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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-YE1 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 Gln codon to stop codon conversion on the OCT4 locus.

(D) Single-cell sequencing analysis of embryos injected with FNLS-BE3 and

FNLS-YE1 targeting the OCT4 locus at the 1-cell, 2-cell, 4-cell, and 8-cell stages.

Percentage of alleles with targeted conversion of Gln 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-YE1 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 t-test. *p < 0.05, **p <

0.01, ***p < 0.001, ****p < 0.0001; NS, not significant. Each dot in Figs. S1B-E, G,

I and Figs. S1F, H represents an embryo and the base editor tested, respectively.



PEM-seq detects off-target hotspots of CRISPR/Cas9 in human HEK293 cells
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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 letters

indicate mismatched nucleotides. (E) Information of PEM-seq libraries for different

samples treated with Cas9 or FNLS-YE1 targeting PCSK9.
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Figure S3. RNA off-target profiling of FNLS-YE1 and FNLS-BE3 targeting

PCSK9 in human 2PN embryos. (A) Schematic of sgRNA-independent RNA

off-targeting analyses using RNA sequencing of FNLS-YE1-treated embryos

undergoing whole-transcriptome amplification at the single cell level. (B) Expression

levels of FNLS-YE1 (APOBEC1-W90Y+R126E), FNLS-BE3 (APOBEC1), 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-mutant1-4# and ES-control1. (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-YE1-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-YE1 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-YE1. (D) Base

conversion rate on APP (A673T) locus using PAMless-FNLS-YE1. Data are

presented as the mean ± SEM. p values were evaluated with unpaired Student’s t-test.

NS, not significant. Each dot in Figs. S6C and S6D represents an embryo.
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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-YE1 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-YE1 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-YE1

(APOBEC1-W90Y+R126E), FNLS-BE3 (APOBEC1), 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 TYK2 and WDFY4 with FNLS-YE1 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 TYK2 (C),

WDFY4 (C), PCSK9 (D), and ANGPTL4 (D) editing with FNLS-YE1. (E) Schematics

of PAMless-FNLS-YE1 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-YE1. (G) NTS or indels

frequency of PCSK9-related protective mutations in human 3PN embryos injected by

FNLS-YE1 and PAMless-FNLS-YE1. 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-YE1 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-YE1 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-YE1. Data are

presented as the mean ± SEM.



Table S1. Karyotype and origin of ES cells derived from FNLS-YE1 microinjected embryos
ES cell line
designation Injection stage Karyotype of ES Karyotype of egg donor Karyotype of sperm donor 

