
Supplementary Figure S3. Donor vectors maps and sequences. 

pB-5025 (Imazamox resistance) 
5’ 
CTCGAGCACATTGATTGAGTTTTATATGCAATATAGTAATAATAATAATATTTCTTATAAAGCAAGAGGTCAAT
TTTTTTTTATTATACCAACGTCACTAAATTATATTTGATAATGTAAAACAATTCAATTTTACTTAAATATCATGAA
ATAAACTATTTTTATAACCAAATTACTAAATTTTTCCAATAAAAAAAAGTCATTAAGAAGACATAAAATAAATT
TGAGTAAAAAGAGTGAAGTCGACTGACTTTTTTTTTTTTATCATAAGAAAATAAATTATTAACTTTAACCTAA
TAAAACACTAATATAATTTCATGGAATCTAATACTTACCTCTTAGAAATAAGAAAAAGTGTTTCTAATAGACCC



TCAATTTACATTAAATATTTTCAATCAAATTTAAATAACAAATATCAATATGAGGTCAATAACAATATCAAAATA
ATATGAAAAAAGAGCAATACATAATATAAGAAAGAAGATTTAAGTGCGATTATCAAGGTAGTATTATATCCTA
ATTTGCTAATATTTAAACTCTTATATTTAAGGTCATGTTCATGATAAACTTGAAATGCGCTATATTAGAGCATAT
ATTAAAATAAAAAAATACCTAAAATAAAATTAAGTTATTTTTAGTATATATTTTTTTACATGACCTACATTTTTC
TGGGTTTTTCTAAAGGAGCGTGTAAGTGTCGACCTCATTCTCCTAATTTTCCCCACCACATAAAAATTAAAA
AGGAAAGGTAGCTTTTGCGTGTTGTTTTGGTACACTACACCTCATTATTACACGTGTCCTCATATAATTGGTT
AACCCTATGAGGCGGTTTCGTCTAGAGTCGGCCATGCCATCTATAAAATGAAGCTTTCTGCACCTCATTTTT
TTCATCTTCTATCTGATTTCTATTATAATTTCTCTCAATTGCCTTCAAATTTCTCTTTAAGGTTAGAAATCTTCTC
TATTTTTGGTTTTTGTCTGTTTAGATTCTCGAATTAGCTAATCAGGTGCTGTTATAGCCCTTAATTTTGAGTTT
TTTTTCGGTTGTTTTGATGGAAAAGGCCTAAAATTTGAGTTTTTTTACGTTGGTTTGATGGAAAAGGCCTA
CAATTGGAGTTTTCCCCGTTGTTTTGATGAAAAAGCCCCTAGTTTGAGATTTTTTTTCTGTCGATTCGATTCT
AAAGGTTTAAAATTAGAGTTTTTACATTTGTTTGATGAAAAAGGCCTTAAATTTGAGTTTTTCCGGTTGATT
TGATGAAAAAGCCCTAGAATTTGTGTTTTTTCGTCGGTTTGATTCTGAAGGCCTAAAATTTGAGTTTCTCCG
GCTGTTTTGATGAAAAAGCCCTAAATTTGAGTTTCTCCGGCTGTTTTGATGAAAAAGCCCTAAATTTGAGTT
TTTTCCCCGTGTTTTAGATTGTTTGGTTTTAATTCTCGAATCAGCTAATCAGGGAGTGTGAAAAGCCCTAAA
ATTTGAGTTTTTTTCGTTGTTCTGATTGTTGTTTTTATGAATTTGCAGATGCAGATCTTTGTGAAAACTCTCA
CCGGAAAGACTATCACCCTAGAGGTGGAAAGTTCTGATACAATCGACAACGTTAAGGCTAAGATCCAGGA
TAAGGAAGGAATTCCCCCGGATCAGCAAAGGCTTATCTTCGCCGGAAAGCAGTTGGAGGACGGACGTAC
TCTAGCTGATTACAACATCCAGAAGGAGTCTACCCTCCATTTGGTGCTCCGTCTACGTGGAGGTGGATCCAT
GGCGGCTGCTGCCTCACCATCTCCATGTTTCTCCAAAACCCTACCTCCATCTTCCTCCAAATCTTCCACCATT
CTTCCTAGATCTACCTTCCCTTTCCACAATCACCCTCAAAAAGCCTCACCCCTTCATCTCACCCACACCCATC
ATCATCGTCGTGGTTTCGCCGTTTCCAATGTCGTCATATCCACTACCACCCATAACGACGTTTCTGAACCTGA
AACATTCGTTTCCCGTTTCGCCCCTGACGAACCCAGAAAGGGTTGTGATGTTCTTGTGGAGGCACTTGAA
AGGGAGGGGGTTACGGATGTATTTGCGTACCCAGGAGGTGCTTCTATGGAGATTCATCAGGCTTTGACAC
GTTCGAATATTATTCGTAATGTGCTGCCACGTCATGAGCAAGGTGGTGTGTTTGCTGCAGAGGGTTACGCA
CGGGCGACTGGGTTCCCTGGTGTTTGCATTGCTACCTCTGGTCCGGGAGCTACGAATCTTGTTAGTGGTCT
TGCGGATGCTTTGTTGGATAGTATTCCGATTGTTGCTATTACGGGTCAAGTGCCGAGGAGGATGATTGGTA
CTGATGCGTTTCAGGAAACGCCTATTGTTGAGGTAACGAGATCTATTACGAAGCATAATTATCTTGTTATGG
ATGTAGAGGATATTCCTAGGGTTGTTCGTGAAGCGTTTTTTCTAGCGAAATCGGGACGGCCTGGGCCGGTT
TTGATTGATGTACCTAAGGATATTCAGCAACAATTGGTGATACCTAATTGGGATCAGCCAATGAGGTTGCCT
GGTTACATGTCTAGATTACCTAAATTGCCTAATGAGATGCTTTTGGAACAAATTATTAGGCTGATTTCGGAGT
CGAAGAAGCCTGTTTTGTATGTGGGTGGTGGGTGTTTGCAATCAAGTGAGGAGCTGAGACGATTTGTGGA
GCTTACGGGTATTCCTGTGGCGAGTACTTTGATGGGTCTTGGAGCTTTTCCAACTGGGGATGAGCTTTCCC
TTCAAATGTTGGGTATGCATGGGACTGTGTATGCTAATTATGCTGTGGATGGTAGTGATTTGTTGCTTGCATT
TGGGGTGAGGTTTGATGATCGAGTTACTGGTAAATTGGAAGCTTTTGCTAGCCGAGCGAAAATTGTCCAC
ATTGATATTGATTCGGCTGAGATTGGAAAGAACAAGCAACCTCATGTTTCCATTTGTGCAGATATCAAGTTG
GCATTACAGGGTTTGAATTCCATATTGGAGGGTAAAGAAGGTAAGCTGAAGTTGGACTTTTCTGCTTGGA
GACAGGAGTTAACGGAACAGAAGGTGAAGTACCCATTGAGTTTTAAGACTTTTGGTGAAGCCATCCCTCC
ACAATATGCTATTCAGGTTCTTGATGAGTTAACTAACGGAAATGCCATTATTAGTACTGGTGTGGGGCAACA
CCAGATGTGGGCTGCCCAATACTATAAGTACAAAAAGCCACACCAATGGTTGACATCTGGTGGATTAGGAG
CAATGGGATTTGGTTTGCCTGCTGCAATAGGTGCGGCTGTTGGAAGACCGGGTGAGATTGTGGTTGACAT
TGATGGTGACGGGAGTTTTATCATGAATGTGCAGGAGTTAGCAACAATTAAGGTGGAGAATCTCCCAGTTA
AGATTATGTTGCTGAATAATCAACACTTGGGAATGGTGGTTCAACTGGAGGATCGATTCTATAAGGCTAACA
GAGCACACACTTACTTGGGTGATCCTGCTAATGAGGAAGAGATCTTCCCTAATATGTTGAAATTCGCAGAG



