
GGTCAACT TGTCTCTGACCCGACTCGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCCAGGREFERENCE

GGTCAACT TGTCTCTGACCCGAC TCGTCGT ACTCCTGCT TGC T AA TCCACA TC TGCT GGA AGG TGGACAGTGAGGCCA GG 38%
no  indel
CALL  #1

C TCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCCAGG 1%
31nt  deletion
CALL  #3

GGTC C-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ T A A CGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGA GGCCAGG 1%
19nt  deletion
CALL  #4

GGTCAACT TGTC G-­-­-­-­-­-­-­-­-­-­-­-­-­ T CGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAA G GTGGACAGTGAGGCCAGG 1%
13nt  deletion
CALL  #5

GGTCAACT TGTCTC G-­-­-­-­-­-­-­-­-­-­-­ T CGT ACTCCTGCT TGCT AA TCCACA T CTGCTGGAAGGTGGACAGTGAGGCCAGG 6%
11nt  deletion
CALL  #6

GGTCAACT TGTCTC G-­-­-­-­-­-­-­-­-­-­-­-­-­-­ T AC TCCTGCT TGCT AA TCCACA TCTGCTGGAAGGT GGACAGTGAGGCCAGG 2%
14nt  deletion
CALL  #7

GGTCAACT T G TCTCTG T-­-­-­-­-­-­-­ CGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGG T GGAC AGTGAGGCCAGG 1%
7nt  deletion
CALL  #8

GGTCAACT TGTCTCTGACCCGAC|
A

T CGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCCAGG 2%
1nt  insertion
CALL  #9

GGTCAACT TGTCTCTGACCCGACT|
T
CGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCCAGG 3%

1nt  insertion
CALL  #10

GGTCAACT TGTCTCTGACCCGACTCGT A-­-­-­ C TCCTGCT TGCT AA TCCACA TCTGCTGGA AGGTGGACAGTGAGGCCAGG 2%
3nt  deletion
CALL  #11

BELOW  CALLING  THRESHOLD 37%

FAILED  ALIGNMENT 3%

a

b

c

<< sgRNA linker PA
M

  ACTG1 <<targetsite

microhomologies

GGTCAACT TGTCTCTGACCCCCGAAGCCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTGREFERENCE

GGTCAACT TGTCTCTGACCCCCGAAGCCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T A C T ACA TCCA TGGC TG T G 49%
no  indel
CALL  #1

GGTCAACT TGTCT A-­-­-­-­-­-­-­-­-­-­ AGCCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA T G GC TGTG 1%
10nt  deletion
CALL  #2

GGTCAACT TGTCTCTGACCC A-­-­-­-­-­-­-­-­ T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 1%
8nt  deletion
CALL  #3

GGTCAACT TGTCTCTGACCC T-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ GACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 1%
24nt  deletion
CALL  #4

GGTCAACT TGTCTCTGA CCCC T-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ GACGT T TCAGGGCA T A T ACT ACA TCCA TGGC TGTG 1%
23nt  deletion
CALL  #5

GGTCAACT TGTCTCTGACCCCC A-­-­-­-­-­-­ T ACAGAGTGCGCCCCTGACGT T T CAGGGCA T A T ACT ACA T CCA TGGCTGTG 1%
6nt  deletion
CALL  #6

GGTCAACT TGTCTC TGACCCCC C-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ TGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 1%
21nt  deletion
CALL  #7

GGTCAACT TGTCTCTGACCCCC T-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ GACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 2%
22nt  deletion
CALL  #8

GGTCAACT TGTCTCTGACCCCCG C-­-­-­ CA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 1%
3nt  deletion
CALL  #9

GGTCAACT TGTCTCTGACCCCCGA G-­ CCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGC T GTG 2%
1nt  deletion
CALL  #10

BELOW  CALLING  THRESHOLD 33%

FAILED  ALIGNMENT 8%

microhomologies

GGTCAACT TGTCTCTGACCCAAA TCCTCCTCCTCT TCTGCGGTGGCA TCCTGGT ACTGCTGA T ACTCAGAGACGAGGTCGREFERENCE

GGTCAACT TGTCTCTGACCCAAA TCCTCCTCCTCT TCTGCGGTGGCA TCCTGGT ACT G C T G A T A C T C A G A G A C G AGG T C G 81%
no  indel
CALL  #1

