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            215
             |
222+4: ...GTAACTGAAC  tacg  TACGGGAT...
223+3: ...GTAACTGAACT  acg  ACGGGAT...
223+3: ...GTAACTGAACT  acgg  ACGGGAT...
225+1: ...GTAACTGAACTAC  g  GGGAT...
222+2: ...GTAACTGAAC  ta  TACGGGAT...
226+3: ...GTAACTGAACTACG  tac  GGAT...
225+5: ...GTAACTGAACTAC  ggacg  GGGAT...
225+3: ...GTAACTGAACTAC  gta  GGGAT...
226+4: ...GTAACTGAACTACG  gtac  GGAT...
224+4: ...GTAACTGAACTA  ccgg  CGGGAT...
224+2: ...GTAACTGAACTA  cg  CGGGAT...
222+1: ...GTAACTGAAC  t  TACGGGAT...
220+3: ...GTAACTGA  act  ACTACGGGAT...
219+5: ...GTAACTG  ttact  AACTACGGGAT...
225+1: ...GTAACTGAACTAC  a  GGGAT...
224+2: ...GTAACTGAACTA  gg  CGGGAT...
225+4: ...GTAACTGAACTAC  ggcg  GGGAT...
226+2: ...GTAACTGAACTACG  ac  GGAT...
222+5: ...GTAACTGAAC  ttacg  TACGGGAT...
225+5: ...GTAACTGAACTAC  tacta  GGGAT...
223+2: ...GTAACTGAACT  cg  ACGGGAT...
222+1: ...GTAACTGAAC  a  TACGGGAT...
222+1: ...GTAACTGAAC  g  TACGGGAT...
225+4: ...GTAACTGAACTAC  gacg  GGGAT...
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               210                           240
                |                             |
          ...CACCAGTAACTGAACTACGGGATCCTAGCAAGAAGAG...

222..228: ...CACCAGTAACTGAAC-------TCCTAGCAAGAAGAG...   
222..226: ...CACCAGTAACTGAAC-----GATCCTAGCAAGAAGAG...   
220..222: ...CACCAGTAACTGA---ACGGGATCCTAGCAAGAAGAG...   
223..227: ...CACCAGTAACTGAACT-----ATCCTAGCAAGAAGAG...   
218..226: ...CACCAGTAACT---------GATCCTAGCAAGAAGAG...   
222..227: ...CACCAGTAACTGAAC------ATCCTAGCAAGAAGAG...   
224..229: ...CACCAGTAACTGAACTA------CCTAGCAAGAAGAG...   
222..225: ...CACCAGTAACTGAAC----GGATCCTAGCAAGAAGAG...   
225..225: ...CACCAGTAACTGAACTAC-GGATCCTAGCAAGAAGAG...   
222..229: ...CACCAGTAACTGAAC--------CCTAGCAAGAAGAG...   
220..227: ...CACCAGTAACTGA--------ATCCTAGCAAGAAGAG...   
225..226: ...CACCAGTAACTGAACTAC--GATCCTAGCAAGAAGAG...   
225..229: ...CACCAGTAACTGAACTAC-----CCTAGCAAGAAGAG...   
218..225: ...CACCAGTAACT--------GGATCCTAGCAAGAAGAG...   
226..229: ...CACCAGTAACTGAACTACG----CCTAGCAAGAAGAG...   
223..228: ...CACCAGTAACTGAACT------TCCTAGCAAGAAGAG...   
221..229: ...CACCAGTAACTGAA---------CCTAGCAAGAAGAG...   
219..223: ...CACCAGTAACTG-----CGGGATCCTAGCAAGAAGAG...   
218..224: ...CACCAGTAACT-------GGGATCCTAGCAAGAAGAG...   
219..222: ...CACCAGTAACTG----ACGGGATCCTAGCAAGAAGAG...   
221..230: ...CACCAGTAACTGAA----------CTAGCAAGAAGAG...   
224..230: ...CACCAGTAACTGAACTA-------CTAGCAAGAAGAG...   
223..224: ...CACCAGTAACTGAACT--GGGATCCTAGCAAGAAGAG...   
223..225: ...CACCAGTAACTGAACT---GGATCCTAGCAAGAAGAG...   
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Supplementary Table 1 

        
mismatches  

    WT MEFs  FA-A MEFs  

ID 
Closest 
Gene 

Region 
Chromosom

al 
coordinates1 

Match 
Type 

Left Right 
Left Target 

(5'-->3`) 
Spacer 

(bp) 
Right Target  (3'-

->5`) 