GCTTGTGGCGTACCTGCTGCAAGAGTGTCACACAGGGATGATCTTAGAGCTGCCATTCAAAAGATGTTAGA
CACTCCTGGGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAGCACGTTCTACCTATGATTCCCATTGGC
GGTGCTTTCAAAGATGTGATCACAGAGGGTGATGGGAGACGTTCATATTGAACTAGTTTTTAATGTTTAGC
AAATGTCCTATCAGTTTTCTCTTTTTGTCGAACGGTAATTTAGAGTTTTTTTTGCTATATGGATTTTCGTTTTT
GATGTATGTGACAACCCTCGGGATTGTTGATTTATTTCAAAACTAAGAGTTTTTGCTTATTGTTCTCGTCTAT
TTTGGATATCAATCTTAGTTTTATATCTTTTCTAGTTCTCTACGTGTTAAATGTTCAACACACTAGCAATTTGG
CTGCAGCGTATGGATTATGGAACTATCAAGTCTGTGGGATCGATAAATATGCTTCTCAGGAATTTGAGATTT
TACAGTCTTTATGCTCATTGGGTTGAGTATAATATAGTAAAAAAATAGGTATCGATACCGTCGACCTCGATCG
AGGGGGGGCCCAAAAACGTTAAATCTAGAAGGCCTCCCGGGAAAGGATCCAAAGAATTCAAAGTCGACA
AAATCGATAAAGAGCTCAAACCTGCAGGAAAGGTACCAAACCATGGAAAGGCGCGCCGTTTAAACAAAC
TGATAATTGCCAACACAATTAACATCTCAATCAAGGTAAATGCTTTTTGCTTTTAAAGTTTAAACTATCAGTG
TTTGACAGGATATATTGGCGGGTAAACCTAAGAGAAAAGAGCGTTTATTAGAATAATCGGATATTTAAAAG
GGCGTGAAAAGGTTTATCCGTTCGTCCATTTGTATGTGCATGCCAACCACAGGGTTCCCCTCGGGAGAAAC
GTACGGACGCACACCGTGGAAACGGATGAAGGCACGAACCCAGTTGACATAAGCCTGTTCGGTTCGTAA
ACTGTAATGCAAGTAGCGTATGCGCTCACGCAACTGGTCCAGAACCTTGACCGAACGCAGCGGTGGTAAC
GGCGCAGTGGCGGTTTTCATGGCTTGTTATGACTGTTTTTTTGTACAGTCTATGCCTCGGGCATCCAAGCA
GCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACGATGTTACGCAGCAGCAACGA
TGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTA
GGCTCGGCCCTGACCAAGTCAAATCCATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTCGGAGACGTA
GCCACCTACTCCCAACATCAGCCGGACTCCGATTACCTCGGGAACTTGCTCCGTAGTAAGACATTCATCGCG
CTTGCTGCCTTCGACCAAGAAGCGGTTGTTGGCGCTCTCGCGGCTTACGTTCTGCCCAAGTTTGAGCAGC
CGCGTAGTGAGATCTATATCTATGATCTCGCAGTCTCCGGAGAGCACCGGAGGCAGGGCATTGCCACCGCG
CTCATCAATCTCCTCAAGCATGAGGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGT
GACGATCCCGCAGTGGCTCTCTATACAAAGTTGGGCATACGGGAAGAAGTGATGCACTTTGATATCGACCC
AAGTACCGCCACCTAACAATTCGTTCAAGCCGAGATCGGCTTCCCGGCCGCGGAGTTGTTCGGTAAATTGT
CACAACACCGCCGTACGAAAGGTCAAATTGGGTATACCCATTTGGGCCTAGTCTAGCCGGCATGGCGCATT
ACAGCAATACGCAATTTAAATGCGCCTAGCGCATTTTCCCGACCTTAATGCGCCTAAACGCGCTTGGCGTAA
TCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGC
ATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGC
TTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTT
GCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCG
GTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGG
CACATATACCTGCCGTTCACTATTATTTAGTGAAATGAGATATTATGATATTTTCTGAATTGTGATTAAAAAGG
CAACTTTATGCCCATGCAACAGAAACTATAAAAAATACAGAGAATGAAAAGAAACAGATAGATTTTTTAGT
TCTTTAGGCCCGTAGTCTGCAAATCCTTTTATGATTTTCTATCAAACAAAAGAGGAAAATAGACCAGTTGCA
ATCCAAACGAGAGTCTAATAGAATGAGGTCGAAAAGTAAATCGCGCGGGTTTGTTACTGATAAAGCAGGC
AAGACCTAAAATGTGTAAAGGGCAAAGTGTATACTTTGGCGTCACCCCTTACATATTTTAGGTCTTTTTTTAT
TGTGCGTAACTAACTTGCCATCTTCAAACAGGAGGGCTGGAAGAAGCAGACCGCTAACACAGTACATAAA
AAAGGAGACATGAACGATGAACATCAAAAAGTTTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCA
CTGCTGGCAGGAGGCGCAACTCAAGCGTTTGCGAAAGAAACGAACCAAAAGCCATATAAGGAAACATAC
GGCATTTCCCATATTACACGCCATGATATGCTGCAAATCCCTGAACAGCAAAAAAATGAAAAATATCAAGTT
CCTGAGTTCGATTCGTCCACAATTAAAAATATCTCTTCTGCAAAAGGTCTGGACGTTTGGGACAGCTGGCC
ATTACAAAACGCTGACGGCACTGTCGCAAACTATCACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCC
TAAAAATGCGGATGACACCTCGATTTATATGTTCTATCAAAAAGTCGGCGAAACTTCTATTGACAGCTGGAA



AAACGCTGGCCGCGTCTTTAAAGACAGCGACAAATTCGATGCAAATGATTCTATCCTAAAAGACCAAACAC
AAGAATGGTCAGGTTCAGCCACATTTACATCTGACGGAAAAATCCGTTTATTCTACACTGATTTCTCCGGTA
AACATTACGGCAAACAAACACTGACAACTGCACAAGTCAACGTATCAGCATCAGACAGCTCTTTGAACATC
AACGGTGTAGAGGACTATAAATCAATCTTTGACGGTGACGGAAAAACGTATCAAAATGTCCAGCAGTTCAT
CGACGAAGGCAACTACAGCTCAGGCGACAACCATACGCTGAGAGATCCTCACTACGTAGAAGATAAAGGC
CACAAATACTTAGTATTTGAAGCAAACACTGGAACTGAAGATGGCTACCAAGGCGAAGAATCTTTATTTAA
CAAAGCATACTATGGCAAAAGCACATCATTCTTCCGTCAAGAAAGTCAAAAACTTCTGCAAAGCGATAAAA
AACGCACGGCTGAGTTAGCAAACGGCGCTCTCGGTATGATTGAGCTAAACGATGATTACACACTGAAAAA
AGTGATGAAACCGCTGATTGCATCTAACACAGTAACAGATGAAATTGAACGCGCGAACGTCTTTAAAATGA
ACGGCAAATGGTATCTGTTCACTGACTCCCGCGGATCAAAAATGACGATTGACGGCATTACGTCTAACGATA
TTTACATGCTTGGTTATGTTTCTAATTCTTTAACTGGCCCATACAAGCCGCTGAACAAAACTGGCCTTGTGTT
AAAAATGGATCTTGATCCTAACGATGTAACCTTTACTTACTCACACTTCGCTGTACCTCAAGCGAAAGGAAA
CAATGTCGTGATTACAAGCTATATGACAAACAGAGGATTCTACGCAGACAAACAATCAACGTTTGCGCCGA
GCTTCCTGCTGAACATCAAAGGCAAGAAAACATCTGTTGTCAAAGACAGCATCCTTGAACAAGGACAATT
AACAGTCAACAAATAAAAACGCAAAAGAAAATGCCGATATGCTATCGGCATTACATGTGAGCAAAAGGCC
AGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG
AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCT
CCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCT
CCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTT
GAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGA
GGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTT
GGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAA
CCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGA
AGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCA
TGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTAT
ATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTT
CGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCC
AGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGG
AAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAG
CTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCAC
GCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGT
TGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCA
CTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTG
AGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGG
GATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACT
CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATC
TTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAG
GGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGA
AAAGTGCCACCTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATT
TTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTG
TTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGT
CTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAG



CACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGA
GAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCG
CGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCA
ACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTG
CAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGC
GCGTTAACAAAAGTACTTTTAGATCTGTAACTTTTTCGGATCAAGCTATGAAGGACGCAAAGAGGGAACTA
AACACTTAATTACGCGTTTTATAACGGTCCTAAGGTAGCGAAAAATAGGGATAACAGGGTAATCATC 
 
 
 
 
 
 



pP-5028 (B-glucuronidase with IV2 intron) 
5’ 
ctcgaga,tagcagca,ccaga,ggg,caatcaacaaggtacgagccatatcac,ta,caaa,ggtatcgccaaaaccaagaagg
aactcccatcctcaaagg,tgtaaggaagaa,ctcagtccaaagcctcaacaaggtcagggtacagagtctccaaacca,agccaaa
agctacaggagatcaatgaagaatc,caatcaaagtaaactactg,ccagcacatgcatcatggtcagtaag,tcagaaaaagacatc
caccgaagac,aaag,agtgggcatc,tgaaagtaatc,gtcaacatcgagcagctggc,gtggggaccagacaaaaaaggaatg
gtgcagaa,g,aggcgcacctaccaaaagcatc,tgcc,ta,gcaaagataaagcaga,cctctagtacaagtggggaacaaaata
acgtggaaaagagctgtcctgacagcccactcactaatgcgtatgacgaacgcagtgacgaccacaaaagaa,ccctctatataagaag
gca,ca,ccca,tgaaggatcatcagatactcaaccaatactagtggatccatggtccgtcctgtagaaaccccaacccgtgaaatcaa
aaaactcgacggcctgtgggca,cagtctggatcgcgaaaactgtggaa,gatcagcg,ggtgggaaagcgcg,acaagaaagccg



