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Supplementary Table 1: Sequences of pegRNAs and sgRNAs used in mammalian cell
experiments

All sequences are shown in 5' to 3' orientation. pegRNAs are a concatenation of the spacer
sequence, the sgRNA scaffold, and the 3' extension (contains PBS and RT template, and a 3’
motif in the case of epegRNAS).

sgRNA scaffold sequence (5’ to 3’)

gttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgce

Figure 1c
pegRNA

HEK3 attB A 38
HEK3 attB_A 34
HEK3 attB_A 30
HEK3 attB B 38
HEK3 attB B 34
HEK3 attB B 30
HEK3 attP_A 43
HEK3 attP A 39
HEK3 attP A 35
HEK3 attP_B_44
HEK3_attP_B_40
HEK3 attP B 36

Figure 2b
pegRNA

PE3_HEK3 FKBP insl2
bp
PE3_HEK3 FKBP ins36
bp
PE3_HEK3 FKBP ins10
8bp

twinPE_HEK3 FKBP_in
s108bp_ A

twinPE_HEK3 FKBP_in
s108bp B

sgRNA
HEK3_3b_+90_nicking

Figure 2¢
pegRNA

PAH E4.2 45
PAH_E4.4 43
PAH_E4.2 45 EvoPreQl
PAH_E4.4_43_EvoPreQl
PAH_E4.2 50
PAH_E4.4 50
PAH_E4..2 50 EvoPreQ
]]9AH7E4.,475 0_EvoPreQ
]]JAH7E4.2762
PAH_E4.4 61

PAH_E4.2_62_EvoPreQl

PAH_E4.4_61_EvoPreQl

spacer sequence
ggcecagactgageacgtga
ggcecagactgageacgtga
ggcecagactgageacgtga
gtcaaccagtatcceggtge
gtcaaccagtatcceggtge
gtcaaccagtatcceggtge
ggcecagactgageacgtga
ggcecagactgageacgtga
ggcecagactgageacgtga
gtcaaccagtatcceggtge
gtcaaccagtatcceggtge
gtcaaccagtatcceggtge
spacer sequence
ggcecagactgageacgtga
ggcecagactgageacgtga

ggcccagactgageacgtga

ggeccagactgageacgtga
gtcaaccagtatcceggtge
spacer sequence
gtcaaccagtatcceggtge
spacer sequence
geccaagaaccattcaagage
gctacgggccatggactcaca
geccaagaaccattcaagage
gctacgggccatggactcaca
geccaagaaccattcaagage
gctacgggccatggactcaca
geccaagaaccattcaagage
gctacgggccatggactcaca
geccaagaaccattcaagage
gctacgggccatggactcaca

gcccaagaaccattcaagage

gctacgggccatggactcaca

3' extension

atgatcctgacgacggagaccgecegtegtcgacaageccgtgctcagtetg
tcctgacgacggagaccgecegtegtcgacaageccgtgetcagtetg
gacgacggagaccgecgtegtcgacaageccgtgetcagtetg
ggcttgtcgacgacggeggtctcegtcgtcaggatcatcecgggatactgg
tgtcgacgacggeggtceteecgtegtcaggatcatccgggatactgg
gacgacggceggtcteecgtegtcaggatcatccgggatactgg
taccgtacaccactgagaccgeggtggttgaccagacaaacctegtgetcagtetg
gtacaccactgagaccgeggtggttgaccagacaaacctegtgctcagtetg
accactgagaccgeggtggttgaccagacaaacctegtgetcagtetg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctecgggatactgg
ggtcaaccaccgeggtctcagtggtgtacggtacaaaccteccgggatactgg
aaccaccgceggtctcagtggtgtacggtacaaacctccgggatactgg

3' extension
tggaggaagcagggcttcctttcctetgecatcacacctgeacteecgtgcteagtctg

tggaggaagcagggcttcctttcctetgecatcacceegtetectggggagatggtttce
acctgcactccegtgctcagtctg
tggaggaagcagggcttcctttcctctgecatcaaaatttetttccatettcaageatcee
ggtgtagtgcaccacgcaggtetggecgegettggggaaggtgcgecegtetectgg
ggagatggtttccacctgcactcccgtgctcagtctg
accacgcaggtctggecgegettggggaaggtgcgeccgtetectggggagatggtt
tccacctgcacteccgtgctcagtctg
accttceccaagegeggecagacctgegtggtgeactacaccgggatgettgaagat
ggaaagaaatttccgggatactgg

3' extension
gttcggeteccgtaggacaagatttgattagcgaacctatcaagttcttgaatggttc
aaatcttgtcctacggagecgaacttgacgetgatcatectgtgagtecatggee

gttcggeteecgtaggacaagatttgattagcgaacctatcaagttettgaatggttctetet
ctcttgacgcggttctatctagttacgegttaaaccaactagaaa
aaatcttgtcctacggagecgaacttgacgetgatcatectgtgagtecatggectetet
ctcttgacgcggttctatctagttacgegttaaaccaactagaaa
gtcaagttcggceteccgtaggacaagatttgattagcgaacctatcaagttcttgaatggtt
c
gctaatcaaatcttgtcctacggagccgaacttgacgetgatcateetgtgagtecatgg
cc
gtcaagttcggceteccgtaggacaagatttgattagcgaacctatcaagttcttgaatggtt
ctctetetettgacgeggttetatctagttacgegttaaaccaactagaaa
gctaatcaaatcttgtcctacggagccgaacttgacgetgatcatectgtgagtecatgg
cctetetetettgacgeggttetatctagttacgegttaaaccaactagaaa
aggatgatcagcgtcaagttcggetccgtaggacaagatttgattagegaacctatcaa
gttcttgaatggttc
ttgataggttcgctaatcaaatcttgtcctacggagecgaacttgacgetgatcatcctgt
gagtccatggcec
aggatgatcagcgtcaagttcggetccgtaggacaagatttgattagegaacctatcaa
gttcttgaatggttctctctetettgacgeggttctatctagttacgegttaaaccaactaga
aa
ttgataggttcgctaatcaaatcttgtcctacggagecgaacttgacgetgatcatcctgt
gagtccatggcectctetetettgacgeggttetatctagttacgegttaaaccaactagaa
a
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specified pegRNA
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

Edits made by the
specified pegRNA
indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

Edits made by the
specified pegRNA

exon 4 24-bp overlap (64
bp recoded)

exon 4 24-bp overlap (64
bp recoded)

exon 4 24-bp overlap
epegRNA (64 bp recoded)
exon 4 24-bp overlap
epegRNA (64 bp recoded)
exon 4 36-bp overlap (64
bp recoded)

exon 4 36-bp overlap (64
bp recoded)

exon 4 36-bp overlap
epegRNA (64 bp recoded)
exon 4 36-bp overlap
epegRNA (64 bp recoded)
exon 4 59-bp overlap (64
bp recoded)

exon 4 59-bp overlap (64
bp recoded)

exon 4 59-bp overlap
epegRNA (64 bp recoded)

exon 4 59-bp overlap
epegRNA (64 bp recoded)



PAH_E7.2 34
PAH_E7.5 34
PAH_E7.2_34_EvoPreQl
PAH_E7.5_34 EvoPreQl

PAH E7.2 44

PAH E7.5 44

PAH_E7.2 44 EvoPreQl

PAH_E7.5_44 EvoPreQl
PAH_E7.6 44
PAH_E7.6_44 EvoPreQl
PAH_E7.2 55
PAH E7.6 56
PAH E7.2 55 EvoPreQl

PAH_E7.6 56 EvoPreQl

Figure 2e
pegRNA

HEK3 DF A SA
del77nt
HEK3 DF B SA_
del77nt
HEK3 DF A SA
del56nt
HEK3 DF B SA_
del56nt
HEK3 DF A HA_
del64nt
HEK3 DF B HA
del64nt
HEK3 DF A PD_
del90nt
HEK3 DF B PD_
del90nt
HEK3 DF A SA
del77nt_EvoPreQl
HEK3 DF B SA_
del77nt_EvoPreQl
HEK3 DF A SA
del56nt EvoPreQl
HEK3 DF B SA_
del56nt EvoPreQl
HEK3 DF A HA_
del64nt EvoPreQl
HEK3 DF B HA_
del64nt EvoPreQl
HEK3 DF A PD_
del90nt EvoPreQl
HEK3 DF B PD_
del90nt EvoPreQl

Figure 2f
pegRNA

DMD-Exon51-A1_a_SA
DMD-Exon51-

Bl Al b SA
DMD-Exon51-a3-

bl_a PD

gtggtttccgecteecgacctg
gagtggaagactcggaaggcc
gtggtttccgecteecgacctg
gagtggaagactcggaaggcc

gtggtttccgecteecgacctg

gagtggaagactcggaaggcc

gtggtttccgecteecgacctg

gagtggaagactcggaaggcc
gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag
gtggtttccgecteecgacctg
gtctgatgtactgtgtgeag
gtggtttccgecteecgacctg

gtctgatgtactgtgtgeag

spacer sequence
ggeccagactgagceacgtga
gtcaaccagtatcceggtge
ggeccagactgageacgtga
gtcaaccagtatcceggtge
ggeccagactgageacgtga
gtcaaccagtatcceggtge
ggeccagactgagceacgtga
gtcaaccagtatcceggtge
ggeccagactgagceacgtga
gtcaaccagtatcceggtge
ggeccagactgageacgtga
gtcaaccagtatcceggtge
ggeccagactgageacgtga
gtcaaccagtatcceggtge
ggeccagactgageacgtga

gtcaaccagtatcceggtge

spacer sequence

gattggctttgatttcccta
gcagttgcectaagaactggt

gtatatgattgttactgaga

agaaagtctctactgctcaagageccggeaacgggtcggaggceg
tcttgagcagtagagactttctggggggtctegecttccgagtette

agaaagtctctactgctcaagageccggeaacgggtcggaggegtetetetcttgacg
cggttctatctagttacgcgttaaaccaactagaaa
tcttgagcagtagagactttctggggggtctegecttcegagtcettetetetetettgacg
cggttctatctagttacgcgttaaaccaactagaaa
gagaccccccagaaagtctctactgetcaagageccggcaacgggtcggaggcg

gttgcegggcetcttgageagtagagactttctgggggagtctecgecttcecgagtette

gagaccccccagaaagtctctactgetcaagageccggceaacgggtcggaggcegtcet
ctctettgacgeggttctatctagttacgegttaaaccaactagaaa

gttgeegggcetcttgagecagtagagactttctggggggtctecgecttecgagtcttetet
ctctettgacgeggttctatctagttacgegttaaaccaactagaaa
agtagagactttctggggggtctegeattcegegtgtttcattgecacacagtaca

agtagagactttctggggggtctegeattcegegtgtttcattgecacacagtacatctcte
tcttgacgceggttctatctagttacgcgttaaaccaactagaaa
acgcggaatgcgagaccccccagaaagtetctactgetcaagageccggeaacggg
teggaggeg
gggctcttgagcagtagagactttctggggggtctcgeattcegegtgtttcattgeaca
cagtaca
acgcggaatgcgagaccccccagaaagtetctactgetcaagageccggeaacggg
tcggaggcgtctctctettgacgeggttctatctagttacgegttaaaccaactagaaa
gggctcttgagcagtagagactttctggggggtctcgeattcegegtgtttcattgeaca
cagtacatctctctcttgacgeggttctatctagttacgegttaaaccaactagaaa

3' extension
tcetetgecatcacgtgctcagtctg

tgatggcagaggaccgggatactgg
tggaggaagcagggcttcctttcctetgecatcacgtgcetcagtetg
tgatggcagaggaaaggaagccctgettcctccaccgggatactgg
tgcaggagctgcatcctetgecatcacgtgctcagtetg
tgatggcagaggatgcagctectgcaccgggatactgg

gccecagecaaacttgtcaaccagtatcececggegtgctcagtctg

gggtcaatccttggggeccagactgagcacgecgggatactgg

tcetetgecatcacgtgcteagtctgttaaataacgeggttctatctagttacgegttaaac
caactagaa
tgatggcagaggaccgggatactggaaaatatacgeggttctatctagttacgegttaa
accaactagaa
tggaggaagcagggcttcctttcctetgecatcacgtgcetcagtetgttaataatcgegg
ttctatctagttacgcgttaaaccaactagaa
tgatggcagaggaaaggaagccctgettcctccaccgggatactggaaaaaaaacge
ggttctatctagttacgcgttaaaccaactagaa
tgcaggagctgcatcctetgecatcacgtgctcagtctgataaataacgeggttctatet
agttacgcgttaaaccaactagaa
tgatggcagaggatgcagctectgecaccgggatactggaaaaaaggegeggttctat
ctagttacgcgttaaaccaactagaa
gccecagecaaacttgtcaaccagtatcececggegtgctcagtctgttaaatacegeggtt
ctatctagttacgcgttaaaccaactagaa
gggtcaatccttggggeccagactgagecacgecgggatactggaaaataatcgeggt
tctatctagttacgegttaaaccaactagaa

3' extension

ttgaataggaagtaaattaatttgaagctggaccctagggaaatcaa
tagggtccagcttcaaattaatttacttcctattcaaagttcttagge

tgctgagagagaaacagttgectaagaactcagtaacaat

exon 7 22-bp overlap (46
bp recoded)

exon 7 22-bp overlap (46
bp recoded)

exon 7 22-bp overlap
epegRNA (46 bp recoded)
exon 7 22-bp overlap
epegRNA (46 bp recoded)
exon 7 42-bp overlap (46
bp recoded), exon 7 24-bp
overlap (64 bp recoded)
exon 7 42-bp overlap (46
bp recoded)

exon 7 42-bp overlap
epegRNA (46 bp
recoded), exon 7 24-bp
overlap epegRNA (64 bp
recoded)

exon 7 42-bp overlap
epegRNA (46 bp recoded)
exon 7 24-bp overlap (64
bp recoded)

exon 7 24-bp overlap
epegRNA (64 bp recoded)
exon 7 47-bp overlap (64
bp recoded)

exon 7 47-bp overlap (64
bp recoded)

exon 7 47-bp overlap
epegRNA (64 bp recoded)
exon 7 47-bp overlap
epegRNA (64 bp recoded)

Edits made by the
specified pegRNA

SA (A 77nt)

SA (A 77nt)

SA (A 56nt)

SA (A 56nt)

HA (A 64nt)

HA (A 64nt)

PD (A 90nt)

PD (A 90nt)
SA-EvoPreQl (A 77nt)
SA-EvoPreQl (A 77nt)
SA-EvoPreQl (A 56nt)
SA-EvoPreQl (A 56nt)
SA-EvoPreQl (A 64nt)
SA-EvoPreQ1 (A 64nt)
PD-EvoPreQ1 (A 90nt)

PD-EvoPreQ1 (A 90nt)

Edits made by the
specified pegRNA
SA-1 (A 780nt)
SA-1 (A 780nt)

PD-1 (A 627nt); PD-2 (A
627nt)



DMD-Exon51-bl-a3_a-
PD
DMD-Exon51-bl-a3 b-
PD

DMD-Exon51-A3 b_attB

DMD-Exon51-A3 ¢ attB

DMD-Exon51-B1 b _attB
DMD-Exon51-B1 ¢ attB
DMD-Exon51-B2 b _attB

DMD-Exon51-B2 ¢ _attB

sgRNA

DMD-Exon51-A1
DMD-Exon51-A3
DMD-Exon51-B1

Figure 3b
pegRNA

CCRS_A223c
CCRS_B272a
CCRS_B291b
CCRS_B305a
CCRS_B326b
CCRS_B330b
CCRS_A260c
CCRS_B305¢
CCRS_B330c
CCRS_A325b
CCR5_B4l4a
CCRS5_A360b
CCRS_AS506c
CCRS_B584a
CCRS5_A509a
CCRS_B535¢
CCRS_AS531c
CCRS_B584b

Figure 3¢
pegRNA

AAVSI_A1077b
AAVS1 B1154b
AAVSI_A1098b
AAVS1 Bl154a
AAVS1_ Al246¢
AAVS1 BI1314b
AAVSI_B1376a
AAVS1_A1267¢
AAVS1 A1293a
AAVSI_A1307b
AAVS1 Bl314a
AAVS1_Al1582¢
AAVS1 B1640a
AAVSI_B1676a
AAVS1 BI1701a
AAVSI_B1705b
AAVS1_Al1615b
AAVS1 B1640a
AAVS1 _Al615a
AAVSI_B1676a
AAVS1_A1647b
AAVSI_B1676b
AAVS1 BI1701a
AAVSI_B1705a
AAVS1_Al1810b
AAVSI_B1883b

gcagttgcctaagaactggt
gcagttgcctaagaactggt

gtatatgattgttactgaga

gtatatgattgttactgaga

gcagttgcctaagaactggt
gcagttgcctaagaactggt
gaggagagtaaagtgattgg
gaggagagtaaagtgattgg
spacer sequence

gattggctttgatttcccta
gtatatgattgttactgaga
gcagttgcctaagaactggt

Spacer sequence

gtcatcctgataaactgcaaa
gaaggaaaaacaggtcagaga
gcccagaaggggacagtaaga
ggcagcatagtgagcccaga
gatttccaaagtcccactggg
gttgtatttccaaagtcccac
gtgacatctacctgctcaace
ggcagcatagtgagcccaga
gttgtatttccaaagtcccac
gctcactatgetgecgeccag
ggtacctatcgattgtcagg
gacaatgtgtcaactcttgac
gacaagtgtgatcacttggg
gtatggaaaatgagagctge
gaagtgtgatcacttgggtgg
gatctggtaaagatgattcc
getgtgtttgegteteteee
gtatggaaaatgagagctge

spacer sequence

gcagagccaggaacccctgt
gtccttggeaageccaggag
gggaaggggeaggagageca
gtecttggeaageccaggag
gaatatgtcccagatagcac
gtgegtectaggtgttcace
gtectggeagggetgtggty
ggggactctttaaggaaaga
gagaaagagaaagggagtag
gagtagaggcggecacgace
gtgegtectaggtgttcace
gatcagtgaaacgcaccaga
gtgacctgeecggttctcag
gagettggeagggggtggga
gagccagagaggatcctggg
gatggagccagagaggatcc
gcagctcaggttctgggaga
gtgacctgeecggttctcag
gcagctcaggttctgggaga
gagettggeagggggtggga
gtggccactgagaaccggge
gagettggeagggggtggga
gagccagagaggatcctggg
gatggagccagagaggatcc
gaatctgcctaacaggaggt
ggggccactagggacaggat

accacttccacaatgtatatgattgttactgagttcttagg
accacttccacaatgtatatgattgttactgagttcttaggcaa

atgatcctgacgacggagaccgecegtegtcgacaageccagtaacaate

atgatcctgacgacggagaccgecegtegtcgacaageccagtaacaatcata

ggcttgtcgacgacggeggtctcegtcgtcaggatcatagttcttagge
ggcttgtcgacgacggeggtctecegtecgtcaggatcatagttcttaggecaac
ggcttgtcgacgacggeggtctcegtcgtcaggatcatatcactttacte

ggcttgtcgacgacggeggtctcegtcgtcaggatcatatcactttactetee

3' extension

atgatcctgacgacggagaccgecegtegtcgacaagecgceagtttatcagg
ggcttgtcgacgacggeggtctcegtecgtcaggatcatctgacctg
ggcttgtcgacgacggeggtctecegtegtcaggateattactgteeect
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgggctcact
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagtgggactttg
ggcttgtcgacgacggeggtctcegtegtcaggatcatggactttggaa
atgatcctgacgacggagaccgecgtegtcgacaagectgagcaggtagat
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgggctcactatge
ggcttgtcgacgacggeggtctcegtegtcaggatcatggactttggaaat
atgatcctgacgacggagaccgecegtegtcgacaagecggeggcageat
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgacaatcga
atgatcctgacgacggagaccgecgtegtcgacaagecaagagttgacac
atgatcctgacgacggagaccgecgtegtcgacaagccaagtgatcacactt
ggcttgtcgacgacggeggtctccgtcgtcaggatcatgetetcatt
atgatcctgacgacggagaccgecgtegtcgacaageccccaagtga
ggcttgtcgacgacggeggtctcegtcgtcaggatcatatcatctttaccag
atgatcctgacgacggagaccgecegtegtcgacaagecagagacgceaaaca
ggcttgtcgacgacggeggtctecegtegtcaggatcatgetcetcatttte

3' extension

taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttectgg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgggettgee
taccgtacaccactgagaccgeggtggttgaccagacaaacctctctectgeee
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgggcttg

taccgtacaccactgagaccgeggtggttgaccagacaaacctctatctgggacat

gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgaacacctagg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacagecect
taccgtacaccactgagaccgeggtggttgaccagacaaacctttccttaaagagt
taccgtacaccactgagaccgeggtggttgaccagacaaacctctcectttc
taccgtacaccactgagaccgeggtggttgaccagacaaacctegtggecgect
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgaacaccta
taccgtacaccactgagaccgeggtggttgaccagacaaacctggtgcgtttcact
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctagaaccggg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcaccecctg
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctaggatecte
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttectetetgge
taccgtacaccactgagaccgeggtggttgaccagacaaacctcccagaacctg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctagaaccggg
taccgtacaccactgagaccgeggtggttgaccagacaaacctcccagaacc
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacceectg
taccgtacaccactgagaccgeggtggttgaccagacaaacctcggttctcagt
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacceectgee
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctaggatecte
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccttectetctg
taccgtacaccactgagaccgeggtggttgaccagacaaaccttectgttaggc
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgtecctagt

PD-1 (A 627nt)
PD-2 (A 627nt)

tPE-1 attB (A 589nt); tPE-
2 attB (A 589nt); tPE-1
attB (A 558nt); tPE-2 attB
(A 558nt)

tPE-3 attB (A 589nt); tPE-
4 attB (A 589nt); tPE-3
attB (A 558nt); tPE-4 attB
(A 558nt)

tPE-1 attB (A 589nt); tPE-
3 attB (A 589nt)

tPE-2 attB (A 589nt); tPE-
4 attB (A 589nt)

tPE-1 attB (A 558nt); tPE-
3 attB (A 558nt)

tPE-2 attB (A 558nt); tPE-
4 attB (A 558nt)

Edits made by the
paired sgRNA

Cas9 (A 818nt)

Cas9 (A 627nt)

Cas9 (A 818nt); Cas9 (A
627nt)

Edits made by the

specified pegRNA

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

Edits made by the

specified pegRNA

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis



AAVS1 B1902a
AAVS1_A1890b
AAVS1_A1890c
AAVS1_B1962¢
AAVS1_A3786¢
AAVS1 B3839¢
AAVS1_A3786a
AAVS1_B3903b
AAVS1_B3930a
AAVS1_A3835b
AAVS1_B3930b
AAVS1_A3856a

