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Supplemental Figure 1. In vitro DNA cleavage scoring system for Digenome-seq analysis.
We assigned a DNA cleavage score to each nucleotide position across the human genome
using the following equation and set a cutoff value of 2.5 to identify in vitro DNA cleavage
sites. This equation accounts for both blunt ends and cohesive ends (a = 1 to 5), unlike the
previous method that accounts for blunt ends only. The number of forward sequence reads
starting at position i (Fi) is subtracted by one to set the score at >99% of nt positions to zero
and then multiplied by the number of reverse sequence reads starting at nearby positions.
The equation also accounts for the sequencing depth.

Score at position i =
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F; - Number of forward sequence reads starting at position i
R; : Number of reverse sequence reads starting at position i

D; : Sequencing depth at position i

Example : -

75006253 | 75006254 | 75006255 | 75006256 @ 75006257 75006258 @ 75006259

Count | Reverse : 0 0 _ 1 | 22 0 0 _ 0
4 Forward 0 0 0 9 9 1 0
Depth | 23 23 | 23 31 | 18 | 19 | 19

Score at position 75006256

= (22-1)/31 % [(0-1)/23 * (2240-2) + (9-1)/31 * (22+9-2) + (9-1)/18 * (22+9-2) + (1-1)/19 * (2241-2) + (0-1)/19 * (22+0-2)]

+(9-1)/18 * [(0-1)/23 * (9+0-2) + (1-1)/23 * (9+1-2) + (22-1)/31 * (9+22-2) + (0-1)/18 * (9+0-2) + (0-1)/19 * (8+0-2)]

=20.66



Supplemental Figure 2. Reproducibility of the in vitro DNA cleavage scoring system. We
assigned a DNA cleavage score to each nucleotide position using the two independent
digenome sequencing datasets we had reported previously (Kim et al. 2015).
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Supplemental Figure 3. Bulge-type off-target sites captured by Digenome-seq using
sgRNAs transcribed from an oligonucleotide duplex. Note that most of synthesis-failed
oligonucleotides are (n-1) mers, which give rise to RNA-bulge off-target cleavages at sites
with a missing nucleotide compared to the on-target sequence.

5" - gTTaCCCC-CAGGGaAGTATAGG -3' Off-target 1 5/ —tgTGCCCCACA-GGCAGTAGATG -3’ Off-target 2
5’ - CTTGCCCCACAGGGCAGTAACGG —3' On-target sequence 5’ - CTTGCCCCACAGGGCAGTAACGG -3’  On-target sequence

5" -CgTGCCCCACAGGG-AGTgAGGG -3’ Off-target 3 5’ -CTT-CCCCRatatcC-AGTaGGG -3’ Off-target 4

5/ -CTTGCCCCACAGGGCAGTAACGG -3 On-target sequence 5’ - CTTGCCCCACAGGGCAGTAACGG -3’  On-target sequence



Supplemental Figure 4. Poor correlation between the number of GUIDE-seq positive sites
and the number of homologous sites with 6 or fewer mismatches in the human genome.
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Supplemental Figure 5. Two EMX1 off-target sites captured by HTGTS and GUIDE-seq but
missed by Digenome-seq. The two numbers below the IGV images indicate DNA cleavage
scores calculated using the equation in Supplemental Fig. 1, which are smaller than the
cutoff value of 2.5.
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Supplemental Figure 6. Venn diagrams showing the number of sites captured by

Digenome-seq and CHIP -seq.
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Supplemental Figure 7. Indel frequencies (log scale) at on-target and off-target sites

determined in HelLa cells transfected with the RNF2-specific SgRNA.
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Supplemental Table 1. Digenome-captured sites using oligonucleotide templates and plasmid templates
Oligonucleotide template

Chromosome location DNA sequence at cleavage site DNASCCIgf:;/age Bulge
chrll 5248215 CTTGCCCCACAGGGCAGTAACGG 19.1 X
chrl 38230668 CTctgtCtcgcGetgctTHGGG 8.9 X
chrl 177593980 tcTaCCCCACAtGGCAGTAATGG 13.1 X
chr2 112686732 09TcCCgggaAtaGCgGgtAAGG 6.4 X
chr2 240591539 acaGCCCCACAGGGCACTAgAGG 12.0 X
chr3 3662556 aaaGCCCCACAGGGIAGTAgAGG 23.2 X
chr3 19957634 gcTaCCCCACAGGGCALTAgGGG 12.3 X
chr4 45763604 gcTGCCCCACAtGaCAGaAATGG 12.4 X
chr4 48091817 acTcgtCtcCgatatccagtTGG 12.5 X
chr4 55979545 ggTGtaaCcCgGaGtgaccAAGG 11.0 X
chr4 55979546 ggTGtaaCcCgGaGtgaccAAGG 3.1 X
chr4 148531374 gTTaCCtCACAGaGCAGaAAGGG 17.4 X
chr4 165593737 taTGCtCCAgAGGGtAGTAATGA 3.7 X
chrb 14347051 CaTaCCCCACAGGICAGTAAGGA 16.4 X
chrb 131423385 tcTGCCCCACAGGCCAGQAAGGG 8.5 X
chré 50041372 tcTGCCCCACAIGGCAGTAATGA 19.6 X
chré 80093919 tgaGttCtcCAatatccagtTGG 10.0 X
chré 85738203 acTGCCCCACAGGGaAGTAATAG 19.7 X
chr8 41296595 tcaGCCCCACAGGtCAGCAATGG 171 X
chr9 24439672 ggactCCtcCAatatccTgtTGG 2.6 X
chr9 78341070 gTTaCCCC-CAGGGaAGTAIAGG 53 RNA Bulge
chr9 104595883 tcaGCCCCACAGGGCAGTAAGGG 25.4 X
chr9 134609673 tTTGCCCCtCAGGGCAGCtAAGG 7.8 X
chr9 134994964 CcTGCCCCACAGGGCAaTtATGG 9.6 X
chrl0 71843328 CaTGgCCaggAaGagAaggcTGG 14.9 X
chrl0 72286450 CaaGCCCCACAGGGCAGacAGGG 6.8 X
chrl0 73555691 CagGCCCCACAGGaCAGgAAGGG 3.4 X
chrll 3125346 agccCCCacagGGcagGTAgGGG 3.5 X
chrll 59611432 CggcCagattcatGgcaatcAGG 21.4 X
chrll 76387498 CTgcCCCtcagGGaCAGTAIGGG 115 X
chrl2 27234755 gaTGCCtCACAGGaCAGgAAGGG 7.8 X
chrl2 40327469 gcTatggttCctGaacGgecTGG 13.3 X
chrl2 93549202 aTTGCCCCACgGGGCAGTgACGG 31.9 X
chrl2 124803834 gCTGCCCCACAGGGCAGCAAAGG 27.7 X
chrl3 29005426 tTgGtCaattcGtcgccTtACGG 2.9 X
chrl3 44886376 ggaGCCCCACAGGGCAGagAGGG 155 X
chrl4 36889538 gTTatCCCACAGGaCAGTgAGGG 24.0 X
chrl4 59445901 CTT-CCCCAatatcCAGT-AGGG 4.5 RNA Bulge
chrl4 94585327 aTgGCCCCACAaGGCAGaAATGG 20.9 X
chrl5 29983547 CcaGCCCCACAGGGCAGTAAAGC 12.6 X
chrl5 46598129 gTTGCCCCtCAGGaCAGTACAGG 32.5 X
chrl5 99709337 tgTGCCCCACAGGG-AGTgAGGG 3.4 RNA Bulge
chrl6 49082904 gcaGCCCCACAGGICAGTgAGGG 13.7 X
chrl7 8370253 tgctCCCacagGGceagtaAACGG 18.3 X
chrl8 745994 aaaataCCtCgttGattTccAGG 27.3 X
chrl8 6663844 gTTGCCCCACtGGGgAGaAAAGG 4.3 X
chrl9 29880768 tgTGCCCCACAGG-CAGTAQATG 11.6 RNA Bulge
chrl9 34262013 CTgctCCacagGGcagGTAIGGG 4.3 X
chrl9 37539042 CTTGCaCCACAGaGCACTAAGGG 2.9 X
chr20 39992928 agTGgCCCcCAGGGCAGTQAGGG 4.2 X
chr22 17230623 tgTGCCCCACAGaGCACTAAGGG 22.0 X
chr22 35537395 agTGCCCCACAGGGQAGaAATGG 12.1 X
chrX 75006257 gTgGCCCCACAGGGCAGQAATGG 7.0 X
chrX 132429379 gcatCCCCACAGGGCAGTAIGTG 3.3 X



Chromosome

chrll
chrl
chrl
chr3
chr3
chr4
chr5
chr5
chré
chré
chr8
chr9
chr9
chrl0
chrl0
chrll
chrl2
chrl2
chrl2
chrl3
chrl4
chrl4
chrl5
chrl5
chrl6
chrl7
chrl9
chr20
chr22
chrX

location

5248215
17346702
177593980
3662556
19957634
148531374
14347051
131423385
23709579
50041372
24931381
104595883
134994964
72286450
73555691
76387498
27234755
93549202
124803834
44886376
36889538
94585327
34059408
46598129
49082904
8370253
8560462
39992928
17230623
75006257

Plasmid template
DNA sequence at cleavage site

CTTGCCCCACAGGGCAGTAACGG
ggTcCCCacagGGtCAGTAAGGG
tcTaCCCCACAIGGCAGTAATGG

aaaGCCCCACAGGGtAGTAQGAGG
gcTaCCCCACAGGGCAITAgGGG
gTTaCCtCACAGaGCAGaAAGGG
CaTaCCCCACAGGICAGTAAGGA
tcTGCCCCACAGGCCAGgAAGGG
gaaGCCCtACAGGGCAGCAATGG
tcTGCCCCACAIGGCAGTAATGA
agTGCCaCACAcaGCAGTAAGGG
tcaGCCCCACAGGGCAGTAAGGG
CcTGCCCCACAGGGCAaTIATGG

CaaGCCCCACAGGGCAGacAGGG

CagGCCCCACAGGaCAGgAAGGG
CTgcCCCtcagGGaCAGTAIGGG

gaTGCCtCACAGGaCAGgAAGGG
aTTGCCCCACgGGGCAGTgACGG
gcTGCCCCACAGGGCAGCAAAGG
0gaGCCCCACAGGGCAGagAGGG
gTTatCCCACAGGaCAGTgAGGG
aTgGCCCCACAaGGCAGaAATGG
gTTaCCaCACAGaGCAGTIAAGG
gTTGCCCCtCAGGaCAGTACAGG
gcaGCCCCACAGGtCAGTgAGGG
tTgctCCCACAGGGCAGTAAACG
aaatCCCCACAGGGCAGTAAGGC
agTGgCCCcCAGGGCAGTgAGGG
tgTGCCCCACAGaGCACTAAGGG
gTgGCCCCACAGGGCAGQAATGG

DNA cleavage
Score
17.5
4.5
14.4
9.9
12.0
134
4.3
4.9
4.6
17.7
6.0
11.1
7.3
4.8
4.3
16.9
5.3
35.6
27.6
5.0
23.0
17.0
3.1
21.2
4.0
21.1
2.6
3.5
15.5
4.5

Bulge

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X



Supplemental Table 2. Multiplex Digenome-captured sites

Chr
Chr6é
Chrl5
Chrbs
Chrl
Chr12
Chr22
Chr17
Chri
Chr12
Chrl
Chr10
Chrl2
Chrl1
Chr20
Chrl7
Chr4
Chr9
Chr9
Chr3
Chrl6
Chr8
Chr20
Chrl5
Chr2
Chr3
Chr5
Chr6
Chr13
Chr5
Chr21
Chr19
Chrs
ChrX
Chr7
Chr22
Chr2
Chr3
Chri1
Chré
Chr18
Chr3
ChrX
Chrl1
Chrl7
Chr6
Chr22
Chr22
Chr3
Chr21

Position
43737290
65637537
7067159
99347651
1988077
37215276
32986325
82627648
26641302
233157354
124731416
131690199
71497119
7836107
39796328
8453803
88657759
93925190
125633992
8763213
140714327
56175356
93140401
209437600
128284321
32945275
14316373
26202812
156390
43689878
51310920
139263024
82127748
17819097
41676762
96056645
195871264
3445204
45554056
366714
13580170
19185601
67574262
47317539
91365255
18454623
19698463
36358934
37116659

VEGFAl
DNA cleavage Score
38.9
25.6
22.2
21.3
20.7
20.4
17.8
16.6
16.5
15.6
15.3
14.4
14.3
14.2
14.1
14.1
14.1
14.1
13.8
134
13.1
13.0
12.7
11.6
11.6
11.6
11.5
11.4
11.3
10.7
10.7
10.6
10.5
10.2
10.1
9.9
9.8
9.7
9.7
9.4
9.1
8.9
8.7
8.5
8.4
8.4
8.3
8.3
7.7

DNA seq at a cleavage sites
GGGTGGGGGGAGTTTGCTCCAGG
GGaTGGaGGGAGTTTGCTCCTGG

GaGgGtGGGGAGTTTaCTCCTGG
GGGgaGGGGaAGTTTGCTCCTGG
cGGgGGaGGGAGTTTGCTCCTGG
GGGTGGGGGGAGTTTGCCcCCAGG
GGGgGtGGGGACTTTGCTCCAGG
GGGTGctGGecAcagTGCTCCTGG
aGtTtGGGGGAGTTTGCCcCCAGG
GGagGaGGGGAGTCTGCTCCAGG
aGcTGGaGGGAGTTTGCcCCAGG
GGGaGGGtGGAGTTTGCTCCTGG
aGGaaGGaGGAGTTaGCTCCTGG
caGgtGGGaGAGTTTGCTCCCAG
taGTGGaGGGAGCTTGCTCCTGG
GaGTGGGIGGAGTTTGCTaCAGG
GGaTGGaGGtAGTTTGITCCTGG
GGGgGIGGGGAGCcaTGCTCCAGG
aGGaaGGaGGAGTTaGCTCCTGG
aaGTaaGGGaAGTTTGCTCCTGG
GGGaGGaGaGAGTTTGCTCICTG
aGGgaGGaGGAaTTTGCTCCAGG
GGGgGaGGGaAGTTTcCTCCAGG
aGGgaGGGaGAaTTTGCTCCTGG
aGGTGGIGGGAGCTTGITCCTGG
GcGTGGGGGGIGTTTGCTCCCGG
GtGgGGGtaGAGTTTGCTCCAGG
GGtTGaGGGGAGTCTGCTCCAGG
tGcTcGGGGGAGTTTGCaCCAGG
GGcccaGGGGAGTTTGCTCCCAG
GtGcaGGGGGAaTTTGCTICCGG
ttGgGGGGGCAGTTTGCTCCTGG
aGagGGGGaGAGTTTGCcCCTGG
acaactGGGGAGTTTGCTCCTGG
aGtgcaGGGGAGCTTGCTCCTGG
GGGTGGGGaGAGTTTCtTCCTGG
GGtgGGGGaGAGcTaGCTCCGGG
aGGaaGGaGGAGTTaGCTCCTGG
GGGgtGGGaGAGTTTGCTCICTG
GGGgGcaGGGAGaTTGCTCCTGG
atGgGGGaGaAacTTGCTCCTGG
GGGaGGGGaGAGTTTGITCCAGG
aGGaaGGaGGAGTTaGCTCCTGG
CtGgtGGGGGAGCTTGCTCCAGG
cccgGGGGGaAGCTTGCTCCAGG
GGaaaGGaGGAGCTTGCTCCAGG
GaGgGGGaGCAGTTTGCTCCAGG
aGtgGGGGaGAGTaTGCTCCGGG
aaGTGGGaaGAGTTTGITCCAGG



Chri1
Chr7
Chr17
Chr2
Chré
Chri1
Chr5
Chrl
Chr8
Chr22
Chrl5
Chr2
Chrl2
Chr4d
Chr8
Chrb
Chr2
Chr13
Chrl6
Chrl
Chrl8
Chr6
Chrl
Chr6
Chrl5
Chrl1
Chr9
Chr4
Chrll
Chr5
Chrl5

117481208
29081029
63035708

181170961

109284989

122583511
56172079
33643288
28483353
38219333
29263777
30430777

107832636

185246171
10804669
95220670

129199817
31251013
89679839
20166440
13983474
50485682

205484156

109070771

101813024
11823598

5336085

116853325
86695108
57030871
84047385

7.5
7.5
7.4
6.7
6.7
6.7
6.6
6.5
6.4
6.0
6.0
5.7
5.4
5.3
4.8
4.6
4.5
4.4
4.4
4.3
3.7
3.6
3.6
3.5
3.4
3.1
3.1
29
2.8
2.8
2.7

