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Supplemental Figure Summary

Figure S1, related to Figure 1. Intrachromosomal repair of a single or two DSBs in LIG4-
XRCC4 deficient HCT116 human cells

A. Indel formation: T7 assay at the p84 locus after a ZFN*®* DSB.

B. Asel-resistant junction sequences after a ZFN'S DSB on Chr22.

C. Junction sequences at a 3.2 kb deletion on Chr11 after ZFN™"* and ZFNF-"® DSBs.

Figure S2, related to Figure 2. Translocation junction sequences from ZFN®"® and ZFNP?
DSBs derived from wild-type and XRCC4 deficient HCT116 cells.

Figure S3, related to Figure 3. Translocations induced by ZFN®® and ZFNP®** DSBs in pre-B
cells and patient-derived cells with LIG4 mutations.

A. Indel formation: T7 assay at the p84 locus after a ZFN** DSB.

B. Translocation junction sequences from pre-B cells.

C. Translocation junction sequences from patient-derived cells.

Figure S4, related to Figure 4. DSBs induced by TALENSs, wild-type Cas9, and paired
nCas.

A. Relative positions of nCas9 cleavage sites.

B. Indel formation at the ALK locus after a TAL*X, Cas9(ALK1) or nCas9(ALK1+ALK2) DSB.

Figure S5, related to Figure 5. NPM-ALK cancer translocation junctions induced by TALENSs,
wild-type Cas9, and paired nCas.

A. Nuclease expression is quantified after 48 h by Western blotting for the HA epitope for TALENSs
or GFP expression for Cas9 and nCas9.

B. Translocation junction sequences from TALENSs.

C. Translocation junction sequences from wild-type Cas9.

D. Translocation junction sequences from paired nCas9.

Figure S6, related to Figure 6. LIG3 is not required for translocation formation in human
cells.

A. LIG3 null cells: Western blot, PCR genotyping, and ZFN expression, T7 assay at p84 and ALK
loci.

B. Translocation junction sequences from ZFNs.

C. Translocation junction sequences from Cas9

D. Translocation junction sequences from paired nCas9.

Figure S7, related to Figure 7. Translocation junction sequences from ZFN®"® and ZFNP?
expression after CtIP depletion.

A. Western blot of CtIP knock-down and T7 assay at p84 locus.

B. Translocation junction sequences from ZFNs in wild-type cells.

C. Translocation junction sequences from ZFNs in XRCC4-deficient cells.



Supplemental Figures

Figure $1, related to Figure 1. Intrachromosomal repair of single or two DSBs in
LIG4/XRCC4-deficient human HCT116 cells.

A. Indel formation: Indel formation is reduced in both L4 and X4™ cells at the ZFNP®*
cleavage site, as monitored by the T7-endonuclease assay {n = 7 for wt, n = 10 for het
(+/-) and mutant (-/-)}.
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B. Asel-resistant junction sequences after a ZFNF"S DSB on Chr22. Duplicate junction

wt L48X4*

sequences were counted twice only if they arose in independent experiments, although results
were similar if all sequences were counted. The ZFN recognition sequences at each DNA end
are underlined; bps in italics represent the overhangs. Microhomologies (underlined), insertions
(green) and lengths of deletions from each end are indicated.

HCT11l6 WT
Blue : Asel site
DNA ends:
AATAGCTGCCTCCCCACTTTACATTAAT GACTGATAGGGAGGCCAAAAACGATGTT
29
AATAGCTGCCTCCCCACTTTACATTA-1 T TGACTGATAGGGAGGCCAAAAACGATGTT
4iATAGCTGCC'I‘CCCCACT'I‘TACATTA—1 TGACTGATAGGGAGGCCAAAAACGATGTT
1iATAGCTGCCTCCCCACTTTACATTAé—l -2CTGATAGGGAGGCCAAAAACGATGTT
32ATAGCTGCC'I‘CCCCACT'I‘TACATTA—2 -1ACTGATAGGGAGGCCAAAAACGATGTT
2iATAGCTGCCTCCCCACTTTACA...—5 GACTGATAGGGAGGCCAAAAACGATGTT
9AATAGCTGCCTCCCCACT'I‘TACA...—5 -2CTGATGGGGAGGCCAAAAACGATGTT
3AATAGCTGCC'I‘CCCCACT'I‘TACATT.—3 G -4..GATAGGGAGGCCAAAAACGATGTT
5;ATAGCTGCC'I‘CCCCACT'I‘TACATT.—3 TT -5...ATAGGGAGGCCAAAAACGATGTT
1ZATAGCTGCCTCCCCAC ......... -9 ATGACTGATAGGGAGGCCAAAAACGATGTT
3ZATAGCTGCC'I‘CCCCACT'I‘ ....... -9 AT GACTGATAGGGAGGCCAAAAACGATGTT
52ATAGCTGCCTCCCCACTTT§§....—6 -3 .TGATGGGGAGGCCAAAAACGATGTT
2ZATAGCTGCC'I‘CCCCACT ....... -10 -3 .TGATAGGGAGGCCAAAAACGATGTT

45



AATAGCTGCCTCCCCACTTTA.....-5
4

AATAGCTGCCTCCCCACT. . .. ... -10
52

AATAGCTGCCTCCCCA. ........-10
5

AATAGCTGCCTCCCCAC. . . .. ... -11
6

AATAGCTGCC . ¢ v v v vvnnennnnn -18
47

AATAGCTGCCTCCCCA. ........ -12
19

AATAGCTGCCTCCCCA. ........ -12
41

AATAGCTGCCTCCC. o v v evunnnn -14
46

AATAGCTGCCTCCC . v v v v vvnnnn -14
25

ol e -29
43

AATAGCTGC . e e o eevrnnennnns -19
48

AATAG. e e vveerennenannnnns -24
39

......................... -29
GATAGCTGGC
40

......................... -49
10

AATAGCTGCCTCCCCA. .. ...... -12
37

i -29
1

AATAGCTGCCTCCCCA. ........ -12
15

GCateeeeeeneneanenanaanns -31
49

BATAGC . e e v v vneenrnnnnnnns -22
18

o2 -30
17

AATAGCTGCCTCC. v v eevunnn- -15
34

AATAGCTGCCTCCCCACT. . .. ... -10
24

Be e et eeeeaeeaanenaaaaans -27
27

AATAGCTGC . et v eeernnennnnn -19
51

........................ -251
50

........................ -393
44

........................ -401

+11

TG

HCT116 X4+/-

-8...... GGGAGGCCAAAAACGATGTT

-4 ..GATAGGGAGGCCAAAAACGATGTT

-13..... «+.+..GCCAAAAACGATGTT
-13......... GCCAAAAACGATGTT
N AAAAACGATGTT
-15.......... .+« AAAACGATGTT
e Y AAAACGATGTT
=16 ..t AAAAACGATGTT
-16....000.. . .« .AAAAACGATGTT

=16, AAAAACGATGTT
B eeeeees ATGTT
=20 ..ttt it it i it e e

-13...........CAAAAACGATGTT
-12..........CCAAAAACGATGTT

-11.........GCCAAAAACGATGTT

AATAGCTGCCTCCCCACTTTACATTAAT

GACTGATAGGGAGGCCAAAAACGATGTT

36
AATAGCTGCCTCCCCACTTTACATTA-2
27

AATAGCTGCCTCCCCACTTTACATTAA-1

GACTGATAGGGAGGCCAAAAACGATGTT

-2CTGATAGGGAGGCCAAAAACGATGTT



32
AATAGCTGCCTCCCCACTTTACATT.-3
11
AATAGCTGCCTCCCCACTTTACATTA-2
12
AATAGCTGCCTCCCCACTTTACAT. .-4
3

AATAGCTGCCTCCCCACTTT. . . . .. -8
39

AATAGCTGCCTCCCCACTTT. . . . .. -8
25

AATAGCTGCCTCCCCACT. . . . ... -10
17

AATAGCTGCCTCCCCACTTTACA. . . -5
24

AATAGCTG. ¢ v e vveeereeennnn -20
21

AATAGCTGCCTCCCC. ..o enw... -13
33

BATAG. .t tvvvnnnnnneeennns -23
8

AATAGCTGCCTCCCCACTTTACA. . . -5
38

AATAGCTGCCTCC. .. ovveenn.. -15
29

BATAG. .t tvvunnnnnneeennns -23
22

AATAGC. ¢ et vvvnnnneeennnn -22
23
.......................... -34
15

OBttt et iieeeaeeeannn. -39
7
.......................... -49
40

Gttt eeiiaaeaeeeanns -100
2

AATAGCTGCCTCCCCACTTTACA. . . -5
10

AATAGCTGCCTCC. . .oovvenn.. -15
19

AATAGCTGCCTCCCCAC. . . .. ... -11
31

ol -250
34

GRueeet e iiaaaaaeaenns -284
30

OB et et iineaaeeeannn. -90

TAT

TTTTTGAT

CA

HCT116 L4+/-

GACTGATAGGGAGGCCAAAAACGATGTT

-2CTGATAGGGAGGCCAAAAACGATGTT

GACTGATAGGGAGGCCAAAAACGATGTT

GACTGATAGGGAGGCCAAAAACGATGTT

GACTGATAGGGAGGCCAAAAACGATGTT

-4 ..GATAGGGAGGCCAAAAACGATGTT

-13......... GCCAAAAACGATGTT

ATGACTGATAGGGAGGCCAAAAACGATGTT

-18....cciiiiin.. AAACGATGTT

-9....... GGAGGCCAAAAACGATGTT

-18....ciiiiiia.. AAACGATGTT

-18....cciiiiiin.. AAACGATGTT

AATAGCTGCCTCCCCACTTTACATTAAT

GACTGATAGGGAGGCCAAAAACGATGTT

5AATAGCTGCC'I‘CCCCACT'I‘TACATTAé—l
1;ATAGCTGCC'I‘CCCCACT'I‘TACATTé—2
12ATAGCTGCC'I‘CCCCACT'I‘! ...... -8
2;ATAGCTGCCTCCCCACT'I‘! ...... -8
3AATAGCTGCC'I‘CCCCACT'I‘T ...... -8

-2CTGATAGGGAGGCCAAAAACGATGTT

-2CTGATAGGGAGGCCAAAAACGATGTT

GACTGATAGGGAGGCCAAAAACGATGTT

-4..GATAGGGAGGCCAAAAACGATGTT

-5...ATAGGGAGGCCAAAAACGATGTT



18
AATAGCTGCCTCCCCACTTTACATTA-2
34
AATAGCTGCCTCCCCACTTTACATT.-3
11
AATAGCTG. e e e eeeeeceoncens -20
9
AATAGCTGCCTCCCCA.........=-12
1

AATAGCTGCC. « oo veveeennn. -18
32

AATAGCTGCC. « oo eeveeennn. -18
10

AATAGCTGCC. « e eeeveeennn. -18
12

N -26
36

Bttt ettt -25
29

N -26
31

......................... -30
27

AATAGC. ¢ et vvunnnnneeennnn -22
17

o7 -38
21

CTGCA . e ettt eeenanaannnnn -27
23

CAR. ettt tinaeaneeannn. -26
33

BATA. . evveennennns -24
16

N -26
22

TTTACT . e e e v v eeennnnnnnnnn -61
28

e -33
30

35

........................ -370
25

e PP -411
20

......................... -35

CATC

CAGCTA

+33

-12......... GGCCAAAAACGATGTT

-12......... GGCCAAAAACGATGTT

ATGACTGATAGGGAGGCCAAAAACGATGTT

-18....cciiiiiin.. AAACGATGTT
N AAAAACGATGTT
-16...cciiiinn CAAAAACGATGTT
=25 . i iiiiiee eeeecess GTT
-18.. .. . .AAACGATGTT
=20. .00 iiiienn .+« ACGATGTT
/% e+« .CGATGTT
-18.. .. . .AAACGATGTT
=30, cescccccscnne
-18.. .. . .AAACGATGTT
=39 iiiiiiiinn cetecccccenn
-18.. .. . .AAACGATGTT
44 ... i cesececcsenn
=200 iiiien .+« ACGATGTT
e
-144.......000.0. cetecccceenn
-215. .. i ceccccscnn
=22 i iiiiie eeeeeGATGTT
=24 .. iiiiienn eeeeees TGTT
-18.. .. . .AAACGATGTT

33bp : 1llbp from Homo sapiens chr4, alternate assembly CHM1_1.1 and 22 bp from EWS

inverted duplication downstream DSB
AAAATAGCTGCCTATTGCAGGCCACTATGATTT

HCT116 X4-/-

AATAGCTGCCTCCCCACTTTACATTAAT

GACTGATAGGGAGGCCAAAAACGATGTT

34
AATAGCTGCCTC..cceeeeeeeea=16
17

Y -25
26
BAT. .t tieineennrenecnnnes -25
7
AATAGCT .. tveeenrenecnnnen -21

20

-18....cciiiiiin.. AAACGATGTT
= T GTT
e
e S



......................... -37
1lbp: TGCATACAAAA
1

CAR. ittt itineeaneeannns -26
28

e -36
29

o7 -65
24

CATA . et ettt eeennnaannnnn -62
10

........................ -138
2

N N -175
8

oo -30
6

.......................... -198

+11

+27

27pb : Duplication from chr22 419bp upstream DSB
CTGAGCTCCATAAATCAACACTACATC From Homo sapiens chromosome 22, GRCh37.pl3

3

......................... -53
33

ATGA et e eeenenaennnannns -180
9

AATAGCTGCCTCCCCA. o vvvnn.. -12
36

........................ -403
35

TAABAR . ¢« e eevrneennnnenns -370
30

ATCe e eeeveenenanaancnnnn -180
32

ATGTGT e e e v e eevneennnnnnns -334

A

HCT116 L4-/-

200 et . . -ACGATGTT

=20. . iiiiiiiiena., ACGATGTT

AATAGCTGCCTCCCCACTTTACATTAAT

GACTGATAGGGAGGCCAAAAACGATGTT

1
AATAGCTGCCTCCCCACTTTACA...-5
4

AATAGCTG. ¢ e e v eevevnnnnnns -20
13

AATAGCTG: ¢ e e v eevevnnnnnns -20
2

AATAGCTGCC - e« e evvvennnnns -18
42

AATAGCTGC. « e v e evevnennnnns -19
18

BAT . ettt e eneennnaennnns -25
3

AAT . et eeeeeeeanenanannns -25
20

AATAGCTGC. « e v e evvvennnnns -19
7

BABA. et eeeerneenrnnennnns -42
34

o7 NP -42
22

TC

=16 ..t AAAAACGATGTT

-5...ATAGGGAGGCCAAAAACGATGTT

-10......GAGGCCAAAAACGATGTT

=16 ..t AAAAACGATGTT
=16 ..t AAAAACGATGTT
-19.. . it AACGATGTT
= B GTT
—43 ... iiiiien cesececcsenne
/0 e++..CGATGTT
B =
—41l.. .00 cetecccccenn



BAC.iivnenneennnennennnnns -66 “38iiiiiiiiee. et
39

TGG.e e eeeeeeeeccscsoaascccnss -33 =278 et eeeeceen ceeecceceeee
41

........................ -322 CcC =32t ettt eeeeccccoossoeeeennen
8

........................ -354 —10..ceeeeeeeee. AAAAACGATGTT
36

AATAGCTGCCTCCCCACTTT......-8 =357 ¢ttt eeecenn cececcccscene
35

........................ -411 =24 . ettt i e e TGTT
44

1 -407 —109..iieinannn. et
43

........................ =272 ATT —2 78 et ettt eeccccoocoeccannen
40

TCT .o eeeeeeeeecscsscccses -393 =162 ecccans ceeecceceeee

C. Junction sequences at a 3.2 kb deletion on Chr11 after ZFN™'"* and ZFNF""B DSBs.

Chrll

HCT116 WT

GGAACCCTAAGCCCTITTCCTTCATTT (GC

GT ) CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

1gGAACCCTAAGCCCTTTCCTTCATTTQ.
2GGAACCCTAAGCCCTTTCCTTCATTE..
5GGAACCCTAAGCCCTTTCCTTCATE—1.
7GGAACCCTAAGCCCTTTCCTTCATTTGg
4GGAACCCTAAGCCCTTTCCTTCATTTGg
1GGAACCCTAAGCCCTTTCCTTCAE—2..
5zGAACCCTAAGCCCTTTCCTTCATT—1.
2gGAACCCTAAGCCCTTTCCTTCATTT..
1éGAACCCTAAGCCCTTTCCTTCATTTGC
3éGAACCCTAAGCCCTTTCCng..-4..
3éGAACCCTAAGCCCTTTCCTTCAT—2..
1Z;GAACCCTAAGCCCTT;QQ.....-7..
3éGAACCCTAAGCCCTTTCCTTCATT—1.
8GGAAggg ................ -19..

. TCCCCGATGAAAAGCAGGTTAGGTTGAGGGA
. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA
. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA
. —1CCCGATGAAAAGCAGGTTAGGTTGAGGGA
. .—2CCGATGAAAAGCAGGTTAGGTTGAGGGA
. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA
. —1CCCGATGAAAAGCAGGTTAGGTTGAGGGA
. .—3.CGATGAAAAGCAGGTTAGGTTGAGGGA
..-5...ATGAAAAGCAGGTTAGGTTGAGGGA
.-1CCCGATGAAAAGCAGGTTAGGTTGAGGGA
..=-5...ATGAAAAGCAGGTTAGGTTGAGGGA
. .—2CCGATGAAAAGCAGGTTAGGTTGAGGGA
=120 CAGGTTAGGTTGAGGGA

. .—3.CGATGAAAAGCAGGTTAGGTTGAGGGA

HCT116 X4+/-

GGAACCCTAAGCCCTITTCCTTCATTT (GC

GT ) CCCCGATGAAAAGCAGGTTAGGTTGAGGGA



5GGAACCCTAAGCCCTTTCCTTCATTTQ.
1gGAACCCTAAGCCC'I‘T'I‘CCT'I‘CATTT..
4GGAACCCTAAGCCCTTTCCTTCATTE..
8GGAACCCTAAGCCCTTTCCTTCATE—1.
1gGAACCCTAAGCCCTTTCCTTCAE—2..
2éGAACCCTAAGCCCTTTCCTTCATT—1.
1gGAACCCTAAGCCCTTTCCTTCA.—3..
1zGAACCCTAAGCCC'I‘T'I‘CCT'I‘CATTTg.
33GAACCCTAAGCCCTTTCCT!§..—4..
4éGAACCCTAAGCCCTTTCCTTCATTEQ.