indel 
frequency 
nuclease 
treated 

indel 
frequency 
untreated 

p-
value2 

indel 
frequency 
nuclease 
treated 

indel 
frequency 
untreated 

p-
value2 

1 
Mbs85
/Ppp1r

12c 
Intron 

chr7:449992
4-4499974 

R13L 0 0 
TCTGTTCC

CACCAGTA

ACT 

13 
GATCGTTCTTC

TCTCCTGT 
37.12% 0.10% <0.0001 30.15% 0.04% <0.0001 

2 
Vstm2

b 
Intron 

chr7:409121
53-

40912210 
R20L 3 6 

TCTGTaCC

CcCCAGaA

ACT 

20 
GgTCtcTCTcC

TCTCCctT 
0.08% 0.07% 0.3607 0.14% 0.12% 0.0524 

3 Gcnt4 Intergenic 
chr13:96885

014-
96885067 

L16R 4 4 
TGaCCTCc

CTcCTTGC

TAa 

16 
aaAATGACgAC

aCTTGTCT 
0.07% 0.11% 0.9925 0.06% 0.08% 0.8157 

4 Opcml Intron 
chr9:280023

85-
28002449 

L27L 3 5 
TGTCCTCT

CTTCcTca

TAG 

27 
GATCGgTgTTC

TaaCCgGT 
0.08% 0.07% 0.261 0.07% 0.08% 0.6144 

5 Ush2a Intron 
chr1:188788

167-
188788219 

L15R 4 4 
TcTCCTCT

CTTCTTcC

cAt 

15 
aaAATGACgAC

aCTTGTCT 
0.11% 0.19% 1 0.12% 0.16% 0.9931 

6 
Hs3st3

b1 
Intergenic 

chr11:63609
864-

63609925 
L24R 6 3 

TGTCtTCT

CTgaTTGg

Tta 

24 
TCAATGACCcC

tCTTaTCT 
0.07% 0.07% 0.3805 0.08% 0.07% 0.0729 

7 
Gm158

00 
Intron 

chr5:121256
750-

121256814 
R27L 6 3 

gCTtTTCC

CcCCAGcA

gCc 

27 
GATCGgTCgTC

aCTCCTGT 
0.05% 0.06% 0.7362 0.06% 0.07% 0.8889 

8 Pga5 Promoter 
chr19:10678

302-
10678365 

R26R 5 4 
TCaGaTCC

CACCAGct

cCT 

26 
cCAAcGACCgt

CCTTGTCT 
0.06% 0.05% 0.0711 0.06% 0.05% 0.3296 

9 
493340
2J15Ri

k 
Intergenic 

chr14:74102
062-

74102121 
L22R 6 4 

TtTaCTCT

CTcCTTaC

Tca 

22 
aCAAaGACCAa

CCTcGTCT 
0.09% 0.09% 0.7021 0.09% 0.08% 0.154 

10 Odz4 Intergenic 
chr7:956886

09-
95688671 

L25R 6 3 
TGTCCcCT

CTTCTTtt

aca 

25 
TCAATccCCAC

CtTTGTCT 
0.06% 0.06% 0.532 0.06% 0.06% 0.3905 

11 Acbd6 Intron 
chr1:155609

313-
L27L 4 6 

TaaCCaCT

CTTCTTGC

TAa 

27 
GgTgGTTtcTC

aCTCCaGT 
0.09% 0.09% 0.251 0.09% 0.08% 0.1802 



155609377 

12 Nkx6-1 Intergenic 
chr5:101585

362-
101585421 

R22L 4 5 
TCTGTTCa

CAgCAGTA

Aaa 

22 
GATCGTTaaTC

TtTaCTaT 
0.12% 0.15% 0.9362 0.14% 0.16% 0.9359 

13 
Adam3

2 
Intron 

chr8:248789
09-

24878961 
R15L 6 4 

TCTaTctC

CACtAtTA

cCT 

15 
GATCaTTCaTC

atTCCTGT 
0.36% 0.09% <0.0001 0.33% 0.11% <0.0001 

14 Cdh11 Intergenic 
chr8:102833

188-
102833235 

R10R 6 3 
TCTGTaaC

CtagAaTA

ACT 

10 
TCgtTGACtAC

CCTTGTCT 
0.06% 0.07% 0.9009 0.08% 0.06% 0.0195 

15 
Gm507

2 
Intergenic 

chrX:914034
14-

91403472 
L21R 5 4 

TGTaCTCT

tTgCTTGg

TgG 

21 
TCAATGACCAa

CCaaGTaT 
18.37% 19.34% 1 17.00% 18.10% 1 

16 Cry1 Intergenic 
chr10:85202

507-
85202573 

R29L 4 5 
TCTGTaCa

CACCAcTc

ACT 

29 
GtTCGaTtTTC

TCTCCcGa 
0.14% 0.14% 0.5045 0.13% 0.13% 0.4995 

17 Il20ra Intron 
chr10:19752

347-
19752396 

L12L 4 5 
TtTCCTCT

tTTCTTtC

aAG 

12 
GATCcTTtTcC

TCTCCTca 
0.11% 0.08% 0.0559 0.07% 0.12% 0.998 

18 Sec11c Intergenic 
chr18:65798

262-
65798317 

R18R 5 4 
TCTGTcCa

CAaCAGTA

taT 

18 
aaAATGACgAC

aCTTGTCT 
0.06% 0.07% 0.7833 0.08% 0.07% 0.4279 

19 
Tmem
132b 

Intergenic 
chr5:126222

277-
126222336 

L22R 6 4 
TaTCCaCT

CaTCTTtC

aAt 

22 
TCAATGAtgAC

aCTTaTCT 
PCR failure 

20 
Atp6v1

h 
Intergenic 

chr1:529849
7-5298562 

