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 _GGGTGCGGGCGAGTTTGCTCCTGG  26.0 +2.9 ~05+007  333:042 = VEGFA
GCEET0% oT1-3 GGATGGAGGGAGTTTGCTCCTGG 257 +9.1 189 =077 293 + 0.04 IGDCC3
OT1-4 GGGAGGGTGGAGTTTGCTCCTGG 92+08 832 +0.51 N.D. LOC116437
OT1-6 CGGGGGAGGGAGTTTGCTCCTGG 53+ 0.2 3.67 +0.09 N.D. CACNA2D
OT1-11  GGGGAGGGGAAGTTTGCTCCTGG  17.1£47  854+016  ND. TN
Target 2 (VEGFA site 2) T2 GACCCCCTCCACCCCGCCTCCGG 50.2 + 4.9 386 +1.92 15.0 + 0.25 VEGFA
GCEE30% 0T2-1 GACCCCCCCCACCCCGCCLCCGG 144 £ 3.4 336 +1.17 4.10 + 0.05 FMN1
0T2-2 GGGCCCCTCCACCCCGCCTCTGG 20.0 £ 6.2 15.6 = 0.30 3.00 + 0.06 PAX6
OT2-6 CTACCCCTCCACCCCGCCTCCGG 82+14 15.0 + 0.64 5.24 +0.22 PAPD7
0T2-9 GCCCCCACCCACCCCGCCTCTGG 50.7 + 5.6 30.7 + 1.44 7.05 £ 0.48 LAMA3
OT2-15 TACCCCCCACACCCCGCCTCTGG 97 +4.5 6.97 + 0.10 1.34 £ 0.15 SPNS3
OoT2-17 ACACCCCCCCACCCCGCCTCAGG 140 + 2.8 12.3 + 0.45 1.80 + 0.03
OT2-19 ATTCCCCCCCACCCCGCCTCAGG 17.0 £+ 3.3 19.4 +1.35 N.D. HDLBP
0T2-20 CCCCACCCCCACCCCGCCTCAGG 6.1+13 N.D. N.D. ABLIM1
OT2-23 CGCCCTCCCCACCCCGCCTCCGG 44.4 £ 6.7 LBZ+ 1.15 418 + 0.37 CALY
OT2-24 CTCCCCACCCACCCCGCCTCAGG 62.8 + 5.0 29.8.+1.08 211 + 1.68
0T2-29 TGCCCCICCCACCCCGCCTCTGG 13.8 + 5.2 N.D. N.D. ACLY
0T2-34 AGGCCCCCACACCCCGCCTCAGG 28+15 N.D. N.D.
Target 3 (VEGFA site 3) T3 GGTGAGTGAGTGTGTGCGTGTGG 494 + 3.8 357 126 27.9 + 0.52 VEGFA
GCEB60% OT3-1 GGTGAGTGAGTGTGTGTGTGAGG 74 +34 8.97 + 0.80 N.D. (abParts)
0T3-2 AGTGAGTGAGTGTGTGTGTGGGG 243 £9.2 23.9 + 0.08 89+ 0.16 MAX
OT3-4 GCTGAGTGAGTGTATGCGTGTGG 209 £ 11.8 11.2 +0.23 N.D
OT3-9 GGTGAGTGAGTGCGTGCGGGTGG 32+03 234 £0.21 N.D TPCN2
oT3-17 GTTGAGTGAATGTGTGCGTGAGG 29+0.2 1.27 £ 0.02 N.D. SLIT1
0T3-18 TGTGGGTGAGTGTGTGCGTGAGG 134 £ 4.2 121 + 0.24 242 +0.07 COMDA
0T3-20 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) &Ytk %
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Cas9:CLTA4 v2.1 sgRNA — - + -+ + + +
uncut DNA

v2.1 sgRNA
cut DNA
cut DNA
o o ~ © Kol (6] o
i 3 3 §§ 3§ i
O (@] O
In vitro
selection
enrichment
sequence value % cut
CLTA4-0 GCAGATGTAGTGTTTCCACAGGG 79 85%
CLTA4-1 GaAGATGTAGTGTTTCCACAGGG 27.5 84%
CLTA4-2a GaAGATGTAGTGTTTCCACLGGG 43.9 79%
CLTA4-2b GCAGATGGAGGGTTTCCACAGGG 1.0 35%
CLTA4-2c GCAGATGTAGTGTTaCCAgAGGG 0.064 none detected
CLTA4-3 GgqgGATGTAGTGTTTCCACLGGG 95.9 72%

