SUPPLEMENTARY TABLES

Supplementary Table 1: Oligos used for plasmid construction.

Primer name Sequence (5' to 3")

hA3A PCR F CACTATAGGGAGAGCCGCCACCATGGAAGCC
AGCCCAGCATCCGGGC

hA3A PCR R GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTGTTTCCCTGATTCTGGAGAATGGC

hA3B PCR F CTATAGGGAGAGCCGCCACCATGAATCCACAG
ATCAGAAATCCGATG

hA3B PCR R GGTGTGGCGGACTCTGAGGTCCCGGGAGTCTC
GCTGCCGCTGTTTCCCTGATTCTGG

hA3C PCR F CACTATAGGGAGAGCCGCCACCATGAATCCAC
AGATCAGAAACCCG

hA3C PCR R GGTGTGGCGGACTCTGAGGTCCCGGGAGTCTC
GCTGCCGCTCTGGAGACTCTCCCGTAGCCTTC

hA3D PCR F CTATAGGGAGAGCCGCCACCATGAATCCACAG
ATCAGAAATCCGATG

hA3D PCR R GGTGTGGCGGACTCTGAGGTCCCGGGAGTCTC
GCTGCCGCTCTGGAGAATCTCCCGTAGCCTTC

hA3F PCR F CACTATAGGGAGAGCCGCCACCATGAAGCCTC
ACTTCAGAAACAC

hA3F PCR R GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTCTCGAGAATCTCCTGC

hA3G PCR F CTATAGGGAGAGCCGCCACCATGAAGCCTCAC
TTCAGAAACACAG

hA3G PCR R GGTGTGGCGGACTCTGAGGTCCCGGGAGTCTC
GCTGCCGCTGTTTTCCTGATTCTGGAGAATGG

hA3H PCR F CTATAGGGAGAGCCGCCACCATGGCTCTGTTA
ACAGCCGAAACAT

hA3H PCR R GGTGTGGCGGACTCTGAGGTCCCGGGAGTCTC
GCTGCCGCTCACAATATATCCATGTAACGAC

hAID PCR F CTATAGGGAGAGCCGCCACCATGGACAGCCTC
TTGATGAACCG

hAID PCR R GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTAAGTCCCAAAGTACGAAATGCGT




hAl PCR F

CTATAGGGAGAGCCGCCACCATGACTTCTGAG
AAAGGTCCTTC

hAl PCR R

GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTTCTCCAAGCCACAGAAGGATGTA

cAICDA PCR F

CTATAGGGAGAGCCGCCACCATGAGCAAGCT
GGACAGTGTGCT

cAICDA PCR R

GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTAAGGCCCAGCAGAGCGAAGCCAT

mAID PCR F CTATAGGGAGAGCCGCCACCATGGACAGCCTT
CTGATGAAGCA

mAID PCR R GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTAAATCCCAACATACGAAATGCAT

mAl PCR F CTATAGGGAGAGCCGCCACCATGAGTTCCGAG
ACAGGCCCTGT

mAl PCR R GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG
CTGCCGCTTTTCAACCCTGTAGCCCAAAGGA

mA3 PCR F CTATAGGGAGAGCCGCCACCATGGGACCATTC
TGTCTGGGATG

mA3_PCR_R GTGTGGCGGACTCTGAGGTCCCGGGAGTCTCG

CTGCCGCTAGACATCGGGGGTCCAAGCTGTA

hA3A Y130F PCR F

TATCTTCGCTGCCCGCATCTTTGATTACGACCC
CCTATAT

hA3A_Y130F PCR_
R

ATATAGGGGGTCGTAATCAAAGATGCGGGCA
GCGAAGATA

hA3A_Y132D PCR_
F

CGCTGCCCGCATCTATGATGATGACCCCCTAT
ATAAGGAG

hA3A_Y132D PCR_
R

CTCCTTATATAGGGGGTCATCATCATAGATGC
GGGCAGCG

hA3A DI131Y PCR_
F

CGCTGCCCGCATCTATTATTACGACCCCCTATA
TAAGGAG

hA3A DI131Y PCR_
R

CTCCTTATATAGGGGGTCGTAATAATAGATGC
GGGCAGCG

hA3A C101S PCR F

GTTCATCTCCTGGAGCCCCAGCTTCTCCTGGG
GCTGTGCC

hA3A C101S PCR R

GGCACAGCCCCAGGAGAAGCTGGGGCTCCAG
GAGATGAAC

hA3A C106S PCR F

CCTGCTTCTCCTGGGGCAGTGCCGGGGAAGTG
CGTGCGTT




hA3A C106S PCR R

AACGCACGCACTTCCCCGGCACTGCCCCAGGA
GAAGCAGG

SupF_PCR_F GAATTCTGTTGACAATTAAT
SupF_PCR R GACCCGAATTGAGCTTGCTA
SupF_sgl FOR ACCGTCTGCCGTCATCGACTTCGA
SupF_sgl REV AAACTCGAAGTCGATGACGGCAGA

SupF sg2 FOR

ACCGCGAACCTTCGAAGTCGATGA

SupF sg2 REV

AAACTCATCGACTTCGAAGGTTCG

EMX1 FOR ACCGGAGTCCGAGCAGAAGAAGAA
EMX1 REV AAACTTCTTCTTCTGCTCGGACTC
RNF2 FOR ACCGGTCATCTTAGTCATTACCTG
RNF2 REV AAACCAGGTAATGACTAAGATGAC

HEK_Site2 FOR

ACCGGAACACAAAGCATAGACTGC

HEK_Site2 REV

AAACGCAGTCTATGCTTTGTGTTC

HEK_Site3 FOR

ACCGGGCCCAGACTGAGCACGTGA

HEK_Site3 REV

AAACTCACGTGCTCAGTCTGGGCC

HEK_Site4 FOR

ACCGGGCACTGCGGCTGGAGGTGG

HEK_Site4 REV

AAACCCACCTCCAGCCGCAGTGCC

FANCF-M-a_FOR

ACCGGCGCACGGTGGCGGGGTCCC

FANCF-M-a REV

AAACGGGACCCCGCCACCGTGCGC

FANCF-M-b_FOR

ACCGAAGTTCGCTAATCCCGGAAC

FANCF-M-b_REV

AAACGTTCCGGGATTAGCGAACTT

FANCF-M-c_FOR

ACCGGTAACGAGCTGCATCCCCGA

FANCF-M-c REV

AAACTCGGGGATGCAGCTCGTTAC

FANCF-M-d_FOR

ACCGCGAGGGCCCGGTTCTCCAGC

FANCF-M-d_REV

AAACGCTGGAGAACCGGGCCCTCG

MSSK1-M-a_FOR

ACCGACCCACGGCGGGGATCAGGG

MSSK1-M-a_REV

AAACCCCTGATCCCCGCCGTGGGT

MSSK1-M-b_FOR

ACCGAATGCGGGTGCAAGGCCTGC

MSSK1-M-b_REV

AAACGCAGGCCTTGCACCCGCATT

MSSK1-M-c_FOR

ACCGCGTCGCCGATCTTCACAGGG

MSSK1-M-c_REV

AAACCCCTGTGAAGATCGGCGACG

MAGEAI-M-a_FOR | ACCGTCCCGCGGGTGGGCCAGGGC

MAGEAI-M-a_ REV | AAACGCCCTGGCCCACCCGCGGGA

MAGEAI1-M-b FOR | ACCGGCTGGCAGCAAGGGCGGCGC

MAGEAI1-M-b REV | AAACGCGCCGCCCTTGCTGCCAGC

PDLI-M-a FOR ACCGCTGGCGCAACGCTGAGCAGC

AAACGCTGCTCAGCGTTGCGCCAG

PDLI-M-a REV




PDL1-M-b_FOR

ACCGCAGGCGGACAGAAGCGCGGC

PDL1-M-b REV

AAACGCCGCGCTTCTGTCCGCCTG

PDL1-M-c_FOR

ACCGAGGCAGCAAATCCAGTTTGC

PDLI-M-c REV

AAACGCAAACTGGATTTGCTGCCT

VEGFA-M-a_FOR

ACCGGGTCAGCGGACTCACCGGCC

VEGFA-M-a_REV

AAACGGCCGGTGAGTCCGCTGACC

VEGFA-M-b_FOR

ACCGTAGCTCGGAGGTCGTGGCGC

VEGFA-M-b_REV

AAACGCGCCACGACCTCCGAGCTA

VEGFA-M-c_FOR

ACCGGGCTAGCACCAGCGCTCTGT

VEGFA-M-c_REV

AAACACAGAGCGCTGGTGCTAGCC
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Supplementary Table 2: sgRNA target sequences, PCR primers for amplifying genomic

DNA and the bisulfite (BS)-PCR primers for BS sequencing.

