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Figure S1. Injection of different base editor variants in human 3PN cleavage
embryos highly increased base-editing efficiency and decreased NTS or indel
frequency. (A) Schematic diagram of cytosine base editor (CBE) system working
principle. (B) Comparative analysis of embryos injected with different concentrations
of FNLS-YEI and sgRNA mixtures targeting the OCT4 locus at the 2-cell and 8-cell
stages. (C) Single-cell sequencing analysis of embryos injected with eight CBE
variants targeting the OCT4 locus at the 2-cell and 8-cell stages. Percentage of alleles
with targeted conversion of G/n codon to stop codon conversion on the OCT4 locus.
(D) Single-cell sequencing analysis of embryos injected with FNLS-BE3 and
FNLS-YE!1 targeting the OCT4 locus at the 1-cell, 2-cell, 4-cell, and 8-cell stages.
Percentage of alleles with targeted conversion of G/n codon to stop codon conversion
on the OCT4 locus. (E-H) Frequency of indel mutations and non-targeted nucleotide
substitutions in 2-cell and 8-cell human embryos injected with eight CBE variants
targeting OCT4 (E and F) and PCSK9 (G and H) loci. Indels, indel mutations; NTS,
non-targeted nucleotide substitutions. (I) The NTS or indel frequency of FNLS-BE3
and FNLS-YEI targeting the 12 endogenous sites at the 8-cell stage. (J) Heatmap
showing the indel distribution of embryos injected with FNLS-BE3 and FNLS-YE1
targeting human 12 endogenous sites at the 8-cell stage. Data are presented as the
mean = SEM. p values were evaluated with unpaired Student’s #-test. *p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001; NS, not significant. Each dot in Figs. SIB-E, G,

I and Figs. S1F, H represents an embryo and the base editor tested, respectively.
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PEM-seq detects off-target hotspots of CRISPR/Cas9 in human HEK293 cells
Gene No. Target dequence Genomic location Direction
PCSK9 onT CAGGTTCCACGGGATGCTCTGGG chr15: 55046575-55046597 -
Intergenic oT1 CAGTTTCCACGGAATGCTCTGGG chr15: 84580603-84580625 -
PPM1F oT2 GCAGGCCCCCGGGATGCTTTGGG chr22: 21946050-21946072 -
KCNAB2 oT3 CAGGCTCCACAAGATGCCCTGGG chr1: 21946050-21946072 +
SHANK2 oT4 CCGGTTCTACAGGATGCTCTAGG chr11: 70520931-70520953 +
Intergenic OoT5 GCAGGACCCCAGGATGCCCTGGG chr9: 137238868-137238890 +
DMD OoT6 CGTGTTCCACGGGATGCACTTGG chrX: 32894602-32894624 +
LRRC75A oT7 ACAGGTCCCTGGCATGCTCTGGG chr17: 16482410-16482432 +
E Infromation of PEM-seq libraries in PCSK9 locus in different cell lines
Nuclease cellline locus DNA Reads Translocation Indels Germline O”"‘?‘fget E_d!tlng
substitions _efficiency
293T 20ug 325466 20553 262236 37064 86.9%
Cas9 ESC-H9 PCSK9 20ug 162249 315 45546 116056 28.3%
ES-Control1 20ug 115280 288 29544 85156 25.9%
293T 20pg 352378 142 2652 64595 285046  80.9%
FNLS-YE1 ESC-H9 PCSK9  20pug 250172 15 2267 80894 166932  66.7%
ES-Control1 20pg 106973 14 1466 53900 51599  48.2%
203T 20ug 478780 32 936 477815 0
Control ESC-H9 PCSK9 20ug 115476 6 281 115186 0
ES-Control1 20ug 311239 23 559 310672 0




Figure S2. Off-target profiling of Cas9 and FNLS-YE1 targeting PCSK9 by
Primer-extension-mediated sequencing (PEM-seq) in HEK293T cells and hESCs.
(A) Schematic diagram of PEM-seq. See “Methods” for details. (B and C) Editing
efficiencies (B) and off-target hotspots (C) detected by PEM-seq for Cas9 and
FNLS-YE1 targeting PCSK9 in HEK293T cells and hESCs. (D) List of potential
off-target sites captured by PEM-seq. OnT, on-target; OT, off-target. Red Iletters
indicate mismatched nucleotides. (E) Information of PEM-seq libraries for different

samples treated with Cas9 or FNLS-YEI targeting PCSK9.
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Figure S3. RNA off-target profiling of FNLS-YE1 and FNLS-BE3 targeting
PCSKY9 in human 2PN embryos. (A) Schematic of sgRNA-independent RNA
off-targeting analyses using RNA sequencing of FNLS-YEl-treated embryos
undergoing whole-transcriptome amplification at the single cell level. (B) Expression
levels of FNLS-YElI (APOBECI-W90Y+R126E), FNLS-BE3 (APOBECI1), and
co-injected GFP were quantified in all sequenced single blastomeres of injected
embryos. (C-E) Transcriptomic SNVs distribution for different base-conversion types