GGTCAACT TGTCTC C-­-­-­-­-­-­-­-­-­-­-­ T CC TCCTC T TCT G T GGTGGCA TCCTGGT ACTGCTGA T ACTCAGAGACGAGGTCG 1%
11nt  deletion
CALL  #3

GGTCAACT TGTCTC C-­-­-­-­-­-­-­-­-­-­-­-­-­-­ T CC TCT TCTGCGGTGGCA TCCTGGT ACTGCTGA T ACTCAGAGACGAGGTCG 1%
14nt  deletion
CALL  #4

GGTCAACT TGTCTCT T-­-­-­-­-­-­-­-­ CC TCCTCCTCT TCTGCGGTGGCA TCCTGGT ACTGCTGA T ACTCAGAGACGAGGTCG 1%
8nt  deletion
CALL  #5

GGTCAACT TGTCTCT C-­-­-­-­-­-­-­-­-­ C TCCTCCTCT TCTGCGGTGGCA TCCTGGT ACTGC TGA T AC T CAGAGACGAGGTCG 1%
9nt  deletion
CALL  #6

GGTCAACT TGTCTCTGACCC T-­-­-­-­-­-­ CC TCCTCT TCTGCGGTGGCA TCCTGGT ACTGCTGA T ACTCAGAGACGAGGTCG 1%
6nt  deletion
CALL  #7

GGTCAACT TGTCTC TGACCCA T-­-­ CC TCCTCCTCT TCTGCGGTGGCA TCCTGGT ACTGC TGA T AC T CAGAGACGAGGTCG 1%
2nt  deletion
CALL  #8

GGTCAACT TGTCTCTGACCCAAA|
A
T CC TCCTCCTCT TCTGCGGTGGCA TCCTGGT ACTGC TGA T AC T CAGAGACGAGGTCG 1%

1nt  insertion
CALL  #9

GGTCAACT TGTCTCTGACCCAAAT|
T
CCTCCTCCTCT TCTGCGGTGGCA TCC TGGT ACTGCTGA T ACTCAGAGACGAGGTCG 1%

1nt  insertion
CALL  #10

GGTCAACT TGTCTCTGACCC A A A TCCTCCTC T-­-­-­ T C TGCGGTGGCA TCCTGGT ACTGCTGA T ACTCAGAGACGAGGTCG 1%
3nt  deletion
CALL  #11

BELOW  CALLING  THRESHOLD 7%

FAILED  ALIGNMENT 4%

microhomologies

<< sgRNA linker PA
M

  HIST1H4C<<targetsite

<< sgRNA linker PA
M

  TUBB<<targetsite

ACTG1

HIST1H4C

TUBB

Supplementary Figure 1 | Raw sequencing results from gene tagging experiments using a self-
integrating donor. (a-c) Shown are the ten most abundant indel classes in sequenced PCR-ampli!ed 
genome-donor junctions after mNeon-tagging of (a) ACTG1, (b) HIST1H4C, and (c) TUBB in HEK 293 cells. The 
seamless fusion sequence is given as a reference. Green letters indicate sequence portions of the sgRNA, blue 
letters indicate the PAM sequence, red letters indicate genomic sequence portions, and red boxes indicate the 
presence of microhomologies "anking speci!c deletions. The data shown results from a single representative 
experiment out of three, which in the case of (a) is also analyzed in Fig. 1.



THP1 ACTG1-Neon THP1 TUBB-Neon
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Sort for mCherry+ mNeon+ cells
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mCherry-Cas9 + frame selector sgRNA
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a b

Supplementary Figure 2 | Gene tagging in human myeloid THP1 cells. (a) Outline of the generation of 
gene-tagged human THP1 cells. First, cells are co-electroporated with the three plasmids indicated. Green and 
red marks indicate the presence of an mNeon or mCherry coding sequence on the plasmids, respectively. FACS 
sorting was performed in order to enrich mCherry-mNeon double-positive cells. (b) Epi!uorescent microscopy 
of resulting THP1 cells with mNeon-tagged ACTG1 or TUBB genes.
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frame selector +0
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frame selector +1
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frame selector +2
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universal
donor

genome
PAM

1

...CGC ACT CTG TAT GGC TTC GGC GGC TGA ATC TAA GAA TAC GCG GTC TCC TGA GAA...

mNeon
...GGC CAG TAC CCA AAA AGC GGG GGG TCT GGT GGC AGT GGA GGG GGA TCC GTG AGC...

