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Supplementary Figure 1. In vitro cleavage assay for 9 crRNA-LbCpf1 complexes and 

localization of Cpf1 proteins in soybean protoplasts. (a) Preassembled AsCpf1-crRNA and 

LbCpf1-crRNA complexes cleave their target DNA in vitro. (b) Both Cy3-conjugated Cpf1 

proteins were targeted to the nucleus of soybean protoplasts. The red arrow indicates the 

nucleus. DAPI, a nuclear marker. Bars = 10 m. 



 

Supplementary Figure 2. Indel frequencies (%, Log10 scale at Y-axis) for 9 crRNAs at 

target sites in FAD2-1A and FAD2-1B. Error bars represent standard deviation (n = 2). 



 

Supplementary Figure 3. CRISPR/Cpf1-mediated editing of the AOC gene in Nicotiana 

attenuata protoplasts. In vitro cleavage assay for 6 crRNAs complexed with (a) LbCpf1 and 

(b) AsCpf1 proteins. Indel frequencies (%, Log10 scale at Y-axis) at the target sites in 

protoplasts for 6 crRNAs complexed with (c) LbCpf1 and (d) AsCpf1 proteins. AOC, 

ALLEN OXIDE CYCLASE. Error bars represent standard deviation (n = 2). 



 

Supplementary Figure 4. In vivo evaluation of LbCpf1-crRNA3 activity at potential off-

target sites in the genome. The indel frequencies (%) at 23 candidate distal off-target (dOT) 

sites (with up to 6 bp mismatches relative to the crRNAs) were measured and validated in 

LbCpf1-crRNA3-delivered soybean protoplasts by targeted deep sequencing. No mutations 

were detected at any of the 23 candidate loci. Red, PAM sequences; blue, mismatched 

nucleotide bases. Note, dOT21 and dOT27 have relatively high frequency of indel in some 

control samples, which we have frequently seen in AT-rich and A- or T-repeat regions
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Supplementary Figure 5. Editing activity of plasmid-expressed Cpf1 and Cpf1 expression 

in soybean protoplasts. (a) Indel frequencies (%) at two FAD2 loci after transformation 

with the plasmid harboring plant-codon optimized LbCpf1-HA or AsCpf1-HA. (b) Protein 

expression from a plant codon (pLBCpf1/pAsCpf1) or E. coli codon (eLbCpf1/eAsCpf1) 

optimized Cpf1 plasmid in soybean protoplasts. The anti-HA antibody detects the Cpf1 

protein and the anti-histone H3 antibody detects an endogenous soybean protein. 



Supplementary Table 1. List of crRNAs used in this study. 

 
a
Red indicates the PAM sequence. 



Supplementary Table 2. List of putative off-target sequences of FAD2-targeted crRNA3 

in the soybean genome.  

 
a
Red indicates the mismatch sequence. 

b
OT indicates off-target sites with up to 4 nucleotide mismatches. 

c
dOT indicates off-target sites with up to 6 nucleotide mismatches in the distal region. 



Supplementary Table 3. List of primers used for targeted deep sequencing. 

 

 



Supplementary Note 1. Sequence information of Cpf1-harboring vectors. 

 
p2GW7-eAsCpf1-HA, E. coli-codon optimized AsCpf1. 