ES-Mutant1#
ES-Mutant2#

ES-Mutant3#
ES-Mutant4#
ES-Control1

46, XX
46, XY

46, XX
46, XX 46, XY

46, XX46, XX

Eight-cell
Eight-cell
Eight-cell

Eight-cell
Intact control

46, XX 46, XX

46, XX46, XY



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

No. of MI (MII) oocytes Fertilized Two-cells Eight-cells Group

Intact control

Eight-cell 
 injection

Blastocysts

28 (20) 16 13 9 5

Obtained ES cell lines

1

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 aaaagcaccgactcggtgcc
fwd_OCT4 taatacgactcactataggggcttccaaggccctcctggagttttagagctagaaatag
fwd_PCSK9_W156X taatacgactcactatagggcaggttccacgggatgctctgttttagagctagaaatag
fwd_EMX1 site1 taatacgactcactataggggagtccgagcagaagaagaagttttagagctagaaatag
fwd_EMX1 site2 taatacgactcactataggggtattcacctgaaagtgtgcgttttagagctagaaatag
fwd_FANCF taatacgactcactatagggggaatcccttctgcagcaccgttttagagctagaaatag
fwd_DNMT3B site1 taatacgactcactatagggagtctccacacaggtgctgtgttttagagctagaaatag
fwd_DNMT3B site2 taatacgactcactatagggtgtcccccatcctgccccaggttttagagctagaaatag
fwd_DNMT3B site3 taatacgactcactatagggaagtcctcctactactgcccgttttagagctagaaatag
fwd_PPP1R12C site1 taatacgactcactataggggactcacccaggagtgcgttgttttagagctagaaatag
fwd_PPP1R12C site2 taatacgactcactataggggagctcactgaacgctggcagttttagagctagaaatag
fwd_HEK293 taatacgactcactatagggggcccagactgagcacgtgagttttagagctagaaatag
fwd_TY K2_A928V taatacgactcactatagggggtggcggtgaaagccctcagttttagagctagaaatag
fwd_WDFY 4_R1816Q taatacgactcactataggggggctcgccacgctgggtccgttttagagctagaaatag
fwd_HBB taatacgactcactatagggcttgccccacagggcagtaagttttagagctagaaatag
fwd_APOE_R158C taatacgactcactataggggaagcgcctggcagtgtaccgttttagagctagaaatag
fwd_APOE _R112C _SpRY NAG-PAM taatacgactcactatagggacgtgcgcggccgcctggtggttttagagctagaaatag
fwd_APOE _R112C _SpRY NGT-PAM taatacgactcactatagggcgtgcgcggccgcctggtgcgttttagagctagaaatag
fwd_APOE _R112C _SpRY NGC-PAM taatacgactcactatagggggacgtgcgcggccgcctgggttttagagctagaaatag
fwd_APP _A673T _SpRY NAG-PAM-1 taatacgactcactatagggttctgcatccatcttcacttgttttagagctagaaatag
fwd_APP _A673T _SpRY NGA-PAM taatacgactcactatagggtctgcatccatcttcacttcgttttagagctagaaatag
fwd_APP_A673T _SpRY NAG-PAM-2 taatacgactcactatagggctgcatccatcttcacttcagttttagagctagaaatag
fwd_ANGPTL4 _W350X taatacgactcactatagggcaaaccaccagcctcctgccgttttagagctagaaatag
fwd_PCSK9_G106R taatacgactcactataggggtatccccggcgggcagcctgttttagagctagaaatag
fwd_PCSK9_G236S taatacgactcactatagggggccgctgaccacccctgccgttttagagctagaaatag
fwd_PCSK9_R237W taatacgactcactatagggcagcggccgggatgccggcggttttagagctagaaatag
fwd_PCSK9_L253F taatacgactcactatagggcgtgctcaactgccaagggagttttagagctagaaatag
fwd_PCSK9_W428X_SpRY NAC-PAM taatacgactcactataggggggaaccaggcctcattgatgttttagagctagaaatag
fwd_PCSK9_W428X_SpRY NGA-PAM taatacgactcactatagggagggaaccaggcctcattgagttttagagctagaaatag
fwd_PCSK9_A443T taatacgactcactatagggcagggcggccaccaggttgggttttagagctagaaatag