ggcaa,gctgtgccaggcag,,aacgatcag,cgccgatgcagata,cgtaa,atgcgggcaacgtctggtatcagcgcgaagtc,
tataccgaaagg,gggcaggccagcgtatcgtgctgcg,tcgatgcggtcactca,acggcaaagtgtgggtcaataatcaggaagtg
atggagcatcagggcggctatacgcca,tgaagccgatgtcacgccgtatg,a,gccgggaaaagtgtacgtaag,tctgc,ctacct
,gatatatatataataa,atca,aa,agtagtaatataata,tcaaata,,,tcaaaataaaagaatgtagtatatagcaa,gc,,
ctgtag,tataagtgtgtata,,aa,tataac,,ctaatatatgaccaaaa,tg,gatgtgcaggtatcaccg,tgtgtgaacaacga
actgaactggcagactatcccgccgggaatggtga,accgacgaaaacggcaagaaaaagcagtc,ac,ccatga,tc,taactatg
ccggaatccatcgcagcgtaatgctctacaccacgccgaacacctgggtggacgatatcaccgtggtgacgcatgtcgcgcaagactgta
accacgcgtctg,gactggcaggtggtggccaatggtgatgtcagcg,gaactgcgtgatgcggatcaacaggtgg,gcaactggaca
aggcactagcgggac,tgcaagtggtgaatccgcacctctggcaaccgggtgaagg,atctctatgaactgtgcgtcacagccaaaagc
cagacagagtgtgatatctacccgc,cgcgtcggcatccggtcagtggcagtgaagggcgaacag,cctga,aaccacaaaccg,cta
c,tactggc,tggtcgtcatgaagatgcggac,gcgtggcaaagga,cgataacgtgctgatggtgcacgaccacgca,aatggact
gga,ggggccaactcctaccgtacctcgca,accc,acgctgaagagatgctcgactgggcagatgaacatggcatcgtggtga,gat
gaaactgctgctgtcggc,taacctctc,taggca,gg,tcgaagcgggcaacaagccgaaagaactgtacagcgaagaggcagtca
acggggaaactcagcaagcgcac,acaggcga,aaagagctgatagcgcgtgacaaaaaccacccaagcgtggtgatgtggagta,
gccaacgaaccggatacccgtccgcaaggtgcacgggaata,tcgcgccactggcggaagcaacgcgtaaactcgacccgacgcgtcc
gatcacctgcgtcaatgtaatg,ctgcgacgctcacaccgataccatcagcgatctc,tgatgtgctgtgcctgaaccg,a,acggatgg
tatgtccaaagcggcga,tggaaacggcagagaaggtactggaaaaagaac,ctggcctggcaggagaaactgcatcagccga,atc
atcaccgaatacggcgtggatacg,agccgggctgcactcaatgtacaccgacatgtggagtgaagagtatcagtgtgcatggctggata
tgtatcaccgcgtc,tgatcgcgtcagcgccgtcgtcggtgaacaggtatggaa,tcgccga,,gcgacctcgcaaggcata,gcgcgt
tggcggtaacaagaaagggatc,cactcgcgaccgcaaaccgaagtcggcggc,,ctgctgcaaaaacgctggactggcatgaac,
cggtgaaaaaccgcagcagggaggcaaacaatgaggatctgagctcactag,,taatg,tagcaaatgtcctatcag,,ctc,,tgt
cgaacggtaa,tagag,,,,gctatatgga,,cg,,tgatgtatgtgacaaccctcggga,g,ga,ta,tcaaaactaagag,t
,gc,a,g,ctcgtcta,,ggatatcaatc,ag,,atatc,,ctag,ctctacgtg,aaatg,caacacactagcaa,tggctgc
agcgtatgga,atggaactatcaagtctgtgggatcgataaatatgc,ctcaggaa,tgaga,,acagtc,tatgctca,ggg,gag
tataatatagtaaaaaaataggtatcgataccgtcgacctcgatcgagggggggcccaaaaacg,aaatctagaaggcctcccgggaa
aggatccaaagaa,caaagtcgacaaaatcgataaagagctcaaacctgcaggaaaggtaccaaaccatggaaaggcgcgcc,tata
acggtcctaaggtagcgaaaaatagggataacagggtaa,,acgcgtaaatg,tag,cctcg,,ctctcg,ggaagaagaagaaa
cgagaaactaaaa,aaaaagtac,,agatctg,taaactatcagtg,tgacaggatata,ggcgggtaaacctaagagaaaagag
cg,ta,agaataatcggata,taaaagggcgtgaaaagg,tatccg,cgtcca,tgtatgtgcatgccaaccacaggg,cccctcgg
gagaaacgtacgctcgcg,ggcagcatcacccataa,gtgg,tcaaaatcggctccgtcgatactatg,atacgccaac,tgaaaaca
ac,tgaaaaagctg,,ctggta,taaag,,agaatgcaaggaacagtgaa,ggag,cgtc,g,ataa,agc,c,ggggtatct
,aaatactgtagaaaagaggaaggaaataataaatggctaaaatgagaatatcaccggaa,gaaaaaactgatcgaaaaataccgct
gcgtaaaagatacggaaggaatgtctcctgctaaggtatataagctggtgggagaaaatgaaaacctata,taaaaatgacggacagc
cggtataaagggaccacctatgatgtggaacgggaaaaggacatgatgctatggctggaaggaaagctgcctg,ccaaaggtcctgca
cc,gaacggcatgatggctggagcaatctgctcatgagtgaggccgatggcgtcc,tgctcggaagagtatgaagatgaacaaagccct
gaaaaga,atcgagctgtatgcggagtgcatcaggctc,tcactccatcgacatatcgga,gtccctatacgaatagc,agacagccgc
,agccgaa,gga,ac,actgaataacgatctggccgatgtgga,gcgaaaactgggaagaagacactcca,taaagatccgcgcg
agctgtatga,,,aaagacggaaaagcccgaagaggaac,gtc,,cccacggcgacctgggagacagcaacatc,tgtgaaagat
ggcaaagtaagtggc,ta,gatc,gggagaagcggcagggcggacaagtggtatgaca,gcc,ctgcgtccggtcgatcagggagg
ata,ggggaagaacagtatgtcgagcta,,,gac,actggggatcaagcctga,gggagaaaataaaata,ata,,actggatg
aa,g,,agtacctagatgtggcgcaacgatgccggcgacaagcaggagcgcaccgac,c,ccgcatcaagtg,,ggctctcaggcc
gaggcccacggcaagta,tgggcaaggggtcgctggta,cgtgcagggcaaga,cggaataccaagtacgagaaggacggccagac
ggtctacgggacgtacgaaaggtcaaa,gggtataccca,tgggcctagtctagccggcatggcgca,acagcaatacgcaa,taaa
tgcgcctagcgca,,cccgacc,aatgcgcctaaacgcgc,ggcgtaatcatggtcatagctg,tcctgtgtgaaa,g,atccgctca