Name Sequence(5' to 3')

sgEMX1 GAGTCCGAGCAGAAGAAGAAGGG
EMX1 G2F CTGCCATCCCCTTCTGTGAA

EMX1 G2R AAGGGAGATTGGAGACACGGA
sgRNF2 GTCATCTTAGTCATTACCTGAGG
RNF2 G2F AGGAGGACTTGCCCAACTTT

RNF2 G2R CTGTGTCAGAACATGCTGGAA
sgSITE2 GAACACAAAGCATAGACTGCGGG
HEK293-Site2 G2F TCTTCACAGGCTACCCCCTA
HEK293-Site2 G2R AATCCACAGCAACACCCTCT
sgSITE3 GGCCCAGACTGAGCACGTGATGG
HEK293-Site3 GIF CTACGCCTGTGATGGGCTAA

HEK293-Site3 G1R

CCATCACTTTCTGGCCTCAGT

sgSITE4

GGCACTGCGGCTGGAGGTGGGGG

HEK293-Site4 G2F

TGAGCATCTACTGAGATCCT

HEK293-Site4 G1R

GCCGCAGCCACTCAGAT

sgFANCF-M-a GCGCACGGTGGCGGGGTCCCAGG
sgFANCF-M-b AAGTTCGCTAATCCCGGAACTGG
sgFANCF-M-c GTAACGAGCTGCATCCCCGAGGG
sgFANCF-M-d CGAGGGCCCGGTTCTCCAGCAGG
FANCF_GIF GCATTGCAGAGAGGCGTATCAT

FANCF _GIR ATAGCCATTGAAGCGCAGCATG

FANCF BS OF AAGTATTAGGGTTTTTAAGTTGTTTAGAGT
FANCF BS OR GATGAGGAGATATTTTAAGAGAGTTTGGT
FANCF _BS IF GATTAATAGTATTGTAGAGAGG

FANCF BS IR AGTTCGTTATTATTTGGTGTAG
sgMSSK1-M-a ACCCACGGCGGGGATCAGGGTGG

sgMSSK1-M-b

AATGCGGGTGCAAGGCCTGCCGG




sgMSSK1-M-¢ CGTCGCCGATCTTCACAGGGTGG
MSSK1 GIF CAATGGGGCCGAGGTGTTCG
MSSK1 GIR GGAAGAAAGGCCGCCAACCC
MSSK1 BS_OF up GGGTTTCGAATTAGTTTTGG

MSSK1 BS IF up

AGATGTTGTAGGGTTTTTTGGG

MSSK1 BS R up

CTATAACCCTAACAAAACCCAC

MSSK1 BS F down

GGGTTTGTTTGGGGTTATTTTG

MSSK1 BS OR down

CCCGAACCTAAAACAAAAACCA

MSSK1 BS IR down

AAAACCCACAACTCCCTTCAAT

sgMAGEA1-M-a

TCCCGCGGGTGGGCCAGGGCTGG

sgMAGEA1-M-b

GCTGGCAGCAAGGGCGGCGCTGG

MAGEA1 GIF CCATTCTGAGGGACGGCGTA
MAGEA1 GIR GTGAGGGTGAGGTGGCAGAA
MAGEA1 BS F GAGAGAAGCGAGGTTTTTAT

MAGEA1 BS_OR

CAATCTTAAAAACCCACAACCC

MAGEA1 BS_IR

TAACAAAACCTATACCCTACCC

sgPDL1-M-a CTGGCGCAACGCTGAGCAGCTGG
sgPDL1-M-b CAGGCGGACAGAAGCGCGGCTGG
sgPDL1-M-c AGGCAGCAAATCCAGTTTGCCGG
PDL1 GIF CGAAACTCTTCCCGGTGAAA

PDLI GIR AGGAAGGCCAGATGCATTGC

PDLI BS OF TATTAAATGTGGATTTGTTT

PDLI BS OR ACCAAATACATTACCTATTCTT
PDL1 BS IF ATAAGAAAATTGGATTGATATG
PDLI BS IR ACAAATAATTAACTCTACTACC
sgVEGFA-M-a GGTCAGCGGACTCACCGGCCAGG
sgVEGFA-M-b TAGCTCGGAGGTCGTGGCGCTGG
sgVEGFA-M-c GGCTAGCACCAGCGCTCTGTCGG
VEGFA GIF GCGGATGGGTAATTTTCAGG
VEGFA GIR GGGGAAGTAGAGCAATCTCC
VEGFA_BS OF CGCGTGTTTTTGGATAGAGTTT

VEGFA_BS_IF

TTAGGTTGTGAATTTTGGTGGG




VEGFA BS R

CTCTTACTACCTCTTTCCTCTT
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SUPPLEMENTARY NOTES

Supplementary Note 1: Plasmid DNA sequences:

hA3A-BE3 expression vector (pCMV-hAPOBEC3A-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTATGATTACGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA
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TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG
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CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC
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TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA
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AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG
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AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA
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hA3B-BE3 expression vector (P CMV-hAPOBEC3B-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGAATCCACAGATCAGAAATCCGATGGAGCGGATGTATCGAGACACATTCTAC

GACAACTTTGAAAACGAACCCATCCTCTATGGTCGGAGCTACACTTGGCTGTGCT

ATGAAGTGAAAATAAAGAGGGGCCGCTCAAATCTCCTTTGGGACACAGGGGTCT

TTCGAGGCCAGGTGTATTTCAAGCCTCAGTACCACGCAGAAATGTGCTTCCTCTC

TTGGTTCTGTGGCAACCAGCTGCCTGCTTACAAGTGTTTCCAGATCACCTGGTTTG

TATCCTGGACCCCCTGCCCGGACTGTGTGGCGAAGCTGGCCGAATTCCTGTCTGA

GCACCCCAATGTCACCCTGACCATCTCCGCCGCCCGCCTCTACTACTACTGGGAA

AGAGATTACCGAAGGGCGCTCTGCAGGCTGAGTCAGGCAGGAGCCCGCGTGAAG

ATCATGGACTATGAAGAATTTGCATACTGCTGGGAAAACTTTGTGTACAATGAAG

GTCAGCAATTCATGCCTTGGTACAAATTCGATGAAAATTATGCATTCCTGCACCG

CACGCTAAAGGAGATTCTCAGATACCTGATGGATCCAGACACATTCACTTTCAAC

TTTAATAATGACCCTTTGGTCCTTCGACGGCGCCAGACCTACTTGTGCTATGAGG

TGGAGCGCCTGGACAATGGCACCTGGGTCCTGATGGACCAGCACATGGGCTTTCT

ATGCAACGAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCTG
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CGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGGG

TCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAGT

GCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGCATCTTCGCTGCCCGC

ATCTATGATTACGACCCCCTATATAAGGAGGCGCTGCAAATGCTGCGGGATGCTG

GGGCCCAAGTCTCCATCATGACCTACGATGAGTTTGAGTACTGCTGGGACACCTT

TGTGTACCGCCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGAGGAGCACAG

CCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCGG

CAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGTA

TTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGAT

GAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCAT

TCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAG

AGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACC

GAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTC

TTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAA

CGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTAC

CCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGAC
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CTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCT

CATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAG

TTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCG

TGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAA

CCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTAT

AGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAA

GATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTA

CTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTA

GCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGC

GCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA
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AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC
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ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG
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ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA
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TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

hA3C-BE3 expression vector (pCMV-hAPOBEC3C-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGAATCCACAGATCAGAAACCCGATGAAGGCAATGTATCCAGGCACATTCTAC

TTCCAATTTAAAAACCTATGGGAAGCCAACGATCGGAACGAAACTTGGCTGTGC

TTCACCGTGGAAGGTATAAAGCGCCGCTCAGTTGTCTCCTGGAAGACGGGCGTCT

TCCGAAACCAGGTGGATTCTGAGACCCATTGTCATGCAGAAAGGTGCTTCCTCTC

TTGGTTCTGCGACGACATACTGTCTCCTAACACAAAGTACCAGGTCACCTGGTAC
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ACATCTTGGAGCCCTTGCCCAGACTGTGCAGGGGAGGTGGCCGAGTTCCTGGCC