List of PCR primers used for genotyping of targeting sites
OCT4  Genotyping OF cttccttccccatggcggga
OCT4  Genotyping OR atcaggctgccctgtcatga
OCT4  Genotyping IF cacctggcttcggatttcgc
OCT4  Genotyping IR accccgtcgaagctcactt
PCSK9_W156X  Genotyping OF cactagcagggacaaggtgg
PCSK9_W156X  Genotyping OR ttgcatttgtggggcaacag
PCSK9_W156X  Genotyping IF tgatcaggtaaggccaggct
PCSK9_W156X  Genotyping OF gaagtggaaaccaccagcag
EMX1 site1  Genotyping OF ccactgtgtcctcttcctgc
EMX1 site1  Genotyping OR gtttgtggttgcccacccta
EMX1 site1  Genotyping IF ctgccatccccttctgtgaa
EMX1 site1  Genotyping IR cccaccctagtcattggagg
EMX1 site2  Genotyping OF agacagggaggcttagggag
EMX1 site2  Genotyping OR tggaggagggacacctactg
EMX1 site2  Genotyping IF gcatggcattgattgggctt
EMX1 site2  Genotyping IR gcagaagaagggttggcttg
FANCF  Genotyping OF ggtaggatgccctacatctgc
FANCF  Genotyping OR gttcgctaatcccggaactg
FANCF  Genotyping IF agaggcgtatcatttcgcgg
FANCF  Genotyping IR ctacctgcgccacatccatc
DNMT3B site1/site2/site3  Genotyping OF cctcaactgccaaaagccac
DNMT3B site1/site2/site3  Genotyping OR acagctcaaggaagcgatcc
DNMT3B site1/site2/site3  Genotyping IF gctgtttgtcttgtggcagg
DNMT3B site1/site2/site3  Genotyping IR ggtggaggccctaggataca
PPP1R12C site1  Genotyping OF tcaaacccctaccaactggg
PPP1R12C site1  Genotyping OR gaacccacgcggaatcctat
PPP1R12C site1  Genotyping IF ccctaccaactgggactgtca
PPP1R12C site1  Genotyping IR acaaccaccccatgaagcgg
PPP1R12C site2  Genotyping OF ctggtcacccacaaggtgt
PPP1R12C site2  Genotyping OR agaaagtgtccccagatgctc
PPP1R12C site2  Genotyping IF gtcatgcgtgacacgtgga
PPP1R12C site2  Genotyping IR ctgaccctgccccacctatt
HEK293  Genotyping OF accactgcgatatgaccacc
HEK293  Genotyping OR taagcaagggctgatgtggg
HEK293  Genotyping IF gcccagccaaacttgtcaac
HEK293  Genotyping IR gctgcctagaaaggcatgga
HBB  Genotyping OF acatttgcttctgacacaactgt
HBB  Genotyping OR ggtccaagggtagaccaccag
HBB  Genotyping IF gttcactagcaacctcaaacag
HBB  Genotyping IR ccagcagcctaagggtggga
TY K2_A928V  Genotyping OF aggagtttgggggttgagga
TY K2_A928V  Genotyping OR gctcacccagatgccaagaa
TY K2_A928V  Genotyping IF gcctggggtattccgaaagg
TY K2_A928V  Genotyping IR caagtctctaggactcgccg



WDFY 4_R1816Q  Genotyping OF ctcagctcctctggttaggg
WDFY 4_R1816Q  Genotyping OR caatgttccgctcaagttgc
WDFY 4_R1816Q  Genotyping IF tacctctcaccaagtgtgcc
WDFY 4_R1816Q  Genotyping IR ccctttgcccttgaaggatga
ANGPTL4_W350X  Genotyping OF cgcagtgggtcatacctg
ANGPTL4_W350X  Genotyping OR gtcaccgtctttcgtggg
ANGPTL4_W350X  Genotyping IF gcctgggtgacagagtaag
ANGPTL4_W350X  Genotyping IR tgggatggagcggaagta
APOE_R112C/R158C  Genotyping OF ggacgagaccatgaaggagtt
APOE_R112C/R158C  Genotyping OR ggcgttcagtgattgtcgct
APOE_R112C/R158C  Genotyping IF GAATTCNNNNNNGGATCCaggcctacaaatcggaactgg
APOE_R112C/R158C  Genotyping IR GAATTCNNNNNNGGATCCctcgaaccagctcttgaggc
APP_A673T  Genotyping OF tgccaacctctcaaccaggat
APP_A673T  Genotyping OR ttctagcacaggatgaaccagag
APP_A673T  Genotyping IF aaaggcagcagaagccttactt
APP_A673T  Genotyping IR taggtcatttggcaagacaaaca
PCSK9_G106R  Genotyping OF cgagtgtggcccgtagttc
PCSK9_G106R  Genotyping OR tggccaggcttaaagggaat
PCSK9_G106R  Genotyping IF gctttttggtccgcatttggt
PCSK9_G106R  Genotyping OF gttactgtgcttggtacccga
PCSK9_G236S/R237W/L253F Genotyping OF tcctctcccacaaatgtcgc
PCSK9_G236S/R237W/L253F  Genotyping OR agatcacctcgagtccctcc
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 cagctgccaacctgcaaaaa
PCSK9_W428X/A443T  Genotyping IF gaaggcatcttggaggaggg
PCSK9_W428X/A443T  Genotyping OF ggtggcgtcatcctccttac

List of PCR primers used in targeted deep sequencing of  WDFY 4 _R1816Q, PCSK9 _W156X and APOE _R158C off-target sites (Cas-OFFinder-predicted or 
PEM-seq-detected)

