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A to G conversion

Figure S2
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47bp Deletion

Reporter

locus | 1AG |

mCherry

*
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Figure S3

CCRS5 Delta32 Deletion

PE2

CARAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTC CAATTC AGAA TTCCAGA@TAAAGATAGTCATCTTGGGGCTGGTCC wT 94.82%
CARAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCETAEA - ————————————————————— - TTAAAGATAGTCATCTTGGGGCTGGTCC Precise  3.86%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCA———————————————————————————————— GACATTAAAGATAGTCATCTTGGGGCTGGTCC -32 0.17%
CARAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCETALAG- ————————————————————————————— TAAAGATAGTCATCTTGGGGCTGGTCC -32 0.08%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCETAEA - ————— === == — = oo TAAAGATAGTCATCTTGGGGCTGGTCC -33 0.06%
CARAAAGAAGGTCTTCATTACACCTGCAGCTCTC-—————————=—==——=— ATCAATTCTGGAAGAATTTCCAGACATTAAAGATAGTCATCTTGGGGCTGGTCC -18 0.04%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAATTTCCAGAC- —- ~AAAGATAGTCATCTTGGGGCTGGTCC -3 0.03%

CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAATTTCCAGACCATTAAAGATAGTCATCTTGGGGCTGGTCC +1 0.01%
PE2*

CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAFT! AATTC A nnMTTCCAw'rGGGGCTGGTCC wT 91.25%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCAT T TTCCETAtA- —————————————————————— TTAAAGATAGTCATCTTGGGGCTGGTCC Precise 6.08%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCAT T T TCCA - —— ——— = — === == = = — o — GACATTAAAGATAGTCATCTTGGGGCTGGTCC -32 0.25%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCETALAG-—————————————————————————————— TAAAGATAGTCATCTTGGGGCTGGTCC -32 0.14%
CAAAAAGAA TTCATTACACCTGCAGCTCTCAT T T T——————————— = === ———— ——— e ——— — —— GACATTAAAGATAGTCATCTTGGGGCTGGTCC -33 0.08%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCETALA- ———————————— == —— - ———————————— TAAAGATAGTCATCTTGGGGCTGGTCC -33 0.06%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTC-————————————————— ATCAATTCTGGAAGAATTTCCAGACATTAAAGATAGTCATCTTGGGGCTGGTCC -18 0.06%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAATTTCCAGAC -~ ~AAAGATAGTCATCTTGGGGCTGGTCC -3 0.04%

CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTT———————— GTCAGTATCAATTCTGGAAGAATTTCCAGACATTAAAGATAGTCATCTTGGGGCTGGTCC -8 0,03%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAATTTCCAGACCATTAAAGATAGTCATCTTGGGGCTGGTCC +1 0.03%
SakKipPE2*

CAAAAAGAAGG'rc'1"rCATTACAcc'1'GCAGCTc'rax‘rT’r'rCCATACAF;TCAGTATCAATTCTGGAAGAAT-rTcCAGAgélgTAAAGATAGTCATCTTGGGGCTGGTCC wT 96.36%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACA - — — — ————————— ===~ — —————— TTAAAGATAGTCATCTTGGGGCTGGTCC Precise  2.85%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCA— ——————————————————————————— GACATTAAAGATAGTCATCTTGGGGCTGGTCC -32 0.06%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCAT T T T -~ ——————— = — = = — = — GACATTAAAGATAGTCATCTTGGGGCTGGTCC -33 0.04%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAATTTCCAGAC-——AAAGATAGTCATCTTGGGGCTGGTCC -3 0.02%
CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAATTTCCAGAC— —TCATCTTGGGGCTGGTCC -1 0.02%

CAAAAAGAAGGTCTTCATTACACCTGCAGCTCTCATTTTCCATACAGTCAGTATCAATTCTGGAAGAA.

TAGTCATCTTGGGGCTGGTCC -17 0.01%



Figure S4

25+

5
Control PE2
K342E correction (via A*T-to-G+C in mice)
PAM . Nicking sgRNA
modification Correction PAM

PE2

CTCTCCCCTCCAGGCCGTGCATAAGGCTGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA WT 93.8%
CTCTCCCCTCCAGGCCGTGCATAAaGCTGTGCTGACCATCGACgAGAAAGGGACTGAAGCTGCT CATGTTTT CATACCCATGTCTATCCCCCCCGA Precise 2.87%
CTCTCCCCTCCAGGCCGTGC— TGACCATCGACAAGAAAGGGACTGAAGCTGCT! C. 'GTTTT CATACCCATGTCTATCCCCCCCGA -12 0.14%
CTCTCCCCTCCAGGC———————————— TGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGCT:! CATGTTTT CATACCCATGTCTATCCCCCCCGA -12 0.11%
CTCTCCCCTCCAGGCCGTGCATAAaGCTGTGCTGACCATCGACgAGA - ——————————————————— GCCATGTTTT CATACCCATGTCTATCCCCCCCGA -20 0.05%
CTCTCCCCTCCAGG———————— =~~~ —— —— — — — ——————————————— GACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA -37 0.05%
CTCTCCCCTCCAGGCCGTG—————————— TGCTGACCATCGACAAGAAAGGGACTGAAGCTGCT CATGTTTT CATACCCATGTCTATCCCCCCCGA -10 0.03%

CTCTCCCCTCCAGGCCGTGC

ccccccecea -80 0.03%

PE2*

CTCTCCCCTCCAGGCCGTGCATAAGGCTGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGCT CATGTTTT CATACCCATGTCTATCCCCCCCGA wT 84.7%
CTCTCCCCTCCAGGCCGTGCATAAaGCTGTGCTGACCATCGACgAGAAAGGGACTGAA TGCT CA TTTT CATACCCATGTCTATCCCCCCCGA Precise 8.68%
CTCTCCCCTCCAGGCCGTGC TGACCATCGACAAGAAAGGGACTGAAGCTGC CATGTTTT A CATACCCATGTCTATCCCCCCCGA -12 0.81%
CTCTCCCCTCCAGGC TGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGCT! CATGTTTT CATACCCATGTCTATCCCCCCCGA -12 0.72%
CTC T CCCCTCCAGGCCG TG  — = — — — = — = — — — ccccecea -80 0.67%
CTCTCCCCTCCAGGCCGTGCATARaGCTGTGCTGACCATCGACGAGA -~~~ ———————————————— GCCATGTTTT CATACCCATGTCTATCCCCCCCGA -20 0.43%
CTCTCCCCTCCAGGCC ATACCCATGTCTATCCCCCCCGA -69 0.26%
CTCTCCCCTCCAGGCCGTGCCATARaGCTGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGCT CATGTTTT CATACCCATGTCTATCCCCCCCGA +1 0.11%
CTCTCCCCTCCAGGCCGTGCATAAGGCTGTGCTGAGCATCGACAAGAAAGGGACTGAAGCTGCT CATGTTTT CATACCCATGTCTATCCCCCCCGA sub 0.07%
CTCTCCCCTCCAGGCCGTGCATAAGGCTGTGCTGACCATCGACGAGAAAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA sub 0.06%