GGGcaaGGGGAGYGTTGCTCCTGG
GGagtGGGtGAGCTTGCTCCTGG
aGGaGGGGGaAGaaTGCTCCAGG
tGGgGaGGGGAaaTTGCTCCTGG
tGGaGaGGGGAGTTgGCTCCTGG
aGaaGaGGGGAITTTGCTCCTGG
GGtgGGGGtGgGTTTGCTCCTGG
GGGTGGGtGGAGTTTGCTaCTGG
aaGTGGGaGGAGacTGCTCCAGG
aGGTcGGGGGAGTTaGaTCCCGG
GGGatGGGaGAGTCcTGCTCCTGG
aGGgaGaGGGAGCTTGCTCCCAG
tctTGGGGGGAagTTGCTCCAGG
GGagGGGGGGCtTTTGCTCCAGG
GaGTGaGGaGAGCTTGCTCCATG
GGGaGcaGGGAaTTTGCTCCAGG
tccTGaGGGCAGTTTGCTCCAGG
tGtaGaGGGagtTTTGCTCCCGG
GGagGaGGGaACTTTGCTCCAGG
GtGgGaGGatAGCTTGCTCCTGG
GGGTGaaaGaAGTTTaCTCCTGG
atGTGtGGGGAaTTTGCTCCAGG
GtGTGaGtGGAGTTTGCTCIGGG
GGtgGGGGaaAGTTTGCTCCTGA
aaGgaGGCcGGAGCTTGCTCCTGG
GGCcTGGaGGGgaTTTGCTCCTGG
tcGTGGtGGGAaTTTaCTCCTGG
2aagGGGGGaACTTTGCTCCAGG
aGGgaaGGGGAaTTTGCaCCTGG
ctcTGaGGGGAGTTTGCTCIGGG
GGagtcaGGGAaTTTGCTCCTGG



Chr
Chr2
Chr9

Chr14
Chri1
Chr17
Chrl6
Chr12
Chri
Chri18
Chr6é
Chr10
Chr22
Chr9
Chr17
Chr12
Chr13
Chr19
Chrs
Chr10
Chrl6
Chr4
Chré
Chrl6
Chr4
Chr10
Chri1
Chri1
Chr4
Chri
Chr9
Chr17
ChrX
Chrl6
Chr4
Chr4
Chri1
Chri18
Chri1
Chr14
Chrs
Chr9
Chr3
Chr20
Chr8
ChrX
Chri
Chré
Chr13
Chri1
Chr17

Position
242214607
103599649
75098723
31817483
4358752
56963429
26025095
111860603
21359559
43738562
116294256
32532901
27338875
40044757
31812350
100546989
13122189
6715119
72538218
13492458
38537628
160552566
81442194
182638032
135149948
2686249
83433600
148977716
198124848
131706582
29983010
70597642
69166711
1496258
160033153
71948805
19751064
374667
19361511
139028257
140428961
140398801
25240252
122367964
118865483
5477153
10882454
107367839
14596970
48624779

VEGFA2
DNA cleavage Score
167.0
105.2
101.0
95.2
72.7
58.0
56.2
44.5
40.7
36.2
35.4
35.2
33.9
334
31.9
30.0
30.0
29.4
29.3
28.6
28.1
27.9
26.1
25.1
24.7
23.2
19.4
18.8
18.8
18.6
15.9
14.3
13.0
12.2
12.2
11.4
10.7
9.3
8.7
8.6
8.6
8.1
8.1
7.1
6.1
6.0
5.7
5.6
4.5
3.9

DNA seq at a cleavage sites
attCCCCcCCACCCCGCCTCAGG
acaCCCCcCCACCCCGCCTCAGG
cctCaCCcCCACCCCaCCTCTGG
GggCCCCTCCACCCCGCCTCTGG
tACCCCCcaCACCCCGCCTCTGG
tgCCCCCcCCACCCCaCCTCTGG

CAttCCCcCCACCCCaCCTCAGG
tAaatCCTCCACCCCaCCTCAGG
GcCCCCacCCACCCCGCCTCTGG
GACCCCCTCCACCCCGCCTCCGG
ccCCaCCcCCACCCCGCCTCAGG
GAgCCaCTgCgCCCgGCCcCCGG
GACCCCtcCCACCCCGaCTCCGG
tgCCCCtcCCACCCCGCCTCTGG
GAtCgaCTCCACCCCGCCTCTGG
ccCCCCCcCCcCCCCGCCTCAGG
GcCCCCCaCCACCCCaCCTCGGG
ctaCCCCTCCACCCCGCCTCCGG
CcAgtCCCcCCACCCCaCCTCTGG
tcCgCCCcCCACCCCaCCTCCGG
ctCCCCacCCACCCCGCCTCAGG
tcagaCCTCCACCCCGCCTCAGG
ttCaCCaTCaACCCCcaCTtCAG
tcCtttCTCCACCCCaCCTCTGG
cgCCCtCcCCACCCCGCCTCCGG
ctCaCCCcCCACCCCaCCTCTGG
GtCaCtCcCCACCCCGCCTCTGG
tcCCgCCcCCACCCCaCCTCCGG
tgCaaCCTCCtCCCCGCCTCGGG
agCCaaCcCCACCCCGCCTCTGG
CAtCttCcCCACCCCGCCTCTGG
ctaCgCtcCacCaCCaCCTCCAG
agtagCCcCCACCCCGCCTCGGG
aggCCCCcaCACCCCGCCTCAGG
tcaCtCCcCCACCCCaCCTCTGG
GCcttCCCTCCACCCCGCaTCCGG
cgtCtCCcCCACCCCaCCTCAGG
aggCCCCcCCgCCCCGCCTCAGG
GtCgaggTCCACCCCGCCTCAGG
ctCCCCCcCCtCCCCGCCTCGGG
ctCCCagaCitcCtCCcCCTCCTC
cAaCCCCcCCACCCCGCITCAGG
ccCaCaCcCCACCCCaCCTCCGG
ccaCCatcCCACCCCGCCTCTGG
GtCCtCCaCCACCCCGCCTCTGG
ctgCCtCctCACCCCGCCTCAGG
ccCtCtCcaCcCCCacCCTCTGG
tctCCCCTgtACCCCGCCTCTGG
ccCtaCCcCCACCCCaCCTCAGG
ccCttCCcCCACCCCaCCTCCGG



Chr19
Chr2
Chr12
Chr2
Chri1
Chré
Chr21
Chr17
Chr9
Chri
Chrs
Chr17
Chr4

42806801
225762279
101603788

12744776

45402251
167929803

37111654

41797972

13973961
112708281

58336894

58404869

84744222

3.9
3.8
3.8
3.7
3.3
3.3
3.1
2.9
2.9
2.8
2.8
2.6
2.6

ttCtCCCTCCtCCCCGCCTCGGG
ctCCCCtcCacCCCaGCCTCCGG
GcCagCCctCACCCCGCCTCGGG
GACaCaCcCCACCCCaCCTCAGG
cgatCCtcttACCCCGCCTCCGG
GctgtCtcCCACCCCGCCTCAGG
tcttCtTCCACCCCGCCTCAGG
tcCCCttcCCACCCCaCCTCCGG
cAagtaaTCCACCCCaCCTCAGG
GcCaCCtTCCACCCCaCCTCAGG
cttCCtCcaCcCCgCagtctATG
cgCCCaCcCCACCCCaCCTCAGG
ccagCtCcCCACCCCaCCTCAGG



Chr
Chr20
Chr2
Chrs
Chrs
Chré
Chr4
Chr19
Chrl6
Chr7
Chr4
Chrl6
Chr22
Chr20
Chré
Chri1
Chr14
Chr20
Chr17
Chr7
Chrs
Chrs
Chr14
Chrl5
Chr8
Chr3
Chr2
Chr2
Chr10
Chri18
Chr2
Chrl5
Chrs
Chr9
Chr17
Chr3
Chr8
Chr20
Chr10
Chr10
Chri1
Chri18
Chré
Chr2
Chri
Chr10
Chri
Chr3
Chri
Chré
Chri

Position
2650069
177463426
89440969
98946319
39028642
58326608
1716792
74898121
152671378
89935133
84032646
37662824
50724405
157078327
79178523
65569159
20178284
33323269
23792987
34452076
29367379
98442534
29699015
143890827
10723187
230506241
199628306
109378067
43287997
183092036
92864212
115434676
18733635
79111961
10403702
48997806
21927847
87387984
1684972
7625795
75912617
24224744
18696225
203434970
130228354
152925734
14430297
116485644
144458291
32738764

VEGFA3
DNA cleavage Score
50.1
45.0
43.7
43.2
41.2
39.5
36.8
31.2
31.0
29.8
28.8
27.8
27.1
27.0
26.9
24.7
24.1
23.8
22.7
22.1
21.3
20.6
20.5
20.4
20.4
19.7
18.9
18.0
17.9
17.7
16.8
16.2
15.6
15.3
15.1
14.7
14.5
14.2
14.1
13.5
13.4
13.0
13.0
12.9
12.8
12.4
12.4
12.4
12.3
12.0

DNA seq at a cleavage sites
GGTGtaTGAGTGTGTGCGTcGGA
GGTGAGTGIGTGTGTGCaTGTGG
aGaGAGTGAGTGTGTGCaTGAGG

GGTGtagtgGTGTGTGCtTGTGG
GGTGtGTGAGTGTGTGCaTtGGG
aGTGAGTGAGTGaGTGaGTGAGG
CaTGAGTGAGTGTGTGQGTGGGG
GGTGAGaGAGTGTGTGCGTaGGA
aGTGAGTGAGTGaGTGaGTGAGG
tcTGAGTGAGTGTGgGCaTGGGG
GGTGAaTGAGTGTGTGCtctGGG
GCTGAGTGAGTGTaTGCGTGTGG
CGTGAGTGAGTGTGTaCcTGGGG
GaTGAGTGAGTGaGTGaGTGGGG
aGTGAGTGAGTGaGTGgGgtTGG
aGTGAGTGAGTGTGTGIGTGGGG
aGTGtGTGAGTGTGTGCGTGTGG
tGTGAGTGAGTaTGTaCaTGTGG
taTGAGTGAGTGTGTGgaTGAGG
tGTGtGaGtGTGTGTGtGCcGTGG
tGTGAGTGAGTGTGTGtaTGGGG
GGTGAGTGIGTGTGTGaGTGTGG
GGaGAGCGAGTGTGTGCaTtTGG
GGTGtaTGAGTGTGTGtGTGAGG
aGCGAGTGAGTGaGTGCaTtGGG
GGTGAGCaAGTGTGTGIGTGTGG
tGTGAGTGAGTGTGTGCagaAGG
GGTGAGTGAGTGaGTGaGTGAGG
tGaGAGTGAGTGTGTGtaTaTGG
GaTGtGTGAGTGTGTGCCcTGTGG
tGTGAGTGAGTGTGTGtGTGTGA
tGTGgGTGAGTGTGTGCGTGAGG
aGCGAGTGAGTGTGTGIGTGGGG
GGTaAGTGIGTGTGTGCaTGTGG
caTGAGTGgGTGTGTGCaTtGGG
GtaGAGTGAGTGTGTGIGTGTGG
GaaGAaTGAGTGTGTGCITGTGG
GGTGIGTGAGTGTGTGCaTGTTG
tGTGAGTGYGTGTGTGaGTGAGG
GGTGAGTagGTGTGTGIGTGGGG
GGaGAGTGtGTGTGTGaGTGTGG
GGTGAGCGIGTGTGTGCaTGTGG
aGTGAGaaAGTGTGTGCaTGCGG
caTaAGTGAGTGTGTGCGaGTGG
aGgGAGTGACTGTGTGCGTGTGG
tGTGAGTGIGTGTGTGCaTcTGG
GGTGAagtgGTGTGTGCcTGTGG
aaTGAGTGAGTGTGTGaGTGAAG
aGgGAGTGAGTGTGaGaGTGCGG
GGgGtGaGtGTGTGTGtGgGGGG



Chr8
Chr21
Chr22
Chr19

Chri
Chrl6
Chr17
Chrl5

Chr7

Chri

Chr8

Chré

Chr2

Chr7

Chr2
Chri1
Chr21

Chra
Chr19
Chrl6

Chr3

Chr8
Chri1
Chr17

ChrX
Chr22

Chr4
Chr21
Chrl6

Chr3

Chr3
Chri1

Chri

Chr3

Chr8
Chr12
Chr17
Chri18
Chr14
Chr19

Chr3
Chr14

Chri
Chr19
Chr20
Chr10
Chr14
Chrl6
Chr19
Chr22

Chr4

Chri

145090503
26653015
49740001
47732492

181204797
49384711
47051410
71796660

158305228
47690894

128556646

1587476
74655959
51294279
10373473
63366342
44179977

168168030
16569487
87047314

193993884
92645411
78871125
64940809
56327306
43939297
154005628
43375271
46642109
55318919
10207131
68851139

212639778
43415188
140710487
133361327
74046702

6130265

106029032

47787100
1831002
62078773
48691305
40561867
39096994
45209678
76750082
84532
6660674
29329724
5844313
22117219

12.0
11.9
11.9
11.6
11.6
11.4
11.4
11.3
11.3
111
10.9
10.8
10.7
10.6
10.6
10.6
10.5
10.4
10.4
10.4
10.4
10.3
10.3
10.3
10.1
10.1
10.0
9.8
9.8
9.8
9.7
9.6
9.6
9.5
9.2
9.1
8.9
8.9
8.8
8.7
8.7
8.6
8.6
8.4
8.3
8.3
8.0
8.0
7.9
7.9
7.8
7.8

tGTGAGTGAaTGTGTGCaTaTGG
GGTGIGTGtGTGTGTGCaTGTGG
GGTGIGTGAGTGTGTGIGTGTGG
CtgGAGTGAGTGTGTGIGTGTGG
GGaGAGTGAGTGTGTHGTGTGG
tGTGtaTGAGTGTGTGCGTIGGG
aaTGgGTGAGTGTGTGgGTGGGG
aaTGAaTGAaTGTGTGCaTGTGG
tGTGIGTGAGTGTGTGCaTGTGG
tGTGAGaGAGaGTGTGCGTGTGG
tGTGAGTatGTGTGTGCaTGTGG
tGTGcaTGAGQGTGTGIGTIGGG
GGTaAGTatGTGTGTGCaTGGGG
aGTGAGTaAGTGaGTGaGTGAGG
tGTGAGTGAaTGaGTGCaTGTGG
aGTGAGTatGTGTGTGaGgGTGG
tGTGAGTGQGTGTGTGCaTGTGG
GGTGtGTGtGTGTGTGtGTGTGG
tGTGtGaGtGaGTGTGIGTGTGG
aGTGAaTGAGTGaGTGaGTGAGG
aGTGAaTGAGTGTGTGIGTGTGG
GaTGtGTGAGTGTGTaCaTGAGG
aaTGAGTGAGTGaGTGCaTGGAG
aGTGAaTGAGYCTGTGCtTcGGG
tGTGAGTGIGTGTGTGCaTGTGG
GGTGAGaGAGTGTGTGCacGGGG
tGTGAGTGIGTGTGTGCaTGCAG
GtgatGTGAGCGTGTGIGTGTGG
aGaGAGTGAGTGaGTGaGTGTGG
aGTGAGTGAaTGaGTGCaTaGTG
GGTGtGTGtGTGTGTGIGTGTGG
GGTGAGTGAGTGCGTGCGYGTGG
GGgGAaTGAGTGTGTGCaTGGAG
tcaGAaTGAGTGTGTGCcTGGGG
GGgagGTGAGTGcaTGCGTGTGG
GGgGtGTGAGCcaTGTGCGTGTGG
CGTGAGTGAGTGTGTGQITGGGG
tGTGAGTGAaTGTGTGIGTGTGG
GGTGAGTGAGTGTGTGIGTGAGG
GaTGAGTGtGTcTGTGCaTGAGG
acTGAGTGgGTGTGTGCCcTGAGG
tGTGAGTaAGTGTGTGIGTGTGG
aGTGtGTGAGaGTGTGCaTGTGG
acTGtGTGAGTGTGTGCGTGAGG
tGTatGTGAGTGTGTGCGTGTGG
aGgtAGTGAGTGTGTGCaTGGGT
tGTGAGTGCGTGTCTGIGTGTGG
taTGAGTGIGTGTGTGaGTGTGG
tGTGAGTGAGTGaGTGaaTGTGG
aGTGtGTGtGTGTGTGIGTGGGG
tGTGAGaGAGTGTGTGaGTGTGG
aGTGAtgGAGTGTGTGCcTGTGG



Chr12
Chri1
Chri18
Chri
Chré
Chr7
ChrX
Chrs
Chr17
Chr10
Chr2
Chr7
Chr9
Chr3
Chr4
Chr17
Chr13
Chr20
Chri1
Chr14
Chr3
Chr3
Chrl6
Chri1
Chr12
Chr12
Chr3
Chr10
Chr21
Chr10
Chr2
Chr9
Chri
Chr22
Chr10
Chr8
Chri
Chr3
Chr2
Chri18
Chri1
Chrs
Chri
Chrs
Chr10
Chré
Chr12
Chr13
Chri1
Chri18
Chr4
Chr12