WDFY 4_R1816Q  on target primer-OF ctcagctcctctggttaggg
WDFY 4_R1816Q  on target primer-OR caatgttccgctcaagttgc
WDFY 4_R1816Q  on target primer-IF (Cas-OFFinder-predicted) GAATTCAGTTCCGGATCCtggcaggttctgaggatggt
WDFY 4_R1816Q  on target primer-IR (Cas-OFFinder-predicted) tgggacagcagcatgtccta
WDFY 4_R1816Q  off target primer-OF site-1 (Cas-OFFinder-predicted) acgagtatgagacaggcgct
WDFY 4_R1816Q  off target primer-OR site-1 (Cas-OFFinder-predicted) tctcgaacttcaggccgtt
WDFY 4_R1816Q  off target primer-IF site-1 (Cas-OFFinder-predicted) GAATTCCGATGTGGATCCcaacaagagcctcccctaac
WDFY 4_R1816Q  off target primer-IR site-1 (Cas-OFFinder-predicted) aatcacgggctggacgtcgg
WDFY 4_R1816Q  off target primer-OF site-2 (Cas-OFFinder-predicted) gcgtcctggagacataccag
WDFY 4_R1816Q  off target primer-OR site-2 (Cas-OFFinder-predicted) atgggcaatgcaagtcacca
WDFY 4_R1816Q  off target primer-IF site-2 (Cas-OFFinder-predicted) GAATTCTTAGGCGGATCCccatatggggctgctgcttg
WDFY 4_R1816Q  off target primer-IR site-2 (Cas-OFFinder-predicted) atagcttccacttcatgttc
WDFY 4_R1816Q  off target primer-OF site-3 (Cas-OFFinder-predicted) gaaggtccatggtggtgagg
WDFY 4_R1816Q  off target primer-OR site-3 (Cas-OFFinder-predicted) agaaattgcccgacaaaccg
WDFY 4_R1816Q  off target primer-IF site-3 (Cas-OFFinder-predicted) GAATTCTGACCAGGATCCagtgtctcagaggcaggtgg
WDFY 4_R1816Q  off target primer-IR site-3 (Cas-OFFinder-predicted) tcacagtggaacaacagtca
WDFY 4_R1816Q  off target primer-OF site-4 (Cas-OFFinder-predicted) ccaccttagcagccacgatt
WDFY 4_R1816Q  off target primer-OR site-4 (Cas-OFFinder-predicted) gttttctctgaagccgctgg
WDFY 4_R1816Q  off target primer-IF site-4 (Cas-OFFinder-predicted) GAATTCACAGTGGGATCCgacatcttcgtgaggacacc
WDFY 4_R1816Q  off target primer-IR site-4 (Cas-OFFinder-predicted) ggttctacgtgtgaaagcaa
WDFY 4_R1816Q  off target primer-OF site-5 (Cas-OFFinder-predicted) gagaatagaatggaggaatg
WDFY 4_R1816Q  off target primer-OR site-5 (Cas-OFFinder-predicted) gagaatcgcttgaactgg
WDFY 4_R1816Q  off target primer-IF site-5 (Cas-OFFinder-predicted) GAATTCGCCAATGGATCCgtgctgtgcgaggatgttct
WDFY 4_R1816Q  off target primer-IR site-5 (Cas-OFFinder-predicted) aagaggactgccctcacttc
WDFY 4_R1816Q  off target primer-OF site-6 (Cas-OFFinder-predicted) tacacccgtccagagaccaa