L28R 4 4 
TGTagTtT

CTTCTTGC

TgG 

28 
TCAActACCAC

CCTTGgtT 
PCR failure 

21 Rab2a Intergenic 
chr4:850530
0-8505349 

R12R 6 4 
TtTtTTCC

CAaaAaTA

ACa 

12 
aCcATGACCAC

CCgTGTaT 
0.24% 0.18% 0.0034 0.19% 0.17% 0.1491 

22 Luc7l Exon 
chr17:26254

092-
26254159 

R30L 3 6 
TtTtTTCC

CACaAGTA

ACT 

30 
agTCaTTtTTC

TgTgCTGT 
0.10% 0.23% 1 0.12% 0.12% 0.5934 

23 Akr1b7 Intron 
chr6:344206

42-
34420698 

L19L 4 6 
TGTCtTCc

CTTCTTcC

aAG 

19 
GATCtTTCgaC

cCTaCTGa 
0.05% 0.05% 0.4947 0.04% 0.05% 0.5552 

24 Pvt1 Intergenic 
chr15:62406

674-
62406723 

L12R 6 4 
TGTCCTta

CTTCagGa

TgG 

12 
aaAATGACaAC

aCTTGTCT 
0.12% 0.11% 0.3355 0.10% 0.11% 0.7653 

1
 Chromosomal coordinates are based on the mm10 genome, 

2 In bold the sites with a statistically significant differences as compared to controls 

(p<0.05). 
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ID Closest 
Gene 

TALEN 
Score 

Forward 
Primer 

Reverse 
Primer 

Amplicon 
length 

Predicted 
cleavage 
site 

Amplicon Sequence 

1 Mbs85/ 
Ppp1r12c 

100 GGACGGATG
GATTCTGGG
TG 

GGGTTCT
TCTGGAT
TCAGGAT
GC 

405 225 TCACCTTGCTTCCACTTTCCAAGCCCCTGGTTTCCTGAG
CTCTAAGTACCCACTCTACCACCCAAGCTACATCGCAGC
CCAGGACGGATGGATTCTGGGTGTTTTTTCTCTACCTGC
AAGTGTGAAAATTGAACCTGTCAAATACCCTCGCTCTGT
TTCCCATCTCCACAGGCAGCAGGCGTCCCTTCCAGGATC
CCCTCTGTTCCCACCAGTAACTGAACTACGGGATCCTAG
CAAGAAGAGAGGACAACCCAGGAGATGGAAGTTGCCA
TGAAAGAAGCTGCCCACCAGAAGACTGACATTGGACCA
ACACTGAGACCAGGAGGGAGAACTGGGATGTAGGCTC
TTGTGTGACTTATCTTGTTCTCGGTCATCCTAACTGAAT
AAAAGCATCCTGAATCCAGA 

2 Vstm2b 56.69 GGCCAGAGG
GAAGTTCAA
CTAC 

GGATGG
CGTGAA
GATGAG
GAC 

369 234 GGCCAGAGGGAAGTTCAACTACTTTTCTACACAAGAAT
TCTCCTTTCAAATACACCAGTAATGCCTGTTGTGTTTGA
AGTTACCACTAGACTTTCTTTGGAAATTCAAAGATGATT
TGGACAGGATACCTGACCAAGCACTGAGAAGTTTAAGA
TAACCACAAAAGTATAAAGGAGAGGGAGAACACTCGA
GTTAGAGGACAGTCTGTACCCCCCAGAAACTCATTGTA
GAGACACTAGAGCCCAGAGAGAGGAGAGGGAAAGGA
CAAGGGAAGGAGAGCATCAGACCCTCAGAGAGAGGA
GAGGGAAAGGACAAGGGGAAGGAGAGCATCAGACCC
TGATCCTGCTAGTCCTCATCTTCACGCCATCC 

3 Gcnt4 55.89 GTCTCTTGGA
CTACCCTGAC
TAAC 

CTGAATA
GATACTG
CCATGCT
CCC 

292 156 GTCTCTTGGACTACCCTGACTAACAACTCAAAAAGAGG
TTTCATTCAAGGTGTGTGTGTGTGTGTGTGTGTGTGTGT
GTGTGTGTGTGTGTGTGTGTTACTCATTCCCACTCCTTTT
CTTTCTGTATTGACCTCCCTCCTTGCTAAGCTGTCTTAGT
TAGGGTTTTACTGCTGTGAACAGACACCATGACCAAGG
CAAGTCTTATAAAAACAACATTTAATTGGGGCTGGCTTA
CAGGTTCAGAGGTTAAGTCCATTATCATCAAGGTGGGA
GCATGGCAGTATCTATTCAG 

4 Opcml 55.47 GTTTTTGTTC
CCTGACACCC
TGAG 

GACTCTG
CCAGGT
GCACTGT 

283 147 GTTTTTGTTCCCTGACACCCTGAGTTATTATCATAGTGG
TGGCAGATACTGTTACCTAGGTCTTAGCAAGGCAAAGG
CTGATAGGTGAGAAAGAGACTTACGTGGTTTCCTGGTG
TCCTCTCTTCCTCATAGGAAAGTGGATCTCTTTCTTTGTG
TTAGCTAGCCACAAGATTGGCCATAGCCTCAACCTAAA
GCCAGCCTCGTCTGCTCTCATCACATCCAGAGAATATGG
CCAGACACAGAGCCCCACAAAACCCTTTTGGACAGTGC
ACCTGGCAGAGTC 

5 Ush2a 55.04 CAGGGGACA
ACTTTTGAGT
GTCCA 

CTCAGCT
CCTCCTG
CACCAT 

295 150 CAGGGGACAACTTTTGAGTGTCCATTCTTAGTTCTCTG
CAGATTGATGCAGGGTCTCTCCCTTTTCTGTCACCCCAT
AGCATACTCCAGGATAGGTGGCCCATCAGCTTCTGGCC
AAGTCTCTCTCCTCTCTTCTTCCCATCTGTCTTAGGTAGG
GTTTTACTGCTGTGAACAGACACCATGACCAAGGCAAG
TCATTTAATTGGGGCTGGCTTACAGGTTCAGAGATTCA
GTCCATTATCTTCAAGGTGGGAGCATGGCAGTATCCAG
GCAGGCATGGTGCAGGAGGAGCTGAG 