AGGCACAGCAACGTGAATCTCACCATCTTCACCGCCCGCCTCTACTACTTCCAGT

ATCCATGTTACCAGGAGGGGCTCCGCAGCCTGAGTCAGGAAGGGGTCGCTGTGG

AGATCATGGACTATGAAGATTTTAAATATTGTTGGGAAAACTTTGTGTACAATGA

TAATGAGCCATTCAAGCCTTGGAAGGGATTAAAAACCAACTTTCGACTTCTGAAA

AGAAGGCTACGGGAGAGTCTCCAGAGCGGCAGCGAGACTCCCGGGACCTCAGA

GTCCGCCACACCCGAAAGTGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACT

AATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAA

TTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTG

CCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCG

CTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTT

TTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTC

CTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACAT

AGTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAA

AAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTT

GCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGG
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ACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTT

GTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAG

CGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGA

GAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACA

CCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTA

AGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGT

ATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGA

CATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATC

AAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGT

CAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGG

TACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATC

AAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAAT

CGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACAT

CAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATC

CGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACC

TTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAG
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AAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGG

TGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCG

AACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACA

ATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCT

AAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAA

AGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGA

TTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTAT

CATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAAT

GAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAA

TGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGA

AACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTA

TCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGA

GCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAAC

CTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCA

CGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAG

ACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAA
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AACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAA

AAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCA

GCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAAC

TTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGA

CATAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGA

AGGACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGA

AAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGC

GGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTA

AAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTC

AGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCC

GAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTA

ATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATA

AAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGT

CGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTA

TGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGA

GATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTA
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AGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAA

CCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGG

TGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGC

AGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGC

TCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCC

CTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCA

AGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGT

CTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAA

AAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATG

GCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCG

CACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTT

GAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAA

ACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCAT

CCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGA

TAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAAC

CTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGAT
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ACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGG

GATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCTGGTGGTTC

TACTAATCTGTCAGATATTATTGAAAAGGAGACCGGTAAGCAACTGGTTATCCAG

GAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGTCATTGGGAACAAGCCG

GAAAGCGATATACTCGTGCACACCGCCTACGACGAGAGCACCGACGAGAATGTC

ATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGGGCTCTGGTCATACAGG

ATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTGGTGGTTCTCCCAAGAAGA

AGAGGAAAGTCTAA

hA3D-BE3 expression vector (pCMV-hAPOBEC3D-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGAATCCACAGATCAGAAATCCGATGGAGCGGATGTATCGAGACACATTCTAC

GACAACTTTGAAAACGAACCCATCCTCTATGGTCGGAGCTACACTTGGCTGTGCT

ATGAAGTGAAAATAAAGAGGGGCCGCTCAAATCTCCTTTGGGACACAGGGGTCT

TTCGAGGCCCGGTACTACCCAAACGTCAGTCGAATCACAGGCAGGAGGTGTATT

TCCGGTTTGAGAACCACGCAGAAATGTGCTTCTTATCTTGGTTCTGTGGCAACCG

ACTGCCTGCTAACAGGCGCTTCCAGATCACCTGGTTTGTATCATGGAACCCCTGC
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CTGCCCTGTGTGGTGAAGGTGACCAAATTCTTGGCTGAGCACCCCAATGTCACCC

TGACCATCTCTGCCGCCCGCCTCTACTACTACCGGGATAGAGATTGGCGGTGGGT

GCTCCTCAGGCTGCATAAGGCAGGGGCCCGTGTGAAGATCATGGACTATGAAGA

CTTTGCATACTGCTGGGAAAACTTTGTGTGCAATGAAGGTCAGCCATTCATGCCT

TGGTACAAATTCGATGACAATTATGCATCCCTGCACCGCACGCTAAAGGAGATTC

TCAGAAACCCGATGGAGGCAATGTACCCACACATATTCTACTTCCACTTTAAAAA

CCTACTGAAAGCCTGTGGTCGGAACGAAAGCTGGCTGTGCTTCACCATGGAAGTT

ACAAAGCACCACTCAGCTGTCTTCCGGAAGAGGGGCGTCTTCCGAAACCAGGTG

GATCCTGAGACCCATTGTCATGCAGAAAGGTGCTTCCTCTCTTGGTTCTGTGACG

ACATACTGTCTCCTAACACAAACTACGAGGTCACCTGGTACACATCTTGGAGCCC

TTGCCCAGAGTGTGCAGGGGAGGTGGCCGAGTTCCTGGCCAGGCACAGCAACGT

GAATCTCACCATCTTCACCGCCCGCCTCTGCTACTTCTGGGATACAGATTACCAG

GAGGGGCTCTGCAGCCTGAGTCAGGAAGGGGCCTCCGTGAAGATCATGGGCTAC

AAAGATTTTGTATCTTGTTGGAAAAACTTTGTGTACAGTGATGATGAGCCATTCA

AGCCTTGGAAGGGACTACAAACCAACTTTCGACTTCTGAAAAGAAGGCTACGGG

AGATTCTCCAGAGCGGCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCG
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AAAGTGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATG

GGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGG

GAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGAT

AGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTA

TACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATG

GCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAG

AGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGG

CATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTC

AACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAG

TTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCG

ACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCC

TATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAA

TCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGG

TTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGA

ACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATG

ACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTT
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GGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAAT

ACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAA

CATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGA

AATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTG

ACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGA

AGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGC

GAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCG

AATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAA

TCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCC

CTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACG

ATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGT

TCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGC

CTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGT

TAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAA

GAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCA

ATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCC
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GGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGA

TAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAG

ATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACT

AAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCG

TCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGA

CAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAAT

AGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATAC

AAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATC

TTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGG

ATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGA

TGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGG

ATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGA

GCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTA

CAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCT

GATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCG

ACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTC
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CAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATG

CGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTG

GCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCG

CCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATA

CGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAA

ATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAAT

AACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCA

TTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTA

TGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAG

CCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTG

GCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGT

GAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCC

ATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCA

AAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAG

GACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTG

TCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCA

Nature Biotechnology: doi:10.1038/nbt.4198



AAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCAT

CGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAA

ACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGC

TAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGT

GAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGAT

AACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATC

ATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTG

GACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAG

GCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCAT

TCAAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGG

TGCTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGAT

AGATTTGTCACAGCTTGGGGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATT

ATTGAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAATCCATCCTCATGCTC

CCAGAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAAAGCGATATACTCGT

GCACACCGCCTACGACGAGAGCACCGACGAGAATGTCATGCTTCTGACTAGCGA
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CGCCCCTGAATACAAGCCTTGGGCTCTGGTCATACAGGATAGCAACGGTGAGAA

CAAGATTAAGATGCTCTCTGGTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

hA3F-BE3 expression vector (prCMV-hAPOBEC3F-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGAAGCCTCACTTCAGAAACACAGTGGAGCGAATGTATCGAGACACATTCTCC

TACAACTTTTATAATAGACCCATCCTTTCTCGTCGGAATACCGTCTGGCTGTGCTA

CGAAGTGAAAACAAAGGGTCCCTCAAGGCCCCGTTTGGACGCAAAGATCTTTCG

AGGCCAGGTGTATTCCCAGCCTGAGCACCACGCAGAAATGTGCTTCCTCTCTTGG

TTCTGTGGCAACCAGCTGCCTGCTTACAAGTGTTTCCAGATCACCTGGTTTGTATC

CTGGACCCCCTGCCCGGACTGTGTGGCGAAGCTGGCCGAATTCCTGGCTGAGCAC

CCCAATGTCACCCTGACCATCTCCGCCGCCCGCCTCTACTACTACTGGGAAAGAG

ATTACCGAAGGGCGCTCTGCAGGCTGAGTCAGGCAGGGGCCCGCGTGAAGATTA

TGGACGATGAAGAATTTGCATACTGCTGGGAAAACTTTGTGTACAGTGAAGGTC

AGCCATTCATGCCTTGGTACAAATTCGATGACAATTATGCATTCCTGCACCGCAC

GCTAAAGGAGATTCTCAGAAACCCGATGGAGGCAATGTATCCACACATATTCTA

CTTCCACTTTAAAAACCTACGCAAAGCCTATGGTCGGAACGAAAGCTGGCTGTGC
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TTCACCATGGAAGTTGTAAAGCACCACTCACCTGTCTCCTGGAAGAGGGGCGTCT