WDFY 4_R1816Q  off target primer-OR site-6 (Cas-OFFinder-predicted) gagtctgcagcacaaaagcc
WDFY 4_R1816Q  off target primer-IF site-6 (Cas-OFFinder-predicted) GAATTCACTTGAGGATCCcgccccattcatccccggga
WDFY 4_R1816Q  off target primer-IR site-6 (Cas-OFFinder-predicted) aggagggtatccatgtggga
WDFY 4_R1816Q  off target primer-OF site-7 (Cas-OFFinder-predicted) atccggatgctttgtgcctt
WDFY 4_R1816Q  off target primer-OR site-7 (Cas-OFFinder-predicted) ttgctggcattctgggcttt
WDFY 4_R1816Q  off target primer-IF site-7 (Cas-OFFinder-predicted) GAATTCTAGCTTGGATCCgattgaggcctcccaagtga
WDFY 4_R1816Q  off target primer-IR site-7 (Cas-OFFinder-predicted) cttattcccaaggcatcggc
WDFY 4_R1816Q  off target primer-OF site-8 (Cas-OFFinder-predicted) aaatagggaccacagctgcc
WDFY 4_R1816Q  off target primer-OR site-8 (Cas-OFFinder-predicted) tggaaggactcctctctggg
WDFY 4_R1816Q  off target primer-IF site-8 (Cas-OFFinder-predicted) GAATTCCTTGTAGGATCCtatttactcccactgaagcc
WDFY 4_R1816Q  off target primer-IR site-8 (Cas-OFFinder-predicted) tcaaatgtccagcggtggcc
WDFY 4_R1816Q  off target primer-OF site-9 (Cas-OFFinder-predicted and PEM-seq-detected) cttctagcgcttccctcctg
WDFY 4_R1816Q  off target primer-OR site-9 (Cas-OFFinder-predicted and PEM-seq-detected) tggggttgctgtttgcattg
WDFY 4_R1816Q  off target primer-IF site-9 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCGGCTACGGATCCaccacccctttggagctgga
WDFY 4_R1816Q  off target primer-IR site-9 (Cas-OFFinder-predicted and PEM-seq-detected) ggggtcaccaccatctgcta
WDFY 4_R1816Q  off target primer-OF site-10 (Cas-OFFinder-predicted and PEM-seq-detected) gaggccagtagtgccacatt
WDFY 4_R1816Q  off target primer-OR site-10 (Cas-OFFinder-predicted and PEM-seq-detected) ccaggacccgaaaacctacg
WDFY 4_R1816Q  off target primer-IF site-10 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCGATCAGGGATCCttcctcctcgggaagaaaca
WDFY 4_R1816Q  off target primer-IR site-10 (Cas-OFFinder-predicted and PEM-seq-detected) gcacctggcctcagatttgt
WDFY 4_R1816Q  off target primer-OF site-11 (Cas-OFFinder-predicted and PEM-seq-detected) atcgtcagtgttcagcccag
WDFY 4_R1816Q  off target primer-OR site-11 (Cas-OFFinder-predicted and PEM-seq-detected) tgctgtccacaccttctgac
WDFY 4_R1816Q  off target primer-IF site-11 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCATCACGGGATCCcagattgagggtctgtcttg