6 Hs3st3b1 54.7 GGAGCATTTT
TGGTGCTGC
TGTG 

CCCATCA
CATCTTA
GAGAGA
CCC 

278 143 GGAGCATTTTTGGTGCTGCTGTGTATTCAAAGGCTAAG
TACCAGCCCCCCATAATCTGTGTGCCCCTTGAACAGATC
CTCAGGTACACCGAGTGAGGGGTAAACGGTCCTTGTCT
TCTCTGATTGGTTAAATACACAGATGTGGCTGACAGCC
AGTTACTGGGGAGAATAGAGGTAGGTGAGGCTAGGTT
CCTGGGCTCAGCGTCCTAGGTAGGGACCACAAGGAGA
GAAGGAGGAGGAAGAAGAAAGAGGAAGGGGGTCTCT
CTAAGATGTGATGGG 

7 Gm15800 54.44 CCCTCTCCAG
CAGTTATGCC 

GGAACA
AAGCTGA
GATGGG
ACAAG 

274 136 CCCTCTCCAGCAGTTATGCCATTATTGCACCAGTGAGG
ACCATCCTGCCTGGCAGGTGAGTAGGGTGTGCTTAGGC
TTCACAGCTGGATGGGACTGTTGATGGCTTTTCCCCCCA
GCAGCCCACCTGGTACTGCCAGCACTGTGAAAGCTAGC
CAGCAGTGAGGACACTTCCAGTTTCTCCTGCATTTGGG
GGAGAGAGTGTGTGTGTGTCTCCCTATGTAAGCCAGGG
ACGTCAGGGAAGGAGACCATGCTTGTCCCATCTCAGCT
TTGTTCC 

8 Pga5 54.24 GGTAGCACC
AAGTCACCT
GATTTC 

GCAAGG
ACTAGCT
GCCTATC

381 144 GGTAGCACCAAGTCACCTGATTTCACAGAGTGGAGAG
ACTCTTGCTATCTTGGTGATAAAGACACTGTGGATAAA
GTGACAAAGGTAAGTGCCAGGTGCCTCTCTGCTGGTCA
GATCCCACCAGCTCCTCACTGGCCTGTCCTCATTAGAGA



TTC GTGGGTTGCTGGCAGGAACAGAAGGCCGAGTCTGACA
ACCTGAGTTTGATAGCCAGGGCCAAGTTTAACCTCCAT
ACACCTCTGTGGTAGAGGCACCCACCCACCCACATCAA
ACAAACAAACACATAAATACAACAGTAAATGTAAAATG
TATCCATGATAAGTGGAAGACTTTTAAAAAGTTTATTTT
TCTTTAAAAACCAAAAGAAGATAGGCAGCTAGTCCTTG
C 

9 4933402J1
5Rik 

54.16 CTCATGAGTT
TCTGGGAGA
GGTAG 

CCACTGT
GGATGA
TGCTTCC
TAAC 

395 224 CTCATGAGTTTCTGGGAGAGGTAGAAAAGTAGTCCCT
AAAAGTTAAGCTTTCAAAAGCAACAGTGAAAGCTATGT
TGCAAAGTAACCTAAAAAGGTGTCAGCTGTTGCTGTAG
CTACCTGTCTGTGATTAGTGCTTCTATAGCTAGAGTCTT
CTACTGACATCTCTGCTACCAACGCAGATGCTCAAAAA
GCTTTACTCTCTCCTTACTCAAACAGTGGAAATCCCATG
TAGGTGTTTCTGGTTGGAGCAGAAATAGCATGGAGACC
TAGAAAATCATAACAGTGTAAGAAGGATGTTCATTGCG
TTAGTCATATAAGCCAGGTGTTCACACATGTCTTTGTAA
AACTATCGAGATTGTCAAATGAGTTGTGTTAGGAAGCA
TCATCCACAGTGG 

10 Odz4 53.96 CAGAGTGCT
CCTCAACCTG
C 

CACACAA
AGCTCAG
CCTGAAG
AC 

308 137 CAGAGTGCTCCTCAACCTGCTCCACTGCCCTGCATTCAC
AGCTAGCCATCACCCCTCCACCCCCCAACACCAAGTGAA
TGAATCGAAACCTTGGGTAAGGGGAATGTCCCCTCTTC
TTTTACATTTGAACTCAGCATCAATTTCATCCAGTTAGG
GGTGGAAACAGAAAACCGAAAAGAAAAGAGAGAGAG
GGACTCACCAGGATGTTGAATGGGCAAAAGAAGAAAG
AATAGAAAGAAAGAAGGAAAGAAAAAGAAATCTCTCA
AAAGGCACTTTTATTTCATTGTCTTCAGGCTGAGCTTTG
TGTG 

11 Acbd6 53.45 CTGCCGTGC
AGTAGCTTTC
TAG 

CCATGTT
CCCCACC
GTAACTG 

341 140 CTGCCGTGCAGTAGCTTTCTAGAATATGTTCCTCCAGT
GTAACCAAACTTTGTTGCTTTAACCAACATCTTTGTTTCT
GACCTGTCCTCCCTCTTCTAGTCTGAGGTAACCACTCTT
CTTGCTAAATTGATGTGAAGTGTACCTTTAAGAATCCAC
CAAAGAGTGAGGTCATACAGTGTCCTTCTGTGTTAGAC
TTCTTTCCCGCGTCATAGTGTCTTACATACGGCTCTATTG
CTGTGAAGAGACACCATGACCAAGGCAACTTATAGAAG
AAAACATTTAAATGAGGTTTACAGTTTCAGATGATGAG
TCTACTATTACAGTTACGGTGGGGAACATGG 