20
GGAACCCTAAGCCCTTTCC. ....-7..
1
GGAACCCTAAGCCCT. . ...... -11..
1
GGAACCCTAAGCC. . ........ -13..
32
GGAACCCTAA. . e vevuenrnnn -15..
12
GGAAC..... e, -20..
37

GGAACCCTAAGCCCTTTCCTTCATT-1.
27

GGAACCCTAAGC. .......... -14..
3
GOA.teeeeeeeeenannnn -23..
29
GGAACC. e e vevenenennnnn. -20..
25
CAGCAG. +eseeerenenennn. -35..
28
BBt -49..

HCT116 L4+/-

. TCCCCGATGAAAAGCAGGTTAGGTTGAGGGA

. TCCCCGATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

. —ICCCGATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

..—5...ATGAAAAGCAGGTTAGGTTGAGGGA

. —-1CCCGATGAAAAGCAGGTTAGGTTGAGGGA

..-8......AAAAGCAGGTTAGGTTGAGGGA

. .—2CCGATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

..-4..GATGAAAAGCAGGTTAGGTTGAGGGA

. TCCCCGATGAAAAGCAGGTTAGGTTGAGGGA

..-4..GATGAAAAGCAGGTTAGGTTGAGGGA

ee=25.00. ceeeccseceess  AGGGA

GGAACCCTAAGCCCTITTCCTTCATTT (GC

GT ) CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

3GGAACCCTAAGCCC'I‘TTCCT'I‘CATTTGg
4GGAACCCTAAGCCCTTTCCTTCATTE..
1GGAACCCTAAGCCCTTTCCTTCAE—2..
2GGAACCCTAAGCCCTTTCCTTCATTTGg
7GGAACCCTAAGCCCTTTCCT!§..—4..
8

GGAACCCTAAGCCCTTTCC.....-7..
11
CCueeeeeeennnnnaannnns -47..
11

..—-4..GATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

. .CCCCGATGAAAAGCAGGTTAGGTTGAGGGA

..—-4..GATGAAAAGCAGGTTAGGTTGAGGGA

. -1CCCGATGAAAAGCAGGTTAGGTTGAGGGA

. .—3.CGATGAAAAGCAGGTTAGGTTGAGGGA

. .—3.CGATGAAAAGCAGGTTAGGTTGAGGGA



HCT116 X4-/-

GGAACCCTAAGCCCTTTCCTTCATTT (GC GT ) CCCCGATGAAAAGCAGGTTAGGTTGAGGGA
1

GGAACCCTAAGCCC. .. cceee® -12.. ..-4..GATGAAAAGCAGGTTAGGTTGAGGGA
5

GGAACCCTAAG. « e e e veeeeen -15.. ..-5...ATGAAAAGCAGGTTAGGTTGAGGGA
46

GGAACCC .t eeeeeccccccnns -19.. ..-4..GATGAAAAGCAGGTTAGGTTGAGGGA
19

GGAACCCTAAGCC. .. cceeeee -13.. ee=14 .. AGGTTAGGTTGAGGGA
37

GGAACCCTAAGCCCTTTCCTTCATTEQ. ee=33ceeeceans ceeeeeccsscccccenne
24

GCAGG. et eeeeecccccccnns -24.. ee=17 ceeeeieeeans .« « TTAGGTTGAGGGA
33

AGCAGG.: ¢ e eeeeeecocances -34.. ee=17 ceeeeieeeans .« « TTAGGTTGAGGGA
30

GGAA. ..t eeeeesccaccnnns -22.. ee=3lceeeeennn ceeeeeccsscccccenne
32

GGAACC . e e eeeeeccccccsnns -20.. ee=49 . i cececccecccescnenne
2

CAGCAG. ¢ e eeeecccccccnns -35.. ee=44 ..., cececccecccescaenne
14

AGGTTAG.: c e c e e eeeeeenens -76.. ee=2l et eeeeees GTTGAGGGA
29

TGAG. ¢ e et eeeeeccccccsnscs -69.. e e=27 ¢t enennens ceceseeceenns GGA
39

TTC et eeeeeeeccccccccscses -41.. ee=65 e ceeeeecescsssnns
46

GGAACCC .t eeeeeccccccnns -19.. P N 0 ceeceeccceceeeens
7

GCAAAGC . e e eeeeccccconns -51. R A B cececccecccescnenne
9

GGAACCCTAAGCCCTTTCC.....-7.. e e=169 ..ttt e et eteceeeennnn
13

GGAACCCTAAGCC. e e cceeeew -13.. e e=198 ittt et eeeeceeeceeeennnn
10

GGAACCCTAAG.: ¢ e c e e e e eoew -15.. G e e=20] ..t et eeteeeecceeceesecnnnn
8

GGAACCCTAAGCCCTTTCCT....-6.. e e=207 ¢ttt et eeteececcescceesensnne
31

GGAACCCTAAGCC. . v ceeeee -13.. e e=210 ittt e et nn
12

CAGC. v eeeeeeecccccacscse -168.. ee=133.ccceen.n ceeeeecccscccccenne

HCT116 L4-/-

GGAACCCTAAGCCCTTTCCTTCATTT (GC GT) CCCCGATGAAAAGCAGGTTAGGTTGAGGGA
16

GGAACCCTAAGCCCTTTCC.....-7.. ..-3.CGATGAAAAGCAGGTTAGGTTGAGGGA
10

GGAACCCTAAG. .. evvvvnnn. -15.. B A (6.1
23

GGA. .t teeeeeccccscncnns -23.. ee=23 e e ceecens eeeeeees. TGAGGGA
17

GGAA. ..t eeeeescccccnnnse -22.. ee=3lceeeeennn ceeeeecccscccccenne



46

25

+13

CTT



Figure S2, related to Figure 2.Translocation junction sequences from ZFN*"S and ZFNP®
DSBs derived from wild-type and c-NHEJ mutant HCT116 cells.

Each junction was independently derived from small pool PCR. Deletions < 800 bp could be
identified. The ZFN recognition sequences at each DNA end are underlined; bps in italics
represent the overhangs. The chromosome 19 end is in black and the chromosome 22 end is in
red. Deletions from each end are indicated, as are microhomologies (underlined) and insertions
(green). Insertions were observed in a fraction of breakpoint junctions from both control and
mutant cells (wild-type, 18%; X4*", 14%; X4™, 24%).

Derl9
HCT1l1l6 wt

DNA ends:

TCTGTCACCAATCCTGTCCCTAGTGGCC GTCATTAATGTAAAGTGGGGAGGCAGCT
2

TCTGTCACCAATCCTGTCCCTAGTGGCC . TCATTAATGTAAAGTGGGGAGGCAGCT
24

TCTGTCACCAATCCTGTCCCTAGTGGC. . TCATTAATGTAAAGTGGGGAGGCAGCT
26

TCTGTCACCAATCCTGTCCCTAGTGGC. . .CATTAATGTAAAGTGGGGAGGCAGCT
7,9,12,18,28

TCTGTCACCAATCCTGTCCCTAGTGG. . . .CATTAATGTAAAGTGGGGAGGCAGCT
8,20

TCTGTCACCAATCCTGTCCCTAGTG-1. . TCATTAATGTAAAGTGGGGAGGCAGCT
22

TCTGTCACCAATCCTGTCCCTAGTGGC. . .—-2TTAATGTAAAGTGGGGAGGCAGCT
5,21,31

TCTGTCACCAATCCTGTCCCTAGT-2. . . .CATTAATGTAAAGTGGGGAGGCAGCT
32

TCTGTCACCAATCCTGTCCCTAGT-2. . . TCATTAATGTAAAGTGGGGAGGCAGCT
19

TCTGTCACCAATCCTGTCCCTAGTGGC. . .-3.TAATGTAAAGTGGGGAGGCAGCT
27

TCTGTCACCAATCCTGTCCCTAGTGG. . . .-3.TAATGTAAAGTGGGGAGGCAGCT
10

TCTGTCACCAATCCTGTCCCTAGTG-1. c . .-3.TAATGTAAAGTGGGGAGGCAGCT
17

TCTGTCACCAATCCTGTCCCTAG.-3. . GGC . .-3.TAATGTAAAGTGGGGAGGCAGCT
13

TCTGTCACCAATCCTGTCCCTAGTGGC. TTAAT ..-6....TGTAAAGTGGGGAGGCAGCT
6

TCTGTCACCAATCCTGTCC. . ... -7 —26 et T
1

GCCh.iteeeeeeensennannans -29 —35 ittt et et e et
16

GGt e teeeeaeeeeaeeaaann -32 P
23

....................... -63.. CT ee=30 i ittt ittt it e e e
5

GCT .o veeeeeeonecnscnnas -179 =26 .ttt ittt ettt s nennnn
14

....................... -29 =196 ..ttt ittt
25

...................... -251.. G ee=27 ittt et et et e e e

HCT116 X4+/-




TCTGTCACCAATCCTGTCCCTAGTGGCC

GTCATTAATGTAAAGTGGGGAGGCAGCT

53
TCTGTCACCAATCCTGTICCCTAGTGGC.
36,42,51,56
TCTGTCACCAATCCTGTICCCTAGTGGC.
50,52,54
TCTGTCACCAATCCTGTCCCTAGTGGC.
35,38,41,46,49
TCTGTCACCAATCCTGTCCCTAGTGG. .
34,39,47
TCTGTCACCAATCCTGTCCCTAGTG-1.
45
TCTGTCACCAATCCTGTCCCTAGTGGC.
31
TCTGTCACCAATCCTGTCCCTAGT-2..

GTCATTAATGTAAAGTGGGGAGGCAGCT
. TCATTAATGTAAAGTGGGGAGGCAGCT
. .CATTAATGTAAAGTGGGGAGGCAGCT
. .CATTAATGTAAAGTGGGGAGGCAGCT
. TCATTAATGTAAAGTGGGGAGGCAGCT
. .—2TTAATGTAAAGTGGGGAGGCAGCT

. .CATTAATGTAAAGTGGGGAGGCAGCT

48

TCTGTCACCAATCCTGTCCCTAGTG-1. C . .—2TTAATGTAAAGTGGGGAGGCAGCT
62

TCTGTCACCAATCCTGTCCCTAGTGGC. . .—3.TAATGTAAAGTGGGGAGGCAGCT
64

TCTGTCACCAATCCTGTCCCTAGTGGC. ..-5...ATGTAAAGTGGGGAGGCAGCT
30

GGl vt ittt eeeeeaannn -29.. B 1= T
37
AGG.:.veveeeeeeeecnnnnns -148.. ee=2l it i e CAGCT
33

TCTGTCACCAATCCTGIC...... -8.. T ee=234 it ittt e
40

TCTGTCACCAATCCTGTCCCTAGTGGC. +72 GTCATTAATGTAAAGTGGGGAGGCAGCT

72bp directly from upstream of DSB on chr22
CTGCTAGCCCTGCTGTCTTTGGGGAAGTTGTATGCAGTGAGTAAATTCAACATCGTTTTTGGCCTCCCTATCA

HCT116 X4-/-

TCTGTCACCAATCCTGTCCCTAGTGGCC GTCATTAATGTAAAGTGGGGAGGCAGCT

83

TCTGTCACCAATCCTGTCCCTAGTG-1.. ce=9%. .. AAAGTGGGGAGGCAGCT
74

TCTGTCACCAATCCTGTCCC....-6.. ACTGTGGG ce=9%. .. AAAGTGGGGAGGCAGCT
8bp directly from downstream of DSB on chrl9

70

TCTGTCACCAATCCTGTCCCTAGTGG. . ce=l6.iieeeeencennn GGAGGCAGCT
78

TCTGTCACCAATCCTGT....... -9.. ce=9%. .. AAAGTGGGGAGGCAGCT
80

TCTGTCACCAATCCTGTCCCTAGTGG. . ce=2l it eeeccsccnnen CAGCT
84

TCTGTCA. et et eeeeescscss -21.. . .—-2.TTATGTAAAGTGGGGAGGCAGCT
65

TCTGTCACCAAT. .. v e eeese -14.. B A AGTGGGGAGGCAGCT
93

TCTGTCACCAATCCTGTCCCTAG.-3.. ce=24 it it i e i
69

TCTGTCACCAATCCT. . ...... -11.. B X S
64

TCTGTCACCA. . et eveeencss -16.. e e=24 ittt i CT
76



66
....................... -35.. ..-13...¢......TGGGGAGGCAGCT
88
TCTGTCACCAATCCTGTCCCT. ..-5.. TTTT B
81
TCTGTCACCA. st eeeennnnn -16.. B S
75
o P -23.. B X
86
GCT et ee e eaeeeeaaeanann -28.. B
87
....................... -42.. G o238 ettt e
90
....................... -48.. ve=17¢v¢eeieeeeen.. .GGAGGCAGCT
71
Tt et ee e aeeeaeeanann -33.. B
73
TCTGTCACCAATCCTGTCCCTAG.-3. . +16 =LA e
+16bp :GCCAAAAACGATGGCC
67
...................... -132.. AAT S
79
...................... -134.. G B B
68
....................... -32.. T B T
85
o U -256.. B
96
GCAGG . e v vt e eeennnnnnnn -265.. R
89
TCTGTCACCAATC. .o vvuenn. -13.. em290 . et
94
TCTGTCACCAATCCTGTCCCTAGT-2. . B 3
91
...................... -357.. ..-10.......AAGTGGGGAGGCAGCT
Der22
HCT116 WT

ATCGTTTTTGGCCTCCCTATCAGTCATT GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
2,4,7,15,24,36,45

ATCGTTTTTGGCCTCCCTATCAGTCATT . .GGCCCCACTGTGGGGTGGAGGGGACAGAT
6,18,34,46

ATCGTTTTTGGCCTCCCTATCAGTCAT. . .GGCCCCACTGTGGGGTGGAGGGGACAGAT
19

ATCGTTTTTGGCCTCCCTATCAGTCAT. .-1GCCCCACTGTGGGGTGGAGGGGACAGAT
10,17,40

ATCGTTTTTGGCCTCCCTATCAGT-2. . . .GGCCCCACTGTGGGGTGGAGGGGACAGAT
38

ATCGTTTTTGGCCTCCCTATCA. .—-4. . .-~1GCCCCACTGTGGGGTGGAGGGGACAGAT
3

ATCGTTTTTGGCCTCCCTATCAGTCAT. ..-5...CACTGTGGGGTGGAGGGGACAGAT
26

ATCGTTTTTGGCC . ¢ v v v v vnn -13.. ..-4..CCACTGTGGGGTGGAGGGGACAGAT
43

ATCGTTTTTG . « v v v v e vennn. -16.. ..-12..vv.....GGGTGGAGGGGACAGAT
25,27

ATCGTTTTT....cccceeeenun -17.. ..-12.........GGGTGGAGGGGACAGAT



....................... -47.. c ce=22.iiiiiinnnnn... .GACAGAT
11

ATCGTTTTTGGCCT......... -11.. I
39

ATCGTTTTT....cccceeeenn -17.. J 1
9

GCCe e tteeaaaaannn -239.. B
44

ATCGTTTTTGG . ¢« e v vvvvnnn -15.. +119 GTGGCCCCACTGTGGGGTGGAGGGGACAGAT

119bp from chrl9

25bp from chrl9 inverted duplication from 29bp downstream of DSB
GCTCTGGTTCTGGGTACTTTTATCT

94bp from chrl9 directly upstream of DSB
GTCCTAACAGGAGGTGGGGGTTAGACCCAATATCAGGAGACTAGGAAGGAGGAGGCCTAAGGATGGGGCTTTTCTGTCACCAATCC
TGTCCCTA

33

ATCGTTTTTGGCCTCCCTATCAGTC-1. +134 ..-4..CCACTGTGGGGTGGAGGGGACAGAT
134bp from Homo sapiens chrl6, alternate assembly HuRef
TGGCACGCGgCGGTACTGCCGGTGGTAGTAGTAATACCTGTTCTTTGCGTGCTGCCGCTCTATAAATTCTGCAAAGACAAAGCCAC
AGACTCAAACGCCTCATCGGTTTGGACAGGCTTTTAGCTTTCTTATTTC

1

ATCGTTTTTGGCCTCCCTATCAG.-3.. +233 cem23 ittt it it i e e ACAGAT
233bp from Human DNA sequence from clone RP11-335L15 on chromosome 9, complete
sequence

TCAGACTCTTCAACATAGCAAGTCCTTCCCAGACAATTCCACTCCAATCATAAGGACCACTCCTTCCTCTAAGGATTCAAAGCACT
TTGTACTTATAGGGCCTCTAGGGGTACTGCCCTCACTCTATTGTTAATGGTATATATTTCTATCTCCCTCACTAGGCTTCCAACTA
TTTAAGAAAAGGAtLGCATATTTTTACTCCTCTtTGTGTCTTCAGCACCCTTCCACAGTGCCTGCAACA

32

ATCGTTTTTGGCCTT........ -10.. +221 T
221bp:

-133bp from Homo sapiens chr7, alternate assembly HuRef:
TCAGGCCAGAGTGTGGGGAAAGGCTCAAGGAATTAGAATTCTCACCTGATTGTGCCCCCAGCTGTGGACCGTGGCCTCGGCTTCCT
TTTCTCTATGATGACACAGTTGGGAAAGCTGCTCTCCAGGGTCCCCCG

-88bp from Homo sapiens chrl0, alternate assembly HuRef
GCCACGGTGGGCCCTGTGACCCCTCTCTCTGCCTGCGCAGAACCTGGAGTACTGTATCATGGTCATTGGGGTCCCCAACGTGGGCA
AGTCCT

HCT116 X4+/-

ATCGTTTTTGGCCTCCCTATCAGTCATT GIGGCCCCACTGTGGGGTGGAGGGGACAGAT

34,43,49,58,61

ATCGTTTTTGGCCTCCCTATCAGTCATT . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
50,52,60,62

ATCGTTTTTGGCCTCCCTATCAGTCAT. . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
4;éggTTTTTGGCCTCCCTATCAGTCAT. .—1GCCCCACTGTGGGGTGGAGGGGACAGAT
5;TCGTTTTTGGCCTCCCTATCAGT—2.. A .—1GCCCCACTGTGGGGTGGAGGGGACAGAT
3zTCGTTTTTGGCCTCCCTATCAGTCAE’. ce=1loi..... GGGGTGGAGGGGACAGAT
6:TCGTTTTTGGCCTCCC ....... -9.. . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
4;TCGTTTT ............... -18.. . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
3:TCGTTTTTGGCCTCCCTAE....—6.. B N T GGAGGGGACAGAT
5:TCGTTTTTGGCCTCCCTATCAGTCATT GAAGCAACCGA B L 3 S

44



ATCGTTTTTG. . « e e e e v v evwvw -16.. A B 1= T

55
ATCGTTTTTGGCCTCCCTATC. . .-5. . ACATTTGCCCC S
46
....................... -40.. AG B
57
AGTA. et veveeeeeeeeeennn -34.. e
47
CAG. e teeeeeeeeeeeeeennn -40 e
37
ATCGTTTTTGG. « c e e e e e e v v -15.. ce=103 .ttt i ittt i e e i e e
56
....................... -47.. +22 T