CTCTCCCCTCCAGGCCGTGCATAAaGCTGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGCT! e TTTT CATACCCATGTCTATCCCCCCCGA sub 0.04%
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K342E correction (via dual AAV)

PAM
modification

Nicking sgRNA

Correction PAM

o~

Figure S6

Amplicon-seq

GGCCGTGCATAAGCCTGTGCTGACCATCGACAAGARAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA — WT 93.04%
GGCCGTGCATALaGCTGTGCTGACCATCGACGAGAAAGGGACTGAAGCTGC CATGTTTT CATACCCATGTCTATCCCCCCCGA  Precise 3.39%
GGCCGTGCATARaGCTGTGCTGACCATCGACAAGARAGGGACTGAAGCTGC CATGTTTT CATACCCATGTCTATCCCCCCCGA  sub 0.51%
GGCCGTGCATARaGCTGTGCTGACCATCGAC tAGAAAGGGACTGAAGCTGCT CATGTTTT CATACCCATGTCTATCCCCCCCGA  sub 0.25%
GGCCGTGCATAAaGCTGTGCTGACCAT tGA tGAGAAAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA  sub 0.21%
GGCCGTGCATARaGCTGTGCTGACCATCGACAAGARAG tGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA — sub 0.12%
[lelsleley Jele] —TGACCATCGACAAGAAAGGGACTGAAGCTGCT CATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGA  -12 0.05%
GG OO G TG — = — — = = — = = = — cccceccea -80 0.04%
GECCG T G = = = = = = = — = = — GATTGAACAAA  -119 0.02%
GGCCGTGC-TAAGGCTGTGCTGACCATCGACAAGAAAGGGACTGAAGCTGC CATGTTTT CATACCCATGTCTATCCCCCCCGA -1 0.02%

K342E correction (via dual AAV)
PAM ik
modification Correction Nicking SGRNA UDiTaS Editing p

PAM UMI/Total UMI (g

GGCCGTGCATAAGGCTGTGCTGACCATCGACAAGAAAGGGACTGAAGCT! C T 'CATACCCATGTCTATCCCCCCCGAGG WT (72173/78458) 91.9
\CCATCGAC: TGAA .CCCA! 'CTAT GAGG Precise (2115/78458) 2.70 0.034
TAMC CCATCGAC TGAA 5 CCCATGTCTA CGAGG sub (137/78458) 0.17 0.036
GGCCGTGCATAAaGCTGTGCTGACCATCGAC TGAA \CCCA! 'CTAT! CGAGG sub (115/78458) 0.15 0.045
TAAAG cc TGAA 5 CATACCCATGTCTA CGAGG sub (89/78458) 0.11 0.049
GGCCGTGCATAAaGCTGTGCTGACCATCH TGAA \CCCA! 'CTAT! CGAGG sub (51/78458) 0.07 0.036
'GC- \CCATCGAC: TGAA .CCCA! 'CTAT AGG -1 (29/78458) 0.04 0.034
GGCCGTGC—— === === ===~ T 'CATCGAC: TGAAGC! 'C 'CATACCCATGTCTATCCCCCCCGAGG -12 (19/78458) 0.02 0.036

| eeCCOTGCATANCGCTETGCTGACCATCGACAAGAARGEGACTGARG -~~~ —— -~ —————————____ T T T T T [sbp]  -s6  (8/78a58) |  ©0.01 0.148

1 GGCC: 'CCA CGAGG -69 (8/78458) 1 0.01 0.045

1 GGCCGTGCATAAaGCTGTGCTGACCATCGACTAGAAAGGGACTGAAGCTGC [S50bp] -72 (12/78458) 0.02 0.034

1 [12bp] "CATA GAGG =79 (13/78458) 1 0.02 0.036

1 GGCCGTGC 'CCCCCCGAGG -80 (4/78458) 1 0.01 0.071

1 GAGG -92 (3/78458) | 0.00 0.144

I [12bp] TCTA! GAGG -95 (6/78458) | 0.01 0.057

1 [eretete [7bp] -98 (73/78458) | 0.09 0.034

:_ Deletions between pegRNA and nicking sgRNA (<100bp) "

PR o (50bp]  -162  (18/78458) ;  0.02  0.049

1 [31bp] -119 (15/78458) | 0.02 0.036

! [8bp] —--[80bp] -186 (9/78a58) | 0.01 0.085

: [12bp] [868bp] -978 (3/78458) : 0.00 0.176

|[2316bp] [28bp] -2442 (2/78458) 1 0.00 0.144

1 Deletions spaning pegRNA and nicking sgRNA (>100bp) 1

b e e e e e e e e e e e e e = = = = = = = = = 1

R e .

1 GGCCGTGCATAAaGCTGTGCTGACCATCGACGAGAGAGGGACTGAAGCTGCTGGGGCCATGTTTTTAGAGGCCATACCCATGTCTATCCCCCCCGAGG Precise (12/78458) | 0.02

1 GGCCGTGCATAAaGCTGTGCTGACCATCGAC TGAAGC C CATACCCATGTCTATCCCCCCCGAGG Precise(7/78458) | 0.01

L Scaffold insertion ‘l

S45 deletion (via TCC deletion)
Nicking sgRNA TCC Peg sgRNA UDITas
PAM deletion PAM
UMI/Total UMI

GAAAAGCTGCTGTCAGCCACTGGCAGCAGCAGTCTTACTTGGATTCTGGAATCCATTCTGGTGCCACCACCACAGCTCCMéQCTGAGTGGCAAGGGCAACCCT WT 2026/45539

GAAAAGCTGCTGTCAGCCACTGGCAGCAGCAGTCTTACTTGGATTCTGGAATCCATTCTGGTGCCACCACCACAGCTCCT - - -CTGAGTGGCAAGGGCAACCCT Precise 42153/45539
[63bp] ACTTGGATTCTGGAATCCATTCTGGTGCCACCACCACAGCTCCTTCCCTGAGTGGCAAGGGCAACCCT -99 12/45539

GAAAAGCTGCTGTCAGCCACTGGCAGCAGCAGT [7bp] -78 14/45539

GAARAAGCTGCTGTCAGCCACTGGCAGCAGCAGTCTTACTTGGATTCTGGAATCCATTCTGGTGCCACCA: [39bp] -74 16/45539

GAAAAGCTGCTGTCAGCCACTGGCAGCAGCAGTCTTACTTGGATTCTGGAATCCATTCTGGTGCCACCACCACAGCTC [15bp] -41 12/45539

[506bp] [71bp] -681 8/45539



Supplementary Fig. 1 Optimized prime editor increases the degree of nuclear import. (a) Representative
immunofluorescence images of prime editors transfected into U20S cells immunostained with a HA tag antibody
to visualize subcellular localization. PE2 contains two Bipartite SV40 NLSs, whereas the PE2* variant include
an extra N-terminal c-Myc NLS and a C-terminal variant bipartite SV40 NLS (vBPSV40) and SV40. DNA was
stained with DAPI. (b) Average percentages of HA-tag signal from nucleus for different prime editors. (c-d)
Representative immunofluorescence images and quantification in HelLa cells. For (b) and (d), >90 cells were
analyzed for each group from 3 independent experiments. ***P<0.001 by one-way ANOVA with Tukey’s multiple
comparisons test. In the boxes, the top, middle and bottom lines represent the 25, 50 and 75 percentiles,

respectively. Whiskers indicated the min and max percentiles and outliers are not shown. Scale bars, 10um.