12 Nkx6-1 53.39 CCGCTGCCAT
AACTCAGCCT 

GGGATG
GGAGGT
GAATATG
TCCAA 

353 140 CCGCTGCCATAACTCAGCCTTGATGATAATAATGAACT
GAACCTCTGAACCTGTAAGCCAGCCCCAATTAAATGTG
GCCCTTATAAAAGACTTGCCTTAATCATGGTGTCTGTTC
ACAGCAGTAAAACCCTAACTAAGACAGGTTGTTTCTAG
CAATTAGAAATGATATTATTTCTATGGTAGCCATCAGTA
ATGAGCAAACATCTTAATTATTGTTCTGCTGTGTCAACT
GATTCTGAAAACGATCATTTTGTCTTAGTATTCATTGTG
TGTGTAATATTGTTATTCTACATGTATATAGAATAACAT
AATACATATGATAATTTATTTTGGACATATTCACCTCCCA
TCCC 

13 Adam32 53.38 CCCTGGATTT
CTTCATAGCA
GGC 

GCCTTGT
GCTCTAC
ATACACA
TCC 

289 150 CCCTGGATTTCTTCATAGCAGGCAAATGGAGCATTCAC
TGAACCTATCAAAATTAGAAACATATTTAGATTAGATTA
TATATTTGTGCTTCTCCATGTCCTCATACACCATGCTTCC
TTACCTCTATCTCCACTATTACCTAACTCAAAAGGTTTTC
TAGTAAGTAGTAAGGACAGAGAAAGAACTTTCATGACT
ATGATGTAATGCTACTTTGCTACATTGTATTCATTTCTGT
AACATAAAATACAAGAGAAAGGAGAGTTATGGATGTG
TATGTAGAGCACAAGGC 

14 Cdh11 52.96 GGCAGGGCT
AAAGACAGA
GCA 

CTCTGTG
AAGCCTG
GTGAGTT
CAA 

320 152 GGCAGGGCTAAAGACAGAGCAAAATTTGAGAACTTGG
TCAACCAATGACTGACTCAGCTTGAGCTCCATGCCATGA
GATGGAGATCACCCCTGACACTGTTAATGACACCCCTG
CTATATTTGCAGTCTGTAACCTAGAATAACTGGGTTCAT
CCAGCAACTGATGGGAACAGATACAGAGAACTACAGC
CAACCATTAGGCAGAGCTTGGAGCATCCTTCAGAAGAA
GGGGAAGAAGGATTGTAGGGGCTAGAGGAGTCAAGG
ACAACACAAGTATACTTACAGAATTGACTAATTTGAACT
CACCAGGCTTCACAGAG 

15 Gm5072 52.87 GTGGAGCAG
AGAGCCTTC
ACA 

GGATGCT
CTCAGCC
AACCATT
GAA 

271 135 GTGGAGCAGAGAGCCTTCACAGGACCAAGGACCACTC
CTCCCATTGATGTCCAAGAAGGCCATCCTCTACTACATA
TGCGGCTAGAGACATGGGTCCCTCCATGTGTACTCTTT
GCTTGGTGGTTTAGTCCCTGGGAGCTCTGGAGTTACTG
GTTGGTTCATAATGTTGTTCCTCCTATAGGGCTGCAAAA
CCCTTCAGCTCCTTAGGTCCTTTCTCTAACTCCTCCATTG
GGGACCCTGTGATCAGTTCAATGGTTGGCTGAGAGCAT
CC 

16 Cry1 52.82 CCCCCCCTTT
TTAGAATGTA
CTGC 

TCCCAGT
CTTCCTT
CTTGAAC

301 165 CCCCCCCTTTTTAGAATGTACTGCTAGATTTATCAACAG
AATAAGAAGATCAATCTCTTGAGGCTTACAAGAGAGAC
TGCAGTTTACATTTCCCCACTGCAATGCATCGAACGGAA
GTTTAAAGGTGATCTCTGTACACACCACTCACTTCCCAG



CC CCCCTTTTCCTTCTCACAGACAGCAAGCTAAAAGAGAG
GGCTGTAAGTTCTTTCCTCCCTAAGAGTGTTCATTTTCA
GCAGAATTGGCAAAGAGGGGGGAACCCTGCTTGCAAT
GCAATCTGAGGGTTCAAGAAGGAAGACTGGGA 

17 Il20ra 52.81 AACCCACAG
TCCCAGCTCC
A 

CCTTCCC
TGCTTGC
TTGGTAT
TTG 

285 136 AACCCACAGTCCCAGCTCCACCCCCACCCGTCTCAACT
GCACCCCTGCCACAACCCCACTCCCACCCCAGCCCCAGC
CTCACCCCTATCCCCACCCCTTCCCACTCTACTTTCCTCTT
TTCTTTCAAGTTGAAACAGTCCCTAGGAAAAGGAGAGG
AGTGTTGGAAACACATTTGAACAAGGAAAAGCTTTCCT
TCTGAGTTACTTTATCATGCCGTCTCTTTGAAAAGAAAG
CATTCTCTACCATAATGCAAATAAAACTCAAATACCAAG
CAAGCAGGGAAGG 

18 Sec11c 52.77 AGGCACACC
GTGAGCCTA
CA 

CTACCTG
GATACTG
CCATGCT
C 

272 137 AGGCACACCGTGAGCCTACAGGTGGTGGGGCTGGCA
GAAGCATCAGGGACAGGAAGGCAAATCCATAAGCAGA
TCATATGACGATATCTGGGAGCATAAATCTTTGCTCTGT
CCACAACAGTATATCCAGTGTCTTAGTTAGGGTTTTACT
GCTGTGAACAGATATCATGACCAAGGCAAGTCTTATAA
AAAACATTTAATTGGGGCTGGCTTACAGGTTCAGAGGT
TCAGTCCATTATCATCAAGGTGGGAGCATGGCAGTATC
CAGGTAG 