+22bp : 17bp from Homo sapiens chromosome 8, clone CTD-2517M22, complete sequence
A-CTGCGGAGCCCTGATGG-CGGG

63

Gl.eieeeieeeneaaananns -266.. . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
38

...................... -311.. ee=324 .ttt ittt e i
40

ATCGTTTTTGGCCTCCCTATCAGTCATT +276 GTGGCCCCACTGTGGGGTGGAGGGGACAGAT

+276bp from Homo sapiens chromosome 17, clone RP11-216P6
TCTCAGTTCTGATTCAGAGCATATACTGCCTCCTGCAGAACTCTGGCCCAGCCCTGCAAGGCATCGCCACCCAGCTGGTGCTGTAG
TGGAGTCTTCAAAAGGCCATTCCACCATCTTATCAAACCAGCTGCTTCAAGATGGTGGGCAACATGGTCGTACCGGGGAATTCCAT
GAGCATGGGCTCGTTACCATACTTTCTTTGCTGTGAAGGGAGTTCCTCAGACAGAAGCAGTGCGGTGTGGCATACCGTGACAGTAG
GTACGGCATTCTGTGAGT

HCT116 X4-/-

ATCGTTTTTGGCCTCCCTATCAGTCATT GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
94

ATCGTTTTTGGCCTCCC. . . . ... -9.. A . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
70

Bttt -25.. . . —2CCCCACTGTGGGGTGGAGGGGACAGAT
76,89

CBettiieaiiaaann -25.. R B CTGTGGGGTGGAGGGGACAGAT
80

ACA. e tteeeeeeeaeeeannnn -25.. R
91

ATCGTTTTTGGCCTCCCTAT....-6.. B 1=
95

Gl eeeeaeanann -46.. B GGAGGGGACAGAT
79

CBettiieiiaaann -28.. R
93

....................... -41.. ACTT e
66

CAG. e teeeeeeeeeeeeaennn -40.. N
92

....................... -48.. N
87

GGeveeeeeeaeeeannnn -55.. S
84

e AP -83.. e
85

CAG.teeeeeeeeeeeeeannnn -40.. N
68

GCCCTG v e veveeeneeannnn -65.. B
88



TAC. et eeeeeeeeeeeaaann -103.. T
77

...................... -115.. T N
73

...................... -221.. T ..-8......TGTGGGGTGGAGGGGACAGAT
71

ATCGTTTTTGGCCTCCCTATCAG. -3. . B
83

TCCe et eeeeeeaeaeaann -145.. B
74

GCCe e teeeaaaaannn -277.. N
65

GAG. e eeeeeeeeeeeeeeennn -36.. B
75

GGA.eeeeeeeneanennnn -52.. B 1
81

ATC. e tveeeeeeeeeeeennnn -23.. +56 B

56bp: Inverted duplication from 2293bp upstream of DSB on chrl9
CTGGACTTCGGCTTTTGTCCCCCCAAGTTTTGGACCCCTAAGGGAAGAATGAGAAAC
96

...................... -220.. +37 O 2 T

37bp: AGATTCATTTATACAATGAATACATCATTGTCTTTGT

Part of the sequence may come from:

-18bp from Homo sapiens chr7, alternate assembly CHM1 1.1

ATTCATTTATACAATGAA

-l6bp from Homo sapiens v-erb-b2 avian erythroblastic leukemia viral oncogene
4 (ERBB4), RefSegGene on chromosome 2

-ACATCATTGTCTTTGT

homolog



Figure S3, related to Figure 3. Translocations induced by ZFN®"S and ZFNP®* DSBs in pre-
B cells and patient-derived cells.

A. Indel formation: T7 assay on p84 locus after a ZFNP®** DSB. Indel formation at the ZFNP®
cleavage site, as monitored by the T7-endonuclease assay, in wild-type and LIG4 mutant pre-B
cells and fibroblasts.
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B. Translocation junction sequences from pre-B cells.

The ZFN recognition sequences at each DNA end are underlined; bps in italics represent the
overhangs. The chromosome 19 end is in black and the chromosome 22 end is in red.
Microhomologies (underlined), insertions (green) and lengths of deletions from each end are
indicated.

Derl9
NALM6

DNA ends:

TCTGTCACCAATCCTGTCCCTAGTGGCC GTCATTAATGTAAAGTGGGGAGGCAGCT
11

TCTGTCACCAATCCTGTCCCTAGTGGC. TGGCG GTCATTAATGTAAAGTGGGGAGGCAGCT
5 bp from chrl9 duplication TGGC G
14

TCTGTCACCAATCCTGTCCCTAGTGG. . TT GTCATTAATGTAAAGTGGGGAGGCAGCT
23

TCTGTCACCAATCCTGTCCCTAGTGGCC C . .—2TTAATGTAAAGTGGGGAGGCAGCT
22,39

TCTGTCACCAATCCTGTCCCTAG.-3.. G GTCATTAATGTAAAGTGGGGAGGCAGCT
37

TCTGTCACCAATCCTGTCCCTAG.-3.. GG GTCATTAATGTAAAGTGGGGAGGCAGCT
76

TCTGTCACCAATCCTGTCCCTAG.-3.. AG GTCATTAATGTAAAGTGGGGAGGCAGCT
3

TCTGTCACCAATCCTGTCCCTAG.-3.. AAG GTCATTAATGTAAAGTGGGGAGGCAGCT
10

TCTGTCACCAATCCTGTCCCTAG.-3.. GCG GTCATTAATGTAAAGTGGGGAGGCAGCT
8

TCTGTCACCAATCCTGTCCCTAG.-3.. GCGC . TCATTAATGTAAAGTGGGGAGGCAGCT

59



TCTGTCACCAATCCTGTCCCTAG.-3..
33
TCTGTCACCAATCCTGTCCCTAG.-3..
20
TCTGTCACCAATCCTGTCCCTAGTGGCC
83
TCTGTCACCAATCCTGTCCCTAGTGGC.
26
TCTGTCACCAATCCTGTCCCTAGTGGC.
35
TCTGTCACCAATCCTGTCCCTAGT-2..
42
TCTGTCACCAATCCTGTCCCT...-5..
68
TCTGTCACCAATCCTGTCCCTAGTGGC.
72
TCTGTCACCAATCCTGTCCC....-6..
2
TCTGTCACCAATCCTGTCCC....-6..
24
TCTGTCACCAATCCTGTCCCTA..-4..
12
TCTGTCACCAATCCTG.......-10..
60
TCTGTCACCAATCCTG.......-10..
81
TCTGTCACCAATCCT........—-11..
44
TCTGTCACCAATC..ceeeess.—-13..
13
TCTGTCACCAATCCT........—-11..
18,32
TCTGTCACCAATCCT........-11..
31
TCTGTCACCAATCC...cceeso.—12..
21
TCTGTCACCAATCCTG.......-10..

52bp inverted sequence located 1llbp downstream of DSB
GGCCGGTTAATGTGGCTCTGGTTCTGGGTACTTTTATCTGTCCCCTCCACCCCA

16
TCTGTCAC....... ceeeees.—18..
54
TCTGeeeeeeooeeecnaaeeea—22..
62
TCTGTCACCAATCCTG.......-10..
67

e

34
TCTGTCACCAA............-15..
43

................... ce..-35..
15

SRR ce..-32..
53

PP ce..-34..
77

............... . 3
71

................... ce..-56..
38

e PP c...-33..
40

e ....-118..
9

................... ...=-139..

GGA

GG

TCG

GCC

GC

TC

GAGAG

GCCCTGG

CGGGA

ccceca

CCTGGGAC

AGGGGC

CTGAAGCC

TAGGC

TTCC

CGTCC

+52

TTTAC

CGA

CCT

TC

. TCATTAATGTAAAGTGGGGAGGCAGCT

. .CATTAATGTAAAGTGGGGAGGCAGCT

. .-3.TAATGTAAAGTGGGGAGGCAGCT

. .—-3.TAATGTAAAGTGGGGAGGCAGCT

. .-3.TAATGTAAAGTGGGGAGGCAGCT

. .—2TTAATGTAAAGTGGGGAGGCAGCT

GTCATTAATGTAAAGTGGGGAGGCAGCT

..-6....TGTAAAGTGGGGAGGCAGCT

GTCATTAATGTAAAGTGGGGAGGCAGCT

. .—3.TAATGTAAAGTGGGGAGGCAGCT

..-5...ATGTAAAGTGGGGAGGCAGCT

. TCATTAATGTAAAGTGGGGAGGCAGCT

. TCATTAATGTAAAGTGGGGAGGCAGCT

. TCATTAATGTAAAGTGGGGAGGCAGCT

GTCATTAATGTAAAGTGGGGAGGCAGCT

. .—-3.TAATGTAAAGTGGGGAGGCAGCT

..-4..AATGTAAAGTGGGGAGGCAGCT

. .-3.TAATGTAAAGTGGGGAGGCAGCT

=9 AAAGTGGGGAGGCAGCT

from chrl9

. .-3.TAATGTAAAGTGGGGAGGCAGCT

. .-3.TAATGTAAAGTGGGGAGGCAGCT

B CAGCT
ee=13 i TGGGGAGGCAGCT
B B GGCAGCT
B B GGCAGCT
B
B AGGCAGCT
B
B B GGCAGCT

..-5...ATGTAAAGTGGGGAGGCAGCT



TCTGeeeeeeeeenn ceeeeee=22.. CcC ee=233 ittt i i
66

IR ceeeee.—289.. =120 0000l GTGGGGAGGCAGCT
6

................... ...=-306.. +51+8 ce=23 i ittt eeeeeee.GCT

59bp: 51bp from chr22 17bp upstream of DSB
CTGCTGTCTTTGGGGAAGTTGTATGCAGTGAGTAAATTCAACATCGTTTTTCGTTTGTG

75

................... ...=-205.. C . .-3.TAATGTAAAGTGGGGAGGCAGCT
41

............... eeeeeeea=57.. AAT ee=283 it ittt i e
89

IR ceeee..—413.. P N AGTGGGGAGGCAGCT
4

................... ...=-256.. B
79

TCTGTCACCAATCCTGTCCC....-6.. +229 ce=Teeenn GTAAAGTGGGGAGGCAGCT

229bp from chrl9 17bp directly downstream of DSB
CCCACTGTGGGGTGGAGGGGACAGATAAAAGTACCCAGAACCAGAGCACATTAACCGGCCCTGGGAATATAAGGTGGTCcCCAGCTC
GGGGACACAGGATCCCTGGAGGCAGCAAACATGCTGTCCTGAAGTGGACATAGGGGCCCGGGTTGGAGGAAGAAGACTAGCTGAGC
TCTCGGACCCCTGGAAGATgcCATGACAGGGGGCTGGAAGAGCTAGCACAGACTAGAGAGGTAA

N114

TCTGTCACCAATCCTGTCCCTAGTGGCC GTCATTAATGTAAAGTGGGGAGGCAGCT
83

TCTGTC.vvvnnn .. ceeeea..-20.. TG SR B TAAAGTGGGGAGGCAGCT
59

TCTGTCAC. ...... ceeee...-18.. JREL T AGTGGGGAGGCAGCT
64

TCTGTCACCAATCCT........-11.. B
58

TCTGe e eveveeenanennens =22, B CAGCT
71

............... ceeee...-23. B PP o3 4
85

................... ce..-29.. ee=19%utunnnnnn.. .GECAGCT
66

L AP 1 P B
61

............... ceeee...-36.. GTGGG eem23 i iiiiiaaaaaaaaaa...GCT
84

Gevevrnnnnenaaaaanaaea=30.. B
62,70

GGCeteeeneenenenananeaa=29.. e
65

GGevvveennenenaaaaaaaa=30.. B
88

GGevevvennenenaaaaaaaa=3l.n B
73

s 14 BN B
76

CTA.tteeeeeeeneeeneeea=39.. B
87

R s S B
77

s 1 TS AA B
80

BAG.eevuuuuunnnnnnnnas=37.. 5T e
55

................... ...-123.. . .CATTAATGTAAAGTGGGGAGGCAGCT



cececccccccsccccccscece.—=80..

6+27+4 B 17

37bp: 27 bp sequence from chr22 70bp upstream of DSB
CAGTCC ATCAGAAAAAATGTTTTAGACTGCTAG TTTC

75
1370

74
TCtteeeeeneennnnnnnns=24..

+76 B 7

76bp inverted sequence from chr22 20bp upstream of DSB
AACGATGTTGAATTTACTCACTGCATACAACTTCCCCAAAGACAGCAGGGCTAGCAGTCTAAAACATTTTTTCTGATCA

60

Biieeeieeeneaaeananeaa—60.. om0ttt
92

GCAGG. e s veeeennnnneeea—243.. B
57

TCTGTCACCAATCCT........-11..  em288 ittt e
78

AGA.eeeeeennnneeeanass=107.. o= 256 et e
Der22

NALM6

ATCGTTTTTGGCCTCCCTATCAGTCATT GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
39

ATCGTTTTTGGCCTCCCTATCAGTCATT . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
22,41

ATCGTTTTTGGCCTCCCTATCAGTCATT . -1GCCCCACTGTGGGGTGGAGGGGACAGAT
44

ATCGTTTTTGGCCTCCCTATCAG.-3. . GGA . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
1

ATCGTTTTTGGCCTCCCTATC. . .-5.. GGGGG GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
46

ATCGTTTTTGGCCTCCCTA. . ... -7.. AR GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
42

ATCGTTTTTGGCCTCCCTAT. ...-6.. TAA ..-5...CACTGTGGGGTGGAGGGGACAGAT
12

ATCGTTTTTGGCCTCC. . ..... -10.. AT . .-3.CCCACTGTGGGGTGGAGGGGACAGAT
34

ATCGTTTTTGGCCTCC. .. .... -10.. G . .-3.CCCACTGTGGGGTGGAGGGGACAGAT
3

ATCGTTTTTGGCCTCCC. . ... .. -9.. ..-5...CACTGTGGGGTGGAGGGGACAGAT
7

ATCGTTTTTGGCCTCCCTATCA. .-4. . TGGCCA ve=1leveenn.. GGGGTGGAGGGGACAGAT
2

ATCGTTTTTGGCC . ¢ v v v v vnn -13.. G ..-5...CACTGTGGGGTGGAGGGGACAGAT
5

ATCGTTTTTGGC . « ¢ v oo v vnn. -14.. T ..-4..CCACTGTGGGGTGGAGGGGACAGAT
38

ATCG . et vttt eeeeenneenns -22.. CTATGTCCCTA GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
27

....................... -26.. GTCGGCGAA . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
11

ATC . et neeeeeennnnns -23.. a ..-5...CACTGTGGGGTGGAGGGGACAGAT
20,40

ATCGTTTTTGGCCTCCCTATCAG.-3.. P
29

ATCGTT . e e e eevenennnnnn -20.. ve=1l.een... GGGGTGGAGGGGACAGAT
33

....................... -29.. ccc ..-9.......GTGGGGTGGAGGGGACAGAT
45

....................... -47.. GATGGA ve-16..vveueeee...GGAGGGGACAGAT



8

ATCGTT .« e v vvvveeeeennnn -20.. B
25

BAGT. e eeeeeeneeeeennnn -49.. B
24

ATCGTTTTTGGCC. ... cceew. -13.. L.-148. et i it i e
30

ATCGTTTTTGGCCTCCCTATCAG. -3. . B 1
6

ATCGTTTTTGGCCTCCCTATCAG.-3.. ce=242 . i ittt i it i
48

...................... -257.. CCTGG SR B & D
47

....................... -46.. +5+31 B

36bp: 31bp inverted sequence from 10bp downstream the DSB
GTCAC-CTGGGTACTTTTATCTGTCCCCTCCACCCCA

31

ATCGTTTTTGGCCTCCCTATCA..-4.. +47 . .—3.CCCACTGTGGGGTGGAGGGGACAGAT
47bp: 44bp from Homo sapiens caspase 8, apoptosis-related cysteine peptidase (CASP8),
RefSeqgGene (LRG_34) on chromosome 2

CTGTGCCTGGCCATAATTCATTTATCAGTCATATATATATACAC-GTC

13

ATCGTTTT. .o ceeeeeeeeons -18.. +539 . .—2CCCCACTGTGGGGTGGAGGGGACAGAT
539bp from ZFN*" coding vector
GCGTTTAAACTTAAGCTTATCCACTAGTCCAGTGTGGTGGAATTCGCCATGGACTACAAAGACCATGACGGTGATTATAAAAATCA
TGACATCGCTTACAAGGATGACGATGACAAGATGGCCCCCAAGAAGAAGAGGAAGGTGGGCATCCACGGGGTACCCGCCGCTATGG
CTGAGAGGCCCTTCCAGTGTCGAATCTGCATGCGTAAGTTTGCCCAGTCCAACCACCGCAAGACCCATACCAAGATACACACGGGC
GAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTCAGTGACCGCTCCGACCTGTCCCGCCACATCCGCACCCACACCGGCGA
GAAGCCTTTTGCCTGTGACATTTGTGGGAGGAAATTTGCCCGCTCCGACAACCTGACCCGCCATACCAAGATACACACGGGCGGAG
GCGGATCTCAGAAGCCCTTCCAGTGTCGAATCTGCATGCGTAACTTCAGTCGCTCGACTACCTGTCCACCCACATCCGCACCCACA
CGGCGAGAAGCCTTTTGCCTGTG

N114

ATCGTTTTTGGCCTCCCTATCAGTCATT GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
79

ATCGTTTTTGGCCTCCCTATC. . .-5.. ..-5...CACTGTGGGGTGGAGGGGACAGAT
85

ATCGTTTTTGGCCTCCCT. .. ... -8.. ..-9.......GTGGGGTGGAGGGGACAGAT
65

ATCGTTTTTGG . « ¢ e v e v evnn. -15.. TGAACAT ..-6....ACTGTGGGGTGGAGGGGACAGAT
68

ATCGTTTTTGG : « ¢ e v e v evnn. -15.. ..-13..........GGTGGAGGGGACAGAT
93

ATC. et e eeeeenennananans -23.. TGT ..-5...CACTGTGGGGTGGAGGGGACAGAT
72

....................... -28.. TAGTG ..-5...CACTGTGGGGTGGAGGGGACAGAT
74

e e e e -30.. ..-4..CCACTGTGGGGTGGAGGGGACAGAT
87

ATCGTTTTTGG : « ¢ e v e v evnn. -15.. we=23uiieeeeaeaaaaannes. LACAGAT
76

....................... -41.. ..=9.......GTGGGGTGGAGGGGACAGAT
71

....................... -53.. ..-10.......TGGGGTGGAGGGGACAGAT
73

AP -33.. e =33 ittt e
92

AGTA. e et e eeeeennananans -34.. B AP
83

ATT . et eeeeeennananans -30.. B AP



...................... -144..
75

e -210..
90

....................... -29..
86

...................... -163..
70

AGTGAG. « e cvveeeeeeeennn -36..
88

ATCGTTTTTGG. . « ¢« e e e e e v v -15..
91

ATCGTT. e e eeeeeeecnncnns -21..

