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Supplementary Fig. 1 Gene editing efficiencies at human or mouse targets using varying volumes
of SpCas9/sgRNA or ABE8e/sgRNA packaged in VLPs in cell lines. a-c, g-i, Indel frequencies at
TTN, HEK3, and HBB targets in (a-c) HEK293T or (g-i) ARPE19 cells, based on the treatment volume
of SpCas9/sgRNA packaged in VLPs. d-f, j-I, A-to-G conversion efficiencies using ABE8e/sgRNA
packaged in VLPs in two human cell lines: (d-f) HEK293T or (j-1) ARPE19 cells (n = 4 for all
conditions). m, A-to-G conversion frequencies at the Gata3 locus in mESCs treated with 10 or 25 pl
volumes of ABE8e/sgRNA packaged in VLPs (n = 4 for all conditions). n, Analysis of indel mutations
at Hert, Ddc, and Gata3 genes in mESCs treated with SpCas9/sgRNA packaged in VLPs (n = 4 for all

conditions). Source data are provided as a Source Data file.
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Supplementary Fig. 2 Comparison of embryo editing efficiency using SpCas9/sgRNA RNP alone

versus SpCas9/sgRNA RNP packaged in VLPs targeting the Gata3 gene in mouse embryos.

Evaluation of gene editing efficiency for the Gata3 gene in mouse embryos, comparing the performance
of SpCas9/sgRNA RNP delivered alone versus RNP packaged in VLP. Source data are provided as a

Source Data file.
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Supplementary Fig. 3 Mutation patterns in newborn mice generated via the CRISPR-VIM

method. a, b, Mutation patterns in pups from mouse zygotes treated with (a) 10% or (b) 20%

SpCas9/sgRNA packaged in VLPs targeting Plinl. ¢, Mutation patterns of newborn mice with the 7y»

H420R induced by ABE8e/sgRNA packaged in VLPs. Red letters indicate mutation sites, green letters

represent PAM sequences, and the underline indicates the target spacer sequence. The blue letter

indicates substitution target A of the H420R mutation at the 737 locus.
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Supplementary Fig. 4 Off-target effects in Plinl and Tyr mutant mice generated via CRISPR-
VIM method. a, b, Off-target effects analyzed by next-generation sequencing in Plin/- or 7yr-mutant

mice. Source data are provided as a Source Data file.
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Supplementary Fig. 5 Gene editing efficiency and Cas9 protein quantification of codon-optimized
VLPs in Neuro-2a cells. a, Fold changes in C-to-T conversion efficiency in human targets. b, Fold
changes in C-to-T conversion efficiency at mouse target genes. ¢, Cas9 protein levels in VLPs packaged
with CBE (WT) and codon-optimized VLPs packaged with CBE (OPT) measured by anti-FLAG or anti