FFIE, SATYFIEE
Pattanayak V et al, Nature Biotechnology, 31, 839 (2013)&Y) 2%

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

Fokl dCas9

N
\ 57

»_\ 7

dCas9 Fok]

Tsai SQ, et al, Nature Biotechnology, doi:10.1038/nbt.2908 (2014) &kt k%=

Fig.12 Off-target DNA sequence and cut ratio (%)
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i Deletions:
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGATAAACTGCAAAAGAACTTGTCGGCCATGATA wt
CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGA-ARACTGCAAAAGAACTTGTCGGCCATGATA -1

CTTGATGCCGTTCTTCTGGTCATCCTCATC----TAAACTGCAAAAGAACTTGTCGGCCATGATA -4
CITTGATGCUGTTCTTCTGGTCATCCTCATCCTGA——~—~——— CAAAAGAACTTGTCGGCCATGATA -7
CTTGATGCCGTTCTTEPGEGTCATCCTC ————— = ACTGCAAAAGAACTTGTCGGCCATGATA -10
CTPGATGCCGTTICTTCTGET~—————————— CTGATAAACTGCAAAAGAACTTGTCGGCCATGATA -10
CTIGATGCCGTTCT TCTGGTCATCCTCATCCTGA= ~—~——s—==m=q AACTTGTCGGCCATGATA -13
CETGATGCCGTTCT ICTGETCATC - — o mte e s AAGAACTTGTCGGCCATGATA -19
CRPGATGCCGTICTTLTGLTC~ e e s, AAAGAACTTGTCGGCCATGATA -22
Insertions:

CTTGATGCCGTTCTTCTGGTCATCCTCATCCTGATAAACTGCAAAAGAACTTGTCGGCCATGATA wt
CTTGATGCCGTTCTTCTGGTCATCCTCLTttTGececg-ACTGCARAAGAACTTGTCGGCCATGATA +2

TGCCGTTCTTCTGGTCATCCTCATCCTGAtctgaggARACTGCAAAAGAACTTGTCGGCCATGATA +5

Gaj T, et al, Nature Methods, 9, 805 (2012)&k)
(-l deletionM # . +(ZinsertionD#%ERT)

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

(a) noggin TALEN (¢) ets1 TALEN
TCCTAGTGAAAACCTACCACTGGTGGACCTTATTGAGCATCCGGATCCTA TTACTCTGAAAGGAGTGGACTTTCAGAAGT TCTGTATGAGCGGAGCAGCA
TCCTAGTGAAAACCTAS == < s azwsa s adasiuaraiaauuasonaiy (4274) TTACTCTGAAAGGAGTGGACTTT i e aa e (8403)
CTCTTCCTGSS NIt flEs e GGAGGAGAGACTTGGAG  (A197) iErmesassersmess sty TATGAGCGGAGCAGCA  (A400)
--------------------------- CCTTATTGAGCATCCGGATCCTA  (A57) TTACTCTGAARGE === a-mosamano o Zil  SUZUGAGCGGAGCAGCA  (A25)