TCCGAAACCAGGTGGATCCTGAGACCCATTGTCATGCAGAAAGGTGCTTCCTCTC

TTGGTTCTGTGACGACATACTGTCTCCTAACACAAACTACGAGGTCACCTGGTAC

ACATCTTGGAGCCCTTGCCCAGAGTGTGCAGGGGAGGTGGCCGAGTTCCTGGCC

AGGCACAGCAACGTGAATCTCACCATCTTCACCGCCCGCCTCTACTACTTCTGGG

ATACAGATTACCAGGAGGGGCTCCGCAGCCTGAGTCAGGAAGGGGCCTCCGTGG

AGATCATGGGCTACAAAGATTTTAAATATTGTTGGGAAAACTTTGTGTACAATGA

TGATGAGCCATTCAAGCCTTGGAAAGGACTAAAATACAACTTTCTATTCCTGGAC

AGCAAGCTGCAGGAGATTCTCGAGAGCGGCAGCGAGACTCCCGGGACCTCAGAG

TCCGCCACACCCGAAAGTGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTA

ATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATT

TAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGC

CCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGC

TCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTT

AGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCT

TCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAG
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TAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAA

AGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGC

CCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGAC

AACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGT

TTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCG

CCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAG

AGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACC

AAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAG

GACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTAT

GCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACA

TACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAA

AAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCA

GCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTA

CGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAA

ACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCG

CGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCA
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AATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCG

TTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTT

ACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAA

AGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTG

CGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAA

CGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAAT

GAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAA

GCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAG

TGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTC

TGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCAT

GACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAA

GATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGA

TTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAAC

AGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCA

ACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCG

ACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTT
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CAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGA

ACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACA

GTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAAC

ATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAA

CAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCC

AGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTT

ACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACA

TAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAG

GACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAA

AGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGG

CAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAA

GCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAG

CTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGA

ATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATC

ACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAG

TTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGT
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AGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGG

TGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGAT

AGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAG

ACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACC

AATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTG

AGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAG

ACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTC

ATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCT

ACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAG

AAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCT

TTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAA

AAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCC

GAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCAC

TACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAA

AGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACA

TTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTA
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GCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAA

CCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCG

GCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACA

CTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATT

ATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCTGGTGGTTCTACT

AATCTGTCAGATATTATTGAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAA

TCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAA

AGCGATATACTCGTGCACACCGCCTACGACGAGAGCACCGACGAGAATGTCATG

CTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGGGCTCTGGTCATACAGGATA

GCAACGGTGAGAACAAGATTAAGATGCTCTCTGGTGGTTCTCCCAAGAAGAAGA

GGAAAGTCTAA

hA3G-BE3 expression vector (pCMV-hAPOBEC3G-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGAAGCCTCACTTCAGAAACACAGTGGAGCGAATGTATCGAGACACATTCTCC

TACAACTTTTATAATAGACCCATCCTTTCTCGTCGGAATACCGTCTGGCTGTGCTA

CGAAGTGAAAACAAAGGGTCCCTCAAGGCCCCCTTTGGACGCAAAGATCTTTCG
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AGGCCAGGTGTATTCCGAACTTAAGTACCACCCAGAGATGAGATTCTTCCACTGG

TTCAGCAAGTGGAGGAAGCTGCATCGTGACCAGGAGTATGAGGTCACCTGGTAC

ATATCCTGGAGCCCCTGCACAAAGTGTACAAGGGATATGGCCACGTTCCTGGCC

GAGGACCCGAAGGTTACCCTGACCATCTTTGTTGCCCGCCTCTACTACTTCTGGG

ACCCAGATTACCAGGAGGCGCTTCGCAGCCTGTGTCAGAAAAGAGACGGTCCGC

GTGCCACCATGAAGATCATGAATTATGACGAATTTCAGCACTGTTGGAGCAAGTT

CGTGTACAGCCAAAGAGAGCTATTTGAGCCTTGGAATAATCTGCCTAAATATTAT

ATATTACTGCACATCATGCTGGGGGAGATTCTCAGACACTCGATGGATCCACCCA

CATTCACTTTCAACTTTAACAATGAACCTTGGGTCAGAGGACGGCATGAGACTTA

CCTGTGTTATGAGGTGGAGCGCATGCACAATGACACCTGGGTCCTGCTGAACCA

GCGCAGGGGCTTTCTATGCAACCAGGCTCCACATAAACACGGTTTCCTTGAAGGC

CGCCATGCAGAGCTGTGCTTCCTGGACGTGATTCCCTTTTGGAAGCTGGACCTGG

ACCAGGACTACAGGGTTACCTGCTTCACCTCCTGGAGCCCCTGCTTCAGCTGTGC

CCAGGAAATGGCTAAATTCATTTCAAAAAACAAACACGTGAGCCTGTGCATCTTC

ACTGCCCGCATCTATGATGATCAAGGAAGATGTCAGGAGGGGCTGCGCACCCTG

GCCGAGGCTGGGGCCAAAATTTCAATAATGACATACAGTGAATTTAAGCACTGC
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TGGGACACCTTTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAG

ATGAGCACAGCCAAGACCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGG

AAAACAGCGGCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTG

ATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGT

CATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACAC

AGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGC

GAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGT

CGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAA

GTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACA

AGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATC

ATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTG

ATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCG

TGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAA

CTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAA

ATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCG

ACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTT
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CGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTC

GACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGAT

CTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTG

CCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGA

GATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCA

CCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATAT

AAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGC

GGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATG

GATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAG

CAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGC

ATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGA

AAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCC

CGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACT

CCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCG

AGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGC

ACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTA
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TGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGC

AATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAA

AGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTA

GAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTA

AAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAG

TGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAAC

ATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTAT

ACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAA

AGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACT

TTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGC

ACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGT

TCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTA

GTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGC

GAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAG

AATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGT

GGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGG
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AAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGAC

GTCGATCACATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAG

TGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGG

AAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGA

TAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTG

AACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCA

CAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGA

ACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGT

CGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACC

ACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAA

ATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTC

CGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATA

CTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACG

GAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCG

TATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCC

AAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAAT

Nature Biotechnology: doi:10.1038/nbt.4198



CGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGG

ACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGT

AGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAAT

TATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTT

CCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACC

AAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGC

CGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTT

CCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAA

CAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAG

CAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAA

GTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAA

AATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTA

TTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGA

CGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTG

TCACAGCTTGGGGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAA

AGGAGACCGGTAAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGG
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AGGTGGAAGAAGTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCG

CCTACGACGAGAGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTG

AATACAAGCCTTGGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTA

AGATGCTCTCTGGTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

hA3H-BE3 expression vector (pCMV-hAPOBEC3H-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGGCTCTGTTAACAGCCGAAACATTCCGCTTACAGTTTAACAACAAGCGCCGCC

TCAGAAGGCCTTACTACCCGAGGAAGGCCCTCTTGTGTTACCAGCTGACGCCGCA

GAATGGCTCCACGCCCACGAGAGGCTACTTTGAAAACAAGAAAAAGTGCCATGC

AGAAATTTGCTTTATTAACGAGATCAAGTCCATGGGACTGGACGAAACGCAGTG

CTACCAAGTCACCTGTTACCTCACGTGGAGCCCCTGCTCCTCCTGTGCCTGGGAG

CTGGTTGACTTCATCAAGGCTCACGACCATCTGAACCTGGGCATCTTCGCCTCCC

GCCTGTACTACCACTGGTGCAAGCCCCAGCAGAAGGGGCTGCGGCTTCTGTGTG

GATCCCAGGTCCCGGTGGAGGTCATGGGCTTCCCAGAGTTTGCTGACTGCTGGGA

AAACTTTGTGGACCACGAGAAACCGCTTTCCTTCAACCCCTATAAGATGTTAGAG

GAGCTAGATAAAAACAGTCGAGCCATAAAGCGACGGCTTGAGAGGATAAAGGG

Nature Biotechnology: doi:10.1038/nbt.4198



GCTCCTTCTTGTTCTTTTAGATTCCAGGGGTACGTGCGCAGGGTCGTTACATGGAT

ATATTGTGAGCGGCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAA

GTGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGC

TGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAA

CACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGT

GGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATAC

ACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGC

CAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAG

GACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCA

TATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCA

ACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGT

TCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGA

CAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCT

ATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAAT

CCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGT

TGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAA
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CTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGA

CGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTG

GCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATA

CTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAAC

ATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAA

ATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGAC

GGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAG

ATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGA

AAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAA

TTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATC

GTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCT

GGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGAT

TACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTC

ATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCT

AAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTA

AGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGA
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AAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAAT

TGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGG

GGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATA

ATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGAT

ATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAA

AAACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTC

GCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACA

AGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAG

GAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAA

AAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTT

GCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGAT

GAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATG

GCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGAT

GAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGC

ATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACA

AAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGA
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TTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGAC

AATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCA

AGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCG

AAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGC

TTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCC

AAATCACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACG

ACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAAT

TGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAA

CTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATT

AAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTAT

GACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGC

CAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGG

CAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTG

AAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCA

TGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAA

AGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGG
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ACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGT

CCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAA

AGAATTATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATC

GACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAA

CTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCT

AGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTG

AATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATA

ACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCA

TAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGG

ACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGG

CGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTC

AAGTATTTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTG

CTAGACGCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATA

GATTTGTCACAGCTTGGGGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTA

TTGAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCC

AGAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGC
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ACACCGCCTACGACGAGAGCACCGACGAGAATGTCATGCTTCTGACTAGCGACG

CCCCTGAATACAAGCCTTGGGCTCTGGTCATACAGGATAGCAACGGTGAGAACA

AGATTAAGATGCTCTCTGGTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

hAID-BE3 expression vector (pCMV-hAICDA-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGGACAGCCTCTTGATGAACCGGAGGAAGTTTCTTTACCAATTCAAAAATGTCC

GCTGGGCTAAGGGTCGGCGTGAGACCTACCTGTGCTACGTAGTGAAGAGGCGTG

ACAGTGCTACATCCTTTTCACTGGACTTTGGTTATCTTCGCAATAAGAACGGCTG

CCACGTGGAATTGCTCTTCCTCCGCTACATCTCGGACTGGGACCTAGACCCTGGC

CGCTGCTACCGCGTCACCTGGTTCACCTCCTGGAGCCCCTGCTACGACTGTGCCC

GACATGTGGCCGACTTTCTGCGAGGGAACCCCAACCTCAGTCTGAGGATCTTCAC

CGCGCGCCTCTACTTCTGTGAGGACCGCAAGGCTGAGCCCGAGGGGCTGCGGCG

GCTGCACCGCGCCGGGGTGCAAATAGCCATCATGACCTTCAAAGATTATTTTTAC

TGCTGGAATACTTTTGTAGAAAACCACGAAAGAACTTTCAAAGCCTGGGAAGGG

CTGCATGAAAATTCAGTTCGTCTCTCCAGACAGCTTCGGCGCATCCTTTTGCCCCT

GTATGAGGTTGATGACTTACGAGACGCATTTCGTACTTTGGGACTTAGCGGCAGC
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GAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGTATTCT

ATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAAT

ACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGA

TTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGG

CGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAA

TATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTT

CTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACG

GCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCC

AACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCT

GAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTC

ATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGT

TAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGT

GGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAAC

CTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATA

GCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAG

ATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACT
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GGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGC

GATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGC

CGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACT

TCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTT

GATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAG

GAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAG

TTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACA

ACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAG

GCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAAT

CCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGG

TTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAG

GAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAAC

TTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACG

AGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCAT

GCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTT

ATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAA
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GAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAAT

GCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGACTTCC

TGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCT

CTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTT

CGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACG

ATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTAT

TCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATC

CATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGA

CAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCA

AAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGG

GACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGA

CTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGT

ATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAA

TTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTAT

GTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCACATTG

TACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCTC
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GGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGA

AAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAA

AGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGG

CCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGC

ACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGAT

TCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAA

GGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGAC

GCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAG

AAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGC

GAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAA

CATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAA

ACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGG

CCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGT

AAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAA

AAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTA

CGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTT
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GAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAAC

GATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAA

GGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTG

TTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAA

AAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGT

CCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTT

TTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATT

CAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATA

CAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTT

GTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACG

ATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATT

CACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGG

GTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGTAA

GCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGT

CATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAGAG

CACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGG

Nature Biotechnology: doi:10.1038/nbt.4198



GCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTGGT

GGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

hA1-BE3 expression vector (P CMV-hAPOBECI-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGACTTCTGAGAAAGGTCCTTCAACCGGTGACCCCACTCTGAGGAGAAGAATC

GAACCCTGGGAGTTTGACGTCTTCTATGACCCCAGAGAACTTCGTAAAGAGGCCT

GTCTGCTCTACGAAATCAAGTGGGGCATGAGCCGGAAGATCTGGCGAAGCTCAG

GCAAAAACACCACCAATCACGTGGAAGTTAATTTTATAAAAAAATTTACGTCAG

AAAGAGATTTTCACCCATCCATGAGCTGCTCCATCACCTGGTTCTTGTCCTGGAG

TCCCTGCTGGGAATGCTCCCAGGCTATTAGAGAGTTTCTGAGTCGGCACCCTGGT

GTGACTCTAGTGATCTACGTAGCTCGGCTTTTTTGGCACATGGATCAACAAAATC

GGCAAGGTCTCAGGGACCTTGTTAACAGTGGAGTAACTATTCAGATTATGAGAG

CATCAGAGTATTATCACTGCTGGAGGAATTTTGTCAACTACCCACCTGGGGATGA

AGCTCACTGGCCACAATACCCACCTCTGTGGATGATGTTGTACGCACTGGAGCTG

CACTGCATAATTCTAAGTCTTCCACCCTGTTTAAAGATTTCAAGAAGATGGCAAA

ATCATCTTACATTTTTCAGACTTCATCTTCAAAACTGCCATTACCAAACGATTCCG
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CCACACATCCTTTTAGCTACAGGGCTGATACATCCTTCTGTGGCTTGGAGAAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA
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AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC
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TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC
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ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA
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AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG
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AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

mA3-BE3 expression vector (P CMV-mAPOBEC3-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGGGACCATTCTGTCTGGGATGCAGCCATCGCAAATGCTATTCACCGATCAGA

AACCTGATATCTCAAGAAACATTCAAGTTCCACTTTAAGAACCTAGGCTATGCCA

AAGGCCGGAAAGATACCTTCTTGTGCTATGAAGTGACTAGAAAGGACTGCGATT

CACCCGTCTCCCTTCACCATGGGGTCTTTAAGAACAAGGACAACATCCACGCTGA

AATCTGCTTTTTATACTGGTTCCATGACAAAGTACTGAAAGTGCTGTCTCCGAGA

GAAGAGTTCAAGATCACCTGGTATATGTCCTGGAGCCCCTGTTTCGAATGTGCAG

AGCAGATAGTAAGGTTCCTGGCTACACACCACAACCTGAGCCTGGACATCTTCA

GCTCCCGCCTCTACAACGTACAGGACCCAGAAACCCAGCAGAATCTTTGCAGGC

TGGTTCAGGAAGGAGCCCAGGTGGCTGCCATGGACCTATACGAATTTAAAAAGT

GTTGGAAGAAGTTTGTGGACAATGGTGGCAGGCGATTCAGGCCTTGGAAAAGAC

TGCTTACAAATTTTAGATACCAGGATTCTAAGCTTCAGGAGATTCTGAGACCTTG
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CTACATCTCGGTCCCTTCCAGCTCTTCATCCACTCTGTCAAATATCTGTCTAACAA