Supplementary Fig. 2 Prime editing in reporter cells by PE2 and PE2*. (a) Sequence of reporter locus and
pegRNA used for repair of mCherry reporter in HEK293T cells. Bar above the cDNA indicates the stop codon
with the target “t” for conversion indicated in red. Two additional silent mutations are included to discourage
recutting of the repaired DNA sequence. (b) Sequence of reporter and pegRNA used for generation of a 47bp
deletion to restore function of the GFP reporter in HEK293T cells. The bars above the cDNA indicates three
nucleotide blocks that correspond to codons in the GFP reporter. (¢) Sequence of reporter and pegRNA used
for replacement of a 18bp element to restore function of the GFP reporter. The bars above the cDNA indicates
three nucleotide blocks that correspond to codons in the GFP reporter. (d) Representative images of HEK293T

reporter cells (n=3) transfected with control, ABEmax or PE2*. Scale bar, 400um.

Supplementary Fig.3 Sequencing analysis of the CCR5 prime editing by PE2, PE2*, or Sa*KHPE2*.

The percentage of most common sequences in PE2, PE2* and SakkHPE2* transfected cells is shown on the right
(representative of n=3, determined by Illumina sequencing). The PE target site is underlined. The PAM
sequences are indicated in light blue for SpCas9 and green for SaCas9Xk". The box denotes the 32bp sequence
deleted in CCR5delta32. Two “t” mutations in red were included in the PE2 and PE2* RT template (Fig. 2d) to
demonstrate that sequence collapse was not a function of nuclease-induced microhomology mediated deletion
and to reduce re-cutting of deletion allele. Deleted bases are indicated by dashes and inserted bases are in

blue.

Supplementary Fig.4 Sequencing analysis of SERPINAL editing in the liver of PiZ mouse.

(a) Evaluating prime editor expression in mouse liver. FVB mice were injected with 30ug of control vector or PE2
plasmid with an incorporated 3xHA-tag. Livers were harvested at day 2 and IHC staining were performed with
an HA-tag antibody. Quantification of HA* cells. Numbers are mean + sem (n=5 images from 4 mice for each
group).

(b) The percentage of most common sequences in the liver of PE2 and PE2*-treated mice is shown on the right
(representative liver of n=3, determined by lllumina sequencing). The PE target site is underlined. The PAM
sequences are in light blue. Nucleotide substitutions are labeled in red. Deleted bases are indicated by dashes.

Inserted bases are shown in blue/lower case.



Supplementary Fig.5 Liver tumors are positive for nuclear beta-Catenin. (a) Representative H&E and beta-
catenin IHC staining (n=3) in PE2 or PE2*-induced S45F tumors in Fig. 4. Scale bars: 100 um (20X lens).

Supplementary Fig. 6 Sequencing analysis of the Ctnnb1 and SERPINA1 prime editing by PE2 or PE2*.

(a) The percentage of most common sequences in the liver of dual AAV-treated PiZ mice determined by amplicon
sequencing is shown on the right (representative liver of n=3). A portion of the PE target site is underlined. The
PAM sequences are in light blue. Nucleotide substitutions are labeled in red. Deleted bases are indicated by
dashes. (b) Length distribution of precise editing and other indels at SERPINAL (K342E correction) and Ctnnbl
target sites by UDiTaS. Also included are sequence modifications that may be associated with pegRNA scaffold

insertions’. Data for a representative liver per group is shown (n=3 mice).



Supplementary Table 1. Sequences of pegRNAs and sgRNAs used in this study. All

sequences are shown in 5' to 3' orientation.

sgRNA scaffold

GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGGACCGAGTCGGTCC

spacer sequence PBS RT
pegRNA (5'-3") 3' extension (nt) (nt) Figure PE
CACCTTCAGCTTG | TACGAGGGCACTCAAACCGCCAAGCT
mCherry Ato G GCGGTCT GAAG 14 16 | Figure 1B | PE2 or PE2*
GGTCACCTTCAGC | TACGAGGGCACCCAGACTGCCAAGCT
mCherry Ato G TTGGCGGT GAAGGTGA 16 17 | Figure 1B | SaKK"PE2*
AAGTTCAGCGTGT | GTCAGCTTGCCGTAGGTGGCATCGCC Figure
GFP-insertion CCGGCTT CTCGCCTTCG 13 36 | 1C PE2 or PE2*
ACAAGTTCAGCGTGTCCGGCGAGGGC
TGAACTTCAGGGT | GAGGGCGATGCCACGTACGGCAAGCT Figure
GFP-insertion CAGCTTGCC GACCCTGAAGTTC 18 47 | 1C SakkHpE2*
GCGGAGAGGGCAC | GTTGGTCATGCGACCCTGCTCGGGGG Figure
GFP-deletion CCCCGA TGCCCTCTCC 14 22 | 1D PE2 or PE2*
GGTCATGCGACCC | CGGAGAGGGCACCCCCGAGCAGGGTC Figure
GFP-deletion TGCTCGGA GCATG 15 16 | 1D Sa"pPE2*
GAGTCCGAGCAGA
EMX1+5Gto T AGAAGAA ATGGGAGCACTTCTTCTTCTGCTC 14 10 | Figure 2A | PE2 or PE2*
SaCas9
CAGAAGCTGGAGG | TGCTCGGAATCAGACCCTTCCTCCTC PE2* or
EMX1+3+8 Gto T | AGGAAGGGC CAGCT 15 16 | Figure 2A | Sa¥"PE2*
EMX1 +4 3bp GAGTCCGAGCAGA
deletion AGAAGAA ATGTGATGGGAGTTCTTCTTCTGCTC 14 12 | Figure 2B | PE2 or PE2*
SaCas9
EMX1 +1 3bp CAGAAGCTGGAGG | TTCTGCTCGGACTCAGCTTCCTCCTC PE2* or
deletion AGGAAGGGC CAGCT 15 16 | Figure 2B | SaKK"PE2*
EMX1 +4 6bp GAGTCCGAGCAGA | GAGCAGAAGAAGAAAAGCTTGGGCTC Figure
Insertion AGAAGAA CCATCACAT 14 21 | 2C PE2 or PE2*
SaCas9
EMX1 +1 6bp CAGAAGCTGGAGG | TGCTCGGACTCAGGCCAAGCTTCTTC Figure PE2* or
Insertion AGGAAGGGC CTCCTCCAGCT 15 22 | 2C SakkKHpE2*
CCRb5-delta32- AGATGACTATCTT | ATTACACCTGCAGCTCTCATTTTCCT Figure
deletion TAATGTC TATATTAAAGATAGTCATC 16 29 | 2D PE2 or PE2*
CCRb5-delta32- AAGATGACTATCT | AGCTCTCATTTTCCATACATTAAAGA Figure
deletion TTAATGTCT TAGTCATC 17 17 | 2D SaKkHpE2*
TCCCCTCCAGGCC | TCTTGTCGATGGTCAGCACAGCTTTA
Serpinal Gto A GTGCATA TGCACGGCCTGGAG 13 27 | Figure 3A | PE2 or PE2*
CAGCTTCAGTCCC
Serpinal G to A TTTCTCGT ATCGACAAGAAAGGGACTGAAGCT 15 9 | Figure 3A | SaKK"pE2*
TCCCCTCCAGGCC | TCTCGTCGATGGTCAGCACAGCTTTA
Serpinal Ato G GTGCATA TGCACGGCCTGGAG 13 27 | Figure 3B | PE2 or PE2*
AGGGTTGCCCTTG
Ctnnb1 Cto T CCACTCA GCTCCTTTCCTGAGTGGCAAGGGCAA 13 13 | Figure 4A | PE2 or PE2*
AGGGTTGCCCTTG Figure
Ctnnb1 Cto T CCACTCA ACAGCTCCTTTGAGTGGCAAGGGCAA 13 13 | 4D PE2*
Nicking sgRNA spacer sequence (5'-3") Figure PE
mCherry Ato G GCGCTTCAAGGTGCACATGGA Figure 1B PE2 or PE2*
mCherry Ato G GCTGTCCCCTCAGTTCATGTA Figure 1B PE2 or PE2*
mCherry Ato G GATGGAGGGCTCCGTGAACGGCC Figure 1B SaKkHpE2*
mCherry Ato G GTTCGCCTGGGACATCCTGTCCC Figure 1B SaKkHpE2*
GFP-insertion-sp-NK1 GTAGGTCAGGGTGGTCACGA Figure 1C PE2 or PE2*
GFP-insertion-sp-NK2 GCTCCTCGCCCTTGCTCACCA Figure 1C PE2 or PE2*
GFP-insertion-sakKH-NK1 GCAAGGGCGAGGAGCTGTTCAC Figure 1C SaKKHpE2*