b Loy Yo e R R TTGAGCATCCGGATCCTA (a26) TTACTCTGAAAGGA -~ = wwsscmcm o am e GTATGAGCGGAGCAGCA (419)
PCCTAGTCARAACCTAC =2~ o o o i TGAGCETCCGGATCCTA  (A17,+41)  TTACTCTGAAAGGAG=~~=~~~~wasnsnon CGTATGAGCGGAGCAGCA  (A18,+1)
TCCTAGTGAAAACC- = v wm e e mm e TATTGAGCATCCGGATCCTA (a16) TTACTCTGAAAGGAGTGG =~ = mmmwm e ATGAGCGGAGCAGCA (817)
TCCTAGTGAAA -~ = » - mmmmm e ACCTTATTGAGCATCCGGATCCTA  (A15) TTACTCTGAAAGGAGTGGA - ~o v m~cm s CTGTATGAGCGGAGCAGCA  (812)
TCCTAGTGAAAACCTACCAC- ===~ sncmann TGAGCATCCGGATCCTA  (413) TTACTCTGARAGGAGT ~ = =~~~ === e GTTCTGTATGAGCGGAGCAGCA  (A12)
TCCTAGTGAAAACCTACC === smm s ma = TTATTGAGCATCCGGATCCTA  (All) TTACTCTGARAGGAGTG -~~~ =m=m=ne GoTCTGTATGAGCGGAGCAGCA  (212,+1)
TCCTAGTGAAAACTA -~~~ ==~ GGALgCTTATTGAGCATCCGGATCCT  (811,42)  TTACTCTGAAAGGAGTG-==s=sunmox GTTCTGTATGAGCGGAGCAGCA  (A11)
TCCTAGTGAAAACCTACCACT == anmann TTATTGAGCATCCGGATCCTA (a3) TTACTCTGARAGGAGT = »~rmmmme AGTTCTGTATGAGCGGAGCAGCA {411)
TCCTAGTGARAACCTACCSSSamaas ACCTTATTGAGCATCCGGATCCTA  (AB) TTACTCTGAAAGGAGTGGACS ==~ mmrn TCIGTATGAGCGGAGCAGCA  (A10)
TCCTAGTGAAAACCTACCACTGG ~=~=~a TATTGAGCATCCGGATCCTA  (AT) TTACTCTGAAAGGAGTGG - = = =~ AGeTCTGTATGAGCGGAGCAGCA (810, +1)
TCCTAGTGAAAACCTACCECS == === ACCTTATTGAGCATCCGGATCCTA  (A7,+1) TTACTCTGARAGGASTGOACS ZaEm=uis PTCTGTARGAGCGGAGCAGCA  {(49)
TCCTAGTGAAAACCTACCAGCT-~ - ~ACCTTATTGAGCATCCGGATCCTA  (A5,+1) ::;g:g:g::;zz:zigéig: ““““ °A§::g§§::¥§:§gGGAGCA§2: ::3;*1’
TCCTAGTGAAAACCTACCACTaccAce EaGeACCTTATIGAGCATCCOGA  (85,+10) bt Z e TTCTGT&TGAGCEﬁ:ﬁgiGCA ih
) TTACTCTGAAAGGAGTGGACTT =~~~ GTTCTGTATGAGCGGAGCAGCA  (A6)
(b) noggin ZFN TTACTCTGAAAGGAGTGGAC- = <=~ AAAGTTCTGTATGAGCGGAGCAGCA (A6, +1)

TTACTCTGAAAGGAGTGGACTT~ ~ ~ ~AtGTTaTGTATGAGCGGAGCAGCA (L66,+2)
TTACTCTGAAAGGAGTGGACTTT - - - - EGTTCTGTATGAGCGGAGCAGCA {(85,+1)
TTACTCTGAAAGGAGTGGACTYT - ~ ~AAGTTCTGTATGAGCGGAGCAGCA {84,+1)

GGACCTTATTGAGCATCCGGATCCTATCTATGATCCCAAGGAGAAGGATCTT

ACCTACCAC-=mmonsasnaffanranonntonas SAT-=CCTAGGGACCAG  (8332)
CTTATTGAGCAT = =~~~ =mnne Yt i CCACTTTGACCCCA  (A68)

