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Fig.3 Structure of TALEN
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Mutations Off-target sites Statistically expected
in site to CCR5A
0 1 1
1 0 0.0
2 0 0.0
3 0 0.0
4 0 0.0
5 0 0.0
6 0 0.0
7 0 0.3
8 8 3.6
9 7 34.1
0
10 634 275.9
11 4338 1956.3
12 27114 12226.7
13 149005 67716.9
14 648230 333747.3
15 2657598 1468488.3
16 9783617 5782172.6

Fig.4 Potential genomic off-target sites related to CCR5A4 on-target site

(Fr{al18bp. M{AI36bp TALENfER)
Nature Methods, 11,429 (2014)&kY
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Cellular modification induced by TALENs at on-target and

predicted off-target genomic sites
CCRSA VKK CCR5A4 eld/KKr CCR5A ;

site no tAlen (%) Foki (%) Foki (%) homo Foki (%) number of mutation

OnCCRSA  <0.006 9.8 28 - LA 0 (on-target)

Offc-5 <0.006 0.53 2.3 23 11

0ffc-15  <0.020 <0.014 0.23 0.043

Offc-16  <0.006 <0.006 0.031 <0.006

Offc-28  <0.009 0.014 0.16 0.056

Offc-36  <0.006 <0.006 0.15 0.028

Offc-38  <0.006 ND ND 0.067

0ffc-49  <0.006 ND ND 0.110

Offc-69  <0.010 ND ND 0.089

Offc-76  <0.006 ND ND 0.149 9

ATM el/KK  ATM eld/KKr ATM

site no tAlen (%) Foki (%) Foki (%) homo Foki (%)

OnATM 0.007 6.8 16 18 0 (on-target)

OffA-1 <0.006 <0.006 0.026 0.077

OffA-11___ <0.006 <0.006 0.036 0.39 10

OffA-13  <0.006 0.008 0.025 <0.006

OffA-16  <0.006 <0.006 <0.006 0.057

OffA-17 <0.051 <0.14 <0.17 0.94 9

OffA-23 0.018 <0.006 0.29 0.23

OffA-35  <0.006 <0.006 ~ <0.008 0.070

Fig.5A Cellular modification rate (%) at on-target and off-target genomic sites
Nature Methods, 11,429 (2014) &Y ZE
CCR5A Spacer
Site Score  Mut. Left half-site length Right half-site
OnCCR5A 0.008 TTCATTACACCTGCAGCT 18 AGTATCAATTCTGGAAGA
OoffC-1 0.747 TaCATcACAtaTGCAaaT 29 tGTATCALTTCTGGEAGA
OffC-2 0.747 TaCATcACAtaTGCAaaT 29 tGTATCAITTCTGGEAGA
OffC-3 0.747 TaCATcACAtaTGCAaaT 29 tGTATCAITTCTGGEAGA
OffC-4 0.747 11 TcCATaACACaTctttCT 10 tGCcATCAtTcCTGGAAGA
Y% OffC-5 0.804 11 TcCAaTACCtCTGCcaCa 14 AGgAgCAACTCTGGEAGA

OffC-6 0.818 10 TTCAgTcCAtCTGaAaac 16 gGTATCAtTTCTGGAgGA
OffC-7 0.834 14 TaCAaaACcCtTGCcaaa 27 taTATCAATTigGGgAGA
OffC-8 0.837 12 TcCAagACACCTGCttac 26 tcTATCAATTtgGGgAGA
OffC-9 0.874 10 TTCATaACAtCTtaAaaT 27 AaTACCAACTCTGGALGA
OffC-10 0.89 12 TcCAaaACAtCTGaAaaT 25 tGgATCAAaTtgGGAAGA

Fig.5B Predicted off-target sites
Q3% TEEREANBE SN -orr-target Y 4 FOFFC-5 TDIRATYFIEE(INF))
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Fig.6 Structure of CRISPR/Cas9 system
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for mammalian expression

2A
sgRNA scaffold Y
us ’ y  CBh Sp-hCas9 NLSV eGFP or Puro  bGH pA
Bbsl 3xFLAG
for plant expression sgRNA scaffold
LB 355 NLS Sp-pCas9 ‘ L// RB
B ‘ g ¢ L —
ELAG 20 nt giude

3%
Flag hSpCas9

AtU6-26 SgRNA  2x35S NLS NLS Z“W
Fig.7 CRISPR/Cas plasmids for mammalian and plant ' ' -
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Hsu et al, Nat Biotech, 31, 827 (2013) &Y &

Fig.8 Single-nucleotide specificity of Cas9
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On- and off-target mutations induced by RGNs designed to endogenous human genes

Indel mutation frequency (%) + s.e.m.