GFP-insertion-saKKH-NK2 GTGACCACCCTGACCTACGGCG Figure 1C Sa*"pE2*
GFP-deletion-sp-NK1 GAGAAGCCGTAGCCCATCACG Figure 1D PE2 or PE2*
GFP-deletion-sp-NK2 GATCTTCATGGCGGGCATGG Figure 1D PE2 or PE2*
GFP-deletion-saKKH-NK1 GATCACCGGCACCCTGAACGGCG Figure 1D Sa*"pE2*
GFP-deletion-saKKH-NK2 GCAGCCCCTACCTGCTGAGCCA Figure 1D Sa*"pE2*

EMX1 +5 G to T-sp-NK1 GTTGCCCACCCTAGTCATTGG Figure 2A PE2 or PE2*

EMX1 +5 G to T-sp-NK2 GGCCGTTTGTACTTTGTCCTC Figure 2A PE2 or PE2*

EMX1 +3 +8 G to T-sa-NK1 GCCTGGGCCAGGGAGGGAGGGGC Figure 2A SaCas9 PE2* or Sak"PE2*
EMX1 +3 +8 G to T-sa-NK2 GTGGTTGCCCACCCTAGTCATT Figure 2A SaCas9 PE2* or Sak"PE2*
EMX1 +4 3bp deletion-sp-NK1 GTTGCCCACCCTAGTCATTGG Figure 2B PE2 or PE2*

EMX1 +4 3bp deletion-sp-NK2 GGCCGTTTGTACTTTGTCCTC Figure 2B PE2 or PE2*

EMX1 +1 3bp deletion-sa-NK1 GCCTGGGCCAGGGAGGGAGGGGC Figure 2B SaCas9 PE2* or Sakk"pPE2*
EMX1 +1 3bp deletion-sa-NK2 GTGGTTGCCCACCCTAGTCATT Figure 2B SaCas9 PE2* or Sa¥KHpPE2*
EMX1 +4 6bp Insertion-sp-NK1 GTTGCCCACCCTAGTCATTGG Figure 2C PE2 or PE2*

EMX1 +4 6bp Insertion-sp-NK2 GGCCGTTTGTACTTTGTCCTC Figure 2C PE2 or PE2*

EMX1 +1 6bp Insertion-sa-NK1 GCCTGGGCCAGGGAGGGAGGGGC Figure 2C SaCas9 PE2* or Sakk"pPE2*
EMX1 +1 6bp Insertion-sa-NK2 GTGGTTGCCCACCCTAGTCATT Figure 2C SaCas9 PE2* or Sakk"pPE2*
CCR5-deletion-sp-NK1 GCTGTGTTTGCGTCTCTCCC Figure 2E PE2 or PE2*
CCR5-deletion-sp-NK2 GACAAGTGTGATCACTTGGG Figure 2E PE2 or PE2*
CCR5-deletion-sp-NK3 GCAGGACGGTCACCTTTGGGG Figure 2E PE2 or PE2*
CCR5-deletion-saKKH-NK1 GCATCTTTACCAGATCTCAAAAA Figure 2E SakKHpE2*
CCR5-deletion-saKKH-NK2 GTGGCTGTGTTTGCGTCTCTCCC Figure 2E SakKHpE2*

Serpinal G to A-sp-NK1 GGGGGGGATAGACATGGGTA Figure 3A PE2 or PE2*

Serpinal G to A-sp-NK2 GACCTCGGGGGGGATAGACA Figure 3A PE2 or PE2*

Serpinal G to A-sp-NK3 GGGTTTGTTGAACTTGACCT Figure 3A PE2 or PE2*

Serpinal G to A-sp-NK4 GTTCAATCATTAAGAAGACAA Figure 3A PE2 or PE2*

Serpinal G to A GCACGTGAGCCTTGCTCGAGGCC Figure 3A Sa*"pE2*

Serpinal G to A GCCCATGTCTATCCCCCCCGAGG Figure 3A Sa*"pE2*

Serpinal A to G (mouse_injection) GGGTTTGTTGAACTTGACCT Figure 3B PE2 or PE2*

Ctnnb1 Cto T GAAAAGCTGCTGTCAGCCAC Figure 4A PE2 or PE2*

Supplementary Table 2. Sequences of primers used for pegRNA cloning

pegRNA Sequence (5'-3") Figure PE
TATCTTGTGGAAAGGACGAAACACCGCACCTTCAGCTTGGCGGTCTGTITTTA
mCherry Ato G_F | GAGCTAGAAATAG Figure 1B PE2 or PE2*
CGGTATCGATAAGCTTGATATCGAATTCAAAAAACTTCAGCTTGGCGGTTTG
mCherry Ato G R | AGTGCCCTCGTAGGACCGACTCGGTCCCACTTTTTIC Figure 1B PE2 or PE2*
TATCTTGTGGAAGGACGAAACACCGGTCACCTTCAGCTTGGCGGTGTTTTAG
mCherry Ato G F | TACTCTGGAAACAG Figure 1B SakkHpE2*
CGACGGTATCGATAAGCTTGATATCGAATTCAAAAAAATCACCTTCAGCTTG
mCherry Ato G_R | GCAGTCTGGGTGCCCTCGTATCTCGCCAACAAGTTGACGAGAT Figure 1B Sak“pe2*
TGGAAAGGACGAAACACCGAAGTTCAGCGTGTCCGGCTTGTTTTAGAGCTAG
GFP-insertion_F AAATAG Figure 1C PE2 or PE2*
GTATCGATAAGCTTGATATCAAAAAATCAGCGTGTCCGGCGAAGGCGAGGGC
GFP-insertion_R GATGCCACCTACGGCAAGCTGACGGACCGACTCGGTCCCACTTTTTC Figure 1C PE2 or PE2*
GTGGAAGGACGAAACACCGTGAACTTCAGGGTCAGCTTGCCGTTTTAGTACT
GFP-insertion F | CTGGAAACAGA Figure 1C SakkHpE2*