GGACCTTATTGAG -~~~ m - =~ s mmmwm v m v o = = = - CAAGGAGAAGGATCTT (423)
GGACCTTATTGAGCATCCGGAT - ~ - == ~ =~~~ ~ = - ~CAAGGAGAAGGATCTT {814) i L I
GGACCTTATTGAGGA - -~ = == ~CCT-TC~ « ~ -~ TCCCAAGGAGAAGGATCTT (414, +1) Lei Y’ et al’ PNAS’ 109’ 17484 (201 2)4: )E&I

(AlZdeletionD ¥, +ILinsertionD#%ERT)

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

GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAG. - © 1202

b e e e R SR A R e S S TR ca e R N S > Al15
GARESC R e S R R B s R B e e i e - i . A94
e e e L e e e \/ 8
GARGCTGGAGGE e L 12
GARGCTGGA R ot e GG 56
GAAGCTGGAGGAGGAAGGGCCTGA - e il = GTGG A39
GARAGCTGGAGGAG- -~~~ _GAAGGGCTCCCATCACATCAACCGGTGG A26 x2
GAAGCTGGAGGAGGAAGGGCCTGAGT - £ R CCATCACATCAACCGGTGG A22
GARGCTGGAGGAGGAAGGGCCTCACE e e e e = T CCCATCACATCAACCGETGE A21 x3
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGE =t s st il -1 T CACATCAACCGGTGG A18
GRAGCTGGAGGAGGAAGGGCCTGAGTCCGAS ~ =~~~ -~~~ GCTCCCATCACATCAACCGGTGG Al4
GRAGCTGGAGGAGGAAGGGCCTGAGTCCGAGC ~ - -~ AGAAGGGCTCCCATCACATCAACCGGTGG A6 x3

GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGC~~~AGAAGAAGGGCTCCCATCACATCAACCGGTGG A3 x3
GAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGCAGA~~AAGAAGGGCTCCCATCACATCAACCGGTGG A2 x2
GRAGCTGGAGGAGGAAGGGCCTGAGT CCGAGCAGRAAGRACAGAAGGGCTCCCATCACATCAACCGGT +2

(b) VEGFA site 3 full-length gRNA
GAGGACGTGTGTGTCTGTGTGGGTGAGT GAGTGTGTGCGT Gt GGGGTTGAGGGTGTTGGAGCGGGGA wild-type x35

GAGGACGTGT GTGTCTGTCT G e e i e el e e e >
GAGGACGTGT CTGT T oG i e e e e e e > N84
GAGGAC T G Gl G T G G T e e e e e o e e e = NA75
GAGGACGT GTGCTCTCT AT CT Gt s i tuss bttt e e et ot oot et > A49
GAGGACGTGTGTGT CTGTGT GGGTGAGT GAGT GT G G e e e > A43
GAGGACGTGTGTGT CTGTGT GGGET GAGT Gl et s e > 040
GAGGACGTGTGTGT CTGTGT GAG T s et asuits et et e e o e e i GGGA A39
GAGGACGTGTGTGT CTGTGTGGGTGAGTGAGT CTNN Gl et e e e e > A37
GAGGACGTGTGTGT CTGTGCT GGCT GRACT Saah s e et o e i GAGNGNGGN A30 x2
GAGGACGTGTGTGT CTGTGT GGGT GAG T G G e et e e TGGGGCGGGGA A25
GAGGACGTGTGTGT CTGTGTGGCTGAGCT CAGT Gl e s e e e e TGGAGCGGGGA A23
GAGGACGTGTGTGT CTGTGT GGGTGAGTGAGT e s s e GTTGGAGCGGGGA A22
GAGGACGTGTGTGT CTGTGT GGGTGAGT GAGT G et et et S e et GTTGGAGCGGGGA A20
GAGGACGTGTGTGT CTGT GT GGGT GAGCE S e s srmimtrtr oo TGAGGGTGTTGGAGCGGGGA A20 x2
GAGGACGTGTGTGT CTGTGTGGGTGAGT GAG e e = e GGGCGTTGGAGCGGGGA Al8
GAGGACGT GTGTGT CTGTGT GGGT GRS Sttt et NNGTGGGGTTGAGGGTGTTGGAGCGGGGA Al2
GAGGACGTGTGTGTCTGTGTGGGTGAGTGA=~==~=—~ GTGTGGGGTTGAGGGCGTTGGAGCGGGGA A8 x3
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGT ~~~~~——~ GGGTTGAGGGCGTTGGAGCGGGGA A7
GAGGACGTGTGTGTCTGTGTGG-TGAGTGAGTGTGT ——~=~— GGGGTTGAGGGTGTTGGAGCGGGGA A6
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGT —~—=~— GNGTGGGGTTGAGGGTGTTGGAGCGGGGA A6 x5
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGT ===~-GTGTGGGGTTGAGGGTGTTGGAGCGGGGA A4

GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGTGC~~~TGGGGTTGAGGGTGTTGGAGCGGGGA A3

GAGGANGNGTGTGTCTGTGTGGGTGAGTGAGTGTGTGHGEEICACTCAGCT IGHETGTGGGGTTG +20
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGTQ‘»‘CGTGTGGGGTTGAGGGTGTTGGAGCGG +3
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGTGTGT GCAAAGTGTGGGGTTGAGGGTGTTGGAGCGG +3
GAGGACGTGTGTGTCTGTGTGGGTGAGTGAGT GTGTGCGTGTIBEGGGGTTGAGGGTGTTGGAGCGGG +2

Fu Y, et al, Nature Biotechnology, 32, 279 (2014) &Yk %
(Al¥deletion® %y, +ILinsertionM &, x(FHBEETRT)

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

(d

Target 4 (EMXI) :

oT4-1

(EMX1®Doff-target 1 )

ACCTGTACATCTGCACAAGATTGCCTTTACTCCATGCCTTTCTTCTTCTGCTCTAACTCTGACAATC

Wild-type x20

e e e e e e e S DTG A4
ACCTGTACATCTGCACAAGATTGCCTTTACTCC~fAv"dA~f~~~~~fﬂf*Af—~~—A‘A~ACAATQ A28
ACCTGTACATCTGCACAAGATTGCCTTTACTCCATE RS ea st T it e e ACTCTGACAATC A20
ACCTGTACATCTGCACAAGATTGCE st h F oG] CTTCTGCTCTAACTCTGACAATC A20
ACCTGTACATCTGCACAAGATTGCCTTTACTCCATGCCTT TCT atrit et i e e e e e CAATC Al9
ACCTGTACATCTGCACAAGATTGCCT TTACTCCASEE St e TGCTCTAACTCTGACRATC Al4
TCCTGTACATCTGCACAAGATTGCCTTTACTCCE S Sy CTTCTTCTGCTCTAACTCTGACAATC A8

Target 3 (VEGFA Site 3): (VEGFA site3Moff-targett A I)

oT3-2
GAGTGAGAGAGCGAGTGAGTGAGTGAGTGAGTGTGTGTGTGGGGGGGACTCGGCTTGTTGTTGTCGG
GAGTGAGAGAGCGAGTGAGTGAGTGAGTGA~——-GTGTGTGGGGGGGACTCGGCTTGTTGTTGTCGG

GAGTGAGAGAGCGAGTGAGTGAGTGAGTGA-—~=—~ GTGTGGGGGGGACTCGGCTTGTTGTTGTCGG
OT3-9

GTGTTGGGATGCGGGAGTGGGTGAGTGAGTGCGTGCGGGTGGCGATGCAAGCGTGTGCGAATGCGTG
GIGT TGGEGAT GCGEG s e e e T e e e e e e >
GTGTTGGGAT Gl e it i e e e e D s e s GCGTG
GTGTTGGGATGCGGGAGTGGGTGAGTGA-~~~~—==~—— GTGGCGATGCAAGCGTGTGCGAATGCGTG