Figure 3d
pegRNA

CCRS_A325a
CCR5_B414b
CCRS_AS506c
CCRS5_A509b
CCRS5_A531b
CCRS_B584b

AAVS1_A1077c
AAVS1 Bl1154c
AAVS1_A3786¢
AAVS1_B3903¢
AAVS1_B3930c

Figure 3e
pegRNA

CCRS_A531b
CCRS_B584b
CCR5_A7 attB_30
CCR5 B8 _attB_30
CCRS_A7 attB 20
CCRS_BS_attB_20
CCR5_A7 attB_GA 38
CCR5 B8 attB_GA 38
CCR5_A7 attB_GA 30
CCR5 B8 attB_GA 30
CCRS_A7 attB_GA 20
CCRS_BS_attB_GA 20
CCR5_A7 attP_50

CCR5 B8 attP_50

CCRS_A7 attP_40
CCRS_BS_attP_40
CCR5_A7 attP_30
CCR5 B8 attP 30
CCR5_A7 attP_GA 50

CCR5 B8 attP_GA 50
CCR5_A7 attP_GA 40
CCR5 B8 attP_GA_40
CCR5_A7 attP_GA 30
CCR5 B8 attP_GA 30

Figure 3f
pegRNA
CCR5_A277b
CCR5_A277c
CCR5_B358b
CCR5_B358¢

Figure 3g
pegRNA

CCRS_A7 attB 20
CCRS_BS_attB_20

CCR5_A277c

gtceectecaccecacagtg
gtcaccaatcctgtcectag
gtcaccaatcctgtcectag
gggaccaccttatattccca
getggecceccacegececa
gacctgeccageacaccctg
getggeececcacegececa
gcgactectggaagtggeca
ggacttcccagtgtgcateg
gacgtcacggegetgeecca
ggacttcccagtgtgcateg
ggtgtgetgggeaggtegeg

Spacer sequence

gctcactatgetgecgeccag
ggtacctatcgattgtcagg
gacaagtgtgatcacttggg
gaagtgtgatcacttgggtgg
getgtgtttgegteteteee
gtatggaaaatgagagctge

gcagagccaggaaccectgt
gtcettggeaageccaggag
getggecceccacegececa
gcgactectggaagtggeca
ggacttcccagtgtgcateg

Spacer sequence

getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee

gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
spacer sequence
gactgaaacttcacagaata
gactgaaacttcacagaata
gatttatgagatcaacagcac
gatttatgagatcaacagcac
spacer sequence
getgtgtttgegteteteee
gtatggaaaatgagagctge

gactgaaacttcacagaata

gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgtggggts
taccgtacaccactgagaccgeggtggttgaccagacaaacctgggacaggatt
taccgtacaccactgagaccgeggtggttgaccagacaaacctgggacaggattgg
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctgaatataaggtgg
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtgggeggac
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctggtgtactgggca
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtgeg
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctecacttccagg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgeacactg
taccgtacaccactgagaccgeggtggttgaccagacaaacctggcagegecegt
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgeacactggg
taccgtacaccactgagaccgeggtggttgaccagacaaacctgacctgece

3' extension

atgatcctgacgacggagaccgecegtegtcgacaagecggeggcage
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgacaatcgata
atgatcctgacgacggagaccgecgtegtcgacaagccaagtgatcacactt
atgatcctgacgacggagaccgecegtegtcgacaageccccaagtgate
atgatcctgacgacggagaccgecgtegtcgacaagccagagacgceaaa
ggcttgtcgacgacggeggtctcegtegtcaggatcatgetcetcatttte

taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttectgget
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctctgggcettgecaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtggeggac
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctccacttccaggag
tctggtcaaccaccgeggtetcagtggtgtacggtacaaaccttgecacactgggaa

3' extension

atgatcctgacgacggagaccgecgtegtcgacaagccagagacgceaaa
ggcttgtcgacgacggeggtctcegtegtcaggatcatgetcetcatttte
tcctgacgacggagaccgecgtegtcgacaagecagagacgceaaa
tgtcgacgacggceggtceteecgtegtcaggatcatgctcteatttte
acgacggagaccgecgtegtcgacaagccagagacgeaaa
acgacggceggtctcegtegtcaggatcatgetetceatttte
atgatcctgacgacggagtccgecgtegtcgacaagecagagacgcaaa
ggcttgtcgacgacggeggactccgtegtcaggatcatgetetcatttte
tcctgacgacggagtccgecgtegtcgacaagecagagacgcaaa
tgtcgacgacggceggactecgtegtcaggatcatgetctcattttc
acgacggagtccgecegtegtcgacaagecagagacgeaaa
acgacggceggactccgtegtcaggatcatgetetcatttte
gggtttgtaccgtacaccactgagaccgeggtggttgaccagacaaaccaagagacg
caaa
tggtttgtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccegceteteatttt
c
tgtaccgtacaccactgagaccgeggtggttgaccagacaaaccaagagacgcaaa
tgtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccegceteteatttte
cgtacaccactgagaccgeggtggttgaccagacaaaccaagagacgcaaa
ggtcaaccaccgeggtctcagtggtgtacggtacaaaccegcteteatttte
gggtttgtaccgtacaccactgagtccgeggtggttgaccagacaaaccaagagacg
caaa
tggtttgtctggtcaaccaccgeggactcagtggtgtacggtacaaaccegcteteattt
tc
tgtaccgtacaccactgagtccgeggtggttgaccagacaaaccaagagacgcaaa
tgtctggtcaaccaccgeggactcagtggtgtacggtacaaaccegctetcatttte
cgtacaccactgagtccgeggtggttgaccagacaaaccaagagacgcaaa
ggtcaaccaccgeggactcagtggtgtacggtacaaaccegetcteatttte

3' extension
aacttcacagaggcttgtcgacgacggeggtcteecgtegtcaggatcat
gaaacttcacagaggcttgtcgacgacggeggtctcegtcgtcaggatcat
ggcttgtcgacgacggeggtctcegtcgtcaggatcatetgttgatcte
ggcttgtcgacgacggeggtctcegtcgtcaggatcatetgttgatctcat
3' extension
acgacggagaccgecgtegtcgacaagccagagacgeaaa
acgacggceggtctccgtegtcaggatcatgetetceatttte

gaaacttcacagaggcttgtcgacgacggeggtctccgtcgtcaggatcat

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

Edits made by the
specified pegRNA
325/414

325/414

506/584

509/584

531/584

506/584, 509/584,
531/584
1077/1154
1077/1154
3786/3903, 3786/3930
3786/3903
3786/3930

Edits made by the
specified pegRNA
attB 38

attB 38

attB 30

attB 30

attB 20

attB 20

attB-GA 38
attB-GA 38
attB-GA 30
attB-GA 30
attB-GA 20
attB-GA 20

attP 50

attP 50

attP 40
attP 40
attP 30
attP 30
attP-GA 50

attP-GA 50

attP-GA 40
attP-GA 40
attP-GA 30
attP-GA 30

Edits made by the
specified pegRNA
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

Edits made by the
specified pegRNA
CCRS attB (HEK293T
and Huh7)

CCRS attB (HEK293T
and Huh7)

ALB attB (HEK293T and

Huh7)



CCRS B358¢

Figure 4b
pegRNA

IDS2 DF Al a attP rev

IDS2 DF Al a_
attP_fwd

IDS2 DF Al c attP rev

IDS2 DF Al ¢
attP_fwd

IDS2 DF A4 b attP rev

IDS2 DF A4 b_
attP_fwd

IDS2 DF B2 a attP rev

IDS2 DF B2 a_
attP_fwd

IDS2 DF B3 a attP _rev

IDS2 DF B3 a_
attP_fwd

IDS2 DF B4 b attP rev

IDS2 DF B4 b_
attP_fwd

IDS2 DF B7 b_attP rev

IDS2 DF B7 b_
attP_fwd

IDS DF C2 c attB rev
IDS DF C2 c attB fwd

IDS DF DI b attB rev

IDS_DF DI _b_attB_fwd

IDS DF D2 c attB rev

IDS DF D2 c attB fwd

Figure 4c
pegRNA

IDS2 DF A4 b a
ttP_rev

IDS2 DF B7 b_
attP_rev

IDS DF C2 ¢
attB_fwd

IDS_DF DI b_
attB_fwd

IDS2 DF A4 b_
attP_fwd

IDS2 DF B7 b_
attP_fwd
IDS DF C2 c attB rev

IDS DF DI b attB rev

Extended Data Figures

gatttatgagatcaacagcac

spacer sequence

gacaccaaaaactgccacagg
gacaccaaaaactgccacagg

gacaccaaaaactgccacagg
gacaccaaaaactgccacagg

gcactcatttcctccaagete
gcactcatttcctccaagetc

gtaggtacaggacagggcag
gtaggtacaggacagggcag

gagataggtaggtacaggaca
gagataggtaggtacaggaca

gtgaaaagataggtaggtac
gtgaaaagataggtaggtac

gttatggtttactccatcta
gttatggtttactccatcta

gttttggtttaccctatcta
gttttggtttaccctatcta

getgtggaactgcaacacact
getgtggaactgcaacacact
gtgecacctaacagtgagcetg
gtgecacctaacagtgagcetg

Spacer sequence

gcactcatttcctccaagete

gttatggtttactccatcta

gttttggtttaccctatcta

getgtggaactgcaacacact

gcactcatttcctccaagete

gttatggtttactccatcta

gttttggtttaccctatcta

getgtggaactgcaacacact

ggcttgtcgacgacggeggtctcegtcgtcaggatcatetgttgatctcat

3' extension

taccgtacaccactgagaccgeggtggttgaccagacaaacctgtggcagtta
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgtggeagtta

taccgtacaccactgagaccgeggtggttgaccagacaaacctgtggcagtttta
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgtggcagtttta

taccgtacaccactgagaccgeggtggttgaccagacaaacctcttggaggaaa
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctettggaggaaa

gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccteectgtee
taccgtacaccactgagaccgeggtggttgaccagacaaaccteectgtee

tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctectgtacct
taccgtacaccactgagaccgeggtggttgaccagacaaacctectgtacct

gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctectacctateta
taccgtacaccactgagaccgeggtggttgaccagacaaacctcctacctatcta

gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctatggagtaaacct
taccgtacaccactgagaccgeggtggttgaccagacaaacctatggagtaaace

atgatcctgacgacggagaccgecgtegtcgacaagecatagggtaaacca
ggcttgtcgacgacggeggtctcegtcgtcaggatcatatagggtaaacca

ggcttgtcgacgacggeggtctcegtcgtcaggatcatgtgttgeagt
atgatcctgacgacggagaccgecegtegtcgacaagecgtgttgeagt
ggcttgtcgacgacggeggtctcegtcgtcaggatcatctcactgttaggt
atgatcctgacgacggagaccgecegtegtcgacaagecctceactgttaggt

3' extension

taccgtacaccactgagaccgeggtggttgaccagacaaacctcttggaggaaa

gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctatggagtaaacct

ggcttgtcgacgacggeggtctcegtcgtcaggatcatatagggtaaacca

atgatcctgacgacggagaccgecegtegtcgacaagecgtgttgeagt

gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctettggaggaaa

taccgtacaccactgagaccgeggtggttgaccagacaaacctatggagtaaace

atgatcctgacgacggagaccgecgtegtcgacaagecatagggtaaacca

ggcttgtcgacgacggeggtctcegtcgtcaggatcatgtgttgeagt

ED Figure 1a - Comparison of twinPE- and PE3-mediated FKBP insertion at CCR5 region 1

pegRNA

PE3_CCR5_1 F4l4a 34
_FKBP108

PE3_CCR5_1 F4l4a 29
_FKBP108

PE3_CCR5_1 F4l4a 23
_FKBP108

spacer sequence

ggtacctatcgattgtcagg

ggtacctatcgattgtcagg

ggtacctatcgattgtcagg

3' extension

tactgtcccecttetgggctcactatgetgecgecaaatttetttccatettcaageatceeg
gtgtagtgcaccacgcaggtctggeegegettggggaaggtgcgeccgtetectggg
gagatggtttccacctgcactccgacaatcga
tceecttetgggetcactatgetgecgecaaatttetttccatcttcaageatceeggtgta
gtgcaccacgeaggtctggecgegcettggggaaggtgegeccgtetectggggaga
tggtttccacctgcactccgacaatcga
tctgggcetcactatgetgecgecaaatttctttccatcttcaagcatececcggtgtagtgea

ccacgcaggtctggecgegettggggaaggtacgeccgtetectggggagatggttt
ccacctgcactccgacaatcga

ALB attB (HEK293T and
Huh7)

Edits made by the
specified pegRNA
A1B2 (attP rev)
A1B2 (attP fwd)

A1B3 (attP rev); A1B4
(attP rev)

A1B3 (attP fwd); A1B4
(attP fwd)

A4B7 (attP rev)

A4B7 (attP fwd)

A1B2 (attP rev)
A1B2 (attP fwd)

A1B3 (attP rev)
A1B3 (attP fwd)

A1B4 (attP rev)
A1B4 (attP fwd)

A4B7 (attP rev)
A4B7 (attP fwd)

C2D2 (attB rev); C2D2
(attB rev)

C2D1 (attB fwd); C2D2
(attB fwd)

C2D1 (attB rev)

C2D1 (attB fwd)

C2D2 (attB rev)

C2D2 (attB fwd)

Edits made by the
specified pegRNA
pegRNA setl installing
attP_rev in IDS2 and
attB_fwd in IDS
pegRNA setl installing
attP_rev in IDS2 and
attB_fwd in IDS
pegRNA setl installing
attP_rev in IDS2 and
attB_fwd in IDS
pegRNA setl installing
attP_rev in IDS2 and
attB_fwd in IDS
pegRNA set2 installing
attP_fwd in IDS2 and
attB_rev in IDS
pegRNA set2 installing
attP_fwd in IDS2 and
attB_rev in IDS
pegRNA set2 installing
attP_fwd in IDS2 and
attB_rev in IDS
pegRNA set2 installing
attP_fwd in IDS2 and
attB_rev in IDS

Edits made by the
specified pegRNA
indicated on the x-axis

indicated on the x-axis

indicated on the x-axis



twinPE_CCR5_ | F4l4a_

FKBP108

twinPE_CCR5_1 E325b

FKBP108

sgRNA

PE3 CCR5_Al sgRNA
PE3 CCR5_A2 sgRNA
PE3 CCR5_A4 sgRNA

ggtacctatcgattgtcagg
gctcactatgetgecgeccag

spacer sequence
gcatcctgataaactgcaaa
ggacatctacctgetcaacc
gcaatgtgtcaactcttgac

accttceccaagegeggecagacctgegtggtgeactacaccgggatgettgaagat
ggaaagaaatttgacaatcga

accacgcaggtctggecgegettggggaaggtacgeccgtetectggggagatggtt
tccacctgcactececggeggeageat

ED Figure 1b - Comparison of twinPE- and PE3-mediated FKBP insertion at CCR5 region 2

pegRNA

PE3_CCR5 2 F2 34
FKBP108

PE3_CCR5 2 F2 28
FKBP108

PE3_CCR5 2 F2 23 FK

BP108

twinPE_CCRS5_2 F2a_
FKBP108
twinPE_CCRS5_2_E2c_
FKBP108nt

sgRNA
PE3_CCR5_C1_sgRNA
PE3_CCR5_C1.5_
sgRNA
PE3_CCR5_C4_sgRNA

Spacer sequence

gtgaaagacagcctggagtc

gtgaaagacagcctggagtc

gtgaaagacagcctggagtc

gtgaaagacagcctggagtc
gaaaagacatcaagcacaga
spacer sequence
gatgcagagtcagcagaact
ggaagtgagggtcagagagg

gatggattggtgtaaaagga

ED Figure 1c - Long twinPE insertions at CCR5

pegRNA

CCRS5_AT7 _attP_spacer27

CCRS5_B8 spacer_attB

CCRS5_AT7 attB spacer27

spacer sequence
getgtgtttgegteteteee
gtatggaaaatgagagctge

getgtgtttgegteteteee

ED Figure 2 - PAH exon recoding via twinPE

pegRNA

PAH 2.1.1
PAH 2.1.2
PAH 2.1.3
PAH 2.2.1
PAH 2.2.2
PAH 223
PAH 4.1.1

PAH 4.1.2
PAH 4.1.3
PAH 4.1.4
PAH 4.1.5
PAH 4.1.6
PAH 4.2.1
PAH 4.2.2
PAH 4.2.3
PAH_4.2.4
PAH 4.2.5
PAH_4.2.6
PAH 4.2.7
PAH 4.2.8
PAH_4.2.9
PAH 43.1

PAH 432

Spacer sequence

gctcaaataagcgcaatactt
gctcaaataagcgcaatactt
gctcaaataagcgcaatactt
gaagacaactgcaatcaaaa
gaagacaactgcaatcaaaa
gaagacaactgcaatcaaaa
gttctetgtgtttcagtgcee

gttctetgtgtttcagtgcee
gttctetgtgtttcagtgcee
gttctetgtgtttcagtgcee
gttctetgtgtttcagtgcee
gttctetgtgtttcagtgcee
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage
gcccaagaaccattcaagage

gegggecatggactcacaggg

gegggecatggactcacaggg

3' extension

agattggagaaacccttgaaaagacatcaagcacaaatttctttccatcttcaagcatce
cggtgtagtgcaccacgcaggtetggecgegettggggaaggtacgeccgtetectg
gggagatggtttccacctgcactcctecagget
gagaaacccttgaaaagacatcaagcacaaatttctttccatcttcaagcatcceggtgt
agtgcaccacgcaggtctggecgegcettggggaaggtgcgececegtetectggggag
atggtttccacctgcactcectccaggcet
acccttgaaaagacatcaagcacaaatttctttccatcttcaagcatcceggtgtagtgca
ccacgcaggtctggecgegettggggaaggtacgeccgtetectggggagatggttt
ccacctgcactcctccaggcet
accttceccaagegeggecagacctgegtggtgeactacaccgggatgettgaagat
ggaaagaaattttccaggcet
accacgcaggtctggecgegettggggaaggtacgeccgtetectggggagatggtt
tccacctgcactecgtgcttgatgtctt

3' extension

ttcgttatacgcccattcttcgegaaaggtttgtaccgtacaccactgagaccgeggteg
ttgaccagacaaaccagagacgcaaa
tttcgcgaagaatgggcgtataacgaaggcettgtcgacgacggeggtcteegtegteca
ggatcatgctctcatttte
ttcgttatacgcccattcttcgcgaaaatgatcctgacgacggagaccgeegtegtega
caagccagagacgcaaa

3' extension

tgatcttcagcctgaaggaagaggtggacgecctggegaaggtattgegett
tgatcttcagcctgaaggaagaggtgggcgecctggcgaaggtattgegcttatt
tgatcttcagcctgaaggaagaggtggacgecctggegaaggtattgegcettatttg
tcttecttcaggetgaagatcagagagatagegcecgttctgattgcag
tcttecttcaggetgaagatcagagagatagegecgttctgattgcagttg
tcttecttcaggetgaagatcagagagatagegcecgttctgattgcagttgte
aagatttgattagcgaacctatcaagttcctgaattgtccgtggaaaccacggeactgaa
ac
aagatttgattagcgaacctatcaagttcctgaattgtccgtggaaaccacggeactgaa
acac
aagatttgattagcgaacctatcaagttcctgaattgtccgtggaaaccacggeactgaa
acacag
gacaagatttgattagcgaacctatcaagttcctgaattgtccgtggaaaccacggceact
gaaac
gacaagatttgattagcgaacctatcaagttcctgaattgtccgtggaaaccacggceact
gaaacac
gacaagatttgattagcgaacctatcaagttcctgaattgtccgtggaaaccacggceact
gaaacacag
ggcetecgtaggacaagatttgattagcgaacctatcaagttcttgaatgg
ggcetecgtaggacaagatttgattagcgaacctatcaagttcttgaatggttc
ggcetecgtaggacaagatttgattagcgaacctatcaagttcttgaatggttcttg
gttcggeteccgtaggacaagatttgattagecgaacctatcaagttcttgaatgg
gttcggcetecgtaggacaagatttgattagcgaacctatcaagttcttgaatggttc
gttcggeteccgtaggacaagatttgattagcgaacctatcaagttcttgaatggttcttg
gatgatcagcgtcaagttcggctccgtaggacaagatttgattagegaacctatcaagtt
cttgaatgg
gatgatcagcgtcaagttcggctccgtaggacaagatttgattagegaacctatcaagtt
cttgaatggttc
gatgatcagcgtcaagttcggctccgtaggacaagatttgattagegaacctatcaagtt
cttgaatggttcttg
ataggttcgctaatcaaatcttgtcctacggagecgaacttgacgetgatcatcctgtga
gtee
ataggttcgctaatcaaatcttgtcctacggagecgaacttgacgetgatcatcctgtga
gtecat

indicated on the x-axis

indicated on the x-axis

Edits made by the
specified pegRNA
indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

Edits made by the
specified pegRNA
attB-spacer-attP

attB-spacer-attP, attB-
spacer-attB
attB-spacer-attB

Edits made by the

specified pegRNA

indicated on the x-axis
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PAH _4.3.3

PAH 434
PAH 435
PAH 43.6
PAH_4.4.1

PAH 442
PAH 443

PAH_4.4.4
PAH_4.4.5
PAH_4.4.6
PAH_4.5.1

PAH 452
PAH 453

PAH 5.1.1
PAH 5.12

PAH 5.1.3

PAH 5.2.1
PAH 522
PAH 523
PAH 7.1.1
PAH 7.12
PAH 7.1.3

PAH 7.14
PAH 7.1.5
PAH 7.1.6

PAH 7.2.1
PAH 722
PAH 7.2.3
PAH 724
PAH 7.2.5
PAH 726
PAH 727

PAH 7.2.8
PAH 7.2.9
PAH 7.3.1
PAH 7.32
PAH 7.3.3
PAH 734
PAH 7.3.5
PAH 7.3.6
PAH 7.3.7
PAH 7.3.8
PAH 7.3.9
PAH 7.5.1
PAH 7.52
PAH 7.5.3
PAH 7.54
PAH 7.5.5
PAH 7.5.6
PAH 7.6.1
PAH 7.62
PAH 7.6.3