caa,ccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcaca,aa,gcg,gcgctc
actgcccgc,tccagtcgggaaacctgtcgtgccagctgca,aatgaatcggccaacgcgcggggagaggcgg,tgcgta,gggcgc
tc,ccgc,cctcgctcactgactcgctgcgctcggtcg,cggctgcggcgagcggtatcagctcactcaaaggcggtaatacgg,atcc
acagaatcaggggataacgcaggaaagaacatggcacatatacctgccg,cacta,a,tagtgaaatgagata,atgata,,ctga
a,gtga,aaaaaggcaac,tatgcccatgcaacagaaactataaaaaatacagagaatgaaaagaaacagataga,,,ag,c,t
aggcccgtagtctgcaaatcc,,atga,,ctatcaaacaaaagaggaaaatagaccag,gcaatccaaacgagagtctaatagaatg
aggtcgaaaagtaaatcgcgcggg,tg,actgataaagcaggcaagacctaaaatgtgtaaagggcaaagtgtatac,tggcgtcac
ccc,acata,,aggtc,,,ta,gtgcgtaactaac,gccatc,caaacaggagggctggaagaagcagaccgctaacacagtaca
taaaaaaggagacatgaacgatgaacatcaaaaag,tgcaaaacaagcaacagta,aacc,tactaccgcactgctggcaggaggc
gcaactcaagcg,tgcgaaagaaacgaaccaaaagccatataaggaaacatacggca,tcccata,acacgccatgatatgctgcaa
atccctgaacagcaaaaaaatgaaaaatatcaag,cctgag,cga,cgtccacaa,aaaaatatctc,ctgcaaaaggtctggacgt
,gggacagctggcca,acaaaacgctgacggcactgtcgcaaactatcacggctaccacatcgtc,tgca,agccggagatcctaaa
aatgcggatgacacctcga,tatatg,ctatcaaaaagtcggcgaaac,cta,gacagctggaaaaacgctggccgcgtc,taaaga
cagcgacaaa,cgatgcaaatga,ctatcctaaaagaccaaacacaagaatggtcagg,cagccaca,tacatctgacggaaaaatc
cg,ta,ctacactga,tctccggtaaaca,acggcaaacaaacactgacaactgcacaagtcaacgtatcagcatcagacagctc,tg
aacatcaacggtgtagaggactataaatcaatc,tgacggtgacggaaaaacgtatcaaaatgtccagcag,catcgacgaaggcaac
tacagctcaggcgacaaccatacgctgagagatcctcactacgtagaagataaaggccacaaatac,agta,tgaagcaaacactgga
actgaagatggctaccaaggcgaagaatc,ta,taacaaagcatactatggcaaaagcacatca,c,ccgtcaagaaagtcaaaaac
,ctgcaaagcgataaaaaacgcacggctgag,agcaaacggcgctctcggtatga,gagctaaacgatga,acacactgaaaaaag
tgatgaaaccgctga,gcatctaacacagtaacagatgaaa,gaacgcgcgaacgtc,taaaatgaacggcaaatggtatctg,cact
gactcccgcggatcaaaaatgacga,gacggca,acgtctaacgata,tacatgc,gg,atg,tctaa,c,taactggcccataca
agccgctgaacaaaactggcc,gtg,aaaaatggatc,gatcctaacgatgtaacc,tac,actcacac,cgctgtacctcaagcga
aaggaaacaatgtcgtga,acaagctatatgacaaacagagga,ctacgcagacaaacaatcaacg,tgcgccgagc,cctgctgaa
catcaaaggcaagaaaacatctg,gtcaaagacagcatcc,gaacaaggacaa,aacagtcaacaaataaaaacgcaaaagaaaa
tgccgatatgctatcggca,acatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcg,gctggcg,,tccatag
gctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcg,tcc
ccctggaagctccctcgtgcgctctcctg,ccgaccctgccgc,accggatacctgtccgcc,tctccc,cgggaagcgtggcgc,tctc
atagctcacgctgtaggtatctcag,cggtgtaggtcg,cgctccaagctgggctgtgtgcacgaaccccccg,cagcccgaccgctgcg
cc,atccggtaactatcgtc,gagtccaacccggtaagacacgac,atcgccactggcagcagccactggtaacagga,agcagagc
gaggtatgtaggcggtgctacagag,c,gaagtggtggcctaactacggctacactagaaggacagta,tggtatctgcgctctgctga
agccag,acc,cggaaaaagag,ggtagctc,gatccggcaaacaaaccaccgctggtagcggtgg,,,tg,tgcaagcagcag
a,acgcgcagaaaaaaaggatctcaagaagatcc,tgatc,,ctacggggtctgacgctcagtggaacgaaaactcacg,aaggga
,,ggtcatgaga,atcaaaaaggatc,cacctagatcc,,aaa,aaaaatgaag,,aaatcaatctaaagtatatatgagtaaac
,ggtctgacag,accaatgc,aatcagtgaggcacctatctcagcgatctgtcta,tcg,catccatag,gcctgactccccgtcgtgta
gataactacgatacgggagggc,accatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccaga,tatcagca
ataaaccagccagccggaagggccgagcgcagaagtggtcctgcaac,tatccgcctccatccagtcta,aa,g,gccgggaagcta
gagtaagtag,cgccag,aatag,tgcgcaacg,g,gcca,gctacaggcatcgtggtgtcacgctcgtcg,tggtatggc,ca,c
agctccgg,cccaacgatcaaggcgag,acatgatcccccatg,gtgcaaaaaagcgg,agctcc,cggtcctccgatcg,gtcaga
agtaag,ggccgcagtg,atcactcatgg,atggcagcactgcataa,ctc,actgtcatgccatccgtaagatgc,,ctgtgactgg
tgagtactcaaccaagtca,ctgagaatagtgtatgcggcgaccgag,gctc,gcccggcgtcaatacgggataataccgcgccacata
gcagaac,taaaagtgctcatca,ggaaaacg,c,cggggcgaaaactctcaaggatc,accgctg,gagatccag,cgatgtaac
ccactcgtgcacccaactgatc,cagcatc,,ac,tcaccagcg,tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaa
gggaataagggcgacacggaaatg,gaatactcatactc,cc,,tcaata,a,gaagca,tatcaggg,a,gtctcatgagcgga
tacata,tgaatgta,tagaaaaataaacaaatagggg,ccgcgcaca,tccccgaaaagtgccacctaaa,gtaagcg,aata,t



tg,aaaa,cgcg,aaa,,tg,aaatcagctca,,,aaccaataggccgaaatcggcaaaatccc,ataaatcaaaagaatagac
cgagataggg,gagtg,g,ccag,tggaacaagagtccacta,aaagaacgtggactccaacgtcaaagggcgaaaaaccgtctat
cagggcgatggcccactacgtgaaccatcaccctaatcaag,,,ggggtcgaggtgccgtaaagcactaaatcggaaccctaaaggg
agcccccga,tagagc,gacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggc
gctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgc,aatgcgccgctacagggcgcgtccca,cgcca,cagg
ctgcgcaactg,gggaagggcgatcggtgcgggcctc,cgcta,acgccagctggcgaaagggggatgtgctgcaaggcga,aag,
gggtaacgccaggg,,cccagtcacgacg,gtaaaacgacggccagtgagcgcg,ccaactcgc,aa,gcgag,,ta,tcg,ta
,tcaa,aaggtaactaaaaaactcc,atac 
 
  



 

 
 
pB-5033 (enhanced Green Fluorescence Protein) 
5’ 
aaaagtac,,agatctGTAACTTTTTCGGATCAAGCTATGAAGGACGCAAAGAGGGAACTAAACACTTAATTac
gcg,,ataacggtcctaaggtagcgaaaaatagggataacagggtaatcatcctcgaatcaaagatacagtctcagaagaccaaaggg
ctatTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAA
AGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTG
TCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCCATCATTGCGATAAAGGAAAG
GCCATCGTTGAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGG
AAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATAACATGGTGGAGCACGACAC



ACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAAGGGCAATTGAGACTTTTCAACAAA
GGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTTATTGTGAAGATAGTGGAAA
AGGAAGGTGGCTCCTACAAATGCCATCATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGA
CAGTGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTC
TTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCA
AGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGAactagtggatccgtcgacatggcaagcatcacagc
,cacaccac,tgtgtcaagaagccaaac,cactagacaccaaatcaacc,gtcacagataggactcaggaaccatactctgactcaca
atgg,taagggctg,aacaagc,gatgggctccaatcaagaactaatactaaggtaacacccaagatggcatccagaactgagacca
agagacctggatgctcagctacca,g,tgtATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATC
CTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGC
CACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTC
GTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCT
TCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAA
GACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTT
CAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATG
GCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG
CAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACT
ACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTT
CGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAGgagctcgaa,tccccgatcg,caaac
a,tggcaataaag,tc,aaga,gaatcctg,gccggtc,gcgatga,atcatataa,tctg,gaa,acg,aagcatgtaataa,
aacatgtaatgcatgacg,a,tatgagatggg,,tatga,agagtcccgcaa,ataca,taatacgcgatagaaaacaaaatatag
cgcgcaaactaggataaa,atcgcgcgcggtgtcatctatg,actagatctatcgataccgtcgacctcgatcgagggggggcccaaaa
acg,aaatctagaaggcctcccgggaaaggatccaaagaa,caaagtcgacaaaatcgataaagagctcaaacctgcaggaaaggta
ccaaaccatggaaaggcgcgcc,tataacggtcctaaggtagcgaaaaatagggataacagggtaa,,acgcgtaaaCTGATAAT
TGCCAACACAATTAACATCTCAATCAAGGTAAATGCTTTTTGCTTTTaaag,taaactatcagtg,tgacaggatatat
tggcgggtaaacctaagagaaaagagcg,ta,agaataatcggata,taaaagggcgtgaaaagg,tatccg,cgtcca,tgtatg
tgcatgccaaccacaggg,cccctcgggagaaacgtacggacgcacaccgtggaaacggatgaaggcacgaacccag,gacataagc
ctg,cgg,cgtaaactgtaatgcaagtagcgtatgcgctcacgcaactggtccagaacc,gaccgaacgcagcggtggtaacggcgca
gtggcgg,,catggc,g,atgactg,,,tgtacagtctatgcctcgggcatccaagcagcaagcgcg,acgccgtgggtcgatg,t
gatg,atggagcagcaacgatg,acgcagcagcaacgatg,acgcagcagggcagtcgccctaaaacaaag,aggtggctcaagta
tgggcatca,cgcacatgtaggctcggccctgaccaagtcaaatccatgcgggctgctc,gatc,,cggtcgtgag,cggagacgtag
ccacctactcccaacatcagccggactccga,acctcgggaac,gctccgtagtaagaca,catcgcgc,gctgcc,cgaccaagaa
gcgg,g,ggcgctctcgcggc,acg,ctgcccaag,tgagcagccgcgtagtgagatctatatctatgatctcgcagtctccggagagc
accggaggcagggca,gccaccgcgctcatcaatctcctcaagcatgaggccaacgcgc,ggtgc,atgtgatctacgtgcaagcaga
,acggtgacgatcccgcagtggctctctatacaaag,gggcatacgggaagaagtgatgcac,tgatatcgacccaagtaccgccacct
aacaa,cg,caagccgagatcggc,cccggccgcggag,g,cggtaaa,gtcacaacaccgccgtacgaaaggtcaaa,gggtat
accca,tgggcctagtctagccggcatggcgca,acagcaatacgcaa,taaatgcgcctagcgca,,cccgacc,aatgcgcctaa
acgcgc,ggcgtaatcatggtcatagctg,tcctgtgtgaaa,g,atccgctcacaa,ccacacaacatacgagccggaagcataaag
tgtaaagcctggggtgcctaatgagtgagctaactcaca,aa,gcg,gcgctcactgcccgc,tccagtcgggaaacctgtcgtgccag
ctgca,aatgaatcggccaacgcgcggggagaggcgg,tgcgta,gggcgctc,ccgc,cctcgctcactgactcgctgcgctcggtc
g,cggctgcggcgagcggtatcagctcactcaaaggcggtaatacgg,atccacagaatcaggggataacgcaggaaagaacatggc
acatatacctgccg,cacta,a,tagtgaaatgagata,atgata,,ctgaa,gtga,aaaaaggcaac,tatgcccatgcaacag
aaactataaaaaatacagagaatgaaaagaaacagataga,,,ag,c,taggcccgtagtctgcaaatcc,,atga,,ctatcaa
acaaaagaggaaaatagaccag,gcaatccaaacgagagtctaatagaatgaggtcgaaaagtaaatcgcgcggg,tg,actgata



