
Table EV3. Plasmid sequences

Plasmid DNA Sequence

pRep2/Cap2 Region between P40 and Intron in pTrans of pRep2/Cap2 packaging plasmid

gttgcgcagccatcgacgtcagacgcggaagcttcgatcaactacgcagacag

pRep2-attR1/Cap2 

(pHL280b)

attR insertion in site 1 (attR1) between P40 and Intron (Spacer)

Note: Bxb1-Ga mutant attR site was used in this study28.

gttGTGGTTTGTCTGGTCAACCACCGCGGaCTCCGTCGTCAGGATCATtcagttgcgcagccatcgacgtcagacgcggaag

cttcgatcaactacgcagacag

pRep2-attR2/Cap2  

(pHL281b)

attR insertion in site 2 (attR2) between P40 and Intron (best performer, used in 

following experiments) (Spacer)

gttgcgcagccatcgacgtcaGTGGTTTGTCTGGTCAACCACCGCGGaCTCCGTCGTCAGGATCATtcagacgcggaagctt

cgatcaactacgcagacag

pRep2-attR3/Cap2  

(pHL282b)
attR insertion in site 3 (attR3) between P40 and Intron

gttgcgcagccatcgacgtcagacgcggaagcttcgGTGGTTTGTCTGGTCAACCACCGCGGaCTCCGTCGTCAGGATCAT

atcaactacgcagacag

pHelper_DBP-2A-

Bxb1 (pHL284)
DBP (20bp)-T2A-Bxb1-DBP 3’UTR (20bp)

ggcagaacccctttgattttGGATCCGGTGAGGGCAGAGGAAGTCTACTAACATGCGGTGACGTGGAGGAGAATCCG

GGCCCTatgccaaaaaagaaaagaaaagtgtatccctatgatgtccccgattatgccggttcaagagccctggtcgtgattagactgagccgagtgaca

gacgccaccacaagtcccgagagacagctggaatcatgccagcagctctgtgctcagcggggttgggatgtggtcggcgtggcagaggatctggacgtga

gcggggccgtcgatccattcgacagaaagaggaggcccaacctggcaagatggctcgctttcgaggaacagccctttgatgtgatcgtcgcctacagagtg

gaccggctgacccgctcaattcgacatctccagcagctggtgcattgggctgaggaccacaagaaactggtggtcagcgcaacagaagcccacttcgatac

taccacaccttttgccgctgtggtcatcgcactgatgggcactgtggcccagatggagctcgaagctatcaaggagcgaaacaggagcgcagcccatttcaa

tattagggccggtaaatacagaggctccctgcccccttggggatatctccctaccagggtggatggggagtggagactggtgccagaccccgtccagagag

agcggattctggaagtgtaccacagagtggtcgataaccacgaaccactccatctggtggcacacgacctgaatagacgcggcgtgctctctccaaaggatt

attttgctcagctgcagggaagagagccacagggaagagaatggagtgctactgcactgaagagatctatgatcagtgaggctatgctgggttacgcaacac

tcaatggcaaaactgtccgggacgatgacggagcccctctggtgagggctgagcctattctcaccagagagcagctcgaagctctgcgggcagaactggtc

aagactagtcgcgccaaacctgccgtgagcaccccaagcctgctcctgagggtgctgttctgcgccgtctgtggagagccagcatacaagtttgccggcgga

gggcgcaaacatccccgctatcgatgcaggagcatggggttccctaagcactgtggaaacgggacagtggccatggctgagtgggacgccttttgcgagga

acaggtgctggatctcctgggtgacgctgagcggctggaaaaagtgtgggtggcaggatctgactccgctgtggagctggcagaagtcaatgccgagctcgt

ggatctgacttccctcatcggatctcctgcatatagagctgggtccccacagagagaagctctggacgcacgaattgctgcactcgctgctagacaggagga

actggagggcctggaggccaggccctctggatgggagtggcgagaaaccggacagaggtttggggattggtggagggagcaggacaccgcagccaag

aacacatggctgagatccatgaatgtccggctcacattcgacgtgcgcggtggcctgactcgaaccatcgattttggcgacctgcaggagtatgaacagcac