Amp-R35s promoter 5’ NLS eAsCpf13’ NLS HA Stop codon35s terminator 
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCT
TTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACG
TAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTA
ACAAAATATTAACGCTTACAATTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATCAGGTGGCACTTTTCGGGGAAATGT
GCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGG
AAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCC
AATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAAT
GACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTG
CGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACC
GGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACT
CTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATA
AATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACT
GAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGC
GGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCG
TAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTA
CACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA
GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCT
CGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAA
GCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATA
ACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTATTTAGGTGACACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCT
CCCATATGGTCGACTAGAGCCAAGCTGATCTCCTTTGCCCCGGAGATCACCATGGACGACTTTCTCTATCTCTACGATCTAGGAAGAAAGTTCGACGGAG
AAGGTGACGATACCATGTTCACCACCGATAATGAGAAGATTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAGGCCTACGCGGC
AGGTCTCATCAAGACGATCTACCCGAGTAATAATCTCCAGGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCAGGACTAACTGC
ATCAAGAACACAGAGAAAGATATATTTCTCAAGATCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCAAGGCAAGTAATAGAGA
TTGGAGTCTCTAAGAAAGTAGTTCCTACTGAATCAAAGGCCATGGAGTCAAAAATTCAGATCGAGGATCTAACAGAACTCGCCGTGAAGACTGGCGAACA
GTTCATACAGAGTCTTTTACGACTCAATGACAAGAAGAAAATCTTCGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACA
GTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAA
GGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGG
ACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGAC
GCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACTCCGGTATTTTTACAACAATACCACAACAAAA
CAAACAACAAACAACATTACAATTTACTATTCTAGTCGACCTGCAGGCGGCCGCACTAGTGATATCACAAGTTTGTACAAAAAAGCAGGCTTCATGGGTG
CTCCTCCAAAAAAGAAGAGAAAGGTAGGTGGTATGACACAGTTTGAAGGCTTCACCAATCTCTACCAGGTCAGCAAGACGCTACGTTTTGAGCTTATCCC
GCAGGGAAAAACCCTGAAACACATTCAGGAACAGGGGTTCATAGAGGAAGATAAGGCGCGTAACGACCATTATAAAGAACTGAAGCCTATAATCGACCGT
ATTTATAAAACGTACGCGGATCAGTGCCTGCAGCTGGTTCAGCTGGATTGGGAGAATCTGTCCGCGGCTATTGATAGCTATCGCAAAGAGAAGACCGAGG
AAACCCGTAACGCACTGATTGAAGAGCAGGCGACCTATCGGAATGCGATCCATGATTACTTCATCGGCCGCACCGACAACCTGACCGATGCAATTAACAA
ACGTCACGCAGAGATTTACAAAGGTCTGTTTAAAGCAGAGTTATTCAATGGCAAGGTTCTGAAACAGCTGGGTACGGTCACCACCACCGAACACGAAAAC
GCACTGCTGAGGAGCTTTGATAAATTTACCACATATTTCAGCGGTTTCTATGAAAATCGTAAGAATGTATTTAGCGCCGAAGATATTTCCACCGCAATTC
CTCATCGTATTGTGCAGGATAATTTTCCGAAGTTTAAAGAAAATTGTCATATTTTTACCCGTCTGATCACCGCGGTACCGAGCCTGCGAGAGCATTTTGA
AAACGTTAAGAAAGCCATTGGAATTTTTGTCAGTACCAGCATTGAAGAAGTGTTTTCGTTCCCGTTCTATAACCAACTGCTGACCCAGACCCAGATTGAT
CTGTACAATCAGCTGCTGGGGGGCATAAGCCGCGAGGCAGGTACCGAAAAGATAAAGGGACTCAATGAGGTGCTGAATCTGGCAATTCAGAAGAATGATG
AAACGGCTCATATCATTGCTAGCCTGCCGCATCGTTTCATTCCCCTGTTTAAGCAAATCCTGAGCGATCGCAATACACTGAGCTTTATCCTCGAAGAGTT
TAAATCGGACGAAGAAGTTATCCAGAGCTTTTGCAAATACAAAACCCTGCTGCGGAACGAAAATGTGCTGGAGACCGCTGAAGCACTGTTTAATGAACTG
AACTCGATCGACCTCACCCATATTTTTATATCCCACAAAAAACTGGAAACCATAAGCAGCGCTCTGTGTGACCATTGGGATACCCTGCGCAACGCCCTGT
ATGAACGGCGTATCAGCGAGCTGACCGGGAAAATCACCAAATCCGCAAAGGAAAAAGTTCAGCGTAGTCTGAAACACGAGGACATCAACCTGCAAGAAAT
TATTAGCGCAGCAGGTAAAGAGCTGAGCGAAGCATTCAAACAGAAAACCAGCGAAATCCTGAGCCATGCCCATGCTGCACTGGATCAGCCGCTGCCGACC
ACCCTGAAAAAACAGGAGGAAAAGGAGATTCTGAAAAGCCAACTGGACAGCCTGCTGGGCCTGTATCACCTGCTGGACTGGTTTGCAGTCGATGAGAGCA
ACGAGGTTGATCCTGAGTTCTCCGCTCGTCTGACCGGAATCAAGCTGGAGATGGAACCGAGTCTGTCGTTTTACAATAAAGCGCGTAATTACGCGACCAA
GAAACCGTATAGCGTGGAAAAATTCAAACTGAACTTTCAGATGCCGACCCTTGCAAGCGGATGGGACGTTAACAAAGAAAAAAACAATGGGGCAATTCTG
TTTGTGAAAAATGGCCTCTATTATCTGGGTATCATGCCGAAACAGAAAGGGCGCTACAAAGCCCTGTCATTTGAGCCGACCGAGAAAACCTCAGAGGGTT
TCGACAAGATGTACTACGATTATTTCCCGGATGCGGCAAAAATGATACCCAAATGTAGCACCCAACTGAAGGCAGTTACAGCCCACTTTCAGACCCATAC
CACCCCGATCCTGCTGTCGAACAATTTTATAGAGCCGCTGGAAATTACCAAAGAGATTTATGATCTGAATAATCCGGAAAAGGAGCCCAAGAAATTTCAG
ACGGCGTATGCAAAAAAGACCGGGGATCAGAAAGGTTATCGTGAAGCGCTGTGCAAATGGATTGACTTTACCCGTGACTTTCTGTCAAAATATACCAAAA
CGACGAGCATTGATCTGAGCAGCCTACGTCCGAGCAGCCAATATAAGGATCTGGGCGAATATTACGCCGAACTGAATCCGCTGCTCTACCATATTTCCTT
CCAACGAATCGCTGAAAAAGAAATAATGGACGCCGTTGAAACCGGCAAACTGTATCTGTTTCAAATCTACAACAAAGATTTCGCCAAAGGCCATCACGGT
AAGCCGAACCTGCATACCCTGTATTGGACCGGTCTGTTTAGCCCGGAGAATCTGGCCAAAACCAGCATCAAGCTGAACGGACAGGCAGAACTGTTTTACC
GCCCCAAAAGCCGTATGAAAAGGATGGCACACCGCCTGGGCGAAAAAATGCTGAATAAGAAACTCAAAGATCAGAAAACGCCGATACCGGATACCCTTTA
TCAGGAGCTGTATGATTATGTTAACCACCGGCTGAGCCATGACCTGAGCGACGAAGCGCGTGCACTGCTGCCGAACGTGATTACCAAGGAAGTCTCGCAT
GAAATTATTAAAGATCGGCGCTTCACCAGTGATAAATTTTTCTTCCATGTACCGATCACCCTGAATTATCAAGCCGCAAATAGCCCTTCCAAATTTAATC
AACGCGTGAATGCGTACCTGAAAGAGCATCCGGAGACCCCAATTATTGGCATAGACCGAGGAGAACGCAATCTCATTTATATCACCGTCATTGATAGCAC
CGGTAAGATCCTGGAACAGCGTAGCCTGAATACCATTCAGCAGTTTGACTACCAGAAAAAGCTGGACAACAGAGAAAAGGAACGTGTAGCCGCCCGGCAG