detected in single blastomeres of injected embryos for PCSK9 editing.
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Figure S4. Distribution of off-target RNA SNVs on human chromosomes for all
single blastomeres of human 2PN embryos injected with only GFP,
FNLS-YE1/sgRNA/GFP, or FNLS-BE3/sgRNA/GFP targeting PCSK9. (A)
Distribution of off-target RNA SNVs on human chromosomes for
FNLS-YE1/sgRNA/GFP mRNA-injected single blastomeres (n = 17 cells, two human
2PN embryos). (B) Distribution of off-target RNA SNVs on human chromosomes for
only GFP mRNA-injected single blastomeres (n = 6 cells, one human 2PN embryos).
(C) Distribution of off-target RNA SNVs on human chromosomes for
FNLS-BE3/sgRNA/GFP mRNA-injected single blastomeres (n = 6 cells, one human
2PN embryo).
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Figure S5. DNA off-target profiling of FNLS-YE1 targeting PCSK9 in hESCs
derived from non-edited and edited embryos by WGS. (A and B) Distribution of
SNVs (A) and indels (B) in the human genome for control and PCSK9-edited hESCs.
hESCs from outer circle to inner circle were ES-mutantl-4# and ES-controll. (C)
Distribution frequency of SNV mutation types for PCSK9-edited hESCs. The number
in each cell indicates the proportion of a certain type of mutation among all SNV
mutations. (D) Editing rate for on-target and off-target sites in human embryonic stem
cells derived from control and FNLS-YE]1-treated embryos. Data are presented as the
mean + SEM.
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Figure S6. Blastomere genotyping and base conversion results from human
embryos injected with FNLS-YE1 targeting APOE4, APOE3, and APP loci. (A)
Genotype distribution after editing by FNLS-YE]1 in single blastomere from human
2PN embryos carrying APOE3/E3, APOE3/E4, and APOE4/E4. (B) Frequency of
NTS/indel formation in 3PN and 2PN embryos treated with FNLS-YE1. (C) Base
conversion rate on APOE (R112C) locus using PAMless-FNLS-YEI. (D) Base
conversion rate on APP (A673T) locus using PAMless-FNLS-YEI. Data are
presented as the mean = SEM. p values were evaluated with unpaired Student’s #-test.

NS, not significant. Each dot in Figs. S6C and S6D represents an embryo.
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Gene No. Target dequence Genomic location Direction
APOE (R158) onT GAAGCGCCTGGCAGTGTACCAGG chr19: 44908818-44908840 +
LOC105379198 OT1 AAAGCACCTAGCAGAGTACCTGG chr5: 127219661-127219683 +
SLCY9A5 oT2 AAAGTGCCTAGCAGAGTACCTGG chr16: 67259439-67259461 +
D Infromation of PEM-seq libraries in APOE (R158) locus in HEK293 cells
. . . On-target Editing
Nuclease cell line locus DNA Reads Translocation Indels Germline substitions efficiency
Cas9 293T APOE 20ug 12090 1650 5190 4420 56.6%
FNLS-YE1 293T APOE 20ug 20280 40 120 14880 14640 72.2%
Control 293T APOE 20ug 19250 0 80 19100 0




Figure S7. DNA off-target profiling of Cas9 and FNLS-YE1 targeting APOE
(158R) by PEM-seq in HEK293T cells. (A and B) Editing efficiencies (A) and
off-target hotspots (B) detected by PEM-seq for Cas9 and FNLS-YE] targeting APOE
(158R) in HEK293T cells. (C) List of potential off-target sites captured by PEM-seq.
OnT, on-target; OT, off-target. Red letters indicate mismatched nucleotides. (D)
Information of PEM-seq libraries for different samples treated with Cas9 or

FNLS-YEL targeting APOE (158R).
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Figure S8. RNA off-target profiling of FNLS-YE1 targeting APOE (158R) in
human 2PN  embryos. (A) Expression  levels of  FNLS-YEI
(APOBEC1-W90Y+R126E), FNLS-BE3 (APOBECI1), and co-injected GFP were
quantified in all sequenced single blastomeres of injected embryos for APOE (158R)
editing. (B) Transcriptomic SNVs distribution for different base-conversion types
detected in single blastomere of injected embryos for APOE (158R) editing. (C)
Distribution  of off-target RNA SNVs on human chromosomes for
FNLS-YE1/sgRNA/GFP mRNA-injected (n = 10 cells, one human 2PN embryo) and
FNLS-BE3/sgRNA/GFP mRNA-injected (n = 6 cells, one human 2PN embryos)

single blastomeres.
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Figure S9. Efficient induction of protective mutation for systemic lupus
erythematosus and familial hypercholesterolemia in human 3PN embryos. (A)
Single blastomere genotyping analysis of human 3PN embryos for the induction of
protective mutations on 7YK2 and WDFY4 with FNLS-YE]1 at 8-cell stage. (B) Single
blastomere genotyping results of human 3PN embryos injected with FNLS-YE1 for
the induction of protective mutations on PCSK9 and ANGPTL4 loci at 8-cell stage. (C
and D) Frequency of NTS/indels formation in human 3PN embryos for 7YK2 (C),
WDFY4 (C), PCSK9 (D), and ANGPTL4 (D) editing with FNLS-YEI1. (E) Schematics
of PAMless-FNLS-YE!1 and illustration of clinically PCSK9-related loss-of-function
alleles. (F) Induction efficiency of PCSK9-related protective mutations in human 3PN
embryos injected by FNLS-YE1 or PAMless-FNLS-YEL. (G) NTS or indels
frequency of PCSK9-related protective mutations in human 3PN embryos injected by
FNLS-YE1 and PAMless-FNLS-YEIL. TS, targeted substitution; NTS, non-targeted
nucleotide substitution; INT, intact; Indels, indel mutations. Data are presented as the
mean £ SEM. p values were evaluated with unpaired student’s t test. Each dot in

Figure S9 represents an embryo.
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Figure S10. DNA off-target profiling of Cas9 and FNLS-YE1 targeting WDFY4
by PEM-seq in HEK293T cells. (A and B) Editing efficiencies (A) and off-target
hotspots (B) detected by PEM-seq for Cas9 and FNLS-YEI1 targeting WDFY4 in
HEK293T cells. (C) List of potential off-target sites captured by PEM-seq. OnT,
on-target sites; OT, off-target sites. Red letters indicate mismatched nucleotides. (D)
Information of PEM-seq libraries for different samples treated with Cas9 or
FNLS-YEL1 targeting WDFY4. (E) Targeted deep sequencing analysis of the on-target
and potential off-target loci predicted by Cas-OFFinder and captured by PEM-seq for
WDFY4 editing in human blastomeres injected with or without FNLS-YEI. Data are

presented as the mean + SEM.