                      G   G   S   G   G   S   G   G   G   S   V   S

    R   T   L   Y   G   F   G   G   STOP

2frame selector: 1 0

a b

mNeon seamless
integration

frame +0 frame +1 frame +2

Supplementary Figure 3 | Gene tagging of HIST1H4C using a non-optimal target sgRNA. (a) Scheme of 
the exon structure of the HIST1H4C gene targeted by CRISPaint using a target site with 3 PAM-adjacent bases 
identical to the donor target site (identical bases are underlined). (b) Deep sequencing analysis of HIST1H4C-
mNeon gene tagging events using di!erent frame selector plasmids. The frame selector predicted for in-frame 
tagging is marked in green.



CCCCCTCCACTGCCACCAGACCCCCC

GAC
TCG
GC
T..
.

T CGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCCREFERENCE

CCCCCTCCACTGCCACCAGACCCCCC TCGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGG TGGACAGTGAGGCC 37%  (698  reads)
no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCC|
G
C

G
A

T CGT CGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAA GGTGGACAGTGAGGCC 3%  (60  reads)
2nt  insertion
CALL  #2

CCCCCTCCACTGCCACCAGACCCCCC|
G
TCGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCC 43%  (796  reads)

1nt  insertion
CALL  #3

*

CCCCCTCCACTGCCACCAGACCCCCCG

GAC
TCG
CT
T..
.

T CGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGCREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCGTCGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAA GG TGGACAGTGAGGC 78%  (1530  reads)
no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCCG|
A
C
T CGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAA G

A GTGGACAGTGAGGC 3%  (58  reads)
1nt  insertion
CALL  #2

*

ACTG1
frame +0

ACTG1
frame +1

ACTG1
frame +2

HIST1H4C
frame +0

HIST1H4C
frame +1

HIST1H4C
frame +2

TUBB
frame +0

TUBB
frame +1

TUBB
frame +2

CCCCCTCCACTGCCACCAGACCCCCCGC

GAC
TCG
TT
T..
.

T CGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGGREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCGCTCGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAA G
A GTGGACAGTGAGG 58%  (1158  reads)

no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCCGCT|
A
T T
CGTCGT ACTCCTGCT TGC T A A TCCACA TCTGCTGGAAGGTGGACAGTGAGG 3%  (56  reads)

2nt  insertion
CALL  #2

CCCCCTCCACTGCCACCAGACCCCCCGCT|
T
CGTCGT ACTCCTGCT TGCT AA TCCACA TCTGCTGGAAGGTGGACAGTGAGG 27%  (537  reads)

1nt  insertion
CALL  #3

*

CCCCCTCCACTGCCACCAGACCCCCC

AAG
CCA
GC
T..
.

T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTGREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCCCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT AC A TCCA TGGCTGTG 50%  (1842  reads)
no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCC|
G
CCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 29%  (1076  reads)

1nt  insertion
CALL  #2

CCCCCTCCACTGCCACCAGACCCCCC A-­-­ T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTG 3%  (125  reads)
2nt  deletion
CALL  #3

*

CCCCCTCCACTGCCACCAGACCCCCCG

AAG
CCA
CT
T..
.

T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGTREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCGCCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T AC T ACA TCCA T GGCTGT 87%  (4778  reads)
no  indel
CALL  #1

*

CCCCCTCCACTGCCACCAGACCCCCCGC

AAG
CCA
T T
T..
.