GCTTGGAGTGTGGTGGGTACTATCAAGGATCTGAAGCAGGGGTATCTCTCCCAAGTTATCCATGAAATTGTCGATCTAATGATTCACTATCAAGCAGTAG
TGGTACTGGAAAATCTGAATTTCGGTTTCAAAAGCAAACGTACAGGGATCGCTGAAAAAGCCGTTTATCAGCAGTTCGAGAAAATGCTGATAGACAAGCT
GAATTGCCTGGTTCTGAAAGATTATCCGGCAGAGAAGGTGGGCGGTGTGCTGAACCCGTACCAGCTGACTGATCAATTTACGAGCTTTGCAAAAATGGGA
ACGCAGAGCGGTTTCCTGTTCTATGTTCCGGCGCCATATACCAGCAAGATAGACCCGCTGACAGGTTTCGTAGATCCGTTTGTCTGGAAAACCATTAAAA
ATCATGAAAGTCGCAAACATTTTCTGGAGGGCTTTGATTTTCTGCACTATGACGTGAAAACCGGCGACTTCATTCTGCATTTTAAAATGAACCGTAATCT
GTCCTTTCAGCGCGGCCTGCCTGGCTTTATGCCGGCGTGGGACATTGTTTTTGAAAAGAATGAGACACAGTTTGATGCCAAAGGTACCCCCTTTATTGCG
GGGAAACGCATTGTGCCCGTTATAGAAAATCACCGCTTCACCGGACGGTATAGGGACTTGTACCCGGCAAATGAATTGATAGCGCTGCTGGAGGAGAAAG
GTATTGTCTTTCGGGATGGATCAAACATCCTGCCGAAGCTGCTGGAGAACGATGACAGCCACGCAATAGACACCATGGTAGCGCTGATCCGAAGCGTGCT
GCAGATGCGTAACAGTAATGCGGCTACGGGGGAAGACTACATTAATAGCCCGGTCCGTGATCTGAACGGCGTTTGTTTCGATAGCAGATTTCAAAATCCG
GAGTGGCCGATGGATGCCGATGCCAATGGAGCTTACCATATCGCTCTCAAAGGTCAGCTCCTACTGAACCATTTGAAAGAATCAAAAGATCTGAAACTGC
AGAACGGCATCTCGAATCAGGACTGGCTGGCCTACATTCAAGAACTGAGAAACCCAAAGAAAAAGAGAAAAGTAGGTGGTTACCCCTACGACGTGCCCGA
CTACGCCTAACACCCAGCTTTCTTGTACAAAGTGGTGATATCCCGCGGCCATGCTAGAGTCCGCAAAAATCACCAGTCTCTCTCTACAAATCTATCTCTC
TCTATTTTTCTCCAGAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAG
TATGTATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAAAATCCAGTGACCTGCAGGCATGCGACGTCGGGCCCAATTCGC
CCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCC
CCCTTTCGCCAGCT 

 
p2GW7-eLbCpf1-HA, E.coli-codon optimized LbCpf1. 

Amp-R35s promoter 5’ NLS eLbCpf13’ NLS HA Stop codon35s terminator 
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCT
TTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACG
TAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTA
ACAAAATATTAACGCTTACAATTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATCAGGTGGCACTTTTCGGGGAAATGT
GCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGG
AAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCC
AATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAAT
GACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTG
CGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACC
GGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACT
CTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATA
AATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACT
GAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGC
GGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCG
TAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTA
CACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA
GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCT
CGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAA
GCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATA
ACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTATTTAGGTGACACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCT
CCCATATGGTCGACTAGAGCCAAGCTGATCTCCTTTGCCCCGGAGATCACCATGGACGACTTTCTCTATCTCTACGATCTAGGAAGAAAGTTCGACGGAG
AAGGTGACGATACCATGTTCACCACCGATAATGAGAAGATTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAGGCCTACGCGGC
AGGTCTCATCAAGACGATCTACCCGAGTAATAATCTCCAGGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCAGGACTAACTGC
ATCAAGAACACAGAGAAAGATATATTTCTCAAGATCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCAAGGCAAGTAATAGAGA
TTGGAGTCTCTAAGAAAGTAGTTCCTACTGAATCAAAGGCCATGGAGTCAAAAATTCAGATCGAGGATCTAACAGAACTCGCCGTGAAGACTGGCGAACA
GTTCATACAGAGTCTTTTACGACTCAATGACAAGAAGAAAATCTTCGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACA
GTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAA
GGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGG
ACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGAC
GCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACTCCGGTATTTTTACAACAATACCACAACAAAA
CAAACAACAAACAACATTACAATTTACTATTCTAGTCGACCTGCAGGCGGCCGCACTAGTGATATCACAAGTTTGTACAAAAAAGCAGGCTTCATGGGTG
CTCCTCCAAAAAAGAAGAGAAAGGTAGGTGGTATGAGCAAACTGGAAAAATTTACGAATTGTTATAGCCTGTCCAAGACCCTGCGTTTCAAAGCCATCCC
CGTTGGCAAAACCCAGGAGAATATTGATAATAAACGTCTGCTGGTTGAGGATGAAAAAAGAGCAGAAGACTATAAGGGAGTCAAAAAACTGCTGGATCGG
TACTACCTGAGCTTTATAAATGACGTGCTGCATAGCATTAAACTGAAAAATCTGAATAACTATATTAGTCTGTTCCGCAAGAAAACCCGAACAGAGAAAG
AAAATAAAGAGCTGGAAAACCTGGAGATCAATCTGCGTAAAGAGATCGCAAAAGCTTTTAAAGGAAATGAAGGTTATAAAAGCCTGTTCAAAAAAGACAT
TATTGAAACCATCCTGCCGGAATTTCTGGATGATAAAGACGAGATAGCGCTCGTGAACAGCTTCAACGGGTTCACGACCGCCTTCACGGGCTTTTTCGAT
AACAGGGAAAATATGTTTTCAGAGGAAGCCAAAAGCACCTCGATAGCGTTCCGTTGCATTAATGAAAATTTGACAAGATATATCAGCAACATGGATATTT
TCGAGAAAGTTGATGCGATCTTTGACAAACATGAAGTGCAGGAGATTAAGGAAAAAATTCTGAACAGCGATTATGATGTTGAGGATTTTTTCGAGGGGGA
ATTTTTTAACTTTGTACTGACACAGGAAGGTATAGATGTGTATAATGCTATTATCGGCGGGTTCGTTACCGAATCCGGCGAGAAAATTAAGGGTCTGAAT
GAGTACATCAATCTGTATAACCAAAAGACCAAACAGAAACTGCCAAAATTCAAACCGCTGTACAAGCAAGTCCTGAGCGATCGGGAAAGCTTGAGCTTTT
ACGGTGAAGGTTATACCAGCGACGAGGAGGTACTGGAGGTCTTTCGCAATACCCTGAACAAGAACAGCGAAATTTTCAGCTCCATTAAAAAGCTGGAGAA
ACTGTTTAAGAATTTTGACGAGTACAGCAGCGCAGGTATTTTTGTGAAGAACGGACCTGCCATAAGCACCATTAGCAAGGATATTTTTGGAGAGTGGAAT
GTTATCCGTGATAAATGGAACGCGGAATATGATGACATACACCTGAAAAAGAAGGCTGTGGTAACTGAGAAATATGAAGACGATCGCCGCAAAAGCTTTA
AAAAAATCGGCAGCTTTAGCCTGGAGCAGCTGCAGGAATATGCGGACGCCGACCTGAGCGTGGTCGAGAAACTGAAGGAAATTATTATCCAAAAAGTGGA
TGAGATTTACAAGGTATATGGTAGCAGCGAAAAACTGTTTGATGCGGACTTCGTTCTGGAAAAAAGCCTGAAAAAAAATGATGCTGTTGTTGCGATCATG
AAAGACCTGCTCGATAGCGTTAAGAGCTTTGAAAATTACATTAAAGCATTCTTTGGCGAGGGCAAAGAAACAAACAGAGACGAAAGCTTTTATGGCGACT