AAGGTCTCCCAGAGACGAGGTTCTGGGTGGAGGGCAGGCGAATGGACCCGCTAA

GTGAAGAGGAATTTTACTCGCAGTTTTACAACCAACGAGTCAAGCATCTCTGCTA

CTACCACCGCATGAAGCCCTATCTATGCTACCAGCTGGAGCAGTTCAATGGCCAA

GCGCCACTCAAAGGCTGCCTGCTAAGCGAGAAAGGCAAACAGCATGCAGAAATC

CTCTTCCTTGATAAGATTCGGTCCATGGAGCTGAGCCAAGTGACAATCACCTGCT

ACCTCACCTGGAGCCCCTGCCCAAACTGTGCCTGGCAACTGGCGGCATTCAAAA

GGGATCGTCCAGATCTAATTCTGCATATCTACACCTCCCGCCTGTATTTCCACTGG

AAGAGGCCCTTCCAGAAGGGGCTGTGTTCTCTGTGGCAATCAGGGATCCTGGTG

GACGTCATGGACCTCCCACAGTTTACTGACTGCTGGACAAACTTTGTGAACCCGA

AAAGGCCGTTTTGGCCATGGAAAGGATTGGAGATAATCAGCAGGCGCACACAAA

GGCGGCTCCGCAGGATCAAGGAGTCCTGGGGTCTGCAAGATTTGGTGAATGACT

TTGGAAACCTACAGCTTGGACCCCCGATGTCTAGCGGCAGCGAGACTCCCGGGA

CCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGTATTCTATTGGTTTAGCCAT

CGGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCA

AAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTT
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ATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAA

CGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAA

GAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGG

AAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTG

GAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACC

TCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACT

TGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCT

AAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTAT

AATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCT

ATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAAT

TACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAG

GCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCA

GCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGG

AGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTC

CTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTT

CAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCC
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TAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAA

AAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAA

GTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAA

ACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCAT

TCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGA

TTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTT

CGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGA

TGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCG

ATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGA

ATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCAC

AGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACC

CGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGAC

CAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGA

ATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTT

GGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAAC

GAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAG
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ATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATA

AGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGC

GGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATT

TTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGA

CTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGA

CTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGC

ATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCAC

AAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAA

GGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAG

AACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGA

ACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCA

GGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAA

TCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGA

ACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAG

AACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGAT

AACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTT
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ATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATA

CTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAA

GTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTC

AATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCT

TAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGA

GTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGC

GAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGA

ATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTT

TAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACT

TCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAA

CTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATA

GTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCT

TCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGG

AAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGA

GCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAG

GAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTA
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GAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAA

CGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTAC

GAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAG

CAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAG

AGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAG

CACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTC

TTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCG

CAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATC

CATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCT

GGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGTAAGCAACTG

GTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGTCATTGGG

AACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAGAGCACCGAC

GAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGGGCTCTGG

TCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTGGTGGTTCTCC

CAAGAAGAAGAGGAAAGTCTAA
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mAID-BE3 expression vector (pCMV-mAICDA-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGGACAGCCTTCTGATGAAGCAAAAGAAGTTTCTTTACCATTTCAAAAATGTCC

GCTGGGCCAAGGGACGGCATGAGACCTACCTCTGCTACGTGGTGAAGAGGAGAG

ATAGTGCCACCTCCTGCTCACTGGACTTCGGCCACCTTCGCAACAAGTCTGGCTG

CCACGTGGAATTGTTGTTCCTACGCTACATCTCAGACTGGGACCTGGACCCGGGC

CGGTGTTACCGCGTCACCTGGTTCACCTCCTGGAGCCCGTGCTATGACTGTGCCC

GGCACGTGGCTGAGTTTCTGAGATGGAACCCTAACCTCAGCCTGAGGATTTTCAC

CGCGCGCCTCTACTTCTGTGAAGACCGCAAGGCTGAGCCTGAGGGGCTGCGGAG

ACTGCACCGCGCTGGGGTCCAGATCGGGATCATGACCTTCAAAGACTATTTTTAC

TGCTGGAATACATTTGTAGAAAATCGTGAAAGAACTTTCAAAGCCTGGGAAGGG

CTACATGAAAATTCTGTCCGGCTAACCAGACAACTTCGGCGCATCCTTTTGCCCT

TGTACGAAGTCGATGACTTGCGAGATGCATTTCGTATGTTGGGATTTAGCGGCAG

CGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGTATTC

TATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAA

TACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCG

ATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAG
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GCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGA

ATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTT

TCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACG

GCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCC

AACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCT

GAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTC

ATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGT

TAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGT

GGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAAC

CTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATA

GCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAG

ATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACT

GGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGC

GATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGC

CGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACT

TCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTT
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GATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAG

GAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAG

TTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACA

ACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAG

GCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAAT

CCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGG

TTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAG

GAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAAC

TTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACG

AGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCAT

GCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTT

ATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAA

GAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAAT

GCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGACTTCC

TGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCT

CTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTT
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CGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACG

ATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTAT

TCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATC

CATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGA

CAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCA

AAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGG

GACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGA

CTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGT

ATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAA

TTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTAT

GTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCACATTG

TACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCTC

GGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGA

AAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAA

AGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGG

CCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGC
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ACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGAT

TCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAA

GGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGAC

GCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAG

AAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGC

GAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAA

CATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAA

ACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGG

CCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGT

AAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAA

AAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTA

CGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTT

GAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAAC

GATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAA

GGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTG

TTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAA
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AAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGT

CCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTT

TTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATT

CAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATA

CAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTT

GTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACG

ATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATT

CACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGG

GTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGTAA

GCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGT

CATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAGAG

CACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGG

GCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTGGT

GGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

mA1-BE3 expression vector () CMV-mAPOBECI1-XTEN-D10A-SGGS-UGI-SGGS-NLS)
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ATGAGTTCCGAGACAGGCCCTGTAGCTGTTGATCCCACTCTGAGGAGAAGAATT

GAGCCCCACGAGTTTGAAGTCTTCTTTGACCCCCGGGAGCTTCGGAAAGAGACCT

GTCTGCTGTATGAGATCAACTGGGGTGGAAGGCACAGTGTCTGGCGACACACGA

GCCAAAACACCAGCAACCACGTTGAAGTCAACTTCTTAGAAAAATTTACTACAG

AAAGATACTTTCGTCCGAACACCAGATGCTCCATTACCTGGTTCCTGTCCTGGAG

TCCCTGCGGGGAGTGCTCCAGGGCCATTACAGAGTTTCTGAGCCGACACCCCTAT

GTAACTCTGTTTATTTACATAGCACGGCTTTATCACCACACGGATCAGCGAAACC

GCCAAGGACTCAGGGACCTTATTAGCAGCGGTGTGACTATCCAGATCATGACAG

AGCAAGAGTATTGTTACTGCTGGAGGAATTTCGTCAACTACCCCCCTTCAAACGA

AGCTTATTGGCCAAGGTACCCCCATCTGTGGGTGAAACTGTATGTACTGGAGCTC

TACTGCATCATTTTAGGACTTCCACCCTGTTTAAAAATTTTAAGAAGAAAGCAAC

CTCAACTCACGTTTTTCACAATTACTCTTCAAACCTGCCATTACCAAAGGATACC

ACCCCATCTCCTTTGGGCTACAGGGTTGAAAAGCGGCAGCGAGACTCCCGGGAC

CTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGTATTCTATTGGTTTAGCCATC

GGCACTAATTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAA

AGAAATTTAAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTA
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TCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAAC

GAACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAG

AAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGA

AGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGG

AAACATAGTAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCT

CAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTT

GGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTA

AATCCGGACAACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATA

ATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTA

TTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATT

ACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGG

CCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAG

CTTAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGA

GATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCC

TATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTC

AATGATCAAAAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCT
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AGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAA

AAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAA

GTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAA

ACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCAT

TCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGA

TTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTT

CGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGA

TGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCG

ATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGA

ATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCAC

AGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACC

CGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGAC

CAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGA

ATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTT

GGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAAC

GAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAG
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ATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATA

AGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGC

GGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATT

TTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGA

CTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGA

CTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGC

ATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCAC

AAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAA

GGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAG

AACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGA

ACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCA

GGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAA

TCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGA

ACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAG

AACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGAT

AACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTT
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ATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATA

CTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAA

GTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTC

AATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCT

TAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGA

GTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGC

GAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGA

ATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTT

TAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACT

TCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAA

CTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATA

GTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCT

TCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGG

AAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGA

GCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAG

GAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTA
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GAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAA

CGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTAC

GAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAG

CAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAG

AGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAG

CACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTC

TTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCG

CAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATC

CATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCT

GGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGTAAGCAACTG

GTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGTCATTGGG

AACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAGAGCACCGAC

GAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGGGCTCTGG

TCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTGGTGGTTCTCC

CAAGAAGAAGAGGAAAGTCTAA
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cAICDA-BE3 expression vector (pCMV-cAICDA-XTEN-D10A-SGGS-UGI-SGGS-NLS)