Table S1. Karyotype and origin of ES cells derived from FNLS-YE1 microinjected embryos
ES cell line

Injection stage  Karyotype of ES  Karyotype of egg donor Karyotype of sperm donor

designation

ES-Mutant1# Eight-cell 46, XX 46, XX

ES-Mutant2# Eight-cell 46, XY 46, XX 46, XY
ES-Mutant3# Eight-cell 46, XX 46, XX

ES-Mutant4# Eight-cell 46, XY 46, XX

ES-Control1 Intact control 46, XX 46, XX




Table S2. Preimplantation development of human oocytes and zygotes after FNLS-YE1 injection

Group No. of MI (MIl) oocytes Fertilized Two-cells Eight-cells Blastocysts Obtained ES cell lines

Intact control 28 (20) 16 13 9 5 1

Eight-cell
injection 221 (163) 130 102 70 36 4




Table S3. List of primers used in this study

List of PCR primers used for generating PCR products to serve as subestrates for T7 transcription

rev_sgRNA T7

aaaagcaccgactcggtgee

fwd_OCT4

taatacgactcactataggggcttccaaggecctectggagttttagagetagaaatag

fwd _PCSK9 W156X

taatacgactcactatagggceaggttccacgggatgctctgttttagagctagaaatag

fwd EMX1 sitel

taatacgactcactataggggagtcecgage g tttaga acaaatag

fwd_EMX1 site2

taatacgactcactataggggtaticacctgaaagtgtgcgttttagagetagaaatag

fwd FANCF

taatacgactcactatagggggaatccctictgeageacegttttagagctagaaatag

fwd DNMT3B site]