aagcaggcaagacctaaaatgtgtaaagggcaaagtgtatac,tggcgtcacccc,acata,,aggtc,,,ta,gtgcgtaactaa
c,gccatc,caaacaggagggctggaagaagcagaccgctaacacagtacataaaaaaggagacatgaacgatgaacatcaaaaag
,tgcaaaacaagcaacagta,aacc,tactaccgcactgctggcaggaggcgcaactcaagcg,tgcgaaagaaacgaaccaaaag
ccatataaggaaacatacggca,tcccata,acacgccatgatatgctgcaaatccctgaacagcaaaaaaatgaaaaatatcaag,c
ctgag,cga,cgtccacaa,aaaaatatctc,ctgcaaaaggtctggacg,tgggacagctggcca,acaaaacgctgacggcact
gtcgcaaactatcacggctaccacatcgtc,tgca,agccggagatcctaaaaatgcggatgacacctcga,tatatg,ctatcaaaaa
gtcggcgaaac,cta,gacagctggaaaaacgctggccgcgtc,taaagacagcgacaaa,cgatgcaaatga,ctatcctaaaag
accaaacacaagaatggtcagg,cagccaca,tacatctgacggaaaaatccg,ta,ctacactga,tctccggtaaaca,acggc
aaacaaacactgacaactgcacaagtcaacgtatcagcatcagacagctc,tgaacatcaacggtgtagaggactataaatcaatc,tg
acggtgacggaaaaacgtatcaaaatgtccagcag,catcgacgaaggcaactacagctcaggcgacaaccatacgctgagagatcct
cactacgtagaagataaaggccacaaatac,agta,tgaagcaaacactggaactgaagatggctaccaaggcgaagaatc,ta,ta
acaaagcatactatggcaaaagcacatca,c,ccgtcaagaaagtcaaaaac,ctgcaaagcgataaaaaacgcacggctgag,ag
caaacggcgctctcggtatga,gagctaaacgatga,acacactgaaaaaagtgatgaaaccgctga,gcatctaacacagtaacag
atgaaa,gaacgcgcgaacgtc,taaaatgaacggcaaatggtatctg,cactgactcccgcggatcaaaaatgacga,gacggcat
tacgtctaacgata,tacatgc,gg,atg,tctaa,c,taactggcccatacaagccgctgaacaaaactggcc,gtg,aaaaatg
gatc,gatcctaacgatgtaacc,tac,actcacac,cgctgtacctcaagcgaaaggaaacaatgtcgtga,acaagctatatgaca
aacagagga,ctacgcagacaaacaatcaacg,tgcgccgagc,cctgctgaacatcaaaggcaagaaaacatctg,gtcaaagac
agcatcc,gaacaaggacaa,aacagtcaacaaataaaaacgcaaaagaaaatgccgatatgctatcggca,acatgtgagcaaaa
ggccagcaaaaggccaggaaccgtaaaaaggccgcg,gctggcg,,tccataggctccgcccccctgacgagcatcacaaaaatcga
cgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcg,tccccctggaagctccctcgtgcgctctcctg,ccga
ccctgccgc,accggatacctgtccgcc,tctccc,cgggaagcgtggcgc,tctcatagctcacgctgtaggtatctcag,cggtgtag
gtcg,cgctccaagctgggctgtgtgcacgaaccccccg,cagcccgaccgctgcgcc,atccggtaactatcgtc,gagtccaacccg
gtaagacacgac,atcgccactggcagcagccactggtaacagga,agcagagcgaggtatgtaggcggtgctacagag,c,gaagt
ggtggcctaactacggctacactagaaggacagta,tggtatctgcgctctgctgaagccag,acc,cggaaaaagag,ggtagctct
tgatccggcaaacaaaccaccgctggtagcggtgg,,,tg,tgcaagcagcaga,acgcgcagaaaaaaaggatctcaagaagatc
c,tgatc,,ctacggggtctgacgctcagtggaacgaaaactcacg,aaggga,,ggtcatgaga,atcaaaaaggatc,caccta
gatcc,,aaa,aaaaatgaag,,aaatcaatctaaagtatatatgagtaaac,ggtctgacag,accaatgc,aatcagtgaggca
cctatctcagcgatctgtcta,tcg,catccatag,gcctgactccccgtcgtgtagataactacgatacgggagggc,accatctggcc
ccagtgctgcaatgataccgcgagacccacgctcaccggctccaga,tatcagcaataaaccagccagccggaagggccgagcgcaga
agtggtcctgcaac,tatccgcctccatccagtcta,aa,g,gccgggaagctagagtaagtag,cgccag,aatag,tgcgcaacg
,g,gcca,gctacaggcatcgtggtgtcacgctcgtcg,tggtatggc,ca,cagctccgg,cccaacgatcaaggcgag,acatg
atcccccatg,gtgcaaaaaagcgg,agctcc,cggtcctccgatcg,gtcagaagtaag,ggccgcagtg,atcactcatgg,atg
gcagcactgcataa,ctc,actgtcatgccatccgtaagatgc,,ctgtgactggtgagtactcaaccaagtca,ctgagaatagtgtat
gcggcgaccgag,gctc,gcccggcgtcaatacgggataataccgcgccacatagcagaac,taaaagtgctcatca,ggaaaacgt
tc,cggggcgaaaactctcaaggatc,accgctg,gagatccag,cgatgtaacccactcgtgcacccaactgatc,cagcatc,,a
c,tcaccagcg,tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatg,gaatactc
atactc,cc,,tcaata,a,gaagca,tatcaggg,a,gtctcatgagcggatacata,tgaatgta,tagaaaaataaacaaata
gggg,ccgcgcaca,tccccgaaaagtgccacctaaa,gtaagcg,aata,,g,aaaa,cgcg,aaa,,tg,aaatcagctca
,,,aaccaataggccgaaatcggcaaaatccc,ataaatcaaaagaatagaccgagataggg,gagtg,g,ccag,tggaacaa
gagtccacta,aaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcacccta
atcaag,,,ggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccga,tagagc,gacggggaaagccggc
gaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccac
cacacccgccgcgc,aatgcgccgctacagggcgcgtccca,cgcca,caggctgcgcaactg,gggaagggcgatcggtgcgggcc



tc,cgcta,acgccagctggcgaaagggggatgtgctgcaaggcga,aag,gggtaacgccaggg,,cccagtcacgacg,gtaa
aacgacggccagtgagcgcg,aac 
 
 

 
 
 
pP-5032 (Silencing of gibberellin (GA) 20-oxidase) 
5’ 
ctcgagcaca,ga,gag,,atatgcaatatagtaataataataata,tc,ataaagcaagaggtcaa,,,,taa,ataccaacgt
cactaaa,ata,tgataatgtaaaacaa,caa,,ac,aaatatcatgaaataaacta,,tataaccaaa,actaaa,,tccaata
aaaaaaagtca,aagaagacataaaataaa,tgagtaaaaagagtgaagtcgactgac,,,,,,tatcataagaaaataaa,at