PAH 7.6.4
PAH 7.65

gegggecatggactcacaggg

gegggcecatggactcacaggg
gegggcecatggactcacaggg
gegggcecatggactcacaggg
gctacgggccatggactcaca

gctacgggccatggactcaca
gctacgggccatggactcaca

gctacgggccatggactcaca
gctacgggccatggactcaca
gctacgggccatggactcaca
gaaatctcatcctacgggeca

gaaatctcatcctacgggeca
gaaatctcatcctacgggeca

gceaggtgtctcttttctccta
gcaggtgtctcttttctccta

gceaggtgtctcttttctccta

gaagcaaggcagacttactgg
gaagcaaggcagacttactgg
gaagcaaggcagacttactgg
gcttttcatcccagettgeac
gcttttcatcccagettgeac
gcttttcatcccagettgeac

gcttttcatcccagettgeac
gcttttcatcccagettgeac
gcttttcatcccagettgeac

gtggtttccgecteecgacctg
gtggtttccgecteecgacctg
gtggtttccgecteecgacctg
gtggtttccgecteecgacctg
gtggtttccgecteecgacctg
gtggtttccgecteecgacctg
gtggtttccgecteecgacctg

gtggtttccgecteecgacctg
gtggtttccgecteecgacctg
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
ggcetggectgcetttectete
gagtggaagactcggaaggcc
gagtggaagactcggaaggcc
gagtggaagactcggaaggcc
gagtggaagactcggaaggcc
gagtggaagactcggaaggcc
gagtggaagactcggaaggcc
gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag

gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag

ataggttcgctaatcaaatcttgtcctacggagecgaacttgacgetgatcatcctgtga
gtccatgg
taatcaaatcttgtcctacggagccgaacttgacgcetgatcatcctgtgagtee
taatcaaatcttgtcctacggagccgaacttgacgcetgatcatcctgtgagtecat
taatcaaatcttgtcctacggagecgaacttgacgcetgatcatectgtgagtccatgg
ggttcgetaatcaaatcttgtcctacggagecgaacttgacgctgatcatectgtgagte
catg
ggttcgetaatcaaatcttgtcctacggagecgaacttgacgcetgatcatectgtgagte
catgge
ggttcgetaatcaaatcttgtcctacggagecgaacttgacgctgatcatectgtgagte
catggee

aaatcttgtcctacggagccgaacttgacgetgatcatcectgtgagtecatg
aaatcttgtcctacggagcecgaacttgacgetgatcatectgtgagtecatgge
aaatcttgtcctacggagcecgaacttgacgetgatcatectgtgagtecatggee
taatcaaatcttgtcctacggagecgaacttgacgcetgatcatectgtgagtccatggee
cgtaggat
taatcaaatcttgtcctacggagecgaacttgacgcetgatcatectgtgagtccatggee
cgtaggatga
taatcaaatcttgtcctacggagecgaacttgacgcetgatcatectgtgagtccatggee
cgtaggatgag
gaattgcttacggegggegegataaacggggtcecttgaagecctaggagaaaagag
gaattgcttacggegggegegataaacggggtcecttgaagecctaggagaaaagag
ac
gaattgcttacggegggegegataaacggggtcecttgaagecctaggagaaaagag
acac
atcgecgececgecgtaagcaattcgecgatattgeatataattatcgecagtaagtctg
atcgegeccgecgtaagcaattcgecgatattgeatataattatcgecagtaagtctge
atcgecgececgecgtaagcaattcgecgatattgeatataattatcgecagtaagtctgee
tactgctcaagagcccggeaacggggcggagtcgaaagecagtacaagetggg
tactgctcaagagcccggeaacggggcggagtcgaaagecagtacaagetgggat
tactgctcaagagcccggcaacggggcggagtcgaaagecagtacaagetgggatg
a
agaaagtctctactgctcaagageccggeaacggggcggagtcgaaagecagtaca
agetggg
agaaagtctctactgctcaagageccggeaacggggcggagtcgaaagecagtaca
agctgggat
agaaagtctctactgctcaagageccggeaacggggcggagtcgaaagecagtaca
agctgggatga

agaaagtctctactgctcaagagcccggeaacgggtcggagg
agaaagtctctactgctcaagageccggeaacgggtcggaggceg
agaaagtctctactgctcaagagcccggcaacgggtcggaggegga
gagaccccccagaaagtctctactgetcaagageccggeaacgggtcggagg
gagaccccccagaaagtctctactgetcaagageccggcaacgggtcggagecg
gagaccccccagaaagtctctactgetcaagageccggeaacgggtcggaggcgga
aacacgcggaatgcgagaccccccagaaagtetctactgetcaagageccggeaac
gggteggagg
aacacgcggaatgcgagaccccccagaaagtcetctactgetcaagageccggeaac
gggteggaggcg
aacacgcggaatgcgagaccccccagaaagtetctactgetcaagageccggeaac
gggleggaggegga

gcggaatgcgagaccccccagaaagtetctacaggaaage
geggaatgegagaccecccagaaagtctctacaggaaageag
geggaatgegagaccecccagaaagtctctacaggaaageagge
tgggtacaatgaaacacgcggaatgegagaccecccagaaagtctctacaggaaag
c
tgggtacaatgaaacacgcggaatgegagaccecccagaaagtctctacaggaaag
cag
tgggtacaatgaaacacgcggaatgegagaccecccagaaagtctctacaggaaag
caggc
taatatactgggtacaatgaaacacgcggaatgcgagaccccccagaaagtetctaca
ggaaage
taatatactgggtacaatgaaacacgcggaatgcgagaccccccagaaagtetctaca
ggaaagcag
taatatactgggtacaatgaaacacgcggaatgcgagaccccccagaaagtetctaca
ggaaagcagge
gttgeegggcetcttgagecagtagagactttetggggggtctecgecttcecgagt
gttgeegggcetcttgageagtagagactttetggggggtctecgecttcecgagtet
gttgcegggcetcttgageagtagagactttctgggggagtctecgecttcecgagtette
tcttgagcagtagagactttctggggggtctegecttcegagt
tcttgagcagtagagactttctggggggtctegecttcegagtct
tcttgagcagtagagactttctggggggtctegecttccgagtette
tcttgagcagtagagactttctggggggtctecgeattccgegtgtttcattgecacacagta
tcttgagcagtagagactttctggggggtctecgeattccgegtgtttcattgecacacagta
ca
tcttgagcagtagagactttctggggggtctecgcattccgegtgtttcattgecacacagta
catc

agtagagactttctggggggtctcgcattcegegtgtttcattgecacacagta
agtagagactttctggggggtctegeattcegegtgtttcattgecacacagtaca
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PAH_7.6.6
PAH_7.6.7
PAH_7.6.8
PAH_7.6.9
PAH 7.7.1

PAH 7.7.2
PAH 7.7.3

PAH 7.74
PAH 7.7.5
PAH 7.7.6
PAH 7.7.7
PAH 7.7.8
PAH 7.7.9
PAH 7.8.1

PAH 7.82
PAH 7.8.3
PAH_7.8.4
PAH 7.8.5
PAH 7.8.6
PAH 8.1.1
PAH_8.1.2
PAH 8.1.3
PAH 8.2.1
PAH_8.2.2
PAH 823
PAH 9.1.1
PAH_9.1.2
PAH 9.1.3
PAH_9.1.4
PAH 9.1.5
PAH 9.1.6
PAH 9.2.1
PAH_9.2.2
PAH 9.2.3
PAH _9.3.1
PAH 9.3.2
PAH_9.3.3
PAH_10.2.1_EvoPreQl
PAH_10.2.2_EvoPreQl
PAH_10.2.3_EvoPreQl
PAH_10.3.1_EvoPreQl
PAH_10.3.2_EvoPreQl
PAH_10.3.3_EvoPreQl
PAH 11.1.1_EvoPreQl
PAH 11.1.2 EvoPreQl
PAH 11.1.3 EvoPreQl
PAH 11.2.1 EvoPreQl
PAH 11.2.2 EvoPreQl
PAH_11.2.3_EvoPreQl
PAH 11.4.1 EvoPreQl
PAH 11.4.2 EvoPreQl
PAH_11.4.3_EvoPreQl
PAH_12.2.1_EvoPreQl

PAH_12.2.2_EvoPreQl

gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag
gtctgatgtactgtgtgeag
gttcgggggtatacatgggct

gttcgggggtatacatgggct
gttcgggggtatacatgggct

gttcgggggtatacatgggct
gttcgggggtatacatgggct
gttcgggggtatacatgggct
gttcgggggtatacatgggct
gttcgggggtatacatgggct
gttcgggggtatacatgggct
ggacagtactcacggttcgg

ggacagtactcacggttcgg
ggacagtactcacggttcgg
ggacagtactcacggttcgg
ggacagtactcacggttcgg
ggacagtactcacggttcgg
gtgacatctgecatgagcetgt
gtgacatctgecatgagcetgt
gtgacatctgecatgagcetgt
gtaaaaaatccattccttacc
gtaaaaaatccattccttacc
gtaaaaaatccattccttacc
gttcceccaattacaggaaat
gttcceccaattacaggaaat
gttcceccaattacaggaaat
gttcceccaattacaggaaat
gttcceccaattacaggaaat
gttcceccaattacaggaaat
gggagagaagggacttactg
gggagagaagggacttactg
gggagagaagggacttactg
gaccatccacccagggagaga
gaccatccacccagggagaga
gaccatccacccagggagaga
gccagatttactggtttactg
gccagatttactggtttactg
gccagatttactggtttactg
gtaattcaccaaaggatgac
gtaattcaccaaaggatgac
gtaattcaccaaaggatgac
gaagccaaagcttctceece
gaagccaaagcttctceece
gaagccaaagcttctceece
gaaagcttctcceectggage
gaaagcttctcceectggage
gaaagcttctcceectggage
gaactctctgccacgtaatag
gaactctctgccacgtaatag
gaactctctgccacgtaatag

gactttgctgecacaatacct

gactttgctgecacaatacct

agtagagactttctggggggtctegeattcegegtgtttcattgecacacagtacate
tggggggtctegeattcegegtgtttcattgeacacagta
tggggggtcetegeattcegegtgtttcattgecacacagtaca
tggggggtcetegeattcegegtgtttcattgecacacagtacate
gggtctecgceattcegegtgtttcattgtacccagtatattaggeatggttcaaaacccatg
tatac
gggtctecgceatteecgegtgtttcattgtacccagtatattaggeatggttcaaaacccatg
tataccc
gggtctecgcattcegegtgtttcattgtacccagtatattaggeatggttcaaaacccatg
tataccce
attccgcegtgtttcattgtacccagtatattaggceatggttcaaaacccatgtatac
attccgcegtgtttcattgtacccagtatattaggeatggttcaaaacccatgtatacce
gtgtttcattgtacccagtatattaggcatggttcaaaacccatgtataccce
gtgtttcattgtacccagtatattaggcatggttcaaaacccatgtatac
gtgtttcattgtacccagtatattaggcatggttcaaaacccatgtatacce
attccgcegtgtttcattgtacccagtatattaggceatggttcaaaacccatgtataccee
gegtgtttcattgtacccagtatattaggcatggttcaaaaccgatgtacacaccagaac
cgtga
gegtgtttcattgtacccagtatattaggcatggttcaaaaccgatgtacacaccagaac
cgtgagt
gegtgtttcattgtacccagtatattaggcatggttcaaaaccgatgtacacaccagaac
cgtgagtac
attgtacccagtatattaggcatggttcaaaaccgatgtacacaccagaaccgtga
attgtacccagtatattaggcatggttcaaaaccgatgtacacaccagaaccgtgagt
attgtacccagtatattaggcatggttcaaaaccgatgtacacaccagaaccgtgagta
c

gaaggacctatcgctgaacagtggeacgtgaccgagaagetcatgge
gaaggacctatcgctgaacagtggceacgtgaccgagaagetcatggeag
gaaggacctatcgctgaacagtggceacgtgaccgagaagetcatggeagat
actgttcagcgataggtccttcgeacagttctctcaggtaaggaatgg
actgttcagcgataggtccttcgeacagttctctcaggtaaggaatgga
actgttcagcgataggtccttcgeacagttctctcaggtaaggaatggatt
tatatactcgtctggtgctcccaggettgecagaccgatetectgtaatt
tatatactcgtctggtgctcccaggettgeccagaccgatetectgtaattgg
tatatactcgtctggtgctcccaggettgecagaccgatetectgtaattggg
ttctctatatactegtctggtgetcccaggcettgecagaccegatctectgtaatt
ttctctatatactcgtctggtgetcccaggettgecagaccgatctectgtaattgg
ttctctatatactcgtctggtgetcccaggettgecagaccgatctectgtaattggg
tgggagcaccagacgagtatatagagaaacttgctacagtaagtecctt
tgggagcaccagacgagtatatagagaaacttgctacagtaagteccttc
tgggagcaccagacgagtatatagagaaacttgctacagtaagtcccttcte
accagacgagtatatagagaaacttgctacagtaagtcctttctctcecctgggt
accagacgagtatatagagaaacttgctacagtaagtectttctetcectgggtg
accagacgagtatatagagaaacttgctacagtaagtectttctetcectgggtgga
gtaggctttaatgctatcaccctgcttacacaatccgaattcgacggtaaaccagtaaat
ctetetettgacgeggttctatctagttacgegttaaaccaactagaaa
gtaggctttaatgctatcaccctgcttacacaatccgaattcgacggtaaaccagtaaat
ctctetetettgacgeggttetatctagttacgegttaaaccaactagaaa
gtaggctttaatgctatcaccctgcttacacaatccgaattcgacggtaaaccagtaaat
ctgtctctetettgacgeggttctatctagttacgegttaaaccaactagaaa
taagcagggtgatagcattaaagcctacggagcaggtttgctcteatectttggtgtetet
ctcttgacgcggttctatctagttacgegttaaaccaactagaaa
taagcagggtgatagcattaaagcctacggagcaggtttgctctcatectttggtgatet
ctctettgacgeggttctatctagttacgegttaaaccaactagaaa
taagcagggtgatagcattaaagcctacggageaggtttgctctcatectttggtgaate
tctetettgacgeggttctatctagttacgegttaaaccaactagaaa
tgtcactgtatagttctgaattgcagtcttttcgagttcgagtgggagaagcetctctctettg
acgcggttctatctagttacgegttaaaccaactagaaa
tgtcactgtatagttctgaattgcagtcttttcgagttcgagtgggagaagcetttetetetct
tgacgeggttctatctagttacgegttaaaccaactagaaa
tgtcactgtatagttctgaattgcagtcttttcgagttcgagtgggagaagcetttggtetct
ctcttgacgcggttctatctagttacgegttaaaccaactagaaa
tgtcactgtatagttctgaattgcagtcttttcgagttccagggggtctetetettgacgeg
gttctatctagttacgcegttaaaccaactagaaa
tgtcactgtatagttctgaattgcagtcttttcgagttccagggggagtctctctettgacg
cggttctatctagttacgcgttaaaccaactagaaa
tgtcactgtatagttctgaattgcagtcttttcgagttccagggggagaatctctctettga
cgeggttctatctagttacgegttaaaccaactagaaa
tgcaattcagaactatacagtgacagaatttcaaccattgtattacgtggctctctctettg
acgcggttctatctagttacgegttaaaccaactagaaa
tgcaattcagaactatacagtgacagaatttcaaccattgtattacgtggceagtctctctct
tgacgcggttctatctagttacgegttaaaccaactagaaa
tgcaattcagaactatacagtgacagaatttcaaccattgtattacgtggcagagtctctc
tcttgacgceggttctatctagttacgcgttaaaccaactagaaa
ttcgatgcgetgtgtataaggatcatatctcacgcetaaatggtettggtattgtggctetet
ctcttgacgcggttctatctagttacgegttaaaccaactagaaa
ttcgatgegetgtgtataaggatcatatctcacgctaaatggtettggtattgtggcagtct
ctctettgacgeggttctatctagttacgegttaaaccaactagaaa
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PAH 12.2.3 EvoPreQl
PAH_12.3.1_EvoPreQl
PAH_12.3.2_EvoPreQl
PAH_12.3.3_EvoPreQl
PAH_12.4.1_EvoPreQl
PAH_12.4.2_EvoPreQl
PAH 12.4.3 EvoPreQl
PAH 12.5.1 EvoPreQl
PAH_12.5.2_EvoPreQl

PAH 12.5.3 EvoPreQl

gactttgctgccacaatacct
gctacgacccatacacccaa
gctacgacccatacacccaa
gctacgacccatacacccaa
gcagccaaaatcttaagetge
gcagccaaaatcttaagetge
gcagccaaaatcttaagetge
gtgtaaattacttactgttaa
gtgtaaattacttactgttaa

gtgtaaattacttactgttaa

ED Figure 3- pegRNA screen in CCR5

3' extension

CCR5_A223a
CCR5_A223b
CCR5_A223c¢
CCR5_A260a
CCR5_A260b
CCR5_A260c
CCR5_A325a
CCR5_A325b
CCR5_A325¢
CCR5_A360a
CCR5_A360b
CCR5_A360c
CCR5_A506a
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CCR5_A509a
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CCR5_A531a
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CCR5_B291c
CCR5_B305a
CCR5_B305b
CCR5_B305¢
CCR5_B326a
CCR5_B326b
CCR5_B326¢
CCR5_B330a
CCR5_B330b
CCR5_B330c
CCR5_B4l14a
CCR5_B414b
CCR5_B4l4c
CCR5_B535a
CCR5_B535b
CCR5_B535¢
CCR5_B584a
CCR5_B584b
CCR5_B584c
CCR5_B601a
CCR5_B601b
CCR5_B601c

3' extension
gtcatcctgataaactgcaaa
gtcatcctgataaactgcaaa
gtcatcctgataaactgcaaa
gtgacatctacctgctcaace
gtgacatctacctgctcaace
gtgacatctacctgctcaace
gctcactatgetgecgeccag
gctcactatgetgecgeccag
gctcactatgetgecgeccag
gacaatgtgtcaactcttgac
gacaatgtgtcaactcttgac
gacaatgtgtcaactcttgac
gacaagtgtgatcacttggg
gacaagtgtgatcacttggg
gacaagtgtgatcacttggg
gaagtgtgatcacttgggtgg
gaagtgtgatcacttgggtgg
gaagtgtgatcacttgggtgg
getgtgtttgegteteteee
getgtgtttgegteteteee
getgtgtttgegteteteee
gaaggaaaaacaggtcagaga
gaaggaaaaacaggtcagaga
gaaggaaaaacaggtcagaga
gcccagaaggggacagtaaga
gcccagaaggggacagtaaga
gcccagaaggggacagtaaga
ggcagcatagtgagcccaga
ggcagcatagtgagcccaga
ggcagcatagtgagcccaga
gatttccaaagtcccactggg
gatttccaaagtcccactggg
gatttccaaagtcccactggg
gttgtatttccaaagtcccac
gttgtatttccaaagtcccac
gttgtatttccaaagtcecac
ggtacctatcgattgtcagg
ggtacctatcgattgtcagg
ggtacctatcgattgtcagg
gatctggtaaagatgattcc
gatctggtaaagatgattcc
gatctggtaaagatgattcc
gtatggaaaatgagagctge
gtatggaaaatgagagctge
gtatggaaaatgagagctge
gcagaattgatactgactgta
gcagaattgatactgactgta
gcagaattgatactgactgta

ED Figure 4 - pegRNA screen at AAVS1

pegRNA

AAVS1_A1077a
AAVS1_A1077b
AAVS1_A1077c

spacer sequence

gcagagccaggaacccctgt
gcagagccaggaaccectgt
gcagagccaggaacccctgt

ttcgatgcgetgtgtataaggatcatatctcacgcetaaatggtettggtattgtggcaget
ctetetettgacgeggttctatctagttacgegttaaaccaactagaaa
gatcttcaattgttgagtgttatcgagcacttcgatgegetgggtgtatggtetetetcttg
acgcggttctatctagttacgegttaaaccaactagaaa
gatcttcaattgttgagtgttatcgagcacttcgatgegetgggtgtatgggttctetetett
gacgceggttctatctagttacgegttaaaccaactagaaa
gatcttcaattgttgagtgttatcgagcacttcgatgegetgggtgtatgggtctetetcte
ttgacgceggttctatctagttacgegttaaaccaactagaaa
tatgatccttatacacagcgcatcgaagtgctcgataacactcaacagcttaagatttcte
tctettgacgeggttctatctagttacgcegttaaaccaactagaaa
tatgatccttatacacagcgcatcgaagtgctcgataacactcaacagcettaagatttagt
ctetetettgacgeggttctatctagttacgegttaaaccaactagaaa
tatgatccttatacacagcgcatcgaagtgctcgataacactcaacagcttaagatttag
gtctetetettgacgeggttctatctagttacgegttaaaccaactagaaa
gataacactcaacaattgaagatcctcgcagacagtatcaacagtaagtaatctetetctt
gacgceggttctatctagttacgegttaaaccaactagaaa
gataacactcaacaattgaagatcctcgcagacagtatcaacagtaagtaatttctctcte
ttgacgeggttctatctagttacgegttaaaccaactagaaa
gataacactcaacaattgaagatcctcgcagacagtatcaacagtaagtaatttatctcte
tcttgacgceggttctatctagttacgcgttaaaccaactagaaa

3' extension
atgatcctgacgacggagaccgecgtegtcgacaagecgceagtttate
atgatcctgacgacggagaccgecgtegtcgacaagecgceagtttatcag
atgatcctgacgacggagaccgecegtegtcgacaagecgceagtttatcagg
atgatcctgacgacggagaccgecgtegtcgacaagectgageaggt
atgatcctgacgacggagaccgecegtegtcgacaagectgagcaggtag
atgatcctgacgacggagaccgecgtegtcgacaagectgagcaggtagat
atgatcctgacgacggagaccgecegtegtcgacaageeggeggeage
atgatcctgacgacggagaccgecegtegtcgacaagecggeggcageat
atgatcctgacgacggagaccgecegtegtcgacaagecggeggcageatag
atgatcctgacgacggagaccgecgtegtcgacaagcecaagagttgac
atgatcctgacgacggagaccgecgtegtcgacaagecaagagttgacac
atgatcctgacgacggagaccgecgtegtcgacaagcecaagagttgacaca
atgatcctgacgacggagaccgecgtegtcgacaagccaagtgatcac
atgatcctgacgacggagaccgecgtegtcgacaagccaagtgatcacac
atgatcctgacgacggagaccgecegtegtcgacaagccaagtgatcacactt
atgatcctgacgacggagaccgecegtegtcgacaageccccaagtga
atgatcctgacgacggagaccgecegtegtcgacaageccccaagtgate
atgatcctgacgacggagaccgecgtegtcgacaageccccaagtgatcac
atgatcctgacgacggagaccgecgtegtcgacaagecagagacgea
atgatcctgacgacggagaccgecgtegtcgacaagccagagacgceaaa
atgatcctgacgacggagaccgecegtegtcgacaagccagagacgceaaaca
ggcttgtcgacgacggeggtctcegtcgtcaggatcatctgacctg
ggcttgtcgacgacggeggtctcegtegtcaggatcatctgacctgt
ggcttgtcgacgacggeggtctcegtcgtcaggatcatctgacctgttt
ggcttgtcgacgacggeggtctcegtegtcaggatcattactgteee
ggcttgtcgacgacggeggtctecgtegtcaggateattactgteeect
ggcttgtcgacgacggeggtctcegtegtcaggatcattactgteecctte
ggcttgtcgacgacggeggtctcegtegtcaggatcatgggctcact
ggcttgtcgacgacggeggtctcegtegtcaggatcatgggctcactat
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgggctcactatge
ggcttgtcgacgacggeggtctcegtegtcaggatcatagtgggact
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagtgggactttg
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagtgggactttgg
ggcttgtcgacgacggeggtctcegtcgtcaggatcatggactttgg
ggcttgtcgacgacggeggtctcegtegtcaggatcatggactttggaa
ggcttgtcgacgacggeggtctcegtecgtcaggatcatggactttggaaat
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgacaatcga
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgacaatcgata
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgacaatcgatagg
ggcttgtcgacgacggeggtctcegtecgtcaggatcatatcatettta
ggcttgtcgacgacggeggtctcegtegtcaggatcatatcatctttace
ggcttgtcgacgacggeggtctcegtcgtcaggatcatatcatctttaccag
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgetctcatt
ggcttgtcgacgacggeggtctcegtegtcaggatcatgetcetcatttte
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgetcteattttcca
ggcttgtcgacgacggeggtctcegtecgtcaggatcatagtcagtat
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagtcagtatca
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagtcagtatcaat

3' extension
taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttect

taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttectgg
taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttectgget

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

indicated on the x-axis

3' extension

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

Edits made by the
specified pegRNA
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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AAVS1_A1098a
AAVS1_A1098b
AAVS1_A1098¢
AAVS1_Al246a
AAVS1_A1246b
AAVS1_Al246¢
AAVS1 A1267a
AAVS1_A1267b
AAVS1_A1267¢
AAVS1 A1293a
AAVS1_A1293b
AAVS1 A1293¢
AAVS1_A1307a
AAVS1_A1307b
AAVS1_A1307c
AAVS1 Al1582a
AAVS1_A1582b
AAVS1_Al1582¢
AAVS1 _Al615a
AAVS1_Al1615b
AAVS1_Al615¢
AAVS1 Al647a
AAVS1_A1647b
AAVS1_Al647c
AAVS1_Al1810a
AAVS1_Al1810b
AAVS1_Al1810c
AAVS1_A1890a
AAVS1_A1890b
AAVS1_A1890c
AAVS1_A3786a
AAVS1_A3786b
AAVS1_A3786¢
AAVS1_A3835a
AAVS1_A3835b
AAVS1_A3835¢
AAVS1_A3856a
AAVS1_A3856b
AAVS1_A3856¢
AAVS1 Bl154a
AAVS1 B1154b
AAVS1 Bl154c
AAVS1 Bl314a
AAVS1 BI1314b
AAVS1 Bl314c
AAVS1 B1376a
AAVS1 B1376b
AAVS1 BI376¢c
AAVS1 B1640a
AAVS1 B1640b
AAVS1 B1640c
AAVS1 B1676a
AAVS1 B1676b
AAVS1 BI1676¢
AAVS1 BI1701a
AAVS1 B1701b
AAVS1 BI1701c
AAVS1 B1705a
AAVS1 B1705b
AAVS1 BI1705¢
AAVS1 BI883a
AAVS1 B1883b
AAVS1 BI883c
AAVS1 B1902a
AAVS1 B1902b
AAVS1 B1902c
AAVS1 B1962a
AAVS1 B1962b
AAVS1 B1962¢
AAVS1 B3839%a
AAVS1 B3839b
AAVS1 B3839c
AAVS1 B3903a
AAVS1 B3903b
AAVS1 B3903c
AAVS1 B3930a
AAVS1 B3930b
AAVS1 B3930c

gggaaggggeaggagageca
gggaaggggeaggagageca
gggaaggggeaggagageca
gaatatgtcccagatagcac
gaatatgtcccagatagcac
gaatatgtcccagatagcac
ggggactctttaaggaaaga
ggggactctttaaggaaaga
ggggactctttaaggaaaga
gagaaagagaaagggagtag
gagaaagagaaagggagtag
gagaaagagaaagggagtag
gagtagaggcggecacgace
gagtagaggcggecacgace
gagtagaggcggecacgace
gatcagtgaaacgcaccaga
gatcagtgaaacgcaccaga
gatcagtgaaacgcaccaga
gcagctcaggttctgggaga
gcagctcaggttctgggaga
gcagctcaggttctgggaga
gtggecactgagaaccggge
gtggccactgagaaccggge
gtggccactgagaaccggge
gaatctgcctaacaggaggt
gaatctgcctaacaggaggt
gaatctgcctaacaggaggt
gtcaccaatcctgtcectag
gtcaccaatcctgtcectag
gtcaccaatcctgtcectag
getggecceccacegececa
getggecceccacegececa
getggeececcacegececa
gacgtcacggegetgeecca
gacgtcacggegetgeecca
gacgtcacggegetgeecca
ggtgtgetgggeaggtegeg
ggtgtgetgggeaggtegeg
ggtgtgetgggeaggtegeg
gtecttggeaageccaggag
gtccttggeaageccaggag
gtecttggeaageccaggag
gtgegtectaggtgttcace
gtgegtectaggtgttcace
gtgegtectaggtgttcace
gtectggeagggetgtggty
gtectggeagggetgtggty
gtectggeagggetgtggty
gtgacctgeecggttctcag
gtgacctgeecggttctcag
gtgacctgeecggttctcag
gagettggeagggggtggga
gagettggeagggggtggga
gagettggeagggggtggga
gagccagagaggatcctggg
gagccagagaggatcctggg
gagccagagaggatcctggg
gatggagccagagaggatcc
gatggagccagagaggatcc
gatggagccagagaggatcc
ggggccactagggacaggat
ggggccactagggacaggat
ggggccactagggacaggat
gtceectecaccecacagtg
gtceectecaccecacagtg
gtceectecaccecacagtg
gggaccaccttatattccca
gggaccaccttatattccca
gggaccaccttatattccca
gacctgeccageacaccctg
gacctgeccageacaccctg
gacctgeccageacaccctg
gcgactectggaagtggeca
gcgactectggaagtggeca
gcgactectggaagtggeca
ggacttcccagtgtgcateg
ggacttcccagtgtgcateg
ggacttcccagtgtgcateg

taccgtacaccactgagaccgeggtggttgaccagacaaacctctctectge
taccgtacaccactgagaccgeggtggttgaccagacaaacctctctectgeee
taccgtacaccactgagaccgeggtggttgaccagacaaacctctctectgecect
taccgtacaccactgagaccgeggtggttgaccagacaaacctctatctggg
taccgtacaccactgagaccgeggtggttgaccagacaaacctctatctgggac
taccgtacaccactgagaccgeggtggttgaccagacaaacctctatctgggacat
taccgtacaccactgagaccgeggtggttgaccagacaaacctttccttaaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctttccttaaaga
taccgtacaccactgagaccgeggtggttgaccagacaaacctttccttaaagagt
taccgtacaccactgagaccgeggtggttgaccagacaaacctctcectttc
taccgtacaccactgagaccgeggtggttgaccagacaaacctctcectttcte
taccgtacaccactgagaccgeggtggttgaccagacaaacctctcectttetett
taccgtacaccactgagaccgeggtggttgaccagacaaacctegtggeege
taccgtacaccactgagaccgeggtggttgaccagacaaacctcgtggecgect
taccgtacaccactgagaccgeggtggttgaccagacaaacctcgtggecgectct
taccgtacaccactgagaccgeggtggttgaccagacaaacctggtgcgttt
taccgtacaccactgagaccgeggtggttgaccagacaaacctggtgegtttca
taccgtacaccactgagaccgeggtggttgaccagacaaacctggtgcgtttcact
taccgtacaccactgagaccgeggtggttgaccagacaaacctcccagaacc
taccgtacaccactgagaccgeggtggttgaccagacaaacctcccagaacctg
taccgtacaccactgagaccgeggtggttgaccagacaaacctcccagaacctgag
taccgtacaccactgagaccgeggtggttgaccagacaaaccteggttctca
taccgtacaccactgagaccgeggtggttgaccagacaaacctcggttctcagt
taccgtacaccactgagaccgeggtggttgaccagacaaaccteggttctcagtgg
taccgtacaccactgagaccgeggtggttgaccagacaaaccttcctgttag
taccgtacaccactgagaccgeggtggttgaccagacaaaccttectgttaggc
taccgtacaccactgagaccgeggtggttgaccagacaaaccttcctgttaggeag
taccgtacaccactgagaccgeggtggttgaccagacaaacctgggacagga
taccgtacaccactgagaccgeggtggttgaccagacaaacctgggacaggatt
taccgtacaccactgagaccgeggtggttgaccagacaaacctgggacaggattgg
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtgeg
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtggegg
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtgggeggac
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeagegee
taccgtacaccactgagaccgeggtggttgaccagacaaacctggecagegecegt
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeagegecgtga
taccgtacaccactgagaccgeggtggttgaccagacaaacctgacctgece
taccgtacaccactgagaccgeggtggttgaccagacaaacctgacctgeccag
taccgtacaccactgagaccgeggtggttgaccagacaaacctgacctgeccagea
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgggcttg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgggettgee
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctetgggcettgecaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgaacaccta
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgaacacctagg
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctgaacacctaggac
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacagecect
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacageectge
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctcacagecctgeca
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctagaaccggg
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctagaaccgggea
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctagaaccgggeagg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacceectg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctcacceectgee
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctcacceectgecaa
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctaggatecte
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctaggatcctete
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctaggatectetctg
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccttectetctg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttectetetgge
tctggtcaaccaccgeggtetcagtggtgtacggtacaaaccttectetetggcete
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgteecta
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctetgtecctagt
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctetgteectagtgg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgtggggts
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgtggggtgga
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaaccttgtggggtggagg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgaatataag
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctgaatataaggt
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctgaatataaggtgg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctggtgtgetg
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctggtgtgetggg
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctggtgtactgggca
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctecacttcca
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctecacttccagg
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctccacttccaggag
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgeacactg
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgecacactggg
tctggtcaaccaccgeggtetcagtggtgtacggtacaaaccttgecacactgggaa

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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indicated on the x-axis
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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indicated on the x-axis
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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indicated on the x-axis
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indicated on the x-axis
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indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
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ED Figure 5a - Comparison of twinPE- and PE3-mediated a#tB insertion at CCRS5 region 1

pegRNA

CCRS5_A325b_attB
CCRS5_B414a_attB
CCR5_B414 23

CCRS5_B414 29
CCRS5_B414 34

sgRNA

PE3 CCR5 Al sgRNA

PE3 CCR5 A2 sgRNA
PE3 CCR5 A4 sgRNA

spacer sequence

gctcactatgetgecgeccag
ggtacctatcgattgtcagg
ggtacctatcgattgtcagg

ggtacctatcgattgtcagg
ggtacctatcgattgtcagg
spacer sequence

gcatcctgataaactgcaaa

ggacatctacctgetcaacc
gcaatgtgtcaactcttgac

3' extension

atgatcctgacgacggagaccgecegtegtcgacaagecggeggceageat
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgacaatcga
tctgggcetcactatgetgecgeeggettgtcgacgacggeggteteecgtegtcaggat
catgacaatcga
tceecttetgggctcactatgetgecgecggettgtecgacgacggeggteteegtegte
aggatcatgacaatcga
tactgtccecttetgggctcactatgetgecgecggettgtecgacgacggeggteteeg
tcgtcaggatcatgacaatcga

ED Figure 5b - Comparison of twinPE- and PE3-mediated a#B insertion at CCRS5 region 2

pegRNA

CCRS5_C2c _attB
CCRS5_D2a_attB
CCR5_D2 23

CCR5 D2 28
CCR5 D2 34

sgRNA
PE3_CCR5_C1_
sgRNA
PE3_CCR5_C1.5_
sgRNA
PE3_CCR5_C4_sgRNA

spacer sequence
gaaaagacatcaagcacaga
gtgaaagacagcctggagtc
gtgaaagacagcctggagtc
gtgaaagacagcctggagtc
gtgaaagacagcctggagtc

spacer sequence
gatgcagagtcagcagaact

ggaagtgagggtcagagagg

gatggattggtgtaaaagga

ED Figure 6b - HTS junction purity

pegRNA

CCRS_A325a
CCR5_B414b
CCRS_AS506c
CCRS5_A509b
CCRS5_A531b
CCRS_B584b

AAVS1_A1077c
AAVS1 Bl1154c
AAVS1_A3786¢
AAVS1_B3903¢
AAVS1_B3930c

ED Figure 6¢ - Multiplex single transfection knock-in

pegRNA
AAVS1_A1077¢
AAVS1_B1154c

CCR5_A7 attB_20
CCR5 B8 _attB_20
CCRS_A7 attB_GA 20
CCRS_BS_attB_GA 20
CCR5_A7 attP_30
CCR5 B8 attP_30
CCR5_A7 attP_GA 30
CCR5 B8 attP_GA 30

spacer sequence

gctcactatgetgecgeccag
ggtacctatcgattgtcagg
gacaagtgtgatcacttggg
gaagtgtgatcacttgggtgg
getgtgtttgegteteteee
gtatggaaaatgagagctge

gcagagccaggaaccectgt
gtccttggeaageccaggag
getggecceccacegececa
gcgactectggaagtggeca
ggacttcccagtgtgcateg

spacer sequence
gcagagccaggaacccctgt
gtecttggeaageccaggag

getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge

ED Figure 6d - Overlap reduction

pegRNA

CCRS5_A531b
CCRS_B584b

CCRS_A7 attB 30
CCRS_BS_attB_30
CCRS_A7 attB 20
CCRS_BS_attB_20

spacer sequence

getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge
getgtgtttgegteteteee
gtatggaaaatgagagctge

3' extension

atgatcctgacgacggagaccgecegtegtcgacaagecgtgcttgatgtett
ggcttgtcgacgacggeggtctcegtegtcaggateattccagget
acccttgaaaagacatcaagcacggcettgtcgacgacggeggtctecgtegtcaggat
cattccaggct
gagaaacccttgaaaagacatcaagcacggcttgtcgacgacggeggteteegtegt
caggatcattccaggct
agattggagaaacccttgaaaagacatcaagcacggcttgtcgacgacggeggtete
cgtcgtcaggatcattccagget

3' extension

atgatcctgacgacggagaccgecegtegtcgacaagecggeggcage
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgacaatcgata
atgatcctgacgacggagaccgecegtegtcgacaagccaagtgatcacactt
atgatcctgacgacggagaccgecegtegtcgacaageccccaagtgate
atgatcctgacgacggagaccgecgtegtcgacaagccagagacgceaaa
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgetctcatttte

taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttectgget
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctetgggcettgecaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeggtgggeggac
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctccacttccaggag
tctggtcaaccaccgeggtetcagtggtgtacggtacaaaccttgcacactgggaa

3' extension
taccgtacaccactgagaccgeggtggttgaccagacaaacctggggttectgget
tctggtcaaccaccgeggtcetcagtggtgtacggtacaaacctetgggcettgecaa

acgacggagaccgecgtegtcgacaagccagagacgeaaa
acgacggceggtctccgtegtcaggatcatgetetceatttte
acgacggagtccgecegtegtcgacaagecagagacgeaaa
acgacggcggactccgtegtcaggatcatgetetcatttte
cgtacaccactgagaccgeggtggttgaccagacaaaccaagagacgcaaa
ggtcaaccaccgeggtctcagtggtgtacggtacaaaccegcteteatttte
cgtacaccactgagtccgeggtggttgaccagacaaaccaagagacgcaaa
ggtcaaccaccgeggactcagtggtgtacggtacaaaccegetctcattttc

3' extension

atgatcctgacgacggagaccgecgtegtcgacaagccagagacgceaaa
ggcttgtcgacgacggeggtctecegtegtcaggatcatgetcetcatttte
tcctgacgacggagaccgecgtegtcgacaagecagagacgceaaa
tgtcgacgacggceggtceteecgtegtcaggatcatgctcteatttte
acgacggagaccgecgtegtcgacaagccagagacgeaaa
acgacggceggtctccgtegtcaggatcatgetetceatttte

Edits made by the
specified pegRNA
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

Edits made by the
specified pegRNA
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

indicated on the x-axis

indicated on the x-axis

Edits made by the
specified pegRNA
325/414

325/414

506/584

509/584

531/584

506/584, 509/584,
531/584
1077/1154
1077/1154
3786/3903, 3786/3930
3786/3903
3786/3930

Edits made by the
specified pegRNA
AAVSI attP, all samples
on x-axis

AAVSI attP, all samples
on x-axis

CCRS5 attB

CCRS5 attB

CCRS5 attB-GA

CCRS5 attB-GA

CCRS5 attP

CCRS5 attP

CCRS5 attP-GA

CCRS5 attP-GA

Edits made by the
specified pegRNA
attB 38
attB 38
attB 30
attB 30
attB 20
attB 20
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ED figure 7 - Factor 9 knock-in

pegRNA

CCRS_A7 attB 20
CCRS_BS_attB_20
CCRS_A277¢
CCRS_B358¢

Spacer sequence

getgtgtttgegteteteee
gtatggaaaatgagagctge
gactgaaacttcacagaata
gatttatgagatcaacagcac

3' extension

acgacggagaccgecgtegtcgacaagccagagacgeaaa
acgacggceggtctccgtegtcaggatcatgeteteatttte
gaaacttcacagaggcttgtcgacgacggeggtctccgtcgtcaggatcat
ggcttgtcgacgacggeggtctcegtcgtcaggatcatetgttgatctcat

ED figure 8 - TwinPE+Bxb1 mediated inversion in the GFP reporter cells

pegRNA
AAVS1_A1077b_

attB_rev

AAVS1 B1154b
attB_fwd

AAVSI_A3835b

AAVSI_B3903b

Spacer sequence

gcagagccaggaaccectgt

gtecttggeaageccaggag

gacgtcacggegcetgeecca

gcgactectggaagtggeca

ED Figure 9c - IDS and IDS2 pegRNA screen

pegRNA

IDS2_Al_a_attP_rev
IDS2_A1_a_attP_fwd
IDS2_Al_c_attP_rev

IDS2_A1_c_attP_fwd

IDS2 A4 b attP rev
IDS2_A4 b_attP_fwd
IDS2 B2 a attP rev
IDS2 B2 a attP fwd
IDS2 B3 a attP rev
IDS2 B3 a attP fwd
IDS2 B4 b attP_rev
IDS2_B4 b_attP_fwd
IDS2 B7 b attP_rev
IDS2_B7_b_attP_fwd
IDS_C2_c_attB_rev

IDS_C2_c_attB_fwd

IDS_D1_b_attB_rev
IDS_D1_b_attB_fwd
IDS_D2_c_attB_rev
IDS_D2_c_attB_fwd
IDS2 Al a attP rev Ev
oPreQ1_motif

IDS2 Al a attP_fwd Ev
oPreQ1_motif

IDS2 Al ¢ attP_rev Ev
oPreQ1_motif

IDS2 Al ¢ attP_fwd Ev
oPreQ1_motif

IDS2 A4 b attP rev Ev
oPreQ1_motif

IDS2_A4 b_attP_fwd_Ev
oPreQ1_motif

IDS2 B2 a attP rev Ev
oPreQ1_motif

IDS2 B2 a attP fwd Ev
oPreQ1_motif

IDS2 B3 a attP rev Ev
oPreQ1_motif

IDS2 B3 a attP fwd Ev
oPreQ1_motif

IDS2 B4 b attP_rev Ev
oPreQ1_motif

spacer sequence

gacaccaaaaactgccacagg
gacaccaaaaactgccacagg
gacaccaaaaactgccacagg

gacaccaaaaactgccacagg

gcactcatttcctccaagete
gcactcatttcctccaagete
gtaggtacaggacagggcag
gtaggtacaggacagggcag
gagataggtaggtacaggaca
gagataggtaggtacaggaca
gtgaaaagataggtaggtac
gtgaaaagataggtaggtac
gttatggtttactccatcta
gttatggtttactccatcta
gttttggtttaccctatcta

gttttggtttaccctatcta
getgtggaactgcaacacact
getgtggaactgcaacacact
gtgecacctaacagtgagcetg
gtgecacctaacagtgagcetg
gacaccaaaaactgccacagg
gacaccaaaaactgccacagg
gacaccaaaaactgccacagg
gacaccaaaaactgccacagg
gcactcatttcctccaagete
gcactcatttcctccaagete
gtaggtacaggacagggcag
gtaggtacaggacagggcag
gagataggtaggtacaggaca
gagataggtaggtacaggaca

gtgaaaagataggtaggtac

3' extension

ggcttgtcgacgacggeggtctcegtecgtcaggatcatggggttectgg

atgatcctgacgacggagaccgecegtegtegacaagecctgggettgee

taccgtacaccactgagaccgeggtggttgaccagacaaacctggcagegecegt

gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctecacttccagg

3' extension

taccgtacaccactgagaccgeggtggttgaccagacaaacctgtggcagtta
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgtggeagtta
taccgtacaccactgagaccgeggtggttgaccagacaaacctgtggcagtttta

gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctgtggcagtttta

taccgtacaccactgagaccgeggtggttgaccagacaaacctcttggaggaaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctettggaggaaa
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccteectgtee
taccgtacaccactgagaccgeggtggttgaccagacaaaccteectgtee
tctggtcaaccaccgeggtetcagtggtgtacggtacaaacctectgtacct
taccgtacaccactgagaccgeggtggttgaccagacaaacctectgtacct
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctectacctateta
taccgtacaccactgagaccgeggtggttgaccagacaaacctcctacctatcta
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctatggagtaaacct
taccgtacaccactgagaccgeggtggttgaccagacaaacctatggagtaaace
atgatcctgacgacggagaccgecgtegtcgacaagecatagggtaaacca

ggcttgtcgacgacggeggtctcegtcgtcaggatcatatagggtaaacca

ggcttgtcgacgacggeggtctcegtcgtcaggatcatgtgttgeagt
atgatcctgacgacggagaccgecegtegtcgacaagecgtgttgeagt
ggcttgtcgacgacggeggtctcegtcgtcaggatcatctcactgttaggt
atgatcctgacgacggagaccgecegtegtcgacaagecctceactgttaggt
taccgtacaccactgagaccgeggtggttgaccagacaaacctgtggcagttaaattat
tccgeggttetatctagttacgegttaaaccaactagaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgtggeagttaaaatt
atgcgeggttctatctagttacgegttaaaccaactagaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctgtggcagttttataca
tacacgcggttctatctagttacgcgttaaaccaactagaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctgtggeagttttaaaat
atttcgcggttctatctagttacgegttaaaccaactagaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctcttggaggaaacata
ataacgcggttctatctagttacgcgttaaaccaactagaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctettggaggaaaaca
taatacgcggttctatctagttacgcgttaaaccaactagaa
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaaccteectgtecctcatag
tcgeggttetatctagttacgegttaaaccaactagaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctcectgtccataaattc
cgeggttctatctagttacgegttaaaccaactagaa
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctectgtaccttaaaga
atcgcggttctatctagttacgcgttaaaccaactagaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctcctgtaccttgaaag
aacgcggttctatctagttacgcgttaaaccaactagaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctectacctatctaaata
atcccgeggttetatctagttacgcgttaaaccaactagaa

Edits made by the
specified pegRNA
CCRS attB

CCRS attB

ALB attB

ALB attB

Edits made by the
specified pegRNA
twinPE-mediated
insertion of attB_rev in
AAVSI upstream of
H2B_EGFP sequences
twinPE-mediated
insertion of attB_rev in
AAVSI upstream of
H2B_EGFP sequences
twinPE-mediated
insertion of attP_fwd in
AAVSI1 downstream of
H2B_EGFP sequences
twinPE-mediated
insertion of attP_fwd in
AAVSI1 downstream of
H2B_EGFP sequences

Edits made by the
specified pegRNA
A1B2 (attP rev)

A1B2 (attP fwd)

A1B3 (attP rev); A1B4
(attP rev)

A1B3 (attP fwd); A1B4
(attP fwd)