90bp from TALEN expression vector
CGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTG

TCAA
67
ATCGTTTTTGGCCTCCCTATCAG.-3..

CCAA

TGCC

A

+90

+205

.—4..CCACTGTGGGGTGGAGGGGACAGAT

.=5...CACTGTGGGGTGGAGGGGACAGAT

B -

=24 ...t eeeees.. .CAGAT

205bp from Homo sapiens chrl3, alternate assembly CHM1 1.1

CAGGAACTCAAATACAATCCAGATGAAAAAATGAAGAGATGAACAAGGCCAAAGGCCACAGATGACATCCTCACAGAAAGACTGGC
TTTTGTGGGCCACCCCAGATATCTGGCTCAGCATGTAAGAGTCAGCAATGCTGAGGAAACTGGTGCCTCGGCCAGGGTTTTGCCAA

GAGCAGGCTCAAAGTGTGGGCAAGAGAAAGAGAGACACA

C. Translocation junction sequences from patient-derived cells.

Der19
HDFa

TCTGTCACCAATCCTGTCCCTAGTGGCC GTCATTAATGTAAAGTGGGGAGGCAGCT
38,44

TCTGTCACCAATCCTGTCCCTAGTGGC. . TCATTAATGTAAAGTGGGGAGGCAGCT
1;Z)‘CTGTCACCAATCCTGTCCCTAGTQ—1. . TCATTAATGTAAAGTGGGGAGGCAGCT
1;éigTCACCAATCCTGTCCCTAGTGGQ. .—-]ATTAATGTAAAGTGGGGAGGCAGCT
6TCTGTCACCAATCCTGTCCCTAGT—2.. . TCATTAATGTAAAGTGGGGAGGCAGCT
22,39,45,50

TCTGTCACCAATCCTGTCCCTAGT-2. . . .CATTAATGTAAAGTGGGGAGGCAGCT
1;CTGTCACCAATCCTGTCCCTAGTGGC. .-3..TAATGTAAAGTGGGGAGGCAGCT
2'Z‘CTGTCACCAATCCTGTCCCTAGT—2.. .—-]ATTAATGTAAAGTGGGGAGGCAGCT
9TCTGTCACCAATCCTGTCCCTAGTG—1. CCGTC . .—2TTAATGTAAAGTGGGGAGGCAGCT

2':IS‘CTGTCACCAATCCTGTCCCTAGTGGC.
1TCTGTCACCAATCCTGTCCCTA..—4..
1'?‘CTGTCACCAATCCTGTCCCTAGTGGC.
2TCTGTCACCAATCCTGTCCCTAGE—2..
4'Z‘CTGTCACCAATCCTGTCCCTAGE—2..
4TCTGTCACCAATCCTGTCCCTA..—4..

. .-3.TAATGTAAAGTGGGGAGGCAGCT

. .CATTAATGTAAAGTGGGGAGGCAGCT

..-4..AATGTAAAGTGGGGAGGCAGCT

. .—3.TAATGTAAAGTGGGGAGGCAGCT

. .-3.TAATGTAAAGTGGGGAGGCAGCT

. .—2TTAATGTAAAGTGGGGAGGCAGCT



17

TCTGTCACCAATCCTGTCCC....-6..
5

TCTGTCACCAATCCTGTCCCTA..-4..
14,20

TCTGTCACCAATCCTGTCCCTA..-4..
33

.CATTAATGTAAAGTGGGGAGGCAGCT

.-3 . TAATGTAAAGTGGGGAGGCAGCT

.-5...ATGTAAAGTGGGGAGGCAGCT

TCTGTCACCAATCCTGTIC......-8.. . —IATTAATGTAAAGTGGGGAGGCAGCT
1'i‘CTGTCACCAATCCTGTCCCTAGTGG.. B N GGAGGCAGCT
1'?‘CTGTCACCAATC..........—13.. ..-5...ATGTAAAGTGGGGAGGCAGCT
4:}......................—36.. . .-3.TAATGTAAAGTGGGGAGGCAGCT

411BR

TCTGTCACCAATCCTGTCCCTAGTGGCC GTCATTAATGTAAAGTGGGGAGGCAGCT
56

TCTGTCACCAATCCTGTCCCTAGTGGC. . TCATTAATGTAAAGTGGGGAGGCAGCT
2iégéTCACCAATCCTGTCCCTAgE—2.. . .CATTAATGTAAAGTGGGGAGGCAGCT
6';r[)‘CTGTCACCAATCCTGTCCCTAGTGGC. . .—2TTAATGTAAAGTGGGGAGGCAGCT
10

TCTGTCACCAATCCTGTCCCTAGTG-1. ATA . .—3 . TAATGTAAAGTGGGGAGGCAGCT
8:[l‘CTGTCACCAATCCTGTCCCTAGT—2.. . .—2TTAATGTAAAGTGGGGAGGCAGCT
91

TCTGTCACCAATCCTGTCCC....-6.. . —IATTAATGTAAAGTGGGGAGGCAGCT
8$CTGTCACCAATCCTGTCCC!§..—4.. ..-5...ATGTAAAGTGGGGAGGCAGCT
2;é;gTCACCAATCCTGTCCCTAEE—2.. ce=9.c... AAAGTGGGGAGGCAGCT
1$CTGTCACCAATCCTGTCCC!§..—4.. c.=10....... AAGTGGGGAGGCAGCT
75

TCTGTCACCAATCCTGTCCCTAGTG-1. A ce=13. e GGGGAGGCAGCT
42,59

TCTGTCACCAATCCTGTCCCTAGTGG. . ce=15. .. it GGGAGGCAGCT
1,24,47,53,76

TCTGTCACCAATCCTGTICCCTAGTGG. . B GGAGGCAGCT
1':IS‘CTGTCACC .............. -17.. GTCATAATGTAAAGTGGGGAGGCAGCT
1'Z‘CTGTCACCAATCCTGTCCCTA..—4.. ce=120 0000 TGGGGAGGCAGCT
1':IS‘CTGTCACC .............. -17.. GTCATAATGTAAAGTGGGGAGGCAGCT
3'?‘CTGTCACCAATCCTGT.......—9.. ce=8...... TAAAGTGGGGAGGCAGCT
54

TCTGTCACCAATCCTGT.......-9.. G ce=1lleeeeee GTGGGGAGGCAGCT
8'i‘CTGTCACCAATCCTGTC.....—10.. ce=10....... AAGTGGGGAGGCAGCT
11,73

TCTGTCACCAAT....c.c....-14.. ce=Teenn. GTAAAGTGGGGAGGCAGCT
SgCnggé ..... cececcceeee=19.. . .—2TTAATGTAAAGTGGGGAGGCAGCT
3'i‘CTGTCACCAATCCT(jI.......—9.. ce=13. 0. GGGGAGGCAGCT
9'i‘CTGTCACCAATCC.........—12.. B B AGTGGGGAGGCAGCT



38
TCTGTCACCAATCCTG.......-10..

66
TCTGTCACCAATCC.........—-12..

31
TCTGTCAC. .. ceeeeeeeeeea—18..
3
TCTGTCACCAATCCTGTICCCTAGTGGC.
33

TCTGTCACCA..ceeeeeeeeea—16..
81

TCTGTCACCAAT..ccceeeee.—14..
88

TCTGTCACCAATC..cceeeee.—-13..

28
TCTGTCACCA. .euuveeenne..=16..
29

TCe et teeeeeeeeenanannns -24..
74
SRR -27..
86
A -25..
23
TCTGTCACC. « v v vevernnnn. -17..
6
Tttt -25..
67

78

T eeeneeeeeennneeens -25..
51

S . & B
46

TCTGT e et et eeeececccccsces -21..
61
SRS, J S
Der22

HDFa

ce=13. 0. GGGGAGGCAGCT
ce=120 0000 TGGGGAGGCAGCT
ce=8...... TAAAGTGGGGAGGCAGCT
ee=28 ittt it ii et
P GGGGAGGCAGCT
ce=16.iieeeeiennn GGAGGCAGCT
A

B PP GGCAGCT
SRS AGTGGGGAGGCAGCT
SR TAAAGTGGGGAGGCAGCT
ce=10eeennn AAGTGGGGGAGGCAGCT
B GCAGCT
cemld i GGGGAGGCAGCT
B
B GAGGCAGCT
22 e AGCT

B
B

ATCGTTTTTGGCCTCCCTATCAGTCATT

GIGGCCCCACTGTGGGGTGGAGGGGACAGAT

13
ATCGTTTTTGGCCTCCCTATCAGTCAT.
83,7
ATCGTTTTTGGCCTCCCTATCAGTCATT
5
ATCGTTTTTGGCCTCCCTATCAGTCAT.
81,1,4
ATCGTTTTTGGCCTCCCTATCAGT-2..
2
ATCGTTTTTGGCCTCCCTATCAGTCA. .
10
ATCGTTTTTGGCCTCCCTATCAQ.—3..
82
ATCGTTTTTGGCCTCCCTATCAGTQ—l.
86
ATCGTTTTTGGCCTCCCTATCAQ.—3..
3
ATCGTTTTTGGCCTCCCTATCAGTQ—l.
63

GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
. . GGCCCCACTGTGGGGTGGAGGGGACAGAT
. . GGCCCCACTGTGGGGTGGAGGGGACAGAT
« . GGCCCCACTGTGGGGTGGAGGGGACAGAT
. .=3.CCCACTGTGGGGTGGAGGGGACAGAT
.—1GCCCCACTGTGGGGTGGAGGGGACAGAT
. .=3.CCCACTGTGGGGTGGAGGGGACAGAT
.—1GCCCCACTGTGGGGTGGAGGGGACAGAT

..—4..CCACTGTGGGGTGGAGGGGACAGAT



ATCGTTTTTGGCCTCCCTATCAG.-3.

. .=3.CCCACTGTGGGGTGGAGGGGACAGAT

6§TCGTTTTTGGCCTCCCTATQ...—5.. ..=5...CACTGTGGGGTGGAGGGGACAGAT
6zéZ;TTTTTGGCCTCCCTATCAGE—2.. R GTGGGGTGGAGGGGACAGAT
72TCGTTTTTGGCCTCCCTAT....—6.. T . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
gATCGTTTTTGGCCTCCCTQ ..... -7.. R I CTGTGGGGTGGAGGGGACAGAT
ngCGTTTTTGGCCTCCCT ...... -8.. ce=10..een.. TGGGGTGGAGGGGACAGAT
Q;TCGTTTTTGGCCTCCQ ....... -9.. . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
G;TCGTTTTTGGCCTCCCTATCAQ.—3.. N GGACAGAT
92

GCeeeeeaeaennn -42.. B

411BR

ATCGTTTTTGGCCTCCCTATCAGTCATT GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
46

ATCGTTTTTGGCCTCCCTATCAGTC-1. . . —2CCCCACTGTGGGGTGGAGGGGACAGAT
8ATCGTTTTTGGCCTCCCTATCA§.—3.. . -1GCCCCACTGTGGGGTGGAGGGGACAGAT
4zTCGTTTTTGGCCTCCCTA ..... -7.. GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
5£$éGTTTTTGGCCchcg ...... -8.. . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
10,26,71

ATCGTTTTTGGCCTCCCTATC. . .-5. . . .-4. .CCACTGTGGGGTGGAGGGGACAGAT
zzTCGTTTTTGGCCTCCCTA ..... -7.. cc . . —2CCCCACTGTGGGGTGGAGGGGACAGAT
4ATCGTTTTTGGCCTCC ....... -10.. A . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
3§TCGTTTTTGGCCTCCCTA ..... -7.. G . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
S:TCGTTTTTGGCCTCCC ....... -9.. AG . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
GKTCGTTTTTGGCCTCCC ....... -9.. ccT . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
ngCGTTTTTGGCCTCCCTA ..... -7.. GTGC R I CTGTGGGGTGGAGGGGACAGAT
4§TCGTTTTTGGCCTQQ ....... -10.. ..=6....ACTGTGGGGTGGAGGGGACAGAT
5;TCGTTTTTGGCCTCCCTATCAQE—2.. B GGAGGGGACAGAT
52TCGTTTTTGGCCT ......... -12. R . TGTGGGGTGGAGGGGACAGAT
4;TCG ................... -21.. A . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
72TCGTTTTTGGCQ; ......... -12. R T . . GTGGGGTGGAGGGGACAGAT
lATCGTTTTTGGCCTCCCTAT....-6.. A B GGAGGGGACAGAT
17,52,62

ATCGTTTTTGGCCT. .« v v n.. -12.. S . .GGGGTGGAGGGGACAGAT
3ATCGTTTTTGGCCTCCC ....... -9.. B TGGAGGGGACAGAT
G;TCGTTTTTGGCCTCC ....... -10.. cemldiiiiia... GTGGAGGGGACAGAT
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ATCGTTTTTGG . « « e e vvvvnnn -15.. ce-10...... . TGGGGTGGAGGGGACAGAT
67

ATCGTTTTTGGCCTCCC. . ... .. -9.. B .GGAGGGGACAGAT
51,53

ATCGTTTTTGGCCTCCCTA. . . . . -7.. cem19 i «eee....GGGGACAGAT
27

ATCGTTTTTGGCCTCCC. . .. ... -9.. B ... .GGGGACAGAT
38

ATCGTTTTTGGCCT. .« v vvw .. -12.. cem18i i .GGAGGGGACAGAT
25

ATCGTTTTTGGCCT......... -12.. ee=200 e . « «AGGGGACAGAT
47

ATCGTTTTTGGCCTC. .« . .. ... -11.. B ... .GGGGACAGAT
68

ATCGTTTTTGGCCT......... -12.. A ee=200 e . . .AGGGGACAGAT
21

ATCGTTTTTGGCCT......... -12.. ..=25...... ceeeecsecsseesse AGAT
69

ATCGTTTTTGGCCTCCC. . ... .. -9.. c B e
65

....................... -43.. ..-8......TGTGGGGTGGAGGGGACAGAT
36

ATCGT . e e v eeeeeeeenennnn -21.. e
33

ATCG. e e eeeeeeneeeeannnn -21.. BT e
55

Bttt -27.. N
50

....................... -74.. ..-11........GGGGTGGAGGGGACAGAT
12

Geeeeeeeeea -47.. N
19

ATCGT . e e eeeeeeeeenennnn -21.. N
37

....................... -49.. A5 e
11

....................... -57.. A e e
45



Figure S4, related to Figure 4. DSBs induced by TALENSs, wild-type Cas9, and
paired nCas.

A. Relative positions of nCas9 cleavage sites. nCas9 gives rise to DSBs with 5’ overhangs that
are 41 bp (NPM1+NPM2) and 37 bp (ALK1+ALK2) apart. PAM sequences are underlined; bps
in italics represent overhangs.

nCas9 : Sequence after nicking both strands:

CCTCGA GTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAGG
GGAGCTTGACGATGACCCAAGTGGAGTCGGAGACCTTATCGATCTTG TCCTCC

Wild-type Cas9 gives rise to DSBs with blunt ends or short overhangs. The TAL** and TALN™M
cleavage sites are between the positions of the two nicks and have short 5’ overhangs
(Piganeau et al., 2013).

B. Indel formation at the ALK locus after a TAL*™, Cas9(ALK1) or nCas9(ALK1+ALK2) DSB.

T7 endonuclease assay.
Number of experiments : n = 4 for TAL wt, n = 8 for het and mutant TAL (4 each for X4 and L4);

n = 3 for Cas9 ; n = 4 for nCas9.

1001
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§ 601 §
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e

TAL Cas9 nCas9



Figure S5, related to Figure 5. NPM-ALK cancer translocation junctions induced
by TALENSs, wild-type Cas9, and paired nCas.

A. Nuclease expression is quantified after 48 h by Western blotting for the HA epitope for
TALEN or GFP expression for Cas9 and nCas9. The same blot was used to probe for both HA
and tubulin.

L4 L4t L4 L4t L4t L4t

ARTALY —— —mm | | 408 431 497 455 %ofGFP
a-Tubulin —

TALALK Cas9 nCas9

B. Translocation junction sequences from TALENs. The TALEN recognition sequences at each
DNA end are underlined; bps in italics represent the overhangs. The chromosome 5 end is in
black and the chromosome 2 end is in red. Microhomologies (underlined), insertions (green)
and lengths of deletions from each end are indicated.

