
Supplementary Information 

Materials and Methods 

Discarded human tripronuclear zygotes  

All of the used tripronuclear zygotes were donated by the patients undergoing IVF treatment at the 

Center for Reproductive Medicine, the Third Affiliated Hospital of Guangzhou Medical University, 

who have signed the informed consent before the sample collection. The study was approved by 

the Ethics Committee of the Third Affiliated Hospital of Guangzhou Medical University.  

Plasmid construction  

BE3 plasmid was reported by David R. Liu [1]. The sgRNA expression plasmid for in vitro 

transcription was constructed as reported protocol [2]. Briefly, the oligos targeting the HEK293 

site4 and RNF2 were synthesized, annealed, and inserted into the linearized pUC57-T7sgRNA 

(Addgene 51132).  

In vitro transcription of BE3 and sgRNAs 

In vitro transcription of BE3 and sgRNAs were performed as described previously with some 

modifications [3]. In brief, BE3 plasmid was extracted using plasmid midi kits (TIANGEN, 

DP107-02), and linearized by digestion with Bbs I (NEB, R0539S). The linearized plasmid was 

purified with PCR purification kit (Axygen, AP-PCR-500G) and in vitro transcribed using 

mMESSAGE mMACHINE T7 Ultra Kit (Ambion, Life Technologies, AM1345). The template 

for sgRNA transcription was amplified from the constructed Puc57-T7 sgRNA plasmid with the 

primers: F: 5’-TCTCGCGCGTTTCGGTGATGACGG-3’; R: 

5’-AAAAAAAGCACCGACTCGGTGCCACTTTTTC-3’. The purified PCR product (564 bp) 

was used as the template to transcript in vitro using the MEGAshortscript Kit (Ambion, Life 

Technologies, AM1354). The sgRNA was purified with the MEGAclear Kit (Ambion, Life 

Technologies, AM1908). 

Embryo injection and culture 

After 16-18 hours of IVF, the tripronuclear zygotes were picked under microscope. The 

concentration of BE3 mRNA was diluted into 100 ng/μL, and the sgRNA was diluted into 50 

ng/μL. Microinjection was performed using an inverted microscope equipped with a microinjector 

and micromanipulators. With 2-day culture after injection, embryos were transferred individually 

into 20 μL droplets of the acidic Tyrode’s solution (Solarbio, Beijing, China) using a denudation 



pipet (Vitrolife, Gottenburg, Sweden) at 25 ± 1 ℃ and monitored continuously using an inverted 

microscope. The digestion time was strictly controlled to avoid complete removal of zona 

pellucida (ZP). After partial ZP digestion, the embryos were taken out and washed immediately 

with 100 μL of G-MOPS-Plus medium (Vitrolife, Gottenburg, Sweden) to remove the digestion 

solution. 

Whole genome amplification of single embryo 

Whole genomes of all the digested individual embryo were amplified using Discover-sc Single 

Cell Kit (Vazyme, N601-01). The amplified genomes were diluted with 50 times volume water for 

next PCR reaction. 

T7EN1 cleavage assay  

The sequence around the target sites was amplified and purified, and the used primers were listed 

in Table S2. Because base editing could result in the same alteration in the tripronuclear zygotes, 

wild type PCR products were added into the PCR products of the injected embryos with the same 

quantity. A total 200 ng of the mixed PCR products were annealed and digested with T7EN1, then 

separated by a 2.5% agarose gel.  

Off-target assay 

Seven sites with detected off-target mutagenesis by GUIDE-seq in HEK293 site4 were selected 

[1]. The primers used to amplify the off-target sequence were listed in Table S2. The PCR 

products of the experiment-1 and experiment-3 samples were sequenced directly. 

Deep sequencing of on-target and off-target site  

Shorter sequence (200-350 bp) containing the target sites or off-target sites were amplified with 

high-fidelity polymerase. All of the used primers were listed in Table S3. The PCR products were 

purified from the agarose gel to remove non-specificity sequence. The PCR products were 

submitted to Novogene Bioinformatics Institute (http://www.novogene.com/en/) for deep 

sequencing using Hiseq2500-PE250. Each sites had about 3 M clean reads. 
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Supplementary Figures 

Figure S1  Detection of BE-mediated base editing of HEK293 site4 in samples from 

Experiment 1.  

 

(a) Detection of BE-mediated base editing of HEK293 site4 by T7EN1 assay.  

(b) The representative sequence chromatogram of HEK293 site4 in samples from Experiment 

1. The sequence was the targeted site. The red stars indicated the conversion of C to T.  

(c) Sequences of modified HEK293 site4 locus. TA clones of the PCR products were 

analyzed by Sanger sequencing. The PAM sequence is underlined. The targeting 

sequences are highlighted in red; the substituted nucleotides in green. N/N represents 

positive colonies out of total sequenced.  

 

Figure S2  Detection of BE-mediated base editing of RNF2 in samples from Experiment 2.  



 

(a) Detection of BE-mediated base editing of RNF2 by T7EN1 assay.  

(b) The representative sequence chromatogram of RNF2 in samples from experiment 2. The 

sequence was the targeted site. The red stars indicated the conversion of C to T.  

(c) Sequences of modified RNF2 locus. TA clones of the PCR products were analyzed by 

Sanger sequencing. The PAM sequence is underlined. The targeting sequences are 

highlighted in red; the substituted nucleotides in green. N/N represents positive colonies 

out of total sequenced.  

 

Figure S3  Detection of BE-mediated base editing of HEK293 site4 in samples from 

Experiment 3.  



 

(a) The representative sequence chromatogram of HEK293 site4 in samples from Experiment 

3. The sequence was the targeted site. The red stars indicated the conversion of C to T.  

(b) Sequences of modified of HEK293 site4 locus. TA clones of the PCR products were 

analyzed by Sanger sequencing. The PAM sequence is underlined. The targeting 

sequence is highlighted in red; the substituted nucleotide in green. N/N represents 

positive colonies out of total sequenced.  

 

Figure S4  Detection of BE-mediated base editing of RNF2 in samples from Experiment 3. 



 

(a) The representative sequence chromatogram of RNF2 in samples from Experiment 3. The 

sequence was the targeted sites. The red stars indicated the conversion of C to T.  

(b) Sequences of modified RNF2 locus. TA clones of the PCR products were analyzed by 

Sanger sequencing. The PAM sequence is underlined. The targeting sequences are 

highlighted in red; the substituted nucleotides in green. N/N represents positive colonies 

out of total sequenced.  

 

Figure S5  The representative sequence chromatogram of the potential off-target sites of 

HEK293 site4.  

 



 

 

 

 

 



 

Seven potential off-target sites mostly homologous to HEK293 site4 were amplified from embryo 

#2, #3, #5, #8, #18, #20, #22 and #25. The sequence was the targeted sites. Black stars indicated 

the conversion of C to T in the off-target site. 

 

Figure S6  Summary of the deep sequencing. 

 

Summary of the deep sequencing of the off-target site #1, #6, and #8. The editing efficiency of 

every C within the target site was indicated. The PAM was highlighted in red. The different 

nucleotides compared with the target site in yellow.  

 

Table S1  Summary of the microinjection 

 

 



 

 

Table S2  Summary of the Indels at on-target and off-target sites 

 

 

Table S3  Sequences of the primers 



 