taatacgactcactatagggagtctccacacaggtgctgtgttttagagctagaaatag

fwd DNMT3B site2

taatacgactcactatagggtgtcceccatectg

caggttttagagctagaaatag

fwd DNMT3B site3

taatacgactcactatagggaagtcctccetactactgeccgttttagagetagaaatag

fwd_PPPIR12C sitel

taatacgactcactataggggactcacccaggagtgegtigttttagagetagaaatag

fwd PPPIRI2C site2

taatacgactcactataggggagctcactgaacgcetggeagttttagagctagaaatag

fwd _HEK293

taatacgactcactatagggggcccagactgageacgtgagttttagagctagaaatag

fwd TYK2 4928V

taatacgactcactatagggggtggcggtgaaagecctcagttttagagctagaaatag

fwd_IWDFY4_RI18160

taatacgactcactataggggggctcgecacgetgggteegttttagagetagaaatag

fwd HBB

taatacgactcactatagggcttg,

cacagggcagtaagttttagagetagaaatag

fwd 4 POE_R158C

taatacgactcactataggggaagegectggeagtgtaccgttttagagctagaaatag

fwd APOE_R112C_SpRY NAG-PAM

taatacgactcactatagggacgtgecgeggecgectggtggttttagagetagaaatag

fwd APOE_R112C_SpRY NGT-PAM

taatacgactcactatagggegtgcgeggecgectggtgegtttt ag

fwd APOE_R112C_SpRY NGC-PAM

taatacgactcactatagggggacgtgcgeggeegeetgggtttt ag

fwd APP_A673T SpRY NAG-PAM-1

taatacgactcactatagggtictgeatccatcticactigttttagagetagaaatag

fwd APP_A673T SpRY NGA-PAM

taatacgactcactatagggtctgcatccatcticacttcgttttagagctagaaatag

fwd APP_4673T SpRY NAG-PAM-2

taatacgactcactatagggctgcatccatcttcacttcagttttagagctagaaatag

fwd ANGPTL4_W350X

taatacgactcactatagggcaaaccaccagectectgecegttttagagctagaaatag

fwd PCSK9_GI06R

taatacgactcactatagggotat: ctgttttagagctagaaatag

fwd PCSK9_G2365

taatacgactcactatagggggccgetgaccacceectgeegttttagagetagaaatag

fwd PCSK9 R237W

taatacgactcactatagggcagceggecgggatgecggeggttttagagetagaaatag

fwd PCSK9 L253F

taatacgactcactatagggcgtgctcaactgecaagggagttttagagctagaaatag

fivd PCSK9 W428X_SpRY NAC-PAM

taatacgactcactataggggggaaccaggcecteattgatgttttagagctagaaatag

fivd PCSK9 W428X_SpRY NGA-PAM

taatacgactcactataggg: accaggcecteattgagttttagagetagaaatag

fwd PCSK9 _A443T

taatacgactcactatagggcs

List of PCR primers used for genotyping of targeting sites

OCT4 Genotyping OF

cttcettceecatggeggga

OCT4 Genotyping OR

atcaggcetgecctgtcatga

OCT4 Genotyping IF

cacctggetteggatttcge

OCT4 Genotyping IR

acccegtcgaageteactt

PCSK9 W156X Genotyping OF

cactagcagggacaaggtgg

PCSK9 W156X Genotyping OR

ttgcatttgtggggcaacag

PCSK9 W156X Genotyping IF

tgatcaggtaaggccaggcet

PCSK9 W156X Genotyping OF

gaagtggaaaccaccageag

EMX1 site] Genotyping OF

ccactgtgtectcttectge

EMX1 site] Genotyping OR

gtttgtggttgcccacceta

EMX 1 sitel Genotyping IF

ctgcecatececttctgtgaa

EMX 1 sitel Genotyping IR

cccaccctagteattggagg

EMX1 site2 Genotyping OF

agacagggaggcttagggag

EMX1 site2 Genotyping OR

tggaggagggacacctactg

EMX 1 site2 Genotyping IF

gceatggcattgattgggctt

EMX1 site2 Genotyping IR

gcagaagaagggttggcttg

FANCF Genotyping OF

ggtaggatgcectacatetge

FANCF Genotyping OR gttcgetaatcecggaactg
FANCF Genotyping IF agaggcgtatcatttcgegg
FANCF Genotyping IR ctacctgegecacatecate

DNMT3B sitel/site2/site3 Genotyping OF

cctcaactgecaaaageeac

DNMT3B sitel/site2/site3 Genotyping OR

acagetcaaggaagegatce

DNMT3B sitel/site2/site3 Genotyping IF getgtttgtettgtggeagg
DNMT3B sitel/site2/site3 Genotyping IR ggtggaggecctaggataca
PPPIR12C sitel Genotyping OF tcaaacccctaccaactggg

PPPIR12C sitel Genotyping OR

gaacccacgeggaatcctat

PPPIR12C sitel Genotyping IF

ccctaccaactgggactgtca

PPPIR12C sitel Genotyping IR

acaaccaccccatgaagegg

PPPIR12C site2 Genotyping OF

ctggtcacccacaaggtgt

PPPIR12C site2 Genotyping OR

agaaagtgtccccagatgete

PPPIR12C site2 Genotyping IF

gtcatgegtgacacgtgga

PPPIR12C site2 Genotyping IR

ctgaccetgeeccacctatt

HEK293 Genotyping OF accactgegatatgaccacc
HEK293 Genotyping OR taagcaagggctgatgtggg
HEK293 Genotyping IF gcecagecaaacttgtcaac

HEK293 Genotyping IR

getgectagaaaggeatgga

HBB Genotyping OF

acatttgcettctgacacaactgt

HBB Genotyping OR

ggtccaagggtagaccaccag

HBB Genotyping IF

gttcactagcaacctcaaacag

HBB Genotyping IR

ccagceagcctaagggtggga

TYK2 A928V Genotyping OF

aggagtttgogogtigagea

TYK2 A928V Genotyping OR

gctecacccagatgccaagaa

TYK2 A928V Genotyping IF

geetggggtattcegaaagg

TYK2 A928V Genotyping IR

caagtctctaggactcgeeg




WDFY4 _R1816Q Genotyping OF

ctcagctectetggttaggg

WDFY4_R1816Q Genotyping OR

caatgttccgetcaagttge

WDFY 4 _R18160 Genotyping IF

tacctctcaccaagtgtgee

WDFY4 _R18160 Genotyping IR

ccctttgeecttgaaggatga

ANGPTL4_W350X Genotyping OF

cgeagtgggtcatacctg

ANGPTL4_W350X Genotyping OR

gtcaccgtetttegtggg

ANGPTL4 _W350X Genotyping IF

gectgggtgacagagtaag

ANGPTL4_W350X Genotyping IR

tgggatggageggaagta

APOE R112C/R158C Genotyping OF

ggacgagaccatgaaggagtt

APOE R112C/R158C Genotyping OR

ggcgttcagtgattgteget

APOE _R112C/R158C Genotyping IF

GAATTCNNNNNNGGATCCaggcctacaaatcggaactgg

APOE_R112C/R158C Genotyping IR

GAATTCNNNNNNGGATCCctcgaaccagetcttgagge

APP _A673T Genotyping OF

tgccaacctctcaaccaggat

APP_A673T Genotyping OR

ttctagcacaggatgaaccagag

APP _A673T Genotyping IF

aaaggcagcagaagccttactt

APP _A673T Genotyping IR

taggtcatttggcaagacaaaca

PCSK9 _GI106R Genotyping OF

cgagtgtggeccgtagttc

PCSK9 _GI106R Genotyping OR

tggccaggettaaagggaat

PCSK9 _GI106R Genotyping IF

getttttggtecgeatttggt

PCSK9 _GI106R Genotyping OF

gttactgtgcttggtacccga

PCSK9 _G236S/R237W/L253F Genotyping OF tectetcccacaaatgtege
PCSK9 _G236S/R237W/L253F Genotyping OR agatcacctcgagtcectee
PCSK9 _G236S/R237W/L253F Genotyping IF agcctggtggaggtgtatct
PCSK9 _G236S/R237W/L253F Genotyping OF gagcagtgtggaactgtgga

PCSK9 W428X/A443T Genotyping OF

tgcacagaggaaacacgagg

PCSK9 W428X/A443T Genotyping OR

cagctgecaacctgcaaaaa

PCSK9 W428X/A443T Genotyping IF

gaaggcatcttggaggaggg

PCSK9 W428X/A443T Genotyping OF

ggtggegtcatcctecttac

List of PCR primers used in targeted deep sequencing of WDFY4_R1816Q, PCSK9 _W156X and APOE _R158C off-target sites (Cas-OFFinder-predicted or

PEM-seq-detected)