Der5

HCT116 X4+/-

DNA ends:
GCTATATCCTCGAACTGCTACTGGGTTCA (CCT C A)ATCTGATCACGGTCGGTCCATTGCATAGAG

65

GCTATATCCTCGAACTGCTACTGGGTTCA. .. AC . . TCTGATCACGGTCGGTCCATTGCATAGAG
56

GCTATATCCTCGAACTGCTACTGGGTTCA... ieee. GATCACGGTCGGTCCATTGCATAGAG
57

GCTATATCCTCGAACTGCTACTGGGTTC. ... C . . TCTGATCACGGTCGGTCCATTGCATAGAG
60

GCTATATCCTCGAACTGCTACTGGGTT. .. .. AG .ATCTGATCACGGTCGGTCCATTGCATAGAG
55

GCTATATCCTCGAACTGCTACTGGGTT. .. .. GGa = ..... GATCACGGTCGGTCCATTGCATAGAG
61

GCTATATCCTCGAACTGCTACTGGGTTCA. .. +40 AATCTGATCACGGTCGGTCCATTGCATAGAG
40bp: from chrll (Homo sapiens genomic DNA, chromosome 11lg, clone:CMB9-3I4, complete
sequence)
TTCCAGCGATCCTCCTACCTCGGCTTCCCAAAATGCTGAG
62

GCTATATCCTCGAACTGCTACTGGG-1..... ctra 0 ..., -8.....n TCGGTCCATTGCATAGAG
58

GCTATATCCTCGAAC. . e v e e -11...... CCT ....-1ATCACGGTCGGTCCATTGCATAGAG
63

GCTATATCCTCGAACTGCTA....-6...... +13 ... -11........ GTCCATTGCATAGAG
13bp: ACGCCAGCAACGC
66

GCTATATC. v evveeeeoennns -18...... ..., -6....GGTCGGTCCATTGCATAGAG
70

GCTATATCCTCGAACTGCTACTGGGTT. ... — s.... =25 i it ittt e s G
67

....................... =27 oo A .... TGATCACGGTCGGTCCATTGCATAGAG



GCTATATCCTCGAACTGCTACTGGGTTCA... ..... A B

59

GCTATA. . eveeeeennnnnns “20...... Ll Y G
64

ettt A “1l..eenn.. GTCCATTGCATAGAG
53

e A P49 e
52

e e 3 T
72

...................... -102...... TGTT B
69

...................... -203...... +14 .....GATCACGGTCGGTCCATTGCATAGAG

1l4bp: insertion of telomeric sequence:
TTAGGG-TTAGGG-TA
(Sequence upstream of insertion TAGAGAAGGG)

50
ettt ittt i e i “56..eee. Ll 306t
HCT116 L4+/-

GCTATATCCTCGAACTGCTACTGGGTTCA (CCT C A)ATCTGATCACGGTCGGTCCATTGCATAGAG
27

GCTATATCCTCGAACTGCTACTGGGTTCACQI ..... GATCACGGTCGGTCCATTGCATAGAG
44

GCTATATCCTCGAACTGCTACTGGGTTCé... LATCTGATCACGGTCGGTCCATTGCATAGAG
28

GCTATATCCTCGAACTGCTACTGGGTTCA. .. TAATA ee..—1ATCACGGTCGGTCCATTGCATAGAG
26,32

GCTATATCCTCGAACTGCTACTGGGT . . e e e e ieeens -2TCACGGTCGGTCCATTGCATAGAG
39

GCTATATCCTCGAACTGCTA. .. .=6.cc.v.. TGA oo TGATCACGGTCGGTCCATTGCATAGAG
33

GCTATATCCTCGAACTGCTA. .. e=6cce.e.. ee..—1ATCACGGTCGGTCCATTGCATAGAG
35

GCTATATCCTCGAACTGCTACTGGGTTC. ... ieeen =T eeee GTCGGTCCATTGCATAGAG
47

GCTATATCCTCGAACTGCTACTQQ—2 ........... -8 TCGGTCCATTGCATAGAG
48

GCTATATCCTCGA . ¢t c e e e oo -13...... ... TGATCACGGTCGGTCCATTGCATAGAG
36

GCTATATCCTCGAACTGCTACTGGGTTCACC. CACCTC = ..... =19 . et e e CATAGAG
25

GCTATATCC . et eeeeccceens -17.ceeee ... o ATTGCATAGAG
31

GCTATATCCTCG . ¢ e e e e e oeew -14...... T ... =19 . ittt e CATAGAG
30

....................... -24...... teeee=160ceeeieeeeeee..TTGCATAGAG
37

GCTATAT. ..t veennnnnnnnn -19...... ... 5
42

e “52. ... Ll 5 e
34

....................... -56.cc... CCC eeeee=T0 e eeeeeeeeeccccccccncns
38

GCTATATCCTCGAACTGCTACTGGGTTCACCTC AGCCTCTGAA  ..... =183 . ccecccccccccccccens
41

GCTATATCCTCGAACTGCTACTGGGTTCACC. +116 = ..... GATCACGGTCGGTCCATTGCATAGAG

116bp from TALEN expression vector
CAATGGAAAGTCCCTATTGGCGTTACTATGGGAACATACGTCATTATTGACGTCAATGGGCGGGGGTCGTTGGGCGGTCAGCCAGG
CGGGCCATTTACCGTAAGTTATGTAACGCG



HCT116 X4-/-

GCTATATCCTCGAACTGCTACTGGGTTCA(CCT C

A)ATCTGATCACGGTCGGTCCATTGCATAGAG

80
GCTATATCCTCGAACTGCTAC...-5......
79
GCTATATCCTCGAACTGCTACTG.-3......
74
GCTATATCCTCGAACTGCTACTGGGTTCAC. .
76

....................... -34......
86

....................... -50.....
84

....................... -34......
77

R -43......
90

....................... -52......
81

TG e eeenennencaaeaannns -41......
75

....................... -56......
95

GCTATATCCTCGAA. ¢ e e v v e -12......
83

...................... -181......
94

ettt -225......
96

GCTATATCCTCGAACT ... c.. -10......
93

....................... -217.....
28bp:

TTAGTAGC-TTTACACACAGTTTTCTGTA

AG 0 ..... -4 ..ACGGTCGGTCCATTGCATAGAG

AC ..... B 1 R
..... -19.....cc00ce.....CATAGAG

..... -5...CGGTCGGTCCATTGCATAGAG

AGT = ..... B I

ATCCACTATAT  ..... —106.ccetiiiiitetiieeannn

+28 0 ..... =86 ..ttt e i

20bp from Homo sapiens BAC clone RP11-402C9 from 4, complete sequence

TTTACACACAGTTTTCTGTA
78

CGTT =  ..... I T

HCT116 L4-/-

GCTATATCCTCGAACTGCTACTGGGTTCA(CCT C

A)ATCTGATCACGGTCGGTCCATTGCATAGAG

81
GCTATATCCTCGAACTGCTACTGGGTTCAC. .
56

GCTATATCCTCGAACTGCTAQ...—5 ......
49,51

GCTATATCCTCGAACTGCTACTGGGT . ¢ v v & »
70
GCTATATCCTCGAACTGCTACTG.-3......

..... -6....GGTCGGTCCATTGCATAGAG

..... -4 ..ACGGTCGGTCCATTGCATAGAG

..... -9.......CGGTCCATTGCATAGAG

CTACT = ..... -6....GGTCGGTCCATTGCATAGAG

5 bp duplication from upstream of DSB on chr5

62
GCTATATCCTCGAAC. .. vv.vn.. -1l.....

..... -6....GGTCGGTCCATTGCATAGAG



[ -23..... AA «+.. TGATCACGGTCGGTCCATTGCATAGAG
71

GCTATATCCTCG. e et evencens -14..... ..., -11........ GTCCATTGCATAGAG
63

GCTATATCCTCGAACTGCTA....=-6.0ceueee ..., B 1 T
74

GCTATATCCTCGAACTGCTACTGG-1...000c ..., B T
60

....................... -36...... TAA ce...-15............ATTGCATAGAG
58

....................... -58...... c....-4..ACGGTCGGTCCATTGCATAGAG
54

e X m30 i
50

....................... -54...... GTCA e L 2
82

e 68 Ll A
72

GGCTGG. e e vt eveeneeenens =50 ... ek 1= T
83

O -85...... L.... -
69

...................... -171...... «e...—2TCACGGTCGGTCCATTGCATAGAG
65

e -128..eee. Ll -
68

....................... -41...... 5 1
67

e “94...e.. Ll S107 e et
59

CCTGGCC .ttt veeeneonnnn -163......  L.... 68 .ttt ittt ittt
64

ok e TR -26l...... L.l 1 T
53

GCTATATCCTC . vt e v e e -15...... ... =363 ..ttt
85

....................... -100...... A ceeee=309. . i it it i i e e
77

e ol “126.cee. Ll 3 <
80

e =36 Ll 3
79

...................... -212...... GTG =
84

GCTATATCCTC . vt e v e e -16...... +10 ..... =506 ...ttt nnnnns
10bp insertion
AAATCCACTA

61

....................... -29...... +19 eeeee—1l.........TCCATTGCATAGAG

Insertion 19bp : 18bp from chromosome X clone RP11-366F6 map g28
AATGAATAGTTCTAGCTATT

73

GCT . ettt eeeeeeeoanncnnnns -23...... +69+2  ..... EC 1 T AG
Insertion 71bp
69bp insertion from 16 bp downstream of DSB on chr5
AGAACTACAGGCACACTCCACGCCTGGCTAATTTTTTTTGTATATGTGCAGATGGGGTCTCAGTATGTTCT

66

[ -32..... 1+49+1 ..... =37 i i e e
Insertion 51bp
49 bp insertion inverted from 37 bp downstream of DSB on chr5
CCAACATACTGAGACCCCATCTGCACATATACAAAAAAAATTAGCCAGGCT

78

....................... -28...... +516 ce...—-18..............GCATAGAG



516bp insertion from 829bp upstream of DSB on chr2

CTGCCACTCTCGCTGATCCTCTCTGTGGTGACCTCTGCCCTCGTGGCCGCCCTGGTCCTGGCTTTCTCCGGCATCATGATTGGTGA
GTGCACAGAGCCCCAGGGACTCCCAAGGGGGCAGGAAGGCAGGACTGAATAGTGTCTCAGGCTGTGCCACAGGTGCCAAGGTGTCA
CTTCGTTATGCTAGTCCCTGGAATTGGGTGGGGTGGTGATTAGGGCAGCCCAGGCCAAGCCAAAACGGAAGCTCCCAACCTTCCCC
CCACCAGAGCAGCTGCAGTTCCCTGAGGAGCCCCTGATTCTGCACCTCAGCCCCGTGTGTATCCTCCTGGCTGATCAGGGGGTGGG
GAGCTCCTTCAGTGTCCATCACGATGGTGAAAGCTCGCCCCCACCCCTAGACGTCACTTCTAGCTCCCACATGCTTCCACCGGCGC
AGCTCCTGTTTGGCTCCCACCCTATGTAATGCACTAGCCCACTCTTCCCCAAACCAGCCCTCCACCACCATCCAGGCATAGAGGAG

C. Translocation junction sequences from wild-type Cas9. The PAM sequence is underlined; bp
in italics represents a possible overhang.

Der5
HCT116 L4+/-
DNA ends:
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA GTAACCCTAATCTGATCACGGTCGGTCCATT

1,10,12,14,17,23,38,39,41,45,48

GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA GTAACCCTAATCTGATCACGGTCGGTCCATT
42

GCAGTGATGTGATCATAGCTTGCTATATCCTCGA. GTAACCCTAATCTGATCACGGTCGGTCCATT
2,3,9

GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA - 1TAACCCTAATCTGATCACGGTCGGTCCATT
37,43

GCAGTGATGTGATCATAGCTTGCTATATCCTCGA .. -2 .AACCCTAATCTGATCACGGTCGGTCCATT
31

GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA -4...CCCTAATCTGATCACGGTCGGTCCATT
7

GCAGTGATGTGATCATAGCTTG. « « v .. . . -12. GTAACCCTAATCTGATCACGGTCGGTCCATT
24

GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA N ATCACGGTCGGTCCATT
25

GCAGTGATGTGATCATAG. « « e e v v vvnn.. -16. GTAACCCTAATCTGATCACGGTCGGTCCATT
44

GCAGTGATGTGATCATAGCTTGCTATATC. . .-5. A 1 CTGATCACGGTCGGTCCATT
8

GCAGTGATGTGATCATAG. « « ¢ e v v vvnn.. -16. -1TAACCCTAATCTGATCACGGTCGGTCCATT
20

GCAGTGATGTGATCA . e e v v vevvnnnnn. -19. N CGGTCGGTCCATT
28

GCAGTGATGTGATC .« « e e e v e e eevnnnnnn -20. % GGTCCATT
47

S -48. Y TCGGTCCATT
32

o -151. -
11

.............................. -248. 38+107 1T

145bp insertion with 107bp inverted duplication from chr5 36bp upstream DSB
AGGTAGAAGGCTGGAG-
TCCAGCCGTTATAATGAGACTGTCTTTATTAAAAAATAATTTTTAGGCCAGGCACAGTGGCTGACACGTGTAATACTAGCACTTTG
AGAGGCcCAGGGCGTGCAGATCACGTTAAGGCCAGGAGTTCAAG

HCT116 L4-/-

DNA ends:

GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA GTAACCCTAATCTGATCACGGTCGGTCCATT
5

GCAGTGATGTGATCA. ¢ttt e esseoasens -19. —18. ittt CGGTCGGTCCATT
20

GCAGTGAT . e et tvereoesnoossonsans -26. -11........ CTGATCACGGTCGGTCCATT



32

GCAGTGATG . « v v v vveverenanenennns -25. B ATCACGGTCGGTCCATT
45

............................... -45. -17..ecveeeeee.. .ACGGTCGGTCCATT
41

Gl e ettt -32. 280 e
19

AP -81. T3
15

TAG .ttt v eeeeeeeeeaanananannnns -111. B
33

.............................. -154. -5...CCTAATCTGATCACGGTCGGTCCATT
30

.............................. -170. -5...CCTAATCTGATCACGGTCGGTCCATT
40

GCAGTGATGTGATCATAGCTTGCTATAT....-6. +74 F I T

27bp inverted sequence on chr5 51bp downstream of DSB
GACCGGAATGGCTGGGCAACATACTGAGACCCCATCTGCACATATACAAAAAAAATTAGCCAGGCGTGGAGTGT
7

GCAGTGATGTGATCATAGCTTGCTATATC...-5. AC =220 .. e it ettt
35

ol PP -122. I
27

GCAGTG . v et v veeererenananenennns -28. - T
42

GCAC. + et e eeeeeeeeeanananaannns -231. S5 e
10

o AP -81. 1
24

PP -186. 1
11

o PP -279. 280 e
29

............................... -57. e
36

GCAGTGATG . « v v v vveeerenanenennns -25. +27 T T

27bp inverted duplication on chr2 6bp downstream of DSB
CAATGGACCGACCGTGATCAGATTAG

21
o -81. - T
12

GCAG. + e vt eeeeeerenanananenennns -30. L
48

Tt e ettt eeeeeeeeeaeaaaaaaaann -304. -
26

TCACT + « v et e eeeeeeeenanannannns -301. 1
8

el PP -217. 2296 e e
46

.............................. -277. +17 3
17bp: CTGCCCTTCTTTAAAAT
1

............................... -90. +352 B

352bp inverted duplication from chr2, 27bp downstream of DSB

CTGAGCCATGAGGACCAGGTCACAGGACCTCTTTGGACTGCAGTTTCCCTCTCTGTAGGCAGGGATGGTAACTCCTGCCCTGTTTC
CCTAACCGCTGCCACTCCCCACCCTCTAGGGTTGTCAATGAAATGAATTCACCAACATAAAATGGTTTTGAAAAATCCTAAAGAGC
TCTACCAATGTGAGTGACCATTATCACTCCTACATGTGAGGATGTTCTGGAAGGCAAACTCCATGGAAGCCAGAACAAAATTGTGA
TTCAGTGGGTAGATTCTGTGTGTAAAGCCCAGCCCCCCAACACATGGGCCAGGGCAAATGAGTCACCCGCTATGTGCTCAGTTCCC

TCCTCTATGCAATG

D. Translocation junction sequences from nCas9




Der5

HCT116 L4+/-

DNA ends:
CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC

GTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG

5éTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCT...—5
6éTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGQE...—5
7(61TCGAACTGCTACTGGGTTCACCTCAGCCTCTG .......... -13
2éTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC
7(S:TCGAACTGCTAC .............................. -33
9CTCGAACTGC ................................. -36
25

CTCGAACTGCTACTGGGTTCACCTCAGCCTC. v e e v v e v veenn -15
3éTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATA ...... -8
1ééééAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAG ..... -7
3éTCGAACTGCTACTGGGTTCACCTCAGQQ .............. -17
3

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC
45

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTA. . -4+31

31lbp from chr2, from 5bp downstream of DSB

-10....... TCTGATCACGGTCGGTCCATTGCATAGAGGAG
“13.. 0. GATCACGGTCGGTCCATTGCATAGAGGAG
-8...... AATCTGATCACGGTCGGTCCATTGCATAGAGGAG
=24 i it i i e GTCCATTGCATAGAGGAG

-4..CCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG

—-2AACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG

=26ttt i ittt i CCATTGCATAGAGGAG
=26ttt it et CCATTGCATAGAGGAG
E I AGGAG
A - ATTGCATAGAGGAG
A T -10

B P e -6

CCTAATCTGATCACGGTCGGTCCATTGCATA (followed by a 6 bp deletion)

66

CTCGRACTGCTACTGGGT « « e e e e e eeeeeeeeneennnnn -28 -1
6

CTCGRACTGCTACTGGGTTCACCTCAG  « v e e e e veeennn. -19

54

CTCGRACTGCTACTGGGTTC e e e v e eeeeeeeeeennnnn -26

7 bp: CGGTCCA

68

CTCGRACTGCTACTGGGTTCACCTC e « v v v e eeeeeeeennnn -21

16

CTCGRACTGCTACTGGGTT « « e e e e v eeeeeeeeeeennnnn -27

23

CTCGRACTGCTACTGGGTTCACCTCA  « v v e e e eeeeeennn. -20 +9
TCAGCCTCT

60

CTCGRACTGCTAC: « « v e e veeeeeeeeaeeanneennnn. -33

33

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGG . « v v v v .. -12+18
GTTCACCTCAGCCTCTGG

26

Coim ettt ettt -45

49

ol 2 S -43

36

CTCGRACTGCTACTGG + « « v e e eeeeeeaeeaeneennnnn -30

28

ok Jo1c1.V-Yolisclou . VAP -34

44

CTCGRA. « e eeeeeeeeeeaeeeeeeeeaaaaaaeaennn. -40

72

CTCGRACTGCTACTGGGT « « e e e e e eeeeeeeeeeennnns -28

8

CTCGRACTGCTACTGGGTTCACCTCAGC - « v e e e v vveennn. -18 +8
TGCTACTG

74

CTCGRACTGCTAC: « « e v e veeeeeeeeaeaanneeennn. -33

47

CTCGRACTGCTA . « e e e eeeeeeeeeeeeaeaanneeennn. -34

48

CTCGAACTG. ¢ ¢ e e e e veeeeeccecsasccccssancccses -37 A

4 TCGGTCCATTGCATAGAGGAG
E I AGGAG
LT B GCATAGAGGAG
=39 i i i it it it et i e -2GAG
LT B GCATAGAGGAG
LT 2 - -1GGAG
=29 ittt it i ATTGCATAGAGGAG
R -12
=20, .t GTCGGTCCATTGCATAGAGGAG
B A CATTGCATAGAGGAG
=40, ettt i it i i i et -3.AG
L2 -4..G
EC I AGGAG
R -26
=77 eeeetesosccsososscsecssscsscssacs -40
=70 e et e it e i i et -33
=70 et e et et i e i -33
=76 et it i it it i e -39



30

S . 256 BC =58 ettt et e -21..
13

CBATGC =15 et e e eeeeeeneensensenneneeneennens -56 P50 e e e e, -22..
53

CTCGRAACTGCTACTGGG e+« v s e v eevsensennennennens -29 200 e e e e e -63..
39

e . N X -67 Y -31..
62

e T -53 T -53..
70

CTCGRAACTGCTACTGGGT  « v v v veeveesennennennens -28 B -81..
52

[ -3 -57 3 -54..
46

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAG. . . . . A T T -118.
18

TCR=56 .+ e e e eeeeseeeneeseneeeneesnneennnas -97 A -32..
11

CTCGRAACTGCTACTGGG e v v e v v eensensennennennens -29 B L -117.
55

{07 N - -60 B 5 -85..
2

CTCGRACTGCTACTGGGTTCACCTCAGCCTCTGGAATAG. . . . . -7 B 7 -147.
41

[T I TS -51 7 -109.
10

NP -116 130 e e e e e e, -93..
15

[ -53 B 3 -175.
19

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC B ¥ -255.
5

[ Jolc.V:Voliclol - VAN -34 Y -227.
20

B B -318 T GCATAGAGGAG
42

CTCA=120" e s e eeeeeereennennennenaennennns -161 B 7 -166
5

[T 0 T 2 -154 B 3 -179
50

[ Jolc.V: Vol oA N B T2 1 3 -5...