WDFY 4_R1816Q  off target primer-IR site-11 (Cas-OFFinder-predicted and PEM-seq-detected) aacgggaacaagtaaggcta
WDFY 4_R1816Q  off target primer-OF site-12 (Cas-OFFinder-predicted and PEM-seq-detected) tggtggaggcttctattc
WDFY 4_R1816Q  off target primer-OR site-12 (Cas-OFFinder-predicted and PEM-seq-detected) gaggctttaccatgttgc
WDFY 4_R1816Q  off target primer-IF site-12 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCAGTCAAGGATCCtttataacatatgtagaagt
WDFY 4_R1816Q  off target primer-IR site-12 (Cas-OFFinder-predicted and PEM-seq-detected) cttcatttctcctctccctc
WDFY 4_R1816Q  off target primer-OF site-13 (Cas-OFFinder-predicted and PEM-seq-detected) gaggccttcacaggtaaccc
WDFY 4_R1816Q  off target primer-OR site-13 (Cas-OFFinder-predicted and PEM-seq-detected) gctatccatgaccgagaggc
WDFY 4_R1816Q  off target primer-IF site-13 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCCAGATCGGATCCttcttgtgcccactcctgcc
WDFY 4_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 GAATTCAGTTCCGGATCCaaatggcttaagcagagtcc
PCSK9_W156X  on target primer-IR aatggattcagctcagatgg
PCSK9_W156X  off target primer-OF site-1 (Cas-OFFinder-predicted) accacgtagccagcctgtaa
PCSK9_W156X  off target primer-OR site-1 (Cas-OFFinder-predicted) gtttcccgtgaacgcaacat
PCSK9_W156X  off target primer-IF site-1 (Cas-OFFinder-predicted) GAATTCCGATGTGGATCCggcgcgcgctcggctggggt
PCSK9_W156X  off target primer-IR site-1 (Cas-OFFinder-predicted) agtccgagtgtgagcaagcc
PCSK9_W156X  off target primer-OF site-2 (Cas-OFFinder-predicted) ctggcaaaatctagagcatatggg
PCSK9_W156X  off target primer-OR site-2 (Cas-OFFinder-predicted) cttcatggtgctttctggcac
PCSK9_W156X  off target primer-IF site-2 (Cas-OFFinder-predicted) GAATTCTTAGGCGGATCCtagagcatatggggtttcca
PCSK9_W156X  off target primer-IR site-2 (Cas-OFFinder-predicted) ccctacacagtgtttttctc
PCSK9_W156X  off target primer-OF site-3 (Cas-OFFinder-predicted) gtggcttcctttctccaggg
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) gcgcagggtagaaacattgc
PCSK9_W156X  off target primer-OR site-4 (Cas-OFFinder-predicted) gacctcctgagtgttcagcc
PCSK9_W156X  off target primer-IF site-4 (Cas-OFFinder-predicted) GAATTCGCCAATGGATCCgcctgggcaatagagtgaga
PCSK9_W156X  off target primer-IR site-4 (Cas-OFFinder-predicted) atgttggggaccagttacgc
PCSK9_W156X  off target primer-OF site-5 (Cas-OFFinder-predicted) ttgtaaggatcagtgttgcccac
PCSK9_W156X  off target primer-OR site-5 (Cas-OFFinder-predicted) ggacaagcctcgcagaatcag
PCSK9_W156X  off target primer-IF site-5 (Cas-OFFinder-predicted) GAATTCCAGATCGGATCCtcctccgcacagtgtcgggt
PCSK9_W156X  off target primer-IR site-5 (Cas-OFFinder-predicted) acccccgtgctggagcccat
PCSK9_W156X  off target primer-OF site-6 (Cas-OFFinder-predicted) cctgaactcccacttcaccc
PCSK9_W156X  off target primer-OR site-6 (Cas-OFFinder-predicted) agtgtgagatgctgtgaggc
PCSK9_W156X  off target primer-IF site-6 (Cas-OFFinder-predicted) GAATTCACTTGAGGATCCtgccctagtgctgagctcat
PCSK9_W156X  off target primer-IR site-6 (Cas-OFFinder-predicted) tcttgggtgaagctagggag
PCSK9_W156X  off target primer-OF site-7 (Cas-OFFinder-predicted) gcactgccaaacacatctcc