Target Site name Sequence U20S.EGFP HEK293 K562 Gene
Target 1 (VEGFA site 1) T1 ___GGGTGGGGGGAGTTTGCTCCTGG 26.0 +29 10560007 ~ 333:042  VEGFA
GCEB70% oT1-3 GGATGGAGGGAGTTTGCTCCTGG 28T & 91 189 + 0.77 2.93 = 0.04 IGDCC3

- OT1-4 GGGAGGGTGGAGTTTGCTCCTGG 9208 8.32 + 0.51 N.D. LOC116437
oT1-6 CGGGGGAGGGAGTTTGCTCCTGG 53+0.2 3.67 +0.09 N.D. CACNA2D
OT1-11  GGGGAGGGGAAGTTTGCTCCTGG 174 :4.7  854:016  ND. .
Target 2 (VEGFA site 2) T2 GACCCCCTCCACCCCGCCTCCGG 50.2 + 4.9 386 +1.92 15.0 + 0.25 VEGFA
GO2BR0% OT2-1 GACCCCCCCCACCCCGCCCCCGG 14,4 + 3.4 336 +1.17 410 + 0.05 FMN1
BT . 0T2-2 GGGCCCCTCCACCCCGCCTCTGG 20.0 6.2 156 = 0.30 3.00 + 0.06 PAX6
0T2-6 CTACCCCTCCACCCCGCCTCCGG 82+14 15.0 + 0.64 524 +0.22 PAPD7
0T2-9 GCCCCCACCCACCCCGCCTCTGG 50.7 + 5.6 307 + 1.44 7.05 + 0.48 LAMA3
0T2-15 TACCCCCCACACCCCGCCTCTGG 97 +4.5 6.97 + 0.10 1.34 + 0.15 SPNS3
OT2-17 ACACCCCCCCACCCCGCCTCAGG 140 + 2.8 12.3 + 0.45 1.80 + 0.03
0T2-19 ATTCCCCCCCACCCCGCCTCAGG 17.0 + 3.3 19.4 +1.35 N.D. HDLBP
0T2-20 CCCCACCCCCACCCCGCCTCAGG 61+1.3 N.D. N.D. ABLIM1
0T2-23 CGCCCTCCCCACCCCGCCTCCGG 444 + 6.7 287+ 1.15 4.18 £ 0.37 CALY
QT2-24 CTCCCCACCCACCCCGCCTCAGG 62.8 + 5.0 298+ 1.08 211 +1.68
0T2-29 TGCCCCICCCACCCCGCCTCTGG 13.8 + 5.2 N.D. N.D. ACLY
0T72-34 AGGCCCCCACACCCCGCCTCAGG 28+1.5 N.D. N.D.
Target 3 (VEGFA site 3) T3 GGTGAGTGAGTGTGTGCGTGTGG 494 + 3.8 387+ 1.26 27.9 + 0.52 VEGFA
GCEE60% OT3-1 GGTGAGTGAGTGTGTGTGTGAGG 74 +34 8.97 + 0.80 N.D. (abParts)
oT3-2 AGTGAGTGAGTGTGTGTGTGGGG 243 +9.2 239 + 0.08 89+0.16 MAX
OT3-4 GCTGAGTGAGTGTATGCGTGTGG 209 +11.8 11.2 + 0.23 N.D.
0T3-9 GGTGAGTGAGTGCGTGCGGGTGG 32+0.3 234 +0.21 N.D. TPCN2
OT3-17 GTTGAGTGAATGTGTGCGTGAGG 29+0.2 1.27 + 0.02 N.D. SLIT1
OT3-18 TGTGGGTGAGTGTGTGCGTGAGG 134 £ 4.2 121 + 0.24 242 +0.07 COMDA
OT3-20 AGAGAGTGAGTGTGTGCATGAGG 16.7 + 3.5 7.64 + 0.05 1.18 + 0.01

Fig.9 Single-nucleotide

on-target

off-target

on-target

off-target

on-target

off-target

Fu et al, Nature Biotechnology, 31, 822 (2013) kYR %E
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Fig.10 Single-nucleotide specificity of Cas9
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Cas9:.CLTA4v21sgRNA — + + -+ + o +
uncut DNA

v2.1 sgRNA
cut DNA
cut DNA
o - © O [$] (o2
< < by o3 ‘v‘.‘ :(‘r
< < < <
5 5 £ & %5
O O O
In vitro
selection
enrichment
sequence value % cut
CLTA4-0 GCAGATGTAGTGTTTCCACAGGG 79 85%
CLTA4-1 GaAGATGTAGTGTTTCCACAGGG 275 84%
CLTA4-2a GaAGATGTAGTGTTTCCACLGGG 43.9 79%
CLTA4-2b GCAGATGGAGGGTTTCCACAGGG 1.0 35%
CLTA4-2c¢ GCAGATGTAGTGTTaCCAGAGGG 0.064 none detected
CLTA4-3 GygGATGTAGTGTTTCCACLGGG 95.9 2%