WDFY4_R1816Q on target primer-OF

ctcagetectetggttaggg

WDFY4 _R18160 on target primer-OR

caatgttccgctcaagttge

WDFY4_R18160 on target primer-IF (Cas-OFFinder-predicted)

GAATTCAGTTCCGGATCCtggcaggttctgaggatggt

WDFY4_R1816Q on target primer-IR (Cas-OFFinder-predicted)

tgggacagcageatgtccta

WDFY4_R18160 off target primer-OF site-1 (Cas-OFFinder-predicted)

acgagtatgagacaggeget

WDFY4_R1816Q off target primer-OR site-1 (Cas-OFFinder-predicted) tctegaacttcaggeegtt
WDFY 4 _R18160 off target primer-IF site-1 (Cas-OFFinder-predicted) GAATTCCGATGTGGATCCcaacaagagccteeectaac
WDFY4_R18160 off target primer-IR site-1 (Cas-OFFinder-predicted) aatcacgggcetggacgtcgg

WDFY 4 _R1816Q off target primer-OF site-2 (Cas-OFFinder-predicted)

gegtectggagacataccag

WDFY4_R18160 offtarget primer-OR site-2 (Cas-OFFinder-predicted)

atgggcaatgcaagtcacca

WDFY4_R1816Q off target primer-IF site-2 (Cas-OFFinder-predicted)

GAATTCTTAGGCGGATCCccatatggggetgetgettg

WDFY 4 _R18160Q off target primer-IR site-2 (Cas-OFFinder-predicted)

atagcttccacttcatgttc

WDFY 4 _R1816Q off target primer-OF site-3 (Cas-OFFinder-predicted)

gaaggtccatggtggtgagg

WDFY4 _R18160Q off target primer-OR site-3 (Cas-OFFinder-predicted)

agaaattgeccgacaaaccg

WDFY4_R18160Q offtarget primer-IF site-3 (Cas-OFFinder-predicted)

GAATTCTGACCAGGATCCagtgtctcagaggeaggtgg

WDFY4_R1816Q off target primer-IR site-3 (Cas-OFFinder-predicted)

tcacagtggaacaacagtca

WDFY 4 _R18160Q off target primer-OF site-4 (Cas-OFFinder-predicted)

ccaccttagcagecacgatt

WDFY4 _R18160Q off target primer-OR site-4 (Cas-OFFinder-predicted)

gttttctctgaagecgetgg

WDFY 4 _R1816Q off target primer-IF site-4 (Cas-OFFinder-predicted)

GAATTCACAGTGGGATCCgacatcttcgtgaggacacce

WDFY4_R18160Q off target primer-IR site-4 (Cas-OFFinder-predicted)

ggttctacgtgtgaaageaa

WDFY4_R1816Q off target primer-OF site-5 (Cas-OFFinder-predicted)

gagaatagaatggaggaatg

WDFY4 _R18160Q off target primer-OR site-5 (Cas-OFFinder-predicted)

gagaatcgcttgaactgg

WDFY 4 _R18160 off target primer-IF site-5 (Cas-OFFinder-predicted)

GAATTCGCCAATGGATCCgtgctgtgegaggatgttct

WDFY 4 _R1816Q off target primer-IR site-5 (Cas-OFFinder-predicted)

aagaggactgccctcactte

WDFY4_R18160Q off target primer-OF site-6 (Cas-OFFinder-predicted)

tacacccgtccagagaccaa

WDFY4_R1816Q off target primer-OR site-6 (Cas-OFFinder-predicted)

gagtctgeageacaaaagee

WDFY 4 _R18160 off target primer-IF site-6 (Cas-OFFinder-predicted)

GAATTCACTTGAGGATCCcgecccattcatceceggga

WDFY4 _R1816Q off target primer-IR site-6 (Cas-OFFinder-predicted)

aggagggtatccatgtggga

WDFY 4 _R1816Q off target primer-OF site-7 (Cas-OFFinder-predicted)

atccggatgetttgtgectt

WDFY4_R18160 offtarget primer-OR site-7 (Cas-OFFinder-predicted)

ttgctggceattetgggettt

WDFY4_R1816Q off target primer-IF site-7 (Cas-OFFinder-predicted)

GAATTCTAGCTTGGATCCgattgaggectcccaagtga

WDFY 4 _R1816Q off target primer-IR site-7 (Cas-OFFinder-predicted)

cttattcccaaggcategge

WDFY 4 _R1816Q off target primer-OF site-8 (Cas-OFFinder-predicted)

aaatagggaccacagcetgec

WDFY4 _R18160Q off target primer-OR site-8 (Cas-OFFinder-predicted)

tggaaggactcctctetggg

WDFY4_R18160Q offtarget primer-IF site-8 (Cas-OFFinder-predicted)

GAATTCCTTGTAGGATCCtatttactcccactgaagee

WDFY4_R1816Q off target primer-IR site-8 (Cas-OFFinder-predicted)

tcaaatgtccageggtggee

WDFY 4 _R1816Q off target primer-OF site-9 (Cas-OFFinder-predicted and PEM-seg-detected)

cttctagegetteectectg

WDFY4 _R18160 off target primer-OR site-9 (Cas-OFFinder-predicted and PEM-seq-detected)

tggggttgcetgtttgcattg

WDFY 4 _R1816Q off target primer-IF site-9 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCGGCTACGGATCCaccacccctttggagetgga

WDFY4_R18160Q off target primer-IR site-9 (Cas-OFFinder-predicted and PEM-seq-detected)

ggggtcaccaccatetgeta

WDFY4_R1816Q off target primer-OF site-10 (Cas-OFFinder-predicted and PEM-seq-detected)

gaggccagtagtgecacatt

WDFY 4 _R18160Q off target primer-OR site-10 (Cas-OFFinder-predicted and PEM-seq-detected)

ccaggacccgaaaacctacg

WDFY4_R1816Q off target primer-IF site-10 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCGATCAGGGATCCrttcctectcgggaagaaaca