19 Tmem132b 52.72 PCR failure 19    

20 Atp6v1h 52.56 PCR failure 20    

21 Rab2a 52.53 CTGACAGTG
CTGTCCTGTG
TATAC 

CTGCTGG
CTATCTT
TGACAGT
GC 

363 222 CTGACAGTGCTGTCCTGTGTATACAAGCATAAATATTT
AAAAGGCAATTTGGTGGCGTATTATGTCCAAATAACAG
CAGAAGAATCCCAATTAAGGTCTATAACATTCAACCAC
AGGCTTTTCACTGGGTTTCTAGTACCAGATGTGAATTCA
TGCCTGTGGAGTGGGCCTCAAATTCAATACAAAAGCAG
TTGTTTTTTTCCCAAAAATAACAGTCATGCAACTATGGT
ACTGGTGGGCACATATTGCCTGGAAGGTGGGTAGTCTG
GCATGCAGAAGCCACAGCTGAGTCAGACTGTTGATGAC
AATTCTCCCCCAGAAGCCTACACAGACCCTTCTAGCACT
GTCAAAGATAGCCAGCAG 

22 Luc7l 52.44 TGCCTACATC
AATCTGCAA
GGGAG 

GCAGTAA
GGAAGT
CGGGGA
ATG 

311 136 TGCCTACATCAATCTGCAAGGGAGTTGCAGAAAAGCCT
CATGTTCATCGAGCCGTGAGTCACAACCAATTTCTAAGC
TGTTATAACAAAAAAGTGTTTGCTTTTTTCCCACAAGTA
ACTTTAAAAGTGTAGTTTAGAAAGAAAACATTTTCAGTA
AAAAGACACGACATTAATCCTGGATGCTTGCCAATCCT
GAAGTATATTCTCCCTGACTATTACACAGCACTGTGTCC
TGTACACAGATAGCCTTAGAATTTGTCACATACCACTTT
GCCTTTACTTTTATGTATCATTCCCCGACTTCCTTACTGC 

23 Akr1b7 52.43 CTGGGCTGT
ACATCTGACA
TTCC 

GCTAGCA
CAGCATT
CCACCTA
TGA 

281 135 CTGGGCTGTACATCTGACATTCCTCAGTGGAACAGGTG
ATAGGAGGGAAGGAGGACTCTTCTTCCCTGCCCTTCAG
CTTCTCATCCCACTCTTTCACTGACAGTGTGTCTTCCCTT
CTTCCAAGCACTCTGTCAACTTGTAGGCTAGAAAGCTG
GGATGACTGAGCTCACAGGTGGTACCGGCCAAACCTGT
CAGGACTGATCACAACTGTAGCTTATATCACTGAGATG
ACCACTGCCTACCATTGAGCACTTAGATCATAGGTGGA
ATGCTGTGCTAGC 

24 Pvt1 52.4 GAAGCCAAA
GGAAGGGCA
GG 

CTTCCTG
GATGCTG
CCTTGTT
C 

310 175 GAAGCCAAAGGAAGGGCAGGAATATTTTTGTACCCTT
GAATGCAATTAAATTCTAAAGCAGGTGTGAGGCTGAAC
TCTAGAACACAGCTTCCAACCCAGAGAAGGATACCTTG
GACCTTCCTCTTTTTCCTCAGTCTGTAGAAGATACTGTCC
TTACTTCAGGATGGTCTTAGTTAGGGTTTTACTGTTGTG
AACAGATACCATGACCAATGTAAGTCTTATAAAGTACA
ACATTTAATTGGGGCTGACTTACAGTTTCCAAGATTCAG
TCCATTATTGTCAAGGCAGGAACAAGGCAGCATCCAGG
AAG 

 

 

 

 

 



