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Fig S1 Generation of DNA-PKcs    and Ku80     HDR reporter mESC clones. a, b HDR reporter mESC were 
transiently transfected with expression plasmids for paired SpCas9-sgRNAs respectively targeting exon 1 of 
DNA-PKcs (a) and exon 2 of Ku80 (b), and then plated on MEF. In about 2 weeks, three DNA-PKcs    and two 
Ku80    HDR reporter mESC clones along with two isogenic wild-type (WT) clones were identified by Sanger 
sequencing. c Clones were transfected with I-SceI expression plasmid and frequencies of I-SceI-induced HDR 
represented by percentages of I-SceI-induced GFP  cells. Each circle indicates the mean ± S.E.M. of three 
independent experiments, each in triplicates, with individual clone. Significance was detected by two-tailed 
Student’s unpaired t-test and indicated by ** for P<0.01 and *** for P<0.001.
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Fig S2 Effect of DNA-PKcs inactivation on I-SceI-induced mutNHEJ. a Generation of the mutNHEJ reporter. The 
first I-SceI site in the original NHEJ reporter was disrupted by CRISPR/Cas9 genome editing as shown, generating 
the mutNHEJ reporter that contains only a single intact I-SceI site. A site-specific DSB can be induced between 
Koz-ATG and ATG-GFP and subsequent repair of the DSB by mutNHEJ has 1/3 probability in theory to correct 
out-of-frame GFP, generating GFP   cells. Dotted box indicates the targeting and editing of the first I-SceI site in the 
NHEJ reporter by Cas9-sgRNA. Sanger sequencing confirms the disruption of the first I-SceI recognition sequence. 
b, c Effect of DNA-PKcs inhibition on I-SceI-induced NHEJ in mutNHEJ reporter mESC transfected with I-SceI 
expression plasmids. Frequencies of I-SceI-induced GFP   cells (b) were measured by FACS, and relative I-SceI-
induced NHEJ was calculated by normalizing DMSO treatment to 1.0 (c). Each circle indicates one independent 
experiment, each in triplicates, and the mean of three independent experiments is also indicated. Error bars indicate 
S.E.M. Columns indicate the mean ± S.E.M. of relative NHEJ. Two-tailed Student’s paired t-test: ** for P<0.01 and 
*** for P<0.001.
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Mismatched nucleotide in each sgRNA is indicated in red. 
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Fig S4 Effect of DNA-PKcs inhibition on SpCas9-mediated gene knockout (KO) at GFP gene. a Schematic of GFP 
gene KO and transcription blockage. A single copy of the GFP gene driven by the PGK promoter in mESC was targeted 
by SpCas9 in complex with sgRNAs designed. Upon site-specific DSB induction, DSB repair by m-NHEJ could 
inactivate GFP, making cells GFP  . Frequencies of SpCas9-induced GFP  cells indicate the efficiencies of GFP KO. 
Targeting dSpCas9 to GFP can efficiently silence GFP expression. Frequencies of SpCas9-induced GFP   cells indicate 
the efficiencies of GFP transcription blockage. b mESC containing pPGK-GFP expression cassette were transfected 
with a low amount of individual SpCas9-sgRNA expression plasmids (0.001μg SpCas9, 0.001μg sgRNA, 1/500 of total 
DNA each) as shown and treated with NU7441 at 6 h post-transfection. Percentages of SpCas9-induced GFP   cells 
were measured by FACS at 4 d post-transfection and normalized by transfection efficiency. One circle indicates one 
independent experiment, each in triplicates, and the mean of these independent experiments is also indicated. Error bars 
indicate S.E.M. Relative SpCas9-induced NHEJ shown in Fig 5b is derived from these percentages of SpCas9-induced 
GFP   cells.
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Fig S5 Replication locally disengages c-NHEJ at Cas9-induced DSBs. a Effect of DNA-PKcs inhibition on SpCas9-
induced HDR in mESC and U2OS cells transfected with SpCas9-sgRNA expression plasmids as indicated and 
treated with either DMSO or NU7441. Relative SpCas9-induced HDR was calculated by normalizing DMSO 
treatment to 1.0 after frequencies of SpCas9-induced GFP   cells were measured by FACS at 3 d post-transfection. 
b, c Impact of local replication on DNA-PKcs involvement in HDR induced by SpCas9-gHRc3 (b) and SpCas9-
gHRc4 (c). HDR reporter U2OS cells were transfected with SpCas9-sgRNA expression plasmids, together with 
different amounts of SV40 LT expression plasmids, and treated with either DMSO or NU7441. Frequencies of 
SpCas9-induced GFP   cells were measured by FACS at 3 d post-transfection. Columns indicate the mean ± S.E.M 
of at least three independent experiments, each in triplicates. Error bars indicate S.E.M. The magnitude of the 
increase in the percentage of GFP   cells by NU7441 treatment is shown above each column. Significance was 
analyzed by two-tailed Student’s paired t-test between “DMSO” and “NU7441” and indicated by * for P<0.05, ** 
for P<0.01 and n.s for not significant.
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Fig S6 Analysis of palindromic sister chromatid ligation with the primer pair TF1 and TF3. a PCR detection of 
palindromic sister chromatid ligation. HDR reporter mESC and HDR reporter U2OS cells were transfected with 
SpCas9-gHRC4 expression plasmids or empty vector as indicated. HDR reporter U2OS cells were also co-transfected 
with SV40 LT expression plasmids or control vector. At 2 d post-transfection, gDNA was isolated, and PCR was 
performed with the primer pair TF1 and TF3 and analyzed by electrophoresis. The distance between TF1 or TF3 and 
the break point was indicated. M: 5kb DNA ladder. *: non-specific PCR bands. b Repair junction of palindromic sister 
chromatid NHEJ products. The PCR products from (A) were subcloned and detected by Sanger sequencing, and the 
sequencing data were pooled from two independent experiments. Only two types of products (#1 and #2) were 
detected with the size and position of deletion (del) and insertion (ins) as indicated, and the number of products from 
mESC and U2OS cells were also shown.
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Fig S7 Junctions of palindromic sister chromatid NHEJ products in mESC (a) and U2OS cells (b) by deep 
sequencing analysis. After target amplification by PCR with the primer pair TF1 and TF2, amplicons of 
palindromic sister chromatid NHEJ products were analyzed by deep sequencing. Total reads and top 5 structures 
of repair junctions are shown along with their respective sequencing reads and frequencies. *T, *C, *TT, *TG 
and *TTT indicate nucleotides and positions inserted.


