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Fig. S1. The cleavage targets of TALENs and SpCas9 in HPV16 E6 (A) and E7 (B) 

genes. 

  



 

Fig. S2. The web-logos of ZFN Wolfe-162 (A) and Wolfe-165 (B). 

  



 

Fig. S3. The relationships between log10 transformed normalized GUIDE-seq reads 

and mismatches of off-targets for ZFN Wolfe-161 (A), Wolfe-162 (B) and Wolfe-165 

(C), P values from ANOVA analysis are provided. 
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Fig. S4. The schematic of on targets and off-targets of TALENs targeting URR (A) 

and E7 (B) in 96h experiments.  

  



 

Fig. S5. The histogram exhibited off-target distribution of different mismatches for 

T49. 

  



 

Fig. S6. The correlation between GUIDE-seq reads and validated indel ratios of 

TALEN off-targets. 

  



 

Fig. S7. The nucleotide frequencies of each RVD derived from T49-αN-NN off-targets 

(A) and T49-βN-NN off-targets (B). 

  

T

G

C

A

NG HD NI NI NG NI HD NN NG NN NG HD NG HD NN NI N0 0.00

0.25

0.50

0.75

1.00
Frequency

N0 NI NN NN NI HD HD HD NI HD NI NN NN NI NN HD NN NI HD HD

T

G

C

A

NG HD NI NI NG NI HD NN NG NN NG HD NG HD NN NI N0N0 NI NN NN NI HD HD HD NI HD NI NN NN NI NN HD NN NI HD HD 0.00

0.25

0.50

0.75

1.00
Frequency

βN Left half site βN Right half site

αN Left half site αN Right half site

A

B



 

Fig. S8. The correlation between GUIDE-seq reads and validated indel ratios of 

CRISPR off-targets. 

  



 

Fig. S9. The comparison of SpCas9 off-targets in SiHa and pB-HPV16 cell lines. (A) 

Schematic of GUIDE-seq on/off-target sites and MIP validated results for 3 sgRNAs in 

SiHa and pB-HPV16 cell lines. (B-D) The comparison of log10 transformed 

normalized on-target reads, off-target reads and off-target counts for each sgRNA 

targeting URR (B), E6 (C) and E7 (D) between SiHa cell lines and pB-HPV16 cell lines 

in 96h experiments. 

  



 

Fig. S10. The validation of HPV16 DNA in pb-HPV16 transfected stable cell lines. (A) 

PCR products of HPV16 DNA, including URR, E6 and E7 genes. (B) Sanger 

sequencing of URR region. 
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Fig. S11. The schematics illustrating the dsODN-PCR process and the generated 

products. 

  



 

Fig. S12. The verification of modified TALEN-NT 2.0 program in previous reported 

36 validated off-targets. 

 

  



Table S1. The off-targets of three ZFNs in original model. 

Table S2. The increased Off-targets of three ZFNs in extended model. 

Table S3. The indel rates of Wolfe-165 in 96h by MIP sequencing. 

Table S4. The on and off-target summary of 9 TALENs in this study. 

Table S5. The indel rates of TALEN T49-WT-NN and T49-βN-NN in 96h by MIP 

sequencing. 

Table S6. The frequency of 4 nucleotides in each target position of three T49 TALENs 

in 96h. 

Table S7. The MIP validated results of off-target sites for 3 SpCas9 sgRNAs. 

Table S8. The DSB toxicity evaluation supported by detected dsODN integration sites 

using GUIDE-seq method. 

Table S9. The DSB toxicity sites supported by detected dsODN integration positions 

using GUIDE-seq method. 

Table S10. Three SpCas9 sgRNAs used in this study. 

Table S11. Three effective zinc finger sequences targeting HPV URR gene. 

Table S12. The RVD and target sequences of each TALEN. 

Table S13. The dsODN-tag breakpoint PCR primers used in this study. 

Table S14. Previous in vivo validated off-targets of three-finger ZFN targeted to 

VEGFA. 

Table S15. The consistency rate of modified TALEN-NT 2.0 program using validated 

off-target sites in previous study. 