5100948
115758116
73286082
236264583
101025624
101077901
38624688
22787253
66592348
5749657
217617270
20263523
96679964
30904559
62067619
72614843
30280840
62468987
83585151
74353497
150919004
38182513
23981202
12159168
113240368
57612417
80057064
107867379
39875948
105307473
126931490
23824554
48305038
33161120
130236827
54584099
59847610
58727139
765652
50274481
41554134
21934229
208239410
150224721
99685339
89076647
592739
90418142
40324874
23286405
7430877
114752937

7.8
7.7
7.6
7.6
7.3
7.2
7.1
7.1
7.1
7.1
7.1
7.0
7.0
7.0
6.9
6.9
6.9
6.8
6.8
6.8
6.7
6.6
6.6
6.6
6.6
6.6
6.6
6.6
6.5
6.5
6.5
6.4
6.4
6.2
6.2
6.2
6.1
6.1
6.1
6.1
6.0
6.0
6.0
6.0
5.9
5.9
5.9
5.8
5.8
5.8
5.8
5.8

tGcatGTGAGTGTGTGIGCGTGG
aGaGAGTGIGTGTGTGCITGGGG
cCaTGAGTGgGTGTGTGCGTGGAG
taTGAGTGIGTGTGTGaaTGTGG
aGaGAGTGIGTGTGTGIGTGTGG
tGTGAGTGAGTGTGTtgGTGAGG
taTGAGTGtaTGTGTGCaTaGGG
GGTGtGTGtGTGTGTGtGTGTGG
GGTGtGTGtGTGTGTGtGTGTGG
aGTGAGTatGTGTGTGIGTGGGG
aGgGAGTGAGTGTGTaaGTGTGG
tGTGAGTGtaTGTGTGIGTGTGG
tGTGAGTGIGTGTGTGCaTGTGA
aGaGAGTGAGTGTGTGaGTGTGA
GaTGAGTGIGTGTGTGIGTGAGG
GGgtgagGAagGTGTGCGTGGTG
GaTaAGTGAGTaTGTGtGTGTGG
aGTGAGTGAGTGaGTGaaTGAGG
aGaGAGaGAGTGTGTGCGTGTGA
aGCGAGTGgGTGTGTGCGTGGGG
aGaGAGaGAGTGTGTGCacGTGG
tGTGAGTGAaTGTGTGCcaGGGG
GGTGIGTGtGTGTGTaCGTGGGG
tGTGtGaGtGTGTGTGtGgGGGG
tGTGCGTGAGTGTGTGtaTGTGG
CtTGAGTGAGaGTGaGCGTGAGG
GGTGtGTGtGTGTGTGIGTGTGG
aGaGAGTGAGTGTGTGIGTIGGG
aGTGtGTGAGTGTGTGtaTGAGG
tGaGtGTGAGTGTGTGCGTGGGG
tGTGIGTGAGTGTGTGIGTGTGG
tGTGgGTGAGTGTGTGCGTGAGA
tGTGgGTGAGTGTGTGIGTGTGG
aGcGAGaGAGTGTGTGaGTGTGG
GGTGtGTGtGTGTGTGCGTGCGG
GGTGtGTGtGTGTGTGtGTGTGG
acaGAGTGAGTGTaTGtGTGGGG
tGgtgaTGAGTGTGTGIGTGTGG
taTGAaTGIGTGTGTGCaTGTGG
GGTGIGTGAGTGaGTGaGTGCGG
GGTGtGTGtGTGTGTGtGTGTGG
tGTGIGTGAGTGTGTGIGTGTGG
tGTGtGaGtGaGTGTGIGTGTGG
aGTGAGaGIGTGTGTGtGgGGGG
tGaGAGTGAGTGTGaGaGTGGGG
tGTGAGTGtGTaTGTGIGTGGGG
GGTGtagtgGTGTGTGCcTGTGG
tGTGIGTGtGaGTGTGtGTaTGG
tGTGIGTGAGTGTGTGCaTGTGA
CGTGAGTGIGTGTaTGCGTGTGG
caTGCcGTGAGTGTGTGCaTGGGG
tGTGAGTGAGTGTGTGCaTGTGA



Chr17
Chr3
Chr14
Chr20
Chrl5
Chr3
Chr2
Chr2
Chri1
ChrX
Chr2
Chrl6
Chr6é
Chri
Chr17
Chr8
Chr7
Chr2
Chri1
Chrs
Chrs
Chrs
Chri1
Chr13
Chri
Chrs
Chré
ChrX
Chri1
Chr4
Chr9
Chr13
Chr2
Chr12
Chrs
Chri
Chr2
Chr2
Chrs
Chr7
Chri
Chr10
Chri1
Chr14
Chr10
Chri
Chr10
Chr7
Chr3
Chr12
Chr20
Chr8

1178800
194073652
84459815
25612568
85046541
169379105
238409544
236425371
8794152
42430834
121087513
86214365
43737471
238722563
78954441
20109735
23276732
124275984
131931836
139122257
155118304
159012346
78932523
60101377
18868939
178746539
129056545
99664994
61485469
187327499
95974277
91706956
73317050
6937056
132802864
229141145
123052110
171597348
56989649
117741100
207097588
28251664
74904632
28518304
95051225
181557204
120245284
87667089
155092668
31106567
2780911
107510883

5.7
5.7
5.7
5.7
5.7
5.6
5.6
5.6
5.6
5.6
5.6
5.5
5.5
5.4
5.4
5.4
5.4
5.4
5.4
5.3
5.3
5.3
5.3
5.2
5.2
5.2
51
51
51
5.0
5.0
5.0
4.9
4.9
4.9
4.9
4.8
4.8
4.8
4.8
4.8
4.7
4.7
4.6
4.6
4.6
4.6
4.5
4.5
4.4
4.4
4.3

aGTGIGTGAGTGTGTGIGTGAGG
acTGAGTGAGTGTGaGtGTGAGG
GGotgagatGTGTGTGCaTGTGG
GGTGtagtgGTGTGTGCcTGTGG
tGTGIGTGAGTGTGTGCaTGTGG
aGaGAGaGAGaGTGTGIGTGTGG
GaaGAGTaAGTGTGTGIGTGGGG
aGTGgaTGAGTGaGTGCaTGCGG
GtaGAGTGAGTGTGaGaGTGTGG
aGTGAGTGAGTGTGaGCGTGAAG
aGaGtGTGAGTGTGTGIGTGGGG
GGgGtGTGAGTGTGtgegtGTG
GGTGAGTGAGTGTGTGCGTGTGG
GGTGIGTGIGTGTGTGCGTGTGG
tGTGAGTGAGTGTGTGIGTGTGA
aGTGtGTaAGTGTGTGaGTGGGG
aGTGAGTGIGTGTGTGIGTIGGG
aGTGAaTGIGTGTGTGCaTGTGG
tGTGAGTGCGTGTGTGIGTGTGG
tGTGAGTGCGTGTGTGaGTGTGG
tGTGAGaGAGTGTGTGCaTGTGA
tGTGIGTGAGTGTGTGtaTGTGG
GGTGAGTHGTGTGTGYGTGTGG
GGTaAaTGAGTGTGaGgcatGGG
GGaGtGTGAGTGTGTGaGTGCGG
tGTGAGTGAGTGcaTGtGTGTGG
tGTGIGTGAGTGTGTGIGTGTGG
GaaGAGTGAGTGTGTGgtgtGGG
GcaGAGTGAGTGTGTGIGTIGGG
caTGAGTGIGTGTGTGaGTGTGG
tGTGAaTGAGTGCcGTGaaTGGGG
aGTGIGTGAGTGTGTGaGTGAGG
GGTGAGTCAGTGTGTGaGTGAGG
GGTGgaTGAGTGTGTGIGTGGGG
tGaGAGTGAGTGTaTGaGTGTGG
tGTGIGTGAGTGTGTaCaTGAGG
GGTattTGAGTGTGTaCaTGTGG
acTGACTGAGTGTGaGCaTGTGG
aaTGAGTGIGTGTGTGtaTGGGG
GGTGIGTGIGTGTGTGCGTGTGG
GtaGAGTGtGTGaGTGIGTGGCG
GaTGAGTGIGCcGTGTGCaTGAGG
accagGTGAGTGTGTGCGTGGGC
tGTGAGTatGTGTGTGIGTGTGG
CCTGAGCGAGTaTGTGCaTGTGG
GGaGAGTGAGTGTGTGCaTGTGC
GGTGIGTGAaTGTGTGIGTGTGG
aGaaAGTGAGTGTGTGtaTaAGG
aGTGcaTGAGTGTGTatGTGAGG
GCTGAGTGIGTGTGTGCGTGTAG
GGTGAGTGAGCcGaagGaGTaGGG
tGTGAGTGIGTGTGTGaGTGTGG



Chr2
Chr20
Chri
Chr14
Chrs
Chri1
Chr21
Chr19
Chrl5
Chr19
Chr3
Chr13
Chri1
Chr10
Chr10
Chr17
Chrs
Chr2
Chr4
Chr2
Chri1
Chr8
Chr19
Chri18
Chr19
ChrX
Chri1
ChrX
Chr7
Chr2
Chr8
Chr7
Chrl6
Chr4
Chr12
Chr4
Chr10
Chr3
Chr2
Chrs
Chr10
Chrl6
Chr19
Chrs
Chr17
Chri1
Chr13
Chrs
Chr8
Chr12
Chré
Chr20

81220097
36039815
4770493
102953779
23562308
62781473
30993730
56497640
37202049
41713254
184590078
101257208
133611177
99306651
61044507
10029642
149501694
174931405
168057437
88996016
44999873
135523492
40596585
60759565
48782757
41726218
1004348
105614415
77128126
16837556
121823447
31100113
88218507
7132480
129149692
183729842
98760588
172121469
4734730
31640966
107228008
23869051
54524100
134817941
50130332
75330150
110882529
84905674
9768212
124763151
43905520
31382040

4.3
4.3
4.3
4.3
4.2
4.2
4.1
4.1
4.1
4.1
4.0
4.0
4.0
4.0
4.0
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.8
3.8
3.8
3.8
3.8
3.7
3.7
3.7
3.7
3.7
3.6
3.6
3.6
3.6
3.6
3.6
3.5
3.5
3.4
3.4
3.4
3.4
3.3
3.3
3.3
3.3
3.2
3.2
3.1

tGTGAGTGtaTGTGTGIGTGTGG
taTGAGTGIGTGTGTGCacGTGG
tGgGtGTGAGTGTGTGCGTGTGG
tGTGAGTGIGTGTGTGCGTGCGC
aGaGAGaGAGTGTGTGIGTGTGG
caTGAGTGACTGTGTGIGTGTGG
GGTGIGTGIGTGTGTGIGTGGGG
tGTGAGTGtGaGTGTGIGTIGGG
tGTGIGTGYGYGTGgGYGTGGGG
aGTGAGTGIGTaTGTGIGTGTGG
aaTGAGTGIGTaTGTGIGTGTGG
ttTGAGTGIGTGTGTGCaTGAGG
tGCGIGTGAGTGTGTGCGTaGGT
aGaGAGaGAGTGTGTGIGTGAGG
GGgGtaaGgGTGTGTGIGTGTGG
tGTGIGTGAGCGTGTGIGTGTGG
GaTGAGTGAGTGTGTGaGTGAGA
GGTGtGaGAGTGTGTGCGgaGGC
tGTGIGTGAGTGTGTGIGTGTGG
GaTGAGTUHGTGTGTGIGTGGGG
tGTGAGaGAaTGTGTGCGTGTGA
tGaGAGTGAGaGTGTGIGTGGGG
GGactGTGAGTGTGTGCGTGAGG
tGTGAGTGYGTGTGTGIGTGTGG
tGTGAGTGIGTGTGTGgGTGGGG
GGTGAGTGAGTGaGTGaGTGAGG
GGTGtagtgGTGTGTGCcTGTGG
aGTGAaTGAGTGTGTGCaTGTGA
tGTGtaTGAGTGTGTGtaTGCGG
tGTGAGTGYGTGTGTGgGTGTGG
tGaGtGTGAGTGTGaGCGTGCGG
tGTGAagGAGTGTGTGIGTGTGG
atTGtGTGAGTGTGTGCaTGTGG
tGTGYGTGtGgaTGTGIGTGTGG
taTGtGTGAGTGTGTGCaTaTGG
tGTGYGTGYGTGTGTGCGTGTGG
GtTGAGTGAaTGTGTGCGTGAGG
GGgaAGgGAGTGTGTGCaTGGGG
GGgGAaTGAGTGTGTatGTGAGG
aGTGAGTGIGTGTGTtgcgGGGG
GGTGIGTGIGTGTGTGIGTGTGG
aGaGAGTGIGTGTGTGIGTGTGG
tGaGtGTGIGTGTGTGCGTGTGG
caTGAGTGIGTGTGTGCITGTGG
GtgagtgatGTGTGTGIGTGTGG
tGTGIGTGAGTGTGTGCaTGAGG
tGTGIGTGAGTGTGTGCccGTGG
tGTGIGTGAGTGTGaGtGTGTGG
aGaGAGaGAGTGTGTGIGTGTGG
tGTGAGTGIGTGTGTaCcTGGGG
GGTGtagGAGTGTGTGIGTGGGG
GGTGAGgtgGTGTGTGCcTGTGG



Chrl6
Chri1
Chr12
Chr4
Chr7
ChrX
Chrs
Chrs
Chr12
Chrl5
Chr14
Chri
Chri
Chri18
Chr12
Chr8
Chrl6
Chr8
Chr7
Chr9
Chré
Chr10
Chr8
Chrl6
Chr14
Chré
ChrX
Chr17
Chr2
Chri
Chr12
Chré
Chri
Chr3
Chr7
Chr20
Chr19
Chr7
Chr3
Chr2
Chr4
Chri
Chr17
Chri18

73585926
69518904
131196667
158621598
134234248
30439128
73855632
146520400
125156261
80907957
78443706
18837923
35189392
6110703
33270686
141037928
26809933
21494840
121687676
29602720
105265269
43251651
139883090
10276764
90885641
33999846
39606149
6891149
240564198
3325807
2469347
24574540
175049116
3697106
39341125
23960933
54375904
31353825
79455732
126515435
82574191
3002774
43132890
74103175

3.1
3.1
3.1
3.1
3.1
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.9
2.9
2.9
2.9
2.9
2.9
2.9
2.9
2.8
2.8
2.8
2.8
2.8
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.5
2.5
2.5

aaTGAGTGAGTGTGTGIGTGTGA
GGgGtGTGAGTGYGTGIGTGCGG
GGTGgGTGAGTGaGTGaGTGAGG
aGTGtaTGAGTGTITGCaTGGGG
aGTGAGTGAGTGaGTGaaTGTGG
tGTGAGTGIGTGTGTGtaTGTGG
GGTGIGTGAGaGTGTGtaTGTGG
GGTGIGTGYGTGTGTGIGTGGGG
GaTGAGTGIGTGTGTGIGTGCGG
tGTGAGTGtGTaTGTGIGTGTGG
tGTGIGTGIGTGTGTGIGTGTGG
GGTGIGTGIGTGTGTGIGTGTGG
tGTGIGTGAGTGTGTGIGTGGGG
aGgatGTGAGTGTGTGCaTGTGG
GGaGAaTagGTGTGTGCGTGGGG
aGTGAGTGIGTGTGTGaagGAGG
GaTGAGTaAGTGTcTGaGTGGGG
tGTGAGTGIGTGTaTGCGTGTGA
tGTGIGTGAGTGTGTGIGTGTGG
GGyGtGTGIGTGTGTGIGTGTGG
aGaGAGaGAGTGTGTGCaaGGGG
GtaGgGTGgGaGTGTGIGTGTGG
tGTGAGTGYGTGTGTatGTGAGG
GGCcGAGTGIGTGTGTGaGTGTGG
GaTGtGTGIGTGTGTGCGTGTGG
tGTIAGTGAGTGTGTGCagGTGG
GaTGAGCGAGTGTGTGIGTaTGG
GGTGAaaGAGTaTGTGIGTGTGG
GGTGIGTatGTGTGgGgGTGTGG
GGTGtGaGAGTGTGTGaGTGGGG
GGgGtGTGIGTGTGTGIGTGTGG
GGTGtagtgGTGTGTGCcTGTGG
tGTGAGTGIGTGTGTGIGTGTGG
GGTGIGTGIGTGTGTGIGTGTGG
GGTGIGTGAGTGTGTGIGTGTGA
GGTatGTGAGTGTGaGtGTGGGG
GGTGtGgtgGTGTGTGCGTGTGG
ccaGAaTGAGTGTGTGIGTGTGG
tGTGIGTGAGTaTGTGIGTGTGG
tGTGAGTGAaTaTGTGtaTGTGG
GGTatGTGAGTGTGTGtaTaTGG
GGTGAGCctcGTGaGTGCGTGAGG
aagtgagGAGTGTGTGCcTGTGG
GGTGAGTaAGTGTGaGCGTaAGG