A4B7 (attP rev)

A4B7 (attP fwd)

A1B2 (attP rev)

A1B2 (attP fwd)

A1B3 (attP rev)

A1B3 (attP fwd)

A1B4 (attP rev)

A1B4 (attP fwd)

A4B7 (attP rev)

A4B7 (attP fwd)

C2D2 (attB rev); C2D2
(attB rev)

C2D1 (attB fwd); C2D2
(attB fwd)

C2D1 (attB rev)

C2D1 (attB fwd)
C2D2 (attB rev)

C2D2 (attB fwd)
A1B2 (attP rev)

A1B2 (attP fwd)

A1B3 (attP rev); A1B4
(attP rev)

A1B3 (attP fwd); A1B4
(attP fwd)

A4B7 (attP rev)

A4B7 (attP fwd)

A1B2 (attP rev)

A1B2 (attP fwd)

A1B3 (attP rev)

AI1B3 (attP fwd)

A1B4 (attP rev)
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IDS2 B4 b attP_fwd Ev

oPreQ1_motif

IDS2 B7 b attP_rev_Ev
oPreQ1_motif

IDS2 B7 b attP_fwd Ev
oPreQ1_motif
IDS_C2_c_attB_rev_Evo
PreQ1_motif
IDS_C2_c_attB_fwd_Evo
PreQ1_motif
IDS_D1_b_attB_rev_Evo
PreQ1_motif
IDS_D1_b_attB_fwd_Ev
oPreQ1_motif
IDS_D2_c_attB_rev_Evo
PreQ1_motif
IDS_D2_c_attB_fwd_Ev
oPreQ1_motif

gtgaaaagataggtaggtac
gttatggtttactccatcta
gttatggtttactccatcta
gttttggtttaccctatcta
gttttggtttaccctatcta
getgtggaactgcaacacact
getgtggaactgcaacacact
gtgecacctaacagtgagcetg

gtgecacctaacagtgagcetg

taccgtacaccactgagaccgeggtggttgaccagacaaacctcctacctatctaataa
atgccgeggttctatctagttacgegttaaaccaactagaa
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctatggagtaaaccee
ctttgccgeggttctatctagttacgegttaaaccaactagaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctatggagtaaaccce
ctttctcgeggttctatctagttacgegttaaaccaactagaa
atgatcctgacgacggagaccgecgtegtcgacaagccatagggtaaaccacatttaa
ccgeggttetatctagttacgegttaaaccaactagaa
ggcttgtcgacgacggeggtctcegtcgtcaggatcatatagggtaaaccatttaaaga
cgeggttctatctagttacgegttaaaccaactagaa
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgtgttgeagtagaaatttege
ggttctatctagttacgcgttaaaccaactagaa
atgatcctgacgacggagaccgecgtegtcgacaagecgtgttgcagtaattaateeg
cggttctatctagttacgcgttaaaccaactagaa
ggcttgtcgacgacggeggtctcegtegtcaggatcatctcactgttaggtattaaatte
geggttctatctagttacgegttaaaccaactagaa
atgatcctgacgacggagaccgecgtegtcgacaageccteactgttaggtaataaat
ccgeggttetatctagttacgegttaaaccaactagaa

ED Figure 10a - twinPE mediated a#B insertion in CCRS5 region 2

pegRNA

CCRS 2 Cle
CCRS_2 Dlec
CCRS_2 C2b
CCRS_2 Ddc
CCRS_2 C2¢
CCRS_2 D2a
CCRS_2 C3b
CCRS_2 D2b
CCRS_2 Dda
CCRS_2 CSc
CCRS_2 D3b
CCRS_2 Ddb
CCRS_2 Cée
CCRS_2 D5c
CCRS_2 CTc
CCRS_2 D6b

Spacer sequence

gatgcagagtcagcagaact
ggtacttgatgtcttttcaa
gaaaagacatcaagcacaga
gacccctcagtatttcagct
gaaaagacatcaagcacaga
gtgaaagacagcctggagtc
ggtttaggtcaagaagaaga
gtgaaagacagcctggagtc
gacccctcagtatttcagct
cacagtctcacccagactce
gtatttcagctgggatggga
gacccctcagtatttcagct
gctagatttatgaatacacg
gaacccatgaaatgactact
gcacacatgagatctaggtg
gatgtgctaaatgetgectg

ED Figure 10b - twinPE in multiple human cells

pegRNA

IDS2 A4 b attP_rev
IDS2 B7 b attP_rev
IDS_C2_c_attB_fwd
IDS_D2_c_attB_fwd
MYC_pegRNA_F1_22nt-
insert
MYC_pegRNA_R1_22nt
-insert
TIMM44_pegRNA_F1 2
2nt-insert

TIMM44 _pegRNA R1 2
2nt-insert

CCR5_2_CS5c
CCR5_2_D3b
CCR5_2_C2c
CCRS5_2_D2a

Spacer sequence

gcactcatttcctccaagete
gttatggtttactccatcta
gttttggtttaccctatcta
gtgecacctaacagtgagcetg
gaggctattctgeccatttg

gctttaccccgatccagtte

getggecagcectttetccag
gteetgtectggggccateg
cacagtctcacccagactce
gtatttcagctgggatggga

gaaaagacatcaagcacaga
gtgaaagacagcctggagtc

3' extension

atgatcctgacgacggagaccgecegtegtegacaagectetgetgactetg
ggcttgtcgacgacggeggtctcegtcgtcaggatcataaaagacatcaage
atgatcctgacgacggagaccgecegtegtcgacaagecgtgettgatgte
ggcttgtcgacgacggeggtctcegtcgtcaggatcattgaaatactgaggg
atgatcctgacgacggagaccgecegtegtcgacaagecgtgcttgatgtett
ggcttgtcgacgacggeggtctcegtecgtcaggateattccagget
atgatcctgacgacggagaccgecegtegtcgacaagcectettcttgaccta
ggcttgtcgacgacggeggtctcegtcgtcaggatcattccaggetgt
ggcttgtcgacgacggeggtctcegtcgtcaggatcattgaaatactg
atgatcctgacgacggagaccgecegtegtcgacaagecgtctgggtgagac
ggcttgtcgacgacggeggtctcegtcgtcaggatcatcatcccaget
ggcttgtcgacgacggeggtctecegtecgtcaggatcattgaaatactgag
atgatcctgacgacggagaccgecgtegtcgacaagecgtattcataaatct
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagteatttcatggg
atgatcctgacgacggagaccgecgtegtcgacaagecctagatctcatgt
ggcttgtcgacgacggeggtctccgtcgtcaggatcatgeagceatttag

3' extension

taccgtacaccactgagaccgeggtggttgaccagacaaacctcttggaggaaa
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaacctatggagtaaacct
ggcttgtcgacgacggeggtctcegtcgtcaggatcatatagggtaaacca
atgatcctgacgacggagaccgecegtegtcgacaageccteactgttaggt
aaatgatggtgatgatggtgttatgggcaga

aacaccatcatcaccatcatttctggatcggggt
ttcagagaagagatggaagacagagaaaggctgg
tgtcttccatetettctctgaatggecccag
atgatcctgacgacggagaccgecegtegtcgacaagecgtctgggtgagac
ggcttgtcgacgacggeggtctcegtcgtcaggatcatcatcccaget

atgatcctgacgacggagaccgecegtegtcgacaagecgtgcttgatgtett
ggcttgtcgacgacggeggtctcegtcgtcaggatcattccagget

ED figure 10c — Editing activity of Cas9 nickase, PE2-dead RT variant, and PE2

pegRNA
PAH_E7.2 55 EvoPreQl
PAH_E7.6 56 EvoPreQl

AAVS1_A3835a
AAVS1_B3930a
CCR5 2 C2 c attP
fwd_pegRNALI
CCR5 2 D2 a attP
rev_pegRNA2
PE3_CCRS5_1_F414a 34
_FKBP108

spacer sequence
gtggtttccgecteecgacctg
gtctgatgtactgtgtgeag
gacgtcacggegcetgeecca
ggacttcccagtgtgcateg
gaaaagacatcaagcacaga

gtgaaagacagcctggagtc

ggtacctatcgattgtcagg

3' extension

acgcggaatgcgagaccccccagaaagtetctactgetcaagageccggeaacggg
tcggaggcgtctctctettgacgeggttctatctagttacgegttaaaccaactagaaa
gggctcttgagcagtagagactttctggggggatctegeattcegegtgtttcattgeaca
cagtacatctctctcttgacgeggttctatctagttacgegttaaaccaactagaaa
taccgtacaccactgagaccgeggtggttgaccagacaaacctggeagegee
gtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttgeacactg
aggtttgtaccgtacaccactgagaccgeggtggttgaccagacaaacctgtgcttgat
gtett
aggtttgtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccttccaggcet

tactgtccecttetgggctcactatgetgecgecaaatttetttccatettcaageatceeg

gtgtagtgcaccacgcaggtetggeegegettggggaaggtgcgeccgtetectggg
gagatggtttccacctgcactccgacaatcga

A1B4 (attP fwd)
A4B7 (attP rev)
A4B7 (attP fwd)

C2D2 (attB rev); C2D2
(attB rev)

C2D1 (attB fwd); C2D2
(attB fwd)

C2D1 (attB rev)

C2D1 (attB fwd)
C2D2 (attB rev)

C2D2 (attB fwd)

Edits made by the

specified pegRNA

indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis
indicated on the x-axis

Edits made by the
specified pegRNA
IDS2 (attP rev)
IDS2 (attP rev)
IDS (attB fwd)
IDS (attB fwd)
MYC (22-nt)

MYC (22-nt)
TIMM44 (22-nt)
TIMM44 (22-nt)
CCRS_a (attB fwd)
CCRS_a (attB fwd)

CCRS_b (attB fwd)
CCRS_b (attB fwd)

Edits made by the
specified pegRNA
Also used in Fig. 2¢
Also used in Fig. 2¢

Also used in ED Fig. 3
Also used in ED Fig. 3

Also used in ED Fig. la
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PE3_CCR5_1 F4l4a 29

_FKBP108

IDS2_DF_A4 b_attP_fw

d

IDS2_DF_B7_b_attP_fw

d

Supplementary Note 1 - TwinPE PCR bias assessment

pegRNA

CCR5_A223c

CCRS_B272a
CCRS_B291b
CCRS_B305a
CCRS_B326b

CCRS_B330b
CCR5_A260c

CCRS_B305¢
CCRS_B330c
CCRS_A325b
CCR5_B4l4a

CCRS5_A360b
CCRS_AS506c
CCR5_B584a
CCRS5_A509a

CCR5_B535¢
CCR5_A531c¢
CCR5_B584b
CCR5_2 C2b
CCR5_2 D4c
CCR5_2 C2c¢
CCR5_2 D2a
CCR5_2 C3b
CCR5_2 D2b
CCR5_2 D4a
CCR5_2 C4b
CCR5 2 D2a
CCR5_2 C5c¢
CCR5_2 D3b
CCR5_2 D4b
HEK3 DF A SA_
del77nt
HEK3 DF B SA_
del77nt
HEK3 DF A SA_
del56nt
HEK3 DF B SA_
del56nt
HEK3 DF A HA_
del64nt
HEK3 DF B HA_
del64nt
HEK3 DF A PD_
del90nt
HEK3 DF B PD_
del90nt

ggtacctatcgattgtcagg

gcactcatttcctccaagete

gttatggtttactccatcta

Spacer sequence

gtcatcctgataaactgcaaa

gaaggaaaaacaggtcagaga

geecagaaggggacagtaaga

ggcagcatagtgagcccaga
gatttccaaagtcccactggg

gttgtatttccaaagtcccac
gtgacatctacctgctcaace

ggcagcatagtgagcccaga
gttgtatttccaaagtcccac
gctcactatgetgecgeccag
ggtacctatcgattgtcagg

gacaatgtgtcaactcttgac
gacaagtgtgatcacttggg
gtatggaaaatgagagctge
gaagtgtgatcacttgggtgg

gatctggtaaagatgattcc
getgtgtttgegteteteee
gtatggaaaatgagagctge
gaaaagacatcaagcacaga
gacccctcagtatttcagct
gaaaagacatcaagcacaga
gtgaaagacagcctggagtc
ggtttaggtcaagaagaaga
gtgaaagacagcctggagtc
gacccctcagtatttcagct
gatggattggtgtaaaagga
gtgaaagacagcctggagtc
cacagtctcacccagactce
gtatttcagctgggatggga
gacccctcagtatttcagct
ggeccagactgageacgtga

gtcaaccagtatcceggtge
ggeccagactgageacgtga
gtcaaccagtatcceggtge
ggeccagactgageacgtga
gtcaaccagtatcceggtge
ggeccagactgagceacgtga

gtcaaccagtatcceggtge

tceecttetgggetcactatgetgecgecaaatttetttccatcttcaageatceeggtgta
gtgcaccacgeaggtctggecgegcettggggaaggtgegeccgtetectggggaga

tggtttccacctgcactccgacaatcga
gtetggtcaaccaccgeggtctcagtggtgtacggtacaaacctettggaggaaa

taccgtacaccactgagaccgeggtggttgaccagacaaacctatggagtaaacc

3' extension

atgatcctgacgacggagaccgecgtegtcgacaagecgceagtttatcagg

ggcttgtcgacgacggeggtctcegtegtcaggatcatctgacctg
ggcttgtcgacgacggeggtcteegtegtcaggateattactgteeect
ggcttgtcgacgacggeggtctcegtegtcaggatcatgggctcact
ggcttgtcgacgacggeggtctcegtcgtcaggatcatagtgggactttg

ggcttgtcgacgacggeggtctcegtcgtcaggatcatggactttggaa
atgatcctgacgacggagaccgecgtegtcgacaagectgagcaggtagat

ggcttgtcgacgacggeggtctcegtcgtcaggatcatgggctcactatge
ggcttgtcgacgacggeggtctcegtegtcaggatcatggactttggaaat
atgatcctgacgacggagaccgecegtegtcgacaagecggeggcageat
ggcttgtcgacgacggeggtctcegtecgtcaggatcatgacaatcga

atgatcctgacgacggagaccgecgtegtcgacaagecaagagttgacac
atgatcctgacgacggagaccgecgtegtcgacaagccaagtgatcacactt
ggcttgtcgacgacggeggtctcegtcgtcaggatcatgetetcatt
atgatcctgacgacggagaccgecegtegtcgacaageccccaagtga

ggcttgtcgacgacggeggtctcegtcgtcaggatcatatcatctttaccag
atgatcctgacgacggagaccgecgtegtcgacaagecagagacgceaaaca
ggcttgtcgacgacggeggtctcegtegtcaggatcatgetctcattttc
atgatcctgacgacggagaccgecegtegtcgacaagecgtgettgatgte
ggcttgtcgacgacggeggtctccgtcgtcaggatcattgaaatactgaggg
atgatcctgacgacggagaccgecegtegtcgacaagecgtgcttgatgtett
ggcttgtcgacgacggeggtctcegtcgtcaggatcattccagget
atgatcctgacgacggagaccgecegtegtegacaagcectettcttgaccta
ggcttgtcgacgacggeggtctcegtcgtcaggatcattccaggetgt
ggcttgtcgacgacggeggtctcegtcgtcaggatcattgaaatactg
atgatcctgacgacggagaccgecgtegtcgacaagcecttttacaccaate
ggcttgtcgacgacggeggtctcegtegtcaggatcattccagget
atgatcctgacgacggagaccgecegtegtcgacaagecgtctgggtgagac
ggcttgtcgacgacggeggtctcegtcgtcaggatcatcatcccaget
ggcttgtcgacgacggeggtctecegtecgtcaggatcattgaaatactgag
tcetetgecatcacgtgcteagtctg

tgatggcagaggaccgggatactgg
tggaggaagcagggcttcctttcctetgecatcacgtgcetcagtetg
tgatggcagaggaaaggaagccctgettcctccaccgggatactgg
tgcaggagctgcatcctetgecatcacgtgctcagtetg
tgatggcagaggatgcagctectgcaccgggatactgg
gccecagecaaacttgtcaaccagtatceccggegtgctcagtctg

gggtcaatccttggggeccagactgagcacgecgggatactgg

Also used in ED Fig. la

Also used in Fig. 4b

Also used in Fig. 4b

Edits made by the
specified pegRNA
A223c+B272a;
A223¢+B291b;
A223¢+B305a;
A223¢c+B326b;
A223¢+B330b
A223c+B272a
A223¢+B291b
A223c+B305a
A223¢c+B326b;
A260c+B326b
A223¢+B330b
A260c+B305c¢;
A260c+B326b;
A260c+B330c
A260c+B305¢
A260+B330c
A325b+B414a
A325b+B414a;
A360b+B414a
A360b+B414a
A506c+B584a
A506c+B584a
A509a+B535¢;
A509a+B584a
A509 B535¢
A531¢c+B584b
A531¢c+B584b
C2b+D4c
C2b+D4c
C2c¢+D2a
C2c¢+D2a
C3b+D2b; C3b+D4a
C3b+D2b
C3b+D4a
C4b+D2a
C4b+D2a
C5c¢+D3b; C5¢+D4b
C5c+D3b
C5c+D4b

SA (A 77nt)

SA (A 77nt)
SA (A 56nt)
SA (A 56nt)
HA (A 64nt)
HA (A 64nt)
PD (A 90nt)

PD (A 90nt)
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Supplementary Table 2. Sequences of primers used for mammalian cell genomic DNA
amplification and HTS

Primers (All sequences are shown in 5' to 3' orientation)

Figure 1
HEK3_fwd
HEK3 rev

Figure 2
PAH_AVA1686
PAH_AVA1687
PAH_AVA1696
PAH_AVA1697
HEK3_fwd

HEK3 rev
DMD_UMI_fwd1
DMD_UMI_fwd2

DMD_rev0

Figure 3

AAVS1 AVAI1713
AAVS1 AVA1717
AAVS1 AVAI1651
AAVS1 AVAI1652
AAVS1_AVAI1653
AAVS1 AVAI1715
AAVS1_AVAI1655
AAVS1_AVAI1656
AAVS1_AVAI1707
AAVS1 AVAI1710
CCR5_AVAI1678
CCR5_AVA1679
CCR5_AVA1680
CCR5_AVAL681
CCR5_AVA1682
CCR5_AVA1683
ALB_AVA1760
ALB_AVA1759

Figure 4
IDS_AVA1763

IDS AVA1764
IDS_AVA1765
IDS_AVA1766
IDS_AVA1769
IDS_AVAL1770

IDS UMI juncl fwd
IDS_junc2_fwd
IDS_universal_rev

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNATGTGGGCTGCCTAGAAAGG
TGGAGTTCAGACGTGTGCTCTTCCGATCTCCCAGCCAAACTTGTCAACC

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCCATCACCATTGGCTGGGAT
TGGAGTTCAGACGTGTGCTCTTCCGATCTAGTGGAGGAGAGGCACTGAA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACCTAAAGGTCTCCTAGTGCCT
TGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGCAATGAACCCAAACCTC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNATGTGGGCTGCCTAGAAAGG
TGGAGTTCAGACGTGTGCTCTTCCGATCTCCCAGCCAAACTTGTCAACC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNTGCTGGCCAGTTTACTAACAAT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNCAGAAAGAAGATCTTATCCCATC
TTG

TGGAGTTCAGACGTGTGCTCTTCCGATCTGGCTACTTTTGTTATTTGCATT

TGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGAGCAGGGTCCCGCTTC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACGGGGCTCAGTCTGAAGAG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGCCAAGGACTCAAACCCAGA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCGTGCGTCAGTTTTACCT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAACTGCTTCTCCTCTTGGGAA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCTTGCCAGAACCTCTAAGGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNATCCTCTCTGGCTCCATCGTA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCACTTCAGGACAGCATGTTT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCGCCGGGAACTGCCGCTGGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGAGGAGGCCCTCATCTGGCG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAATCAATGTGAAGCAAATCGCAGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCGATTGTCAGGAGGATGATGAA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTCCTTCTTACTGTCCCCTTCTGGGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGCAAACACAGCATGGACGAC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACAATCGATAGGTACCTGGCTGTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTACCAGCCCCAAGATGACTAT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTTGGCATTTATTTCTAAAATGGCATA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCTATCAACAGCAACCAAGAAGACAGACT

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCTGAAAACCTGAGCTTGGAGG
TGGAGTTCAGACGTGTGCTCTTCCGATCTGTCTACTCCAGCTTAATGGAAGTGG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAGAAGATGTGGAAATGCCTCAC
TGGAGTTCAGACGTGTGCTCTTCCGATCTAATCAACATGAAGGGTTGTGTTGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGTTCCCACACATGCGTTCCTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGGCATGAAGGGTTGTTTTTAATTGA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNCCCTGTCCTGTACCTACCTAT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTTGACTCATGCCCTACGAGG
TGGAGTTCAGACGTGTGCTCTTCCGATCTCTCAAATTTACCCGTGGCAGC

ED Figure 1 - Long tPE insertions at CCR5

CCR5_AVAI1682
CCR5_AVAI1683

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACAATCGATAGGTACCTGGCTGTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTACCAGCCCCAAGATGACTAT

ED Figure 2 - pegRNAs screen at PAH

PAH_AVA1684
PAH _AVAI1685
PAH_AVA1686
PAH AVA1687
PAH _AVA1689
PAH_AVA1690
PAH_AVA1691
PAH_AVA1696
PAH _AVA1697
PAH_AVA1702
PAH _AVA1703
PAH_exonl0_fwd
PAH_exonl0_rev
PAH_exonl1_fwd
PAH_exonll1_rev
PAH_exonl2_fwd
PAH_exonl2_rev

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTGTCCATGGAGGTTTAACAGGA
TGGAGTTCAGACGTGTGCTCTTCCGATCTACATGGAAGTTTGCTACGACAT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCCATCACCATTGGCTGGGAT
TGGAGTTCAGACGTGTGCTCTTCCGATCTAGTGGAGGAGAGGCACTGAA
TGGAGTTCAGACGTGTGCTCTTCCGATCTGGTAAGAGGAAGGGAGGGGA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAGAGCCCCCATTCAAAGCA
TGGAGTTCAGACGTGTGCTCTTCCGATCTGCAGGACTCTTCATGCTGGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACCTAAAGGTCTCCTAGTGCCT
TGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGCAATGAACCCAAACCTC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGGCCAAGTACTAGGTTGGTTCT
TGGAGTTCAGACGTGTGCTCTTCCGATCTTAACCTGGCTTCCAGGGGAGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGACACACCCCAAAATAATGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTTTGAAAGCACAATAATGGTTTT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCAGGGAATACTGATCCTGAT
TGGAGTTCAGACGTGTGCTCTTCCGATCTCAACCACCCACAGATGAGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAGGTGTCCGTGTTCCTAA
TGGAGTTCAGACGTGTGCTCTTCCGATCTCGATGGTAGGGAAAGACAGT

ED Figure 3 - pegRNA screen at CCRS region 1

CCR5_AVAI1678

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAATCAATGTGAAGCAAATCGCAGC
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CCR5_AVAI1679
CCR5_AVAI1680
CCR5_AVAI681
CCR5_AVAI1682
CCR5_AVAI1683