T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTGREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCGCCCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T A C T ACA TCCA TGGCTG 54%  (2112  reads)
no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCCGC|
T
CCA T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T AC T ACA TCCA TGGCTG 28%  (1112  reads)

1nt  insertion
CALL  #2

CCCCCTCCACTGCCACCAGACCCCCCGCC A-­ T ACAGAGTGCGCCCCTGACGT T TCAGGGCA T A T ACT ACA TCCA TGGCTG 2%  (97  reads)
1nt  deletion
CALL  #3

*

CCCCCTCCACTGCCACCAGACCCCCC

CCT
C T T
GC
T..
.

CGGCCTCCTCACCGAAA TCCTCCTCCTCT TCTGCGGTGGCA TCCTGGT ACTREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCC T T T
C G

A GCCTCCTCACC G
A A A A TCCTCCTCCTCT TCTG T

C GGTGGCA TCCTGGT ACT 26%  (8638  reads)
no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCC|
G
C T T T

C G
A GCCTCCTCACC G

A A A A TCCTCC TCCTCT TCTG T
C GGTGGCA TCCTGGT ACT 48%  (15980  reads)

1nt  insertion
CALL  #2

CCCCCTCCACTGCCACCAGACCCCCC T-­ T C G
A GCCTCCTCACC G

A A AA TCCTCCTCCTCT TCTG T
C GGTGGCA TCCTGGT ACT 5%  (1520  reads)

1nt  deletion
CALL  #3

*

CCCCCTCCACTGCCACCAGACCCCCCG

CCT
C T T
CT
T..
.

CGGCCTCCTCACCGAAA TCCTCCTCCTCT TCTGCGGTGGCA TCCTGGT ACREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCGCT T T
C G

A GCCTCCTCACC G
A A A A TCCTCCTCCTCT TC TG T

C GGTGGCA TCCTGGT AC 83%  (25713  reads)
no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCCGC|
C
T T C GGCCTCCTCACCG AAA TCCTCCTCCTCT TCTG T

CGGTGGCA TCCTGGT AC 2%  (634  reads)
1nt  insertion
CALL  #2

*

CCCCCTCCACTGCCACCAGACCCCCCGC

CCT
C T T
T T
T..
.

CGGCCTCCTCACCGAAA TCCTCCTCCTCT TCTGCGGTGGCA TCCTGGT AREFERENCE

CCCCCTCCACTGCCACCAGACCCCCCGCCT T C G
A GCCTCCTCACC G

A A A A TCCTCCTCCTCT TCTG T
C GGTGGCA TCCTGGT A 62%  (18541  reads)

no  indel
CALL  #1

CCCCCTCCACTGCCACCAGACCCCCCGC|
T
C T T T

C G
A GCCTCCTCACC G

A A AA TCCTCC TCCTCT TCTG T
C GGTGGCA TCCTGGT A 19%  (5739  reads)

1nt  insertion
CALL  #2

CCCCCTCCACTGCCACCAGACCCCCCGC T-­ T T
C G

A GCCTCCTCACC G
A A A A TCCTCCTCCTCT TCTG T

C GGTGGCA TCCTGGT A 4%  (1065  reads)
1nt  deletion
CALL  #3

*

PAM   Frame selector   Target selector

Supplementary Figure 4 | Deep sequencing of NHEJ-mediated fusion events. Shown are alignments of 
consolidated deep sequencing reads to a seamless integration sequence after CRISPaint-mediated gene 
tagging using the target- and frame selectors indicated. PAM sequences are marked in red, the frame selector 
target sites are marked in blue, and the target selector target sites are marked in green. The size of the bases in 
the alignments linearly correlates with their respective frequency in the sequencing data, with base frequenci-
es <20% being omitted. Indel events with frequencies <2% are omitted. Asterisks denote base -4 with respect 
to the PAM motif of the frame selector target site. Further explanations are given in Supplementary Note 2.
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Supplementary Figure 5 | Fidelity determinants of NHEJ-mediated fusion events. (a) Shown are frequenci-
es of single base duplications after NHEJ-mediated gene tagging correlated to frequencies of seamless integra-
tion events, both quanti!ed in relation to total integration events via deep sequencing from nine experiments 
detailed in Fig. 3. R denotes the Pearson correlation coe"cient. (b) Shown are the mean frequencies of seamless 
integration events for individual frame selectors +SEM from three gene tagging experiments detailed in Fig. 3. 
The sequences of the three frame selector target sites are given below. The frequently duplicated base (-4 relati-
ve to PAM) and the PAM motif are highlighted in red and green, respectively.