Chr
Chri1
Chr19

Chr2
Chri
Chr2
Chr2
Chri
Chr12
Chrl5
Chr8
Chrl5
Chr9
Chri1
Chrs
Chr10
Chri
Chr3
Chr21
Chr14
Chrs
Chri18
Chr4
Chr10
Chr8
Chr19
Chr8
Chr14
Chri1
Chr4
Chril5
ChrX
Chr7
Chr14
Chr10
Chr12
Chr3
Chr3
Chr12
Chré
Chrs
Chr7
Chri
Chré
Chr22
Chré
Chrl5
Chrs
Chr2
Chr20
Chr8

Position
62365273
1438827
73160999
234492864
172374203
219845073
23720618
106646091
44109764
128801260
22366622
127309505
43747949
9227163
128080196
33606480
34042974
24667742
38654666
45359067
68861321
87256692
58848729
74634212
24250503
105164126
43156807
30301809
58838593
65614525
149010707
111475449
48932120
91416162
102743729
95690186
16077518
73504675
9118799
141129457
31901077
209931600
106901799
34858917
29806752
36839471
134375867
199919487
6653999
135098073

EMX1
DNA cleavage Score
77.2
59.7
58.9
49.5
40.3
38.3
375
29.5
28.4
27.9
23.3
22.3
21.7
21.3
19.6
19.2
17.8
16.7
16.5
16.3
16.0
15.9
15.7
15.5
14.7
14.3
14.1
14.0
13.8
13.6
13.5
13.0
12.9
12.8
12.2
11.8
11.7
10.6
10.4
10.4
10.3
10.3
10.2
10.2
10.2
10.0
9.6
9.6
9.6
9.5

DNA seq at a cleavage sites
GAaTCCaAGCAGAAGAAGAQGAAG
GAagtaGAGCAGAAGAAGAAGCG

GAGTCCGAGCAGAAGAAGAAGGG
GAagtaGAGCAGAAGAAGAAGCG
GAagtaGAGCAGAAGAAGAAGCG
GAGYgCCGAGCAGAAGAAagACGG
aAGTCCGAGQgAGAgGAAGAAAGG
aAGTCCatGCAGAAGAgGAAGGG
GAGTCtaAGCAGAAGAAGAAGAG
GAGTCCtAGCAGgAGAAGAAGAG
GgagtaGAGCAGAQGAAGAAGGG
aAGCcCCaAGCAaAtGAAGAATGG
aAGCCCGAGCAaAgGAAGAAAGG
aAGTCIGAGCACAAGAAGAATGG
GAGTaCaAGCAGAIGAAaAACGG
GAGCCItGAGCAGAAGGAGAAGGG
GAGTtCaAGCAGAgaAgaAAGGG
cccTCCaAGCAGAAGAAGALIGAG
aAGTCtGAGaAGAAGAAGACATG
GAGTtaGAGCAGAAGAAGAAAGG
agagtaGAaCAGAAGAAGQAAAG
GAGTaaGAGaAGAAGAAGAAGGG
GAGcaCGAGCAagAGAAGAAGGG
aAGTCCaAaaAGAAGAAaAAAGG
GAGTCCaAGCAGtAGAgGAAGGG
GAGcCCaAGaAGAAGAAGAAGGA
GAGQgCCaAGCAGAAaAAaAATGG
CAGTCtGAGIAGAAGAAaAAGGG
aAGTCCcAGaAGAAGAAatATGG
GAGaggGAGCAGggagAagAAGG
GgagtCaAGgAGAAGAAGAAGAG
GAGCcCCaAGCACAAaAAGAATGG
GAGTCCCcAGCAaAAGAAGAAAAG
atGTCCaAGCAGAAGAAGICTGG
tAGTCaGAGCAGAIGAAGgAAAG
tcaTCCaAGCAGAAGAAGAAGAG
GAGgCaGAGagaAAGAAGAAAGG
GAGTtaGAGCAGAAaAAaAATGG
acGTCtGAGCAGAAGAAGAATGG
aAGTCacAGgAGCAGAAagAAGA
GAGQgCCaAGCAGAAagAaAAAGG
ttaTCCGAGaAGAAGAAGIAAGG
GAGcCgGAGCAGggagAagAAGG
GAGCcCtGAGCAGgAagAagAAGA
tgtcCaagGCAGgAGAAGAAGGG
CAGagaGAGgAGCAGAAaAAAGA
CAGQCtGAGCAGAAagAagAAAG
GAGTCaGAGCAGAACtAGAAGGG
aAGTCCagaCAGAAGAAGAAGGA
CAGTCCagcagGAAGAAGAQAGG



Chri1
Chr9
Chr17
Chrl6
Chrs
Chrs
Chri
ChrX
Chr4
Chr14
Chr4
Chr4
Chr12
Chr3
Chr2
Chr7
Chri
Chr7
Chri18
Chr2
Chri18
Chr4
Chr12
Chr2
Chr8
Chr2
Chri1
Chri1
Chri
Chré
Chrl5
Chr7
Chr12
Chr9
Chr17
Chri
Chr4
Chr9
Chri1
Chr8
Chri
Chr21
Chr2
Chrs
Chr3
Chr20
Chr4
Chr9
Chr2
Chr7
Chr7
Chri

131106371
2513258
72057114
56184077
146833190
120294736
113741471
38971206
2181662
75723908
155734338
122686219
4927416
5031614
106719739
142597224
27913391
73602675
34906762
45607957
1677040
44622977
2873991
239393515
102244552
66582071
69660352
130764292
231750743
36604882
61646878
141972562
111418051
72899757
8640231
84869216
41187173
130107853
118816273
72482455
221522625
37132446
217972073
35927682
157623637
14924870
48639408
91487902
105425353
100895242
93390477
179024805

9.0
9.0
9.0
8.9
8.9
8.8
8.7
8.7
8.6
7.8
7.7
7.7
7.5
7.4
7.3
7.3
7.2
7.2
7.1
7.0
6.9
6.9
6.9
6.8
6.6
6.6
6.3
6.3
6.2
6.1
6.0
5.9
5.9
5.8
5.7
5.7
5.7
5.4
5.3
5.3
51
4.9
4.9
4.8
4.7
4.6
4.4
4.4
4.3
4.3
4.3
4.2

GccTCCaAGCAGAAGOAGAAATG
GAGagaGAGCAaAAGgAagAATG
GAGgagagcagaAAGAAGAAGGG
aAGTCaGAGaAGgAagAagAAAG
GAGCCgGAGCAGAAGAAGGAGGG
atGTCCaAGCACAAGAgGAATGG
GAGgtaGAGCAGAAGAAGAAGCG
GAGTCCcAGaAGAAGAAagAAAG
cctctCGAGCAaAAGgAagAAGG
agtTCCaAGCAGAgGAAGAAGGG
tgcTHtGAGCAGAAagAagAAAG
aAGTaaGAagAGCAGgAagAAGA
tAGTCCtAGCAagAatAagAATG
GAaTCCaAGCAGgAGAAGAAGGA
tAaTgaGAGCAGAAagAagAATG
GAcagaGAagAGAAGAAGQgAAGA
agGTCaGAGCAGAAGAAaAGAGG
GcaaagagcagGAAGAAGAAGGG
GAGCCtGAGCgGAAGAgGAAAGG
tAaTCCcAGagcAgGAAGAAGAA
agtcCaGAGCAaAAIAAGAAGGG
aAGTCIGAGaAGAAGAAGAAAGA
GctaaaGAGCAGAAGgAagAAGG
CAGTaCGAGCAGAgGAAGQAAGA
agtTCCaAGCAGAAGAAGCATGG
atGgCaGAGCAGAAagAagAAAG
CAGTCCatGCAGAgGgAagAAGG
GcaTtaGAGCAGAAGgAagAAGG
GAGTCaGAGCAaAAGAAGIAGTG
GgcagaGAGCAGAAGgAagAAAG
aAGTCaGAGgAGAAGAAGAAGGG
aAGTCCGgGCAaAAGAgGAAAGG
GAGaggGAGCAaAAGAAGOAAGG
cAGaatGAGCAGgAagAagAACA
GAGaCtGAGaAGAAGAAGAAAGG
GAGTCaGctgAGCAGAAGQgAAGA
GAaggaGAGCAGAAagAagAAAG
GttTgaGAGCAGAAGgAagAAGA
attTCCaAGCAGAgagAagAATG
GAGTCCGAGaAGAAGAAagAAAA
GAGTttGAGIAGAAGAAGAAGAG
tgGcCaGAGCAGAAGgAagAAGG
tgtcCgagGCAGIAGAAagAACG
aAGCCCGAGCtagAagAaAtAGG
aAGgggagcagGAAGAAGAAAGG
aAGaagGAGCAGgAagAagAAAG
CACTCCaAGtAGAAGAAGAAAAG
GAGgCaGAGagaAgaAAGAAGGG
agaTCCaAaCAGAAGgAagAATG
CcgcTCCGAGCAGAAGAAaAQTGG
agtcCtGAGCAGAgGAAGQAATG
GAGTCCaAGaAGAAGAAGCCAGG



Chr17
Chr8
Chrl5
Chr14
Chr12
Chri18
Chr7
Chr7
Chri1
Chri18
Chrl5
Chr3
Chrs
Chr2
Chr7
Chré
Chri
Chr9
Chré
Chr9
Chr14
Chr17
Chr4
Chr14
Chr9
Chr7
Chr3
Chri18
Chr13
Chr10
Chrl5
Chr2
Chri
Chrl6
Chr10
Chri1
Chr17
Chré
Chr7
Chr22
Chri1

54421043
108409228
68455211
88550473
124551806
32722290
97319990
3812781
36270410
25950253
100292479
169381222
74513307
238373187
70109967
110491414
151027598
135663404
147955462
140936012
35092801
73339913
82567700
98020018
119853407
29268537
9802191
24570836
101018849
8337281
68619369
218378108
2744291
78848850
5401788
30490142
21133222
12210833
43259054
47725583
56910170

4.2
4.2
4.2
4.2
4.1
4.1
4.1
4.1
3.9
3.9
3.8
3.8
3.8
3.8
3.7
3.7
3.6
3.6
3.5
3.4
3.4
3.3
3.3
3.3
3.3
3.2
3.1
3.1
2.8
2.8
2.8
2.8
2.8
2.7
2.7
2.7
2.7
2.6
2.6
2.6
2.6

GAGTCCcAGgAGAAGAAGAQGAGG
tgtTgaGAGCAGAAagAagAAAG
GtccaaagGCAGgAGAAGAAGGG
GAGggaGAGagcAgGAAGAAGAA
ttGTtgagcagGAAGAAGAATGG
tgtcCaGAGCAGAtGAAGAATGG
GAaTCCaAGCAGAAGAAaAtGGA
GAGTCCtAGaAaAAGAAGAgAGG
GAGagaGAGCAGAAGAAGIAGAG
agGCcCtGAGCAGAAGgAagAAGG
aAGTCCcgGCAGAgGAAGAAGGG
GAGggaGAGCAaAAGAAGQAAAG
GtccatagcaAGAAaAAGAAGGG
agtgCaGAGCAGAAGAAGQAAAG
GAaTCaGAGCAaAAGgAGAAAGG
aAGTCaGAGCAGAAaAAGAgAGG
ttcTCCaAGCAGAAGAAGAAGAG
CAGTCCaAaCAGAAGAGGAATGG
tgGcCaGAGCAGAAGgAagAAAG
GAGTCaaAGCAGAAGAAagAACG
tAtcCaagcagGAAGAAGCAAGG
tgcaCgagcagGgAGAAGAAAGG
tAtTtacAGagcAgGAAGAAGAG
CATTCCaAGCAGAAGgAagAGAG
tAccagGAGCAGgAaAAagAAGG
GAGCcggGAGCAaAAGgAagAATG
GtacCCaAGCAGAAGgAagAAGG
cctgaaGAGCAGAAGQAGGAAGG
GtcTgaGcagAaAgGAAGAAGGG
GAagtCagaCAGAAGAAGAAGAG
GAGaaaGAGCAGAAGgAagAAGT
GAGTCtaAGCAGgAGAAIAAAGG
GgtcCaGAGagaAAGAAGAAAGG
aAaTCCaAcCAGAAGAAGAAAGG
tAaTCCaAtCAGAAGAAGAAGGG
GAGagaagcagaAAGAAGAAAGG
GAaTCCcAGCAGAAaggaAgAAA
atGaatGAGCAGAAGgAGgAAAG
GAtaCCGAGCtaAAGAAGOAAGG
GAagagGAGCAGAAGgAGOAAGG
accTggGAGCAGgAaAAagAAGG



Chr
Chr7
Chrl1
Chr10
Chr10
Chr10
Chr7
Chri18
Chrl6
Chr3
Chr7
Chr20
Chri1
Chr3
Chr10
Chr17
Chri1
Chr2
Chr12
ChrX
Chr2
Chr2
Chr12
Chrl6
ChrX
Chr17
Chr9
Chr4
Chr3
Chr17
Chr9
Chr4
Chrs
Chr17
Chr20
Chr17
Chr8
Chr17
Chré
Chr13
Chrs
Chr4
Chr9
Chr10
Chr2
Chr13
Chr17

Position
102131659
22647338
73463136
37953200
43410031
44076497
8707528
49671025
35113165
102230832
44903573
66475045
10885901
3151994
39675789
47554037
54853314
115467808
86355180
35692938
133174786
2719895
28615201
97566910
30452575
113162294
53092937
97725864
34985068
111467809
76159966
68338523
3980376
19790626
78923978
71384404
39655735
41457565
109802140
85696042
7336836
139891539
13436789
176121765
100011450
8432606

FANCF
DNA cleavage Score
114.4
88.1
82.0
74.1
60.2
56.5
47.1
43.8
40.8
34.0
33.8
33.1
317
27.9
26.8
19.3
17.4
17.2
16.2
13.1
11.4
10.6
10.0
9.8
8.9
8.9
7.1
6.9
6.8
5.3
4.9
4.7
4.6
4.2
4.2
4.0
3.8
3.4
3.2
3.1
3.0
3.0
2.9
2.7
2.7
25

DNA seq at a cleavage sites
GtctcCCCTTCTGCAGCACCAGG
GGAATCCCTTCTGCAGCACCTGG
tGAATCCCaTCTcCAGCACCAGG
GGAgTCCCTcCTaCAGCACCAGG
GGAgTCCCTcCTaCAGCACCAGG
GtctcCCCTTCTGCAGCACCAGG
GGAACCCCgTCTGCAGCACCAGG
GGAgTCCCTcCTGCAGCACCTGA
tGAATCCtaaCTGCAGCACCAGG
GtctcCCCTTCTGCAGCACCAGG
tccATCCCTaCTGCcagcaCCAG
GGAAcaCCTTCTGCAGCICCAGG
acccTCCCTTCTGCAGgcaCCGG
ctctgtCCTTCTGCAGCACCTGG
GGgAgtCCaTCTGCAGCACCAGG
GGAATCCCTTCTaCAGCAtCCTG
GGAATatCTTCTGCAGCCcCCAGG
aGggTCCCTTCTGCAGCCcCCTGG
accATCCCTcCTGCAGCACCAGG
acttTatCTTCTGCAGCACCTGG
atccTHCTTCTGCAGCACCTGG
acACTCCCTTCTGCAGCACCATG
GGCtTCCCTTCTGCAGCCcCCAGG
tGtATICCTTCTGCAGgcaCCAG
cctgctgCTTCTGCAGCACCTGG
aaAATCCCTTCcGCAGCACCTAG
aatATtCCcTCTGCAGCACCAGG
accATHCTTCTGCAGCACCTGG
GGgtcCgCTTCTGCAGCACCTGG
aGgAatCCTaCTGCAGCACCCAG
ttAcTCaCTTCTGCAGgcaCCTG
CCACTCCITTCTGCAGCACCCGG
GGAACCCCCcTCTGCAGCHCTGG
cattTtCtTTCTGCAGCACCTGG
aGAggCCCcTCTGCAGCACCAGG
tttcctgCTTCTGCAGCACCAGG
GceeccCtCcTCTGCAGCACCTGG
ctccTCCCTcCTGCAGCACCTGG
aaAATaCCTTCTGCAGtACCAGG
CtAcTgaCTTCTGCAGCACCTGG
aGctcCCaTTCTGCAGCACCCGG
aGttcCCCaTCTGCAGCACCAGG
CtcATCCCTTCTGCAGCCcCCAGG
GceeecCtgcTCTGCAGCACCCGG
acctgCCtTctgGCAGCACCAGG
actgTCatTTCTGCAGCACCTGG



Chr
Chrl
Chr12
Chri18
Chr8
Chr7
Chré
Chr4
Chr8
Chr4
Chr9
Chrs
Chrl5
Chr17

Position
185056773
131619805
62061226
99451745
43967267
143212079
171989625
5745882
189725512
138721895
92036966
25135467
53928586