TGGAGTTCAGACGTGTGCTCTTCCGATCTTCGATTGTCAGGAGGATGATGAA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTCCTTCTTACTGTCCCCTTCTGGGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGCAAACACAGCATGGACGAC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACAATCGATAGGTACCTGGCTGTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTACCAGCCCCAAGATGACTAT

ED Figure 4 - pegRNA screen at AAVS1

AAVS] AVAI713
AAVSI_AVA1717
AAVSI_AVA1651
AAVSI_AVA1652
AAVSI _AVA1653
AAVSI_AVA1715
AAVSI_AVA1655
AAVSI_AVA1656
AAVSI_AVA1707
AAVSI_AVA1710

TGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGAGCAGGGTCCCGCTTC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACGGGGCTCAGTCTGAAGAG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGCCAAGGACTCAAACCCAGA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCGTGCGTCAGTTTTACCT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAACTGCTTCTCCTCTTGGGAA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCTTGCCAGAACCTCTAAGGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNATCCTCTCTGGCTCCATCGTA
TGGAGTTCAGACGTGTGCTCTTCCGATCTTCCACTTCAGGACAGCATGTTT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCGCCGGGAACTGCCGCTGGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGAGGAGGCCCTCATCTGGCG

ED Figure 5 - Comparison of twinPE- and PE3-mediated attB insertion at CCRS region 1

CCR5_AVAI1680

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTCCTTCTTACTGTCCCCTTCTGGGC

CCR5_AVAI1681 TGGAGTTCAGACGTGTGCTCTTCCGATCTGCAAACACAGCATGGACGAC
CCRS5-2_fwd2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAGAGGAGTCAGAGAGAATCCC
CCRS5-2_rev2 TGGAGTTCAGACGTGTGCTCTTCCGATCTTTCCTAGACCTCATACCTCGT

ED Figure 6b - HTS Junction Purity

CCR5_AVA1680
CCR5_AVA1682
AAVS1 AVA1717
AAVS1 AVA1707
Donor CJP140

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTCCTTCTTACTGTCCCCTTCTGGGC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACAATCGATAGGTACCTGGCTGTC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACGGGGCTCAGTCTGAAGAG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCGCCGGGAACTGCCGCTGGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGAACTTCAGGGTCAGCTTGC

ED Figure 6¢ - HTS Junction Purity (the other donor-genome junction)

CCR5_AVAL681
CCR5_AVAI1683
AAVS1 AVAI1713
AAVS1 AVAI1710
Donor_other_fwd

TGGAGTTCAGACGTGTGCTCTTCCGATCTGCAAACACAGCATGGACGAC
TGGAGTTCAGACGTGTGCTCTTCCGATCTACCAGCCCCAAGATGACTAT
TGGAGTTCAGACGTGTGCTCTTCCGATCTCCAGAGCAGGGTCCCGCTTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGAGGAGGCCCTCATCTGGCG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGGCAAGCTTACATCGAGATCC

ED Figure 6e - Overlap reduction

CCR5_AVAI1682
CCR5_AVAI1683

ED Figure 7b

OT1_fwd ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGGAAATAAGTTATCACAATGGGAAAT
OT1_rev TGGAGTTCAGACGTGTGCTCTTCCGATCTCGCGATTCTTAAAAGGAGAGG

OT2_fwd ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCCATTCATATTTTGAAACAAAAGG
OT2_rev TGGAGTTCAGACGTGTGCTCTTCCGATCTGCATTGCACTCCTACATACAACA

OT3_fwd ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGCTGTGGTTATTCCCAGCTC
OT3_rev TGGAGTTCAGACGTGTGCTCTTCCGATCTGGGAACACTGGACAAAATCC

OT4_fwd ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGGAAAGCTTTGACAAGTGGAA
OT4_rev TGGAGTTCAGACGTGTGCTCTTCCGATCTGCCTACTTGCCCTTCTTCCT

OT5_fwd ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGCATTGCACTCCTACATACAACA
OT5_rev TGGAGTTCAGACGTGTGCTCTTCCGATCTCCATTCATATTTTGAAACAAAAGG

ED Figure 7¢

Donor_CJP140 (with

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNACAATCGATAGGTACCTGGCTGTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTACCAGCCCCAAGATGACTAT

TGGAGTTCAGACGTGTGCTCTTCCGATCTGAACTTCAGGGTCAGCTTGC

OT1_fwd or OT2_fwd)
Donor_fwd_primer (with ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAACTTCAGGGTCAGCTTGC
OT3 rev, or OT4 rev, or

OT5 _rev)

ED Figure 9

IDS_AVA1763 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCTGAAAACCTGAGCTTGGAGG
IDS_AVAL1764 TGGAGTTCAGACGTGTGCTCTTCCGATCTGTCTACTCCAGCTTAATGGAAGTGG
IDS_AVAL1765 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAGAAGATGTGGAAATGCCTCAC
IDS_AVA1766 TGGAGTTCAGACGTGTGCTCTTCCGATCTAATCAACATGAAGGGTTGTGTTGT
IDS_AVA1769 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGTTCCCACACATGCGTTCCTC
IDS_AVAL1770 TGGAGTTCAGACGTGTGCTCTTCCGATCTGGCATGAAGGGTTGTTTTTAATTGA

ED Figure 10

CCRS-2_Fwdl ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGGTATTCGTGCAGCATATGAG
CCRS5-2_Revl TGGAGTTCAGACGTGTGCTCTTCCGATCTTATTTCAGCTGGGATGGGAAGG

CCRS5-2_fwd2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAGAGGAGTCAGAGAGAATCCC
CCR5-2_rev2 TGGAGTTCAGACGTGTGCTCTTCCGATCTTTCCTAGACCTCATACCTCGT

CCRS-2_Fwd3 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNCACTGAATGCTTCTGACTTCATAG
CCRS5-2_Rev3 TGGAGTTCAGACGTGTGCTCTTCCGATCTTTTGCTCAATGCTTTGCTCAGT

IDS_AVAL1765 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGAGAAGATGTGGAAATGCCTCAC

IDS_AVA1766 TGGAGTTCAGACGTGTGCTCTTCCGATCTAATCAACATGAAGGGTTGTGTTGT



IDS_AVA1769
IDS_AVA1770
CCRS5-2_fwd2
CCRS5-2_rev2
MYC fwd
MYC rev
TIMM44_fwd
TIMM44_rev

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNGTTCCCACACATGCGTTCCTC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGGCATGAAGGGTTGTTTTTAATTGA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAGAGGAGTCAGAGAGAATCCC
TGGAGTTCAGACGTGTGCTCTTCCGATCTTTCCTAGACCTCATACCTCGT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTTGCACTGGAACTTACAACAC
TGGAGTTCAGACGTGTGCTCTTCCGATCTGGCAGAAATCTCGAAAGG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNAGACCTGTACATTCGGGC
TGGAGTTCAGACGTGTGCTCTTCCGATCTAAAAGCCCAGTGCTGCTC

Supplementary Table 5 - TwinPE-mediated off-target genome editing

HEK3 OT1_fwd
HEK3_OT1_rev
HEK3 OT2 fwd
HEK3_OT2_rev
HEK3_OT3_fwd
HEK3_OT3_rev
HEK3 OT4 fwd
HEK3_OT4_rev

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTCCCCTGTTGACCTGGAGAA
TGGAGTTCAGACGTGTGCTCTTCCGATCTCACTGTACTTGCCCTGACCA
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTTGGTGTTGACAGGGAGCAA
TGGAGTTCAGACGTGTGCTCTTCCGATCTCTGAGATGTGGGCAGAAGGG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTGAGAGGGAACAGAAGGGCT
TGGAGTTCAGACGTGTGCTCTTCCGATCTGTCCAAAGGCCCAAGAACCT
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNTCCTAGCACTTTGGAAGGTCG
TGGAGTTCAGACGTGTGCTCTTCCGATCTGCTCATCTTAATCTGCTCAGCC

Supplementary Note 1 - Analysis of editing quantification bias

UMI_HEK3_ fwd
UMI_CCR5-2_fwd
UMI_AVA1678_fwd
UMI_AVA1680 fwd
UMI_AVA1682 fwd

Sp constant primer

ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNATGTGGGCTGCCTAGAAAGG
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNAGAGGAGTCAGAGAGAATCCC
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNAATCAATGTGAAGCAAATCGCAG
C
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNTCCTTCTTACTGTCCCCTTCTGGG
C
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNNNNNNNNNNACAATCGATAGGTACCTGGCTGT
C

ACACTCTTTCCCTACACG
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Supplementary Table 3. Sequences of primers and probes used for ddPCR assays

Fig 3d
Assay
CCR5_B6
CCR5_B8_1

AAVS1_1077
AAVS1_3786
ACTB

Fig 3e

Assay
CCR5_B8_2
ACTB

Fig 3g

Assay
CCR5_B8_1
ALB

ACTB

ED Fig 6a
Assay
CCR5_B8_2
ACTB

ED Fig 6¢
Assay
AAVS1_1077
CCR5_B8_1
CCR5_B8_2
CCR5_B8 3
CCR5_B8 4

ACTB

fwd
catctctgacctgtttttce
gccaggacggteacctt
tg

ggaacggggctcagtct
ggcaagcttacatcgag
atcc
acactgtgcccatctac

fwd
gccaggacggtceacctt
g
acactgtgcccatctac

fwd
gccaggacggtceacctt
tg
gtgactgtaattttcttttg
cg
acactgtgcccatctac

fwd
gccaggacggtceacctt
g
acactgtgcccatctac

fwd
ggaacggggctcagtct
gccaggacggtceacctt
g
gccaggacggtceacctt
g
gccaggacggtceacctt
g
gccaggacggtceacctt
g
acactgtgcccatctac

rev
tcetegeccttgetcac
tcetegeccttgetcac

tcetegececttgetcac
gaggaggccctcatctg
gcg
aatgtcacgcacgatttc

rev
tcctegececttgetcac

aatgtcacgcacgatttc

rev
tcetegececttgetcac

tcetegeccttgetcac
aatgtcacgcacgatttc
rev
tcetegececttgetcac
aatgtcacgcacgatttc
rev
tcctegececttgetcac
tcctegeccttgetcac
tcctegececttgetcac
tcetegeccttgetcac
tcetegeccttgetcac

aatgtcacgcacgatttc

Probe
/56-FAM/ACGACGGCG/ZEN/GTCTCAGTGGTG/31ABKFQ/
/56-FAM/ACGACGGCG/ZEN/GTCTCAGTGGTG/31ABKFQ/

/56-FAM/ACCACCGCG/ZEN/GTCTCCGTCGT/31ABKFQ/
/56-FAM/ACGACGGCG/ZEN/GTCTCAGTGGTG/31ABKFQ/
/SHEX/CGGGACCTG/ZEN/ACTGACTACCTCAT/3IABKFQ/
Probe
/56-FAM/CTCAGTGGT/ZEN/GTACGGTACAAACCC/3IABKFQ/

/SHEX/CGGGACCTG/ZEN/ACTGACTACCTCAT/31ABKFQ/

Probe
/56-FAM/ACGACGGCG/ZEN/GTCTCAGTGGTG/31ABKFQ/

/56-FAM/ACGACGGCG/ZEN/GTCTCAGTGGTG/31ABKFQ/
/SHEX/CGGGACCTG/ZEN/ACTGACTACCTCAT/3IABKFQ/
Probe
/56-FAM/CTCAGTGGT/ZEN/GTACGGTACAAACCC/3IABKFQ/
/SHEX/CGGGACCTG/ZEN/ACTGACTACCTCAT/3IABKFQ/
Probe

/56-FAM/ACCACCGCG/ZEN/GTCTCCGTCGT/31ABKFQ/
/56-FAM/ACGACGGCG/ZEN/GTCTCAGTGGTG/31ABKFQ/
/56-FAM/CTCAGTGGT/ZEN/GTACGGTACAAACCC/3IABKFQ/
/56-FAM/ACCACCGCG/ZEN/GTCTCCGTCGT/31ABKFQ/
/56-FAM/CTCCGTCGT/ZEN/CAGGATCATCCGT/3TABKFQ/

/SHEX/CGGGACCTG/ZEN/ACTGACTACCTCAT/31ABKFQ/

Samples
325/414
507/584,
510/584,
532/584
1077/1154
3786/3903,
3786/3930
all

Samples
all

all

Samples
CCRS
samples
ALB
samples
all

Samples
all

all
Samples
all

attB
attB-GA
attP
attP-GA

all
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Supplementary Table 4. Sequence of recoded exonic PAH sequences

Nucleotides labeled in red indicate positions where silent mutations were introduced.

Spacer 1
2.1

4.1
4.1
4.2
4.2
4.2
5.1
7.1
7.1
72
7.2
72
7.3
7.3
7.3
9.1
9.1
10.2
11.1
11.2
12.2

12.3

Spacer 2
2.2

43
44
43
44
45
52
75
7.6
75
7.6
7.7
7.6
7.7
7.8
9.2
9.3
10.3
11.4
11.4

12.4

Recoded allele product
GAAGACAACTGCAATCAGAACGGCGCTATCTCTCTGATCTTCAGCCTGAAGGAAGAGGTGGGCGCCCTGGC
GAAGGTATTGCGCTTATTTGAG
TTCTCTGTGTTTCAGTGCCGTGGTTTCCACGGACAATTCAGGAACTTGATAGGTTCGCTAATCAAATCTTGT
CCTACGGAGCCGAACTTGACGCTGATCATCCTGTGAGTCCATGGCCCG
TTCTCTGTGTTTCAGTGCCGTGGTTTCCACGGACAATTCAGGAACTTGATAGGTTCGCTAATCAAATCTTGT
CCTACGGAGCCGAACTTGACGCTGATCATCCTGTGAGTCCATGGCCCGTAG
CCCAAGAACCATTCAAGAACTTGATAGGTTCGCTAATCAAATCTTGTCCTACGGAGCCGAACTTGACGCTG
ATCATCCTGTGAGTCCATGGCCCG
CCCAAGAACCATTCAAGAACTTGATAGGTTCGCTAATCAAATCTTGTCCTACGGAGCCGAACTTGACGCTG
ATCATCCTGTGAGTCCATGGCCCGTAG
CCCAAGAACCATTCAAGAACTTGATAGGTTCGCTAATCAAATCTTGTCCTACGGAGCCGAACTTGACGCTG
ATCATCCTGTGAGTCCATGGCCCGTAGGATGAGATTT
CAGGTGTCTCTTTTCTCCTAGGGCTTCAAGGACCCCGTTTATCGCGCCCGCCGTAAGCAATTCGCCGATATT
GCATATAATTATCGCCAGTAAGTCTGCCTTGCTT
CTTTTCATCCCAGCTTGTACTGGCTTTCGACTCCGCCCCGTTGCCGGGCTCTTGAGCAGTAGAGACTTTCTGG
GGGGTCTCGCCTTCCGAGTCTTCCACT
CTTTTCATCCCAGCTTGTACTGGCTTTCGACTCCGCCCCGTTGCCGGGCTCTTGAGCAGTAGAGACTTTCTGG
GGGGTCTCGCATTCCGCGTGTTTCATTGCACACAGTACATCAGAC
TGGTTTCCGCCTCCGACCCGTTGCCGGGCTCTTGAGCAGTAGAGACTTTCTGGGGGGTCTCGCCTTCCGAGT
CTTCCACT
TGGTTTCCGCCTCCGACCCGTTGCCGGGCTCTTGAGCAGTAGAGACTTTCTGGGGGGTCTCGCATTCCGCGT
GTTTCATTGCACACAGTACATCAGAC
TGGTTTCCGCCTCCGACCCGTTGCCGGGCTCTTGAGCAGTAGAGACTTTCTGGGGGGTCTCGCATTCCGCGT
GTTTCATTGTACCCAGTATATTAGGCATGGTTCAAAACCGATGTACACACCAGAA
GGCTGGCCTGCTTTCCTGTAGAGACTTTCTGGGGGGTCTCGCATTCCGCGTGTTTCATTGCACACAGTACAT
CAGAC
GGCTGGCCTGCTTTCCTGTAGAGACTTTCTGGGGGGTCTCGCATTCCGCGTGTTTCATTGTACCCAGTATATT
AGGCATGGTTCAAAACCGATGTACACACCAGAA
GGCTGGCCTGCTTTCCTGTAGAGACTTTCTGGGGGGTCTCGCATTCCGCGTGTTTCATTGTACCCAGTATATT
AGGCATGGTTCAAAACCGATGTACACACCAGAACCGTGAGTACTGTCC
TTCCCCCAATTACAGGAGATCGGTCTGGCAAGCCTGGGAGCACCAGACGAGTATATAGAGAAACTTGCTAC
AGTAAGTCCCTTCTCTCCC
TTCCCCCAATTACAGGAGATCGGTCTGGCAAGCCTGGGAGCACCAGACGAGTATATAGAGAAACTTGCTAC
AGTAAGTCCCTTCTCTCCCTGGGTGGATGGT
CCAGATTTACTGGTTTACCGTCGAATTCGGATTGTGTAAGCAGGGTGATAGCATTAAAGCCTACGGAGCAG
GTTTGCTCTCATCCTTTGGTGAATTAC
GAAGCCAAAGCTTCTCCCACTCGAACTCGAAAAGACTGCAATTCAGAACTATACAGTGACAGAATTTCAAC
CATTGTATTACGTGGCAGAGAGTT
AAAGCTTCTCCCCCTGGAACTCGAAAAGACTGCAATTCAGAACTATACAGTGACAGAATTTCAACCATTGT
ATTACGTGGCAGAGAGTT
ACTTTGCTGCCACAATACCAAGACCATTTAGCGTGAGATATGATCCTTATACACAGCGCATCGAAGTGCTC
GATAACACTCAACAGCTTAAGATTTTGGCTG
GCTACGACCCATACACCCAGCGCATCGAAGTGCTCGATAACACTCAACAATTGAAGATCCTCGCAGACAGT
ATCAACAGTAAGTAATTTACAC
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Supplementary Table 5. TwinPE-mediated off-target genome editing.

twinPE-mediated % editing at HEK3 on-target site and off-target sites

HEK3 standerd pegRNAs enhanced pegRNAs
Untreated |SA (A77 nt)|SA (A56 nt)|HA (A64 nt)|PD (A90 nt)| SA (A77 nt) [SA (A56 nt)|HA (A64 nt)|PD (A90 nt)
on-target site <0.1 14.8 18.8 11.7 404 29.6 28.5 29.5 59.5
off-target site 1 <0.1 <0.1 <041 <0.1 <0.1 <0.1 <041 <0.1 <0.1
off-target site 2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
off-target site 3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
off-target site 4 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
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Supplementary Note 1. Analysis of editing quantification

To assess quantification bias, we applied unique molecular identifiers (UMIs) to index
individual allele copies using linear amplification followed by bead-based purification, PCR
amplification, and lllumina MiSeq amplicon sequencing (see method section for details) similar
to the method used by Choi, et al' and Bolukbasi, et al’>. Reads containing identical UMIs are
first aligned and then collapsed (deduplicated) to a single consensus sequence. This workflow
allows for quantification of allele frequencies based on UMI counts instead of total read counts,
which may be subject to PCR amplification bias based on sequence composition or amplicon
size differences between different allele products.

To ensure the UMI-sequencing protocol can faithfully quantify the editing efficiency, we
mixed chemically synthesized gene fragments (IDT) replicating either an edited or wild-type
allele for the given edits (insertion of attB at CCR5 or 77-nt deletion at HEK3) to simulate 0%,
20%, 40%, 60%, 80%, and 100% editing efficiencies before diluting the mixed standards to
2000 genetic copies/uL, which is the estimated allele copy number amplified from our cell
editing experiments. Diluted standards were then subjected to UMI barcoding, MiSeq
analysis, and deduplication. We plotted the percentage of observed edited alleles from three
independent biological replicates after sequencing and UMI deduplication against the

expected edited allele percentage based on the input allele fraction.

Insertion of 38-bp attB, 11-bp net deletion, 77-bp SA-twinPE deletion, HEK3,
CCR5 region 1, HEK293T cells HEK293T cells
__ 100, 1004 4
2 = L
= X L
& 80 % 804 7
0] Q@ >
= 2 7
o 60- S 604 -
= (0] Z
o = P
o . " 8 404 4
3 401 ~ Fitted linear curve for S ~Fitted linear curve for
g UMI-deduplicated data g UMI-deduplicated data
8 20 -~ Predicted editing frequency  § 20+ -~ Predicted editing frequency
(e} based on standards 8 based on standards
0 20 40 60 80 100 0 20 40 60 80 100
Edited allele input (%) Edited allele input (%)

Next, we prepared libraries of twinPE-edited samples from CCR5 region 1 (15
samples), CCRS5 region 2 (7 samples), HEK3 (4 samples), and IDS (1 sample). By comparing
the editing efficiency calculated from total reads and the editing efficiency calculated from

reads deduplicated based on UMIs, we estimated the bias in editing efficiency quantification
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using the linear amplification with UMIs as the “true” editing efficiency. When plotting
quantification bias vs. absolute size difference between the starting and edited alleles (net
deletion size), we observed a positive correlation between bias and twinPE-induced deletion
size. Although bias in this workflow could still exist at the linear amplification stage due to
differences in sequence composition at the target DNA locus, this bias does not propagate
over the course of repeated PCR cycles and should therefore more accurately represent the

true editing efficiency in twinPE editing experiments analyzed by amplicon sequencing.

PCR bias assessment for
quantification of twinPE editing efficiency

2 507 R2=0.6057
.-6/\
ex 40 .
N >
._‘g :C)’ 304
oG
g% 20
2
© 104
@)
[ .—- L 4 ® T T
-30 ¢ 1b 50 90 130
-10-

Net deletion size (bp)

Each point in the above graph represents the mean value of bias calculated from three
independent biological replicates. The percentage of bias in editing efficiency was defined by
the following equation: 100 x (A — B) + B, where “A” represents the editing efficiency
calculated from total read counts without UMI-based deduplication, and “B” represents the
editing efficiency calculated after UMI-based deduplication. For example, if the non-
deduplicated editing efficiency is 60% and the deduplicated editing efficiency is 46%, the
calculated bias is 30%, i.e., the deduplicated editing efficiency is 1.3-fold lower than the non-
deduplicated editing efficiency. The bias in editing efficiency is plotted above as a function of
the net deletion between the starting and edited alleles, which shows a positive correlation (a

second-order polynomial trend line, R? = 0.6057).
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Supplementary Note 2. Representative plot of FACS gating for GFP reporter assay

25,000 HEK293T stable GFP reporter cells were seeded into 48-well poly-D-lysine
coated plates (Corning). 16-24 h post-seeding, cells were transfected with 1uL of
Lipofectamine 2000 (Thermo Fisher Scientific) using the protocol described in the methods
section and 750 ng of PE2, 250 ng AAVS1 targeting pegRNAs (62.5 ng each), and Bxb1
plasmid DNA (100 ng, 200 ng, 500 ng, or 1000 ng). The untreated and twinPE+Bxb1 treated
cells were cultured for 72 hours, and then collected for flow cytometry analysis. HEK293T
stable GFP reporter cells were first gated (Gate A) based on forward (FSC-A) and side
scattering (SSC-A) to remove dead cells and other debris. A second gate (Gate B) was used
to select singlets based on FSC-H and FSC-A. Finally, GFP positive and GFP negative cells

were gated (Gate C) and analyzed via FITC channel.

a A: Gating on population - live cells B: Doublet Exclusion C: Gate GFP positive cells
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Supplementary Note 3. Analysis of twinPE design principles

To identify design principles that lead to efficient twinPE editing, we analyzed our
dataset of attP insertions at AAVS17 and attB insertions at CCRb5. For each spacer pair, we
calculated nick-to-nick distances between predicted pegRNA-induced nick sites, the
DeepCas9 score? for each spacer, and the predicted Trm of the pegRNA primer binding
sequence (PBS) for AAVS1. For comparing nick-to-nick distances and DeepCas9 scores, the
highest efficiency pegRNA pair for each spacer pair was chosen for analysis (i.e., the optimal
individual pegRNAs were used). For analyzing the influence of predicted spacer activities, the
average of the individual DeepCas9 scores for each spacer was used. For comparing
predicted Tr values for PBS variants, the editing efficiency of each pegRNA was normalized
to the maximum editing achieved within the spacer pair group. The editing efficiency for a
given PBS variant was then averaged across the three paired pegRNA editing efficiencies
(each experiment with the paired spacer). Tm was calculated according to the following
formula*: Tm = 4Ng.c + 2Na.T.