ATCTCGTCAACTTGTTGGCGAGAACAAGTTCAGCGTGTCCGGCGAGGGCGAG
GGCGATGCCACGTACGGCAAGCTGACCCTGAAGTTCTTTTTTTGAATTCGAT
GFP-insertion_ R | ATCAAGCTTATCGATACCGTCG Figure 1C Sa"pPE2*
TGGAAAGGACGAAACACCGGCGGAGAGGGCACCCCCGAGTTTTAGAGCTAGA
GFP-deletion_F AATAG Figure 1D PE2 or PE2*
GTATCGATAAGCTTGATATCAAAAAAGGAGAGGGCACCCCCGAGCAGGGTCG
GFP-deletion_R CATGACCAACGGACCGACTCGGTCCCACTTTTTCAAG Figure 1D PE2 or PE2*
GTGGAAGGACGAAACACCGGGTCATGCGACCCTGCTCGGAGTTTTAGTACTC
GFP-deletion F TGGAAACAG Figure 1D SaKKHpPE2*
CGACGGTATCGATAAGCTTGATATCGAATTCAAAAAAACATGCGACCCTGCT
GFP-deletion R CGGGGGTGCCCTCTCCGTCTCGCCAACAAGTTGACGAGAT Figure 1D Sak“pe2*
EMX1+5Gto T- TGGAAAGGACGAAACACCGGAGTCCGAGCAGAAGAAGAAGTTTTAGAGCTAG
sp_F AAATAG Figure 2A PE2 or PE2*
EMX1+5Gto T- GTATCGATAAGCTTGATATCAAAAAAGAGCAGAAGAAGAAGTGCTCCCATGG
sp_ R ACCGACTCGGTCCCACTTTTTC Figure 2A PE2 or PE2*
EMX1 +3 +8 G to GTGGAAGGACGAAACACCGCAGAAGCTGGAGGAGGAAGGGCGTTTTAGTACT SaCas9 PE2*
T-sa F CTGGAAACAG Figure 2A or SakKHPE2*
EMX1 +3 +8 G to CGACGGTATCGATAAGCTTGATATCGAATTCAAAAAAAAGCTGGAGGAGGAA SaCas9 PE2*
T-sa_R GGGTCTGATTCCGAGCATCTCGCCAACAAGTTGACGAGAT Figure 2A or SaK"pPE2*
EMX1 +4 3bp TGGAAAGGACGARACACCGGAGTCCGAGCAGAAGAAGAAGTTTTAGAGCTAG
deletion-sp_F AAATAG Figure 2B PE2 or PE2*
EMX1 +4 3bp GTATCGATAAGCTTGATATCAAAAAAGAGCAGAAGAAGAACTCCCATCACAT
deletion-sp_R GGACCGACTCGGTCCCACTTTTTC Figure 2B PE2 or PE2*
EMX1 +1 3bp GTGGAAGGACGAAACACCGCAGAAGCTGGAGGAGGAAGGGCGTTTTAGTACT SaCas9 PE2*
deletion-sa_F CTGGAAACAG Figure 2B or SakkHpE2*
EMX1 +1 3bp CGACGGTATCGATAAGCTTGATATCGAATTCAAAAAAAAGCTGGAGGAGGAA SaCas9 PE2*
deletion-sa_R GCTGAGTCCGAGCAGAATCTCGCCAACAAGTTGACGAGAT Figure 2B or SaK"pPE2*
EMX1 +4 6bp TGGAAAGGACGARACACCGGAGTCCGAGCAGAAGAAGAAGTTTTAGAGCTAG
Insertion-sp_F AAATAG Figure 2C PE2 or PE2*
EMX1 +4 6bp GTATCGATAAGCTTGATATCAAAAAAGAGCAGAAGAAGAAAAGCTTGGGCTC
Insertion-sp_R CCATCACATGGACCGACTCGGTCCCACTTTTTC Figure 2C PE2 or PE2*
EMX1 +1 6bp GTGGAAGGACGAAACACCGCAGAAGCTGGAGGAGGAAGGGCGTTTTAGTACT SaCas9 PE2*
Insertion-sa_F CTGGAAACAG Figure 2C or SakkHpE2*
EMX1 +1 6bp CGACGGTATCGATAAGCTTGATATCGAATTCAAAAAAAAGCTGGAGGAGGAA SaCas9 PE2*
Insertion-sa_R GAAGCTTGGCCTGAGTCCGAGCATCTCGCCAACAAGTTGACGAGAT Figure 2C or Sa®*"PE2*
CCRS5-deletion- TGGAAAGGACGAAACACCGAGATGACTATCTTTAATGTCGTTTTAGAGCTAG
sp_F AAATAG Figure 2E PE2 or PE2*
CCR5-deletion- GTATCGATAAGCTTGATATCAAAAAAGATGACTATCTTTAATATAAGGAAAA
sp_R TGAGAGCTGCAGGTGGACCGACTCGGTCCCACTTTTTC Figure 2E PE2 or PE2*
CCRS5-deletion- GTGGAAGGACGAAACACCGAAGATGACTATCTTTAATGTCTGTTTTAGTACT
saKKH_F CTGGAAACAG Figure 2E Saf"pE2*
CCRS5-deletion- GTATCGATAAGCTTGATATCAAAAAAGATGACTATCTTTAATATAAGGAARA
saKKH_R TGAGAGCTGCAGGTGTAATGGACCGACTCGGTCCCACTTTTTC Figure 2E SafKHpPE2*
TATATATCTTGTGGAAAGGACGAAACACCGLTATATATCTTGTGGAAAGGAC
Serpinal Gto A GAAACACCGtcccctccaggecgtgcatagttttagagectagaaatagcaag
gblocks ttaaaataaggctagtccgttatcaacttg Figure 3A PE2 or PE2*
TATATATCTTGTGGAAAGGACGAAACACCGCaTATATATCTTGTGGAAAGGA
Serpinal Gto A CGAAACACCGtccccteccaggeccgtgecatagttttagagectagaaatagcaa
gblocks gttaaaataaggctagtccgttatcaacttg Figure 3A SaKKHpPE2*
TATATATCTTGTGGAAAGGACGAAACACCGTATATATCTTGTGGAAAGGACG
Serpinal Ato G AAACACCGtcccecctccaggecgtgecatagttttagagctagaaatagcaagt
gblocks taaaataaggctagtccgttatcaacttg Figure 3B PE2 or PE2*
ATCTTGTGGAAAGGACGAAACACCGAGGGTTGCCCTTGCCACTCAgttttag
agctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaag
Ctnnb1 Cto T tgggaccgagtcggtccGCTCCTTTCCTGAGTGGCAAGGGCAATTTTTTTGA
gblocks ATTCGATATCAAGCTTATCGATACCGT Figure 4A PE2 or PE2*

Supplementary Table 3. Sequences of primers used for genomic DNA amplification and high
throughput sequencing.