a b

c

mNeon scarless
integration

frame +0

frame +1

frame +2

Supplementary Figure 6 | Scarless gene tagging of ACTG1 avoiding loss of C-terminal amino acids. (a) 
Scheme of the exon structure of the ACTG1 gene targeted by CRISPaint using a donor which re-introduces the 
amino acids encoded downstream of the genomic target site, allowing scarless gene tagging. (b) Microscopic 
images of HEK293T cells with scarless mNeon-tagging of the ACTG1 gene. (c) Deep sequencing analysis of 
scarless ACTG1-mNeon gene tagging events. Shown are representative data from three biological replicates.
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T T AGTGA TGCAAACGAACCTGGAGAGAGCCAAAGT ACCA T AGGT AAA T ACA T A T T T ACT ACT TGGGA T T TCT T T T ACT TCREFERENCE

T T AGTGA TGCAAACGAACCTGGAGAGAGCCAAAGT AC A-­ T AGGT AAA T ACA T A T T T ACT ACT TGGGA T T TCT T T T ACT TC 36%  (2510  reads)
1nt  deletion
CALL  #1

T T AGTGA TGCAAACGAACCTGGAGAGAGCCAAAGT AC A-­-­-­-­-­-­-­-­-­-­-­-­-­ T A T T T ACT ACT TGGGA T T TCT T T T ACT TC 22%  (1506  reads)
13nt  deletion
CALL  #2

T T AGTGA TGCAAACGAACCTGGAGAGAGCCAAAGT ACCA A-­-­-­-­-­-­-­ T ACA T A T T T ACT AC T TGGGA T T TCT T T T ACT TC 42%  (2954  reads)
7nt  deletion
CALL  #3

ATM
KO

PRKDC
KO A

PRKDC
KO B

NHEJ1
KO A

NHEJ1
KO B

DCLRE1C
KO A

DCLRE1C
KO B

LIG4
KO A

LIG4
KO B

ACCGCTGCGGTGCTGCCCTGGCCGGTCA TCAACTGA TCCGCGGCCTGGGGCAGGAA TGCGTCCTGAGCAGCAGCCCCGCGREFERENCE

ACCGCTGCGGTGCTGCCCTGGCCGGTCA C-­-­-­-­-­-­-­-­ CCGCGGCCTGGGGCAGGAA TGCGTCCTGAGCAGCAGCCCCGCG 36%  (90  reads)
8nt  deletion
CALL  #1

ACCGCTGCGGTGCTGCCCTGGCCGGTCA TCAACTGA G-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ GAA TGCGTCCTGAGCAGCAGCCCCGCG 36%  (89  reads)
16nt  deletion
CALL  #2

ACCGCTGCGGTGCTGCCCTGGCCGGTCA TCAACTGA T G-­-­ CGGCCTGGGGCAGGAA TGCGTCCTGAGCAGCAGCCCCGCG 28%  (69  reads)
2nt  deletion
CALL  #3

ACCGCTGCGGTGCTGCCCTGGCCGGTCA TCAACTGA TCCGCGGCCTGGGGCAGGAA TGCGTCCTGAGCAGCAGCCCCGCGREFERENCE

ACCGCTGCGGTGCTGCCCTGGCCGGTCA TCAACTGAT|
T
CCGCGGCCTGGGGCAGGAA TGCGTCCTGAGCAGCAGCCCCGCG 100%  (708  reads)

1nt  insertion
CALL  #1

AGCAAGGCCTGT TGA TGCAGCCA TGGGCGTGGCT ACAGCT TGCAGAGAACTCCCTCT TGGCCAAGGT T T T T A TCACCAAGREFERENCE

AGCAAGGCCTG G-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ C T ACAGCT TGCAGAGAACTCCCTCT TGGCCAAGGT T T T T A TCACCAAG 56%  (928  reads)
20nt  deletion
CALL  #1

