




















Supplementary Table 1. Effect of H2AX status on I-SceI-induced NHEJ events in sGEJ reporter mouse ES cells 
(Del: mNHEJ events carrying deletions only; Ins: mNHEJ events carrying insertions only; InDel: mNHEJ events carrying  
both deletions and insertions.) 

  Reads %Total of each group %Total reads 
H2AX status +/+ –/– +/+ –/– +/+ –/– χ2 test 

Total NHEJ 52231 71075 – – 100 100  
Accurate+naNHEJ 31918 45934 – – 61.1 64.6 <0.0001 

mNHEJ 20313 25141 – – 38.9 35.4 <0.0001 
Group I (Simultaneous) 35880 49822 100 100 68.7 70.1  

Accurate NHEJ 30255 43640 84.3 87.6 57.9 61.4 <0.0001 
naNHEJ 967 1008 2.7 2.0 1.9 1.4 <0.0001 
mNHEJ 4658 5174 13.0 10.4 8.9 7.3 <0.0001 

Del 2999 2779 8.4 5.6 5.7 3.9  
Ins 657 736 1.8 1.5 1.3 1.0  

InDel 1002 1659 2.8 3.3 1.9 2.3  
Group II 2768 2950 100.0 100.0 5.3 4.2  
mNHEJ 2768 2950 100.0 100.0 5.3 4.2  

Del 2767 2950 100.0 100.0 5.3 4.2  
Ins 0 0   0.0 0.0  

InDel 1 0   0.0 0.0  
Group III 13583 18303 100.0 100.0 26.0 25.8  
naNHEJ 696 1286 5.1 7.0 1.3 1.8 <0.0001 
mNHEJ 12887 17017 94.9 93.0 24.7 23.9 <0.0001 

Del 12613 16672 92.9 91.1 24.1 23.5  
Ins 197 265 1.4 1.4 0.4 0.4  

InDel 77 80 0.6 0.4 0.1 0.1  



Supplementary Table 2. Effect of H2AX status on Cas9/g2-2-induced NHEJ events in sGEJ reporter mouse ES cells 
 

 H2AX+/+ H2AX–/–  χ2 test 
 Reads % Reads % P value 

Del 390266 83.7  297876 79.6 <0.0001 

Ins 51140 11.0  57193 15.2  <0.0001 
InDel 24997 5.3  19325 5.2  <0.0001 

 



Supplementary Table 3. Effect of H2AX status on I-SceI-induced NHEJ events in BGN reporter mouse ES cells 
 

 H2AX+/+ H2AX–/– χ2 test 
 Reads % Reads % P value 

Del 20086 72.0  22246 65.9  <0.0001 

Ins 994  3.6  509  1.5  <0.0001 

InDel 6803  24.4  10993  32.6  <0.0001 

 



Supplementary Table 4. Effect of H2AX status on Cas9/g4-2-induced NHEJ events in BGN reporter mouse ES cells 
 

 H2AX+/+ H2AX–/– χ2 test 
 Reads % Reads % P value 

Del 931509 69.2  711297 51.9  <0.0001 

Ins 292984 21.8  550792 40.1  <0.0001 

InDel 120837 9.0  109350 8.0  <0.0001 

 



Supplementary Table 5. Effect of MDC1 status on paired gRNA-guided Cas9-induced NHEJ events at the LDHA locus of mouse ES cells 

1. Total NHEJ = Joining of one end of DSB and one end of the other DSB + Joining of two ends of individual DSB. 
2. TE: transfection efficiency, which reflects the level of DSB induction in each cell line. Because transfection was done twice for site-specific induction of    
  DSBs, %Total is normalized with TE twice and equals (%Total reads / TE) / 2. 

 
 

MDC1 status 

Reads %NHEJ %Total reads %Total 
(normalized with TE)2 

+/+ –/– +/+ –/– +/+ –/– +/+ –/– χ2 test	

Total 951189 871778 – – 100 100    

Total NHEJ1 803420 656228 100.0 100.0 84.5 75.3 57.9 43.8 <0.0001 

Accurate NHEJ 426764 427027 53.1 65.1 44.9 49.0 30.7 28.5  

mNHEJ 376656 229201 46.9 34.9 39.6 26.3 27.1 15.3 <0.0001 

Individual cutting 114655 79071 – – 12.1 9.1 8.3 5.3  

Del 82482 48727 – – 8.7 5.6 5.9 3.2  

Ins 3257 7134 – – 0.3 0.8 0.2 0.5  

InDel 28916 23210 – – 3.0 2.7 2.1 1.5  

Simultaneous cutting 
(Group I) 688765 577157 100.0 100.0 72.4 66.2 49.6 38.5 <0.0001 

Accurate NHEJ 426764 427027 62.0 74.0 44.9 49.0 30.7 28.5  

mNHEJ 262001 150130 38.0 26.0 27.5 17.2 18.9 10.0 <0.0001 

Del 213546 100875 31.0 17.5 22.5 11.6 15.4 6.7  

Ins 17357 24871 2.5 4.3 1.8 2.9 1.2 1.7  

InDel 31098 24384 4.5 4.2 3.3 2.8 2.2 1.6  



Supplementary Table 6. Effect of H2AX status on paired gRNA-guided Cas9-induced NHEJ events at the LDHA locus of mouse ES cells 

1. Total NHEJ = Joining of one end of DSB and one end of the other DSB + Joining of two ends of individual DSB. 
2. TE: transfection efficiency, which reflects the level of DSB induction in each cell line. Because transfection was done twice for site-specific induction of    
  DSBs, %Total is normalized with TE twice and equals (%Total reads / TE) / 2. 