MLV(p30) ELISA (n = 3 for condition). Source data are provided as a Source Data file.
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Number of edited embryos (%) Total
Treatment time < 1% 1~5% 5~10 % 10~20 % 20~-30% 30~40 % = 40% embryos
Oh §(100.0) 0 (0.0} 0 (0.0} 0(0.0) 0 (0.0} 0 (0.0} 0 (0.0} g
1h 54 (96.4) 1(1.8) 1(1.8) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 56
5h Tyr-ABE 42(85.7) 1(2.0) 2i4.1) 3(6.1) 1(2.0) 0{0.0) 0{0.0) 49
10 h 29(78.4) 4(10.8) 3(8.1) 1(2.7) 0{0.0) 0{0.0) 0{0.0) 7
20h 18 (43.9) 6(14.6) 8(19.5) 6(14.6) 1(2.4) 1(2.4) 1(2.4) 41
Number of edited embryos (%) Total
Treatment time <1% 1~5% 5~10 % 10~20 % 20~-30% 30~40 % = 40% embryos
Oh 4{100.0) 0{0.0) 0{0.0) 0(0.0) 0{0.0) 0{0.0) 0{0.0) 4
1h 35 (94.6) 0(0.0} 0(0.0} 0(0.0) 2({5.4) 0(0.0} 0(0.0} kl
5h Plin1-ABE 25 (62.5) 6(15.0) 4(10.0) i[5 1(2.5) 0(0.0) 1(2.5) 40
10 h 19 (55.9) 7 {20.6) 4(11.8) 3(8.8) 0{0.0) 1(2.9) 0{0.0) 34
20h 12 (25.5) 3(6.4) 8(17.0) §(17.0) 5(10.6) 3(6.4) 8(17.0) 47
Number of edited embryos (%) Total
VLP treat t % < 1% 1-5% 5~10 % 10-20 % 20-30% 3040 % = 40% embryos
10% Plin1.ABE 7(41.2) 1(5.9) 4(23.5) 2(11.8) 0(0.0) 1(5.9) 2(11.8) 17
20% 1(5.0) 0(0.0) 2(10.0) 3(15.0) 5(25.0) 3(15.0) 6(30.0) 20
Number of edited embryos (%) Total
VLP treatment % <1% 1-5% 5-10% 10-20% 20-30% 30-40 % = 40% embryos
10% 18 (60.0 6(20.0 2(6.7 2(6.7 0(0.0 2(6.7 0(0.0 30
20% " 7 ((29,2)) 4 Em,?; E Eaa; 3 ((12,5)) 4 ((15,;) 2 Eaa; 2 Eaa; 24
Number of edited embryos (%) Total
VLP % < 1% 1~5% 5~10 % 10~20 % 20~-30% 30~40 % = 40% embryos
10% 15 (29.5 5(8.2 5(8.2 7(11.5 4(6.6 4 (6.6 15 (29.5 61
20% (EElEE 7 ((10.4]} 5( (9}} 7 ((10.4}} 12((17.9}} g ((11.9}] [ ET.S; 22 532.8; 67
Number of edited pu,
VLP % <1% 1-5% 5-10% 10-20% r}g)wm 30-40% > 40% Total pups
10% Plin1-Cas 31(86.6) 1(2.9) 1(2.9) 2(5.7) 0{0.0) 0(0.0) 0(0.0) 35
20% 24 (88.9) 1(3.7) 2(7.4) 0{0.0) 0{0.0) 0{0.0) 0{0.0) 27
VLP treat t(+: 10%, ++: 20%) Number of edited embryos (%) Total
Sperm Fertilization Culture <1% 1-5% 5~10 % 10-20% | 20-30% | 30-40% = 40% embryos
- - 20(100.0) | 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 20
+ 3(20.0) 1(6.7) 3(200) | 3(200) | 2(133) | 3(200) | 0(0.0) 15
: . — 2(16.7) 1(8.3) 1(8.3) 2(16.7) 1(8.3) 2(167) | 3(25.0) 12
+ + - Gata3-ABE| 5(B3.3) 0(0.0) 0(0.0) 1{16.7) 0(0.0) 0(0.0) 0(0.0) 6
+ - = 111) | 2@222) | 1(111) | 3(333) 0(0.0) 11y | 101 g
++ ++ _ 204000 | 000 1(200) | 2(40.0) 0(0.0) 0(0.0) 0(0.0) 5
++ ++ ++ 2(40.0) 0(0.0) 2(40.0) 1(20.0) 0(0.0) 0(0.0) 0(0.0) 5
VLP (+: 10%, ++: 20%) Number of edited embryos (%) Total
Sperm Fertilization Culture < 1% 1-5% 5~10% 10-20 % 20-30% 3040 % > 40% embryos
- - 24(100.0) | 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 24
= 1(3.8) 2(77) 5(19.2) | 3(115) | 5(192) | 4(154) | 6(231) 26
g B ++ 7(31.8) | 3(13.6) 0(0.0) 2(9.1) 1(4.5) 2(9.1) 7(31.8) 22
- + . Plin1-ABE | 20(833) | 2(8.3) 2(8.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 24
+ + + 3231 2(154) 2(154) 1(7.7) 2(154) 1(71.7) 2(15.4) 13
P —+ - 6(667) | 1(111) | 1(111) | 0(00) 1(111) | 0(0.0) 0(0.0) g
++ =+ =+ 0(0.0) 0(0.0) 0(00) | 2@o0) | 1200y | 100 | 1200 5
Number of edited puj
VLP % <1% 1-5% 5-10% 10-20% . {‘g»m 30-40% > 40% fogipuee
10% 1(14.3) 0(0.0) 2 (28.6) 3(42.9) 1(14.3) 0(0.0} 0(0.0} 7
20% BTl 57 (89.1) 1(1.6) 1(1.6} 0(0) 3(4.7) 0(0.0} 2(3.1) 8
Edited embryo number (%) Total
VLP treatment % <1% 1-5% 5~10% 10-20% 20~-30% 30-40 % = 40% embryos
10% T ETE 46(92.0) 2[4.0) 2(4.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 50
20% 31(96.9) 0(0.0) 1(3.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 32
Edited embryo number (%) Total
VLP % <1% 1~5% 5~10 % 10~20 % 20~-30% 30~40 % = 40% embryos
10% Hpd.CBE 31(88.6) 1(2.9) 1(2.9) 2(5.7) 0(0.0) 0(0.0) 0(0.0) 35
20% 24 (38.9) 1(3.7) 2(74) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 27
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Supplementary Fig. 6 Mutation rate distributions in embryos edited via the CRISPR-VIM
method. a, b, Mutation rate distributions in edited embryos at (a) Tyr and (b) Plinl targets, depending
on treatment duration (0, 1, 5, 10, and 20 h) with ABE8e/sgRNA in VLPs. c, d, e, Mutation rate
distributions in edited embryos at (c) Plinl, (d) Dnmtl, and (e) Gata3 targets, depending on treatment
rates (10% or 20%) with ABE8e/sgRNA in VLPs. f, Mutation rate distributions in edited pups at the
Plinl target, depending on treatment rates (10% or 20%) with SpCas9/sgRNA in VLPs. g, h, Mutation
rate distributions in edited embryos at (g) Gata3 and (h) Plinl targets, depending on treatment rates
(10% or 20%) with ABE8e/sgRNA in VLPs during IVF process. i, Mutation rate distributions in mice
born by treatment rates (10% or 20%) with ABE8e/sgRNA in VVLPs targeting Tyr-Ex4 after IVF. j, k,
Mutation rate distributions in edited embryos using human codon-optimized VLPs with