TCGTCCTGGCTTATGACATCCTGTTGAAGGTAGATCATATATATGATGCAATTCGTAATTACGTAACCCAAAAGCCGTACAGCAAAGATAAGTTCAAACT
GTATTTCCAGAACCCGCAGTTTATGGGTGGCTGGGACAAAGACAAGGAGACAGACTATCGCGCCACTATTCTGCGTTACGGCAGCAAGTACTATCTCGCC
ATCATGGACAAAAAATATGCAAAGTGTCTGCAGAAAATCGATAAAGACGACGTGAACGGAAATTACGAAAAGATTAATTATAAGCTGCTGCCAGGGCCCA
ACAAGATGTTACCGAAAGTATTTTTTTCCAAAAAATGGATGGCATACTATAACCCGAGCGAGGATATACAGAAGATTTACAAAAATGGGACCTTCAAAAA
GGGGGATATGTTCAATCTGAATGACTGCCACAAACTGATCGATTTTTTTAAAGATAGCATCAGCCGTTATCCTAAATGGTCAAACGCGTATGATTTTAAT
TTCTCCGAAACGGAGAAATATAAAGACATTGCTGGTTTCTATCGCGAAGTCGAAGAACAGGGTTATAAAGTTAGCTTTGAATCGGCCAGCAAGAAAGAGG
TTGATAAACTGGTGGAGGAGGGTAAGCTGTATATGTTTCAGATTTATAACAAAGACTTTAGCGACAAAAGCCACGGTACTCCTAATCTGCATACGATGTA
CTTTAAACTGCTGTTTGATGAGAATAACCACGGCCAAATCCGTCTCTCCGGTGGAGCAGAACTTTTTATGCGGCGTGCGAGCCTAAAAAAGGAAGAACTG
GTGGTGCATCCCGCCAACAGCCCGATTGCTAACAAAAATCCAGATAATCCTAAGAAGACCACCACACTGTCGTACGATGTCTATAAGGATAAACGTTTCT
CGGAAGACCAGTATGAATTGCATATACCGATAGCAATTAATAAATGCCCAAAAAACATTTTCAAAATCAACACTGAAGTTCGTGTGCTGCTGAAACATGA
TGATAATCCGTATGTGATCGGAATTGACCGTGGGGAGAGAAATCTGCTGTATATTGTAGTCGTTGATGGCAAGGGCAACATCGTTGAGCAGTATAGCCTG
AATGAAATAATTAATAATTTTAACGGTATACGTATTAAAACCGACTATCATAGCCTGCTGGATAAAAAGGAGAAAGAGCGTTTTGAGGCACGCCAAAATT
GGACGAGCATCGAAAACATCAAGGAACTGAAGGCAGGATATATCAGCCAAGTAGTCCATAAAATCTGTGAACTGGTGGAGAAGTACGACGCTGTCATTGC
CCTGGAAGACCTCAATAGCGGCTTTAAAAACAGCCGGGTGAAGGTGGAGAAACAGGTATACCAAAAGTTTGAAAAGATGCTCATTGATAAGCTGAACTAT
ATGGTTGATAAAAAGAGCAACCCGTGCGCCACTGGCGGTGCACTGAAAGGGTACCAAATTACCAATAAATTTGAAAGCTTTAAAAGCATGAGCACGCAGA
ATGGGTTTATTTTTTATATACCAGCATGGCTGACGAGCAAGATTGACCCCAGCACTGGTTTTGTCAATCTGCTGAAAACCAAATACACAAGCATTGCGGA
TAGCAAAAAATTTATTTCGAGCTTCGACCGTATTATGTATGTTCCGGAGGAAGATCTGTTTGAATTTGCCCTGGATTATAAAAACTTCAGCCGCACCGAT
GCAGATTATATCAAAAAATGGAAGCTGTACAGTTATGGTAATCGTATACGTATCTTCCGTAATCCGAAGAAAAACAATGTGTTCGATTGGGAAGAGGTCT
GTCTGACCAGCGCGTATAAAGAACTGTTCAACAAGTACGGAATAAATTATCAGCAAGGTGACATTCGCGCACTGCTGTGTGAACAGTCAGATAAAGCATT
TTATAGCAGCTTTATGGCGCTGATGAGCCTGATGCTCCAGATGCGCAACAGCATAACCGGTCGCACAGATGTTGACTTTCTGATCAGCCCTGTGAAGAAT
AGCGACGGCATCTTCTACGATTCCAGGAACTATGAAGCACAGGAAAACGCTATTCTGCCTAAAAATGCCGATGCCAACGGCGCCTATAATATTGCACGGA
AGGTTCTGTGGGCGATTGGACAGTTCAAGAAAGCGGAAGATGAGAAGCTGGATAAGGTAAAAATTGCTATTAGCAATAAGGAATGGCTGGAGTACGCACA
GACATCGGTTAAACACCCAAAGAAAAAGAGAAAAGTAGGTGGTTACCCCTACGACGTGCCCGACTACGCCTAACACCCAGCTTTCTTGTACAAAGTGGTG
ATATCCCGCGGCCATGCTAGAGTCCGCAAAAATCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTTCTCCAGAATAATGTGTGAGTAGTTCCCA
GATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAA
ATTTCTAATTCCTAAAACCAAAATCCAGTGACCTGCAGGCATGCGACGTCGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGT
TTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT 
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Amp-R35s promoter5’ NLS pAsCpf13’ NLS HA Stop codon35s terminator 
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCT
TTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACG
TAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTA
ACAAAATATTAACGCTTACAATTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATCAGGTGGCACTTTTCGGGGAAATGT
GCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGG
AAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCC
AATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAAT
GACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTG
CGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACC
GGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACT
CTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATA
AATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACT
GAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGC
GGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCG
TAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTA
CACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA
GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCT
CGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAA
GCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATA
ACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTATTTAGGTGACACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCT
CCCATATGGTCGACTAGAGCCAAGCTGATCTCCTTTGCCCCGGAGATCACCATGGACGACTTTCTCTATCTCTACGATCTAGGAAGAAAGTTCGACGGAG
AAGGTGACGATACCATGTTCACCACCGATAATGAGAAGATTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAGGCCTACGCGGC
AGGTCTCATCAAGACGATCTACCCGAGTAATAATCTCCAGGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCAGGACTAACTGC
ATCAAGAACACAGAGAAAGATATATTTCTCAAGATCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCAAGGCAAGTAATAGAGA
TTGGAGTCTCTAAGAAAGTAGTTCCTACTGAATCAAAGGCCATGGAGTCAAAAATTCAGATCGAGGATCTAACAGAACTCGCCGTGAAGACTGGCGAACA
GTTCATACAGAGTCTTTTACGACTCAATGACAAGAAGAAAATCTTCGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACA
GTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAA
GGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGG
ACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGAC
GCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACTCCGGTATTTTTACAACAATACCACAACAAAA
CAAACAACAAACAACATTACAATTTACTATTCTAGTCGACCTGCAGGCGGCCGCACTAGTGATATCACAAGTTTGTACAAAAAAGCAGGCTTCATGGCCC
CAAAGAAGAAGCGGAAGGTCGGTATCCACGGAGTCCCAGCAGCCATGACTCAGTTTGAGGGCTTCACCAATCTCTACCAGGTTAGTAAGACGCTAAGATT
TGAGCTAATCCCGCAAGGAAAGACTCTAAAACACATTCAAGAACAAGGGTTCATAGAGGAGGATAAGGCGAGAAATGACCATTATAAAGAACTGAAGCCT
ATAATTGACCGTATTTATAAAACATACGCGGATCAGTGCTTACAACTGGTTCAACTGGATTGGGAGAACCTGTCCGCGGCTATTGATAGCTATAGAAAAG
AGAAGACTGAGGAAACAAGGAATGCTCTGATTGAGGAGCAAGCTACCTACCGGAACGCGATCCATGATTACTTCATCGGTAGAACTGACAACCTGACTGA