RFEIE.ZRATYFIER
Pattanayak V et al, Nature Biotechnology, 31, 839 (2013) &Ytk Z

Fig.11 Off-target DNA sequence and cut ratio (%)

Fokl dCas9

< A
N

57

e, | . ‘ ‘
dCas9 Fokl
Tsai SQ, et al, Nature Biotechnology, doi:10.1038/nbt.2908 (2014) &\ 2k %=

Fig.12 Off-target DNA sequence and cut ratio (%)
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Deletions:

CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGATAAACTGCAARAAGAACTTGTCGGCCATGATA  wt
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA-AAACTGCARAAAGAACTTGTCGGCCATGATA -1
CTTGATGCCGTTCTTCTGGTCATCCTCATC----TAAACTGCAAAAGAACTTGTCGGCCATGATA -4
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA-——-———— CAAAAGAACTTGTCGGCCATGATA -7
CTTGATGCCGTTCTTCTGGTCATCCTC-—=—==———~ ACTGCAARAAGAACTTGTCGGCCATGATA -10
CTTEATCGCCGETICTTCEEE T — e CTGATAAACTGCAAAAGAACTTGTCGGCCATGATA -10
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA-———————————~— AACTTGTCGGCCATGATA -13
CTTGATGCCGTTCTTCTGGTCATCC——————————— ——— —— AAGAACTTGTCGGCCATGATA -19
CTPEATGCCETTCTIETGETE———— m—— e — e s AAAGAACTTGTCGGCCATGATA -22
Insertions:
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGATAAACTGCAAAAGAACTTGTCGGCCATGATA wt
CTTGATGCCGTTCTTCTGGTCATCCTCLTEttTGccg-ACTGCAAAAGAACTTGTCGGCCATGATA +2
TGCCGTTCTTCTGGTCATCCTCATCCTGAtctgaggAACTGCAAAAGAACTTGTCGGCCATGATA +5

Gaj T, et al, Nature Methods, 9, 805 (2012) &Y
(-IZdeletion® %4 +ILinsertionD#%EFRT)

Fig.13-1 Indel pattern of the cleavage site by ZFN

(a) noggin TALEN (¢) ets1 TALEN
TCCTAGTGAAMACCTACCACTGGTGGACCTTATTGAGCATCCGGATCCTA TTACTCTGAAAGGAGTGGACTTTCAGAAGTTCTGTATCAGCGGAGCAGCA
TCCTAGTGAAAACCTAS= == Masm s s doouuasann e Suousnnuts (4274) TTACTCTGARAGGAGTGEACT T RS s (4403)
GTCTTCCTGESSRTIE aan [l=5ssasa0 GGAGGAGAGACTTGGAG  (A197) SESimococsosssssossiians oo nooioy TATGAGCGGAGCAGCA  (4400)
--------------------------- CCTTATTGAGCATCCGGATCCTA  (AS7) PTACTCTGAAAGESASSSISUSoun NN S SN GAGCGGAGCAGCA (425)
e o S o o o i e S TTGAGCATCCGGATCCTA  (A26) PTACTCTGAAAGGA === = mmm o mm o GTATGAGCGGAGCAGCA  (A19)
TCCTAGTGAAAACCTACHSSESoER s oanan TGAGCETCCGGATCCTA  (A17,+1)  TTACTCTGAAAGGAG= ~~==omnmmmennmcon CGTATGAGCGGAGCAGCA  (A18,+1)
TCCTAGTGAMAACCE TSRS ao s TATTGAGCATCCGGATCCTA  (A16) TTACTCTGAAAGGAGTGG -~ < wwwm v mmm ATGAGCGGAGCAGCA  (417)
TCCTACTGAAAS R e ACCTTATTGAGCATCCGGATCCTA  (A1S5) TTACTCTGAAAGGAGTGEA S~~~ v m CTGTATGAGCGGAGCAGCA  (812)
TCCTAGTGAAAACCTACCAC == mmmmmmunn TGAGCATCCGGATCCTA (813) TTACTCTGAAAGGAGT mmmmmmmm e = GTTCTGTATGAGCGGAGCAGCA  (412)
TCCTAGTGAAAACCTACC - == =mmmnmnn TTATTGAGCATCCGGATCCTA (811) TTACTCTGAAAGGAGTG =~ =mmmmm GoTCTGTATGAGCGGAGCAGCA  (412,+1)
TCCTAGTGAAAACTA~~==cwnn GGAtgCTTATTGAGCATCCGGATCCT  (411,+42)  TTACTCTGAAAGGAGTG-==~=snmoses GTTCTGTATGAGCGGAGCAGCA  (al11)
TCCTAGTGAAAACCTACCACT === smen TTATTGAGCATCCGGATCCTA  (A9) TTACTCTGARAGGAGT =« n v AGTTCTGTATGAGCGGAGCAGCA  (A11)
TCCTAGTGARAACCTACCS =2 mmmas ACCTTATTGAGCATCCGGATCCTA  (A8) PRACTCIGAARGGAGTIGCACE  Gmnaay ICPGTATCAGCGGAGCAGCN:  (810)
TCCTAGTGAAAACCTACCACTGG . £ Sosns TATTGAGCATCCGGATCCTA (A7) TTACTCTGAARGGAGTGG - Srma AGSTCTGTATGAGCGGAGCAGCA  (410,+1)
TCCTAGTGAAAACCTACCECS === == ACCTTATTGAGCATCCGGATCCTA  (A7,+1}  TTACTCTGARAGGAGTGGAC: -==m--s TTCYGTATGAGCGGAGCAGCR  (A9)
TCCTAGTGAAAACCTACCAGCT=~~-ACCTTATTGAGCATCCGGATCCTA (A5, +1) TRACTCIGAARCCAGTERACT Zagas GAGTICTGTATGAGCGGAGCAGCA (88, +1)
TCCTAGTGAAAACCTACCACTAGGACSEAGGACCTTATTGAGCATCCGGA (A5, +10) Y TACTCTGABAGGAGTGGACT= -~~~ ~-GTTCTGTATGAGCGGAGCAGCA  (87)