AncBE4max/sgRNA targeting (J) Dnmtl or (k) Hpd, depending on the treatment rates (10% or 20%).
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Supplementary Fig. 7 Validation of transduction efficiency of AAV6 and DJ serotypes in mouse
Neuro-2a cells, mESCs, and embryos through GFP expression. Transduction efficiency of single-
stranded AAV (ssAAV) and self-complementary AAV (scAAV) based on GFP expression levels in
mouse Neuro-2a cells (Scale bars: 200 pm), mESCs (Scale bars: 100 um), and embryos (Scale bars:

100 um) across AAV/6 and AAV/DIJ serotypes. Source data are provided as a Source Data file.
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Supplementary Fig. 8 Knock-in or indel mutation efficiencies using the CRISPR-VIM-based
HDR strategy in mouse Neuro-2a cells and mESCs. a, Schematic of the CRISPR-VIM-based HDR
strategy using AAV-based donors. In Strategy 1, AAV donors and VLPs are added simultaneously the

day after cell seeding. In Strategy 2, the AAV donors are added first and incubated for 6 hours, followed

by VLP addition. Created in BioRender. Kim, K. (2025) https://BioRender.com/m78p943. b, Strategy
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to insert the EcoRI enzyme sequence into exon 1 of the 7yr gene. LHA: left homology arm; RHA: right
homology arm. ¢, d, Comparison of knock-in and indel mutation efficiencies between two CRISPR-
VIM-mediated HDR strategies targeting 7yr in mouse Neuro-2a cells and mESCs (n = 3 for all
condition). e, EcoRI knock-in efficiency analyzed by Sanger sequencing. f, Verification of EcoRI knock-

in efficiency in mESCs by in vitro cleavage assay. Source data are provided as a Source Data file.
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astocyst (% offspring (%
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+ 40 32 (80) 18 (56) . - 12/18 (67)
- ++ 39 28(72) 12 (43) - - 10112 (83)
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++ ++ - 46 16 (35) 6 (38) - - /5 (80)
++ ++ ++ 45 13 (29) 5(38) - - /% (60)
+ 55 45 (82) 26 (58) - - 25126 (96)
. ++ 59 38 (64) 22 (58) - - 15/22 (68)
Plini-ABES + - 87 54 (62) 24 (44) - - 4124 (17)
" ¢ + + 88 53 (50) 13 (25) . . 1013 (77)
++ 4+ - 85 38 (45) 9 (24) - - 319 (33)
++ ++ ++ 87 3743 5(14) - - 5/5 (100)
- + 30 19 (63) 11 (58) - - 6/7 (86)
Tyr-ABEBe - . ++ 32 13 (41) 8 (62) . - 5/8 (63)
++ 95 46 (48) - 16 9(20) - 2/9 (22)
c
9
VLP treatment No. of No. of o of No. of o o Mutant ratio (%)
Target examined two-cell stage blastucy;ats (%) transferred Dﬁspm;wg (%) MNo. of desired mutants/total No. of desired mutantsitotal
g embryos embryos (%) embryos blastocyst (%) offspring (%)
0% - EE! 22 (67) 17 (77) - - [] -
5% Kengd 737 501 (68) 8/70 (11) 390 12 (3) 1/8 (13) 1/12 (8)
VLP treatment No. of No. of Mot No. of o W utant ratio (%)
examined  two-cell stage transferred i No. of desired mutantsitotal No. of desired mutantsitotal
Target emtyos  emoyos Gs) DOV ES O oo ofiRiing B8 blastocy st (%) offspring (%)
Control a1 38 (44) 1 (86) - - 0(0)
Combi Plin1+Keng4-Cas 99 63 (64) 31 (54) - - 5 (16}
i1
Double Elf::;4%:i 100 &1 (61) a7 - - 29
Plin1-Cas
Triple Keng4-Cas ] 54 (35) 34 (83) - - 39
Fgfr3-Cas