GTGTTGGGATGCGGGAGTGGGTGAGTGAGTGC

0oT3-18

TTTCAAAGACAGTAGATCTTAAATGTCCTCACGCACACACTCACCCACACATAARAGGTGGTAACTG
TTTCARAGRCAGTAGAT C TR sens s v s e TAAAAGGTGGTAACTG
TTTCARAGACAGTAGATCTTARRT G T G s ey CATAAAAGGTGGTAACTG
TTTCARAGACAGTAGATCTTAARTGTCCTE S s o CACATAAAAGGTGGTAACTG
TTTCARAGACAGTAGATCTTARAATGTCCT=======————==—— CCACACATAAAAGGTGGTAACTG
TTTCARAGACAGTAGATCTTRAAATGTC s CTCACCCACACATARAAAGGTGGTAACTG

TTTCARAGACAGTAGATCTTAAATGTCCTCA--CACACACTCACCCACACATAARAAGGTGGTAACTG

TTTCAAAGACAGTAGATCTTAAATGTCCTCAC
( GCACACACTCACCCACACATAAAAGGTGGTAAC| +63

Fig.13-4 Indel pattern of the cleavage site by CRISPR/Cas9
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A80
A50
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ETGCGGGTGGCGATGCAAGCGTGTGCGAATGCGTq +2

Wild-type x27
A32
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A18 x4

Al5

Al2
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Arabidopsis: mutations in 12 out of 25 sequenced clones
CATGGAGCGCTTEAAGGTGCACATGGAGGAC TAGTAAAGGAGAAGAAC

——— In/Del Freq:
CATGGAGCGCTTCAAGGT CATGGAGGACTAGTAAAGGAGAAGAAC 0 (~3,+3) 1x
CATGGAGCGCTTCAAGGTGCAC ATGGAGGACTAGTAAAGGAGAAGAAC +1 1x
CATGGAGCGCTTCAAGGTGCA GGAGGACTAGTAAAGGAGAAGAAC | -3 4x
CATGGAGCGCTTCAAGGTGCA . - . AGGACTAGTAAAGGAGAAGAAC | -5 3X
CATGGAGCGCTTCAAGGTGC .. . AGGACTAGTAAAGGAGAAGAAC | -6 2X
CATGGAGCGCT . . B ” GACTAGTAAAGGAGAAGAAC | -17 Ix

_TFobacca: mutations in 15 out of 28 sequenced clones
CATG - GGTGCACATGGAGGACTAGTAAAGGAGAAGAAC

CATGGAGCGCTTCAAGGTGCACATGG AGGACTAGTAAAGGAGAAGAAC +1 (+1) 1Ix
CATGGAGCGCTTCAAGGTGCACATG! AGGACTAGTAAAGGAGAAGAAC 0 (~1,+1) 1x

CATGGAGCGCTTCAAGGTGCA . . . GGAGGACTAGTAAAGGAGAAGAAC | -3 4%
CATGGAGCGCTTCAAGGTG. . . . TGGAGGACTAGTAAAGGAGAAGAAC | ~4 1x
CATGGAGCGCTTCAAGGTGCA . . . . GAGGACTAGTAAAGGAGAAGAAC | -4 1x
CATGGAGCGCTTCAAGGTGC. . . . . . AGGACTAGTAAAGGAGAAGAAC | ~5 3x
CATGGAGCGCTTCAAGGTGC. . . . . .AGGACTAGTAAAGGAGAAGAAC | -6 3x
CATGGAGCGCTTCAAGGTGCA . . ... v v v w v AGGAGAAGAAC | -16 1x

Jian W, et al, Nucleic Acid Research, 41, 188 (2013) &Yk ZE
(-Iddeletion® %§ ., +ILinsertionD &L, x(FT4EEETRT)

Fig.14-1 Indel pattern of the cleavage site by CRISPR/Cas9 in Plants (Arabidpsis and Tabacco)

W e e e S RS e e

Bl aEREEe"™ .