RNF2
DNA cleavage Score
69.6
12.3
9.8
8.2
7.0
6.7
5.9
5.8
3.5
3.2
3.0
3.5
3.2

DNA seq at a cleavage sites
GTCATCTTAGTCATTACCTGAGG
aTCACCTTAGCCATTACCaGGGG

aTtATITTAGTCATTACCTITGG
cgtgcaTTAGTCATTACCTGAGG
acttatTTAGTCATTACCTGTAG
GTaATaTTAGTCATTACCgGTGG
taacaCaTAGTCACTACCTGGTG
aatATgTTAGTCATTACCTGAGG
aTgcTicTtGTCATTACCTIGGG
acttcagTAGTCATTACCTaGGG
GOtATCTaAGTCATTACCTGTGG
catcTaaTAGTaATTACCTGGGG
GTCATCTTAGTCATTAC-TGAGG



Chr
Chri
Chr9

Chr22
Chr8
Chr9

Chr10

Chr10

Chri1

Chr12
Chr4
Chrs
Chri

Chr13

Chr19
Chr8
Chr2

Position
201992441
110103705
47970525
21121524
129621088
123094947
86303625
75956264
5555206
8541711
65217522
3488120
31633478
30027761
48879627
85388185

HEK293-1
DNA cleavage Score
98.3
84.0
77.3
66.3
61.9
317
26.1
20.4
19.8
11.6
8.9
7.9
7.4
3.1
2.8
2.6

DNA seq at a cleavage sites
GGGAAAGICCCAGCATCCITTGG
GGGAAAGACCCAGCATCCGTGGG
GGaAAAGACCaAGCATCaGTGGG
GGGAAgGACCCAGCATCCtgGGG
GGGAAATACCCAGCATCCaaTGG
GGGAAAagCCCAGCATCCcTTGG
tGGAAAGAaaCAGCATCCGTACG
ttatAAGACCCAGCATCCGTAAG
GGagAAagaCCAGCATCCaTAGG
GGGAAAtcCCCAGCATCIcTAGG
GGaAAgtACaCAGCATCCaTCGG
GGGgAAGACCCAGCACCCITGGG
atGAAAGACCCAGCATCCaTTGA
aGGAttccCCaAGCATCCGTGGG
GaGAAAagCCCAGCATCCITAGG
GGGAAtacaCCAGCATCCGTAGA



Chr
Chr5
Chr4

Chr10
Chri
Chr2

Chrl5

Chri1
Chrs

Chr19

Chr20
Chr4

Chr13

Chri18
ChrX
Chr7
Chrs
Chrs

Chri18
Chri
Chr3
Chrs

Chri18
Chré

Chr22
Chri
Chré
Chr9

Chri18

Chr20
Chr8
Chr9
Chré
Chr4
Chri

Chrl5

Position
87240614
90522184
43159340
40461425
19844956
93557679
128508577
131174461
30112719
97641
53536210
113428467
22360702
36949815
83764327
126385455
142142325
56307003
36097073
81710854
7625837
5596266
139353018
28895718
77190607
40925010
97332609
68431104
23101380
97317605
290168
152710071
31157435
108869935
65377019

HEK293-2

DNA cleavage Score

48.7
37.7
33.6
30.0
25.2
24.8
24.4
21.2
21.0
19.2
18.0
171
16.7
155
11.3
10.7
10.7
8.5
8.5
8.5
6.4
5.9
5.8
51
51
4.7
3.9
3.6
3.4
3.0
3.0
3.0
2.8
2.8
2.6

DNA seq at a cleavage sites
GAACACAAAGCATAGACTGCGGG
GAACACAAIGCATAGAITGCCGG
aAcacaAAgaCATAGACcaCTGG
tAcacacAAGCACAGACTGCAGG
aActcCAAAGCATALACTGCTGG
agAacacAtGCATAGACTGCTAG
GAAttCAAAGCATAGAITGCAGG
aAAtACAAIGCATAGACTGCTAG
tAcacaAAAcataAGACTGCTGG
GAAttCAAAGCATAGAITGCAGG
GAAtACtAAGCATAGACTCCAGG
CAAtACAAAGQOATAGACTGCAGG
GgAatCAAAGCACAGACTGCAGG
GAAaACAAAaCATAGAGTGCTGG
actatatAAGCATAGACTGITGG
cCACACCAAGCATAGACTICTGG
tAAacactAaCATAGACTGCAGG
aAgaACAAAaCATAGACTGCAGG
GtAaACAAAGCATAGACTGaGGG
ctcCtaAAgcatTAGACTGCAGG
GgtacacAAtaATAGACTGCAGG
cctacagAAGCATAGACTGCAGG
ccAaACAAAaCATAGACTGCTGG
attaAgAtAGCATAGACTGCAGG
tcACACAAACCATAGACTGaGGG
aAcaAgtAtGCATAGACTGCTGG
GtAattAAAGCACAGACTGCTGG
tgtgtaAgAGCATAGACTGCTGG
atACACAgAGCAaAGACTGCAGG
GAACACAgtaCATAGACTGQCAG
aAACAIAAAGaATAGACTGCAAG
tACtCtAtAtCATAGACTGCTGG
tgAttgAgtGCATAGACTGCTGG
agtatagcAGCATAGACTGCAGG
GAgCgatAAGCACAGACTGCTGG



Chr
Chrl5
Chr10

Chri
Chr7
Chr9
Chri1
ChrX
Chr4
Chré
Chr17
Chr3
Chrl5
Chr9
Chré
Chr2
Chri
Chr2
Chr17
Chr10
Chr8
Chr19
Chré
Chri
Chr2
Chrl5
Chr2
Chri1
Chr14
Chr10
ChrX
Chr14

Position
79749931
131593121
47005705
66968042
110184637
134582415
114764149
72203005
103918240
7594610
160129761
35402774
137039236
79958440
130402896
34163192
97163211
79043523
22896606
20947876
19169358
112273496
229294224
240026760
94188821
131090691
60830962
102917106
23135503
16606309
78070357

HEK293-3

DNA cleavage Score

65.9
49.7
47.4
47.1
46.5
44.5
27.2
23.0
23.0
23.0
18.3
16.3
15.9
14.7
10.5
10.0
9.3
7.2
6.5
5.7
5.2
51
4.6
4.3
4.3
4.1
3.9
3.7
3.2
3.1
2.6

DNA seq at a cleavage sites
caCCCAGACTGAGCACGTGCTGG
GagCCAGAaTGAGCACGTGAGGG
aGCtCAGACTGAGCAaGTGAGGG
GaCaCAGACCcGgGCACGTGAGGG
GGCCCAGACTGAGCACGTGATGG
GGCgCAGACaGAGCACGTGACGA
aGaCCAGACTGAGCAaGaGAGGG

atatCAGACTGAGCACCcgtgAGG
2aataAGACTGAGCACGTGQTGG
aGCCagactgagGCAaGTGAGGG
aGgCCAGACTGAaCACGatgAGG
cctaaAGACTGAGCAaGTGAAGG
cagCCAGACaGAGCACGTGgAGG
aaCaaAGACTGAGCACGTIAGGG
GaCCCAGAaTGAGCACaaaAGGG
attCtAGACTGAGCACGTGCAAG
ccCatgGACTGAGCACaTGAAGG
tGgCCAGACTGAGCICGTGAGTG
GaaggAGACTGAGCAIGTGAGGG
tctCCAGACTGAGCcCaTGAGGG
GGaCCAGQCTGAGCACaTGgAGG
aagCCAGACTGAGCACGTIcAGG
GGtCatcACTGAGCACGTGAGGT
GGCtCAGACTGAGCACCTGAGAG
attCCAGAaTGAGCACaTGAAGG
acCCaAGACaGAGCACGTGQAGG
tcCCagaACTaAGCACGTGAATG
ctCggAGACTGACCACGTGAGGG
actCCAGACTGAGCAacTGAGGG
ttCCCAGACaaAGCACGCGAAGG
aaCCagactgGAGCACGTGQTGG



Chr
Chrl5
Chri
Chrl6
Chr4
Chri1
Chr9
Chr20
Chrl6
Chrl5
Chr7
Chr14
Chrs
Chr12
Chr7
Chri18
Chr10
Chr3
Chr22
Chrl5
Chr13
Chr19
Chr20
Chr17
Chr7
Chr7
Chri
Chr19
Chr20
Chri
Chr10
Chr3
Chr20
Chr9
Chr20
Chr3
Chr19
Chr22
Chré
Chrl5
Chr13
Chr9
Chr19
Chr22
Chr8
Chr10
Chr2
Chr20
Chr10
Chr8
Chrl5

Position
75632142
201067378
50300347
56815199
528949
139522901
60895671
28266968
41044242
134872032
21993455
141232854
113935461
1397399
37194558
126694875
51725452
23284036
80601340
39262929
33382081
1151854
16982386
139244407
54561438
32471660
1295087
31349773
171018460
52054245
123863990
60080554
133039176
60010563
130508525
41220525
35746283
51500473
60790562
27629410
5020591
38616186
30130865
144997514
45317434
241640854
37471343
127971444
11479079
71686928

HEK293-4

DNA cleavage Score

79.5
65.7
64.9
64.9
64.7
64.5
64.3
61.8
61.3
59.3
58.0
57.7
57.1
56.2
55.8
55.8
54.6
51.7
50.4
50.3
50.3
49.7
49.5
49.4
49.1
48.4
47.5
46.5
45.9
45.7
45.4
45.3
45.2
44.9
44.8
44.0
44.0
43.4
42.6
42.3
41.7
41.6
41.3
41.1
40.9
40.7
40.3
40.2
39.9
39.7

DNA seq at a cleavage sites
GcacCTGCGGCTGGAGGTGGCAG
GGCACTGCtGCTaGAGGTGCAGG
aGCACTGtGGCTGGgGGaGGGGG
GGCAaTGCGGCTGGAGGCGGAGG
GGCtCTGCGtCcGGAGGTGaGAG
GcCACaGCGGCcGGAGGTGGCAG
GGCACaGCaGCTGGAGGTGCTGG
GGCtCTtCGGCTGGAGGTaGCGG

GGCgCTGCGGCgGGAGGTGGAGG
aGCACTGtGGCTGGgGGaGGCGG
GGtACaGCGGCTGGgGGaGGCGG
GGCACTGCGGCaGGgaGgaGGGG
GGCcCTGCGGCTGGAGaTatGGG
aGCACTGCaGCTGGgaGTGGAGG
GGCACTGCGGQTGGAGGCGGGGG
GGCACgaCGGCTGGAGGTGGGGG
GGCtCTGtGGCTGGAGGaGGTGG
GGCcCTGCtGCTGGAGGTGCTGG
GaCACCctCGGCTGGAGGTGCAGG
aGCAgTGCGGCTaGAGGTGGTGG
GGCtCTGCGGCTGGAGGYGGTGG
GGCACTGtGGCTGCAGGTGGAGG
cagACTGCGGCaGGgGGTGGCGG
GcCACTGCGaCTGGAGGaGGGGG
aGgACTGCGGCTGGgGGTGGTGG
GGCACTtCaGCTGGAGGcaGAGG
GaCACTGaGGCaGGAGGTGGGGG
GGCACTGCGGCTGGAGGTGGGGG
GcCACTGgGGCTGGgGGTGGGGG
GGCcCTGCtaCTGGgGGTGGTGG
tGCcCaGCaGCTGGAGGTGaGGG
aGCACTGCaGaTGGAGGaGGCGG
GtCACTGCaGCTGGAGGaGGGGG
tGCACTGCGGCcGGAGGaGGTGG
GaCACTGtGGCTGGAaGTGGAAG
GGCAaTGtGGCTGaAGGTGGGGG
GaCACTagGGCaGGAGGTGGAGG
GaCACaGtGGCTGGAGGTGIGGG
GGCACTGCaaCTGGAaGTGaTGG
GGCACTGQGGITGGAGGTGGGGG
tGCACTGCaGCTGCAGGTGGAGG
GGCACTGaGaCTGGgGGTGGGGG
GGCtgTGCGGCcaGAGGTGGAGG
aaCACTGCGGCTGCAGCTGGAGG
GGCtCTGCaGCTGtAGGaGGAGG
GGggCTGCGGCcGGAGGTGGTGG
aGCACTGtGcCTGGgGGTGGGGG
GGaACTGgGGCTGGgGGTGGGGG
GGCcCTGCaGCTGGAGaTGGAAG
tGCtCTGCGGCaGGAGGaGGAGG



Chr12
Chr20
Chrs
Chr3
Chr7
Chr2
Chr19
Chr10
Chr8
Chr20
Chrs
Chr10
Chr20
Chr22
Chr8
Chr22
Chri
Chri1
Chr20
Chré
Chr19
Chr22
Chrl5
Chr3
Chr10
Chr10
Chrs
Chri
Chrs
Chré
Chr9
Chré
Chri
Chr3
Chr12
Chr10
Chr17
Chr2
Chrl5
Chr3
Chr7
Chrl6
Chri1
ChrX
Chr13
Chr12
Chr17
Chr14
Chr9
Chr3
Chri
Chr2

54977735
24376057
177676326
23651530
110143151
25348467
56125854
1285239
119227146
45343011
3606830
126752487
61810739
41620073
20854500
49132903
230193260
118950338
22805414
158452389
46887174
43768275
34081546
53375995
77103120
73435248
96338759
44397932
1832938
160517881
140205577
33950129
53336192
128301954
104739609
60003488
69519133
152827915
41803379
10418956
139631
22690928
65326667
70836550
88900992
104234592
75429280
101945036
74103955
9039864
204463911
8817154

39.6
39.4
39.3
38.8
38.7
38.4
37.6
37.5
37.0
36.3
36.2
35.4
35.2
34.6
34.1
34.0
33.7
32.6
31.9
31.8
31.6
30.9
30.6
30.6
30.4
30.3
30.0
29.9
28.6
28.4
28.1
27.3
26.5
25.9
25.8
25.6
25.3
25.2
25.0
25.0
24.9
24.3
24.3
23.2
22.9
22.9
22.6
22.4
22.1
21.8
20.9
20.7

GaCACTGCCtCTGGYGGTGGGGG
GGCACTGaGaCcaGAGGTGGTGG
GCcCACTGIGGCTGGAGGTGGGGA
GGCACaGCaGgTGGAGGTGGAGG
GCcCACTGCaGCTaGAGGTGGAGG
GGaACTGIGGCTGGAGGTGGCAG

GGCcCaGCGGCYGGAGGTGGGGG
GGCcCTICGGCTGGAGGTGGCAG
GGCACaatGGCTGGAGGTGaAGG
GGCACTGaGGgTGGAGGTGGGGG
GaCACaaCGGCaGGAGGTGGCGG

GGCACTGCaGCctGgGGgIGGGG
GtCACTGCGGCTGCAGaTGGCGG
GGgcaTGCGGCTGGAaGTGGTGG

GGCACTGgGGCTGGAGacGGGGG
aGCACaGCaGCTGCAGGTGGGGG
GaCtCTGCaGCTGaAGGTGGGGG

GtCACTGaGGCTGGAGIgGaGGG
aGCACTGttaCaGGAGGTGGGGG
aGCICTGIGGCTGGAGGTGIGAG
GaggCTGCGGCTGGYGGTGGAGG
aGCACTGCGCtTGGgGGTGGGGG
aGCACTGtaGCaaGAGGTGGAGG
GGCtCTGaGGCcaGAGGTGGTGG
GGCAtcaCGGCTGGAGGTGGAGG
GtaACTGCGGCTGGCGGTGGTGG
aGCACTGgGGaTGGAGGTGIAGG
aGaACTGCIGCTGGAGGTGGTGG
GGCICTGIGGCcGGAGGaGGCGG
GGCACTGCIGCTGGYGGTGGTGG
GGCCcCTGYGGCTGGAGGTGITGG
GGCICTGaGGCTGGIGGTGGGGG
GGCACgCgGCtgGGAGGTGGAGG
tGCACTGCaGCTGGgGCTGGAGG
CCtiCTGCGGCTGGAaGTGGTGG
GGCACgCgGCtgGGAGGTGGAGG
aGCAaTaCGGaTGGAGGTGGAGG
GGCACTICGGITGGgGGTGGGGG
tGCACTGCGGYCGGAGGCGGCGG
GGCtCcGCaGCTGGAGGTGGGGG
tGCACCGCGGCTGGYGCTGGAGG
tcCACTGaGGCTGGYGGTGGTGG
ctggCaGCGGCTGGYGGTGGGGG
GGCcaTGCGGCTGGIGGTGGTGG
caCACTGCaGCTGGAGGTGGTGG
ctgcCTGCGGCTGGYGGTGIGGG
GaCACcaCGGCTGGAGaTGGTGG