Supplementary Fig. 9 Embryonic development rates following the application of CRISPR-VIM
method. a, b, Analysis of embryonic development rates and offspring ratios following the CRISPR-
VIM method in (a) zygotes and (b) IVF. + indicates 10% and ++ indicates 20% VLP treatment of the
total medium volume. c, d, Evaluation of developmental rates and offspring proportions in mouse

embryos resulting from (c) the knock-in approach at the Kcng4 gene and (d) multi-gene targeting.
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Cargo protein Target sgRNA VLPs/pl Cargo protein Target sgRNA VLPs/pl
Clen? 260 x10° Cftr 441 x10°
Ddc 361 x 108 Dip2a 269 x 10°
Dnmt1 224 x 108 Dnmt1 271 x10%
Fgfr3 350 x 10° F9 5.00 x 10°
Fgfr3+Kcng4 3.96 x 10° Gjb2 463 x10°
Gata3 3.50 x 108 Hpd 552 x 10°
Gjb2 296 x 10° Keng4 413 x10°
Hert 1.90 x 10° Rpe65 1.84 x 10°
GBE(WT)
lgf2 201 x10° Tyr-Ex4 403 x 10°
Keng4 394 x10° ADAMTS4 390 x 10°
Keng4-sgRNA1 510 x10° CCRS5 465 x 107
Cas9
Keng4-sgRNA2 1.45x10™ EIF3D 414 x 10°
Keng4+Plin1 257 x 10° EMX1 493 x 10°
Lep 243 x10° HEK3 6.34 x 10°
Nanog 1.54 x 10° MYOCD 4.08 x 10°
Pdgfra 226 x 10° RNF2 351 x 108
Plint 3.00 x 10° Cftr 243 x10°
Tyr-Ex1 276 x 108 Dip2a 1.54 x 10°
Tyr-Ex4 1.76 x 10° Dnmt1 462 x 10°
HBB 1.84 x 107 F9 3.00 x 10°
HEK3 247 x 108 Gjb2 361 x 10°
TN 291 x10° Hpd 430 x 10°
Dnmit 282 x 10° Keng4 1.76 x 10°
CBE(OPT)
Gata3 3.07 x 108 Rpe65 1.84 x 10°
Gata3+Keng4 1.25 x 10° Tyr-Ex4 247 x 10°
Igf2 22T x 108 ADAMTS4 213 x10°
Keng4 1.64 x 10° CCR5 215 x 108
Lep 3.02x10° EIF3D 1.31 x10°
ABEBe Nanag 264 x 108 EnX1 165 x 10°
Pdgfra 1.97 x 108 HEK3 447 x 10°
Plin1 178 x 10° MYOCD 325 x 10°
Tyr-Ex4 227 x10° RNF2 273 x10°
HBB 1.42 x 10°
HEK3 227 x 108
TIN 1.42 x 108

Supplementary Fig. 10 Quantification of VLPs for all experimental targets using P30 ELISA. P30

ELISA for quantifying VLP concentrations across all experimental targets.
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118  Supplementary Table 1. Sequences of single guide RNAs targeting human and mouse genomes.