Line 1

A: TCTCCATGCTCCAGGTCGTCTCC. .. .TCGACCACGCCGCCGACCAGGACA -4
TALEN B: TCTCCATGCTCCAGGTCGTCTCCGA. . .CGACCACGCCGCCGACCAGGACA -3
C: TCTCCATGCTCCAGGTCGTCTCC..... CGGCCACGCCGCCGACCAGGACA -5
D: TCTCCATGCTCCAGGTCGICT....... CGACCACGCCGCCGACCAGGACA -7
E: TCTCCATGCTCCAGGTCGTCTCC. .GCTCGACCACGCCGCCGACCAGGACA -2
F: TCTCCATGCTCCAGGTCGTCTCC. . .CTCGACCACGCCGCCGACCAGGACA -3
G: TCTCCATGCTCCAGGTCGTCTCCGA.......... GCCGCCGACCAGGACA -10
H: TCTCCATGCTCCAGGTCGTCTCC. .GCTCGACCACGCCGCCGACCAGGACA -2
I: TCTCCATGCTCCAGGTCGTCTC. ...CTCGACCACGCCGCCGACCAGGACA -4
WT : TCTCCATGCTCCAGGTCGTCTCCGAGCTCGACCACGCCGCCGACCAGGACA

Ml: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGATC.GTCTCCTTCTCCCAGGTC ~1
M2: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGG. . ........ CTTCTCCCAGGTC -10
M3: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGG. . . ... n vt TTCTCCCAGGTC ~11
M4: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. . ........ TTCTCCCAGGTC ~10

M6: CCCGACGTGTCCCCCGAGGATGACGCATCGGCC. ....... CGTCTCCTTCTCCCAGGTC -8
M7: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. .. .. TCTCCTTCTCCCAGGTC -5
CRISPR M8: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGA. . CGTCTCCTTCTCCCAGGTC ~2
Cas9 M9: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG. . .. .. CTCCTTCTCCTAGGTC -6
M10 : CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG . TCCGTCTCCTTCTCCCAGGTC -1
M11: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGA. . . . TCTCCTTCTCCCAGGTC -4
M12: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGG . . . . GTCTCCTTCTCCCAGGTC -4/+125

CCTTTCGATGAAGTGACAGATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGAAATTACCCT
TTGTTGAAAACTTGCTTTGAAGACGTGGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGT

WT: CCCGACGTGTCCCCCGAGGATGACGCATCGGCCCAGGGATCCGTCTCCTTCTCCCAGGTC WT

Lian Z, et al, J. Genetics Genomics, 41, 63 (2014) kYUK ZE
(-IZdeletion®#. +I&insertionD#%ERY)

Fig.14-2 Indel pattern of the cleavage site by TALEN and CRISPR/Cas9 in Plant (Zea mays)
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CRISPR plasmid construct

57 —gctaggctatatttcggatENNNNNNNNNNNNNI&&I\TI@INNGGJaattcaccgcatta—3 !
3’ —-cgatccgatataaagcctaCNNNNNNNNNNNNNNNNNNNNCCttaagtggegtaat-57

target in genome

(+)88
QF !

CRISPREAR 2 B—4 BRI PAM

5’ ~GNNNNNNNNNNNNNNNNNNN NGG-3’
37 ~CNNNNNNNNNNNNNNNNNNN NCC-5'