WDFY4 _R1816Q off target primer-IR site-10 (Cas-OFFinder-predicted and PEM-seq-detected)

gcacctggcectcagatttgt

WDFY4_R18160Q off target primer-OF site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

atcgtcagtgttcageccag

WDFY4_R1816Q off target primer-OR site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

tgetgtecacaccttctgac

WDFY4_R18160 off target primer-IF site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCATCACGGGATCCcagattgagggtctgtcttg




WDFY4_R18160Q offtarget primer-IR site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

aacgggaacaagtaaggceta

WDFY4_R1816Q off target primer-OF site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

tggtggaggcttctattc

WDFY4_R1816Q off target primer-OR site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

gaggctttaccatgttge

WDFY4_R1816Q off target primer-IF site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCAGTCAAGGATCCtttataacatatgtagaagt

WDFY4 _R18160Q off target primer-IR site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

cttcatttctcctctcecte

WDFY4_R18160Q off target primer-OF site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

gaggccttcacaggtaacce

WDFY4_R1816Q off target primer-OR site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

getatccatgaccgagagge

WDFY4_R18160 off target primer-IF site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCCAGATCGGATCCttcttgtgeecactectgee

WDFY4 _R1816Q off target primer-IR site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

gggcgatgatgttgatgacg

PCSK9 W156X

on target primer-OF

cactagcagggacaaggtgg

PCSK9_W156X

on target primer-OR

ttgcatttgtggggcaacag

PCSK9 W156X

on target primer-IF

GAATTCAGTTCCGGATCCaaatggcttaagcagagtce

PCSK9 W156X

on target primer-IR

aatggattcagctcagatgg

PCSK9 W156X

off target primer-OF site-1 (Cas-OFFinder-predicted)

accacgtagccagectgtaa

PCSK9 W156X

off target primer-OR site-1 (Cas-OFFinder-predicted)

gtttccegtgaacgeaacat

PCSK9_W156X

off target primer-IF site-1 (Cas-OFFinder-predicted)

GAATTCCGATGTGGATCCggegegegeteggetggggt

PCSK9 W156X

off target primer-IR site-1 (Cas-OFFinder-predicted)

agtccgagtgtgageaagee

PCSK9 W156X

off target primer-OF site-2 (Cas-OFFinder-predicted)

ctggcaaaatctagageatatggg

PCSK9 W156X

off target primer-OR site-2 (Cas-OFFinder-predicted)

cttcatggtgctttctggeac

PCSK9 W156X

off target primer-IF site-2 (Cas-OFFinder-predicted)

GAATTCTTAGGCGGATCCtagagcatatggggtttcca

PCSK9_W156X

off target primer-IR site-2 (Cas-OFFinder-predicted)

ccctacacagtgtttttcte

PCSK9 W156X

off target primer-OF site-3 (Cas-OFFinder-predicted)

gtggcettectttcteccaggg

PCSK9 W156X

off target primer-OR site-3 (Cas-OFFinder-predicted)

gagcacagagactccatcgg

PCSK9 W156X

off target primer-IF site-3 (Cas-OFFinder-predicted)

GAATTCACAGTGGGATCCgagcctgttctcctaggatg

PCSK9 W156X

off target primer-IR site-3 (Cas-OFFinder-predicted)

ctgaaaacaccgccttacct

PCSK9_W156X

off target primer-OF site-4 (Cas-OFFinder-predicted)

gegeagggtagaaacattge

PCSK9 W156X

off target primer-OR site-4 (Cas-OFFinder-predicted)

gacctcctgagtgttcagee

PCSK9 W156X

off target primer-IF site-4 (Cas-OFFinder-predicted)

GAATTCGCCAATGGATCCgcctgggeaatagagtgaga

PCSK9 W156X

off target primer-IR site-4 (Cas-OFFinder-predicted)

atgttggggaccagttacge

PCSK9 W156X

off target primer-OF site-5 (Cas-OFFinder-predicted)

ttgtaaggatcagtgttgcccac

PCSK9_W156X

off target primer-OR site-5 (Cas-OFFinder-predicted)

ggacaagectcgeagaatcag

PCSK9 W156X

off target primer-IF site-5 (Cas-OFFinder-predicted)

GAATTCCAGATCGGATCCtcctecgeacagtgtegggt

PCSK9 W156X

off target primer-IR site-5 (Cas-OFFinder-predicted)

acccccgtgetggageecat

PCSK9 W156X

off target primer-OF site-6 (Cas-OFFinder-predicted)

cctgaactcccacttcacce

PCSK9 W156X

off target primer-OR site-6 (Cas-OFFinder-predicted)

agtgtgagatgetgtgagge

PCSK9_W156X

off target primer-IF site-6 (Cas-OFFinder-predicted)

GAATTCACTTGAGGATCCtgccctagtgetgagetcat

PCSK9 W156X

off target primer-IR site-6 (Cas-OFFinder-predicted)

tcttgggtgaagetagggag

PCSK9 W156X

off target primer-OF site-7 (Cas-OFFinder-predicted)

geactgccaaacacatctce

PCSK9 W156X

off target primer-OR site-7 (Cas-OFFinder-predicted)

ggggcatcggtctctetcta

PCSK9 W156X

off target primer-IF site-7 (Cas-OFFinder-predicted)