ctgagactggggtccgtggtcgaaagactgcacactgggatgtcctaaacccttgccgtctgcgccgt

pTrans-STOP 

(pHL327)
attP-3XSV40 pA-attB insertion in site 2 between P40 and Intron

gttgcgcagccatcgacgtcaGTGGTTTGTCTGGTCAACCACCGCGGaCTCAGTGGTGTACGGTACAAACCCAttaatta

aggccttaattaggctgcgcgaagcttgcagatctgcgactctagaggatctgcgactctagaggatcataatcagccataccacattttgtagaggttttacttgc

tttaaaaaacctcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatag

catcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatctgcgactctagaggatcata

atcagccataccacatttgtagaggttttacttgctttaaaaaacctcccacacctccccctgaacctgaaacataaaatgaatgcaattgttgttgttaacttgtttat

tgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatctta

tcatgtctggatctgcgactctagaggatcataatcagccataccacatttgtagaggttttacttgctttaaaaaacctcccacacctccccctgaacctgaaaca

taaaatgaatgcaattgttgttgttaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattct

agttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatcccgagcgcgcagccttaattaaGGCTTGTCGACGACGGCGGaCTCCG

TCGTCAGGATCATtcagacgcggaagcttcgatcaactacgcggacag



Plasmid DNA Sequence

pHelper_DBP-IRES-

Bxb1 (pHL285)
DBP (20bp)-IRES-Bxb1-DBP 3’UTR (20bp) (Spacer)

agaacccctttgatttttaaTGCATcccctctccctcccccccccctaacgttactggccgaagccgcttggaataaggccggtgtgcgtttgtctatatgttatttt

ccaccatattgccgtcttttggcaatgtgagggcccggaaacctggccctgtcttcttgacgagcattcctaggggtctttcccctctcgccaaaggaatgcaagg

tctgttgaatgtcgtgaaggaagcagttcctctggaagcttcttgaagacaaacaacgtctgtagcgaccctttgcaggcagcggaaccccccacctggcgac

aggtgcctctgcggccaaaagccacgtgtataagatacacctgcaaaggcggcacaaccccagtgccacgttgtgagttggatagttgtggaaagagtcaa

atggctctcctcaagcgtattcaacaaggggctgaaggatgcccagaaggtaccccattgtatgggatctgatctggggcctcggtacacatgctttacatgtgtt

tagtcgaggttaaaaaaacgtctaggccccccgaaccacggggacgtggttttcctttgaaaaacacgatgataatatggccacaaccatgccaaaaaaga

aaagaaaagtgtatccctatgatgtccccgattatgccggttcaagagccctggtcgtgattagactgagccgagtgacagacgccaccacaagtcccgaga

gacagctggaatcatgccagcagctctgtgctcagcggggttgggatgtggtcggcgtggcagaggatctggacgtgagcggggccgtcgatccattcgaca

gaaagaggaggcccaacctggcaagatggctcgctttcgaggaacagccctttgatgtgatcgtcgcctacagagtggaccggctgacccgctcaattcga

catctccagcagctggtgcattgggctgaggaccacaagaaactggtggtcagcgcaacagaagcccacttcgatactaccacaccttttgccgctgtggtca

tcgcactgatgggcactgtggcccagatggagctcgaagctatcaaggagcgaaacaggagcgcagcccatttcaatattagggccggtaaatacagagg

ctccctgcccccttggggatatctccctaccagggtggatggggagtggagactggtgccagaccccgtccagagagagcggattctggaagtgtaccaca

gagtggtcgataaccacgaaccactccatctggtggcacacgacctgaatagacgcggcgtgctctctccaaaggattattttgctcagctgcagggaagag

agccacagggaagagaatggagtgctactgcactgaagagatctatgatcagtgaggctatgctgggttacgcaacactcaatggcaaaactgtccgggac

gatgacggagcccctctggtgagggctgagcctattctcaccagagagcagctcgaagctctgcgggcagaactggtcaagactagtcgcgccaaacctgc

cgtgagcaccccaagcctgctcctgagggtgctgttctgcgccgtctgtggagagccagcatacaagtttgccggcggagggcgcaaacatccccgctatcg

atgcaggagcatggggttccctaagcactgtggaaacgggacagtggccatggctgagtgggacgccttttgcgaggaacaggtgctggatctcctgggtga

cgctgagcggctggaaaaagtgtgggtggcaggatctgactccgctgtggagctggcagaagtcaatgccgagctcgtggatctgacttccctcatcggatct