PCSK9_W156X  off target primer-OR site-7 (Cas-OFFinder-predicted) ggggcatcggtctctctcta
PCSK9_W156X  off target primer-IF site-7 (Cas-OFFinder-predicted) GAATTCGATCAGGGATCCgaatctgagtgggccttgga
PCSK9_W156X  off target primer-IR site-7 (Cas-OFFinder-predicted) ttgggcttccacatggcatg
PCSK9_W156X  off target primer-OF site-8 (Cas-OFFinder-predicted) agaggtctgggtctcaacca
PCSK9_W156X  off target primer-OR site-8 (Cas-OFFinder-predicted) atggattgcaggatgcctct
PCSK9_W156X  off target primer-IF site-8 (Cas-OFFinder-predicted) GAATTCTAGCTTGGATCCctacagagagtcattgtgac
PCSK9_W156X  off target primer-IR site-8 (Cas-OFFinder-predicted) ttcatttagcccatttccca
PCSK9_W156X  off target primer-OF site-9 (Cas-OFFinder-predicted) gctcgctcctgggaagattt
PCSK9_W156X  off target primer-OR site-9 (Cas-OFFinder-predicted) aagcctctgaagccctcaac
PCSK9_W156X  off target primer-IF site-9 (Cas-OFFinder-predicted) GAATTCGGCTACGGATCCtcacttaacagcctcccctt
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) gtccttgctctgcctctcag
PCSK9_W156X  off target primer-IF site-10 (Cas-OFFinder-predicted) GAATTCAGTCAAGGATCCaacacagccactgtctccag
PCSK9_W156X  off target primer-IF site-10 (Cas-OFFinder-predicted) tcagcgtcttggttagcgcc
PCSK9_W156X  off target primer-OF site-11 (Cas-OFFinder-predicted and PEM-seq-detected) ggacaagatagcctcgcagc
PCSK9_W156X  off target primer-OR site-11 (Cas-OFFinder-predicted and PEM-seq-detected) cttgtattgtccctgcggttg
PCSK9_W156X  off target primer-IF site-11 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCCTTGTAGGATCCtctgcccttaatgacgttca
PCSK9_W156X  off target primer-IR site-11 (Cas-OFFinder-predicted and PEM-seq-detected) tgtgttttccgagctacgga
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) GAATTCATCACGGGATCCtttgcctagtctccaggcaa
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) tgggtgttcaggaggtaaagag
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) GAATTCGTAGAGGGATCCtggtctttgggagctccttg
PCSK9_W156X  off target primer-IR site-13 (Cas-OFFinder-predicted and PEM-seq-detected) atgggctcaggagccagtgt
PCSK9_W156X  off target primer-OF site-14 (PEM-seq-detected) ggttgtccctccaccctcta
PCSK9_W156X  off target primer-OR site-14 (PEM-seq-detected) agagggtcctctgggttcag
PCSK9_W156X  off target primer-IF site-14 (PEM-seq-detected) GAATTCATGTCAGGATCCctgattctgctgactctgac
PCSK9_W156X  off target primer-IR site-14 (PEM-seq-detected) tggggtctcctcagctccac
PCSK9_W156X  off target primer-OF site-15 (PEM-seq-detected) cgtggagaatccggtcagtg
PCSK9_W156X  off target primer-OR site-15 (PEM-seq-detected) ccgcctgctagaggaattgg
PCSK9_W156X  off target primer-IF site-15 (PEM-seq-detected) GAATTCCCGTCCGGATCCtagccaagccaccaatgctc
PCSK9_W156X  off target primer-IR site-15 (PEM-seq-detected) cagtccctcactatcaaacg
PCSK9_W156X  off target primer-OF site-16 (PEM-seq-detected) acacctcaaagagcagcctc
PCSK9_W156X  off target primer-OR site-16 (PEM-seq-detected) ctgttgccagtttgccatcc
PCSK9_W156X  off target primer-IF site-16 (PEM-seq-detected) GAATTCGTCCGCGGATCCgagcttctccttctcccctt
PCSK9_W156X  off target primer-IR site-16 (PEM-seq-detected) ccactgtgacacaggccttg
PCSK9_W156X  off target primer-OF site-17 (PEM-seq-detected) attccagctctgcccttgtc