GAATTCGATCAGGGATCCgaatctgagtgggecttgga

PCSK9_W156X

off target primer-IR site-7 (Cas-OFFinder-predicted)

ttgggcttccacatggeatg

PCSK9 W156X

off target primer-OF site-8 (Cas-OFFinder-predicted)

agaggtctgggtctcaacca

PCSK9 W156X

off target primer-OR site-8 (Cas-OFFinder-predicted)

atggattgcaggatgectct

PCSK9 W156X

off target primer-IF site-8 (Cas-OFFinder-predicted)

GAATTCTAGCTTGGATCC Cctacagagagtcattgtgac

PCSK9 W156X

off target primer-IR site-8 (Cas-OFFinder-predicted)

ttcatttagcecatttceca

PCSK9_W156X

off target primer-OF site-9 (Cas-OFFinder-predicted)

getegeteetgggaagattt

PCSK9 W156X off target primer-OR site-9 (Cas-OFFinder-predicted) aagcctetgaageectcaac
PCSK9 W156X off target primer-IF site-9 (Cas-OFFinder-predicted) GAATTCGGCTACGGATCCtcacttaacagcctccectt
PCSK9 W156X off target primer-IR site-9 (Cas-OFFinder-predicted) tgggtgttccaagctagaga

PCSK9 W156X

off target primer-OF site-10 (Cas-OFFinder-predicted)

ggcactggagcaactctctt

PCSK9_W156X

off target primer-OR site-10 (Cas-OFFinder-predicted)

gteettgetctgeetctcag

PCSK9 W156X

off target primer-IF site-10 (Cas-OFFinder-predicted)

GAATTCAGTCAAGGATCCaacacagccactgtctccag

PCSK9 W156X

off target primer-IF site-10 (Cas-OFFinder-predicted)

tcagegtettggttagegee

PCSK9 W156X

off target primer-OF site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

ggacaagatag

ctegeage

PCSK9 W156X

off target primer-OR site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

cttgtattgtcectgeggttg

PCSK9 W156X

off target primer-IF site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCCTTGTAGGATCCtctgeccttaatgacgttca

PCSK9 W156X

off target primer-IR site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

tgtgttttccgagetacgga

PCSK9 W156X

off target primer-OF site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

ggccatgatgaggccatagtc

PCSK9 W156X

off target primer-OR site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

agacattgtgcagattgaccca

PCSK9 W156X

off target primer-IF site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCATCACGGGATCCtttgcctagtctccaggeaa

PCSK9 W156X

off target primer-IR site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

acaagacgagaggaatagga

PCSK9 W156X

off target primer-OF site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

tgggtgticaggaggtaaagag

PCSK9 W156X

off target primer-OR site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

aatggcagtcattaggaacc

PCSK9 W156X

off target primer-IF site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCGTAGAGGGATCCtggtctttgggagetecttg

PCSK9 W156X

off target primer-IR site-13 (Cas-OFFinder-predicted and PEM-seq-detected)

atgggctcaggageeagtgt

PCSK9 W156X off target primer-OF site-14 (PEM-seq-detected) ggttgtecctecacecteta

PCSK9 W156X off target primer-OR site-14 (PEM-seg-detected) agagggtcctetgggttcag

PCSK9 W156X off target primer-IF site-14 (PEM-seq-detected) GAATTCATGTCAGGATCCctgattctgetgactctgac
PCSK9 W156X off target primer-IR site-14 (PEM-seq-detected) tggggtctcetcageteeac

PCSK9 W156X

off target primer-OF site-15 (PEM-seq-detected)

cgtggagaatceggteagtg

PCSK9_W156X

off target primer-OR site-15 (PEM-seq-detected)

ccgeetgetagaggaattgg

PCSK9 W156X

off target primer-IF site-15 (PEM-seq-detected)

GAATTCCCGTCCGGATCCtagccaagecaccaatgete

PCSK9 W156X

off target primer-IR site-15 (PEM-seqg-detected)

cagtccctcactatcaaacg

PCSK9 W156X

off target primer-OF site-16 (PEM-seq-detected)

acacctcaaagagcagccte

PCSK9 W156X

off target primer-OR site-16 (PEM-seq-detected)

ctgttgccagtttgecatce

PCSK9_W156X

off target primer-IF site-16 (PEM-seq-detected)

GAATTCGTCCGCGGATCCgagcttctectteteeeett

PCSK9 W156X

off target primer-IR site-16 (PEM-seq-detected)

ccactgtgacacaggecttg

PCSK9 W156X

off target primer-OF site-17 (PEM-seq-detected)

attccagctetgeecttgte




PCSK9 W156X off target primer-OR site-17 (PEM-seq-detected)

ctgggtgtccttcagtggac

PCSK9 W156X off target primer-IF site-17 (PEM-seq-detected)

GAATTCGTGAAAGGATCCgccctggtcctcaagectgt

PCSK9 W156X off target primer-IR site-17 (PEM-seq-detected)

tccatggggacageggctat

APOE_R158C on target primer-OF

aggcctacaaatcggaactgg

APOE _R158C on target primer-OR

ctcgaaccagctcttgagge

APOE _R158C on target primer-IF

GAATTCTATAATGGATCCatgctcggecagageaccga

APOE_R158C on target primer-IR

acgeggecectgttccaccag

APOE_R158C off target primer-OF site-1 (Cas-OFFinder-predicted)

acccagtttagtgacggetg

APOE_R158C off target primer-OR site-1 (Cas-OFFinder-predicted)

cagagccttggetectgaat

APOE _R158C off target primer-IF site-1 (Cas-OFFinder-predicted)