TGCAATCAACAAGAGACACGCAGAGATTTACAAAGGTTTGTTCAAGGCAGAGTTATTCAACGGCAAGGTTCTCAAACAGCTGGGTACGGTCACCACAACC
GAGCATGAGAACGCTCTGCTGAGAAGCTTTGATAAGTTTACAACATATTTCTCAGGTTTCTATGAGAATCGTAAGAATGTATTTAGCGCTGAAGATATAT
CAACAGCTATTCCACATAGGATTGTGCAGGATAACTTTCCAAAGTTCAAAGAAAATTGTCATATTTTTACACGTCTGATCACCGCCGTACCATCGCTGCG
AGAGCATTTCGAGAACGTTAAGAAAGCCATAGGAATTTTTGTCAGTACATCAATTGAGGAAGTGTTTTCGTTCCCATTCTATAACCAGCTGCTGACGCAG
ACCCAGATTGATCTCTACAATCAGTTGCTCGGTGGAATAAGCCGCGAGGCAGGTACTGAAAAGATAAAGGGACTCAACGAGGTACTGAATCTGGCAATTC
AAAAAAATGATGAAACGGCTCATATAATTGCTAGCCTGCCACATAGATTCATACCCCTGTTTAAGCAAATCCTGAGCGATAGAAATACACTGAGCTTTAT
CTTGGAGGAGTTTAAGTCGGACGAGGAGGTTATCCAATCCTTTTGCAAGTACAAAACTCTCCTGCGGAACGAGAATGTGCTGGAGACAGCTGAAGCACTG
TTTAATGAACTGAACTCAATCGATCTCACTCATATCTTTATATCCCATAAGAAACTGGAGACCATAAGCAGCGCTCTGTGTGATCACTGGGATACGCTGA
GGAACGCCCTGTATGAAAGACGTATTAGCGAGCTGACCGGGAAAATCACGAAGTCCGCTAAGGAAAAAGTTCAGAGGAGTCTAAAACACGAGGACATCAA
CCTGCAAGAAATTATTAGCGCTGCAGGAAAGGAGCTGAGCGAGGCTTTCAAGCAAAAGACCAGCGAAATCTTGAGCCATGCCCATGCTGCGCTGGATCAA
CCTCTGCCTACAACCCTGAAGAAGCAGGAGGAGAAGGAAATTCTGAAATCTCAGCTGGACTCACTGCTGGGCCTGTATCACCTTCTTGATTGGTTTGCTG
TCGATGAGAGCAACGAGGTTGATCCTGAGTTCTCCGCTCGACTGACCGGAATCAAGCTGGAGATGGAGCCTAGTCTGAGTTTCTATAATAAAGCTCGAAA
CTACGCAACAAAAAAACCGTACTCTGTGGAAAAATTCAAACTGAATTTTCAAATGCCAACGCTCGCAAGTGGATGGGACGTTAATAAGGAAAAGAATAAC
GGGGCCATTCTGTTCGTGAAAAATGGACTCTATTATCTGGGTATCATGCCGAAACAAAAGGGGAGGTACAAGGCCCTTTCATTCGAGCCTACTGAGAAAA
CCTCAGAGGGTTTCGACAAGATGTACTACGATTATTTTCCTGACGCTGCAAAAATGATACCCAAGTGTTCAACTCAACTGAAAGCTGTTACAGCGCACTT
TCAGACTCACACCACCCCTATCCTCCTCTCGAACAATTTTATAGAGCCACTGGAAATTACTAAAGAGATTTATGATCTGAATAATCCGGAAAAGGAGCCC
AAGAAGTTCCAGACAGCTTACGCAAAAAAAACCGGGGACCAGAAGGGTTATCGTGAAGCACTATGCAAGTGGATTGACTTTACCAGGGACTTTCTGTCAA
AATATACAAAAACTACATCGATTGATTTGTCAAGCCTAAGGCCAAGCTCTCAATACAAGGATCTGGGTGAATACTACGCCGAACTGAACCCGCTTCTGTA
CCATATCTCCTTCCAGCGAATAGCTGAAAAAGAAATCATGGATGCTGTTGAAACTGGGAAACTGTATCTGTTTCAAATCTATAATAAGGATTTTGCTAAA
GGGCATCACGGTAAGCCTAACTTGCATACCCTGTACTGGACTGGTCTTTTCAGTCCTGAGAATCTCGCTAAGACATCTATCAAGCTGAATGGACAGGCAG
AACTGTTTTACAGACCCAAAAGCCGAATGAAAAGGATGGCACACAGACTGGGAGAGAAGATGCTGAACAAGAAGCTCAAGGATCAAAAAACTCCGATCCC
AGATACTTTGTATCAAGAGCTGTATGATTACGTTAACCACAGACTGAGCCATGATTTGAGTGACGAAGCTAGGGCACTACTGCCGAACGTGATTACGAAG
GAGGTCTCGCATGAAATTATTAAAGATCGGCGCTTCACATCTGATAAGTTTTTCTTCCATGTACCTATTACACTGAACTACCAAGCCGCAAATTCACCTT
CCAAATTTAATCAAAGAGTGAATGCGTATCTAAAAGAACATCCAGAGACTCCAATTATTGGAATAGATCGAGGAGAGAGAAATCTCATTTACATCACGGT
CATCGATAGCACAGGTAAGATCCTGGAACAGCGTTCTCTTAATACAATTCAGCAATTTGATTACCAGAAGAAGCTAGACAACAGAGAAAAGGAGAGGGTA
GCTGCACGGCAAGCTTGGAGTGTTGTGGGTACTATCAAGGATCTGAAGCAGGGATATTTATCCCAAGTTATACATGAAATAGTCGACCTCATGATACACT
ACCAAGCTGTGGTGGTACTGGAGAATCTGAATTTCGGTTTCAAAAGCAAACGTACTGGGATCGCTGAAAAAGCCGTTTATCAGCAGTTTGAGAAAATGCT
GATAGACAAGCTTAATTGTCTGGTTCTGAAAGATTATCCAGCAGAGAAGGTTGGAGGTGTGCTGAACCCTTACCAACTGACTGATCAATTCACGTCTTTT
GCAAAAATGGGCACGCAGAGTGGTTTCCTGTTTTATGTTCCTGCACCATATACCTCTAAAATAGACCCTCTGACAGGATTCGTAGATCCTTTTGTCTGGA