ATGAGCAAGCTGGACAGTGTGCTGCTGACTCAGAGGAAGTTTATTTACCACTAT

AAGAATGTGCGCTGGGCTCGTGGGAGGAACGAGACCTACCTCTGTTTTGTGGTCA

AGAAACGCAACAGTCCCGACTCGCTCTCCTTCGACTTCGGACACCTGCGCAATCG

TTCTGGCTGCCATGTGGAGCTTCTCTTCCTGAGCTATCTTGGGGTACTGTGCCCAG

GTTTCTTGGGTTCCGGTGTGGATGGTGTCAGGGTGGCTTATGCCATCACCTGGTT

CTGTTCCTGGTCACCCTGTTCAAACTGTGCCCATCGCCTTTCTCGCTTCATGTCTC

AGATGCCCAACCTGCGGCTGCGCATCTTCGTCTCGCGCCTCTACTTCTGTGACGA

GGAGGACAGTCAAGAGAGAGAGGGACTCCGTTGCTTGCAGAGGGCAGGTGTGC

AAGTGACAGTCATGACCTATAAAGATTTTTTCTACTGTTGGCAAACCTTTGTGGC

TCAAAATCAGAAGGCTTTCAAGGCTTGGGACGACCTTCACCAGAACTCTATCCGA

CTGTCTCGGAAACTACAGCGAATCCTGCAGCCTAGTGAGTCTGAAGACCTGAGG

GATGGCTTCGCTCTGCTGGGCCTTAGCGGCAGCGAGACTCCCGGGACCTCAGAGT

CCGCCACACCCGAAAGTGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAA

TTCCGTTGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTT

AAGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCC
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CTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCT

CGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTT

AGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCT

TCCTTGTCGAAGAGGACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAG

TAGATGAGGTGGCATATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAA

AGCTAGTTGACTCAACTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGC

CCATATGATAAAGTTCCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGAC

AACTCGGATGTCGACAAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGT

TTGAAGAGAACCCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCG

CCCGCCTCTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAG

AGAAGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACC

AAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAG

GACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTGGAGATCAGTAT

GCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACA

TACTGAGAGTTAATACTGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAA

AAGGTACGATGAACATCACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCA
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GCAACTGCCTGAGAAATATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTA

CGCAGGTTATATTGACGGCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAA

ACCCATATTAGAGAAGATGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCG

CGAAGATCTACTGCGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCA

AATCCACTTAGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCG

TTCCTCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTT

ACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAA

AGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTG

CGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGACAAGAATTTACCGAA

CGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGAGTATTTCACAGTGTACAAT

GAACTCACGAAAGTTAAGTATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAA

GCGGAGAACAGAAGAAAGCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAG

TGACAGTTAAGCAATTGAAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTC

TGTCGAGATCTCCGGGGTAGAAGATCGATTTAATGCGTCACTTGGTACGTATCAT

GACCTCCTAAAGATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAA

GATATCTTAGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGA

Nature Biotechnology: doi:10.1038/nbt.4198



TTGAGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAAC

AGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACTTATCA

ACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCG

ACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGATGACTCTTTAACCTT

CAAAGAGGATATACAAAAGGCACAGGTTTCCGGACAAGGGGACTCATTGCACGA

ACATATTGCGAATCTTGCTGGTTCGCCAGCCATCAAAAAGGGCATACTCCAGACA

GTCAAAGTAGTGGATGAGCTAGTTAAGGTCATGGGACGTCACAAACCGGAAAAC

ATTGTAATCGAGATGGCACGCGAAAATCAAACGACTCAGAAGGGGCAAAAAAA

CAGTCGAGAGCGGATGAAGAGAATAGAAGAGGGTATTAAAGAACTGGGCAGCC

AGATCTTAAAGGAGCATCCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTT

ACCTCTATTACCTACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACA

TAAACCGTTTATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAG

GACGATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAAA

AGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATTGGCGG

CAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAACTTAACTAAA

GCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATTTATTAAACGTCAG

Nature Biotechnology: doi:10.1038/nbt.4198



CTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCACAGATACTAGATTCCCGA

ATGAATACGAAATACGACGAGAACGATAAGCTGATTCGGGAAGTCAAAGTAATC

ACTTTAAAGTCAAAATTGGTGTCGGACTTCAGAAAGGATTTTCAATTCTATAAAG

TTAGGGAGATAAATAACTACCACCATGCGCACGACGCTTATCTTAATGCCGTCGT

AGGGACCGCACTCATTAAGAAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGG

TGATTACAAAGTTTATGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGAT

AGGCAAGGCTACAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAG

ACGGAAATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACC

AATGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGGTG

AGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAGGTGCAG

ACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAGTGATAAGCTC

ATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTGGCTTCGATAGCCCT

ACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTTGAGAAGGGAAAATCCAAG

AAACTGAAGTCAGTCAAAGAATTATTGGGGATAACGATTATGGAGCGCTCGTCT

TTTGAAAAGAACCCCATCGACTTCCTTGAGGCGAAAGGTTACAAGGAAGTAAAA

AAGGATCTCATAATTAAACTACCAAAGTATAGTCTGTTTGAGTTAGAAAATGGCC
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GAAAACGGATGTTGGCTAGCGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCAC

TACCGTCTAAATACGTGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAA

AGGTTCACCTGAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACA

TTATCTCGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTA

GCTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGATAAA

CCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTACCAACCTCG

GCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATCGCAAACGATACA

CTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCACCAATCCATCACGGGATT

ATATGAAACTCGGATAGATTTGTCACAGCTTGGGGGTGACTCTGGTGGTTCTACT

AATCTGTCAGATATTATTGAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAA

TCCATCCTCATGCTCCCAGAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAA

AGCGATATACTCGTGCACACCGCCTACGACGAGAGCACCGACGAGAATGTCATG

CTTCTGACTAGCGACGCCCCTGAATACAAGCCTTGGGCTCTGGTCATACAGGATA

GCAACGGTGAGAACAAGATTAAGATGCTCTCTGGTGGTTCTCCCAAGAAGAAGA

GGAAAGTCTAA
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hA3A-BE3-Y130F expression vector (pCMV-hAPOBEC3A Y130F-XTEN-DI10A-SGGS-

UGI-SGGS-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTTTGATTACGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA
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TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

Nature Biotechnology: doi:10.1038/nbt.4198



CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

Nature Biotechnology: doi:10.1038/nbt.4198



CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

Nature Biotechnology: doi:10.1038/nbt.4198



hA3A-BE3-D131Y expression vector (pCMV-hAPOBEC3A D131Y-XTEN-D10A-SGGS-

UGI-SGGS-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTATTATTACGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

Nature Biotechnology: doi:10.1038/nbt.4198



TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

Nature Biotechnology: doi:10.1038/nbt.4198



CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

Nature Biotechnology: doi:10.1038/nbt.4198



CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

Nature Biotechnology: doi:10.1038/nbt.4198



hA3A-BE3-Y 132D expression vector (pCMV-hAPOBEC3A Y132D-XTEN-D10A-SGGS-

UGI-SGGS-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTATGATGATGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

Nature Biotechnology: doi:10.1038/nbt.4198



TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

Nature Biotechnology: doi:10.1038/nbt.4198



CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

Nature Biotechnology: doi:10.1038/nbt.4198



CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

Nature Biotechnology: doi:10.1038/nbt.4198



hA3A-BE3-C101S expression vector (P CMV-hAPOBEC3A C101S-XTEN-D10A-SGGS-

UGI-SGGS-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCAGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTATGATTACGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

Nature Biotechnology: doi:10.1038/nbt.4198



TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

Nature Biotechnology: doi:10.1038/nbt.4198



CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

Nature Biotechnology: doi:10.1038/nbt.4198



CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

Nature Biotechnology: doi:10.1038/nbt.4198



hA3A-BE3-C106S expression vector (P CMV-hAPOBEC3A C106S-XTEN-D10A-SGGS-

UGI-SGGS-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCAGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTATGATTACGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

Nature Biotechnology: doi:10.1038/nbt.4198



TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

Nature Biotechnology: doi:10.1038/nbt.4198



CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT
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CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAA

Nature Biotechnology: doi:10.1038/nbt.4198



hA3A-eBE-Y130F expression vector () CMV-hAPOBEC3A_ Y130F-XTEN-D10A-SGGS-

UGI-SGGS-NLS-T2A-UGI-NLS-P2A-UGI-NLS-T2A-UGI-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTTTGATTACGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG

GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

Nature Biotechnology: doi:10.1038/nbt.4198



TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT

ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

Nature Biotechnology: doi:10.1038/nbt.4198



ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT

TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

Nature Biotechnology: doi:10.1038/nbt.4198



CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC

GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC
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AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA

AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

Nature Biotechnology: doi:10.1038/nbt.4198



CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT

GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCgggecccGAGGGCAGAGGAAGTCTGCT

AACATGCGGTGACGTCGAGGAGAATCCTGGCCCAACTAATCTGTCAGATATTATT
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GAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCA

GAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCA

CACCGCCTACGACGAGAGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGC

CCCTGAATACAAGCCTTGGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAA

GATTAAGATGCTCCCCAAGAAGAAGAGGAAAGTCGCTACTAACTTCAGCCTGCT

GAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTACCAACCTGTCCGATAT

CATTGAGAAAGAGACCGGCAAACAGCTGGTGATCCAGGAGAGCATCCTGATGCT

GCCCGAAGAGGTGGAGGAAGTGATCGGCAACAAGCCCGAGTCCGACATCCTGGT

GCACACAGCCTATGATGAATCCACCGACGAGAACGTGATGCTGCTGACCTCCGA

TGCTCCCGAGTATAAACCCTGGGCACTGGTGATCCAGGACTCTAATGGAGAGAA

CAAGATCAAGATGCTGCCCAAGAAGAAGAGGAAAGTCGAAGGACGGGGCTCCC

TCCTGACCTGTGGCGATGTGGAAGAGAACCCCGGCCCCACAAACCTCAGTGACA

TTATCGAGAAGGAAACAGGAAAACAGCTCGTCATTCAAGAATCTATTCTTATGTT

GCCTGAGGAAGTCGAAGAGGTTATTGGCAATAAACCTGAATCTGATATTCTTGTC

CATACCGCTTACGATGAGTCCACAGATGAAAATGTTATGCTGCTCACATCTGACG
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CACCAGAGTACAAACCATGGGCGCTCGTTATTCAAGATTCCAACGGCGAAAACA

AAATCAAAATGCTTTCTGGTGGTTCTCCTAAAAAAAAAAGAAAGGTGTGA

hA3A-eBE-Y132D expression vector (P CMV-hAPOBEC3A_Y132D-XTEN-D10A-SGGS-

UGI-SGGS-NLS-T2A-UGI-NLS-P2A-UGI-NLS-T2A-UGI-NLS)

ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTC

ACTTCCAACTTTAACAATGGCATTGGAAGGCATAAGACCTACCTGTGCTACGAAG

TGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACCAGCACAGGGGCTTTC

TACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCT

GCGCTTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGG

GTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAG

TGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGTATCTTCGCTGCCCG

CATCTATGATGATGACCCCCTATATAAGGAGGCACTGCAAATGCTGCGGGATGCT

GGGGCCCAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCT

TTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCACA

GCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAACAGCG
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GCAGCGAGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTGATAAAAAGT

ATTCTATTGGTTTAGCCATCGGCACTAATTCCGTTGGATGGGCTGTCATAACCGA

TGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGAACACAGACCGTCA

TTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAGTGGCGAAACGGCA

GAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATACACGTCGCAAGAAC

CGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATT

CTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGA

ACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTA

CCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCGGA

CCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGGGCACTTTC

TCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACAAACTGTTCATCCA

GTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTATAAATGCAAGTGGC

GTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATCCCGACGGCTAGAAA

ACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTTGTTCGGTAACCTTA

TAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAACTTCGACTTAGCTGA

AGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGACGATCTCGACAATCT
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ACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTT

AGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGG

CGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGAC

ACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAAATATTC

TTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGGAGCGAGTCAA

GAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGATGGATGGGACGGAA

GAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAAAGCAGCGGACTTTC

GACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATTGCATGCTATACTTA

GAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGTGAAAAGATTGAGA

AAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGGCCCGAGGGAACTC

TCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTACTCCATGGAATTT

TGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGAC

CAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTT

TACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG

GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTAGATC

TGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGAGGACTACT
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TTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGGTAGAAGATCGATT

TAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAATTAAAGATAAGGAC

TTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATATAGTGTTGACTCTTA

CCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAAACATACGCTCACC

TGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCTATACGGGCTGGG

GACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGCAAAGTGGTAAAA

CTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCT

GATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCC

GGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCC

ATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAGGTC

ATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGAAAATCAA

ACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGAGAATAGAAGA

GGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCTGTGGAAAATAC

CCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATGGAAGGGACAT

GTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGACGTCGATCAC

ATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAAGTGCTTACAC
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GCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAGGAAGTCGTA

AAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTGATAACGCAA

AGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGAC

AAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCAT

GTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAG

CTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTTCA

GAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACCATGCGC

ACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAAATACCCGAA

GCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTCCGTAAGATG

ATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATACTTCTTTTAT

TCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACGGAGAGATAC

GCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCGTATGGGATA

AGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCCAAGTCAACA

TAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTC

CAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAA

AGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAA
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AGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT

AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTGAGGCG

AAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCAAAGTATAGT

CTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGCCGGAGAGCTT

CAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTTCCTGTATTTAG

CGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAACAGAAGCAAC

TTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGCAAATTTCGGA

ATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGTATTAAGCGC

ATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAAATATTATCCA

TTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAA

CGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGA

TTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG

GGGTGACTCTGGTGGTTCTACTAATCTGTCAGATATTATTGAAAAGGAGACCGGT

AAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCAGAGGAGGTGGAAGAA

GTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCACACCGCCTACGACGAG

AGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGCCCCTGAATACAAGCCTT
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GGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAAGATTAAGATGCTCTCTG

GTGGTTCTCCCAAGAAGAAGAGGAAAGTCgggecccGAGGGCAGAGGAAGTCTGCT

AACATGCGGTGACGTCGAGGAGAATCCTGGCCCAACTAATCTGTCAGATATTATT

GAAAAGGAGACCGGTAAGCAACTGGTTATCCAGGAATCCATCCTCATGCTCCCA

GAGGAGGTGGAAGAAGTCATTGGGAACAAGCCGGAAAGCGATATACTCGTGCA

CACCGCCTACGACGAGAGCACCGACGAGAATGTCATGCTTCTGACTAGCGACGC

CCCTGAATACAAGCCTTGGGCTCTGGTCATACAGGATAGCAACGGTGAGAACAA

GATTAAGATGCTCCCCAAGAAGAAGAGGAAAGTCGCTACTAACTTCAGCCTGCT

GAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGACCTACCAACCTGTCCGATAT

CATTGAGAAAGAGACCGGCAAACAGCTGGTGATCCAGGAGAGCATCCTGATGCT

GCCCGAAGAGGTGGAGGAAGTGATCGGCAACAAGCCCGAGTCCGACATCCTGGT

GCACACAGCCTATGATGAATCCACCGACGAGAACGTGATGCTGCTGACCTCCGA

TGCTCCCGAGTATAAACCCTGGGCACTGGTGATCCAGGACTCTAATGGAGAGAA

CAAGATCAAGATGCTGCCCAAGAAGAAGAGGAAAGTCGAAGGACGGGGCTCCC

TCCTGACCTGTGGCGATGTGGAAGAGAACCCCGGCCCCACAAACCTCAGTGACA

TTATCGAGAAGGAAACAGGAAAACAGCTCGTCATTCAAGAATCTATTCTTATGTT
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GCCTGAGGAAGTCGAAGAGGTTATTGGCAATAAACCTGAATCTGATATTCTTGTC

CATACCGCTTACGATGAGTCCACAGATGAAAATGTTATGCTGCTCACATCTGACG

CACCAGAGTACAAACCATGGGCGCTCGTTATTCAAGATTCCAACGGCGAAAACA

AAATCAAAATGCTTTCTGGTGGTTCTCCTAAAAAAAAAAGAAAGGTGTGA

Sequences for APOBEC/AID, nCas9 (D10A), UGI, NLS, 2A and linker (XTEN and SGGS)

are labeled in red, brown, blue, purple, orange and green, respectively. The initiation and stop

codons are highlighted in bold and sequences for linker peptides are indicated in lower case.
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