTTCCTGTTATCCCTGACATTAGCCTACCCTTCCACTTAGAAAAAAAAAAAAAAA
AAAAAAACAAATCTTTTTTGTATGGCACAGGTCAACCTGTTCTGGTCCAGGCCCTTTTTATTTCAGTCTCTTGAAGCATT
CAGGCATTGACCAGGTGCCTGCTCTTTGTACGGCTCCATTCTGGGCATAGGAACCCAGACAGAATGAGATGACATAGTT
CTTGCAAATGAACTCACACCTCATAATCTAAAGGGCTTTGAATGTAGGCGTGAGAGGCAACCTGTCATCGTGGGCAGG
CCATCCTCAGTTGGGCGTAGGAAGACTTCCCAGGGGAAGGGTGATAGGCTAGTTGGCAAAGAGCCAGTGCCTGAGAGG
GACCCCCAAAGTATGTGCTAAACACCTGACCGGACTCAGAAGCAAGAGGATGATGCCAAGTGTCACTGCAGGCTGGGT
CAAGAGCATGTGAGGTGGTGGTCGGGGACCGCTCTGTGTGCAGGGATGAACAGAGCCCCCAGCACTACAGTAGGCCCA
CAGCAGGCCTCTAGAGCTGATGGTTCCACCATGTTGGCCCTGTCACCGTCACATGTGCGGACTCTGGCCGAAAGGACCT
CCCTGAGTCCACCCAGAAGACAGCTAGCTCACCTGTGGCCTCAAAGACCATTGCATCACTGTGGCACTTGACTGGGCGT
CCTGACCTCCCAGCCCCTCATAACCACGCACCGTGTGCACAGTCCTTAGGAGCAACCTGAGAGTAGCTTCTTCCTCCTC
ACACCAAGATAAGGTTTCAGTCCAGTGGCCCAGATGTGGCATCCTTGGGACCTGGGAACGTGGGCAGGATGCCTTCCT
GCTCAGGGAGCCCCAGCACCCTCGGTGCCTCTGCTTTCTAGATTTTTCCAGCTCTAATAGCTGCAGTTCCGATTGGCTCT
TTCCACAAGTTATTTGGGTTCCTTACAGGACCCCAGGGTCATAACTAAGGACTCTGGGTCTCAAGGAGGGCGGCGATTT
GCAAGAAGCGTTAGATCCTGGGTTTGTATTGCTTTAAGGAGGGGTGGGTGTTGTTACATCTGTCAGGCAACGCAAGGTC
GTTGCTCATTTGATGATTAGCCGCACTACTCAGGCAGATCCCTGCTTCTTAAGAAAGTCTTGCCTAACCCTGATCCCTCG
GCAATCTCCCTGAGGTAGGTATTAGCTCCGCTGTACAGGTGAGGGAACCGAGGCTTGTATAGGCGGTGACTCATCCAA
GCCACACTTCCTGTATGTTAGAGGCCAGTTTTCCTCAGCTCTGTGGACTTCTCCTGGATGGAGCTTCTCCACAGAAACTT
GTGGAGGTGGTGGAGGAGCCATGGGGCTGCCCCTGGGACGTGGTCTCCCAGCTGTTGTGTGTGACACATGCTTCTTCGA
CACCTATGCTCCCACCTCCCGTCCTCAGGCCAGGGACTCTCTGCCCCTGGTTCTGGCCCATTACCCCAGATTCTTTTTCTT
TATAGCCTTTCTCCGCCTGATAGATAGCACATTCTCTTCCTCCATAGTGTCCTGAGCTTCCAGACAGGTGCGGCTGATTC
CCACCCCCAAACACTTCCGTCCCTGGCAGCGCCTTCTAAGAGCTCGTGCTTTGGGGCTTTATTTGTCTGTCATACTGCTT
TGACTAGACAGTCCTCTGTTTTCAACTTCTCTTTGGGACATTCCGATTACCCCTCCCCATTTCTGGATTGTTGATGATGTG
CCTTGACCGTGCCTTATTGGAACCCCCTCTTTGTTTTAGCTGTTCTACCACCGACAGTCTCTGCTCGCCTTCCTCCAAAGC
CTACTCTGTACTGTTTTCCCTAATGTACAACCTTGTCCCCCCATTAGCACACTGTGTAAGACGCTGTCTGCTCACTATTTA
TATCCTTTCCACTGCAAGGTGAGGGCAGCAGCTGTCTCGCCTAACTGGCCACACACACCTTACGTACACTAAGAACAAT
TTGTTACCTGTACACCCCCCCCCCCACACACACACATGCATGTTACAGT 
 