Figure Description PE Squence
- ctacacgacgctcttccgatctCCTCCTGAGT
Figure 2A~2C EMXT locus PEZ(/)':EZ 5p-DS1_EMX1 TTCTCATCTGTGCC
- agacgtgtgctcttccgatctTCTGCCCTCGT
Figure 2A~2C SaCas9 | 3p-DS1_EMX1 GGGTTTGTG




PE2*/SaKKH

ctacacgacgctcttccgatctGGACAAAGTA

Figure 2A~2C PE2* 5p-DS2_EMX1 CAAACGGCAGAAGC
agacgtgtgctcttccgatctCAGCCAGCCCA
Figure 2A~2C 3p-DS2_EMX1 PTGCTTGIC
. CTACACGACGCTCTTCCGATCTNNWNNVHBGT
Figure 2D~2E DS-5P-CR5_UMI-deletion | cpopcccageaaTcaTcrTTACCAG
Figure 2D~2E CCRdel PE2/PE2* | 3p_DS_constant AGACGTGTGCTCTTCCGAT
5-deletion or ctacac
gacgctcttccgatctGTCTCTCCCA
Figure 2D~2E SaKKHPE2* | 5p-DS_CCRS GGAATCATCTTTACCAG
agacgtgtgctcttccgatctCGACACCGAAG
Figure 2D~2E 3p-DS_CCRS CAGAGTTTTTAGGAT
Figure 3A~3D
ctacacgacgctcttccgatctATAAGGCTGT
Figure 3A~3D 5p-AAT-DS GCTGACCATCG
H %
Figure 3A~3D Serpinal Gto A PE2/PE2
or or
Figure 3A~3D Serpinal Ato G SaKKHPE2*
. agacgtgtgctcttccgatctGGGGAGACTTG
Figure 3A~3D 3p-AAT-DS GTATTTTGTTCA
Figure 3A~3D
GTGACTGGAGTTCAGACGTGTGCTCTTCCGAT
Figure 4 Ctnnb1 TCC PE2/PE2* ctnnb1-Uditas-FWD CTGCTTCTTCAGGTAGCATTTTCAGTTCAC
deletion GTGACTGGAGTTCAGACGTGTGCTCTTCCGAT
Figure 4 ctnnb1-Uditas-REV CTGCTTCCAAACACAAATGCTTTACCAG
GTGACTGGAGTTCAGACGTGTGCTCTTCCGAT
Figure 5 . SerpinAl-Uditas-FWD CTagccttacaacgtgtctctgecttce
Serpinal Ato G AAV GTGACTGGAGTTCAGACGTGTGCTCTTCCGAT
Figure 5 SerpinAl-Uditas-REV CTgcagttatttttgggtgggattca

Supplementary Table 4. Potential genetic engineered liver cancer models using prime editors.

Strain Target gene | Accompanying gene/mutation
FVB/B6 | p53 R270H c-Myc

FVB/B6 | HrasG12V c-Myc

FVB/B6 | NrasG12V c-Myc

FVB/B6 | KrasG12V p53 R270H

FVB/B6 | Ctnnb1 S45F | YapS127A

FVB/B6 | NrasG12V Akt

FVB/B6 | Ctnnb1 S45F | Akt

FVB/B6 | Ctnnb1 S45F | c-Met

Supplementary Table 5. In vivo on target analysis at SERPINAT1 site by UdiTaS.

Deletions
small_indels(<2 between Deletion
Figure Sample total_reads precise_editing Obp)_or_substit pegRNA and (large_deletio AAV_insertion
utions nicking sgRNA ns > 100bp)
(<100bp)
Figure Uniqu Uniqu Uniqu Uniqu Uniqu
5D and total_ | e_UM e_UM total Unique total e_UM | total | e_UMI total e_UM
5E 1# total_# 1# _# _UMI# _# 1# _# # _# 1#
Figure
5D and 13207
5E Neg-R1 46632 96 14 377 29 54 7 9 1 0 0
Figure
5D and 13447
5E Neg-R2 71231 112 18 385 52 44 5 14 2 0 0




Figure

5D and 11274

SE Neg-R3 85 51684 56 5 512 38 19 3 3 1 0 0
Figure

5D and 18170

SE 6wks-R1 81 77854 19854 924 4352 211 1322 71 79 13 22 3
Figure

5D and 19454

SE 6wks-R2 21 81256 17526 865 2464 238 1165 62 85 11 19 3
Figure

5D and 15214

SE 6wks-R3 78 65424 11548 614 3716 189 1327 55 82 10 5 1
Figure

5D and 10wks- 13254

SE R1 75 63367 25513 1256 7785 419 1985 112 124 17 61 7
Figure

5D and 10wks- 18547

SE R2 88 74541 27452 1274 5562 298 1428 86 75 21 32 6
Figure

5D and 10wks- 16548 1223

SE R3 76 78458 36525 2115 5 712 2565 177 228 54 216 18

Supplementary Sequences 1. Sequences of reporter cell line used in this study

mCherry Reporter sequence for A-to-G transition :

PAM-sgRNA

ATGGTGAGCAAGGGCGAGGAGGACAACATGGCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGG
AGGGCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGLGAGGGEGAGGGCCGa CCCTACGAGGGCACC.

CAAGCTGAAGGTGACCAAGGGCGGaCCCCTGCCCTTCGCCTGGGACATCCTGTCCCCTCAGTTC
ATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTGTCCTTCCCCG
AGGGCTTCAAGTGGGAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTC
CCTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTCCCCTCCGACGGCCCCGTA
ATGCAGAAGAAGACCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAAGG
GCGAGATCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCCGAGGTCAAGACCACCTACAA
GGCCAAGAAGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGCTGGACATCACCTCCCACAAC
GAGGACTACACCATCGTGGAACAGTACGAGCGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGC
TGTACAAGTAA

Traffic Light Reporter sequence for 47bp deletion:




CATCGCCTTCGCCAGATCTCGAGCTCGAY s JECacgaatEECECgetactoaageaggeoggegatgtod

Traffic Light Reporter sequence for 39bp deletion + 18bp insertion:

_t cactctcggcatggacgagctgtacaagtaactggatccggt

Supplementary Sequences 2. Sequence of backbone plasmid used for pegRNA and nicking
sgRNA cloning

Backbone of pegRNA used for PE2 or PE2*: UG promoter + spCas9-sgRNA scaffold



GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAA
TATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGT
ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTT
TTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGG
TTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTT
CCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGC
AAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCAC
AGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGT
GATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTT
TGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCAT
ACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTA
ACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAG
TTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGC
CGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATC
GTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGA
TAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGAT
TGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATG
ACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG
GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCT
ACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTC
AGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGA
ACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGG
CGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCG
GGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGAT
ACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCC
GGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTAT
CTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAG
GGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTG
GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCC
TTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGG
AAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAG
CTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAG
CTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTG
TGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTAA
CCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCGGTGGLCGGCCGLCCCCTTCALCC