TwinPE-mediated insertions of attB at CCR5 TwinPE-mediated insertions of aftB at CCR5
and insertions of attP at AAVST, HEK293T cells and insertionslof attIP at AIAVS1, HEK293T cells
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Although efficient targeting of both DNA protospacers is likely necessary for achieving
efficient twinPE, we observed only weak correlations between in silico predictions of Cas9
spacer activity and observed twinPE editing efficiencies (top right panel). This poor
correlation could arise from other determinants of twinPE efficiency beyond the protospacer,
including RT template and PBS choice. While PBS optimization was important for high editing
efficiency at many sites, we did not observe an optimal PBS melting temperature across the
pegRNA designs in this study (bottom panel). A correlation between prime editing efficiency
and the distance between pegRNA-induced nicks was observed (top left panel), which may

suggest an optimal spacing of 50 to 100 bp, although many exceptions exist.
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Supplementary Note 4. Discussion of other targeted integration methods

TwinPE and Bxb1-mediated recombination offer advantages over other approaches.
The serine integrase phiC31° and fusions of zinc fingers, TALEs, or dCas9 to the catalytic
domain of Gin recombinase®® have been used to integrate or excise DNA at endogenous
pseudo-sites in the human genome, but the efficiency of these sequence manipulations has
generally been low and, more importantly, the extensive sequence preferences inherent to
these recombinases limit the number of targetable loci to a minute fraction of pseudo-sites in
the genome. The programmable integration of attachment sites by twinPE overcomes this
challenge by enabling insertion of cognate recombinase recognition sequences at any PE-
targetable locus.

Compared to nuclease-based methods, the twinPE and recombinase approach avoids
the generation of DSBs, which typically lead to uncontrolled mixtures of by products'®, and
can also lead to chromosomal rearrangements', chromothripsis'?, large deletions'3'°, and
p53 activation'®-'8, Integration orientation using twinPE and Bxb1 recombinase is strictly
controlled by the directionality of the attB and attP sequences’?, in contrast to uncontrolled
integration orientation using homology-independent repair?°. Methods that use HDR also
enable control of sequence orientation, and can achieve efficiencies on the order of 5-10%
without drug selection or suppression of NHEJ?'-23, but HDR is less efficient than NHEJ in
most cell types and typically requires DSBs?425. Methods have also been developed for
making targeted gene-sized insertions through paired nicking of the genome and a donor
cassette?®?’. These approaches do not require double strand breaks, but remain reliant on

HDR and supportive cell types?’.
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Supplementary Sequences 1. Sequences of plasmid donor DNA sequences harboring
Bxb1 recombination sites

att site: highlighted in yellow
Promoter-less EGFP: highlighted in green
EF1a promoter:_underlined

PuroR:

BFP:

KanR: highlighted in grey

attB-Puro-GA donor DNA:
gatgccagctcattcctcccactcatgatctatagatcccccgggetgcaggaattctacccactctgtcgataccccaccgagacc
ccattggggccaatacgcccgcgtttcttecttttccccaccccacceccccaagttcgggtgaaggeccagggcetcgcagccaacg
tcggggcggcaagcttacatcgagatcccggcttgtcgacgacggcggactccgtcgtcaggatcatccgtgagcaagggega
ggagctgttcaccggggtggtgcccatcctggtcgagectggacggcgacgtaaacggecacaagttcagegtgtccggegagg
gcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgeccctggcccacccte
gtgaccaccctgacctacggcgtgcagtgctticagccgctaccccgaccacatgaagcagcacgacttcttcaagtccgcecatge
ccgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaactacaagacccgcgceccgaggtgaagttcgaggg
cgacaccctggtgaaccgcatcgagctgaagggcatcgactticaaggaggacggcaacatcctggggcacaagcetggagtac
aactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaaca
tcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggecgacggcecccgtgetgetgeccgaca
accactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgetggagttcgtgacce
gccgcecgggatcactctcggcatggacgagcetgtacaagagcggcectgaggagcagagceccaggcgagcaacagegcecgt
ggacgccaccatgggcgatcgcccgggaattgactagtgcggecgcectaggatccatgccgatagegttggttgagtggataac
cgtattaccgccaagcttatgcatgtgcccatcagtgagcagagcegcacatcgecccacagtcceccgagaaattagggggagaa
gtcaggcaattgaaccggtgcctagagaaggtggcgcgagataaactgggaaagtgatgtcgtatactggcetcegcctttttcccga
dagtaggagagaaccgtatataagtgcagtagtcgccagtgaacattctttttcgcaacgagtttgccgccagaacacaggtaagtg
ccatgtgtggttcccacaggcectggcctctttacggattatggeccttgcatgcecttgaattactticcacctggcetgcagtacatgattctt
gatcccgagcttcgagattggaagtgggtaggagagticgaggcecttgcgcttaaggagecccttcgectegtgcttgagttgaggcec
tagcctggacgctggagccgcecgegtgcgaatctgagtggcaccttcgegectatetecgetgcetticgataagtctctagecatttaaa
atttttgatgacctgctgcgacqgctttttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcgatttttagag
ccgegggcggcegacggagceccgtgegtcccagegcacatgttcggcgaggeggggectgcgagegeggecaccgagaate
ggacgggggtagtctcaagctggccggcectgctetggtgcctggectcgegecgecatgtatcgeccegecctgggeggcaagg
ctggcccggtcggcaccagttgcgtgagcggaaagatggcecgcttcccggecctgctgcagggagctcaaaatggaggacgce
ggcgctcgggagagcgggcgggtgagtcacccacacaaaggaaaagggcctttccgtcctcagecgtegcttcatgtgactcca
cggagtaccgggcgccgtccaggcacctegattagttctcgegcettttggagtacatcgtctttaggttggggggagaagattttatge
gatggagtttccccacactgagtgggtggagactgaagttaggccagcttggcacttgatgtaattctccttggaatttgecctttttga
gtttggatcttggttcatictcaagcctcagacagtggttcaaagtttttttcticcatttcagatgtcgtgagctagcccacc

ggatcgggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggecccaccggtcg
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taagaattctctagaggatccagacatgataagatacattgatgagtttg
gacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaatttgtgatgctattgctttatttgtaaccattataagctgca
ataaacaagttaacaacaacaattgcattcattttatgtttcaggttcagggggaggtgtgggaggttttttaaagcaagtaaaacctc
tacaaatgtggtatggctgattatgatcctgcaagcctcgtcgeccgeggtttattctgttgacaattaatcatcggcatagtatatcggce
atagtataatacgacaaggtgaggaactaaaccatgggatcggccatigaacaagatggatigcacgcaggtictccggcecgctt
gggtggagaggctattcggctatgactgggcacaacagacgatcggctgcetctgatgccgccgtgttccggetgtcagegcaggg
gcgccecggttetttttgtcaagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagegeggctatcgtggetggeca
cgacgggcgttccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggctgctattgggcgaagtgecggggcea
ggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggctgatgcaatgcggeggcetgcatacgcettgatccggcet
acctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagecggtcttgtcgatcaggatgat
ctggacgaagagcatcaggggctcgcgccagcecgaactgticgccaggctcaaggcgcgcatgcccgacggecgaggatceteg
tcgtgacccatggcgatgcctgcettgccgaatatcatggtggaaaatggcecgcttttctggattcatcgactgtggccggcetgggtgtg
gcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggcetgaccgcttecctegtgctt
tacggtatcgccgceccccgattcgcagegcatcgcctictatcgectictigacgagttctictgagcgggactctggggttcgaataa
agaccgaccaagcgacgtctgagagctccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgtgttggtttttgg
ccgcgttgctggcegtttttccataggctccgeccececctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaaccce
gacaggactataaagataccaggcgtttccccctggaagctccctcgtgcgctcetectgttccgaccctgecgcettaccggatacct
gtccgcctttctcecttcgggaagcegtggegctttctcatagctcacgcetgtaggtatctcagtticggtgtaggtegticgetccaagetg
ggctgtgtgcacgaaccccccgtticagcccgaccgcetgcegcecttatccggtaactategtcttgagtccaacccggtaagacacga
cttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtgg
cctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctctt
gatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaaga
agatcctttgatcttttctagtgtgcg

attB-Puro donor DNA:
gatgccagctcattcctcccactcatgatctatagatcccccgggetgcaggaattctacccactctgtcgataccccaccgagacc
ccattggggccaatacgcccgcgtttcttecttttccccaccccacceccccaagttcgggtgaaggecccagggcetcgcagccaacg
tcggggcggcaagcttacatcgagatcccggcettgtcgacgacggceggtctcecgtecgtcaggatcatccgtgagcaagggegag
gagctgttcaccggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagegtgtccggegaggg
cgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgecccgtgecctggeccaccctegt
gaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacgacttcticaagtccgecatgec
cgaaggctacgtccaggagcgcaccatcticttcaaggacgacggcaactacaagacccgcgeccgaggtgaagttcgagggce
gacaccctggtgaaccgcatcgagctgaagggcatcgacticaaggaggacggcaacatcctggggcacaagctggagtaca
actacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacat
cgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggcecccgtgctgetgecccgacaa
ccactacctgagcacccagtccgcecctgagcaaagaccccaacgagaagcegcgatcacatggtectgetggagttcgtgaceg
ccgccgggatcacteicggcatggacgagcetgtacaagagcggcctgaggagcagagceccaggcgagcaacagegcecgtg
gacgccaccatgggcgatcgcccgggaattgactagtgcggccgcectaggatccatgccgatagegttggttgagtggataacc
gtattaccgccaagcttatgcatgtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttgggaggagaaat
cggcaattgaaccggtgcctagagaaggtggcgcggagtaaactgggaaagtgatgtcgtgtactggctccgcctttttcccgag
datgggggagaaccqgtatataagtgcagtagtcgccgtgaacattctttttcgcaacgagtttgccgccagaacacaggtaagtgce
catatgtggttcccgecgaggcctggcctctttacggattatggeccttgegtgecttgaattacttccacctggetgcagtacgtgattcttg
atcccgagcttcggattggaagtgaataggagagttcgaggcecttgcgettaaggagecccttcgectegtgcttgagttgaggect
dacctgggcegetggggcecgccgcgtgcgaatctagtggcaccttcgegcectgtetegcetgctttcgataagtctctagccatttaaaa
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tttttgatgacctgctgcgacqcttttttictggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcggtttttggggce
cgcgggcggcgacggggcccgtgcgtcccagegcacatgttcggcgaggecggggcctgcgagegcggccaccgagaatcg
gacgggaatagtctcaagctggccggcctgctctggtacctggcctcgecgecgecgtgtatcgecceccgecctgggcggcaaggct
ggcccggtcggcaccagttgcatgagecggaaagatggcecgcticccggecctgectgcagggagctcaaaatggaggacgegg
cgctcgggagagegggcgggatgagtcacccacacaaaggaaaagggcctticcgtcctcagecgtcgcticatgtgactccacg
gagtaccgggcgccgtccaggcacctcgattagttctcgegcttttggagtacgtegtctttaggttaqgggggaggagttttatgegat
aqgagtttccccacactgagtgggtagagactgaagttaggccagcettggcacttgatgtaattctccttggaatttgecctttttgagttt
ggatcttggttcatictcaagcctcagacagtggticaaagtttttticticcatticaggtgtcgtgagctagcccac

ggatcgggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctggeccaccggtcgec

taagaattctctagaggatccagacatgataagatacattgatgagtttgg
acaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaatttgtgatgctattgctttatttgtaaccattataagctgcaat
aaacaagttaacaacaacaattgcattcattttatgtttcaggttcagggggaggtgtgggaggttttttaaagcaagtaaaacctcta
caaatgtggtatggctgattatgatcctgcaagcctcgtcgccgceggtttatictgttgacaattaatcatcggcatagtatatcggcat
agtataatacgacaaggtgaggaactaaaccatgggatcggccatigaacaagatggattgcacgcaggttctccggecgcttg
ggtggagaggctattcggctatgactgggcacaacagacgatcggctgctctgatgccgecgtgtticcggetgtcagecgcagggg
cgcccggttcttttigtcaagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagegeggctatcgtggetggecac
gacgggcgttccttgcgcagctgtgctcgacgttgtcactgaagcgggaagggactggcetgctattgggcgaagtgeccggggcea
ggatctcctgtcatctcaccttgctcctgccgagaaagtatccatcatggcetgatgcaatgecggceggcetgecatacgcettgatccggcet
acctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagcecggtcttgtcgatcaggatgat
ctggacgaagagcatcaggggctcgcgccagcecgaactgticgccaggetcaaggcgcgcatgeccgacggegaggatceteg
tcgtgacccatggcgatgcectgcttgccgaatatcatggtggaaaatggcecgcttttctggattcatcgactgtggeccggetgggtgtg
gcggaccgctatcaggacatagcgttggctacccgtgatattgctgaagagcettggecggcgaatgggcetgaccgcttectegtgett
tacggtatcgccgcccccgaticgcagegcatcgcecttctatcgecttctigacgagtictictgagcgggactctggggttcgaataa
agaccgaccaagcgacgtctgagagctccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgtgttggtttttgg
ccgcgttgctggcgtttttccataggetccgeccececctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaaccce
gacaggactataaagataccaggcgtttccccctggaagctccctegtgcgctcetectgttccgaccctgecgcettaccggatacct
gtccgcctttctcecttcgggaagcegtggegctttctcatagctcacgcetgtaggtatctcagtticggtgtaggtegticgectccaagetg
ggctgtgtgcacgaaccccccgtticagcccgaccgcetgcegcecttatccggtaactategtcttgagtccaacccggtaagacacga
cttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtgg
cctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccttcggaaaaagagttggtagctctt
gatccggcaaacaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaaga
agatcctttgatcttttctagtgtgcg

attP-Puro-GA donor DNA:
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gatgccagctcattcctcccactcatgatctatagatcccccgggcetgcaggaattctacccactctgtcgataccccaccgagacce
ccattggggccaatacgcccgcgtttcttecttttccccaccccaccecccaagttcgggtgaaggecccagggcetcgcagccaacg
tcggggcggcaagcttacatcgagatcccggtttgtctggtcaaccaccgeggactcagtggtgtacggtacaaaccccgtgage
aagggcgaggagctgttcaccggggtggtgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagegtgtc
cggcgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagcetgeccgtgecctgg
cccaccctcgtgaccaccctgacctacggcgtgcagtgcettcagccgctaccccgaccacatgaagcagcacgacttcttcaagt
ccgccatgcccgaaggctacgtccaggagcegcaccatcticttcaaggacgacggcaactacaagacccgegecgaggtgaa
gttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacticaaggaggacggcaacatcctggggcacaag
ctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccg
ccacaacatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggcecccgtgetget
gcccgacaaccactacctgagcacccagtccgcecctgagcaaagaccccaacgagaagcegcgatcacatggtectgetggag
ttcgtgaccgecgecgggatcactctcggcatggacgagcetgtacaagagcggcectgaggagcagagceccaggcgageaac
agcgccgtggacgccaccatgggcgatcgcccgggaattgactagtgcggcecgectaggatccatgeccgatagcegttggttgag
tggataaccgtattaccgccaagcttatgcatgtgccecgtcagtagacagagcgcacatcgcccacagtccccgagaagttggg
ggdagaagtcggcaattgaaccggtgcctagagaagatggcacggggtaaactgggaaagtgatatcgtgtactggetecgect
ttttcccgagggtgggggagaaccgatatataagtgcagtagtcgccgtgaacattctttttcacaacqgatttgccgccagaacaca
ggtaagtgccatagtatggttcccgecgggectggcectctttacgggttatageccttgegtgccttgaattactticcacctggctgcagta
catgattcttgatcccgagcettcgggttaggaagtagatgggagagttcgaggecttgegcttaaggagcecccttcgectegtgcttga
gttgaggcctggcctggacgctaggggecgecgeatgcgaatetggtggeacctticgegectatcteqcetgcetttcgataagtctetag
ccatttaaaatttttgatgacctgctgcgacqctttttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcg
gtttttagggccgcgggcggcgacggggceccgtgegtcccagegcacatgttcggcgaggcggggectgcgagegeggcecac
cgagaatcggacggaggtagtctcaagctggccagcectgctctggtgectggectcgecgecgecgtgtatcgcccegecctagge
ggcaaggctggcccggtcggcaccagttgcgtgagecggaaagatggecgcettcccggecctgctgcagggagetcaaaatgg
aggacgcgacgctcgggagagcgggcagatgagtcacccacacaaaggaaaagggcctttccgtectcagecgtcegcttcat
gtgactccacggagtaccagggcgccgtccaggcacctcgattagttctcgegcettttggagtacgteatcetttagattaggaagaqag
gattttatgcgatggagtttccccacactgagtgaatggagactgaagttaggccagcettggcacttgatgtaattctccttggaatttg
ccctttttgagtttqgatcttggttcattctcaagcctcagacagtqgttcaaagtttttttcttccatttcaggtatcgtgagectageccacc

ggatcgggagagggcagaggaagtctgctaacatgcggtgacgtcgaggagaatcctgge
ccaccqgatcgccac

taagaattctctagaggatccagacatgataagatacat
tgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgctttattigtgaaatttgtgatgctattgctttatttgtaaccatta
taagctgcaataaacaagttaacaacaacaattgcattcattttatgtttcaggticagggggaggtgtgggaggttttttaaagcaag
taaaacctctacaaatgtggtatggctgattatgatcctgcaagcctcgtcgeccgceggtttatictgttgacaattaatcatcggcatag
tatatcggcatagtataatacgacaaggtgaggaactaaaccatgggatcggccattgaacaagatggattgcacgcaggttctc
cggccgcttgggtggagaggctattcggctatgactgggcacaacagacgatcggcetgcetctgatgececgecgtgttcecggcetgtea
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gcgcaggggcgcccggttctttttgtcaagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagcegeggctategt
ggctggccacgacgggcgttccttgcgecagcetgtgetcgacgttgtcactgaagcgggaagggactggcetgcetattgggegaagt
gccggggcaggatctectgtcatctcaccttgctecctgeccgagaaagtatccatcatggcetgatgcaatgeggeggcetgecatacgcet
tgatccggctacctgcccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagcecggtcttgtcgat
caggatgatctggacgaagagcatcaggggctcgcgccagccgaactgttcgccaggctcaaggcgcegecatgecccgacggceg
aggatctcgtcgtgacccatggcgatgcectgcttgccgaatatcatggtggaaaatggcecgcttttctggattcatcgactgtggecg

gctgggtgtggcggaccgctatcaggacatagegttggctaccegtgatattgctgaagagcettggcggcgaatgggcetgaccge
ttcctegtgctttacggtatcgccgeccccgattcgcagegceatcgcecttctatcgecttcttgacgagttcttctgagcgggactctggg
gttcgaataaagaccgaccaagcgacgtctgagagctccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgt

gttggtttttggccgcegttgetggcegtttttccataggctccgecccecctgacgagcatcacaaaaatcgacgctcaagtcagaggtg

gcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctegtgegctctectgttccgaccctgecgctta

ccggatacctgtccgcectttctcecttcgggaagcegtggegctttctcatagctcacgcetgtaggtatctcagtticggtgtaggtegttcg
ctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgctgcgcecttatccggtaactategtcttgagtccaacceggt
aagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttctt

gaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccticggaaaaagag
ttggtagctcttgatccggcaaacaaaccaccgctggtagcggtgatttttttgtttgcaagcagcagattacgcgcagaaaaaaag
gatctcaagaagatcctttgatcttttctagtgtgcg