Selection cassette sequence: (note: linker sequences may vary and are not provided) 
 
GGCGCGCCGGATCCGAATTCCTCGAGGCTAGAACTAGCGATAAGCTTCGAGCGGGATCAATTCCGCCCCCCCCCTAAC
GTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGG
CAATGTGAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATG
CAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTTT
GCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGG
CGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAA
GGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTT
TAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATAATACCAT
GGGGGATCCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCC
CCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAA
TGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTG
TCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCAA
TCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAA
GGCCAGACGCGAATTATTTTTGATGGCGTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTACGGCC
AGGACAGTCGTTTGCCGTCTGAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAACCGCCTCGCGGTGATGGTGCT
GCGCTGGAGTGACGGCAGTTATCTGGAAGATCAGGATATGTGGCGGATGAGCGGCATTTTCCGTGACGTCTCGTTGCTG
CATAAACCGACTACACAAATCAGCGATTTCCATGTTGCCACTCGCTTTAATGATGATTTCAGCCGCGCTGTACTGGAGG
CTGAAGTTCAGATGTGCGGCGAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGGTGAAACGCAGGTCGC
CAGCGGCACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTATGCCGATCGCGTCACACTACGTCTGAAC
GTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTATCGTGCGGTGGTTGAACTGCACACCGCCGACGGC



   