GGYACTGCaaCTGGAGGTGGGGG

GGCACTGCaGCaGGyGaTGGGGG
GGCICTGtaGCTGGYGGTGGTGG

GGCYCTGCGGCTGGAGCCGGCGG

tGCACaGCGGaTGGAGGGGGGG



Chr17
ChrX
Chré
Chr2

Chr10

Chr17
Chr7

Chr14

Chr14

Chr17
Chr7
ChrX
Chr4
Chr3
Chr7

Chr17
Chr9

Chrl6

Chr14
Chré

Chr10
Chri

Chr21
Chr9
Chr7

Chrl6
Chrs
Chr2

Chri18
Chri
Chr2
Chra

Chr17
Chr2

Chr12

Chr17
Chr8

Chr12

Chr19

Chr20

Chr17
Chr3
Chri
Chr7

Chr17

Chr12
Chr8

Chr13

Chrl6
Chr3

Chr20
Chr8

40693639
152805653
41374185
6961256
13692637
75325331
43256545
88773031
63796588
42152617
29233956
104846030
19769425
52035832
55344186
73501168
136602370
88716134
95761249
151886088
36109441
228559256
36453434
19933045
150498859
1072626
41968123
45247404
60646595
18954894
231467380
7686554
25735157
149402504
53453557
29815563
145730111
55427953
32836900
49771524
38478448
128169624
12259808
157443393
31790791
101718339
1241128
27530813
49777696
193847797
60174571
145543672

20.4
20.1
20.1
20.1
19.9
19.7
19.6
19.5
19.4
19.1
18.7
17.8
17.7
175
17.3
17.0
16.8
16.7
16.4
16.2
15.9
15.8
155
151
15.0
14.8
14.8
14.3
14.3
14.2
141
13.3
131
131
12.8
12.6
12.6
12.5
12.4
121
121
12.0
11.8
11.8
11.2
10.7
10.6
10.5
10.3
10.1
9.9
9.7

GGCACTGCaGgcaGgaGgtGAGT
GcCACTGaGGCcGGAGGTGGAGA
GGgcacGCGGCTGGAGGaGGGGG

aGCtCTGCGGCaGGAGITGGAGG
GGCACTGgGGCTGGgGGaGGGGG
GGCcCTGCaGCTGGAGagGGAGG
taCACTGCaGCTGGgaGTGGTGG
aGCACTGgGGCTGGgGGaGGGGG
GaCACTaaGGCTGGAGGTGGGGA
tGCACTGCaGCTGGgGGTcGGGG
GcCACTGgGGCTGGAGGQGGAGG
cagctctgcGCTGGAGGaGGGGG
aGCtCTGCtGCTGGAGGaGGTGG
GGCACTGaatCTGGAGGTGGGGG
atCACTGCGCcCTGGIGGTGGGGG
GcacCTGCGGCcaGgGGTGGGGG
GGCACTGgGGCaGGAGaTGGGGG
aGCACgGCaGCTGGAGGaGGGGG
GGCACTCctGGCTGGAGCTGGGGG
GGCcCTGCtGCTGGAGaaGGTGG

GGCAITGCtGCTGGIGGTGGTGG

GcacCgcgtGCTGGAGGaGGAGG

aGCtCTGCtatTGGAGGTGGAGG
aGCcCTGgGGCaGGAGGTGGGGG
GctgCTGCGGCTGGAGGTGGGGA
GGCcCTGCaGCaGGgGGTGGAGG
GGaAgTGCGGCaGGAGGTGGAGG
GaCACcGtGaCTGGAGGTGGAGG
GcagCTGCGGCTGGAGCTGaGGG
GGaACTGtGGCTGGgGaTGGGGG
GGCACTGCaGCTGGgGGTIGGTG
aaCACTGgGGCTGGIGGTGGTGG

tGCACTcCGaCTGGAaGTGGTGG
tGCACTGaGGaaGGAGGTGGAGG
tGgACTGCGGCTGGAGagGGAGG
GGCgCTGCGGCcGGAGGTGGGGC
GGCACatgGGCTGGgGGTGGGGG
GGCACTGaGaaaGGAGGTGGAGG
tGCcCTGCaGCTGGgGGTGGGGG
tGCACTGCaGaTGGtaGgtGGGG
GGCACcttGGCTGaAGGTGGGGG
acCACTGIGGCTGGcaGgtGGTG
aGCACTGCaGCgGGAGGTGaGAG
GGCACTGQGtCTGaAGGTGGAGG
tGCACTGCaGCTGGgGGcaGAGG
GGCACTCctGGCTGGACGTGGTGG
GGCACTGUtGCTGGAGGaGGCAG

GGCACTGCtGactagGGgtGGTG
tGCACTGCGaCTGGAGGgaGAGG

GcactgcaaaCTGGAGGTGGGGG

cCCACTGIGGCTGGAGGTGIGGG
aGCcCTGCGGCcGGYGGaGGCGG



Chr3
Chr4
Chr2
Chr9
Chrl6
Chr9
Chr22
Chri18
Chr12
Chré
Chr7
Chr17
Chr10
Chri
Chré
Chr14
Chri1
ChrX
Chr20
Chri
Chrl5
Chr9
Chr3
Chré
Chr2
Chr10
Chr7
Chrl6
Chrl5
Chr17
Chrl6
Chr13
Chrl6
Chré
Chr20
Chrl6
Chrs
ChrX
Chri1
Chr14
Chri1
Chri
Chri1
Chr22
Chr12
Chr8
Chr2
Chri
Chrl5
Chri
Chr20
Chrs

49055364
156491955
3610377
138465751
26710087
35349204
18663160
75260893
90804707
167276293
17979718
64544877
132972512
229619193
36761680
77678312
3159715
26910569
61989531
2933843
77121510
11158273
16815640
159190938
71786040
128864484
48144881
50334859
25425088
176302
1029978
29913424
89469252
157547859
56668028
78413349
177928896
101411055
20409041
99286477
78127585
183596713
17538892
18854922
21742959
144781302
59012462
908980
43601412
176665050
19620239
171087054

9.6
9.4
8.6
8.6
8.5
8.2
8.1
8.1
8.0
7.9
7.7
7.6
7.6
7.4
7.4
7.3
6.9
6.9
6.8
6.6
6.6
6.6
6.3
6.0
5.8
5.6
5.6
5.2
51
5.0
4.9
4.8
4.7
4.5
4.4
4.4
4.4
4.3
4.3
4.2
4.2
4.1
4.1
3.6
3.4
3.3
3.3
3.3
3.2
3.1
3.1
3.1

GGgACTGCGGCTGGAGGTGGGAA
ttCACTGtGGCTGGAGGTGGGGA
aGCACTatGGaTaGAGGTGGAGG
taCACTGCGGCcGGgaGTGGTGG
tGCACTGaaGCTGGAGGTGGAGA
aGtACTGCGGCTGGgcGTGGTGG
aGCACTagGGCaGGAGaTGGGGG

GaCACTGaGGCTGGAaGaGGTGG

GGCAtgcgGetgGGAGGTGGAGG
cGttCTGCGGCgGGAGGTGGCGG
GcactgGCaGCcGGAGGTGGTGG

GGCAggGCGGCTGGAGGaGGTGG

aGCACTGgGGCaGGAGGUIGGTG
ttgcaTGCGGCTGGAaGTGGTGG

cCCACTGYgGGCTGGAGGTGGGGG
cagACTGCaGCTGGtaGgtGGTG

GGCAgTGCaGCTGGAGGcaGGGG
GGCtCTGCcaCTGGAGGQGGTGG
GaCACTGaGGCTGGAGGTctGGG
GGCcCTGaGaCTGCAGCTGGAGG
aGCACTGtGGaTGGAGITGGAGG
cttcCTaCGGCaGGAGGTGGGGG

cGCACTGgGGCTGCAGGTGGAGG

GGCcCTGCaGCTGGAGGaGGAGA
aGCACTGCaGtgaGAGGTGGAGG

GaCACcGCaGCTGGgGGCGGCGG
aGCACTGgGGCTGGAGCTaGAGG
GGttCTGCGGITGGYGGTGGGGG

GGCtCTGCattTGGAGGTGtGCG
tGCACTGIGGCTGGAGaTGGGGG
GGCACTGCaGacGGAGGTGIGGG

GaCACTGCtGCTGGAGagtGGAG

GGCACTGCGGgaGGAGGTGGGCG

aGaACTGgGGCTGGgGGTGGGGG

GGgcCTGCaGCTGGgGGTGGGGG
GGtACaGtGGCTGGAGGTGGAAG
cCCACTGCGGOTGGAGGTGGAAG
cGCAQTGCGGCaGGAGGOtGGGG

aaCcCTGCGGCaGGAGGaGGCGG
GatACTGgGGCTGGgGGTGGAGG
tGCACTGCaGCTGGAGGcaaCGG

GcactTGCtGCTGGAGGaGtAGG

tGCACTGCGGtcaGgaGgaGGCG
aGCACTagGGCaGGAGaTGGGGG
aGCcCTGCtaCTGGgGGTGGGGG

GaCACTGCaGCTGGAGGTGGGGT
tGCACTGCaaCTGGgGGTGGCAG
GaCcCTGCGGtgGGAGGTGGCGG

GGCcCTGaGGCaGGAaGTGGGGG
acCACTGaGGaTGGgGGTGGAGG

cGCACTGgGGCTGCAGGTGGAGG

GGgACTGCaGCTGGgGaTGGGGG



Chrl5
Chr12
Chr7
Chr22
Chri18
Chr22
Chr12
Chr14
Chrs
Chr4

26125549
114150540
157889941
44625614
60805450
18743056
130859964
24740271
54469282
6094150

3.1
2.9
2.9
2.9
2.8
2.7
2.6
2.5
2.5
2.5

caaACTGCaGCTGGAGaTGGGAG
CtgACTGCaGCTGGAGGTGGAGA
GGCACTGgGGaaGGAGGTGGAGG
GaCACTGCtaCTGGAGGctGGGG
GcactgGCGGCTGGgaGTGGTGG
aGCACTagGGCaGGAGaTGGGGG
GagAaTGCGGaTGGAGGTGGTGG
GGCACTGCcaCTGGgGGTGaGGG
GcCACcGCGGCaGGAGGCGGAGG
GagcCTGCGGCTGCAGGTGGGTG



Chr
Chr12
Chrl5
Chr22

Chr9
Chr17
Chr14
Chri1
Chr12

Chri

ChrX

Chré

Chré

Chr2

Chr8
Chr14

Chri
Chr20
Chr10

Chr4

Chrs

Position
124803834
46598129
17230623
104595883
8370253
94585327
5248215
93549202
177593980
75006257
50041372
23709579
121715240
24931381
36889538
17346702
39992928
95791920
148531374
53613387

HBB
DNA cleavage Score
1411
110.7
97.4
92.4
87.7
83.7
81.8
58.4
22.9
16.6
14.2
11.5
9.8
9.7
5.3
5.2
4.9
4.8
3.8
3.2

DNA seq at a cleavage sites
gcTGCCCCACAGGGCAGCAAAGG
gTTGCCCCtCAGGaCAGTACAGG
tgTGCCCCACAGaGCACTAAGGG
tcaGCCCCACAGGGCAGTAAGGG
tTgctCCCACAGGGCAGTAAACG
aTgGCCCCACAaGGCAGaAATGG
CTTGCCCCACAGGGCAGTAACGG
aTTGCCCCACgGGGCAGTgACGG
tcTaCCCCACAIGGCAGTAATGG
gTgGCCCCACAGGGCAGGAATGG
tcTGCCCCACAIGGCAGTAATGA
gaaGCCCtACAGGGCAGCAATGG
gTgtCCCCACAGGGCAGQAAAGG
agTGCCaCACAcaGCAGTAAGGG
gTTatCCCACAGGaCAGTgAGGG
CggtCCCCACAGGGtcagtAAGG
agTGgCCCcCAGGGCAGTgAGGG
acTctCCCACAaGGCAGTAAGGG
gTTaCCtCACAGaGCAGaAAGGG
tcacCCCCACAGGCCAGTAAAGG



Supplemental Table 3. Indel frequencies at Digenome-captured sites in HelLa cells

VEGFA1
Indel frequency (%)
Chromosome Location DNA seq at a Cleavage sites (-) RGEN (+) RGEN Validation
On-Target Chré 43737290 GGGTGGGGGGAGTTTGCTCCAGG 0.01% 21.77% validated
VEGFA1_02 Chri5s 65637537 GGaTGGaGGGAGTTTGCTCCTGG 0.01% 25.28% validated
VEGFA1_03 Chrs 7067159 GaGgGtGGGGAGTTTaCTCCTGG 0.01% 0.09% validated
VEGFA1_04 Chrl 99347651 GGGgaGGGGaAGTTTGCTCCTGG 0.01% 13.84% validated
VEGFA1_05 Chri2 1988077 cGGgGGaGGGAGTTTGCTCCTGG 0.00% 11.73% validated
VEGFA1_06 Chr22 37215276 GGGTGGGGGGAGTTTGCCcCCAGG 0.09% 1.03% validated
VEGFA1_07 Chr17 32986325 GGGgGtGGGGACTTTGCTCCAGG 0.04% 0.02% Invalidated
VEGFA1_08 Chri2 26641302 aGtTtGGGGGAGTTTGCcCCAGG 0.12% 0.12% Invalidated
VEGFA1_09 Chrl 233157354 GGagGaGGGGAGTCTGCTCCAGG 0.01% 0.05% validated
VEGFA1_10 Chr10 124731416 aGcTGGaGGGAGTTTGCcCCAGG 0.13% 0.26% validated
VEGFA1_11 Chr12 131690199 GGGaGGGtGGAGTTTGCTCCTGG 0.00% 6.70% validated
VEGFA1_12 Chr1l 71497119 aGGaaGGaGGAGTTaGCTCCTGG 0.00% 0.02% Invalidated
VEGFA1_13 Chr17 39796328 taGTGGaGGGAGCTTGCTCCTGG 0.00% 16.90% validated
VEGFA1_14 Chr4 8453803 GaGTGGGtGGAGTTTGCTaCAGG 0.01% 0.13% validated
VEGFA1_15 Chr9 93925190 GGGgGtGGGGAGcaTGCTCCAGG 0.01% 0.02% validated
VEGFA1_16 Chr3 125633992 aGGaaGGaGGAGTTaGCTCCTGG 0.02% 0.01% Invalidated
VEGFA1_17 Chrl6 8763213 aaGTaaGGGaAGTTTGCTCCTGG 0.01% 0.01% Invalidated
VEGFA1_18 Chr20 56175356 aGGgaGGaGGAaTTTGCTCCAGG 0.00% 0.72% validated
VEGFA1_19 Chrl5 93140401 GGGgGaGGGaAGTTTcCTCCAGG 0.02% 0.01% Invalidated
VEGFA1_20 Chr3 128284321 aGGTGGtGGGAGCTTGITCCTGG 0.00% 0.14% validated
VEGFA1_21 Chrs 32945275 GcGTGGGGGGtGTTTGCTCCCGG 0.03% 1.00% validated
VEGFA1_22 Chré 14316373 GtGgGGGtaGAGTTTGCTCCAGG 0.02% 8.10% validated
VEGFA1_23 Chr13 26202812 GGtTGaGGGGAGTCTGCTCCAGG 0.01% 0.17% validated
VEGFA1_24 Chrs 139263024 ttGgGGGGGCAGTTTGCTCCTGG 2.33% 7.19% validated
VEGFA1_25 Chr2 96056645 GGGTGGGGaGAGTTTctTCCTGG 0.00% 0.00% Invalidated
VEGFA1_26 Chr3 195871264 GGtgGGGGaGAGcTaGCTCCGGG 0.00% 0.20% validated
VEGFA1_27 Chrl1 3445204 aGGaaGGaGGAGTTaGCTCCTGG 0.02% 0.04% validated
VEGFA1_28 ChrX 19185601 GGGaGGGGaGAGTTTGtTCCAGG 0.01% 0.02% Invalidated
VEGFA1_29 Chr11 67574262 aGGaaGGaGGAGTTaGCTCCTGG 0.01% 0.73% validated
VEGFA1_30 Chr17 47317539 CtGgtGGGGGAGCTTGCTCCAGG 1.64% 4.14% validated
VEGFA1_31 Chr22 19698463 GaGgGGGaGCcAGTTTGCTCCAGG 0.01% 0.56% validated
VEGFA1_32 Chr21 37116659 aaGTGGGaaGAGTTTGtTCCAGG 0.03% 0.01% Invalidated
VEGFA1_33 Chr1l 117481208 GGGcaaGGGGAGYTTGCTCCTGG 0.01% 0.35% validated
VEGFAl_34 Chr5 56172079 GGtgGGGGtGgGTTTGCTCCTGG 0.00% 3.94% validated
VEGFA1_35 Chrl 33643288 GGGTGGGtGGAGTTTGCTaCTGG 0.00% 0.30% validated
VEGFA1_36 Chr8 28483353 aaGTGGGaGGAGacTGCTCCAGG 0.01% 0.02% Invalidated