cctgcatatagagctgggtccccacagagagaagctctggacgcacgaattgctgcactcgctgctagacaggaggaactggagggcctggaggccagg

ccctctggatgggagtggcgagaaaccggacagaggtttggggattggtggagggagcaggacaccgcagccaagaacacatggctgagatccatgaat

gtccggctcacattcgacgtgcgcggtggcctgactcgaaccatcgattttggcgacctgcaggagtatgaacagcacctgagactggggtccgtggtcgaa

agactgcacactgggatgtcctaaacccttgccgtctgcgccgt

pTrans/Cis.Rep2-

EGFP-Cap2 (pHL300)

attP-5’ ITR-CB6-EGFP-pA-3’ ITR-attB insertion in site 2 between P40 and Intron 

(Spacer)

Note: Bxb1-Ga mutant attP and attB target sites were used in this study28.

gttgcgcagccatcgacgtcaGTGGTTTGTCTGGTCAACCACCGCGGaCTCAGTGGTGTACGGTACAAACCCAttaatta

aggccttaattaggctgcgcgctcgctcgctcactgaggccgcccgggcaaagcccgggcgtcgggcgacctttggtcgcccggcctcagtgagcgagcga

gcgcgcagagagggagtggccaactccatcactaggggttccttgtagttaatgattaacccgccatgctacttatctaccagggtaatggggatcctctagaa

ctatagctagtcgacattgattattgactagttattaatagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgttacataacttacggtaaat

ggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataatgacgtatgttcccatagtaacgccaatagggactttccattgacgtcaatggg

tggagtatttacggtaaactgcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaatggcccgcctggcatt

atgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtattagtcatcgctattaccatgtcgaggccacgttctgcttcactctccccatctccc

ccccctccccacccccaattttgtatttatttattttttaattattttgtgcagcgatgggggcggggggggggggcgcgcgccaggcggggcggggcggggcga

ggggcggggcggggcgaggcggagaggtgcggcggcagccaatcagagcggcgcgctccgaaagtttccttttatggcgaggcggcggcggcggcgg

ccctataaaaagcgaagcgcgcggcgggcgggagcaagctttattgcggtagtttatcacagttaaattgctaacgcagtcagtgcttctgacacaacagtctc

gaacttaagctgcagaagttggtcgtgaggcactgggcaggtaagtatcaaggttacaagacaggtttaaggagaccaatagaaactgggcttgtcgagac

agagaagactcttgcgtttctgataggcacctattggtcttactgacatccactttgcctttctctccacaggtgtccactcccagttcaattacagctcttaaggctag

agtacttaatacgactcactataggctagtaatacgactcactatagatggtgagcaagggcgaggagctgttcaccggggtggtgcccatcctggtcgagct

ggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccgg

caagctgcccgtgccctggcccaccctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcttcaa

gtccgccatgcccgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaagttcgagggcgacac

cctggtgaaccgcatcgagctgaagggcatcgacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtcta

tatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcagcgtgcagctcgccgaccactaccagc

agaacacccccatcggcgacggccccgtgctgctgcccgacaaccactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgat

cacatggtcctgctggagttcgtgaccgccgccgggatcactctcggcatggacgagctgtacaagtaaagcggccctagcgtttaaacgggccctctagact

cgaggacggggtgaactacgcctgaggatccgatctttttccctctgccaaaaattatggggacatcatgaagccccttgagcatctgacttctggctaataaag

gaaatttattttcattgcaatagtgtgttggaattttttgtgtctctcactcggaagcaattcgttgatctgaatttcgaccacccataatacccattaccctggtagataa

gtagcatggcgggttaatcattaactacaaggaacccctagtgatggagttggccactccctctctgcgcgctcgctcgctcactgaggccgggcgaccaaag

gtcgcccgacgcccgggctttgcccgggcggcctcagtgagcgagcgagcgcgcagccttaattaaGGCTTGTCGACGACGGCGGaCTC

CGTCGTCAGGATCATtcagacgcggaagcttcgatcaactacgcagacag
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Plasmid DNA Sequence

pAAVS1 LHA-SA-P2A-

BxB1-T2A-PuroR-bGH pA-

RHA (pHL380)

AAVS1 LHA-SA-P2A-BxB1-T2A-PuroR-bGH pA-RHA (Spacer)