165bp from Homo sapiens chrl7, clone RP11-670E13, complete sequence
TGCAGCAGGCCGGAAAGGCCCCTGTCCAAGGCCAAAACATCTTACCATTGTATTGCTGCTGCAGACAGGAAGGGGTGTATGCCTGTAGAAGTGCTGA
GGATATGTAAAGGGAAGCCAGGYCCTGCGGTGTTGACACGGGGCAAGTCAACTCACATTAGAAATGAACCA

N =724205-36. 0ttt ittt ittt e e GAGGAG
205bp from Homo sapiens chr3, alternate assembly HuRef
CACAACTGGCACCATAGCCATGCCAGGTTGACAGGTGCAATTAACCATCACATTTGTCATCCAGAGAGAGTTTTTGCTATGTGATAAAAAGACATGC
TCTTTCTTTCCAGTTTTTTGTCTGTCTCCATGCAGACACAATTGACTTATTTAGAACTTATATGTATACTGTTTTTCCATTTTAAACACAAAGGTTA
TCTCATCCAATTT
27

CGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGC
AGTGCTGCCATAACCATG

HCT116 L4-/-

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC GTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG
27,42

CTCGAACTGCTACTG e « v v e e v veeeveeevseennneenns -31 I D ATCACGGTCGGTCCATTGCATAGAGGAG
30

CTCGAACTG e « e v v e e eeeeeeeeeseeeseennneenns -37 0 e -12..
32

CTCGAACT . « e v v e e ee et eeeeeeeeeseennnaenns -38 32 F S -338.
22

CTCGAACTGCTACTGGGTTCAC . ¢ e e e e e e eseenocncnns =24 ACA =71 .. e et eeeeeeneeneenoenoenoennnns -34..



o T -44 B -34
36

CATAGC=15 1 et e e eeeesersennensenneneeneennens -56 P50 e e e e e et -22
25

o3 45 BCB =494 . e ettt ettt -457.
28

L 3 -217 N -7
40

Geem35 e e eee et e -76 500 e e e e e e -463
21

o3 -51 - -11
41

BTC=20" c e oo eeeeeeeeeeeeeeaaaaaeaennaaanns -61 2 -79
39

[ 1 -80 B 3 & -235
14

CTGR=22 e v s e e e e veeesensennennenseneeneeneens -63 P -23
24

[ 3 -73 3 -287
5

[ 3 A -74 00 e e -363
4

ATTTT =68 o v e e veeveevsennennenneneeneennens -109 B -100
19

GCCCTGGCC=125 1 v s e veeveeeesennennennennns -166 3 -44
6

o T - -127 B -38
10

1 -207 2 -137. 2
e R -253 B 374 -338
9

B 1874106 =53t ettt -16..

106bp inverted insertion from chr5 117bp downstream of DSB
TCTCACTTTGGGGAGGCCAAGGCGGACCACTTGAGGCCAAGAGTCCAATCTGGGCAACATACTGAGACCCCATCTGCACATATACAAAAAAAATTAG
CCAGGCGTGTT

CTCGAAC. ¢ ettt veeoeeoeeoesocencsnssncoansns —35481 -335. ..ttt ittt -298..
81lbp : 70bp from chr5 directly downstream of DSB
AGCCTCTGGAATAGCTAGAACTACAGGCACACTCCACGCCTGGCTAATTTTTTTTGTATATGTGCAGATG-ACACCAATTT
37

B - —494389-413. . ittt i it e i -376..
389bp: NPM inverted sequence 310 bp downstream of DSB
GGACAAATTCCTTTTTTTGTTAAGATTCCGGAAGTATATCAAGTTTCTAAAATCATACTTACTCTTCATCATCATCCTCTTCATCATCATCGTCATC
ATCTTCATCAGCAGCAAGATTTACTTTTTTCTTTTAAAAGAAAAGATACGTACTCATGAATAAGAGCTGTTCTATCACCAAACTAAAAGCTATAATA
CAAAACCTATAATAAAATTGCCATCTCTACCTGTGGAACCTTGCTACCACCTCCAGGGGCAGACCGCTTTCCAGATATACTTAAGAGTTTCACATCC
TCCTCCTCTTCATCTTCTGACTCTGCATCTTCCTCCACAGCTAAATACAATTTATTAGACATTATAAAACTCAAGCAGCAAGAAGTCAGAAAAAAAC
T
29

CTCGAACTGCTACTGGGTT e v v e v vt vvvvooeoooonscces =27+512 =29 ...ttt i TGCATAGAGGAG
512bp : 506bp from NPM 1077bp downstream of DSB
TCTTATGGTTTTATGTAGATATTTATTGACAAAAATAAGATTCTAAAAGGGATATTAAGATTTTCTTGGGATTTAAAATATGGTTGGAAACAATATT
TGATGACTTTATATTAAACTAGATCAAACTATTGTTACAAACAGTTAATACGCACACTGGTATAAAGTACTGTTTATAATTGGTCTTATGTGTGCCA
GTACCAGTAATGCATTGAATATGATTTGGCTCTCAGCTTTGTCCTTCAGTTCTGAGGTTGGTCCATATGCATTTATTGAAAACAAATATAAGAACAT
GCACTTTAAAAGAGAACCTGCATGAAAGATCAAATTGGGAGTTTAGGTTTTAAGCTGGTGGTTCTTCAAAATCTTTGAGCATGACGATGAAGGCAGA
AAACAGGAAAAAGGCCGAAAGAGCCGAAAGCTTAAAAATTCAAAGTATGACCAGGCGCAGTGGTTCACACCCGTAATCCTAACACCCAGCCAAGATG
AGTCTATGCAATGCAAATGAGTCTATG



Figure S6, related to Figure 6. LIG3 deficiency is not required for translocation formation

in human cells.

A. LIG3 null cells: Western blot, PCR genotyping, ZFN expression, and indel formation. L3™

HCT116 cells are viable due to MtLIG1 expression, as seen in mouse cells (Simsek et al.,

2011a).

In the westerns, the same blot was used to probe for both epitopes.

LIG3 western blot

LIG3 PCR genotying

ZFN expression

bp

LIG3 - - — %g FLAG-ZFN-{ "

o-TUB | S w— — Y [ —

3% 13" - 223 R
(+MtLIG1) wroooL3% 137 (+MtLIG1)

(+MtLIG1)
T7 assay Indel formation is not affected by LIG3
p84 ALK loss, as monitored by the T7-

NT ZFN NT Cas9 nCas9 endonuclease assay in L3*" and L3™ cells

e e s s <—UNCUE

T7

uncut —- G - -
— L
~cut

17
cut <:
P

L3+ L3 L3*
0 6 5

L3+
0

L3* L3*
35 45

L3+
53

L3+
57 %indels

expressing MtLIG1 (abbreviated L3™).
Two loci were examined, p84/AAVS1
using ZFNP* and ALK using either wild-
type Cas9 with gRNA ALK1 or nCas9 with
gRNAs ALK1+ALK2. NT, not transfected
(i.e., no nuclease).

B. Translocation junction sequences from ZFNs. The ZFN recognition sequences at each DNA
end are underlined; bps in italics represent the overhangs. The chromosome 19 end is in black
and the chromosome 22 end is in red. Microhomologies (underlined), insertions (green) and

lengths of deletions from each end are indicated.

Der22

HCT116 Lig3+/-

ATCGTTTTTGGCCTCCCTATCAGTCATT

GIGGCCCCACTGTGGGGTGGAGGGGACAGAT

6,47,52,69,75
ATCGTTTTTGGCCTCCCTATCAGTCATT
2,29,36,45,54,68,73
ATCGTTTTTGGCCTCCCTATCAGTCAT.
62
ATCGTTTTTGGCCTCCCTATCAGTCA. .
20
ATCGTTTTTGGCCTCCCTATCAGTCAT.
64
ATCGTTTTTGGCCTCCCTATCAGTCA. .
11

. . GGCCCCACTGTGGGGTGGAGGGGACAGAT
. . GGCCCCACTGTGGGGTGGAGGGGACAGAT
. . GGCCCCACTGTGGGGTGGAGGGGACAGAT
.—1GCCCCACTGTGGGGTGGAGGGGACAGAT

.—1GCCCCACTGTGGGGTGGAGGGGACAGAT



ATCGTTTTTGGCCTCCCTATCAGTC-1. . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
58

ATCGTTTTTGGCCTCCCTATCAGTCATT CAT . .-4..CCACTGTGGGGTGGAGGGGACAGAT
51

ATCGTTTTTGGCCTCCCTATCAGTCAT. ..=5...CACTGTGGGGTGGAGGGGACAGAT
12

ATCGTTTTTGGCCTCCCTATC. . .-5. . . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
39

ATCGTTTTTGGCCTCCCT. . . ... -8.. . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
33

ATCGTTTTTGGC . « « v v v vvwn- -14.. . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
15

ATCGTTTTTGGCC. « « v v vveen -13.. . . -3 .CCCACTGTGGGGTGGAGGGGACAGAT
24

ATCGTTTTTGGCC. « v v v vveen -13.. ..=6....ACTGTGGGGTGGAGGGGACAGAT
8

ATCGTTTTTGGCCTCCCTA. . . . . -7.. S T I GGGGTGGAGGGGACAGAT
76

ATCGTTTTTG. ¢« v v vvvvnnn -16.. +17 . . —2CCCCACTGTGGGGTGGAGGGGACAGAT
17 bp : ACCCCCGGCATCCCCAC
4

ATCGTTTT. . e ceeeececccses -18.. co-16000ee... ««++.GGAGGGGACAGAT
44

Bttt -28.. 2 e
21

Bttt -28.. e
28

Bttt -34.. N
27

....................... -43.. T N
66

GTA:tteteeeeenanannnnns -45.. e
22

CBettiieiiaaann -41.. S
61

....................... -64.. AG N
77

Bttt -100.. N
35

...................... -108.. L
3

P -205.. e
37

GAG.ttevererananannnnnn -36.. T
32

....................... -37.. +78 . TGGCCCCACTGTGGGGTGGAGGGGACAGAT

78bp from ZFN plasmid
AGGTGATGGAGTTCTTCATGAAGGTGTACGGCTACAGGGGAAAGCACCTGGGCGGAAGCAGAAAGCCTGACGGCGLCCA

19

ATCGTTTTTGGCCTCCCTATCAG.-3.. +94 ce=8...... TGTGGGGTGGAGGGGACAGAT
94bp from Homo sapiens chromosome 10, alternate assembly HuRef
GGACAATGCCCTATGAGAAGATGGGAGAGAAATCAGAAAGAGGGCCCCTGGAAGACTGTAAGGGCCGGGACAGCCTGCAA
CCTGGACATTATTT

HCT116 Lig3-/-

ATCGTTTTTGGCCTCCCTATCAGTCATT GIGGCCCCACTGTGGGGTGGAGGGGACAGAT

3,8,37,39,43

ATCGTTTTTGGCCTCCCTATCAGTCAT. . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
9,31

ATCGTTTTTGGCCTCCCTATCAGT-2.. . .GGCCCCACTGTGGGGTGGAGGGGACAGAT



48
ATCGTTTTTGGCCTCCCTATCAGTCA. .
5
ATCGTTTTTGGCCTCCCTATCAGT-2..
23
ATCGTTTTTGGCCTCCCTATCAGTC-1.
4
ATCGTTTTTGGCCTCCCTATCA. .-4..
45
ATCGTTTTTGGCCTCCCTATCAG.-3..
14

ATCGTTTTTGGCCTCCCTATC...-5..
10

ATCGTTTTTGGCCTCCCTATCAG.-3..
30

ATCGTTTTTGGCCTCCCTAT....-6..
20

ATCGTTTTTGGCCTCCCTATCAGTCAT.
44
ATCGTTTTTGGCCTCCCTATCAGTCAT.

11
ATCGTTTTTGGCCTCCCTA..... -7..
18
ATCGTTTTTGGCCTCCCT...... -8..
17

ATCGTTTTTGGCCTCCCTATCAGTCATT
12

ATCGTTTTTGGCC. ... cccew. -13..
15

....................... -28..
36

ATC. e eeeeeeeeneeeeennnn -23..
1

el lc A -54..
6

....................... -98..
38

....................... -52.
42

....................... -68.
19

...................... -164..
29

....................... -96..
7

Cet et -172..
26

07X -199..
16

....................... -30..

171bp insertion from chr22 45bp downstream of DSB

TC

+171

.—1GCCCCACTGTGGGGTGGAGGGGACAGAT

GTGGCCCCACTGTGGGGTGGAGGGGACAGAT

. .—2CCCCACTGTGGGGTGGAGGGGACAGAT

. TGGCCCCACTGTGGGGTGGAGGGGACAGAT

. -1GCCCCACTGTGGGGTGGAGGGGACAGAT

. TGGCCCCACTGTGGGGTGGAGGGGACAGAT

. .—3.CCCACTGTGGGGTGGAGGGGACAGAT

. .GGCCCCACTGTGGGGTGGAGGGGACAGAT

..=5...CACTGTGGGGTGGAGGGGACAGAT

..=9.......GTGGGGTGGAGGGGACAGAT

. .—2CCCCACTGTGGGGTGGAGGGGACAGAT

. TGGCCCCACTGTGGGGTGGAGGGGACAGAT

Y ACAGAT
B
B
B GGGGACAGAT

TGGCCCCACTGTGGGGTGGAGGGGACAGAT

TGGCCCCACTGTGGGGTGGAGGGGACAGAT

TTGATAGTCAAGTAAAAGCTATGTTTTTTTGTTGCTGTTTGTTTATATCCATTAAGGGGAAAAATGGCCAGGCATGGTGGCT
CACACCTGTAATCCCAGCACTTTGGGGGAGGCCAAGGCAGGAGGATCACTTGAGACCAGGAGTTTGAGACCACCCTGGGC

AACATAGTGAGACCC

C. Junction sequences from Cas9. The PAM sequence is underlined; bp in italics represents a

possible overhang.

Der5

HCT116 Lig3+/-




DNA ends:
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA

GTAACCCTAATCTGATCACGGTCGGTCCATT

1,9,12,14,19,31,32,35,47
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
7,17,28,38,40
GCAGTGATGTGATCATAGCTTGCTATATCCTCGA.
10
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
36
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
45
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
5
GCAGTGATGTGATCATAGCTTGCTATATCCT.-3.
42

............................... -48.
13

............................... -52.
26
PR -32.
39

e} ¢ -88.
6

o AP -94.
43

BAR. et -76.
41

18

GTAACCCTAATCTGATCACGGTCGGTCCATT

GTAACCCTAATCTGATCACGGTCGGTCCATT

-ITAACCCTAATCTGATCACGGTCGGTCCATT

-8.ceen.. AATCTGATCACGGTCGGTCCATT

=19, i e e GGTCGGTCCATT

GTAACCCTAATCTGATCACGGTCGGTCCATT

GTAACCCTAATCTGATCACGGTCGGTCCATT

GTAACCCTAATCTGATCACGGTCGGTCCATT

HCT116 Lig3-/-

DNA ends:
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA

GTAACCCTAATCTGATCACGGTCGGTCCATT

12,15,20,22,24,32,37,39
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
18
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
16,28
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
11
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
26
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
38
GCAGTGATGTGATCATAGCTTGCTATATCCTCG-1
29

GCAGTGATG. ¢ ¢ o v v vevnesennnnennns -25.
23
GCAGTGATGTGATCATAGCTTGCTATATCCTCGAA
15

.............................. -106.
35

............................... -63.
25

.............................. -107.
36

.............................. -234.
21

Attt ittt ittt nns -56.

CT

GTAACCCTAATCTGATCACGGTCGGTCCATT

GTAACCCTAATCTGATCACGGTCGGTCCATT

GTAACCCTAATCTGATCACGGTCGGTCCATT

-ITAACCCTAATCTGATCACGGTCGGTCCATT

-3..ACCCTAATCTGATCACGGTCGGTCCATT

-ITAACCCTAATCTGATCACGGTCGGTCCATT

20 ..ttt it GTCGGTCCATT
=138 . ittt it i ittt i i e
e TCGGTCCATT
A s
el



CAG.cvococcesononscsonnssnnccsens -55.
31
GCAG. et eeeeeeeeeeeeecooconnnnns -32.

D. Junction sequences from nCas9. The bps in italics represent overhangs.

Der5
HCT1l16

Lig3+/-

DNA ends:
CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC

GTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG

30

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC 5 7 B ATTGCATAGAGGAG
7

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC GT —33. . uuuuuuoeeeeeeeeeeannnnns ATAGAGGAG
34

CTCGRACTGCTACT « « e e eeeeeeeeeaaeeeeeeannnns -32  -ITAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG
2

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGC. . . .—6 % -4..6
29

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGA. « v v ... -11 . GAGGAG
1

CTCGAACTGCTACTGGGTTCACC . « v v v eeeeennnnns 223 G 226 CCATTGCATAGAGGAG
19

CTCGAACTGCTACTGGGTTCACCTCAGC . « v v v v vunnnn. -18 & DU ATAGAGGAG
33

CTCGAACTGCTACTGGG e « v v v v eeennnnnnnns -29 P22 CGGTCCATTGCATAGAGGAG
13

CTCGRACTGCT + « ¢ e e eeeeeeeeeeeeaeeeeeeaannnns 235 €8 =33ttt ee et ATAGAGGAG
37

ol o T -41 5 S CATTGCATAGAGGAG
22.