AAACCATTAAGAATCACGAAAGTAGAAAACATTTCCTGGAGGGCTTTGACTTCCTGCACTACGATGTTAAGACTGGCGATTTCATTCTGCATTTCAAGAT
GAACCGTAATCTCTCCTTTCAACGCGGATTGCCTGGCTTTATGCCGGCGTGGGATATTGTTTTTGAAAAGAATGAGACACAATTTGATGCCAAGGGTACC
CCATTCATCGCGGGAAAAAGAATTGTGCCCGTTATCGAAAACCACAGATTCACTGGACGGTATAGGGACTTATACCCTGCGAACGAATTGATAGCTCTCC
TGGAGGAGAAAGGTATTGTCTTTAGGGACGGATCAAACATCCTCCCTAAACTGCTCGAGAACGATGACTCACACGCTATAGATACCATGGTTGCTTTGAT
CCGAAGCGTGCTCCAGATGCGTAACTCTAATGCGGCTACGGGGGAGGACTACATAAATAGCCCAGTCCGTGATCTGAACGGCGTTTGTTTCGACTCAAGA
TTCCAAAATCCTGAATGGCCAATGGATGCCGATGCCAATGGAGCTTACCATATCGCTCTCAAAGGTCAACTCCTACTAAACCATTTGAAGGAGTCAAAAG
ATCTGAAGCTCCAGAACGGAATCTCGAACCAGGATTGGTTGGCTTATATTCAAGAGCTGAGAAACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGC
AAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCAGATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCC
TAACACCCAGCTTTCTTGTACAAAGTGGTGATATCCCGCGGCCATGCTAGAGTCCGCAAAAATCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTT
TTCTCCAGAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTAT
TTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAAAATCCAGTGACCTGCAGGCATGCGACGTCGGGCCCAATTCGCCCTATAG
TGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTC
GCCAGCT 
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Amp-R35s promoter5’ NLS pLbCpf13’ NLS HA Stop codon35s terminator 
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCT
TTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACG
TAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAAC
CCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTA
ACAAAATATTAACGCTTACAATTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATCAGGTGGCACTTTTCGGGGAAATGT
GCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGG
AAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAA
AAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCC
AATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAAT
GACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTG
CGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACC
GGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACT
CTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATA
AATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCA
GGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACT
GAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGC
GGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCG
TAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTA
CACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA
GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCT
CGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTT
ATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAA
GCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTG
AGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATA
ACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCTATTTAGGTGACACTATAGAATACTCAAGCTATGCATCCAACGCGTTGGGAGCTCT