CTCTCTCCTGAGTCCGGACCACTTTGAGCTCTACTGGCTTCTGCGCCGCCTCTGGCCCACTGTTTCCCCTT

CCCAGGCAGGTCCTGCTTTCTCTGACCTGCATTCTCTCCCCTGGGCCTGTGCCGCTTTCTGTCTGCAGCTT

GTGGCCTGGGTCACCTCTACGGCTGGCCCAGATCCTTCCCTGCCGCCTCCTTCAGGTTCCGTCTTCCTCC

ACTCCCTCTTCCCCTTGCTCTCTGCTGTGTTGCTGCCCAAGGATGCTCTTTCCGGAGCACTTCCTTCTCGG

CGCTGCACCACGTGATGTCCTCTGAGCGGATCCTCCCCGTGTCTGGGTCCTCTCCGGGCATCTCTCCTCC

CTCACCCAACCCCATGCCGTCTTCACTCGCTGGGTTCCCTTTTCCTTCTCCTTCTGGGGCCTGTGCCATCT

CTCGTTTCTTAGGATGGCCTTCTCCGACGGATGTCTCCCTTGCGTCCCGCCTCCCCTTCTTGTAGGCCTGC

ATCATCACCGTTTTTCTGGACAACCCCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCTCCATCCTCTT

GCTTTCTTTGCCTGGACACCCCGTTCTCCTGTGGATTCGGGTCACCTCTCACTCCTTTCATTTGGGCAGCT

CCCCTACCCCCCTTACCTCTCTAGTCTGTGCTAGCTCTTCCAGCCCCCTGTCATGGCATCTTCCAGGGGTC

CGAGAGCTCAGCTAGTCTTCTTCCTCCAACCCGGGCCCCTATGTCCACTTCAGGACAGCATGTTTGCTGC

CTCCAGGGATCCTGTGTCCCCGAGCTGGGACCACCTTATATTCCCAGGGCCGGTTAATGTGGCTCTGGTT

CTGGGTACTTTTATCTGTCCCCTCCACCCCACAATCaagcttctgacctcttctcttcctcccacagggcctcgagagatctggcagcg

gagcaacaaacttctcactactcaaacaagcaggtgacgtggaggagaatcccgggcctaggctcgagatgccaaaaaagaaaagaaaagtgtatccct

atgatgtccccgattatgccggttcaagagccctggtcgtgattagactgagccgagtgacagacgccaccacaagtcccgagagacagctggaatcatgc

cagcagctctgtgctcagcggggttgggatgtggtcggcgtggcagaggatctggacgtgagcggggccgtcgatccattcgacagaaagaggaggccca

acctggcaagatggctcgctttcgaggaacagccctttgatgtgatcgtcgcctacagagtggaccggctgacccgctcaattcgacatctccagcagctggtg

cattgggctgaggaccacaagaaactggtggtcagcgcaacagaagcccacttcgatactaccacaccttttgccgctgtggtcatcgcactgatgggcactg

tggcccagatggagctcgaagctatcaaggagcgaaacaggagcgcagcccatttcaatattagggccggtaaatacagaggctccctgcccccttgggg

atatctccctaccagggtggatggggagtggagactggtgccagaccccgtccagagagagcggattctggaagtgtaccacagagtggtcgataaccacg

aaccactccatctggtggcacacgacctgaatagacgcggcgtgctctctccaaaggattattttgctcagctgcagggaagagagccacagggaagagaa

tggagtgctactgcactgaagagatctatgatcagtgaggctatgctgggttacgcaacactcaatggcaaaactgtccgggacgatgacggagcccctctgg

tgagggctgagcctattctcaccagagagcagctcgaagctctgcgggcagaactggtcaagactagtcgcgccaaacctgccgtgagcaccccaagcct

gctcctgagggtgctgttctgcgccgtctgtggagagccagcatacaagtttgccggcggagggcgcaaacatccccgctatcgatgcaggagcatggggtt

ccctaagcactgtggaaacgggacagtggccatggctgagtgggacgccttttgcgaggaacaggtgctggatctcctgggtgacgctgagcggctggaaa

aagtgtgggtggcaggatctgactccgctgtggagctggcagaagtcaatgccgagctcgtggatctgacttccctcatcggatctcctgcatatagagctgggt