ACGCTGATTGAAGCAGAAGCCTGCGATGTCGGTTTCCGCGAGGTGCGGATTGAAAATGGTCTGCTGCTGCTGAACGGC
AAGCCGTTGCTGATTCGAGGCGTTAACCGTCACGAGCATCATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGG
TGCAGGATATCCTGCTGATGAAGCAGAACAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTA
CACGCTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCATGGTGCCAATGAATCG
TCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATGGTGCAGCGCGATCGTAATCACCC
GAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGGCGCTAATCACGACGCGCTGTATCGCTGGATCAAATCT
GTCGATCCTTCCCGCCCGGTGCAGTATGAAGGCGGCGGAGCCGACACCACGGCCACCGATATTATTTGCCCGATGTACG
CGCGCGTGGATGAAGACCAGCCCTTCCCGGCTGTGCCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGA
CGCGCCCGCTGATCCTTTGCGAATACGCCCACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATACTGGCAGGCGTT
TCGTCAGTATCCCCGTTTACAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCGCTGATTAAATATGATGAAAACGGC
AACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCCGAACGATCGCCAGTTCTGTATGAACGGTCTGGTCTTTG
CCGACCGCACGCCGCATCCAGCGCTGACGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCGTTTATCCGGGCAAA
CCATCGAAGTGACCAGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGCACTGGATGGTGGCGCTGGATGGTA
AGCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGCTCCACAAGGTAAACAGTTGATTGAACTGCCTGAACTACCGC
AGCCGGAGAGCGCCGGGCAACTCTGGCTCACAGTACGCGTAGTGCAACCGAACGCGACCGCATGGTCAGAAGCCGGG
CACATCAGCGCCTGGCAGCAGTGGCGTCTGGCGGAAAACCTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCG
CATCTGACCACCAGCGAAATGGATTTTTGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTC
TTTCACAGATGTGGATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCGCTGGATAA
CGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCGGCGGGCCATTACCA
GGCCGAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGGTGCTGATTACGACCGCTCACGCGTGGCA
GCATCAGGGGAAAACCTTATTTATCAGCCGGAAAACCTACCGGATTGATGGTAGTGGTCAAATGGCGATTACCGTTGAT
GTTGAAGTGGCGAGCGATACACCGCATCCGGCGCGGATTGGCCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTA
AACTGGCTCGGATTAGGGCCGCAAGAAAACTATCCCGACCGCCTTACTGCCGCCTGTTTTGACCGCTGGGATCTGCCAT
TGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGCGCGAATTGAATTATGGCCC
ACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGTCAACAGCAACTGATGGAAACCAGCCATCGCCA
TCTGCTGCACGCGGAAGAAGGCACATGGCTGAATATCGACGGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAG
CCCGTCAGTATCGGCGGAATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAGGGGATCCCCCGG
GCTGCAGCCAATATGGGATCGGCCATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTA
TTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCG
GTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCA
CGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGC
CGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCA
TACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGC
CGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGC
GCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCG
CTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATT
GCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCG
CCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGGGGATCAATTCTCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCT
AGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTACCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTA
ATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAA
GGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCA
GCTGGGGCTCGATCCTCTAGAGTCGAGTACCGGGTAGGGGAGGCGCTTTTCCCAAGGCAGTCTGGAGCATGCGCTTTAG
CAGCCCCGCTGGGCACTTGGCGCTACACAAGTGGCCTCTGGCCTCGCACACATTCCACATCCACCGGTAGGCGCCAACC
GGCTCCGTTCTTTGGTGGCCCCTTCGCGCCACCTTCTACTCCTCCCCTAGTCAGGAAGTTCCCCCCCGCCCCGCAGCTCG
CGTCGTGCAGGACGTGACAAATGGAAGTAGCACGTCTCACTAGTCTCGTGCAGATGGACAGCACCGCTGAGCAATGGA
AGCGGGTAGGCCTTTGGGGCAGCGGCCAATAGCAGCTTTGCTCCTTCGCTTTCTGGGCTCAGAGGCTGGGAAGGGGTG
GGTCCGGGGGCGGGCTCAGGGGCGGGCTCAGGGGCGGGGCGGGCGCCCGAAGGTCCTCCGGAGGCCCGGCATTCTGC
ACGCTTCAAAAGCGCACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCTCCGGGCCTTTCGACCTGCACTGCGCGCCAGCT
TACCATGACCGAGTACAAGCCCACGGTGCGCCTCGCCACCCGCGACGACGTCCCCAGGGCCGTACGCACCCTCGCCGC
CGCGTTCGCCGACTACCCCGCCACGCGCCACACCGTCGATCCAGACCGCCACATCGAGCGGGTCACCGAGCTGCAAGA
ACTCTTCCTCACGCGCGTCGGGCTCGACATCGGCAAGGTGTGGGTCGCGGACGACGGCGCAGCAGTGGCGGTCTGGAC
CACGCCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATGGCCGAGTTGAGCGGTTCCCGGCT
GGCCGCGCAGCAACAGATGGAAGGCCTCCTGGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTCGG
TGTCTCGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGTCGTGCTCCCCGGAGTGGAGGCGGCCGAGCGCGCCGG
GGTGCCCGCCTTCCTGGAGACCTCCGCGCCCCGCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGAC
GTCGAGGTGCCCGAAGGACCGCGCACCTGGTGCATGACCCGCAAGCCCGGTGCCTGACGCCCGCCCCACGACCCGCAG
CGCCCGACCGAAAGGAGCGCACGACCCCATGCATCGATGATCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGT
TGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATA
AAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGG



   

GGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCT
GATTACCCTGTTATCCCTACTCGACCTCGAGGGCGCGCC 
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