Target

Sequence with PAM (5' to 3")

ADAMTS4
CCRS5
EIF3D
EMXI
HBB
HEK3
MYOCD
RNF2
TTN
Cfir
Clen7
Ddc
Dip2a
Dnmtl
F9
Fgfir3
Gata3
Gjb2
Hert
Hpd
Igf?
Kceng4
Kcng4-1
Keng4-2
Lep
Nanog
Pdgfra
Plinl
Rpeb65
Tyr-Ex1
Tyr-Ex4

TGGCACCATCAATGGAGATCCGG
TGACATCAATTATTATACATCGG
AGACGACCCTGTCATCCGCAAGG
GAGTCCGAGCAGAAGAAGAAGGG
TCAGAAAGTGGTGGCTGGTGTGG
GGCCCAGACTGAGCACGTGATGG
ACTTCAACAAAGAAGGACCCAGG
GTCATCTTAGTCATTACCTGAGG
GGTACTTCAGCAGCCTTCACTGG
CTTATATCTGTACTCATCATAGG
GGGGGATCTTCACCCCATTGAGG
AATGAAAGCAGAGCTGCTTCAGG
CATTCAAGGTATGGGCAGCGTGG
AACAGCTCTGAACGAGACCCCGG
CTACTCAGTACCGAATGTGCAGG
GAGGCTGGCAGCGTGTACGCAGG
GTCACCGCCATGGGTTAGAGAGG
ACTTCCCCATCTCTCACATCCGG
TCAGGACAAGGATAGAAGATGGG
CAACCCAGAAGGTCACCGAGTGG
TATTGGAAGAACTTGCCCACGGG
CCTATGCCGACTCGCTCTGGTGG
CTGGGTTGAAGCCTGAAAGATGG
GATACAAACAGGTTGCCCATAGG
CCAGCAGATGGAGGAGGTCTCGG
TATGAGACTTACGCAACATCTGG
ACCCGGAGCGTGTCAGTTACAGG
TGCCTATGAGAAGGGTGTACAGG
GTCTCCTCCGATGTGGGCCAGGG
GGGTGGATGACCGTGAGTCCTGG
CCATAACAGAGACTCTTACATGG

119

120

16



121

Supplementary Table 2. Primer sequences for on-target gene editing analysis.