TTACTCTGAAAGGAGTGGACTT- - -~ - - ~TTCTGTATGAGCGGAGCAGCA (A7)
. TTACTCTGAAAGGAGTGGACTT- ==~~~ GTTCTGTATGAGCGGAGCAGCA  (A6)

(b) noggin ZFN TTACTCTGAAAGGAGTGGAC =~~~ AAAGTTCTGTATGAGCGGAGCAGCA  (46,+1)

TTACTCTGAAAGGAGTGGACTT -~ ~AEGTTATGTATGAGCGGAGCAGCA (A6, +2)
A R C T A T T R SRR EAIEA TCTT TTACTCTGAAAGGAGTGGACTTT- - -~ £GTTCTGTATGAGCGGAGCAGCA (A5, +1)
TS —— TTACTCTGAAAGGAGTGGACTST- - -AAGTTCTGTATGAGCGGAGCAGCA (84, +1)
CTTATTGAGCAT ~wvev o mewmm [/ mmmw i mn e« < CCACTTTGACCCCA (A68)
GGACCTTATTGAG ===~ <~ oo an=vsnuoc-= ' CAAGGAGAAGGATCTT  (A23)
GGACCTTATTGAGCATCCGGAT- ~smcosmmo ey CAAGGAGAAGGATCTT  (414) . .
GGACCTTATTGAGGA~~ ==~ == CCT~TC - -~ =~ TCCCAAGGAGAAGGATCTT (14, +1) Lei Y, et al, PNAS, 109, 17484 (2012)& g

(AldeletionD %1, +ILinsertionD¥%ER9)

Fig.13-2 Indel pattern of the cleavage site by ZFN and TALEN
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(a) EMX1 site 1 full-length gRNA
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGCAGAAGAAGAAgGGCTCCCATCACATCAACCGGTGG wild-type x35

GAAGCTGGAGGAGGAAGCGCCTGAGTCCGAGH a8 2 © £202

i SR 5 Pals i e SR SR O A MRS \115
GADEE G SRR et o W bodeciadiiniiina do s e L WlBel e e i U 1\ g
s s o R A e s S e IR T i it e RS b a P e S S A p LA RS oo M SRR B SR e I WA S A78
GARAGCTGGAGGE= =+ = = e o e e e e N2
GAAGCTGGAG s e = R e S S s S s s =°:2CG AS6
GAAGCTGGAGGAGGAAGGGCCTGA - - e e it e e e s 0T GG A39
GAAGCTGGAGGAG= =~~~ -+~~~ ——— - _GAAGGGCTCCCATCACATCAACCGGTGG A26 x2
GAAGCTGGAGGAGGAAGGGCCTGAGT E=es ==~ == - == CCATCACATCARCCGGTGG A22
GAAGCTGGAGGAGGAAGGGCCTCGAGEF ===~ =T CCCATCACATCAACCGGTGG A2l x3
GARAGCTGGAGGAGGAAGGGCCTGAGTCCGAG=—======~--———— -~ CATCACATCAACCGGTGG AlS8
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGA -~~~ =~ === - = GCTCCCATCACATCAACCGGTGG Al4
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGC~~~~~--AGAAGGGCTCCCATCACATCAACCGGTGG A6 %3

GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGC -~ -AGAAGAAGGGCTCCCATCACATCAACCGGTGG A3 x3
GAAGCTGGAGGAGGAAGGGCCTGAGT CCGAGCAGA-~AAGAAGGGCTCCCATCACATCAACCGGTGG A2 x2
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGCAGAARGRACAGAAGGGCTCCCATCACATCAACCGGT +2

(b) VEGFA site 3 full-length gRNA
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGTGCGTGt GGGGTTGAGGGTGTTGGAGCGGGGA wild-type x35

GAGGACGTGTGTGT CT Gl G Gttt it e e e e e e > A117
GAGGACGTGTGTCT TG it it et i e e e e e > NB4
GAGGACGTGTGT GT CT Gl G i s e et g ettt o B e e e e e > AT75
GAGGACGTGIGTGTCTGIGCI Cnrnms mntin s s e s e i > 049
GAGGACGTGTGTGTCTGTGT GGG T GAGTGAGT GT G Gt e e e e > N43
GAGGACGTGTGTGTCT GTGT GGG T GAG T G et e e e e e e e > N40
GAGGACGT GTGTGT CT CTGT GA G T e i mrl s oo i e GGGA A39
GAGGACGTGTGTGTCTGTGTGGGT GAGT GAGT GT NN Gt e e e et b oot e = 037
GAGGACGTGTGTGTCTGTGTI GGG I GAG e s e s GAGNGNGGN A30 x2
GAGGACGTGTGTGTCTGTGTCCGTGAGCT GAGH S e e TGGGGCGGGGA A25
GAGGACGTGTGTGTCT GTGT GGG T GAGT GAGT G e s e s TGGAGCGGGGA A23
GAGGACGTGTGTGTCTGTGTGGGTGAGTCAC T e e s GTTGGAGCGGGGA A22
GAGGACGTGTGIGTCTGTGTGGGTGAGTCAGT CT R s e GTTGGAGCGGGGA A20
GAGGACGTGTGTGT CTGT GTGGCGT GA G sttt st eitess TGAGGGTGTTGGAGCGGGGA A20 x2
GAGGACGTGTGTGTCTGTGTGGGTGAGT GAG T g e e GGGCGTTGGAGCGGGGA Al8
GAGGACGTGTGTGTCTGCTGTGGGTCAG = NNGTGGGGTTGAGGGTGTTGGAGCGGGGA Al2
GAGGACGTGTGTGTCTGTGTGGGTGAGTGA=~——~——~ GTGTGGGGTTGAGGGCGTTGGAGCGGGGA A8 x3
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGT——~~——~ GGGTTGAGGGCGTTGGAGCGGGGA A7
GAGGACGTGTGTGTCTGTGTGG-TGAGTGAGTGTGT——~~=~= GGGGTTGAGGGTGTTGGAGCGGGGA A6
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGT ——~~—~ GNGTGGGGTTGAGGGTGTTGGAGCGGGGA A6 x5
GAGGACGTGTGTGICTGTGTGGGTGAGTGAGTGT ~~~~GTGTGGGGTTGAGGGTGTTGGAGCGGGGA A4

GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGTGC~~~TGGGGTTGAGGGTGTTGGAGCGGGGA A3

GICAGTCAGTGTGTIGICTGTGGGGTTG +20

Sdeo\ode

GAGGANGNGTGTGTCTGTGTGGGTGAGT GAGTGTGTG
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGT CGTGTGGGGTTGAGGGTGTTGGAGCGG +3
GAGGACGTGTGTGTCTGTGTGGGTGAGT GAGT GTGTGCAAAGT GTGGGGTTGAGGGTGTTGGAGCGG +3
GAGGACGTGIGIGICTIGTGTGGGTGAGTGAGT GTGTGCGTGTGEGGGGTTGAGGGTGTTGGAGCGGG +2

FuY, et al, Nature Biotechnology, 32, 279 (2014) &Yk %
(AlZdeletion® %, +ILinsertionM %, xITHEEETRT)

Fig.13-3 Indel pattern of the cleavage site by CRISPR/Cas9
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