GTGTGCAGGTG
AGTGATCCAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCA
TTACTGGATCTATCAACAGGAGTCCAAGCGAGCTCTCGAACCCCAGAGTCCCGCTCAGAAGAAC
TCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGA
GGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTC
CTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGGCCATTTTCC
ACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCGGGCATGC



GCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATC
CTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGG
TCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATA
CTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAG
CCAGTCCCTTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGLC
AGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGA
CAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGT
CTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAAT
CCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAGATCTTGATCCCCTGC
GCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTGCAGGGCTTCCCAACCTTACC
AGAGGGCGCCCCAGCTGGCAATTCCGACGGATCAAGAACCTGCTGACGTTTTAGAGCTAGAAATAG
CAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGGACCGAGTCGGTCCTTTTTTTGAATT
CGATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACCCAATTCGCCCTATAG
TGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGC
GTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGG
CCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTAG
CGGCGCATTAAGCGCGGCGGGETGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGLCC
CTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTC
AAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAA
AAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCT
TTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACC
CTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAA
TGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTAG

Backbone of Nicking sgRNA used for PE2 or PE2*: spCas9-sgRNA scaffold

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTA
TCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAA
CATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGC
TGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAG
CGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTA
TGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA
ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATG
CAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAG
GAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGA
ATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACT
ATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGC
GTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACAC
GACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG
CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTA
AAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCA
CTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGC
TGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT
TTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGG
CCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCT
GCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGT



CGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCG
GGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAA
CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCG
TTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAA
CGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGL
GCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGT
TGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGC
AATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCGGTGGCGGCCGCCCCCTTCACC

GTGTGCAGGTGAGTGATCCAAACGCCCGGCGGCAA
CCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTACTGGATCTATCAACAGGAGTCCAAGCG
AGCTCTCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAA
TCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATAT
CACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCG
TCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGAT
CATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTC
GAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCG
GCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCG
CTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGLCTGC
CTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCT
GACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCT
CCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGT
CTCTTGATCAGATCTTGATCCCCTGCGCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTG
CAGGGCTTCCCAACCTTACCAGAGGGCGCCCCAGCTGGCAATTCCGACGGATCAAGAACCTGCTGACGTT
TTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGG
TGCTTTTTTTGAATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACCCAATTC
GCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCT
GGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCC
GCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTAGCGGCGCATT
AAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCT
TTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCC
CTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACG
TAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGA
CTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGC
CGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATT
AACGCTTACAATTTAG

Backbone of pegRNA or Nicking sgRNA used for for SaPE2* and SaPE2*: +
SaCas9 sgRNA scaffold



GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTA
TCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAA
CATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGC
TGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAG
CGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTA
TGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA
ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATG
CAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAG
GAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGA
ATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACT
ATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGC
GTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACAC
GACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG
CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTA
AAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCA
CTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGC
TGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT
TTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGG
CCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCT
GCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGT
CGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCG
GGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAA
CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCG
TTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAA
CGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCLCCGL
GCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGT
TGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGC
AATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCGGTGGCGGCCGCCCCCTTCACC

GTGTGCAGGTGAGTGATCCAAACGCCCGGCGGCAA
CCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTACTGGATCTATCAACAGGAGTCCAAGCG
AGCTCTCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAA
TCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATAT
CACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGA
AAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCG
TCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGAT
CATCCTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTC
GAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCATCAGCCATGATGGATACTTTCTCG
GCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCG
CTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGL



CTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCT
GACAGCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCT
CCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAACGATCCTCATCCTGT
CTCTTGATCAGATCTTGATCCCCTGCGCCATCAGATCCTTGGCGGCAAGAAAGCCATCCAGTTTACTTTG
CAGGGCTTCCCAACCTTACCAGAGGGCGCCCCAGCTGGCAATTCCGACGGATCAgctagcAGAACCTGCT
GACGTTTTAGTACTCTGGAAACAGAATCTACTAAAACAAGGCAAAATGCCGTGTTTATCTCGTCAACTTG
TTGGCGAGATTTTTTTGAATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGGTACC
CAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAA
AACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAG
AGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTAGCGG
CGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCC
GCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGG
GGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGG
TTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAAT
AGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGA
TTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAA
AATATTAACGCTTACAATTTAG

PegRNA used for for SaPE2* : -sgRNA-Scaffold-Riiliiemplate-BBS (CCR5
pegRNA as an example)

GTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTA
TCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAA
CATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGC
TGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAG
CGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTA
TGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA
ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATG
CAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAG
GAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGA
ATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACT
ATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTT
GCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGC
GTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACAC
GACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG
CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTA
AAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCA
CTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGC
TGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT
TTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGG
CCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCT
GCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGT
CGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT
ACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGC
AGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCG
GGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAA



CGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCG
TTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAA
CGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGL
GCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAAC
GCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGT
TGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGC
AATTAACCCTCACTAAAGGGAACAAAAGCTGGAGCTCCACCGCGGTGGCGGCCGCCCCCTTCACC

AAGATGACTATCTTTAATGTCTGTTTTAGTACTCTGGAA
ACAGAATCTACTAAAACAAGGCAAAATGCCGTGTTTATCTCGTCAACTTGTTGGCGAGA NGOG CATIIT COATAGII
SIS 1 T TT TTGAATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGGGGGGGCCCGG
TACCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTG
GGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGC
GAAGAGGCCCGCACCGATCGCCCTTCCCAACAGT TGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTA
GCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACT TGCCAGCGCCCTAGC
GCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTARAT
CGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTG
ATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTT
TAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAA
GGGATTTTGCCGATTTCGGCCTATTGGT TAAAAAATGAGCTGATT TAACAAAAATTTAACGCGAATTTTA
ACAAAATATTAACGCTTACAATTTAG
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pU6B-Ctnnb1_pegRNA_S45F: Spacer + sgRNA scaffold + RT +PBS

cctgcaggcagctgcgcgctcecgectcecgcectcactgaggeccgeccgggcaaagcccgggegtecgggegacctt
tggtcgcccggcectcagtgagcgagcgagcgcgcagagagggagtggccaactccatcactaggggttece
tgcggcctctagaggtaccGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCT

TATCAAGCTTATCGATACCGTCGACCTCGgctgccgctggaggtgctcaaagagatggaGAGGGCCTATT
TCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAATTGGAATTAATTTGACT
GTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGTTTGCAGTTT
TAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTT
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_tgagaattcctagagctcgctgatcagcctcgactgtgccttctagttgccagccatctgt
tgtttgcccctcececceccegtgecttecttgacecctggaaggtgceccacteccactgtectttectaataaaat
gaggaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggacagca
agggggaggattgggaagagaatagcaggcatgctggggagcggccgcaggaacccctagtgatggagtt
ggccactccctcectcectgcecgegetcecgetecgcectcactgaggeccgggecgaccaaaggtcgecccgacgcccgggce
tttgcccgggcggectcagtgagcgagcgagcgegcagctgectgcaggggegectgatgeggtatttte
tccttacgcatctgtgcggtatttcacaccgcatacgtcaaagcaaccatagtacgcgceccctgtageggce
gcattaagcgcggcgggtgtggtggttacgcgcagcgtgaccgctacacttgccagecgeccctagegeccyg
ctcctttcecgetttetteecttectttetegecacgttecgecggecttteecececgtcaagetctaaatcgggg



gctccctttagggttccgatttagtgectttacggcacctcgaccccaaaaaacttgatttgggtgatggt
tcacgtagtgggccatcgccctgatagacggtttttcecgecctttgacgttggagtccacgttctttaata
gtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgatttataagggat
tttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaattttaacaaa
atattaacgtttacaattttatggtgcactctcagtacaatctgctctgatgccgcatagttaagccagce
cccgacacccgccaacacccgctgacgcecgecctgacgggcettgtectgecteccecggecateccgettacagaca
agctgtgaccgtctccgggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcgcgagacga
aagggcctcgtgatacgcecctatttttataggttaatgtcatgataataatggtttcttagacgtcaggtyg
gcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatcce
gctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacat
ttccgtgtcgcecceccttatteeccttttttgeggcattttgecttectgtttttgetcacccagaaacgectgg
tgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctcaacagcgg
taagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttctgetatgt
ggcgcggtattatcccecgtattgacgccgggcaagagcaactcggtcgecgcatacactattctcagaatg
acttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcag
tgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggaccgaaggag
ctaaccgcttttttgcacaacatgggggatcatgtaactcgeccttgatcgttgggaaccggagctgaatyg
aagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgcaaactatt
aactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggataaagttgca
ggaccacttctgcgctcggceccctteccggctggectggtttattgectgataaatctggageccggtgagegtyg
gaagccgcggtatcattgcagcactggggccagatggtaagccctcececcgtatecgtagttatctacacgac
ggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactgattaagcat
tggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaatttaaaa
ggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttecgttccactyg
agcgtcagaccccgtagaaaagatcaaaggatcttcttgagatectttttttectgegegtaatctgetge
ttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgeccggatcaagagctaccaactettttte
cgaaggtaactggcttcagcagagcgcagataccaaatactgtccttctagtgtagccgtagttaggcecca
ccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatecctgttaccagtggectgectgece
agtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtcgg
gctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgagatacctaca
gcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatceccggtaagecggcagg
gtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtecctgtecgggt
ttcgccacctctgacttgagecgtcgatttttgtgatgctecgtcaggggggcggagectatggaaaaacgc
cagcaacgcggcctttttacggttcctggecttttgectggecttttgectcacatgt

Cter-Npur-intein-SHEESOIOH Iinker-INENININEVSISENERSCHRIESE 5 SV 40_NLS

cctgcaggcagctgcgcgctcecgcectcecgcectcactgaggeccgeccgggcaaagecccgggegtecgggegacctt
tggtcgcccggcectcagtgagcgagcgagcgcgcagagagggagtggccaactccatcactaggggttece
ttctagaAtggaggcggtactatgtagatgagaattcaggagcaaactgggaaaagcaactgcttccaaa
tatttgtgatttttacagtgtagttttggaaaaactcttagcctaccaattcttctaagtgttttaaaat
gtgggagccagtacacatgaagttatagagtgttttaatgaggcttaaatatttaccgtaactatgaaat
gctacgcatatcatgctgttcaggctccgtggccacgcaactcatactaccgthCCACC_




TCTGGAGGATCTAGCGGAGGATCCTCTGGCAGCGAGA
CACCAGGAACAAGCGAGTCAGCAACACCAGAGAGCAGTGGCGGCAGCAGCGGCGGCAGCAGCHEEEER




-AAAAGAACCGCCGACGGCAGCGAAT TCGAGCCCAAGAAGAAGAGGAAAGTCTAAgaaaataaagg
aaatttattttcattgcaatagtgtgttggaattttttgtgtctctcagcggccgcaggaacccctagtyg
atggagttggccactccctctectgegegectegetegectcactgaggeccgggcgaccaaaggtcgeccgac
gcccgggctttgecccgggeggectcagtgagcgagcgagcgcgcagectgectgcaggggegectgatgeg
gtattttctccttacgcatctgtgcggtatttcacaccgcatacgtcaaagcaaccatagtacgcgeccect
gtagcggcgcattaagcgcggcgggtgtggtggttacgcgcagegtgaccgctacacttgccagegecect
agcgcccgctcectttegetttetteccttectttcectegecacgttecgecggettteccegtcaageteta
aatcgggggctccecctttagggttccgatttagtgctttacggcacctcgaccccaaaaaacttgatttgg
gtgatggttcacgtagtgggccatcgccecctgatagacggtttttecgecctttgacgttggagtccacgtt
ctttaatagtggactcttgttccaaactggaacaacactcaaccctatctcgggctattcttttgattta
taagggattttgccgatttcggcctattggttaaaaaatgagctgatttaacaaaaatttaacgcgaatt
ttaacaaaatattaacgtttacaattttatggtgcactctcagtacaatctgctctgatgccgcatagtt
aagccagccccgacacccgceccaacaccegctgacgegecctgacgggcecttgtetgetececcggecateecget
tacagacaagctgtgaccgtctccgggagctgcatgtgtcagaggttttcaccgtcatcaccgaaacgcg
cgagacgaaagggcctcgtgatacgcctatttttataggttaatgtcatgataataatggtttcttagac
gtcaggtggcacttttcggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaat
atgtatccgctcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagta
ttcaacatttccgtgtcgcecccttattcecttttttgecggecattttgecttectgtttttgectcacccaga
aacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatctc
aacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgagcacttttaaagttce
tgctatgtggcgcggtattatcccgtattgacgccgggcaagagcaactcggtecgecgcatacactatte
tcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaa
ttatgcagtgctgccataaccatgagtgataacactgcggccaacttacttctgacaacgatcggaggac
cgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgccttgatcgttgggaaccgga
gctgaatgaagccataccaaacgacgagcgtgacaccacgatgcctgtagcaatggcaacaacgttgcgce
aaactattaactggcgaactacttactctagcttcccggcaacaattaatagactggatggaggcggata
aagttgcaggaccacttctgcgctcggcecccttcececggectggectggtttattgectgataaatctggagecgg
tgagcgtggaagccgcggtatcattgcagcactggggccagatggtaageccctceccegtategtagttate
tacacgacggggagtcaggcaactatggatgaacgaaatagacagatcgctgagataggtgcctcactga
ttaagcattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcattttta
atttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcg
ttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcecttgagatecectttttttectgecgegtaa
tctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgeccggatcaagagctaccaac
tctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgtceccttctagtgtagecgtag
ttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcecctgttaccagtgg
ctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgca
gcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactgaga
tacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatcecggtaa
gcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtee



tgtcgggtttcgccacctctgacttgagecgtcgatttttgtgatgectcgtcaggggggecggagectatgg
aaaaacgccagcaacgcggcctttttacggttcctggecttttgectggecttttgetcacatgt

Supplementary Note 1. FACS gating examples for GFP-positive or Cherry-positive cells.
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