VEGFAL1_37 Chr22 38219333 aGGTcGGGGGAGTTaGaTCCCGG 0.01% 0.02% Invalidated



On-Target
VEGFA2_02
VEGFA2_03
VEGFA2_04
VEGFA2_05
VEGFA2_06
VEGFA2_07
VEGFA2_08
VEGFA2_09
VEGFA2_10
VEGFA2_11
VEGFA2_12
VEGFA2_13
VEGFA2_14
VEGFA2_15
VEGFA2_17
VEGFA2_18
VEGFA2_19
VEGFA2_22
VEGFA2_33
VEGFA2_34
VEGFA2_39
VEGFA2_40
VEGFA2_42
VEGFA2_43
VEGFA2_44
VEGFA2_48
VEGFA2_50
VEGFA2_51
VEGFA2_54

Chromosome
Chré
Chr11
Chr5
Chr17
Chr9
Chr18
ChrX
Chr2
Chr9
Chrl6
Chrl1
Chr17
Chr10
Chr10
Chr3
Chr12
Chr10
Chr9
Chr19
Chr2
Chr13
Chra
Chr12
Chré
Chrl6
Chrl
Chré
Chr17
Chrl4
Chr20

Location
43738562
31817483
6715119
4358752
27338875
21359559
118865483
242214607
103599649
56963429
71948805
40044757
116294256
135149948
140398801
26025095
72538218
131706582
13122189
12744776
100546989
38537628
101603788
10882454
13492458
111860603
167929803
29983010
75098723
25240252

VEGFA2

DNA seq at a Cleavage sites
GACCCCCTCCACCCCGCCTCCGG
GggCCCCTCCACCCCGCCTCTGG
ctaCCCCTCCACCCCGCCTCCGG
tACCCCCcaCACCCCGCCTCTGG
GACCCCtcCCACCCCGaCTCCGG
GcCCCCacCCACCCCGCCTCTGG

GtCCtCCaCCACCCCGCCTCTGG
attCCCCcCCACCCCGCCTCAGG
acaCCCCcCCACCCCGCCTCAGG
tgCCCCCcCCACCCCaCCTCTGG
GcttCCCTCCACCCCGCaTCCGG
tgCCCCtcCCACCCCGCCTCTGG
ccCCaCCcCCACCCCGCCTCAGG
cgCCCtCcCCACCCCGCCTCCGG
CAaCCCCcCCACCCCGCITCAGG
CAttCCCcCCACCCCaCCTCAGG
CAgtCCCcCCACCCCaCCTCTGG
agCCaaCcCCACCCCGCCTCTGG
GcCCCCCaCCACCCCaCCTCGGG
GACaCaCcCCACCCCaCCTCAGG
ccCCCCCcCCcCCCCGCCTCAGG
ctCCCCacCCACCCCGCCTCAGG
GcCagCCctCACCCCGCCTCGGG
ccCtCtCcaCcCCCacCCTCTGG
tcCgCCCcCCACCCCaCCTCCGG
tAaatCCTCCACCCCaCCTCAGG
GctgtCtcCCACCCCGCCTCAGG
CAtCttCcCCACCCCGCCTCTGG
cctCaCCcCCACCCCaCCTCTGG
ccCaCaCcCCACCCCaCCTCCGG

Indel frequency (%)

() RGEN
0.00%
0.04%
0.00%
0.01%
0.00%
0.00%
0.00%
0.78%
0.00%
0.03%
0.01%
0.00%
0.15%
0.01%
0.03%
0.03%
0.01%
0.01%
0.00%
0.01%
4.45%
0.00%
0.00%
0.00%
0.04%
0.01%
0.00%
0.24%
0.00%
0.00%

(+) RGEN
96.41%
2.50%
6.24%
0.74%
0.87%
34.17%
0.05%
6.77%
3.35%
3.82%
0.44%
0.77%
63.43%
8.44%
1.38%
16.64%
0.57%
0.06%
1.86%
0.39%
13.82%
69.10%
0.00%
0.00%
0.03%
0.00%
0.01%
0.26%
0.00%
0.01%

Validation
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated



On-Target
VEGFA3_02
VEGFA3_03
VEGFA3_04
VEGFA3_05
VEGFA3_06
VEGFA3_07
VEGFA3_08
VEGFA3_09
VEGFA3_10
VEGFA3_11
VEGFA3_12
VEGFA3_14
VEGFA3_15
VEGFA3_16
VEGFA3_17
VEGFA3_18
VEGFA3_19
VEGFA3_20
VEGFA3_21
VEGFA3_23
VEGFA3_24
VEGFA3_27
VEGFA3_29
VEGFA3_31
VEGFA3_32
VEGFA3_34
VEGFA3_36
VEGFA3_37
VEGFA3_39
VEGFA3_40
VEGFA3_41
VEGFA3_42
VEGFA3_43
VEGFA3_44
VEGFA3_45
VEGFA3_46
VEGFA3_47
VEGFA3_48
VEGFA3_49
VEGFA3_50
VEGFA3_52
VEGFA3_53
VEGFA3_54
VEGFA3_55
VEGFA3_56

Chromosome
Chré
Chr14
Chrs
Chrs
Chr22
Chril
Chr10
Chr3
Chr14
Chr19
Chr20
Chr9
Chr14
Chr19
Chr9
Chr2
Chr4
Chr8
Chr14
Chr22
Chrl6
Chr10
Chr4
Chr2
Chr17
Chr7
Chrl6
Chr2
Chr19
Chr10
Chr12
Chr14
Chr19
Chrs
ChrX
Chr10
Chril
Chril
Chr18
Chr18
Chr19
Chr2
Chr20
Chr3
Chrs
Chré

Location
43737471
65569159
89440969
115434676
37662824
68851139
98760588
193993884
62078773
40561867
20178284
23824554
106029032
47732492
18733635
73317050
58326608
48997806
74353497
49740001
84032646
5749657
62067619
230506241
33323269
51294279
73585926
18696225
6660674
87387984
114752937
98442534
16569487
34452076
41726218
105307473
12159168
75330150
6130265
73286082
40596585
183092036
2650069
10207131
98946319
39028642

VEGFA3

DNA seq at a Cleavage sites
GGTGAGTGAGTGTGTGCGTGTGG
aGTGAGTGAGTGTGTGtGTGGGG
aGaGAGTGAGTGTGTGCaTGAGG
tGTGYGTGAGTGTGTGCGTGAGG
GCcTGAGTGAGTGTaTGCGTGTGG
GGTGAGTGAGTGcGTGCGgGTGG
GtTGAGTGAaTGTGTGCGTGAGG
aGTGAaTGAGTGTGTGtGTGTGG

tGTGAGTaAGTGTGTGIGTGTGG
acTGtGTGAGTGTGTGCGTGAGG
aGTGtGTGAGTGTGTGCGTGTGG
tGTGYgGTGAGTGTGTGCGTGAGA
GGTGAGTGAGTGTGTGtGTGAGG
CtgGAGTGAGTGTGTGtGTGTGG
aGCcGAGTGAGTGTGTGtGTGGGG
GGTGAGTCcAGTGTGTGaGTGAGG
aGTGAGTGAGTGaGTGaGTGAGG
GtaGAGTGAGTGTGTGtGTGTGG
aGcGAGTGgGTGTGTGCGTGGGG
GGTGtGTGAGTGTGTGtGTGTGG
GGTGAaTGAGTGTGTGCtctGGG
aGTGAGTatGTGTGTGtGTGGGG
GaTGAGTGIGTGTGTGtIGTGAGG
GGTGAGCcaAGTGTGTGIGTGTGG
tGTGAGTGAGTaTGTaCaTGTGG
aGTGAGTaAGTGaGTGaGTGAGG
aaTGAGTGAGTGTGTGtGTGTGA
aGTGAGaaAGTGTGTGCaTGCGG
tGTGAGTGAGTGaGTGaaTGTGG
GGTGtGTGAGTGTGTGCaTGTTG
tGTGAGTGAGTGTGTGCaTGTGA
GGTGAGTGIGTGTGTGaGTGTGG
tGTGtGaGtGaGTGTGtGTGTGG
tGTGtGaGtGTGTGTGtGcGTGG
GGTGAGTGAGTGaGTGaGTGAGG
tGaGtGTGAGTGTGTGCGTGGGG
tGTGtGaGtGTGTGTGtGgGGGG
tGTGtGTGAGTGTGTGCaTGAGG
tGTGAGTGAaTGTGTGIGTGTGG
caTGAGTGYGTGTGTGCGTGGAG
GGactGTGAGTGTGTGCGTGAGG
GaTGtGTGAGTGTGTGCcTGTGG
GGTGtaTGAGTGTGTGCGTcGGA
GGTGtGTGtGTGTGTGIGTGTGG
GGTGtagtgGTGTGTGCITGTGG
GGTGtGTGAGTGTGTGCaTtGGG

Indel frequency (%)

() RGEN
0.01%
0.28%
0.00%
0.01%
0.00%
1.79%
0.00%
0.40%
0.57%
0.02%
0.25%
0.00%
0.03%
0.01%
0.20%
2.29%
0.02%
0.45%
0.01%
0.46%
0.01%
1.31%
0.45%
0.46%
0.00%
0.00%
0.77%
0.00%
0.06%
0.22%
0.32%
0.00%
0.07%
0.18%
0.01%
0.00%
0.40%
0.30%
0.15%
0.03%
0.01%
0.01%
1.26%
0.10%
0.00%
0.00%

(+) RGEN
41.88%
35.20%
18.71%
30.88%
24.48%
11.15%
19.92%
23.67%
20.05%
0.72%
34.58%
0.32%
2.39%
0.00%
32.70%
2.66%
0.00%
5.11%
12.60%
2.89%
0.68%
1.86%
0.36%
51.82%
0.01%
0.00%
0.97%
0.16%
0.18%
0.23%
0.36%
0.00%
0.22%
0.13%
0.03%
0.01%
0.34%
0.32%
0.25%
0.03%
0.00%
0.07%
1.30%
0.09%
0.00%
0.09%

Validation
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated

Invalidated
validated

Invalidated

Invalidated
validated
validated
validated
validated
validated

Invalidated
validated

Invalidated

Invalidated

Invalidated
validated
validated

Invalidated

Invalidated

Invalidated
validated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated
validated

Invalidated

Invalidated

Invalidated
validated



On-Target
EMX1_02
EMX1_03
EMX1_04
EMX1_05
EMX1_06
EMX1_07
EMX1_08
EMX1_09
EMX1_10
EMX1_11
EMX1_12
EMX1_15
EMX1_16
EMX1_17
EMX1_18
EMX1_19
EMX1_20
EMX1_21
EMX1_22
EMX1_23
EMX1_24
EMX1_25
EMX1_26
EMX1_28
EMX1_30
EMX1_31
EMX1_33

Chromosome
Chr2
Chr5

Chr15
Chr2
Chr8
Chr5
Chrl
Chr6

Chrl5

Chr10
Chr2
Chr3

Chri4
Chrl
Chrl
Chrl
Chr2

Chrl1l
Chr3
Chrl
Chrl
Chr3
Chr4
Chr4

Chrl5

Chr17

Chr19

Chr20

Location
73160999
45359067
44109764
219845073
128801260
146833190
23720618
9118799
100292479
58848729
218378108
95690186
48932120
113741471
231750743
234492864
172374203
62365273
16077518
33606480
221522625
34042974
44622977
87256692
61646878
54421043
24250503
6653999

EMX1

DNA seq at a Cleavage sites
GAGTCCGAGCAGAAGAAGAAGGG
GAGTtaGAGCAGAAGAAGAAAGG
GAGTCtaAGCAGAAGAAGAAGAG
GAGYgCCGAGCAGAAGAAagACGG
GAGTCCtAGCAGQAGAAGAAGAG
GAGCcCgGAGCAGAAGAAGYAGGG
aAGTCCGAGQgAGAgGAAGAAAGG
acGTCtGAGCAGAAGAAGAATGG
aAGTCCcgGCAGAgGAAGAAGGG
GAGcaCGAGCAagAGAAGAAGGG
GAGTCtaAGCAGYAGAAIAAAGG
tcaTCCaAGCAGAAGAAGAAGAG
GAGTCCCcAGCAaAAGAAGAAAAG
GAGgtaGAGCAGAAGAAGAAGCG
GAGTCaGAGCAaAAGAAGIAGTG
GAagtaGAGCAGAAGAAGAAGCG
GAagtaGAGCAGAAGAAGAAGCG
GAaTCCaAGCAGAAGAAGAGAAG
GAGYgCaGAGagaAAGAAGAAAGG
GAGCCtGAGCAGAAGYAGAAGGG
GAGTHGAGIAGAAGAAGAAGAG
GAGTtCaAGCAGAgaAgaAAGGG
aAGTCtGAGaAGAAGAAGAAAGA
GAGTaaGAGaAGAAGAAGAAGGG
aAGTCaGAGgAGAAGAAGAAGGG
GAGTCCCcAGgAGAAGAAGAGAGG
GAGTCCaAGCAGtAGAgGAAGGG
aAGTCCagaCAGAAGAAGAAGGA

Indel frequency (%)

(-) RGEN
0.23%
0.02%
0.42%
0.01%
0.03%
0.03%
0.03%
0.03%
0.01%
0.00%
0.06%
0.45%
0.05%
0.06%
0.00%
0.07%
0.07%
0.02%
0.01%
0.01%
0.72%
1.09%
0.02%
0.08%
0.26%
0.01%
0.01%
0.11%

(+) RGEN
61.61%
47.11%
39.41%
6.38%
6.67%
0.78%
0.06%
0.75%
0.09%
0.00%
0.14%
0.51%
0.03%
0.06%
0.00%
0.06%
0.07%
0.13%
0.01%
0.08%
0.70%
1.10%
0.03%
0.09%
0.47%
0.01%
0.02%
0.14%

Validation
validated
validated
validated
validated
validated
validated

Invalidated
validated
validated

Invalidated
validated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated
validated

Invalidated
validated

Invalidated

Invalidated

Invalidated

Invalidated
validated

Invalidated

Invalidated

Invalidated



On-Target
FANCF_02
FANCF_03
FANCF_04
FANCF_05
FANCF_06
FANCF_07
FANCF_08
FANCF_11
FANCF_12
FANCF_15
FANCF_16
FANCF_17
FANCF_18
FANCF_19
FANCF_21

Chromosome
Chrl1l
Chr18
Chr10
Chrl7

ChrX
Chr10
Chr10
Chrl6
Chr16
Chrll
Chr17
Chrl7
Chr17
Chrl3
Chr12
Chr12

Location
22647338
8707528
43410031
78923978
86355180
73463136
37953200
49671025
28615201
66475045
39675789
34985068
3980376
109802140
115467808
2719895

FANCF

DNA seq at a Cleavage sites
GGAATCCCTTCTGCAGCACCTGG
GGAAcCCCgTCTGCAGCACCAGG
GGAgTCCCTcCTaCAGCACCAGG
aGAggCCCcTCTGCAGCACCAGG

accATCCCTcCTGCAGCACCAGG
tGAATCCCaTCTcCAGCACCAGG
GGAgTCCCTcCTaCAGCACCAGG
GGAgTCCCTcCTGCAGCACCTGA
GGCtTCCCTTCTGCAGCCcCCAGG
GGAACcaCCTTCTGCAGCICCAGG
GGgAgtCCaTCTGCAGCACCAGG
GGgtcCgCTTCTGCAGCACCTGG
GGAACCCCCTCTGCAGCHCTGG
aaAATaCCTTCTGCAGIACCAGG
aGggTCCCTTCTGCAGCCcCCTGG
acAcTCCCTTCTGCAGCACCATG

Indel frequency (%)

(-) RGEN
0.06%
0.05%
0.01%
0.01%
0.02%
0.01%
0.01%
0.00%
0.11%
0.00%
0.01%
0.00%
0.00%
0.02%
0.04%
0.00%

(+) RGEN
54.37%
27.79%
5.41%
3.09%
0.35%
0.34%
2.75%
0.82%
0.12%
0.07%
0.02%
0.00%
0.00%
0.01%
0.06%
0.01%

Validation
validated
validated
validated
validated
validated
validated
validated
validated
Invalidated
validated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated



On-Target
RNF2_02
RNF2_03
RNF2_04
RNF2_05
RNF2_06
RNF2_07
RNF2_08
RNF2_09
RNF2_10
RNF2_11
RNF2_12
RNF2_13

Chromosome
Chrl
Chr12
Chr18
Chr8
Chr7
Chré
Chr4
Chr8
Chr4
Chr9
Chr5
Chr15
Chr17

Location
185056773
131619805
62061226
99451745
43967267
143212079
171989625
5745882
189725512
138721895
92036966
25135467
53928586

RNF2

DNA seq at a Cleavage sites
GTCATCTTAGTCATTACCTGAGG
aTCACCTTAGCCATTACCaGGGG
aTtATITTAGTCATTACCTITGG
cgtgcaTTAGTCATTACCTGAGG
acttatTTAGTCATTACCTGTAG
GTaATaTTAGTCATTACCgGTGG
taacaCaTAGTCACTACCTGGTG
aatATgTTAGTCATTACCTGAGG
aTgcTicTtGTCATTACCTIGGG
acttcagTAGTCATTACCTaGGG
GgtATCTaAGTCATTACCTGTGG
catcTaaTAGTaATTACCTGGGG
GTCATCTTAGTCATTAC-TGAGG