19 PCR 27 pCR
Target Forward (5'to 3") Reverse (5'to 3') Forward (5'to 3") Reverse (5'to 3')
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
ADAMTS4 GGAGg:giiéTTCCA GAACG(;EgggAAGTG CTTCCGATCTGGCTGACAGTGC ~ CTCTTCCGATCTACTCTTCCGGC
AGTACC GTAGGAT
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
CCRS AGAGC%\QTG:TCTCC GA‘éGAiTGTCCCC&(;igAA CTTCCGATCTCATTCATGGAGGG ~ CTCTTCCGATCTAAGATGAACAC
CAACTAAATAC CAGTGAGTAGAG
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
EIF3D GTTGT?EK?STGTGT GCTTC?E?;?STTTCA CTTCCGATCTATGTCTTTGCCTG ~ CTCTTCCGATCTAAGCCGACAGC
CTCTTCC ATTCCTAAC
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
EMXI CAGCTC?EEACCCTT TGCTTG{{%STCTGTC CTTCCGATCTCTGGCCCAGGTGA ~ CTCTTCCGATCTTCGTGGGTTTG
AGGT TGGTTGC
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
HBB CTC:;E:ITTEE?SSGC GGCAGA?EACEAGATGC CTTCCGATCTACCTCTTATCTTCC ~ CTCTTCCGATCTAGTTGGACTTA
TCCCACA GGGAACAAAGG
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
HEK3 GTTGAG?:SACCCTG GGCAngiéiACCTT CTTCCGATCTCCAAACTTGTCAA  CTCTTCCGATCTGCATGCATTTG
CCAGTATCC TAGGCTTGA
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
MYOCD CAGAngZZ%iGAGA CCCTG?E?:E:AATCC CTTCCGATCTTGTAATGATATTTA  CTCTTCCGATCTTTGGCTTAAAC
GCCCAACTCAC TAAATGACCTCTG
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
RNF2 CATAA(CIS(TZIC_\}Q?CACCT AGGACTT?T?\%CAACTT CTTCCGATCTTGCAGACAAACG  CTCTTCCGATCTGCCAACATACA
GAACTCAA GAAGTCAGGAA
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
TIN CTGCCTG:CC:GAAACT TCTGAAE;%CTAGGACT CTTCCGATCTTTTGTCGGAGAAG ~ CTCTTCCGATCTCTGTTCACCTT
ACTCCATTC TACCTTTCCTTTC
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
Clen7 GCAGAJS;::TTGCTCTGT CCAGg&?Ei/G\éGAAG CTTCCGATCTCCCTTACTTTACC ~ CTCTTCCGATCTTGGAGAAGGAT
TGCTCATTGG CAAGCAAAGAC
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
Dde GTCTATCGCTGTTCTTCTAGG GCTTTG(;ESGTGCTG CTTCCGATCTCTCGCACTGTGGA ~ CTCTTCCGATCTCACAGCCACTC
GTCTG AGCACTAA
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Dip2a CTGGGAA’éiiiAGAGA CCCAA?STCTC:(’:TCCCA CTTCCGATCTTCCCATTGTTGTA ~ CTCTTCCGATCTCCCATGTTAGC
GGTGACATC AAGGGTTCTAC
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
Dnmtl TGGCAAig?AACCAG TGGCGC?GACAGCTA CTTCCGATCTCTCCCTTCGGGCA — CTCTTCCGATCTCTCGGGCTGGA
TAGCAT GCTGTT
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
F9 CAAAgéﬁ}i’;gCGAG CCACA?S?ESEGTAAA CTTCCGATCTAACACCGTCATGG ~ CTCTTCCGATCTGACGTGCTTCC
CAGAAT TGCTACAATA
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
Fefr3 CTTGGZC/:ZC;?T*AACAT CTAGCT;;%ESGACTT CTTCCGATCTTCTTCTCCAAGTA  CTCTTCCGATCTGCCACCACCAG
TCCCAGGT GATGAAG
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
Gata3 ATCCCTG?STCCACATC CCGGATI;%@TGGTTG CTTCCGATCTCACTCCAGCCACA  CTCTTCCGATCTGTCGCTTTCGG
TGCT GCTTCA
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
TCCACCAGCATTGGA  AAAGATGA AA
Gjb2 cree Ci Agi GG GG Ai Gi(;gGG CTTCCGATCTTATGCTACGACCA  CTCTTCCGATCTGATACGGACCT
CCACTTC TCTGGGTTT
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Hert GTATCC;S:SECTGGG AGTCA(S:/STC&ACAGA CTTCCGATCTTAGAGCCACATCC ~ CTCTTCCGATCTACACCAACAGA
CTGCTC GAATCGTCTTTAT
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
Hpd GTGGTCTAT%(;%ATACTG CAGAGgEgﬁAAGCC CTTCCGATCTTTTGGGCTTGAGG ~ CTCTTCCGATCTGAGGCCCTTTG
CTGA GCTTGT
ACACTCTTTCCCTACACGACGCT ~ GTGACTGGAGTTCAGACGTGTG
TGAGACAAAGAGA TCAAGAGGAGGTCA
Ief2 GTG (é A(éTC Ag GAC €T c(/i G(i(T}TgG ¢ CTTCCGATCTTAGATGGGAGCTC ~ CTCTTCCGATCTGACGTTTGGCC
AGGCTAA TCTCTGAA
Koot GCCTGAAAGATGGAG ~ CCACAGCCTTAGTGTG ~ ACACTCTTTCCCTACACGACGCT — GTGACTGGAGTTCAGACGTGTG
end CAAGA AAGAG CTTCCGATCTTGATCACCGCCTG ~ CTCTTCCGATCTTAGGAAGACA