attP-Puro donor DNA:
gatgccagctcattcctcccactcatgatctatagatcccccgggetgcaggaattctacccactctgtcgataccccaccgagacc
ccattggggccaatacgcccgcgtttcttecttttccccaccccacceccccaagttcgggtgaaggecccagggcetcgcagccaacg
tcggggcggcaagcttacatcgagatcccggtttgtctggtcaaccaccgeggtctcagtggtgtacggtacaaaccccgtgage
aagggcgaggagctgttcaccggggatggtgcccatcctggtcgagetggacggecgacgtaaacggccacaagttcagegtgte
cggcgagggcgagggcgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagcetgcecgtgecctgg
cccaccctcgtgaccaccctgacctacggcgtgcagtgctticagecgctaccccgaccacatgaagcagcacgacttcttcaagt
ccgccatgcccgaaggctacgtccaggagcegcaccatcttcttcaaggacgacggcaactacaagacccgcgccgaggtgaa
gttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatcgacticaaggaggacggcaacatcctggggcacaag
ctggagtacaactacaacagccacaacgtctatatcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccg
ccacaacatcgaggacggcagcgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggcecccgtgctgct
gcccgacaaccactacctgagcacccagtccgcecctgagcaaagaccccaacgagaagcgcegatcacatggtectgetggag
ttcgtgaccgecgecgggatcactctcggcatggacgagcetgtacaagagcggcectgaggagcagagceccaggcgageaac
agcgccgtggacgccaccatgggcgatcgcccgggaattgactagtgcggcecgectaggatccatgeccgatagcegttggttgag
tggataaccgtattaccgccaagcttatgcatgtgccecgtcagtagacagagcgcacatcgcccacagtccccgagaagttggg
ggdagaagtcggcaattgaaccggtgcctagagaagatggcacggggtaaactgggaaagtgatategtgtactggetecgect
ttttcccgagggtgggggagaaccgatatataagtgcagtagtcgccgtgaacattctttttcacaacqaatttgccgccagaacaca
ggtaagtgccatatatggttcccgecgggectggcectctttacgggattatageccttgegtgccttgaattacttccacctggctgcagta
catgattcttgatcccgagcettcgggttagaagtagatgggagagttcgaggecttgeqcttaaggagcecccttcgectegtgcttga
gttgaggcctggcctggacgctggggecgecgeatgcgaatetggtggeacctticgegectatcteqcetgctttcgataagtctetag
ccatttaaaatttttgatgacctgctgcgacqctttttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcg
gtttttagggccgcgggcggcgacggggceccgtgcgtcccagegeacatgttcggcgaggcggggectgcgagegeggcecac
cgagaatcggacgggagtagtctcaagctggccggcectgctctggtgectagectcgecgecgecatgtatcgcceccgecctggace
ggcaaggctggcccggtcggcaccagttgcgtgagecggaaagatggecgcettcccggecctgctgcagggagetcaaaatgg
aggacgcggcgctcgggagagcgggcagatgagtcacccacacaaaggaaaagggcctttccgtectcagecgtcegcttcat
gtgactccacggagtaccgggcgcecgtccaggcacctcgattagttctcgegcettttggagtacategtctttagattggggggaag
gattttatgcgatggagtttccccacactgagtgaatggagactgaagttaggccagcttagcacttgatgtaattctccttggaatttg
ccctttttgagtttggatcttgqgttcattctcaagcctcagacagtggticaaaagtttttticticcatttcaggtatcatgagctagcccacc
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taagaattctctagaggatccagacatgataagatacat
tgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgctttattigtgaaatttgtgatgctattgctttatttgtaaccatta
taagctgcaataaacaagttaacaacaacaattgcattcattttatgtttcaggticagggggaggtgtgggaggttttttaaagcaag
taaaacctctacaaatgtggtatggctgattatgatcctgcaagcctcgtcgccgceggtttatictgttgacaattaatcatcggcatag
tatatcggcatagtataatacgacaaggtgaggaactaaaccatgggatcggccatigaacaagatggattgcacgcaggttctc
cggccgcttgggtggagaggctattcggctatgactgggcacaacagacgatcggcetgcetctgatgccgecgtgttccggcetgtca
gcgcaggggcgcccggttetttttgtcaagaccgacctgtccggtgecctgaatgaactgcaggacgaggcagegceggctategt
ggctggccacgacgggcgttcctigegcagcetgtgctcgacgttgtcactgaagcgggaagggactggcetgetatigggegaagt
gccggggcaggatctectgtcatctcaccttgetcctgccgagaaagtatccatcatggetgatgcaatgecggeggcetgcatacgcet
tgatccggctacctgeccattcgaccaccaagcgaaacatcgcatcgagcgagcacgtactcggatggaagecggtcettgtcgat
caggatgatctggacgaagagcatcaggggctcgcgccagccgaactgttcgccaggctcaaggcgcegeatgecccgacggceg
aggatctcgtcgtgacccatggcgatgcectgcttgccgaatatcatggtggaaaatggcecgcttttctggattcatcgactgtggecg
gctgggtgtggcggaccgctatcaggacatagegttggctaccegtgatattgctgaagagcettggcggcgaatgggcetgaccge
ttcctegtgctttacggtatcgeccgeccccgattcgcagegceatcgcecttctatcgecttecttgacgagttcttctgagecgggactctggg
gttcgaataaagaccgaccaagcgacgtctgagagctccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgt
gttggtttttggccgcegttgetggcegtttttccataggctccgecccecctgacgagcatcacaaaaatcgacgctcaagtcagaggtg
gcgaaacccgacaggactataaagataccaggcgtttccccctggaagctccctegtgegctctectgttccgaccctgecgctta
ccggatacctgtccgcectttctcecttcgggaagcegtggegctttctcatagctcacgcetgtaggtatctcagtticggtgtaggtegttcg
ctccaagctgggctgtgtgcacgaaccccccgttcagcccgaccgcetgcgccttatccggtaactategtcttgagtccaacceggt
aagacacgacttatcgccactggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttctt
gaagtggtggcctaactacggctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccticggaaaaagag
ttggtagctcttgatccggcaaacaaaccaccgctggtagcggtgatttttttgtttgcaagcagcagattacgcgcagaaaaaaag
gatctcaagaagatcctttgatcttttctagtgtgcg

33



attP Factor IX donor (the vector backbone is pMC.BESPX-MCS1 from System Biosciences)

attP: highlighted in
Factor IX intron 1:

ellow
Factor IX exons 2-8 CDS:

Factor IX exon 8 3'UTR: underlined
bGH poly(A) signal:

AGGTTTGTCTGGTCAACCACCGCGGTCTCAGTGGTGTACGGTACAAACC

TAATGAAAGATGGATTT
CCAAGGTTAATTCATTGGAATTGAAAATTAACAGGGCCTCTCACTAACTAATCACTTTCCC
ATCTTTTGTTAGATTTGAATATATACATTCTATGATCATTGCTTTTTCTCTTTACAGGGGAG

AATTTCATATTTTACCTGAGCAAATTGATTAGAAAATGGAACCACTAGAGGAATATAATGT
GTTAGGAAATTACAGTCATTTCTAAGGGCCCAGCCCTTGACAAAATTGTGAAGTTAAATT
CTCCACTCTGTCCATCAGATACTATGGTTCTCCACTATGGCAACTAACTCACTCAATTTTC
CCTCCTTAGCAGCATTCCATCTTCCCGATCTTCTTTGCTTCTCCAACCAAAACATCAATGT
TTATTAGTTCTGTATACAGTACAGGATCTTTGGTCTACTCTATCACAAGGCCAGTACCAC
ACTCATGAAGAAAGAACACAGGAGTAGCTGAGAGGCTAAAACTCATCAAAAACACTACT
CCTTTTCCTCTACCCTATTCCTCAATCTTTTACCTTTTCCAAATCCCAATCCCCAAATCAG
[TTTTCTCTTTCTTACTCCCTCTCTCCCTTTTACCCTCCATGGTCGTTAAAGGAGAGATGG
GGAGCATCATTCTGTTATACTTCTGTACACAGTTATACATGTCTATCAAACCCAGACTTGC
TTCCGTAGTGGAGACTTGCTTTTCAGAACATAGGGATGAAGTAAGGTGCCTGAAAAGTTT
GGGGGAAAAGTTTCTTTCAGAGAGTTAAGTTATTTTATATATATAATATATATATAAAATAT
ATAATATACAATATAAATATATAGTGTGTGTGTATGCGTGTGTGTAGACACACACGCATAC
ACACATATAATGGAAGCAATAAGCCATTCTAAGAGCTTGTATGGTTATGGAGGTCTGACT
AGGCATGATTTCACGAAGGCAAGATTGGCATATCATTGTAACTAAAAAAGCTGACATTGA
CCCAGACATATTGTACTCTTTCTAAAAATAATAATAATAATGCTAACAGAAAGAAGAGAAC
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CGTTCGTTTGCAATCTACAGCTAGTAGAGACTTTGAGGAAGAATTCAACAGTGTGTCTTC
AGCAGTGTTCAGAGCCAAGCAAGAAGTTGAAGTTGCCTAGACCAGAGGACATAAGTATC
ATGTCTCCTTTAACTAGCATACCCCGAAGTGGAGAAGGGTGCAGCAGGCTCAAAGGCAT
AAGTCATTCCAATCAGCCAACTAAGTTGTCCTTTTCTGGTTTCGTGTTCACCATGGAACA
TTTTGATTATAGTTAATCCTTCTATCTTGAATCTTCTAGAGAGTTGCTGACCAACTGACGT
ATGTTTCCCTTTGTGAATTAATAAACTGGTGTTCTGGTTCATCTGTGCCTTCTAGTTGCCA
GCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCA
CTGTCCTTTCCTAATAAAATGAGAAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTAT
TCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAG
GCATGCTGGGGATGCGGTGGGCTCTATGG
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Supplementary Sequence 2. Sequence of codon-optimized Bxb1 plasmid

CMV enhancer/promoter: highlighted in grey

SP6 promoter: underlined

Codon-optimized Bxb1:
SV40 poly(A):

CGTTTAGTGAACCGTCAGATCGCCT
GGAGGCGCCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCT
CCGGACTCTAGCCTAGGCTTTTGCAAAAAGCTATTTAGGTGACACTATAGAAGGTACGC
CTGCAGGTACCGGTCCGGAATTCGCCCTTATG

TAGAAGGGCGAATTCCCGGGTCGACGA
GCTCACTAGCTTGGGATCTTTGTGAAGGAACCTTACTTCTGTGGTGTGACATAATTGGAC
AAACTACCTACAGAGATTTAAAGCTCTAAGGTAAATATAAAATTTTTAAGTGTATAATGTG
TTAAACTAGCTGCATATGCTTGCTGCTTGAGAGTTTTGCTTACTGAGTATGATTTATGAAA
ATATTATACACAGGAGCTAGTGATTCTAATTGTTTGTGTATTTTAGATTCACAGTCCCAAG
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GCTCATTTCAGGCCCCTCAGTCCTCACAGTCTGTTCATGATCATAATCAGCCATACCACA
TTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACAT
AAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAA
GCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTT
GTCCAAACTCATCAATGTATCTTATCATGTCTGGATC
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Supplementary Sequence 3. Sequence of the lentiviral GFP reporter vector
(the vector bone is pLVX-EF1a-IRES-Puro from Takara Bio inc.).

LTR: in bold

EF1a promoter: underlined

AAVS1 target sequence: highlighted in yellow

Inverted H2B-EGFP coding sequence: highlighted in green
IRES: highlighted in grey

Puromycin resistance gene: [HCOINNE

tggaagggctaattcactcccaaagaagacaagatatccttgatctgtggatctaccacacacaaggctacttccctgat
tagcagaactacacaccagggccaggggtcagatatccactgacctttggatggtgctacaagctagtaccagttgag
ccagataaggtagaagaggccaataaaggagagaacaccagcttgttacaccctgtgagcctgcatgggatggatga
cccggagagagaagtgttagagtggaggtttgacagccgcctagcatttcatcacgtggcccgagagctgcatccgg
agtacttcaagaactgctgatatcgagcttgctacaagggactttccgctggggactttccagggaggcgtggcctggg
cgggactggggagtggcgagccctcagatcctgcatataagcagctgctttttgcctgtactgggtctctctggttagac
cagatctgagcctgggagctctctggctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttca
agtagtgtgtgcccgtctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagc
agtggcgcccgaacagggacttgaaagcgaaagggaaaccagaggagctctctcgacgcaggactcggcettgctgaagege
gcacggcaagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggctagaaggagagagatgggt
gcgagagcgtcagtattaagcgggggagaattagatcgcgatgggaaaaaattcggttaaggccagggggaaagaaaaaat
ataaattaaaacatatagtatgggcaagcagggagctagaacgattcgcagttaatcctggcctgttagaaacatcagaaggctg
tagacaaatactgggacagctacaaccatcccttcagacaggatcagaagaacttagatcattatataatacagtagcaaccctct
attgtgtgcatcaaaggatagagataaaagacaccaaggaagctttagacaagatagaggaagagcaaaacaaaagtaaga
ccaccgcacagcaagcggccggcecgctgatcttcagacctggaggaggagatatgagggacaattggagaagtgaattatata
aatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtggtgcagagagaaaaaaga
gcagtgggaataggagctttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcgtcaatgacgctgacggtac
aggccagacaattattgtctggtatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagcatctgttgcaactc
acagtctggggcatcaagcagctccaggcaagaatcctggctgtggaaagatacctaaaggatcaacagctcctggggatttgg
ggttgctctggaaaactcatttgcaccactgctgtgccttggaatgctagttggagtaataaatctctggaacagatttggaatcacac
gacctggatggagtgggacagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaaga
aaagaatgaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggctgtggtatataaa
attattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtactttctatagtgaatagagttaggcagggatattcac
cattatcgtttcagacccacctcccaaccccgaggggacccgacaggcccgaaggaatagaagaagaaggtggagagagag
acagagacagatccattcgattagtgaacggatctcgacggtatcgcctttaaaagaaaaggggggattggggggtacagtgca
ggggaaagaatagtagacataatagcaacagacatacaaactaaagaattacaaaaacaaattacaaaaattcaaaattttcg
ggtttattacagggacagcagagatccagtttatcgatgagtaattcatacaaaaggactcgcccctgccttggggaatcccagag
accgtcgttaaactcccactaacgtagaacccagagatcgctgcgttcccgeccectcacccgeccgcetctcgtcatcactgaggt
ggagaagagcatgcgtgaggctccggtgcccgtcagtgggcagagcgcacatcgcccacagtccccgagaagttgggggga
gggagtcggcaattgaaccggtgcctagagaaggtggcgcgggataaactgggaaagtgatgtcgtgtactggceteegectttitce
cgaggatgggggagaaccgatatataagtgcagtagtcgccgtgaacgttctttttcgcaacgaatttaccaccagaacacaggta
agtgccgtatatagttcccgegaacctagectctttacgggttatggeccttgcgtgcecttgaattacttccacgcccctggctgcagta
catgattcttgatcccgagcttcggattggaagtggatgggagagttcgaggcecttgcgcttaaggagcecccttcgectcgtgcttga
gttgagqgcctgqgcttgggcactggggccgccgcegtgcgaatctggtggcaccttcgegectgtetcgetgctttcgataagtctctag
ccatttaaaatttttgatgacctgctgcgacqctttttttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcg
gtttttggggccgcgggcggcgacggggcccgtgcgtcccagegcacatgticggcgaggcggggectgecgagegeggcecac
cgagaatcggacggaggtagtctcaagctggccggcectgctctggtgectggectcgecgecgecgtgtatcgcccegecetggge
ggcaaggctggcccggtcggcaccagttgecgtgagcggaaagatggccgcettcccggecctgctgcagggagcetcaaaatgg
aggacgcggcgctcgggagagecgggedggatgagtcacccacacaaaggaaaagggcctttcegtectcagecgtegcttcat
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gtgactccacggagtaccaggcgccgtccaggcacctcgattagttctcgagcttttggagtacgtegtctttagattagggggaag
gattttatgcgatggagtttccccacactgagtgaatggagactgaagttaggccagcettggcacttgatgtaattctccttggaatttg
ccctttttgagtttggatcttggttcattctcaagcctcagacagtggticaaagtttttticttccatttcaggtatcagtgaggatctatttceg
gtgaattcAACGGGGCTCAGTCTGAAGAGCAGAGCCAGGAACCCCTGTAGGGAAGGGGCA
GGAGAGCCAGGGGCATGAGATGGTGGACGAGGAAGGGGGACAGGGAAGCCTGAGCG
CCTCTCCTGGGCTTGCCAAGGACTCAAACCCAGAAGCCCAGATTACTTGTACAGCTCGT
CCATGCCGAGAGTGATCCCGGCGGCGGTCACGAACTCCAGCAGGACCATGTGATCGCG
CTTCTCGTTGGGGTCTTTGCTCAGGGCGGACTGGGTGCTCAGGTAGTGGTTGTCGGGC
AGCAGCACGGGGCCGTCGCCGATGGGGGTGTTCTGCTGGTAGTGGTCGGCGAGCTGC
ACGCTGCCGTCCTCGATGTTGTGGCGGATCTTGAAGTTCACCTTGATGCCGTTCTTCTG
CTTGTCGGCCATGATATAGACGTTGTGGCTGTTGTAGTTGTACTCCAGCTTGTGCCCCA
GGATGTTGCCGTCCTCCTTGAAGTCGATGCCCTTCAGCTCGATGCGGTTCACCAGGGTG
TCGCCCTCGAACTTCACCTCGGCGCGGGTCTTGTAGTTGCCGTCGTCCTTGAAGAAGAT
GGTGCGCTCCTGGACGTAGCCTTCGGGCATGGCGGACTTGAAGAAGTCGTGCTGCTTC
ATGTGGTCGGGGTAGCGGCTGAAGCACTGCACGCCGTAGGTCAGGGTGGTCACGAGG
GTGGGCCAGGGCACGGGCAGCTTGCCGGTGGTGCAGATGAACTTCAGGGTCAGCTTG
CCGTAGGTGGCATCGCCCTCGCCCTCGCCGGACACGCTGAACTTGTGGCCGTTTACGT
CGCCGTCCAGCTCGACCAGGATGGGCACCACCCCGGTGAACAGCTCCTCGCCCTTGCT
CACCATGGTGGCGACCGGTGGYTCITTAGCGCTGGTGTACTTGGTGATGGCCTTAGTAC
CCTCGGACACGGCGTGCTTGGCCAACTCCCCAGGCAGCAGCAGGCGCACGGLCCaGTCT
GGATCTCCCTGGAGGTGATGGTCGAGCGCTTGTTGTAATGCGCCAGGCGGGAAGCCTC
ACCTGCGATGCGCTCGAAAATGTCGTTCACAAAactATTCATGATGCCCATGGCCTTGGA
CGAAATGCCGGTGTCAGGGTGGACCTGCTTCAGAACCTTGTACACATAGATGGAATAGC
TCTCCTTGCGGCTGCGCTTGCGCTTCTTGCCGCCTTTCTTCTGCGCCTTAGTCACCGCC
TTCTTGGAGCCCTTTTTCGGGGCGGGAGCAGACTTCGCTGGCTCTGGCATggtggeGGCC
GCCGGGAACTGCCGCTGGCCCCCCACCGCCCCAAGGATCTCLCCGGTCCCLaCeeaae
GTGCTGACGTCACGGCGCTGCCCCAGGGTGTGCTGGGCAGGTCGCGGGGAGCGCTGG
GAAATGGAGTCCATTAGCAGAAGTGGCCCTTGGCCACTTCCAGGAGTCGCTGTGCCCC
GATGCACACTGGGAAGTCCGCAGCggatccegeccctcetcectecceececcecctaacgttactggeccgaagecg
cttggaataaggccggtgtgcgtttgtctatatgttattttccaccatattgccgtcttttggcaatgtgagggcccggaaacctggcecct
gtcttcttgacgagcattcctaggggtctttcccctctcgccaaaggaatgcaaggtctgttgaatgtcgtgaaggaagcagttcctct
ggaagcttcttgaagacaaacaacgtctgtagcgaccctttgcaggcagcggaaccccccacctggcgacaggtgectctgegg
ccaaaagccacgtgtataagatacacctgcaaaggcggcacaaccccagtgccacgttgtgagttggatagttgtggaaagagt
caaatggctctcctcaagcgtaticaacaaggggctgaaggatgcccagaaggtaccccattgtatgggatctgatctggggcectc
ggtgcacatgctttacatgtgtttagtcgaggttaaaaaaacgtctaggccccccgaaccac acgtggttttcctttgaaaaa

acgcgtctggaaca
atcaacctctggattacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtggatacgctgctttaatgce
ctttgtatcatgctattgcttcccgtatggctttcattttctcctecttgtataaatcctggttgcetgtctctttatgaggagttgtggececgttgte
aggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggcattgccaccacctgtcagctcctttccggg
actttcgctttcceectecctattgccacggcecggaactcatcgecgectgecttgecegetgectggacaggggcetcggcetgttgggea
ctgacaattccgtggtgttgtcggggaagctgacgtcctttccatggctgctcgectgtgttgccacctggattctgecgegggacgtect
tctgctacgtcccttcggecctcaatccagcggaccttccttcccgeggectgetgecggcetctgeggcectcttcegegtettegectte
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gccctcagacgagtcggatctecctttgggecgectcececcgectggaattaattctgcagtcgagacctagaaaaacatggagcea
atcacaagtagcaatacagcagctaccaatgctgattgtgcctggctagaagcacaagaggaggaggaggtgggttttccagtc
acacctcaggtacctttaagaccaatgacttacaaggcagctgtagatcttagccactttttaaaagaaaagaggggactggaag
ggctaattcactcccaacgaagacaagatatccttgatctgtggatctaccacacacaaggctacttccctgattagcag
aactacacaccagggccaggggtcagatatccactgacctttggatggtgctacaagctagtaccagttgagccagat
aaggtagaagaggccaataaaggagagaacaccagcttgttacaccctgtgagcctgcatgggatggatgacccgg
agagagaagtgttagagtggaggtttgacagccgcctagcatttcatcacgtggcccgagagctgcatccggagtactt
caagaactgctgatatcgagcttgctacaagggactttccgctggggactttccagggaggcgtggcctgggcgggac
tggggagtggcgagccctcagatcctgcatataagcagctgctttttgcctgtactgggtctctctggttagaccagatct
gagcctgggagctctctggctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtg
tgtgcccgtctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagtagtag
ttcatgtcatcttattattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggccttgacattgctagcgtttaccgtcg
acctctagctagagcttggcgtaatcatggtcatagcetgtttcctgtgtgaaattgttatccgctcacaattccacacaacatacgagce
cggaagcataaagtgtaaagcctggggtgcctaatgagtgagctaactcacattaattgcgttgcgctcactgcccgctttccagte
gggaaacctgtcgtgccagctgcattaatgaatcggccaacgcgcggggagaggceggtttgegtatigggegctcttccgcettect
cgctcactgactcgcetgegcetcggtegttcggetgcggegageggtatcagctcactcaaaggcggtaatacggttatccacagaa
tcaggggataacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgetgge
gtttttccataggctccgceccccctgacgagcatcacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactata
aagataccaggcgtttccccctggaagctccctegtgegctcetectgttccgaccctgecgcettaccggatacctgtcegectttctee
cttcgggaagcgtggcgctttctcatagctcacgctgtaggtatctcagttcggtgtaggtcgticgctccaagetgggcetgtgtgcac
gaaccccccgttcagcccgaccgcetgegcecttatccggtaactategtcttgagtccaacccggtaagacacgacttatcgccact
ggcagcagccactggtaacaggattagcagagcgaggtatgtaggcggtgctacagagttcttgaagtggtggcctaactacgg
ctacactagaagaacagtatttggtatctgcgctctgctgaagccagttaccticggaaaaagagttggtagctcttgatccggcaa
acaaaccaccgctggtagcggtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgat
cttttctacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctag
atccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgagg
cacctatctcagcgatctgtctatttcgttcatccatagttgcctgactcccegtcgtgtagataactacgatacgggagggcttaccat
ctggccccagtgctgcaatgataccgcgagacccacgctcaccggcetccagatttatcagcaataaaccagccageccggaagg
gccgagcgcagaagtggtcctgcaactttatccgcctccatccagtctattaattgttgccgggaagctagagtaagtagttcgeca
gttaatagtttgcgcaacgttgttgccattgctacaggcatcgtggtgtcacgctcgtegtttggtatggcttcattcagctcecggttceca
acgatcaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagctccttcggtcctccgategttgtcagaagtaagttg
gccgcagtgttatcactcatggttatggcagcactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagta
ctcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgcccggegtcaatacgggataataccgcgccacata
gcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcgat
gtaacccactcgtgcacccaactgatcttcagcatcttttactttcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgce
cgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaatattattgaagcatttatcagggttatt
gtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgcgcacatticcccgaaaagtgccacctg
acgtcgacggatcgggagatcaacttgtttattgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaa
gcatttttttcactgcattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggatcaactggataactcaagctaaccaa
aatcatcccaaacttcccaccccataccctattaccactgccaattacctgtggtttcatttactctaaacctgtgattcctctgaattattt
tcattttaaagaaattgtatttgttaaatatgtactacaaacttagtagt
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