Indel frequency (%)

(-) RGEN
0.01%
0.02%
0.05%
0.01%
0.02%
0.02%
0.01%
0.01%
0.02%
0.03%
0.07%
0.01%
0.00%

(+) RGEN
68.06%
0.03%
0.03%
0.02%
0.01%
0.02%
0.01%
0.09%
0.03%
0.01%
0.24%
0.01%
0.00%

Validation
validated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
validated
Invalidated
Invalidated
validated
Invalidated
Invalidated



On-Target
HEK1_02
HEK1_03
HEK1_04
HEK1_05
HEK1_06
HEK1_07
HEK1_08
HEK1_14
HEK1_15
HEK1_16

Chromosome
Chr9
Chrl
Chr8
Chr9
Chr8

Chr22
Chr13
Chr10
Chr12
Chrll
Chr10

Location
110103705
201992441

21121524
129621088
48879627
47970525
31633478
123094947
5555206
75956264
86303625

HEK293-1

DNA seq at a Cleavage sites
GGGAAAGACCCAGCATCCGTGGG
GGGAAAGICCCAGCATCCITTGG
GGGAAJGACCCAGCATCCtgGGG
GGGAAAtACCCAGCATCCaaTGG
GaGAAAagCCCAGCATCCITAGG
GGaAAAGACCaAGCATCaGTGGG
atGAAAGACCCAGCATCCaTTGA
GGGAAAagCCCAGCATCCcTTGG
GGagAAagaCCAGCATCCaTAGG
ttatAAGACCCAGCATCCGTAAG
tGGAAAGAaaCAGCATCCGTACG

Indel frequency (%)

(-) RGEN
0.04%
0.05%
0.01%
0.01%
0.02%
0.00%
0.00%
1.62%
0.00%
0.01%
0.00%

(+) RGEN
48.67%
42.78%
21.48%
1.81%
0.26%
0.08%
0.01%
17.98%
0.01%
0.09%
0.01%

Validation
validated
validated
validated
validated
validated
validated

Invalidated
validated

Invalidated
validated

Invalidated



On-Target
HEK2_02
HEK2_04
HEK2_05
HEK2_06
HEK2_07
HEK2_08
HEK2_09
HEK2_10
HEK2_11
HEK2_12
HEK2_13
HEK2_16
HEK2_17
HEK2_19
HEK2_20
HEK2_21
HEK2_22

Chromosome
Chr5
Chr4
Chr4

Chrl1
Chr13
Chr20
ChrX
Chrl
Chr5
Chrs
Chr6
Chr9
Chr18
Chr18
Chr20
Chr9
Chr2
Chr15

Location
87240614
90522184
53536210
128508577
113428467
97641
36949815
77190607
126385455
131174461
139353018
290168
22360702
56307003
23101380
97332609
19844956
65377019

HEK293-2

DNA seq at a Cleavage sites
GAACACAAAGCATAGACTGCGGG
GAACACAAtGCATAGAITGCCGG
GAAtACtAAGCATAGACTCcCAGG
GAAttCAAAGCATAGAITGCAGG
CAAtACAAAGYATAGACTGCAGG
GAAttCAAAGCATAGAITGCAGG
GAAaACAAAaCATAGAGTGCTGG
tcACACAAACCATAGACTGaGGG
CcCACACCAAGCATAGACTICTGG
aAAtACAAtGCATAGACTGCTAG
ccAaACAAAaCATAGACTGCTGG
aAACAtAAAGaATAGACTGCAAG
GgAatCAAAGCACAGACTGCAGG
aAgaACAAAaCATAGACTGCAGG
atACACAgAGCAaAGACTGCAGG
GtAattAAAGCACAGACTGCTGG
aActcCAAAGCATAIACTGCTGG
GAgCgatAAGCACAGACTGCTGG

Indel frequency (%)

(-) RGEN
0.01%
0.01%
0.01%
0.00%
0.01%
0.01%
0.00%
0.00%
0.00%
0.53%
0.00%
0.00%
0.00%
0.01%
0.00%
0.00%
0.01%
0.00%

(+) RGEN
59.05%
16.33%
0.03%
0.01%
0.02%
0.01%
0.00%
0.00%
0.01%
0.52%
0.01%
0.00%
0.00%
0.04%
0.00%
0.00%
0.01%
0.00%

Validation
validated
validated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
validated
Invalidated
Invalidated
Invalidated
Invalidated



On-Target
HEK3_02
HEK3_03
HEK3_04
HEK3_05
HEK3_06
HEK3_07
HEK3_08
HEK3_09
HEK3_10
HEK3_11
HEK3_12
HEK3_13
HEK3_14
HEK3_15
HEK3_16
HEK3_17
HEK3_18
HEK3_19
HEK3_20

Chromosome
Chr9
Chrl

Chrll
Chrl
Chr10
Chr15
Chré
Chr7
ChrX
Chr15
Chr9
Chré
Chr2
Chr2
Chr10
Chr8
Chr2
Chrl4
Chr10
ChrX

Location
110184637
34163192
134582415
47005705
131593121
79749931
103918240
66968042
114764149
35402774
137039236
79958440
130402896
97163211
22896606
20947876
240026760
102917106
23135503
16606309

HEK293-3

DNA seq at a Cleavage sites
GGCCCAGACTGAGCACGTGATGG
attCtAGACTGAGCACGTGCAAG
GGCgCAGACaGAGCACGTGACGA
aGCtCAGACTGAGCAaGTGAGGG
GagCCAGAaTGAGCACGTGAGGG
caCCCAGACTGAGCACGTGCTGG
aaataAGACTGAGCACGTGQTGG
GaCaCAGACCcGgGCACGTGAGGG
aGaCCAGACTGAGCAaGaGAGGG
cctaaAGACTGAGCAaGTGAAGG
cagCCAGACaGAGCACGTGQgAGG
aaCaaAGACTGAGCACGTtAGGG
GaCCCAGAaTGAGCACaaaAGGG
ccCatgGACTGAGCACaTGAAGG
GaaggAGACTGAGCAIGTGAGGG
tctCCAGACTGAGCcCaTGAGGG
GGCtCAGACTGAGCACCTGAGAG
ctCggAGACTGACCACGTGAGGG
actCCAGACTGAGCAacTGAGGG
ttCCCAGACaaAGCACGCGAAGG

Indel frequency (%)

(-) RGEN
0.01%
0.01%
0.00%
0.01%
0.00%
0.00%
0.01%
0.01%
0.01%
0.01%
0.02%
0.01%
0.10%
0.06%
0.00%
0.04%
0.01%
0.04%
0.01%
2.26%

(+) RGEN
66.99%
0.02%
0.00%
16.23%
1.17%
33.14%
0.02%
0.15%
0.20%
0.01%
0.02%
0.01%
0.10%
0.08%
0.00%
0.03%
0.11%
0.05%
0.01%
2.14%

Validation
validated
validated
Invalidated
validated
validated
validated
Invalidated
validated
validated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
Invalidated
validated
Invalidated
Invalidated
Invalidated



On-Target
HEK4_02
HEK4_03
HEK4_04
HEK4_05
HEK4_06
HEK4_07
HEK4_08
HEK4_10
HEK4_11
HEK4_12
HEK4_13
HEK4_14
HEK4_15
HEK4_16
HEK4_17
HEK4_18
HEK4_19
HEK4_20
HEK4_21
HEK4_25
HEK4_31
HEK4_41
HEK4_42
HEK4_43
HEK4_45
HEK4_46
HEK4_48
HEK4_50
HEK4_51
HEK4_52
HEK4_53
HEK4_54
HEK4_55
HEK4_56
HEK4_57
HEK4_58
HEK4_59
HEK4_60

Chromosome
Chr20
Chr19
Chr10
Chr15

Chré
Chr13
Chr20
Chr20

Chra
Chr20
Chr10
Chr19
Chr13
Chr10

Chr7
Chr19
Chr20

Chrl
Chrl7
Chr13
Chrl6
Chr14
Chr10
Chr10
Chr12
Chr15

Chrl

Chr3

Chra

Chr5

Chr5

Chré

Chré

Chr7

Chr8

Chr8

Chr8
Chr10
Chr10

Location
31349773
33382081
126694875
41044242
160517881
27629410
45343011
1151854
56815199
60010563
77103120
38616186
39262929
13692637
54561438
41220525
60895671
171018460
176302
88900992
89469252
24740271
1285239
60003488
90804707
75632142
2933843
16815640
156491955
41968123
177928896
33950129
159190938
157889941
1241128
11479079
145730111
36109441
127971444

HEK293-4

DNA seq at a Cleavage sites
GGCACTGCGGCTGGAGGTGGGGG
GGCtCTGCGGCTGGAGGYGGTGG
GGCACgaCGGCTGGAGGTGGGGG
GGCgCTGCGGCgGGAGGTGGAGG
GGCACTGCtGCTGGYGGTGGTGG
GGCACTGYgGGtTGGAGGTGGGGG
GGCACTGaGGgTGGAGGTGGGGG
GGCACTGtGGCTGCAGGTGGAGG
GGCAaTGCGGCTGGAGGCGGAGG
tGCACTGCGGCcGGAGGaGGTGG
GGCAtcaCGGCTGGAGGTGGAGG
GGCACTGaGaCTGGgGGTGGGGG
aGCAgTGCGGCTaGAGGTGGTGG
GGCACTGgGGCTGGgGGaGGGGG
aGgACTGCGGCTGGYGGTGGTGG
GGCAaTGtGGCTGaAGGTGGGGG
GGCACaGCaGCTGGAGGTGCTGG
GcCACTGgGGCTGGYgGGTGGGGG
tGCACTGtGGCTGGAGaTGGGGG
caCACTGCaGCTGGAGGTGGTGG
GGCACTGCGGgaGGAGGTGGGCG
GGCACTGCcaCTGGgGGTGaGGG
GGCcCTtCGGCTGGAGGTGGCAG
GGCACgcgGCctgGGAGGTGGAGG
GGCAtgcgGctgGGAGGTGGAGG
GcacCTGCGGCTGGAGGTGGCAG
GGCcCTGaGaCTGCAGCTGGAGG
cGCACTGgGGCTGCAGGTGGAGG
ttCACTGtGGCTGGAGGTGGGGA
GGaAgTGCGGCaGGAGGTGGAGG
ccCACTGCGGYTGGAGGTGGAAG
GGCtCTGaGGCTGGIGGTGGGGG
GGCcCTGCaGCTGGAGGaGGAGA
GGCACTGgGGaaGGAGGTGGAGG
GGCACTGttGCTGGAGGaGGCAG
GGCcCTGCaGCTGGAGaTGGAAG
GGCACatgGGCTGGgGGTGGGGG
GGCAITGCtGCTGGIGGTGGTGG
GGaACTGgGGCTGGYGGTGGGGG

Indel frequency (%)

(-) RGEN
0.00%
0.14%
0.06%
0.02%
0.15%
0.02%
0.02%
0.01%
0.02%
0.01%
0.04%
0.02%
0.03%
0.14%
0.24%
0.01%
0.02%
0.26%
0.01%
0.55%
0.06%
0.40%
0.02%
0.07%
0.03%
0.02%
0.01%
0.66%
0.12%
0.02%
0.02%
0.48%
0.06%
1.81%
0.01%
0.67%
0.06%
0.00%
0.01%

(+) RGEN
82.90%
2.84%
11.61%
5.25%
5.38%
2.16%
1.56%
1.44%
11.90%
2.83%
5.09%
17.00%
12.34%
0.25%
8.72%
0.68%
0.59%
2.32%
1.02%
0.80%
0.09%
0.46%
0.01%
0.07%
0.03%
0.01%
0.02%
0.74%
0.10%
0.02%
0.02%
0.42%
0.05%
1.90%
0.00%
0.72%
0.07%
0.00%
0.20%

Validation
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated
validated

Invalidated
validated
validated
validated
validated
validated
validated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated

Invalidated
validated



Supplemental Table 4. Indel frequencies in HEK 293T cells

HEK293-1
Indel frequency (%)
Chromosome  Location DNA seq at a Cleavage sites () RGEN (+) RGEN Validation P-value
On-Target Chrl 185056773 GGGAAAGACCCAGCATCCGTGGG 0.08% 57.29% validated <0.0001
HEK1_15 Chrl1l 75956264 ttatAAGACCCAGCATCCGTAAG 0.00% 0.02%  validated  0.0020
HEK293-2
Indel frequency (%)
Chromosome  Location DNA seq at a Cleavage sites (-) RGEN (+) RGEN Validation P-value
On-Target Chr5 87240614 GAACACAAAGCATAGACTGCGGG 0.00% 52.02% validated < 0.0001
HEK2_17 Chr18 56307003 aAgaACAAAaCATAGACTGCAGG 0.01% 0.01% invalidated 0.55
HEK293-3
Indel frequency (%)
Chromosome  Location DNA seq at a Cleavage sites (1) RGEN (+) RGEN Validation P-value
On-Target Chr9 110184637 GGCCCAGACTGAGCACGTGATGG 0.02% 70.53% validated < 0.0001
HEK3_02 Chrl 34163192 attCtAGACTGAGCACGTGCAAG 0.01% 0.05%  validated 0.00011
HEK3_17 Chr2 240026760 GGCtCAGACTGAGCACCTGAGAG 0.01% 0.03%  validated 0.049
HEK293-4
Indel frequency (%)
Chromosome  Location DNA seq at a Cleavage sites () RGEN (+) RGEN Validation P-value
On-Target Chr20 31349773 GGCACTGCGGCTGGAGGTGGGGG 0.03% 38.84% validated < 0.0001

HEK4_60 Chr10 127971444  GGaACTGgGGCTGGYGGTGGGGG 0.03% 0.20%  validated < 0.0001



Supplemental Table 5. Orthogonal target sites.

No. of sites with no homologous sites harboring
No. of PAM (NGG) up to 2 mismatch in the human genome
Gene Exon -containing sites . . & .
No. of sites with fewer than 13,000 homologous sites
harboring up to 6 mismatches

Exonl 235 79
Exon2 8 0

Exon3 26 18
Exon4 6 0
VEGFA Exon5 1 0
Exon6 14 5

Exon7 8 4

Exon8 252 34

Total 550 140

Exonl 238 73
EMX1 Exon2 29 8
Exon3 245 37

Total 512 118

FANGE Exonl 373 90
Total 373 90

Exonl 50 12
Exon2 4 0
Exon3 8 0
RNF2 Exon4 14 0
Exon5 21 0
Exon6 10 0
Exon7 173 8

Total 280 20

Total 1715 368




Supplemental Table 6. Calculation of an off-target score assigned to the EMX1 target
sequence (5-GAGTCCGAGCAGAAGAAGAANGG-3') in the human genome.

No. of sites
No. of No. of mismatches in . a Fraction Median indel x Fraction
mismatches the seed region No. of sites capturedb frequency® capturgd
X Median indel
frequency
0 - 0 1.0 1.0 0.0
lor2 - 1 1.0 0.15 0.15
0 7 0.56 0.030 0.12
3 1 7 0.44 0.0077 0.024
2 4 0.12 0.0030 0.0014
3 0 0.0020 0.00010 0.0
0 68 0.22 0.030 0.45
1 73 0.062 0.0039 0.018
4 2 115 0.010 0.00088 0.0010
3 16 0.0013 0.00088 0.000018
4 4 0.0 0.0 0.0
0 136 0.010 0.00067 0.00091
1 674 0.010 0.00067 0.0045
2 888 0.0015 0.00067 0.00089
° 3 521 0.00025 0.00067 0.000087
4 91 0.0 0.0 0.0
5 3 0.0 0.0 0.0
0 426 0.0067 0.00026 0.00074
1 2641 0.0017 0.00026 0.0012
2 5673 0.000047 0.00026 0.000069
6 3 4954 0.000047 0.00026 0.000061
4 1846 0.0 0.0 0.0
5 197 0.0 0.0 0.0
6 10 0.0 0.0 0.0
O;fctoarrget ol

#No. of sites was obtained using Cas-OFFinder.
® Fraction captured was experimentally determined and shown in Fig. 3b.

 Median indel frequency was determined using targeted deep sequencing (Fig. 5a).



Supplemental Note 1

Off-target effect index (OTI) of HBB sgRNA and VEGFA 1 sgRNA

HBB sgRNA
On-target indel frequency : 33.142%
Sum of indel frequencies at off-target sites: 85.541% + 3.143% + 0.088% + 2.292% = 91.064%

Off-target effect index (OTI) : 91.064% / 33.142% = 2.75

VEGFA 1 sgRNA
On-target indel frequency: 42.688%

Sum of indel frequencies at off-target sites: 45.501% + 5.430% + 0.035% + 18.633% +
18.383% + 52.792% + 45.392% + 3.265% = 189.431%

Off-target effect index (OTI): 189.431% / 42.688% = 4.44
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