taac,taacctaataaaacactaatataa,tcatggaatctaatac,acctc,agaaataagaaaaagtg,tctaatagaccctcaa,
taca,aaata,,caatcaaa,taaataacaaatatcaatatgaggtcaataacaatatcaaaataatatgaaaaaagagcaatacat
aatataagaaagaaga,taagtgcga,atcaaggtagta,atatcctaa,tgctaata,taaactc,ata,taaggtcatg,catga
taaac,gaaatgcgctata,agagcatata,aaaataaaaaaatacctaaaataaaa,aag,a,,tagtatata,,,tacatgac
ctaca,,tctggg,,tctaaaggagcgtgtaagtgtcgacctca,ctcctaa,,ccccaccacataaaaa,aaaaaggaaaggtag
c,,gcgtg,g,,ggtacactacacctca,a,acacgtgtcctcatataa,gg,aaccctatgaggcgg,tcgtctagagtcggcca
tgccatctataaaatgaagc,tctgcacctca,,,tcatc,ccatcgga,tcta,ataa,tctctcaa,gcc,caaa,tctc,taag
g,agaaatc,ctcta,,tggg,,gtctg,taga,ctcgaa,agctaatcaggtgctg,atagccc,aa,,gag,,,,cgg,g
,,gatggaaaaggcctaaaa,tgag,,,tacg,gg,tgatggaaaaggcctacaa,ggag,,ccccg,g,,gatgaaaaag
cccctag,tgaga,,,,ctgtcga,cga,ctaaagg,taaaa,agag,,taca,tg,tgatgaaaaaggcc,aaa,tgag,,
tccgg,ga,tgatgaaaaagccctagaa,tgtg,,,cgtcgg,tga,ctgaaggcctaaaa,tgag,tctccggctg,,gatgaa
aaagccctaaa,tgag,tctccggctg,,gatgaaaaagccctaaa,tgag,,,ccccgtg,,aga,g,tgg,,aa,ctcgaa
tcagctaatcagggagtgtgaaaagccctaaaa,tgag,,,tcg,g,ctga,g,g,,tatgaa,tgcaga,ggatcccaataat
ggcta,ga,gtatgatcacaaatgcaaaatctccaatgatagatgaaaaaaaacaa,ta,,tgatgcatcgcatatgaaacgtgagtc
taata,cccacacaa,catatggcccgaccacgagaagcc,gtgccgtagtacaagaac,cacgtacccc,a,gac,aaggga,,
c,tctggtgactccgacgcggcccaacaagcatctaagc,g,ggagaagcgtgtcggagtcatggc,,,c,gtggtgaaccatgga
g,gatgctaatc,a,tctaatgctcatcg,atatggatacg,c,tgac,gccgc,,ggaaaagcaaaaggctcagaggaaaa,gg
cgagca,gtgg,atgctagtagc,tactggaagaatcactagtgaa,caagg,agaaatc,ctcta,,tgg,,tgtctg,taga,
ctcgaa,agctaatcaggtgctg,atagccc,aa,,gag,,,,cgg,g,,gatggaaaaggcctaaaa,tgag,,,tacg,
gg,tgatggaaaaggcctacaa,ggag,,ccccg,g,,gatgaaaaagcccctag,tgaga,,,,ctgtcga,cga,ctaaa
gg,taaaa,agag,,taca,tg,tgatgaaaaaggcc,aaa,tgag,,tccgg,ga,tgatgaaaaagccctagaa,tgtg,t
,tcgtcgg,tga,ctgaaggcctaaaa,tgag,tctccggctg,,gatgaaaaagccctaaa,tgag,tctccggctg,,gatga
aaaagccctaaa,tgag,,,ccccgtg,,aga,g,tgg,,aa,ctcgaatcagctaatcagggagtgtgaaaagccctaaaa,t
gag,,,tcg,g,ctga,g,g,,tatgaa,tgcagatggatatcc,ccagtaaagctactagcataaccacaatgctcgccaa,,c
ctctgagcc,,gc,,ccaaaagcggcaagtcaaagaacgtatccatataacgatgagca,agaaataaga,agcatcaactccatg
g,caccacaagaaaaaagccatgactccgacacgc,ctccaacaagc,agatgc,g,gggccgcgtcggagtcaccagaaagaaa
atccc,aagtcaataaggggtacgtgaag,c,gtactacggcacaaggc,ctcgtggtcgggccatatgaa,gtgtgggaata,aga
ctcacg,tcatatgcgatgcatcaaaaataaa,g,,,,catctatca,ggaga,,gca,tgtgatcatacaatcaatagcca,a,
gaagc,,ga,,aatg,tagcaaatgtcctatcag,,ctc,,tgtcgaacggtaa,tagag,,,,gctatatgga,,cg,,tga
tgtatgtgacaaccctcggga,g,ga,ta,tcaaaactaagag,,tgc,a,g,ctcgtcta,,ggatatcaatc,ag,,atatct
,tctag,ctctacgtg,aaatg,caacacactagcaa,tggctgcagcgtatgga,atggaactatcaagtctgtgggatcgataaat
atgc,ctcaggaa,tgaga,,acagtc,tatgctca,ggg,gagtataatatagtaaaaaaataggtatcgataccgtcgacctcgat
cgagggggggcccaaaaacg,aaatctagaaggcctcccgggaaaggatccaaagaa,caaagtcgacaaaatcgataaagagctc
aaacctgcaggaaaggtaccaaaccatggaaaggcgcgcc,tataacggtcctaaggtagcgaaaaatagggataacagggtaa,,
acgcgtaaatg,tag,cctcg,,ctctcg,ggaagaagaagaaacgagaaactaaaa,aaaaagtac,,agatctg,taaactat
cagtg,tgacaggatata,ggcgggtaaacctaagagaaaagagcg,ta,agaataatcggata,taaaagggcgtgaaaagg,t
atccg,cgtcca,tgtatgtgcatgccaaccacaggg,cccctcgggagaaacgtacgctcgcg,ggcagcatcacccataa,gtggt
,caaaatcggctccgtcgatactatg,atacgccaac,tgaaaacaac,tgaaaaagctg,,ctggta,taaag,,agaatgcaa
ggaacagtgaa,ggag,cgtc,g,ataa,agc,c,ggggtatc,taaatactgtagaaaagaggaaggaaataataaatggcta
aaatgagaatatcaccggaa,gaaaaaactgatcgaaaaataccgctgcgtaaaagatacggaaggaatgtctcctgctaaggtatata
agctggtgggagaaaatgaaaacctata,taaaaatgacggacagccggtataaagggaccacctatgatgtggaacgggaaaagga
catgatgctatggctggaaggaaagctgcctg,ccaaaggtcctgcacc,gaacggcatgatggctggagcaatctgctcatgagtgag
gccgatggcgtcc,tgctcggaagagtatgaagatgaacaaagccctgaaaaga,atcgagctgtatgcggagtgcatcaggctc,tc
actccatcgacatatcgga,gtccctatacgaatagc,agacagccgc,agccgaa,gga,ac,actgaataacgatctggccgatg



tgga,gcgaaaactgggaagaagacactcca,taaagatccgcgcgagctgtatga,,,aaagacggaaaagcccgaagaggaac
,gtc,,cccacggcgacctgggagacagcaacatc,tgtgaaagatggcaaagtaagtggc,ta,gatc,gggagaagcggcagg
gcggacaagtggtatgaca,gcc,ctgcgtccggtcgatcagggaggata,ggggaagaacagtatgtcgagcta,,,gac,actg
gggatcaagcctga,gggagaaaataaaata,ata,,actggatgaa,g,,agtacctagatgtggcgcaacgatgccggcgaca
agcaggagcgcaccgac,c,ccgcatcaagtg,,ggctctcaggccgaggcccacggcaagta,tgggcaaggggtcgctggta,c
gtgcagggcaaga,cggaataccaagtacgagaaggacggccagacggtctacgggacgtacgaaaggtcaaa,gggtataccca,
tgggcctagtctagccggcatggcgca,acagcaatacgcaa,taaatgcgcctagcgca,,cccgacc,aatgcgcctaaacgcgc
,ggcgtaatcatggtcatagctg,tcctgtgtgaaa,g,atccgctcacaa,ccacacaacatacgagccggaagcataaagtgtaaa
gcctggggtgcctaatgagtgagctaactcaca,aa,gcg,gcgctcactgcccgc,tccagtcgggaaacctgtcgtgccagctgcat
taatgaatcggccaacgcgcggggagaggcgg,tgcgta,gggcgctc,ccgc,cctcgctcactgactcgctgcgctcggtcg,cgg
ctgcggcgagcggtatcagctcactcaaaggcggtaatacgg,atccacagaatcaggggataacgcaggaaagaacatggcacatat
acctgccg,cacta,a,tagtgaaatgagata,atgata,,ctgaa,gtga,aaaaaggcaac,tatgcccatgcaacagaaact
ataaaaaatacagagaatgaaaagaaacagataga,,,ag,c,taggcccgtagtctgcaaatcc,,atga,,ctatcaaacaa
aagaggaaaatagaccag,gcaatccaaacgagagtctaatagaatgaggtcgaaaagtaaatcgcgcggg,tg,actgataaagc
aggcaagacctaaaatgtgtaaagggcaaagtgtatac,tggcgtcacccc,acata,,aggtc,,,ta,gtgcgtaactaac,gc
catc,caaacaggagggctggaagaagcagaccgctaacacagtacataaaaaaggagacatgaacgatgaacatcaaaaag,tgc
aaaacaagcaacagta,aacc,tactaccgcactgctggcaggaggcgcaactcaagcg,tgcgaaagaaacgaaccaaaagccat
ataaggaaacatacggca,tcccata,acacgccatgatatgctgcaaatccctgaacagcaaaaaaatgaaaaatatcaag,cctga
g,cga,cgtccacaa,aaaaatatctc,ctgcaaaaggtctggacg,tgggacagctggcca,acaaaacgctgacggcactgtcg
caaactatcacggctaccacatcgtc,tgca,agccggagatcctaaaaatgcggatgacacctcga,tatatg,ctatcaaaaagtcg
gcgaaac,cta,gacagctggaaaaacgctggccgcgtc,taaagacagcgacaaa,cgatgcaaatga,ctatcctaaaagacca
aacacaagaatggtcagg,cagccaca,tacatctgacggaaaaatccg,ta,ctacactga,tctccggtaaaca,acggcaaac
aaacactgacaactgcacaagtcaacgtatcagcatcagacagctc,tgaacatcaacggtgtagaggactataaatcaatc,tgacgg
tgacggaaaaacgtatcaaaatgtccagcag,catcgacgaaggcaactacagctcaggcgacaaccatacgctgagagatcctcacta
cgtagaagataaaggccacaaatac,agta,tgaagcaaacactggaactgaagatggctaccaaggcgaagaatc,ta,taacaa
agcatactatggcaaaagcacatca,c,ccgtcaagaaagtcaaaaac,ctgcaaagcgataaaaaacgcacggctgag,agcaaa
cggcgctctcggtatga,gagctaaacgatga,acacactgaaaaaagtgatgaaaccgctga,gcatctaacacagtaacagatgaa
a,gaacgcgcgaacgtc,taaaatgaacggcaaatggtatctg,cactgactcccgcggatcaaaaatgacga,gacggca,acgtc
taacgata,tacatgc,gg,atg,tctaa,c,taactggcccatacaagccgctgaacaaaactggcc,gtg,aaaaatggatc,g
atcctaacgatgtaacc,tac,actcacac,cgctgtacctcaagcgaaaggaaacaatgtcgtga,acaagctatatgacaaacaga
gga,ctacgcagacaaacaatcaacg,tgcgccgagc,cctgctgaacatcaaaggcaagaaaacatctg,gtcaaagacagcatcc
,gaacaaggacaa,aacagtcaacaaataaaaacgcaaaagaaaatgccgatatgctatcggca,acatgtgagcaaaaggccagc
aaaaggccaggaaccgtaaaaaggccgcg,gctggcg,,tccataggctccgcccccctgacgagcatcacaaaaatcgacgctcaa
gtcagaggtggcgaaacccgacaggactataaagataccaggcg,tccccctggaagctccctcgtgcgctctcctg,ccgaccctgcc
gc,accggatacctgtccgcc,tctccc,cgggaagcgtggcgc,tctcatagctcacgctgtaggtatctcag,cggtgtaggtcg,c
gctccaagctgggctgtgtgcacgaaccccccg,cagcccgaccgctgcgcc,atccggtaactatcgtc,gagtccaacccggtaaga
cacgac,atcgccactggcagcagccactggtaacagga,agcagagcgaggtatgtaggcggtgctacagag,c,gaagtggtggc
ctaactacggctacactagaaggacagta,tggtatctgcgctctgctgaagccag,acc,cggaaaaagag,ggtagctc,gatccg
gcaaacaaaccaccgctggtagcggtgg,,,tg,tgcaagcagcaga,acgcgcagaaaaaaaggatctcaagaagatcc,tgat
c,,ctacggggtctgacgctcagtggaacgaaaactcacg,aaggga,,ggtcatgaga,atcaaaaaggatc,cacctagatcct
,taaa,aaaaatgaag,,aaatcaatctaaagtatatatgagtaaac,ggtctgacag,accaatgc,aatcagtgaggcacctatc
tcagcgatctgtcta,tcg,catccatag,gcctgactccccgtcgtgtagataactacgatacgggagggc,accatctggccccagtg
ctgcaatgataccgcgagacccacgctcaccggctccaga,tatcagcaataaaccagccagccggaagggccgagcgcagaagtggt
cctgcaac,tatccgcctccatccagtcta,aa,g,gccgggaagctagagtaagtag,cgccag,aatag,tgcgcaacg,g,gc