PCSK9_W156X  off target primer-OR site-17 (PEM-seq-detected) ctgggtgtccttcagtggac
PCSK9_W156X  off target primer-IF site-17 (PEM-seq-detected) GAATTCGTGAAAGGATCCgccctggtcctcaagcctgt
PCSK9_W156X  off target primer-IR site-17 (PEM-seq-detected) tccatggggacagcggctat
APOE_R158C  on target primer-OF aggcctacaaatcggaactgg
APOE_R158C  on target primer-OR ctcgaaccagctcttgaggc
APOE_R158C  on target primer-IF GAATTCTATAATGGATCCatgctcggccagagcaccga
APOE_R158C  on target primer-IR acgcggccctgttccaccag
APOE_R158C  off target primer-OF site-1 (Cas-OFFinder-predicted) acccagtttagtgacggctg
APOE_R158C  off target primer-OR site-1 (Cas-OFFinder-predicted) cagagccttggctcctgaat
APOE_R158C  off target primer-IF site-1 (Cas-OFFinder-predicted) GAATTCCACGATGGATCCggctgtctgtttgcatcctg
APOE_R158C  off target primer-IR site-1 (Cas-OFFinder-predicted) gctactggttccctgaacaa
APOE_R158C  off target primer-OF site-2 (Cas-OFFinder-predicted) cgccaaaatctcaaccgtgaa
APOE_R158C  off target primer-OR site-2 (Cas-OFFinder-predicted) ctgcctctggtctgcattgg
APOE_R158C  off target primer-IF site-2 (Cas-OFFinder-predicted) GAATTCCACTCAGGATCCtgcagacagaagccaaaggg
APOE_R158C  off target primer-IR site-2 (Cas-OFFinder-predicted) aggctgaagtgaatggcgtc
APOE_R158C  off target primer-OF site-3 (Cas-OFFinder-predicted) cttggggacctgggatgaac
APOE_R158C  off target primer-OR site-3 (Cas-OFFinder-predicted) ggacacagatcctgatgggc
APOE_R158C  off target primer-IF site-3 (Cas-OFFinder-predicted) GAATTCCAGGCGGGATCCtaaatgctggctctgcctcc
APOE_R158C  off target primer-IR site-3 (Cas-OFFinder-predicted) agctgcttaaccccttcgtg
APOE_R158C  off target primer-OF site-4 (Cas-OFFinder-predicted) catttctgggtggctgaggt
APOE_R158C  off target primer-OR site-4 (Cas-OFFinder-predicted) tgctgccctggctaattcaa
APOE_R158C  off target primer-IF site-4 (Cas-OFFinder-predicted) GAATTCCATGGCGGATCCtgtgggaaatatactaaggc
APOE_R158C  off target primer-IR site-4 (Cas-OFFinder-predicted) tctgagcctcagtttcctca
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) tcttggtgccctggcagaca
APOE_R158C  off target primer-OF site-6 (Cas-OFFinder-predicted) agcccagggaatatggatgc
APOE_R158C  off target primer-OR site-6 (Cas-OFFinder-predicted) cctgagtcggaaaccactgt
APOE_R158C  off target primer-IF site-6 (Cas-OFFinder-predicted) GAATTCCCAACAGGATCCacgtctgagcccagcttcct
APOE_R158C  off target primer-IR site-6 (Cas-OFFinder-predicted) cagctggccatatttacagg
APOE_R158C  off target primer-OF site-7 (Cas-OFFinder-predicted) ctccaagctgaacaggaccc
APOE_R158C  off target primer-OR site-7 (Cas-OFFinder-predicted) gagacacagagaagcgggac
APOE_R158C  off target primer-IF site-7 (Cas-OFFinder-predicted) GAATTCCGGAATGGATCCaagaagctaatggggtgggc
APOE_R158C  off target primer-IR site-7 (Cas-OFFinder-predicted) ctcctctctgtaggcccagt
APOE_R158C  off target primer-OF site-8 (Cas-OFFinder-predicted) gccggaatagagcactcgtt
APOE_R158C  off target primer-OR site-8 (Cas-OFFinder-predicted) ctctccgaagctgttcaccc
APOE_R158C  off target primer-IF site-8 (Cas-OFFinder-predicted) GAATTCCTAGCTGGATCCgtgcattatgagcactcaga
APOE_R158C  off target primer-IR site-8 (Cas-OFFinder-predicted) ctgtccactagaatgcaagc
APOE_R158C  off target primer-OF site-9 (Cas-OFFinder-predicted) tcttcccatggcaggcaatc
APOE_R158C  off target primer-OR site-9 (Cas-OFFinder-predicted) cctcccctttcatcctgctc
APOE_R158C  off target primer-IF site-9 (Cas-OFFinder-predicted) GAATTCCTATACGGATCCcacctcccgtctgtcagtct
APOE_R158C  off target primer-IR site-9 (Cas-OFFinder-predicted) atagtgtgaaaccccaccgc
APOE_R158C  off target primer-OF site-10 (Cas-OFFinder-predicted) gctgcccactcactcctaag
APOE_R158C  off target primer-OR site-10 (Cas-OFFinder-predicted) agcagctgtgtgtttcccat
APOE_R158C  off target primer-IF site-10 (Cas-OFFinder-predicted) GAATTCCTCAGAGGATCCgcagcaagcacatacctcct
APOE_R158C  off target primer-IR site-10 (Cas-OFFinder-predicted) atgctttgcaggggttttgg
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) taattgaaagctgctgcctcaga
APOE_R158C  off target primer-IF site-11 (Cas-OFFinder-predicted and PEM-seq-detected) GAATTCGACGACGGATCCtcctgactgtgcctcatatg
APOE_R158C  off target primer-IR site-11 (Cas-OFFinder-predicted and PEM-seq-detected) aagcactgactacctggccc
APOE_R158C  off target primer-OF site-12 (Cas-OFFinder-predicted and PEM-seq-detected) tagaaagcaggcatacaag
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