Supplementary Table 3 

  WT MEFs FA-A MEFs 

  Untreated Nuclease treated Untreated Nuclease treated 

ID Closest 
Gene 

Total 
numbe

r of 
aligned 
reads 

Rea
ds 

with 
inde

ls 

Indel 
Freque

ncy 

Total 
numb
er of 

aligne
d 

reads 

Rea
ds 

with 
inde

ls 

Indel 
Freque

ncy 

Total 
numbe

r of 
aligned 
reads 

Rea
ds 

with 
inde

ls 

Indel 
Freque

ncy 

Total 
numb
er of 

aligne
d 

reads 

Rea
ds 

with 
inde

ls 

Indel 
Freque

ncy 

1 Mbs85/Pp
p1r12c 

10393
8 

109 0.10% 12880
6 

478
10 

37.12% 10731
7 

43 0.04% 97966 295
34 

30.15% 

2 Vstm2b 12032
9 

87 0.07% 11001
5 

84 0.08% 81881 96 0.12% 10570
7 

153 0.14% 

3 Gcnt4 69690 74 0.11% 65566 44 0.07% 45999 37 0.08% 40663 26 0.06% 

4 Opcml 91141 64 0.07% 55282 44 0.08% 11758
3 

90 0.08% 95791 70 0.07% 

5 Ush2a 10084
0 

189 0.19% 78141 84 0.11% 90515 142 0.16% 11399
8 

133 0.12% 

6 Hs3st3b1 19700
5 

134 0.07% 29137
8 

205 0.07% 17608
9 

120 0.07% 42503
3 

338 0.08% 

7 Gm15800 95634 54 0.06% 10798
7 

54 0.05% 10271
3 

69 0.07% 15067
7 

83 0.06% 

8 Pga5 11542
3 

57 0.05% 91053 59 0.06% 38234 21 0.05% 43245 27 0.06% 

9 4933402J1
5Rik 

74900 70 0.09% 72764 62 0.09% 84815 67 0.08% 75574 71 0.09% 

10 Odz4 19581
8 

120 0.06% 20114
7 

122 0.06% 20003
0 

124 0.06% 18523
7 

119 0.06% 

11 Acbd6 92628 79 0.09% 83253 79 0.09% 86611 70 0.08% 76424 72 0.09% 

12 Nkx6-1 95298 141 0.15% 87883 107 0.12% 10231
8 

166 0.16% 88023 119 0.14% 

13 Adam32 10430
6 

93 0.09% 10874
1 

396 0.36% 97994 108 0.11% 12305
4 

403 0.33% 

14 Cdh11 93757 69 0.07% 94248 55 0.06% 90752 51 0.06% 85379 70 0.08% 

15 Gm5072 15693
5 

303
49 

19.34% 14567
3 

267
58 

18.37% 14099
8 

255
20 

18.10% 14253
5 

242
33 

17.00% 

16 Cry1 66067 94 0.14% 71101 101 0.14% 67634 89 0.13% 72181 95 0.13% 

17 Il20ra 71316 57 0.08% 77064 81 0.11% 76799 93 0.12% 63527 46 0.07% 

18 Sec11c 73213 48 0.07% 84174 47 0.06% 75950 56 0.07% 61495 47 0.08% 

19 Tmem132
b 

PCR 
failure 

           

20 Atp6v1h PCR 
failure 

           

21 Rab2a 63093 112 0.18% 81971 200 0.24% 69384 118 0.17% 64857 126 0.19% 

22 Luc7l 17891
3 

413 0.23% 19690
6 

199 0.10% 23592
6 

283 0.12% 18818
5 

221 0.12% 

23 Akr1b7 11155
6 

56 0.05% 95369 48 0.05% 12196
9 

55 0.05% 10487
6 

46 0.04% 

24 Pvt1 11286
0 

124 0.11% 11305
6 

131 0.12% 11617
2 

125 0.11% 11136
5 

109 0.10% 



Supplementary Table 4 

 

Purpose Name Sequence (from 5' to 3') 
Tm 
(ºC) 

Product size 
(pb)  

Fluorochrome 

qPCR Sry 

Sry-F TGTTCAGCCCTACAGCCACA  53.9 
140 

------------------ 

Sry-R CCTCTCACCACGGGACCAC  54.8 ------------------ 

Sry Probe ACAATTGTCTAGAGAGAGCATGGAGGGCCA  64.7 ------------------ 6-FAM 

qPCR β-
Actin 

β-Actin-F ACGGCCAGGTCATCACTATTG  53.9 
131 

------------------ 

β-Actin-R ACTATGGCCTCAGGAGTTTTGTCA  55.9 ------------------ 

β-Actin Probe AACGAGCGGTTCCGATGCCCT 63.5 ------------------ Joe 

PCR T7E1 
or Cel1 
assay  

mAAVS1 CelIF TCTGGATTCAGGATGCTTTT 54 
405 

------------------ 

mAAVS1 CelIR TCACCTTGCTTCCACTTTCC 58 ------------------ 

5' PCR 
Integration 

junction 

mAAVS1-5’F1 TTGTGGCCTCAGGACAGTGTAC 64 
1167 

------------------ 

mAAVS1-5’R1 AACGGACGTGAAGAATGTGCG 61 ------------------ 

mAAVS1-5’F2 GGTTTCGTTCTCCTGCACTC 60 
1439 

------------------ 

mAAVS1-5’R2 GTCCGTCTGCGAGGGTACTA 63 ------------------ 

mAAVS1-5’F3 TTCCCGTGACTTGTGCTGTA 64.4 
1029 

------------------ 

mAAVS1-5'R3 CCACGGGGTTGGGATTATTAT 65.2 ------------------ 

3' PCR 
Integration 

junction 

mAAVS1-3’F1 ACAGATGGAAGGCCTCCTGG 63 
1395 

------------------ 

mAAVS1-3’R1 TCTTGGAACTTTCACTGCTAAAGC 62 ------------------ 

mAAVS1-3’F2 GCAACCTCCCCTTCTACGAG 63 
1337 

------------------ 

mAAVS1-3’R2 GATGCCCCAAGGAGGGTTTA  60 ------------------ 

mAAVS1-EGFP-3'F GTGGTTTGTCCAAACTCATCAA 63.7 
1035 

------------------ 

mAAVS1-EGFP-3'R TCCTTGTTTTCCTGGGACT 61.1 ------------------ 

PCR for 
sequencing 

3' 
integration 

junction 

mAAVS1-3’F2 GCAACCTCCCCTTCTACGAG 63 ------------------ ------------------ 

mAAVS1-3’R2 GATGCCCCAAGGAGGGTTTA  60 ------------------ ------------------ 

SequencingAAVS1-
1_3'_F 

TGGAGATGGGAAACAGAG 58.7 ------------------ ------------------ 

SequencingAAVS1-
2_3'_F 

TGTCCCTAGAAGCTCTGGTG 62 ------------------ ------------------ 

SequencingAAVS1-
3_3'_F 

CTGACTGCATCCCTCTCCTC 64 ------------------ ------------------ 

SequencingAAVS1-
4_3'_F 

GCTTGGAAAGTGGAAGCAAG 63.8 ------------------ ------------------ 

SequencingAAVS1-
1_3'_R 

TTGCATCTCCTTTCCCAATC 63.9 ------------------ ------------------ 



 
 

Supplementary Figure 1: Efficient TALEN-mediated editing of Mbs85 locus. A) Schematic representation 

of the Mbs85 genomic locus (Chromosome 7: 4,481,520-4,501,680) and the TALEN-targeted sequences 