17
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GTACAT

GAACCTGGGAAG

ACACTCTTTCCCTACACGACGCT

GTGACTGGAGTTCAGACGTGTG

Lep TGGCTigiiiTGAAC CTTTGGTA:CGSGGTGGTC CTTCCGATCTCCCATTCTGAGTT — CTCTTCCGATCTTTCCAGGACGC
TGTCCAAGAT CATCCA
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Nanog AGGACTEE(T:GCAGCC TGGTGGA?TiCCACAACC CTTCCGATCTACTAGGGAAAGC — CTCTTCCGATCTGTGTCTGAAGA
CATGCG CAGCTACAGTG
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Pdgfra GTTCC’Z‘;?;%TCCAC ACTCTEE?ESCATCC CTTCCGATCTCATCGACATGATG  CTCTTCCGATCTGCCTCGGGAAC
GATGACATTG TTTCTCTC
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Plinl GGAA’;@?{’:TCC?CAGT CACAT‘L\TCCCT(X;‘(C:AAGCC CTTCCGATCTTTCTTTGCTGACA — CTCTTCCGATCTAGTCTATGAGG
GGAGCAG ACTCACACTGG
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Rpe6s TCCTGTAGC&(;ETTATCCC GTCATg(T}GAfgéACCTT CTTCCGATCTGTTCTGTCTATAG ~ CTCTTCCGATCTGCCCTCCTTGA
GTAAGCTGACAA AGTCAAACT
AGTGCTATTCAAACCA  ACCTTTGCTATTTACC — TCAGAATCTAGATGTTTCATGAC — GTGAACCAATCAGTCCTTGTTTA
Tyr-Exl TCCAGTAA AACAATGC CT TAG
ACACTCTTTCCCTACACGACGCT  GTGACTGGAGTTCAGACGTGTG
Tyr-Exd CCTCi?g:Z?gETCTG CCCAC?E‘;(T:?TTCCA CTTCCGATCTTCCTGACTCTGAG — CTCTTCCGATCTGACTCTTGGAG
TAACCCTTC GTAGCTGTAGT
TyrExl  TCAGAATCTAGATGTT  GTGAACCAATCAGTCC
(1434 bp) TCATGACCT TTGTTTATAG
Kengd  AACCTGGGCTTCTGTT  CTTGGTTCCTCTCACC
(680 bp) CTTC TTTCTC
Kengd  CCCTTCTGTGTCATCG  CCACACGGGAAAGGG
(985 bp) GTATAAA ATAAA
Kengd  AACACTTCCTTGGGAC ~ ACCAGAGCAGGGAGA
(3929 bp) CTTAAA TATAGAA
Kengd  TTTATCCCTTTCCCGTG  CCTTTGGGTGCCTCTT
(2046bp) TGG GT

18



124  Supplementary Table 3. Sequences of off-target candidate sites for Tyr and Plinl.

Target Sequence with PAM (5' to 3")
Br-OT1 ttATAACAGAGACTCTTACtGGG
Br-OT2 CgATtACAGAGACTCcTACAAGG
Br-OT3 CCATAACtGAGACTCTgcCAAGG
Tyr-OT4 tCcaAACAGAGACTCTTACAAGG
Tr-0TS aCATAgCAGgGACTCTTACACGG
Tyr-0OT6 CgATcACAGAaACTCTTACAAGG
Br-OT7 CCAcAACACAGACTCTTAaAAGG
Br-OT8 tCtTAACAGAGACTCTTAaAAGG
Br-OT9 CaATAACAGAGgtTCTTACAAGG

Plinl-0OT1 TGCCTcTGAGAgGtGTGTACTGG
Plinl-0OT2 TGCCTcTGAGAgGtGTGTACTGG
Plinl-OT3 TGCCTcTGAGAAcaGTGTACCGG
Plin1-0OT4 TGCCTcTGAaAAGGGTGTgCTGG
Plinl-OT5 TGCCTAaGAGAAGGGTGaAtaGGG
Plin1-OT6 TGCCggTGAGAAGGGTGTAETGG
Plinl-OT7 ctCCTATGAGAAGGtTGTACGGG
Plinl-OT8 TGgCTcTtAGAAGGGTGTACTGG
Plin1-OT9 TGCCTtTGAGAAGGaTGcACAGG
Plinl-OT10 TGCaTATcAGAAtGGTGTACAGG

125
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Supplementary Table 4. Primer sequences for analyzing off-target effects of Tyr and Plinl.