GAATTCCACGATGGATCCggctgtctgtttgcatcctg

APOE _R158C off target primer-IR site-1 (Cas-OFFinder-predicted)

gctactggttccetgaacaa

APOE_R158C off target primer-OF site-2 (Cas-OFFinder-predicted)

cgccaaaatctcaaccgtgaa

APOE_R158C off target primer-OR site-2 (Cas-OFFinder-predicted)

ctgectetggtetgeattgg

APOE_R158C off target primer-IF site-2 (Cas-OFFinder-predicted)

GAATTCCACTCAGGATCCtgcagacagaagccaaaggg

APOE _R158C off target primer-IR site-2 (Cas-OFFinder-predicted)

aggcetgaagtgaatggegte

APOE _R158C off target primer-OF site-3 (Cas-OFFinder-predicted)

cttggggacctgggatgaac

APOE_R158C off target primer-OR site-3 (Cas-OFFinder-predicted) ggacacagatcctgatggge
APOE R158C off target primer-IF site-3 (Cas-OFFinder-predicted) GAATTCCAGGCGGGATCCtaaatgetggetetgectee
APOE _R158C off target primer-IR site-3 (Cas-OFFinder-predicted) agctgcttaaccecttegtg

APOE _R158C off target primer-OF site-4 (Cas-OFFinder-predicted)

catttctgggtggctgaggt

APOE _R158C off target primer-OR site-4 (Cas-OFFinder-predicted)

tgctgeectggctaattcaa

APOE_R158C off target primer-IF site-4 (Cas-OFFinder-predicted)

GAATTCCATGGCGGATCCtgtgggaaatatactaagge

APOE_R158C off target primer-IR site-4 (Cas-OFFinder-predicted)

tctgagecteagtttectca

APOE_R158C off target primer-OF site-5 (Cas-OFFinder-predicted)

tgaacttcacccagcacctg

APOE _R158C off target primer-OR site-5 (Cas-OFFinder-predicted)

cactgggtctctgtggtgag

APOE R158C off target primer-IF site-5 (Cas-OFFinder-predicted)

GAATTCCATTTTGGATCCtctggtatttacccaggatt

APOE_R158C off target primer-IR site-5 (Cas-OFFinder-predicted)

tettggtgecctggeagaca

APOE _R158C off target primer-OF site-6 (Cas-OFFinder-predicted)

agcccagggaatatggatge

APOE_R158C off target primer-OR site-6 (Cas-OFFinder-predicted)

cctgagtcggaaaccactgt

APOE _R158C off target primer-IF site-6 (Cas-OFFinder-predicted)

GAATTCCCAACAGGATCCacgtctgageccagettect

APOE _R158C off target primer-IR site-6 (Cas-OFFinder-predicted)

cagctggccatatttacagg

APOE_R158C off target primer-OF site-7 (Cas-OFFinder-predicted)

ctccaagetgaacaggacce

APOE_R158C off target primer-OR site-7 (Cas-OFFinder-predicted)

gagacacagagaagcgggac

APOE_R158C off target primer-IF site-7 (Cas-OFFinder-predicted)

GAATTCCGGAATGGATCCaagaagctaatggggtggge

APOE_R158C off target primer-IR site-7 (Cas-OFFinder-predicted)

ctectetetgtaggeccagt

APOE _R158C off target primer-OF site-8 (Cas-OFFinder-predicted)

gceggaatagageactcgtt

APOE_R158C off target primer-OR site-8 (Cas-OFFinder-predicted)

ctctccgaagetgtteacee

APOE_R158C off target primer-IF site-8 (Cas-OFFinder-predicted)

GAATTCCTAGCTGGATCCgtgcattatgagcactcaga

APOE _R158C off target primer-IR site-8 (Cas-OFFinder-predicted)

ctgtccactagaatgcaage

APOE _R158C off target primer-OF site-9 (Cas-OFFinder-predicted)

tctteccatggeaggeaate

APOE_R158C off target primer-OR site-9 (Cas-OFFinder-predicted)

ccteeccttteatectgete

APOE_R158C off target primer-IF site-9 (Cas-OFFinder-predicted)

GAATTCCTATACGGATCCcacctecegtetgtcagtet

APOE _R158C off target primer-IR site-9 (Cas-OFFinder-predicted)

atagtgtgaaaccccaccge

APOE_R158C off target primer-OF site-10 (Cas-OFFinder-predicted)

getgeccactcactectaag

APOE_R158C off target primer-OR site-10 (Cas-OFFinder-predicted)

agcagctgtgtgtttcccat

APOE _R158C off target primer-IF site-10 (Cas-OFFinder-predicted)

GAATTCCTCAGAGGATCCgcagcaagcacatacctect

APOE_R158C off target primer-IR site-10 (Cas-OFFinder-predicted)

atgcetttgeaggggttitgg

APOE R158C off target primer-OF site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

aaagagtaaattcagtccttcctca

APOE R158C off target primer-OR site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

taattgaaagctgetgectcaga

APOE_R158C off target primer-IF site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCGACGACGGATCCtcctgactgtgectcatatg

APOE R158C off target primer-IR site-11 (Cas-OFFinder-predicted and PEM-seq-detected)

aagcactgactacctggece

APOE_R158C off target primer-OF site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

tagaaagcaggceatacaag

APOE _R158C off target primer-OR site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

gagaagggcagatgaaaa

APOE_R158C off target primer-IF site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

GAATTCTAATCGGGATCCaaagcaggcatacaagtacc

APOE R158C off target primer-IR site-12 (Cas-OFFinder-predicted and PEM-seq-detected)

cagagtgagacctgtggaag