CTCGAAC. « v v vvvvveeeennnennnnnnnnnnnnnnnnnns -39 5 S CATAGAGGAG
35

CTCGA. .+ v v vvveeeeeeennnnnnnnnnnnnnnnns -41 5 7 TAGAGGAG
18

CTCGRACTGCTACTG  « e e eeeeeeeeeeeeeeeeannnns -31 5 e e e -8
36

CTCGRACTGCTACTG . « e eeeeveeeeeeeeeeeannnns -31 8 e e -12..
5

CTCGAACTGCTACTGGGTTCACCTCAGCCT v v v v vvnnn. -16 B PP -40
27

R PP -59 S S AGGAG
32

P B -50 250 e e e e e e e e e -13
31

CATAGC-15. .. e v vvvvnrnnnnnnnnnnnnnnnnnnnnnns -56 m5 0 e e e e e e e -22
38

CAT-18. .t eeeeernnennnnnnnnnnnnnnnnnnnnnnns -59 7 -47
6

B I 2 PPt —154426 =19 ... GGTCGGTCCATTGCATAGAGGAG
26bp : CGGCACTTTACAACCTAAATGCCCATCAGT
3

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGG  « v v v v .. P 1c & o L7 B -131
24

oD e e, -91 7 B -61
26

[ .V 1 -77 B K P -76
23

120 it 2170 € =35 e AGAGGAG
11

CTCGRACTGCTACTGGG « « v v v v v v eeeeeeeeeeeennnns -29 185 e e e e e e e e e -148
10

.V 5 -153 150 e e e e e e -113
8

tm20T e et e, -248 2 P -27
21

TCGAACTGCTAC (TGGGTTCACCTCAGCCTCTGGAATAGCTAGA-2+304

GTAACCCTAATCTGATCACGGTCGGtCCATTGCATA ) GAGGAG




+304 bp:

repeats of 36bp from ALK directly downstream of DSB + repeats of 31lbp of NPM 2bp upstream of DSB:
(GTAACCCTAATCTGATCACGGTCGGTCCATTGCATA) (TGGGTTCACCTCAGCCTCTGGAATAGCTAGAGTAACCCTAATCTGATCACGGTCGGTC
CATTGCATA) (TGGGTTCACCTCAGCCTCTGGAATAGCTAGAGTAACCCTAATCTGATCACGGTCGGtCCATTGCATA) (TGGGTTCACCTCAGCCT
CTGGAATAGCTAGAGTAACCCTAATCTGATCACGGTCGGECCATTGCATA) (TGGGTTCACCTCAGCCTCTGGAATAGCTAGA)

HCT116 Lig3-/-

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC GTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG
35

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAAC L CATAGAGGAG
4iTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAG.3— b TAGAGGAG
2gTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAAEég ..... -7 EC I AGGAG
8CTCGAACTGCTACTGGGTTCACCTCAGQQ .............. -17 A - ATTGCATAGAGGAG
42..—4 ...................................... -45+24-1TAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG

24bp repeat from chr2 directly downstream of DSB
CCTAATCTGATCACGGTCGGTCCA

41

CTCGAACTGCTACTGGGTTCA  « v v v eennnnnns -25 % GGTCCATTGCATAGAGGAG
4

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAG. . . . . -7 e -7...
22

CTCGAACTGCTACTGGGTTC  « v v v v eeennnnnnns -26 P2 CATTGCATAGAGGAG
39

CTCGAACTGCTACTGGG . « v v v ennnnnnnnns -29 2 GTCCATTGCATAGAGGAG
21

CTCGAACTGCTACTGG . « v v v v nnnnnnnnns -30 1 S TCCATTGCATAGAGGAG
32

CTCGAACTGCTACTGGGTTCACCTCAGCCTCT « v v v v v vvnn. S Y -8...
30

CTCGA. .« evveeeeenenennnnnnnns R N S TCGGTCCATTGCATAGAGGAG
2

ol JolcT.V: Vo c A -37 S X S ATAGAGGAG
37

CTCGAACTGC. « v v v veeennnnnnnnnnns -36 S X S ATAGAGGAG
48

CTCGAACTGCTACTGG . « v v v v nnnnnnnnns -30 0 -3.a6
42

CTCGAACTGC . « v v vvvvnnnnnnnnnnnnnnnns -36 3 -24..
6

ol oTcT.V: Vo R 238 T 69 -32..
9

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGG . « v v v v .. -12 L -62..
45

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGG . « v v v v .. -12 L -62..
43

el e -122 GTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAG
24

CAT-18. .. ceuueeuennnnennnnnnnnennnnnnnnnnns -59 B -47
31

[ -60 1 -70
34

CAC-92. .. euvtueinnnnnnnnnnns -133 . -17
17

Coimde it -41 15 e -122
40

T -104 S -110
13

CTCGAACTGCTACT « « v v v vveennnnnnnnnnnns -32 220 -183
3

CAC-103...cuvuuuunnnnnnnnnnnnnnnnnnnnnnnns -144 Y -86
18

GTGGC-82. .. cvvvvuuunnnnnnnnnnnnnnnnnnnnnns -123 16 e -108
27



R T -114 =180..ccieieecetcacncsosoccscsososonans -143
38

L -182 2 -132
28

T - -228 =90.cceieeoetctctcscsoscsscsosososans -53
33

CTCGAA. o vt vt veveocococossossosossoacacacanans -40 =309 ccieceetctctcncsoscsscsosososans -272
36

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAA. ...... =10 +80-33. . ...ttt ATAGAGGAG

80bp mixed repeats (chr5 and chr2) and insertions
CTGGGTTCACCTCAGCCTCTGGAA-CACGGTCGGTCCATTGC~-TGGGTTCACCTCAGCCTCTGGAA-CCACGGTCGG-AACCAC

24bp GGACCGACCGCCTCTGGACCGTGA

1

CTCGAACTG. ¢ et et vvevesesososososoeoenenenens 3744441123 it i et -86..
45bp : 41bp inverted sequence 83bp downstream from DSB from ALK
GAATAGTGGGTAGATTCTGTGTGTAAAGCCCAGCCCCCCAACACA

44

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAACH134 -6 . c oo eeeeeeeeeeeeeeeeeeeececennnns -24..
134bp

31bp from NPM directly downstream of the DSB

GCTACTGGGTTCACCTCAGCCTCTGGAATAG

103bp partly from CASD10A-coding plasmid
CTAGCCTTTTGCTCACATGTCATATGTAGAGAGGTACCTCGAGCGGCCCAAGCTTAAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGAT
AACGGACTA

14

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAACH188-80. . ¢ vt vvveeeeeeeeeeeeeeeeeeeceoanns -43..
188 bp : patial repeat duplications of the overhang of NPM directly upstream of DSB
(CTGCTACTGGGTTCACCTCAGCCTCTGGA-CCTCAGCCTCTGGAATAGCTAGAAC)

(CTGCTACTGGGTTCACCTCAGC)

(CTGCTACTGGGTTCACCTCAGCCTCTGGA ATAGCTAGAAC)
(CTGCTACTGGGTTCACCTCAGCCTCTGGA-CCTCAGCCTCTGGAATAGCTAGAAC)

(CTGCTACTGGGTTCACCT)

25

CTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAAT. ...... =9+276-89. ittt -52..

+276 bp from CAS9 coding plasmid
TACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGLecca
TTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGG
CAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGgcCCGCCTGGCATTATGCCCA



Figure S7, related to Figure 7. Translocation junction sequences from ZFN"® and ZFNP3
expression after CtIP depletion.

A. Indel formation at the ZFNP® site is minimally affected by CtIP knockdown, as monitored by
the T7-endonuclease assay in either wild-type or XRCC4-deficient HCT116 cells.
Western blot of CtIP knock-down is shown on the left. The same blot was used to probe for both

CtIP and tubulin.

T7 assay p84

wt X4

siCONT SiCtIP -_ten = e

wt t0 t2 t0 t2 t0O t2 t0 t2 s e
cr| ————

a-Tubulin

SiCONT siCtlP siCONT siCtIP
T w—— e ——— — 8 11 7 5 % Indels

wt X4 wt X4

B. Translocation junction sequences from ZFNs in wild-type cells. The ZFN recognition
sequences at each DNA end are underlined; bps in italics represent the overhangs. The
chromosome 19 end is in black and the chromosome 22 end is in red. Microhomologies
(underlined), insertions (green) and lengths of deletions from each end are indicated.

Der22
HCT116 wt-SiCONT
DNA ends:
ATCGTTTTTGGCCTCCCTATCAGTCATT GTGGCCCCACTGTGGGGTGGAGGGGACAGAT

3,5,25,27,31,40

ATCGTTTTTGGCCTCCCTATCAGTCATT . . GGCCCCACTGTGGGGTGGAGGGGACAGAT
4,9,20,39

ATCGTTTTTGGCCTCCCTATCAGTCAT. . .GGCCCCACTGTGGGGTGGAGGGGACAGAT
35

ATCGTTTTTGGCCTCCCTATCAGTCAT. AC . .GGCCCCACTGTGGGGTGGAGGGGACAGAT
38

ATCGTTTTTGGCCTCCCTATCAGTCAT. . .-3.CCCACTGTGGGGTGGAGGGGACAGAT
24

ATCGTTTTTGGCCTCCCTATCAGTC-1. . .-4..CCACTGTGGGGTGGAGGGGACAGAT
23

ATCGTTTTTGGCCTCCCTATCAG.-3. . . -1GCCCCACTGTGGGGTGGAGGGGACAGAT
22

ATCGTTTTTGGCCTCCCTATCAGTCAT. . .=5...CACTGTGGGGTGGAGGGGACAGAT
13

ATCGTTTTTGGCCTCCCTATCAGTCAT. S 5 GGGGTGGAGGGGACAGAT
34

ATCGTTTTTG. « « v vvvvnnnn -16.. . . ~2CCCCACTGTGGGGTGGAGGGGACAGAT
33

ATCGTTTTTGGCCTCCCTATCAG.-3. . R S GGGTGGAGGGGACAGAT
42

CBettiieieieaaann -41 B
12

GTA:tteeeeeeenananannnn -45 e
29



HCT116 wt-SiCtIP

ATCGTTTTTGGCCTCCCTATCAGTCATT

GIGGCCCCACTGTGGGGTGGAGGGGACAGAT

65,71,85
ATCGTTTTTGGCCTCCCTATCAGTCATT
81,84,88
ATCGTTTTTGGCCTCCCTATCAGTCAT.
82
ATCGTTTTTGGCCTCCCTATCAGTCAT.
63,66
ATCGTTTTTGGCCTCCCTATCAGTCAT.
72
ATCGTTTTTGGCCTCCCTATCAGTC-1.
54
ATCGTTTTTGGCCTCCCTATCAGTCAT.
59
ATCGTTTTTGGCCTCCCTATCAGTC-1.
56
ATCGTTTTTGGCCTCCCTATCAGT-2..
78
ATCGTTTTTGGCCTCCCTATCA. .-4..
55
ATCGTTTTTGGCCTCCCTATCA. .-4..
52

ATCGTITTTTGGCCTCCCT...... -8..
51
ATCGTTTTTGGCCTCCCTATCAGTCAT.
80

95
ATCGTTTTTGGCCTCCCTATCAGTCAT.

C. Translocation junction sequences from ZFNs in X4

ATAC

CTC

. .GGCCCCACTGTGGGGTGGAGGGGACAGAT
. .GGCCCCACTGTGGGGTGGAGGGGACAGAT
GTGGCCCCACTGTGGGGTGGAGGGGACAGAT
. —1GCCCCACTGTGGGGTGGAGGGGACAGAT
. .—2CCCCACTGTGGGGTGGAGGGGACAGAT
. .—2CCCCACTGTGGGGTGGAGGGGACAGAT
. .—2CCCCACTGTGGGGTGGAGGGGACAGAT
. .GGCCCCACTGTGGGGTGGAGGGGACAGAT
. TGGCCCCACTGTGGGGTGGAGGGGACAGAT
. .—2CCCCACTGTGGGGTGGAGGGGACAGAT
. TGGCCCCACTGTGGGGTGGAGGGGACAGAT
ce=ll........ GGGGTGGAGGGGACAGAT

. TGGCCCCACTGTGGGGTGGAGGGGACAGAT

cells.

HCT116 X4-/-siCTRL

ATCGTTTTTGGCCTCCCTATCAGTCATT

GIGGCCCCACTGTGGGGTGGAGGGGACAGAT

15

ATCGTTTTTGGCC.......... -13..
33

....................... -31..
15

ATCGTTTTTGGCC.......... -13..
4

....................... -33..
6

ATCGTT. e ceeeececcccccsns -20..
17

ATt ttteieeeannns -24..
22

Bttt -25..
47

GAevteeaans -36..
39

A

CTAGAG

GTCAC

GAA

TC

..—4..CCACTGTGGGGTGGAGGGGACAGAT

..—4..CCACTGTGGGGTGGAGGGGACAGAT



AGTA. e eveeeeeeeeeeennnn -34.. e
19
....................... -38.. 2 e
46
....................... -36.. G e
12
BAC e teeeeeeeeeaeaaanann -26.. e
13
BGeveeeeeeeeeeeeeeanans -36.. N
42
....................... -44.. 5 e
11
CAG. e teeeeeeeeeeeeannnn -40.. G B
35
Geveeeeeaaeeeananns -53.. N
8
....................... -50.. e
7
¢l c -55.. cem8luiiiann
2
GAG. e eeeeeeeeeeeeeannnn -36.. cem49.
10
CAGA. .+ ttereeenennennnns -68.. Y
3
BAGCC. e tveeeeeneeeeennnn -68.. B
38
...................... -218.. . .-4..CCACTGTGGGGTGGAGGGGACAGAT
20
BA.ettteeeeeeaneeneaeann -86. . ce-164. ..
32
GGGGA. « v e vereeeennnnnns -52.. ce=253. i
27
...................... -362.. T ..-18..ceuuuunnn... . AGGGGACAGAT
40
...................... -315.. e
5
BAGA. «teeeeeeeaeenanns -162.. ce=319 i
16
...................... -264.. ATCTG N
26
i el -46.. ce=375 i
29
CCe et eaaeaanns -126.. ce=185. i
21
ATCGTTTTTGGCC.......... -13.. cem432 . it i i it c e e e i
18
BAG. e ceeeeeeeeaeeeannn -109.. ce=408. i
41
...................... -331.. B
45
CAR.tttteeeeeeeeneanann -27.. B
31
....................... -28.. +108 B

108 bp inverted insertion from 1321 bp upstream the DSB on chrl9
GCATCGCCCCCCTGCTGTGGCTGTTCCCAAGTTCTTAGGGTACCCCACGTGGGTTTATCAACCACTTGGTGAGGCTGGTACCCTGC
CCCCATTCCTGCACTGCCATGG

HCT116 X4-/-siCtIP

ATCGTTTTTGGCCTCCCTATCAGTCATT GIGGCCCCACTGTGGGGTGGAGGGGACAGAT




43

ATCGTTTTTGGCCTCCCTATCA. .-4. . R B CTGTGGGGTGGAGGGGACAGAT
46

ATCGTTTTTGGCCTCCC. . .. ... -9.. ..-6....ACTGTGGGGTGGAGGGGACAGAT
38

ATCGTTTTTGGCC. . ... ... -13.. ..-4..CCACTGTGGGGTGGAGGGGACAGAT
4

ATCGTTTTTGGCCTCCCTAT. . . .—6. . GA ..-13..........GGTGGAGGGGACAGAT
1,56,73

ATCGTTTTTGG . « e e e v eeveen -15.. S < T GGTGGAGGGGACAGAT
2

AT eeeeeeeeennnnannnnn -24.. A ..-5...CACTGTGGGGTGGAGGGGACAGAT
66

ATCGTTTTTGGCCTCCCTAT. . . .—6. . et 2 e CAGAT
85

ATC. e eeeeeeennnnannnnn -23.. R I CTGTGGGGTGGAGGGGACAGAT
93

ATCGTTTTTGG . « e e e v eereen -15.. B . . TGGAGGGGACAGAT
8

o7 -25.. ..-7.....CTGTGGGGTGGAGGGGACAGAT
29

e -26.. ..-6....ACTGTGGGGTGGAGGGGACAGAT
74

ATCGTTTTTGGCCTCCCTATCAGT-2. . B 1 e
20

ATCGTTTTTGG . « e e e v eeveen -15.. ce=22.iieeiiieeeeeenn.. .GACAGAT
82

ATCGTTTTTGGCCTCCCTATCAG.-3. . AA B 2
35

ATCGTTTTTGG : « e e e v evv e -15.. B
18

Beeeeee ettt -28.. ce=24.iiieiiiieeeeennnn. . CAGAT
59

o7 -25.. cem40.iiian.... e
16

....................... -34.. GTCAAGT cem3le et
65

....................... -43.. ce=24..iiiiiiieeeeennn. .. .CAGAT
92

F-\olciic: JA -20.. GA cemdT e e
26

o7 -58.. ..-10.......TGGGGTGGAGGGGACAGAT
30

AGTA. . eeveeernnnnannnnn -34.. 3
23

ATC. . eeeeeeeennnnannnnn -24.. CTAGTAT B
5

ATCGTTTTTGGCCTCCCT. . . . .. -8.. 3
55

....................... -40.. +10 B B
10bp : ACAAAACATT
70

....................... -50.. AC B X
21

CAG. e eeeeeneeennnnnnns -40.. el e
52

....................... -29.. G B B <
85

....................... -28.. +23 B
23bp: CATTAAGGATTGGTGACAGAAAA
7

X -40.. cemhd e et
78

Cettteeee s -60.. e et



....................... -28.. GAGCTGT B -1

13

Geeeeeie e -84.. N
33

Bttt -28.. B
62

ATCGTTTTT. e ccceeeoccns -17.. c.-141. .00l cesescscscscses
83

...................... -169.. . TGGCCCCACTGTGGGGTGGAGGGGACAGAT
31

...................... -175.. . - 1GCCCCACTGTGGGGTGGAGGGGACAGAT
40

...................... -183.. ..-5...CACTGTGGGGTGGAGGGGACAGAT
61

...................... -151.. e -
84

GCeeeeeaeaennn -42.. N
42

....................... -31.. B
19

GAG. e eeeeeeeeeeaeeannn -107.. e
44

...................... -265.. ..-5...CACTGTGGGGTGGAGGGGACAGAT
54

...................... -323.. ..-4..CCACTGTGGGGTGGAGGGGACAGAT
80

ATCGTTTTTGGC. . c e e e e e e v -14.. B 2
50

CAG. s teverenenanannnnnn -40.. N
6

CAR.tttenennannnn -27.. N
34

ACATC. e evveeeeneenennnn -24.. B
58

CAG.tteeeeeeeaaaaaannn -299.. T
51

ATCGTTTTTGGCC. o ¢ evvv... -13.. +30 e om0ttt

30bp duplication from 215 bp upstream of DSB on chr22
ACTGCGCCCAGCCACGTTTGGAGTTTTTGAACAGGGGGAATACTCTTTGCCATTGTTTGCTTTTGGAATCCAGGA
37

....................... -44.. +52 . .—2CCCCACTGTGGGGTGGAGGGGACAGAT
52 bp from chr7 Homo sapiens BAC clone RP11-310H4 from 7, complete sequence
TCCAGTGTTTCTTGTGGTTTGTGCTGAAACCTTTGGTTCCCCTCCAGGTCCTCCCCA
24
ATCGTTTTT .. cceeeeeeenns -17.. +46 B -
46bp inverted insertion from chrl9, 333bp downstream of DSB
CTGGACAACCCCAAAGTACCCCGTCTCCCTGGCTTTAGCCACCTCT




Supplemental Experimental Procedures

Nucleases

All nucleases target intronic sequences. ZFNFYS ZFNF' and ZFNP* have been
described (Brunet et al., 2009; Piganeau et al., 2013). ZFN™* and ZFN™"® were provided by
Sangamo BioSciences, Inc. with an obligate heterodimer architecture through modification of
the Fokl nuclease domain (right ZFN Fokl KK and left ZFN Fokl EL) (Miller et al., 2007) and

have the following recognition sites and helices. All ZFNs have FLAG epitope tags.