CCCATATGGTCGACTAGAGCCAAGCTGATCTCCTTTGCCCCGGAGATCACCATGGACGACTTTCTCTATCTCTACGATCTAGGAAGAAAGTTCGACGGAG
AAGGTGACGATACCATGTTCACCACCGATAATGAGAAGATTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAGGCCTACGCGGC
AGGTCTCATCAAGACGATCTACCCGAGTAATAATCTCCAGGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCAGGACTAACTGC
ATCAAGAACACAGAGAAAGATATATTTCTCAAGATCAGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCAAGGCAAGTAATAGAGA
TTGGAGTCTCTAAGAAAGTAGTTCCTACTGAATCAAAGGCCATGGAGTCAAAAATTCAGATCGAGGATCTAACAGAACTCGCCGTGAAGACTGGCGAACA
GTTCATACAGAGTCTTTTACGACTCAATGACAAGAAGAAAATCTTCGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGATACA
GTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCAAAA
GGACAGTAGAAAAGGAAGGTGGCACCTACAAATGCCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGG
ACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTAAGGGATGAC
GCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGGAAGTTCATTTCATTTGGAGAGGACTCCGGTATTTTTACAACAATACCACAACAAAA
CAAACAACAAACAACATTACAATTTACTATTCTAGTCGACCTGCAGGCGGCCGCACTAGTGATATCACAAGTTTGTACAAAAAAGCAGGCTTCATGGCCC
CAAAGAAGAAGCGGAAGGTCGGGATCCACGGAGTCCCAGCAGCCATGAGTAAGCTGGAGAAATTTACGAATTGTTATAGCCTGTCCAAGACACTGAGGTT
CAAGGCTATCCCCGTTGGAAAAACTCAAGAGAATATCGATAACAAGCGTCTGCTGGTTGAGGATGAGAAGAGAGCGGAAGACTATAAGGGAGTCAAAAAA
CTTCTGGATAGATACTATCTGTCTTTTATAAACGACGTGCTGCATTCCATTAAATTGAAGAATCTGAACAACTATATTTCCCTGTTCCGAAAGAAGACGA
GAACAGAGAAAGAAAATAAGGAGCTGGAAAACCTGGAGATCAACCTGAGGAAGGAGATTGCAAAGGCTTTCAAGGGAAATGAAGGTTATAAGAGCCTGTT
CAAAAAAGATATTATTGAAACTATACTGCCTGAATTTCTCGATGATAAGGATGAGATCGCGCTCGTGAACAGCTTTAACGGATTCACGACTGCCTTTACT
GGATTTTTCGATAATAGGGAGAACATGTTCTCAGAGGAAGCCAAGAGCACCTCGATCGCTTTTCGTTGCATAAATGAGAATTTGACAAGATACATCAGCA
ACATGGACATTTTCGAGAAGGTTGATGCGATCTTTGATAAGCATGAGGTTCAGGAGATTAAGGAGAAGATTCTGAACTCTGATTATGATGTTGAGGATTT
CTTCGAAGGAGAATTTTTTAATTTCGTTTTGACACAGGAAGGTATAGATGTGTATAACGCTATTATCGGTGGGTTCGTTACCGAATCAGGGGAGAAGATA
AAGGGTCTGAATGAGTACATCAATCTGTATAACCAGAAGACAAAGCAGAAACTGCCAAAATTCAAGCCTCTCTATAAGCAAGTCCTGAGCGATCGGGAGT
CGCTTTCGTTCTACGGTGAAGGTTATACCAGCGATGAGGAGGTACTGGAGGTCTTTAGAAACACTCTGAACAAGAATAGCGAAATTTTCTCTTCCATTAA
GAAGCTGGAGAAGCTGTTCAAGAATTTTGATGAGTACTCGAGCGCAGGTATTTTCGTGAAGAACGGACCTGCTATAAGCACTATTAGCAAGGATATTTTT
GGAGAGTGGAATGTTATTCGGGATAAGTGGAATGCAGAGTACGACGATATACACCTGAAGAAGAAGGCTGTGGTAACTGAGAAGTATGAGGACGATAGAC
GCAAAAGCTTCAAGAAGATCGGTTCCTTTAGCCTGGAGCAACTGCAGGAGTATGCGGACGCAGATCTGAGCGTGGTCGAGAAACTGAAGGAGATCATTAT
CCAAAAGGTGGATGAGATTTACAAGGTATACGGTAGCTCAGAAAAGCTCTTTGATGCAGATTTCGTTCTCGAAAAGAGCCTGAAGAAGAATGATGCTGTT
GTTGCTATAATGAAGGACCTGCTCGATAGCGTTAAGAGCTTTGAGAATTACATCAAGGCATTCTTTGGCGAGGGAAAGGAAACAAACAGAGACGAAAGCT
TCTATGGCGACTTTGTGCTAGCTTATGACATCCTGCTGAAGGTAGACCATATATATGATGCAATTCGTAATTACGTTACCCAAAAGCCGTACAGCAAGGA