ca,gctacaggcatcgtggtgtcacgctcgtcg,tggtatggc,ca,cagctccgg,cccaacgatcaaggcgag,acatgatccccc
atg,gtgcaaaaaagcgg,agctcc,cggtcctccgatcg,gtcagaagtaag,ggccgcagtg,atcactcatgg,atggcagca
ctgcataa,ctc,actgtcatgccatccgtaagatgc,,ctgtgactggtgagtactcaaccaagtca,ctgagaatagtgtatgcggcg
accgag,gctc,gcccggcgtcaatacgggataataccgcgccacatagcagaac,taaaagtgctcatca,ggaaaacg,c,cgg
ggcgaaaactctcaaggatc,accgctg,gagatccag,cgatgtaacccactcgtgcacccaactgatc,cagcatc,,ac,tcac
cagcg,tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatg,gaatactcatactc
,cc,,tcaata,a,gaagca,tatcaggg,a,gtctcatgagcggatacata,tgaatgta,tagaaaaataaacaaataggggt
tccgcgcaca,tccccgaaaagtgccacctaaa,gtaagcg,aata,,g,aaaa,cgcg,aaa,,tg,aaatcagctca,,,a
accaataggccgaaatcggcaaaatccc,ataaatcaaaagaatagaccgagataggg,gagtg,g,ccag,tggaacaagagtcc
acta,aaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaaccatcaccctaatcaag
,,,ggggtcgaggtgccgtaaagcactaaatcggaaccctaaagggagcccccga,tagagc,gacggggaaagccggcgaacgt
ggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggtcacgctgcgcgtaaccaccacacc
cgccgcgc,aatgcgccgctacagggcgcgtccca,cgcca,caggctgcgcaactg,gggaagggcgatcggtgcgggcctc,cg
cta,acgccagctggcgaaagggggatgtgctgcaaggcga,aag,gggtaacgccaggg,,cccagtcacgacg,gtaaaacga
cggccagtgagcgcg,ccaactcgc,aa,gcgag,,ta,tcg,ta,tcaa,aaggtaactaaaaaactcc,atac 
 
 
 
 



 
 
 
pB-5150 (Kanamycin resistance) 
5’ 
ggaaaactagtaaaAAGCTTCTAGAAAATACGAAATACGCTTCAATGCAGTGGGACCCACGGTTCAATTATTGC
CAATTTTCAGCTCCACCGTATATTTAAAAAATAAAACGATAATGCTAAAAAAATATAAATCGTAACGATCGTT
AAATCTCAACGGCTGGATCTTATGACGACCGTTAGAAATTGTGGTTGTCGACGAGTCAGTAATAAACGGCG
TCAAAGTGGTTGCAGCCGGCACACACGAGTCGTGTTTATCAACTCAAAGCACAAATACTTTTCCTCAACCT
AAAAATAAGGCAATTAGCCAAAAACAACTTTGCGTGTAAACAACGCTCAATACACGTGTCATTTTATTATTA
GCTATTGCTTCACCGCCTTAGCTTTCTCGTGACCTAGTCGTCCTCGTCTTTTCTTCTTCTTCTTCTATAAAACA
ATACCCAAAGAGCTCTTCTTCTTCACAATTCAGATTTCAATTTCTCAAAATCTTAAAAACTTTCTCTCAATTCT
CTCTACCGTGATCAAGGTAAATTTCTGTGTTCCTTATTCTCTCAAAATCTTCGATTTTGTTTTCGTTCGATCCC