(intron 1). The TALEN backbone contains an N-terminal NLS, the ‘0 repeat’ , the 17.5 ‘half-repeat’. This is 

followed bythe C-terminal domain fused to the catalytic FokI cleavage domain, as shown in panel B) The 

amino acids sequence of the DNA binding modules of the engineered TALENs (represented with different 

colors according to the cipher NG = T, HD = C, NI = A and NN = G or A), as well as the expected target 

sequences are indicated. B) Evaluation of TALEN expression in HEK-293T cells by WB analysis using an 

antibody directed against the HA-tag present in each TALEN monomer. C) Evaluation of the cleavage 

efficacy of the Mbs85-specific TALEN pair using the mismatch sensitive Surveyor assay in WT and FA-A 

MEFs. Representative electrophoresis gel showing the frequency of indels (calculated as the mean 

percentage of modified alleles) at the target locus using 2.5 µg of each TALEN monomer. Arrows indicate 

the size of the parental band (405 bp) and the expected positions of the digestion products (224 bp and 

181 bp), that are also indicated with asterisks. φ: transfected cells without DNA (mock condition); IX: DNA 

molecular weight marker. 

Supplementary Figure 2: Differential repair preference leading to insertions in WT and FA-A MEFs upon 

nuclease treatment. Positions of insertions and respective sequences identified at the on-target site. The 

24 top most insertions in the on-target locus are shown in A) as alignment to the reference sequence, and 

highlighted in bold and in B) as percentage of all insertions comparing WT-MEFs to their respective 

counterparts FA-A MEFs. Nucleotide positions refer to the amplicon sequence provided in Supplementary 

Table1. 

Supplementary Figure 3: Differential repair preference leading to deletions in WT and FA-A MEFs upon 

nuclease treatment. For all single deletions, the deleted regions and sequences identified at the on-target 

site. The 24 top most deletions in the on-target locus are shown in a) as alignment to the reference 

sequence and in b) as percentage of all deletions comparing WT-MEFs to their respective counterparts 

FA-A MEFs. Percentages of individual deletions were calculated in respect to all deletions. Nucleotide 

positions refer to the amplicon sequence provided in Supplementary Table1. 

Supplementary Figure 4. On-target cleavage predominantly occurs in the range of nucleotide 222 to 

226. The deletion frequencies of each single nucleotide were calculated as percent of the total reads 

showing an indel in the analysed on-target region. Nucleotide positions refer to the amplicon sequence 

provided in Supplementary Table1. 

Supplementary Figure 5. Evaluation of cleavage efficacy of TALEN in the Mbs85 locus of WT and FA-A 

Lin- BM cells by Surveyor assay. A) Representative electrophoresis gel showing the disruption of the 

target locus using 2.5 µg of each TALEN monomer indicated as T. The extent of cleavage measured as the 

mean percentage of modified alleles is indicated below the image. Arrows indicate the size of the parental 

band (405 bp) and the expected positions of the digestion products (224 bp and 181 bp), that are also 

indicated with asterisks. U: untransfected cells; IX: DNA molecular weight marker. B) Histogram 

representing the percentage of cleavage monitored with the Surveyor Assay in WT and FA-A 

hematopoietic progenitors. Bars indicate the mean ± SD (n=3 experiments in WT cells and n=4 

experiments in FA-A cells). No statistical difference between groups was observed using a Student’s t-test.   

Supplementary Figure 6. Evaluation of the efficiency of EGFP expression of WT Lin- BM cells 

nucleofected with the TALEN and the PGK-EGFP reporter donor at 2 and 14 days post-nucleofection. A) 

Representative flow cytometry dot plots of EGFP+ cells analysed at day 2 and 14 post-nucleofection of WT 

Lin- BM cells. T+D: 0.75 or 2.5 µg of each TALEN monomer together with 4 µg of the PGK-EGFP reporter 

donor; D: 4 µg of the PGK-EGFP reporter donor. EGFP+ expression was determined discarding 

autofluorescent cells (576/26 channel). B) Representative image in liquid culture of EGFP+ Lin- BM cells at 

14 days post-nucleofection. EGFP+ fluorescent cells could be observed in the microscope in T+D 

conditions. Scale bar represents 50 μm for all the microphotographs. C) Geometric Mean Fluorescent 



Intensity (measured in arbitrary units, a.u.) of nucleofected cells analysed in the same conditions shown 

in A). Data show the mean ± S.D. (n=2-3 experiments). Statistical analysis could not be performed. 

Supplementary Table 1. Off-target cleavage of Mbs85-specific TALENs. The top off-targets are listed according to the 
ranking generated with TALENv.2 algorithm from PROGNOS software. The nucleotide differences in the left and in the 
right targets, the closest gene, the region and chromosomal coordinates of the off-target location are indicated. The 
match type and the sequence of the left and the right target are also included. The indel frequency and p-value are also 
indicated. 

Supplementary Table 2. Details of the off-target analyses. The top off-targets are listed according to the ranking 
generated with TALENv.2 algorithm. The closest gene, the TALEN score, the forward and reverse primers sequence, and 
the amplicon size and sequence are indicated, as well at the predicted cleavage site. 

Supplementary Table 3. Results of the next generation sequencing. The top off-targets are listed 

according to the ranking generated with TALENv.2 algorithm. The frequency of indels generated in each 

locus could be observed in WT MEFs and their respective counterparts, FA-A MEFs. 

Supplementary Table  4. Primers and probes used in this study. Forward and reverse primers as well as 

probes, their sequence, their melting temperature (Tm) and the product size is indicated. In the case of 

probes, the fluorochrome to which each probe was conjugated is also indicated. 

 

 