TAAGTTCAAACTCTATTTTCAAAACCCGCAATTTATGGGTGGCTGGGATAAGGACAAGGAAACAGATTATAGGGCCACTATCCTGCGATATGGCAGCAAG
TACTACCTCGCTATCATGGATAAGAAGTATGCTAAGTGTCTCCAGAAGATAGATAAGGACGACGTGAACGGAAATTACGAGAAGATTAATTACAAGCTAC
TGCCTGGGCCTAACAAGATGCTGCCAAAAGTCTTCTTTTCAAAGAAATGGATGGCTTACTACAACCCATCAGAGGATATCCAAAAGATATACAAAAATGG
GACCTTTAAAAAGGGAGACATGTTTAACCTGAATGACTGCCATAAGCTGATCGATTTTTTTAAGGATAGCATCAGCAGATATCCTAAGTGGTCAAACGCT
TATGATTTTAATTTCTCCGAAACAGAGAAGTATAAGGACATTGCTGGTTTCTATAGGGAAGTCGAAGAACAAGGTTATAAGGTTAGCTTTGAATCGGCTT
CAAAGAAGGAAGTTGATAAACTAGTGGAAGAAGGTAAGCTCTATATGTTCCAAATTTACAACAAGGATTTTTCCGACAAGTCTCACGGAACTCCTAACCT
TCATACGATGTATTTTAAGCTGCTGTTTGATGAGAACAATCACGGCCAAATACGACTCTCCGGTGGAGCAGAACTTTTTATGCGGAGAGCGAGCCTCAAG
AAAGAAGAACTTGTGGTTCATCCCGCCAACAGCCCGATTGCTAACAAGAATCCAGATAACCCTAAGAAGACTACAACACTGTCGTACGATGTTTATAAGG
ATAAGCGTTTCTCGGAAGACCAGTATGAGTTGCACATACCAATAGCAATCAATAAGTGCCCAAAGAACATTTTCAAAATCAACACCGAGGTTCGTGTTCT
GCTGAAGCATGACGATAACCCGTACGTGATAGGAATTGACAGGGGGGAGAGAAACCTGCTGTATATCGTAGTCGTTGATGGAAAGGGCAACATCGTTGAG
CAGTACAGCTTGAATGAAATCATTAACAACTTTAACGGTATACGTATCAAGACTGACTACCATAGCCTGCTGGATAAGAAGGAGAAGGAGAGATTCGAGG
CAAGGCAAAACTGGACGAGCATCGAAAACATCAAGGAACTAAAGGCCGGTTATATCAGCCAAGTAGTCCATAAGATTTGTGAGCTGGTGGAGAAGTATGA
CGCTGTCATCGCCTTGGAGGATCTGAATTCTGGCTTCAAAAATAGCCGGGTGAAAGTGGAGAAGCAGGTATACCAAAAGTTTGAGAAGATGCTCATCGAT
AAGCTAAACTACATGGTTGATAAAAAGAGCAATCCGTGCGCCACAGGAGGAGCTCTCAAAGGGTACCAAATAACCAACAAGTTCGAAAGCTTCAAGTCAA
TGAGCACACAAAACGGGTTTATTTTTTATATACCAGCATGGCTGACGAGCAAGATTGATCCCAGCACTGGTTTTGTCAACCTGCTGAAGACCAAGTATAC
TAGCATTGCTGATTCTAAAAAGTTTATTTCGAGCTTCGACCGTATTATGTACGTTCCAGAGGAGGATCTGTTCGAATTCGCGCTGGATTACAAGAACTTC
AGCAGAACCGATGCTGATTATATTAAGAAGTGGAAGCTGTACTCTTACGGTAATAGAATAAGGATCTTCAGAAACCCTAAGAAAAACAACGTGTTCGATT
GGGAAGAGGTCTGTCTCACTAGCGCGTATAAGGAGCTGTTCAATAAGTACGGAATAAATTACCAGCAAGGGGACATCCGCGCTCTGCTGTGTGAACAGAG
TGACAAAGCATTTTATAGCAGTTTCATGGCGCTGATGAGCCTGATGCTGCAGATGCGAAACAGCATTACTGGTAGAACAGACGTTGACTTTCTCATCAGC
CCTGTGAAGAACAGCGACGGAATCTTTTACGATTCCAGGAACTACGAGGCACAGGAAAACGCTATTCTGCCTAAAAACGCTGATGCAAACGGAGCCTATA
ACATTGCACGAAAAGTTCTGTGGGCTATTGGACAGTTCAAGAAGGCTGAAGATGAGAAGCTAGATAAGGTAAAGATAGCTATTAGCAATAAGGAATGGCT
GGAGTACGCACAAACATCCGTTAAGCACAAAAGGCCGGCGGCCACGAAAAAGGCCGGCCAGGCAAAAAAGAAAAAGGGATCCTACCCATACGATGTTCCA
GATTACGCTTATCCCTACGACGTGCCTGATTATGCATACCCATATGATGTCCCCGACTATGCCTAACACCCAGCTTTCTTGTACAAAGTGGTGATATCCC
GCGGCCATGCTAGAGTCCGCAAAAATCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATTTTTCTCCAGAATAATGTGTGAGTAGTTCCCAGATAAGG
GAATTAGGGTTCTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTA
ATTCCTAAAACCAAAATCCAGTGACCTGCAGGCATGCGACGTCGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAA
CGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT 