AATTTCGTATATGTTCTTTGGTTTAGATTCTGTTAATCTTAGATCGAAGACGATTTTCTGGGTTTGATCGTTAG
ATATCATCTTAATTCTCGATTAGGGTTTCATAGATATCATCCGATTTGTTCAAATAATTTGAGTTTTGTCGAATA
ATTACTCTTCGATTTGTGATTTCTATCTAGATCTGGTGTTAGTTTCTAGTTTGTGCGATCGAATTTGTCGATTA
ATCTGAGTTTTTCTGATTAACAGGGcGCgtCCATGGGGATTGAACAAGATGGATTGCACGCAGGTTCTCCG
GCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCG
TGTTtCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGA
ACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGA
CGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATC
TCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGG
CTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCT
TGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAA
GGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACACATGGCGATGCCTGCTTGCCGAATATCATGGTG
GAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAG
CGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGT
ATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAACTAGTGGTACC
GCCCCGTCCGGTCCTGCCCGTCACCGAGATCTGATCCGTCGACCTGCAGATCGTTCAAACATTTGGCAATA
AAGTTTCTTAAGATTGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACGTTAAGC
ATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTTTTATGATTAGAGTCCCGCAATTATAC
ATTTAATACGCGATAGAAAACAAAATATAGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATG
TTACTAGATCCGATGATAAGCTGTCAAACATGAGAATTCaaagtcgacaaaatcgataaagagctcaaacctgcaggaa
aggtaccaaaccatggaaaggcgcgccg,taaacaaactgataa,gccaacacaa,aacatctcaatcaaggtaaatgc,,tgc,t
taaag,taaactatcagtg,tgacaggatata,ggcgggtaaacctaagagaaaagagcg,ta,agaataatcggata,taaaagg
gcgtgaaaagg,tatccg,cgtcca,tgtatgtgcatgccaaccacaggg,cccctcgggagaaacgtacggacgcacaccgtggaa
acggatgaaggcacgaacccag,gacataagcctg,cgg,cgtaaactgtaatgcaagtagcgtatgcgctcacgcaactggtccaga
acc,gaccgaacgcagcggtggtaacggcgcagtggcgg,,catggc,g,atgactg,,,tgtacagtctatgcctcgggcatcca
agcagcaagcgcg,acgccgtgggtcgatg,tgatg,atggagcagcaacgatg,acgcagcagcaacgatg,acgcagcagggc
agtcgccctaaaacaaag,aggtggctcaagtatgggcatca,cgcacatgtaggctcggccctgaccaagtcaaatccatgcgggctg
ctc,gatc,,cggtcgtgag,cggagacgtagccacctactcccaacatcagccggactccga,acctcgggaac,gctccgtagtaa
gaca,catcgcgc,gctgcc,cgaccaagaagcgg,g,ggcgctctcgcggc,acg,ctgcccagg,tgagcagccgcgtagtga
gatctatatctatgatctcgcagtctccggcgagcaccggaggcagggca,gccaccgcgctcatcaatctcctcaagcatgaggccaac
gcgc,ggtgc,atgtgatctacgtgcaagcaga,acggtgacgatcccgcagtggctctctatacaaag,gggcatacgggaagaagt
gatgcac,tgatatcgacccaagtaccgccacctaacaa,cg,caagccgagatcggc,cccggccgcggag,g,cggtaaa,gtc
acaacgccgccgtacgaaaggtcaaa,gggtataccca,tgggcctagtctagccggcatggcgca,acagcaatacgcaa,taaat
gcgcctagcgca,,cccgacc,aatgcgcctaaacgcgc,ggcgtaatcatggtcatagctg,tcctgtgtgaaa,g,atccgctcac
aa,ccacacaacatacgagccggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcaca,aa,gcg,gcgctca
ctgcccgc,tccagtcgggaaacctgtcgtgccagctgca,aatgaatcggccaacgcgcggggagaggcgg,tgcgta,gggcgct
c,ccgc,cctcgctcactgactcgctgcgctcggtcg,cggctgcggcgagcggtatcagctcactcaaaggcggtaatacgg,atcca
cagaatcaggggataacgcaggaaagaacatggcacatatacctgccg,cacta,a,tagtgaaatgagata,atgata,,ctgaat
tgtga,aaaaaggcaac,tatgcccatgcaacagaaactataaaaaatacagagaatgaaaagaaacagataga,,,ag,c,tag
gcccgtagtctgcaaatcc,,atga,,ctatcaaacaaaagaggaaaatagaccag,gcaatccaaacgagagtctaatagaatgag
gtcgaaaagtaaatcgcgcggg,tg,actgataaagcaggcaagacctaaaatgtgtaaagggcaaagtgtatac,tggcgtcacccc
,acata,,aggtc,,,ta,gtgcgtaactaac,gccatc,caaacaggagggctggaagaagcagaccgctaacacagtacataa
aaaaggagacatgaacgatgaacatcaaaaag,tgcaaaacaagcaacagta,aacc,tactaccgcactgctggcaggaggcgca
actcaagcg,tgcgaaagaaacgaaccaaaagccatataaggaaacatacggca,tcccata,acacgccatgatatgctgcaaatc



cctgaacagcaaaaaaatgaaaaatatcaag,cctgag,cga,cgtccacaa,aaaaatatctc,ctgcaaaaggtctggacg,tg
ggacagctggcca,acaaaacgctgacggcactgtcgcaaactatcacggctaccacatcgtc,tgca,agccggagatcctaaaaat
gcggatgacacctcga,tatatg,ctatcaaaaagtcggcgaaac,cta,gacagctggaaaaacgctggccgcgtc,taaagacag
cgacaaa,cgatgcaaatga,ctatcctaaaagaccaaacacaagaatggtcagg,cagccaca,tacatctgacggaaaaatccgt
,a,ctacactga,tctccggtaaaca,acggcaaacaaacactgacaactgcacaagtcaacgtatcagcatcagacagctc,tgaa
catcaacggtgtagaggactataaatcaatc,tgacggtgacggaaaaacgtatcaaaatgtccagcag,catcgacgaaggcaacta
cagctcaggcgacaaccatacgctgagagatcctcactacgtagaagataaaggccacaaatac,agta,tgaagcaaacactggaac
tgaagatggctaccaaggcgaagaatc,ta,taacaaagcatactatggcaaaagcacatca,c,ccgtcaagaaagtcaaaaac,
ctgcaaagcgataaaaaacgcacggctgag,agcaaacggcgctctcggtatga,gagctaaacgatga,acacactgaaaaaagtg
atgaaaccgctga,gcatctaacacagtaacagatgaaa,gaacgcgcgaacgtc,taaaatgaacggcaaatggtatctg,cactg
actcccgcggatcaaaaatgacga,gacggca,acgtctaacgata,tacatgc,gg,atg,tctaa,c,taactggcccatacaa
gccgctgaacaaaactggcc,gtg,aaaaatggatc,gatcctaacgatgtaacc,tac,actcacac,cgctgtacctcaagcgaa
aggaaacaatgtcgtga,acaagctatatgacaaacagagga,ctacgcagacaaacaatcaacg,tgcgccgagc,cctgctgaac
atcaaaggcaagaaaacatctg,gtcaaagacagcatcc,gaacaaggacaa,aacagtcaacaaataaaaacgcaaaagaaaat
gccgatatgctatcggca,acatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcg,gctggcg,,tccatag
gctccgcccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcg,tcc
ccctggaagctccctcgtgcgctctcctg,ccgaccctgccgc,accggatacctgtccgcc,tctccc,cgggaagcgtggcgc,tctc
atagctcacgctgtaggtatctcag,cggtgtaggtcg,cgctccaagctgggctgtgtgcacgaaccccccg,cagcccgaccgctgcg
cc,atccggtaactatcgtc,gagtccaacccggtaagacacgac,atcgccactggcagcagccactggtaacagga,agcagagc
gaggtatgtaggcggtgctacagag,c,gaagtggtggcctaactacggctacactagaaggacagta,tggtatctgcgctctgctga
agccag,acc,cggaaaaagag,ggtagctc,gatccggcaaacaaaccaccgctggtagcggtgg,,,tg,tgcaagcagcag
a,acgcgcagaaaaaaaggatctcaagaagatcc,tgatc,,ctacggggtctgacgctcagtggaacgaaaactcacg,aaggga
,,ggtcatgaga,atcaaaaaggatc,cacctagatcc,,aaa,aaaaatgaag,,aaatcaatctaaagtatatatgagtaaac
,ggtctgacag,accaatgc,aatcagtgaggcacctatctcagcgatctgtcta,tcg,catccatag,gcctgactccccgtcgtgta
gataactacgatacgggagggc,accatctggccccagtgctgcaatgataccgcgagacccacgctcaccggctccaga,tatcagca
ataaaccagccagccggaagggccgagcgcagaagtggtcctgcaac,tatccgcctccatccagtcta,aa,g,gccgggaagcta
gagtaagtag,cgccag,aatag,tgcgcaacg,g,gcca,gctacaggcatcgtggtgtcacgctcgtcg,tggtatggc,ca,c
agctccgg,cccaacgatcaaggcgag,acatgatcccccatg,gtgcaaaaaagcgg,agctcc,cggtcctccgatcg,gtcaga
agtaag,ggccgcagtg,atcactcatgg,atggcagcactgcataa,ctc,actgtcatgccatccgtaagatgc,,ctgtgactgg
tgagtactcaaccaagtca,ctgagaatagtgtatgcggcgaccgag,gctc,gcccggcgtcaatacgggataataccgcgccacata
gcagaac,taaaagtgctcatca,ggaaaacg,c,cggggcgaaaactctcaaggatc,accgctg,gagatccag,cgatgtaac
ccactcgtgcacccaactgatc,cagcatc,,ac,tcaccagcg,tctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaa
gggaataagggcgacacggaaatg,gaatactcatactc,cc,,tcaata,a,gaagca,tatcaggg,a,gtctcatgagcgga
tacata,tgaatgta,tagaaaaataaacaaatagggg,ccgcgcaca,tccccgaaaagtgccacctaaa,gtaagcg,aata,t
tg,aaaa,cgcg,aaa,,tg,aaatcagctca,,,aaccaataggccgaaatcggcaaaatccc,ataaatcaaaagaatagac
cgagataggg,gagtg,g,ccag,tggaacaagagtccacta,aaagaacgtggactccaacgtcaaagggcgaaaaaccgtctat
cagggcgatggcccactacgtgaaccatcaccctaatcaag,,,ggggtcgaggtgccgtaaagcactaaatcggaaccctaaaggg
agcccccga,tagagc,gacggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggc
gctggcaagtgtagcggtcacgctgcgcgtaaccaccacacccgccgcgc,aatgcgccgctacagggcgcgtccca,cgcca,cagg
ctgcgcaactg,gggaagggcgatcggtgcgggcctc,cgcta,acgccagctggcgaaagggggatgtgctgcaaggcga,aag,
gggtaacgccaggg,,cccagtcacgacg,gtaaaacgacggccagtgagcgcg,aacaaaagtac,,agatctgtaac,,tcgg
atcaagctatgaaggacgcaaagagggaactaaacac,aa,acgcg,,ataacggtcctaaggtagcgaaaaatagggataacag
ggtaatcatcctcgaggaaacgccggcgaaagcggccgcaaacgtcgacgaaagcgatcgcaaa,aa,aaaaacgcgcgcgaaacc
tcagcaaagacgtcaaaaccggtaaaccta 