Ist PCR 2nd PCR
Target Forward (5' to 3') Reverse (5'to 3") Forward (5' to 3') Reverse (5'to 3')
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
TGTCATTCCT! ACAAGTAATTH
Tyr-OT1 GGG AngFj CTT? cre Cc,l(_: CTCC CT(C]} ATAC c CTTCCGATCTTTCTGGGTGTGGA CTCTTCCGATCTACCAGAGAAAG
ATTCAGG CTGATGGTAAG
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Br-OT2 CCACZ[Z(?[?&AGT(?TT? cA TCAG(E’: (?,STGC[;STTCT CTTCCGATCTCTGACTTGTTGGA CTCTTCCGATCTGTTTGAAGGTT
AAGAGCAAAG ACCCGCTACA
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
ACAACAGGCACAG GCTGCAGAGACTCT
Br-0OT3 GATTAGG TGATTGA CTTCCGATCTCAACAGGCACAG CTCTTCCGATCTCCTGCTACGTA
GATTAGGA GATGGCATAG
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Tyr-0T4 GGG?:g(G:]A-%fg AGT GTC"l[;Cé(é?rizéiCAA CTTCCGATCTCCCAACAAACTGT CTCTTCCGATCTTGTAAGAGCAT
GGGAAATAAA CGAGCCATTT
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
TAACAGAA TCT Al ATACCTCT
Tyr-OT5 CT (?TT C((j’j((l;c C ¢ GC((;T C Al(ii Cc16 CTTCCGATCTTAAGGTCAGCTGG CTCTTCCGATCTAGAAAGAGCA
GTCCATTAG GAGGGAGAGAA
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Tyr-0T6 GCAgli?fﬁff AG Gcg/flggi?izéGA CTTCCGATCTCTATTGCTGTGAA CTCTTCCGATCTGGAAGTATGAC
GAGATGCC CTTGCTGGAG
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Tyr-OT7 CTTGZi?EiiTGGA CGIZIE(;%TSEFT:GA CTTCCGATCTGTGGTGCTGGAGA  CTCTTCCGATCTGCTTCTCTACTT
TCAAACT CCCAAGTTCTC
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
TGAGGAGT! Al TGGATTTGT:!
Tyr-OT8 G G,fjr C'GT G([iCC 6 Gae g”Cf; AG ATG GG CTTCCGATCTTGCTCCTGCCACA CTCTTCCGATCTGGCTGGATTTG
TAATAGTC TGGGTAGAT
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Tyr-0T9 GCA”;?F?;?IE?SGCT TCGG/(\}?\??,? CCTG CTTCCGATCTGTGTAGGTGCATG CTCTTCCGATCTGGCTTACAGAT
GAGGTATTAG GGGTGTCTTT
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plinl-OT1 CCCAZTgéi?CTGC CAT%??SQ?EZGGT CTTCCGATCTACTGTGTTCCAGC CTCTTCCGATCTCTGCACACTAC
CCTTTG TGACCATGAC
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plinl-0T2 CTTA];(éi"f:"l:l%CAGG CATGS&%?SS\TGGT CTTCCGATCTCTTTGCTAGACCT CTCTTCCGATCTCCCAGAAAGTA
GTCATGAGG TGGGTGTCAAT
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plinl1-OT3 GCCATZZ?,(;E;Z AAA GGAiTGC,s:;g;GTCC CTTCCGATCTGTGCCATGTCAAT CTCTTCCGATCTGGGATGGGTAA
AGCAGATAAG GCTAGAAATGT
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plin1-OT4 GA?S;(?’?"S\TS GA CTA?EZiigggGTC CTTCCGATCTTGGAGGTGAGAA CTCTTCCGATCTACAAAGCAATG
CCATCTCT AGGTGCCTA
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plin1-OT5 CTTC?(;[:%(;;CTGC CCTSTG CATZ;CA?EZCCT CTTCCGATCTCGCCTCAAGGCAG CTCTTCCGATCTCAGAGTTCCTG
TTTCA AGTCTGGTAAATAA
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plinl-OT6 ACT(? é (?::,g: : GA GTCASE[%T;%CACC CTTCCGATCTGGCTGTAGAAAGG CTCTTCCGATCTACCCTGTACCA
CAGGTATTT CAGGTCTC
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plin1-OT7 GTG';GC?;FC?ATSJ\\GGG GGACGCT(?%GAAAAGGGG CTTCCGATCTGAGACAGACATGT CTCTTCCGATCTTGCAAGTATAG
GACCAAGAG GGAGGACAGA
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
Plin1-OT8 GTC(/;/I:\ GC'I? gZIiGTA AACZggiiigGGT CTTCCGATCTAACAATAGGGACT CTCTTCCGATCTCTGAAGCTCCT
TGCCTTGA TTCTCTGTGAT
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
AACCATCACGT! TGT TCAGAA
Plin1-OT9 cc A G(i A(”:Fg 666G cC GGTGC?\(TZ'TS“ AG CTTCCGATCTCCGGGAGGAAGA CTCTTCCGATCTCCTGTGGCTCA
ATCAAATGTA GAAGTCATTTA
ACACTCTTTCCCTACACGACGCT GTGACTGGAGTTCAGACGTGTG
. CTGAACAAGGGCA CCAATACCAGTTGA
Plinl-OT10 ACACTAGA CCCAGAA CTTCCGATCTCCATCCTACACAA CTCTTCCGATCTGGACCAACAGA

AGACCTACA

ACAAACGATAC
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