AGCAAGGCCTGT TGA TGCAGCCA TGG C-­ GTGGCT ACAGCT TGCAGAGAACTCCCTCT TGGCCAAGG T T T T T A TCACCAAG 43%  (710  reads)
1nt  deletion
CALL  #2

AGCAAGGCCTGT TGA TGCAGCCA TGGGCGTGGCT ACAGCT TGCAGAGAACTCCCTCT TGGCCAAGGT T T T T A TCACCAAGREFERENCE

AGCAAGGCCTGT TGA TGCAGCCA TGG C-­ GTGGCT ACAGCT TGCAGAGAACTCCCTCT TGGCCAAGG T T T T T A TCACCAAG 100%  (1179  reads)
1nt  deletion
CALL  #1

GCTCCA T TCT AGCAGCT TCTCCT TGCGCCAA TCTGAAGTCTCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAAREFERENCE

GCTCCA T TCT AGCAGCT TCTCCT TGC|
T
GCCAA TCTGAAGTCTCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAA 37%  (332  reads)

1nt  insertion
CALL  #1

GCTCCA T TCT AGCAGCT TCTCCT TGCG|
G
CCAA TCTGAAGTCTCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAA 28%  (258  reads)

1nt  insertion
CALL  #2

GCTCCA T TCT AGCAGCT TCTCCT TGCG G-­-­-­-­-­-­-­-­-­-­ T C TCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAA 34%  (311  reads)
10nt  deletion
CALL  #3

GCTCCA T TCT AGCAGCT TCTCCT TGCGCCAA TCTGAAGTCTCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAAREFERENCE

GCTCC G-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­-­ T C TCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAA 29%  (265  reads)
32nt  deletion
CALL  #1

GCTCCA T TCT AGCAGCT TCTCCT TGC C-­-­ A A TCTGAAGTCTCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAA 52%  (476  reads)
2nt  deletion
CALL  #2

GCTCCA T TCT AGCAGCT TCTCCT TGCG|
G
CCAA TCTGAAGTCTCCTGTGT ACAGGACAGT TCCA T T A T TGCCCTGAAA T AAA 17%  (155  reads)

1nt  insertion
CALL  #3

CCAA TGCT AGCTGCT A T TGCAGA T A T TGAGCACA T TGAGAAGGA T A TGAAACA TCAGAGT T TCT ACA T AGAAACCAAGCTREFERENCE

CCAA TGCT AGCTGCT A T TGCAGA T A T TGAGCACA T A-­-­ GAAGGA T A TGAAACA TCAGAGT T TCT ACA T AGAAACCAAGCT 100%  (5104  reads)
2nt  deletion
CALL  #1

CCAA TGCT AGCTGCT A T TGCAGA T A T TGAGCACA T TGAGAAGGA T A TGAAACA TCAGAGT T TCT ACA T AGAAACCAAGCTREFERENCE

CCAA TGCT AGCTGCT A T TGCAGA T A T TGAGCACA|
ACA T A

T TGAGAAGGA T A TGAAACA TCAGAGT T TCT ACA T AGAAACCAAGCT 23%  (672  reads)
5nt  insertion
CALL  #1

CCAA TGCT AGCTGCT A T TGCAGA T A T TGAGCACA T TGA|
A
GAAGGA T A TGAAACA TCAGAGT T TCT ACA T AGAAACCAAGCT 42%  (1214  reads)

1nt  insertion
CALL  #2

CCAA TGCT AGCTGCT A T TGCAGA T A T TGAGCACA T TGA A-­-­ GGA T A TGAAACA TCAGAGT T TCT ACA T AGAAACCAAGCT 34%  (991  reads)
2nt  deletion
CALL  #3

Supplementary Figure 7 | Genotyping results of KO clones generated using CRISPR/Cas9. HEK-Cas9 
monoclones were genotyped using deep sequencing. Data were evaluated using the OutKnocker.org genoty-
ping software. Called alleles with frequencies of >2% are shown. CRISPR target sites are marked in blue.
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Supplementary Figure 8 | Uncropped immunoblots for knockout clone validation detailed in Fig. 6.
(a) ATM (b) DNA-PKcs (c) NHEJ1 (d) Artemis (e) Ligase IV.
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