ccccacagagagaagctctggacgcacgaattgctgcactcgctgctagacaggaggaactggagggcctggaggccaggccctctggatgggagtggc

gagaaaccggacagaggtttggggattggtggagggagcaggacaccgcagccaagaacacatggctgagatccatgaatgtccggctcacattcgacg

tgcgcggtggcctgactcgaaccatcgattttggcgacctgcaggagtatgaacagcacctgagactggggtccgtggtcgaaagactgcacactgggatgt

ccGGATCCGGTGAGGGCAGAGGAAGTCTACTAACATGCGGTGACGTGGAGGAGAATCCGGGCCCT

GAATTCGCCACCATGACAGAATACAAGCCCACAGTCAGGCTTGCAACTAGAGATGACGTTCCCAGAGCAG

TGAGAACCCTGGCAGCTGCTTTTGCAGACTATCCGGCCACGAGGCACACTGTCGATCCCGATCGGCACAT

CGAGCGCGTTACAGAATTGCAGGAACTGTTCCTGACAAGAGTTGGGCTCGACATTGGTAAAGTGTGGGTC

GCTGACGACGGGGCAGCTGTTGCGGTGTGGACCACACCGGAGAGTGTGGAGGCCGGTGCTGTGTTTGCC

GAAATTGGTCCACGCATGGCCGAACTCTCCGGATCTCGGTTGGCCGCACAGCAGCAGATGGAAGGCCTG

CTGGCGCCTCACCGACCTAAAGAGCCTGCATGGTTTCTGGCCACCGTCGGCGTATCCCCCGATCATCAGG

GTAAGGGCCTCGGCAGCGCCGTCGTGCTGCCGGGTGTTGAGGCAGCTGAAAGAGCAGGCGTGCCGGCG

TTTTTGGAAACAAGTGCACCGAGGAATCTCCCATTTTACGAGAGACTGGGGTTCACCGTGACAGCCGATGT

CGAAGTGCCCGAAGGCCCCAGGACCTGGTGTATGACCCGCAAGCCCGGTGCCTAGgatccgatctttttccctctgcc

aaaaattatggggacatcatgaagccccttgagcatctgacttctggctaataaaggaaatttattttcattgcaatagtgtgttggaattttttgtgtctctcactcgT

cccgatcccctatggtcgactctcagtacaatctgctctgatgccgcatagttaagccagtatctgctccctgcttgtgtgttggaggtcgctgagtagtgcgcgag

caaaatttaagctacaacaaggcaaggcttgaccgacaattgcatgaagaatctgcttagggttaggcgttttgcgctgcttcgcgatgtacgggccagatata

cgcgtGCCACTAGGGACAGGATTGGTGACAGAAAAGCCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGA

TATTGGGTCTAACCCCCACCTCCTGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTCCTGGAGCC

ATCTCTCTCCTTGCCAGAACCTCTAAGGTTTGCTTACGATGGAGCCAGAGAGGATCCTGGGAGGGAGAGC

TTGGCAgggggtgggagggaagggggggaTGCGTGACCTGCCCGGTTCTCAGTGGCCACCCTGCGCTACCCTCTC

CCAGAACCTGAGCTGCTCTGACGCGGCCGTCTGGTGCGTTTCACTGATCCTGGTGCTGCAGCTTCCTTAC

ACTTCCCAAGAGGAGAAgcagtttggaaaaacaaaatcagaataagttggtcctgagttctaactttggctcttcacctttctagtccccaatttatattg

ttcctccgtgcgtcagttttacctgtgagataaggccagtagccagccccgtcctggcagggctgtggtgaggaGGGGGGTGTCCGTGTGGAAA

ACTCCCTTTGTGAGAATGGTGCGTCCTAGGTGTTCACCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTC

TCCATCCTTCTTTCCTTAAAGAGTCCCCAGTGCTATCTGGGACATATTCCTCCGCCCAGAGCAGGGTCCCG

CTTCCCTAAGGCCCTGCTCTGGGCTTCTGGGTTTGAGTCCTTGGCAAGCCCAGGAGAGGCGCTCAGGCTT

CCCTGTCCCCCTTCCTCGTCCACCATCTCATGCCCCTGGCTCTCCTGCCCCTTCCCTACAGGGGTTCCTG

GCTCTGCTCTTCAGAC
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