ZFN Binding Sequence (underlined) ZFN Finger 1 Finger 2 Finger 3 Finger 4 Finger 5

CCTAAGCCCTTTCCTTCATTTGCCAGGAGTAGAGAGGACA  FLI-A-R  DNPNLNR RSDDLSR  QRTHLTQ RSANLAR RSDNLRE
GGATTCGGGAAAGGAAGTAAACGGTCCTCATCTCTCCTGT FLI-A-L RSDNLST QSSDLRR RSDSLSV ~ QNQHRIN QSGNLAR

GCCCCCTGGCCCAGGTGTCCCCGATGAAAAGCAGGTTA FLI-B-R HRSSLRR RSDNLSE RNANRIT QSGNLAR TSGNLTR
CGGGGGACCGGGTCCACAGGGGCTACTTTTCGTCCAAT FLI-B-L RSDHLSR  RSDHLTQ ERGTLAR RSDHLTT DQSTLRN

TALEN assembly and TAL*¥ and TALN"™ have been described (Piganeau et al., 2013). The
sequences of TALP* and TAL“*M are shown below with the TAL DNA binding domains
underlined. TAL** and TAL®* have HA epitope tags; TAL"*Y, and TAL""™ have FLAG epitope
tags.

TAL® subunits were assembled as described (Huang et al., 2011). For each TALEN
subunit, the fragment containing the 16 RVD segment was obtained from single unit vectors: A
(NI), T (NG), G (NN) and C (HD), kindly provided by the laboratory of Bo Zhang (Beijing) and

subcloned in the pCS2 vector containing the wild-type Fokl domain.

TALP® recognition sequence (underlined):
TTTTCTGTCACCAATCCTGTCCCTAGTGGCCCCACTGTGGGGTGGAGGGGA

TALP3+L:
MAPKKKRKVYPYDVPDYAGYPYDVPDYAGSYPYDVPDYAAHGTVDLRTLGYSQOQQOEKIKPKVR
STVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQODMIAALPEATHEAIVGVGKQWSGARA
LEALLTVAGELRGPPLOQLDTGOQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPEQVVAIASHD
GGKOALETVORLLPVLCQAHGLTPAQVVAIASHDGGKQALETVQORLLPVLCOQAHGLTPAQVVAI
ASHDGGKQALETVORLLPVLCQAHGLTPAQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPAQ
VVAIASNGGGKOQALETVQRLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQORLLPVLCQAHGL
TPAQVVAIASHDGGKQALETVORLLPVLCQAHGLTPAQVVAIASNIGGKQALETVQORLLPVLCQ
AHGLTPDQVVAIASHDGGKQALETVQORLLPVLCOQAHGLTPAQVVAIASHDGGKQALETVQRLLP
VLCOQAHGLTPAQVVAIASHDGGKQALETVORLLPVLCOQAHGLTPAQVVAIASHDGGKQALETVQ
RLLPVLCOAHGLTPAQVVAIASNIGGKQALETVQORLLPVLCQAHGLTPDQVVAIASHDGGKQAL
ETVORLLPVLCQAHGLTPAQVVAIASNIGGKQALETVORLLPVLCQAHGLTPDQVVAIASNNGG
KOALETVQORLLPVLCQAHGLTPEQVVAIASNGGGRPALESIVAQLSRPDPALAALTNDHLVALA
CLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVA




TALP3R.
MAPKKKRKVYPYDVPDYAGYPYDVPDYAGSYPYDVPDYAAHGTVDLRTLGYSQOQQEKIKPKVR
STVAQHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQODMIAALPEATHEAIVGVGKQWSGARA
LEALLTVAGELRGPPLOLDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPEQVVAIASNG
GGKOALETVORLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQORLLPVLCOQAHGLTPEQVVAI
ASNGGGKQALETVORLLPVLCOAHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPAQ
VVAIASNGGGKOQALETVQORLLPVLCQAHGLTPEQVVAIASNNGGKQALETVORLLPVLCQAHGL
TPEQVVAIASNGGGKQALETVORLLPVLCQAHGLTPEQVVAIASHDGGKQALETVQORLLPVLCQ
AHGLTPAQVVAIASNIGGKQALETVQORLLPVLCOQAHGLTPDQVVAIASHDGGKQALETVQRLLP
VLCOQAHGLTPAQVVAIASHDGGKQALETVORLLPVLCOQAHGLTPAQVVAIASNIGGKQALETVQ
RLLPVLCOAHGLTPDQVVAIASNIGGKQALETVQORLLPVLCQAHGLTPDQVVAIASNGGGKQAL
ETVORLLPVLCQAHGLTPEQVVAIASHDGGKQALETVORLLPVLCQAHGLTPAQVVAIASHDGG
KOALETVQORLLPVLCQAHGLTPAQVVAIASNGGGRPALESIVAQLSRPDPALAALTNDHLVALA
CLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVA

TAL"™™ cleaves the lamin locus on Chr1. Subunits were directly synthetized by Geneart as
described (Miller et al., 2011) using the RVD: A (NI), T (NG), G (NK) and C (HD) and subcloned
in the pVax vector containing the wild-type Fokl domain.

TAL**M recognition sequence (underlined):
TTGCTCCCGTTCTCTCTTCTTTTCCTCTTAAGCTCAGAGTAGCTA

TALMAML
MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVPMVDLRTLGYSQQOQOQEKIKPKVRSTVA
OHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQODMIAALPEATHEAIVGVGKOWSGARALEAL
LTVAGELRGPPGTLDTGQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPDQVVAIASNGGGKQ
ALETVORLLPVLCODHGLTPEQVVAIASNKGGKOALETVQORLLPVLCQAHGLTPDQVVAIASHD
GGKOALETVORLLPVLCQAHGLTPAQVVAIASNGGGKQALETVQORLLPVLCODHGLTPDQVVAI
ASHDGGKQALETVORLLPVLCODHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPAQ
VVAIASHDGGKQALETVQRLLPVLCQDHGLTPDQVVAIASNKGGKQALETVQORLLPVLCQDHGL
TPEQVVAIASNGGGKQALETVORLLPVLCQAHGLTPDQVVAIASNGGGKQALETVQORLLPVLCQ
AHGLTPAQVVAIASHDGGKQALETVQORLLPVLCODHGLTPDQVVAIASNGGGKQALETVQRLLP
VLCODHGLTPEQVVAIASHDGGKQALETVORLLPVLCQDHGLTPEQVVAIASNGGGRPALESIV
AQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVA

TALAMR.
MDYKDHDGDYKDHDIDYKDDDDKMAPKKKRKVGIHGVPMVDLRTLGYSQQQQEKIKPKVRSTVA
OHHEALVGHGFTHAHIVALSQHPAALGTVAVKYQODMIAALPEATHEAIVGVGKOWSGARALEAL
LTVAGELRGPPGTLDTGOQLLKIAKRGGVTAVEAVHAWRNALTGAPLNLTPDQVVAIASNIGGKQ
ALETVORLLPVLCODHGLTPEQVVAIASNKGGKOALETVORLLPVLCOAHGLTPDQVVAIASHD
GGKOQALETVORLLPVLCOAHGLTPAQVVAIASNGGGKQALETVQORLLPVLCQDHGLTPDQVVAT
ASNIGGKQALETVQRLLPVLCODHGLTPEQVVAIASHDGGKQALETVQRLLPVLCQAHGLTPAQ
VVAIASNGGGKOALETVORLLPVLCODHGLTPDQVVAIASHDGGKQALETVORLLPVLCQODHGL
TPEQVVAIASNGGGKOQALETVORLLPVLCOAHGLTPDQVVAIASNKGGKOQALETVQRLLPVLCQ
AHGLTPAQVVAIASNIGGKQALETVQORLLPVLCODHGLTPDQVVAIASNKGGKQALETVQRLLP
VLCODHGLTPEQVVAIASHDGGKQALETVQRLLPVLCODHGLTPEQVVAIASNGGGRPALESIV
AQLSRPDPALAALTNDHLVALACLGGRPALDAVKKGLPHAPALIKRTNRRIPERTSHRVA




pCas9 GFP expressing wild-type Cas9 (Addgene plasmid 44719) and pCas9D10A GFP
expressing nCas9 (Addgene plasmid 44720) allow simultaneous expression of GFP (Ding et al.,
2013; Mali et al.,, 2013b). The gRNA expression vector was derived from Addgene plasmid
43860 MLM3636. Specific target sequences are underlined and PAM sequences are in bold:

NPM: CCTCGAACTGCTACTGGGTTCACCTCAGCCTCTGGAATAGCTAGAACTACAGG
gRNA(NPM1): 5-GTGAACCCAGTAGCAGTTCG-3’
gRNA(NPM2): 5-GCCTCTGGAATAGCTAGAACTAC-3’

ALK: CCTCAGGTAACCCTAATCTGATCACGGTCGGTCCATTGCATAGAGGAGG
gRNA(ALK1): 5-GATCAGATTAGGGTTACCTG-3’
gRNA(ALK2): 5-GTCGGTCCATTGCATAGAGG-3’

Cell lines

The human pre-B cell line NALMG6 and its LIG4-defective derivative N114P2 (Grawunder et
al., 1998) were maintained in RPMI 1640 medium supplemented with 10% heat inactivated fetal
bovine serum (FBS). Human Dermal Fibroblasts, adult, HDFa (Life Technologies) and 411BR
primary skin fibroblasts (O'Driscoll et al., 2001) were cultured in DMEM supplemented with 15%
FBS and 1% pyruvate sulfate. The human wild-type HCT116 cell line and its derivatives
generated by gene targeting were cultured in McCoy's 5A medium containing 10% FCS. LIG4
mutant (L4*", L4™) cells have been described (Oh et al., 2013). A manuscript detailing the
derivation of XRCC4 mutant (X4*", X4™) cells is in preparation (B.R. and E.A.H.). X4™ cells were
propagated in media containing G418 (1 mg/ml).

HCT116 LIG3" cells containing a conditional LIG3 allele and a deletion allele (Oh et al.,
2014), here termed L3*", were further engineered to express human LIG1 with a mitochondrial
leader sequence (MtLIG1) as follows: a cDNA encoding the mitochondrial localization signal of
human LIG3 (residues 1- 85) fused to human LIG1 (residues 233-918, which contains the
catalytic core but not the nuclear localization signal) was constructed by ligating two PCR
products. The resultant DNA fragment was linked with a cDNA encoding EYFP from Aequrea
Victoria (Addgene plasmid 11180:pCAG-YFP), such that YFP was fused to the LIG1 C
terminus, and then subcloned into the mammalian expression vector pCAGGS that confers
resistance to neomycin (Addgene plasmid 31264:pGCGFP-G418). The final expression vector
(PCAG-MLig1-YFP-neo) was confirmed by DNA sequencing and then transfected into L3*" cells
and YFP-positive cells were isolated by flow cytometry. To delete the remaining conditional

LIG3 allele, cells were infected with an adenovirus type 5 (dE1/E3) virus encoding the Cre



recombinase, (Ad-CMV-Cre #1045, Vector Biolabs). After 24 h, cells were washed and then
cultured in fresh medium containing 0.5 mg/ml G418. Single cells were isolated in 96-well plates
using an SY3200 cell sorter. G418-resistant YFP-positive clones, i.e., expressing MtLIG1, that
were also L3", were identified by Western blotting using antibodies to human LIG1 (Peng et al.,
2012), GFP (Santa Cruz #8334) and LIG3 (GeneTEX #103172). The L3" genotype was
confirmed using primers Lig3 Exon 5 F1: 5'-AAA GCA ACC CTC CTG TCT TCT CCT GCA
AGT-3"and Lig3 Exon 5 R1: 5'-TGG TAC CAG GGA TAG AGT CAC GGA CAA ACC AA-3'.

Nucleofection

Cells were transfected by Amaxa technology (Lonza) using a cell line nucleofector. We used
10° HCT116 cells Kit V program D-032, 2 x 10° NALM6 and N114 cells Kit L program C-005,
and 5 x 10° HDFa and 411BR cells Kit NHDF program P-022. For the Asel assay, HCT116 cells
were nucleofected with 5 ug each ZFN®S plasmid (i.e., ZFNF"S® and ZFNF"S1). For inducing
the 3.2-kb deletion at FLII intron 4, we used 5 pug each ZFN™'"* and each ZFN™"""® plasmid.

To induce t(19;22), cells were nucleofected with 3 to 5 ug each ZFN¥"® plasmid and 1 to 2.5
each ug ZFNP* plasmid, depending on the cell line. To induce t(1;19), cells were nucleofected
with 3 ug each TAL"*Mand 1 pg of TALP* plasmid. To induce t(2;5), cells were nucleofected
with 2.5 pg each TALN™ and 1 ug each TAL*X, 3.5 ug pCas9 GFP mixed with 3.5 pg each
gRNA plasmid (ALK1+NPM1), or 3.5 pg pnCas9D10A GFP mixed with 3.5 pg each gRNA
plasmid (ALK1+ALK2+NPM1+NPM2).

Immunoblotting and knockdowns

Whole-cell extracts were prepared with protein lysis buffer (50 mM Tris-HCI at pH 7.4, 1%
Triton X-100, 0.1% SDS, 150 mM NaCl, 1 mM EDTA, and 1 mM DTT prepared froma 1 M DTT
stock), with addition of cocktail protease inhibitor tablets (Complete, Roche). Typically 30 ug of
protein extract from cells were electrophoresed on an 8% (w/v) Tris-HCI SDS PAGE gel, blotted,
and then probed with antibody: anti-human LIG4 rabbit monoclonal antibody (Gene Tex),
XRCC4 goat antibody clone C-20 (Santa Cruz Biotechnology), CtIP mouse monoclonal antibody
14-1 (Yu and Baer, 2000), ALK (31F12) mouse antibody (Cell Signal); anti-human LIG3 mouse
monoclonal antibody (Becton Dickinson), FLAG mouse antibody (Sigma-Aldrich), HA rat
antibody (Covance), alpha-tubulin (Sigma-Aldrich), and beta-actin (Sigma-Aldrich).

For CtIP knockdown experiments, cells were plated at a density of 2 x 10° cells per well in 6-
well plates one day prior the transfection, and transfected using LipofectamineTM RNAiMax
(Invitrogen) with 40 nmol siRNA: siControl 5-UGUGACUUAUCGGUGUGAC-3’ or siCtIP 5'-



GCUAAAACAGGAACGAAUC-3', following the manufacturer’s protocol. Cells were incubated
with the siRNA for 24 h, and media was removed prior to ZFN nucleofection (t0), as described
above. The level of knock down was evaluated using Western blotting. Translocation frequency
was determined at 48 h (12).

Repair assays

T7 endonuclease | assays, based on the Surveyor assay (Guschin et al., 2010), have been
described (Piganeau et al., 2013). Genomic DNA was isolated 48 h after transfection.
Quantifications were made with Image J software. For the p84/AAVS1 locus, the uncut band is
353 bp; T7 cleavage gives ~233 bp and ~120 bp cut bands; for the ALK locus, the uncut band is
401 bp; T7 cleavage gives ~231 bp and ~170 bp cut bands. For intrachromosomal repair
involving a single DSB (Asel assay), genomic DNA was isolated from cells 48 h after ZFNF"S
nucleofection. A ~724 bp PCR amplicon including the ZFN®"® target site was generated using
primers surrounding the EWS site, and then digested in vitro with Asel (New England BioLabs).
Asel-resistant PCR products were gel purified with a gel purification kit (Cycle Pure Kit, EZNA)
and reamplified. Products were cloned with a TOPO TA cloning kit (Invitrogen) and sequenced
(GATC Biotech).

For intrachromosomal distal repair involving two DSBs, genomic DNA was isolated from
cells 48 h after ZFN™'"* and ZFNF"'"® transfection. A fragment corresponding to the 3.2-kb
deletion was PCR amplified using primers flanking the two DSBs, and products were cloned and
sequenced. Serial dilutions were performed with the same primer set.

Translocation frequency was calculated from a 96-well screen using small pools of cells and
nested PCR to amplify translocation junctions 48 h after transfection, as described (Brunet et
al., 2009; Piganeau et al., 2013). Frequencies were normalized to the number of viable cells 24
h after transfection. Cells were also counted 48 h after transfection; overall, mutant cells were
reduced in number ~15%. Primers are listed below. Statistical analyses used a t test for

frequency comparisons and Mann-Whitney for deletion and microhomology distributions.



Primers

Intrachromosomal Assays
gene
EWS Asel-F- GCCACGTTTGGAGTTTTTGA Asel-R- GGGCTGAGCTCCATAAATCA
FLI1 FL1-NF- TCCACCCAGTTTTCCAGAGC FL1-NR- TTTATTGAGGGCATTTTTGC
T7 Cleavage
p84 p84-F-GTGTGTCACCAGATAAGGAATC P84-R-TCTAGTCTGTGCTAGCTCTTCC
ALK ALK-F-AGATGGGCAGAGGCTTGAAAAG ALK-R-TGAGGATGTTCTGGAAGGCAAA
Translocations
PCR(1) Nested-PCR(2)
t(1;19)
Derl DER1-F-CACCACGTGAGTGGTAGCC DER1-NF- GCCTGGCCTTTCTTCTCTCT
DER1-R-GGGTTCCCTTTTCCTTCTCC DER1-NR- CCTGTGCCATCTCTCGTTTC
t(19;22)
Der19 DER19-F-CCTAGGACGCACCATTCTCA DER19-NF-CAAAGGGAGTTTTCCACACG
DER19-R-GGGGCTGAGCTCCATAAATC DER19-NR-GAAATCCCCGTGGATAGAATG
Der22 DER22-F-GCCTCCCGAGTAGCTGAGAT DER22-NF-TGCCACTATGCCCAGCTATT
DER22-R-GGGTTCCCTTTTCCTTCTCC DER22-NR-CCTGTGCCATCTCTCGTTTC
t(2;5)
Der5 DER5-F-CAGTTGCTTGGTTCCCAGTT DER5-NF-GGGGAGAGGAAATCTTGCTG

DER5-R-AGGAATTGGCCTGCCTTAGT

DER5-NR-GCAGCTTCAGTGCAATCACA
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