 
 

H2AX status 

Reads %NHEJ %Total reads %Total 
(normalized with TE)2 

+/+ –/– +/+ –/– +/+ –/– +/+ –/– χ2 test	

Total 1676348 1510050 – – 100.0 100.0 100.0 100.0  

Total NHEJ1 398845 167938 100.0 100.0 23.8 11.1 40.1 18.2 <0.0001 

Accurate NHEJ  118986 95194 29.8 56.7 7.1 6.3 12.0 10.3 <0.0001 

mNHEJ 279859 72744 70.2 43.3 16.7 4.8 28.2 7.9 <0.0001 

Individual cutting 184854 38562 – – 11.0 2.6 18.6 4.2  

Del 126547 20870 – – 7.5 1.4 12.7 2.3  

Ins 12790 7019 – – 0.8 0.5 1.3 0.8  

InDel 45517 10673 – – 2.7 0.7 4.6 1.2  

Simultaneous cutting 
(Group I) 213991 129376 100 100 12.8 8.6 21.5 14.1 <0.0001 

Accurate NHEJ 118986 95194 55.6 73.6 7.1 6.3 12.0 10.3 <0.0001 

mNHEJ 95005 34182 44.4 26.4 5.7 2.3 9.6 3.7 <0.0001 

Del 74428 19939 34.8 15.4 4.4 1.3 7.5 2.2  

Ins 7916 9157 3.7 7.1 0.5 0.6 0.8 1.0  

InDel 12661 5086 5.9 3.9 0.8 0.3 1.3 0.6  



Supplementary Table 7. Sequence list of gRNAs, PCR primers and siRNAs 
sgRNA Sequence (5’-3’) PAM Length (bp) 
mRosa26-1 CATCCACGCACCCCTGACCC AGG 20 
mRosa26-2 GGCTGCAGCATCAGTACAC AGG 19 
mRosa26-3 CCTAAGAATGAGAAAGGCAA AGG 20 
mH2AX TCTACCTCGTACACTATGTC CGG 20 
mDNA-PKcs-1 TGTTGGCTACTGCAGCTGC AGG 19 
mDNA-PKcs-2 CAGACCGCTGCAGTGCTGC CGG 19 
mATM-1 ACAGAATTTCGCTTAGCTGG AGG 20 
mATM-2 TTGTGTGGGTTCTGATGGCA AGG 20 
mLDHA-1 AGCATCACCAAGTGCAGGCA AGG 20 
mLDHA-2 TAATATGCTAACACCTTGGT GGG 20 
mMDC1-1 AACTATCCAGTGGCTCCTT GGG 19 
mMDC1-2 AAGAGACGTAGCTGCCCTAT AGG 20 
sGEJ2-1 AGGGATAACAGGGTAATCCA TGG 20 
sGEJ2-2 ATAACAGGGTAATCCATGG TGG 19 
sGEJ2-3 TGGATTACCCTGTTATCCCT AGG 20 
BGN4-1  TTCTGCAGTCGACGGTACCG CGG 20 
BGN4-2 CCGTCGACTGCAGAATTCTA GGG 20 
PCR primers Sequence (5’-3’) 
BSD-F CTCAAGCTTAACTAAACCATGGCCAAGCCTTTGTCTCAAGAAG 
BSD-R AGAATTCCAGTAGGGATAACAGGGTAATGCCAGGTCCGCCCTCCC

ACACATAACCAGAG 
sGEJ-F CCGCGCTGTTCTCCTCTTC 
sGEJ-R GCCGTACGTAAGGGTGGTCACGAGGGTGG 
BGN-F GCTGGCAACCTGACTTGTATC 
BGN-R GCTTGCCGGTGGTGCAGATG 
mRosa26-F	 GAGCACAGGAACAATTGGC	 	
mRosa26-R	 GAATCCGTGCAAGCCAAG	
mLDHA-F	 CCACTGAGCCATCTATCTCTCC	
mLDHA-R	 GGTGCAGACATAAGCGGGAGAA	
mH2AX-F	 GCGTGTCCAGGGAGTTTATAAGG	
mH2AX-R	 GTAGTGGCCTTTCCGCAGCAG	
mATM-F	 TAGGTTGATCCCACAGGAGAG	
mATM-R	 ATCCAGACAACCAAATGAGG	
mDNA-PKcs-F	 GAGTGCAAACACCAATCTGTGATATCTCCG	
mDNA-PKcs-R	 TTTTGTCAAGGTCCTATTGAGTTCAAGCGA	
mMDC1-F	 GGAAATCATCACCTCATGGT	
mMDC1-R	 ATAAATGGTTCTACCAACCC	
qPCR-mP400-F CCAGATACAGCAGCTGATGAGCAG	
qPCR-mP400-R TGTATGATGGAGAGCCATGCTC	
qPCR-mActin-F TGAGCGCAAGTACTCTGTGTGGAT	
qPCR-mActin-R ACTCATCGTACTCCTGCTTGCTGA	



siRNA targets Sequence (5’-3’)	
mTRRAP-1 GCACATGAAGGACCTCTTT	
mTRRAP-2 GGAGATGAACTGAAAGCAA	
mTip60-1 ACGGAAGGTGGAGGTGGTT	
mTip60-2 GGGCCAGTATATCCTAACT	
mP400-1 GCGGTTGCCAAAGCTTCAA	
mP400-2 GGAACCATCTGTCAGTGAA	
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