FIIEICHBPAMIE, CasODBHICHETHAH, sgRNAIZEDHALY

5’ ~GNNNNNNNNNNNNNNNNNNN

~~~~~~ chimeric RNA
(sgRNAscaffold)

Note: (-8RI T BB, MEITER

sgRNA scaffold A
~ CBh NLS h-SpCas9 NLSV Puro/GEP bGH pA
‘r:f M Lt [
T 3XFLAG
v Bbsl Bbsl y sgRNA scaffold
5’ -ARAGGACGARACACCGGGTCTTCGAGAAGACCTGTTTTAGAGCTGRARATAGCAAG -~~~ —————==— == === 37
Sl —TTTCCTGCTTTGTGG‘CCCAGAAGCTCTTCTGGACAAA‘ATCTCGACTTTATCGTTC ————————————————— 57
digestion
5" -AAAGGACGAARA GTTTTAGAGCTGAARATAGCAAG-~———————————————— 3
3" -TTTCCTGCTTTGTGG ATCTCEACTTTATCET PC———————r———————=r 5
ligation
5" -~CACCGNNNNNNNNNNNNNNNNNNN ~ B
Bt = CNNNNNNNNNNNNNNNNNNNCAAA~5'
anealing

57 ~CACCGNNNNNNNNNNNNNNNNNNN -3 }
- ~ prepare 2 primers

3" - CNNNNNNNNNNNNNNNNNNNCAAA-5' |

Fig.15 CRISPR/Cas9 plasmid we used in this study
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ATTAGGGCTAGGGAATATAGCTCAGTGGCCTGATATGCGTAAGGCCATAGGTAGTCTCTAGCTTCTAAATACATTAAAACTAAGTTARAAGTCACTA
ATAAATCCTTCTGCTATGTATTATAAAGATGAAAAGCAGAAACTAGTCATAATACTAAAATATCCTTTCTCAATTTGAAAGTATAGGGGARAAGAGTA
TGCTTGAAATAAAACACTTTAGTGAAAATGATGTTTGACCCTTACTAATTATTAATTTGTAGTGTTTCTGAGTCAGATTTCCACCCCCTTAGTTTAG
ARAAATGTAAAACTATTATTGARAAGGTGACTTACATTTGAAAGATAGTATACACCTAACCACATATCATCCGTGGCAAACTCTTAAACATCTACCAT
GAAGATGTATTTCCCAGTTTCTACCTAGGCCCATATAGAATGATTTTACAACTAGCACCCAGCATAGTCCAAAAGCCCCTTTTGTGTTTTAGCCATT
TTTATACTTACTAAAGTTACATTTCCTTTAATTCTACTTTCTGAATTCAGTATCAGGAGAGTTTCTTACTGAGAGTCTCAGAAAACCTGATACATTT
TGATCTATTTTCAAGTATTCTTTCCTTATCAGATATGTATAAACTGGATAGTTTTATTTCTTGACAAAAGAACTTTGGCTGGAGTTAARAGTTTAGTG

TALEN-VR-AIF-up-A

U6-Rev-exon3mae /-N_/_ U6-Rev-Sxon3nmac?
GCAGAGCGCTTGATTAGTATGCATGAAGCTCTGGGTTT CCTAG%ACTGAAAAGTCAAATTC CCTTAGTAGTGTTTGCATAAAG(GAGCTAAC

TAGCTCAATGTAGACAAAAGCTTCTCATTTAATTGAAATGATIGT TAGCCTATGT TATGATATAGEIGTATCATGARATAAACTTTCTCCATGTTTGG
crcTacacGCCTACAAGACTATTAAAGAAGACCAAAAAAGATATAATGAAAGAATAATGGGATTAG

GACTGTCACCAGAAGAGAAACAGAGAAGAGCCATTGCCTCTGGTAAGGACTECCCTATGTCTCTTCTGTGTGACE
TGAGATTAAATAAGGGAAAGTGATTAAGGTTGAGGTGCTATGATTTGCTAATATCCTGTTGAAGTGTAACAATGTGAGAT TGTAAGCTTCTAGARAC

TTTTAATTGTTTTATTTACATTCCAAATGT CCCCACTTCTTGGTCCCCCCTCCAAGAGTTCTTTACCCCATACCCTATCCCCTTTGCCTCTGAG

U6-Rev-exon3usiro U6-Rev-left-2

AGGGTGATCTTCCCCCCCCAAACTCCCCCCGTCAATCCTCCTTCTGTGGGGGCATCAGTCTCTACAGGATTAGGCACATCCTTTCCCTCTGAAGCCA
GCCAAGGCAGTCCTCTGCTACATGAGTGCCAGGGGCCTGAGATCAGCCTATGTATGCTTTTTGGTTGGTGGCACAGTCCCTGGGAGCTTCCAGGGGT
CCAGGTTAGTTGACACCGTTGTTCTTCCTATGGGGTTGCCATCCACTTCAGTCCTTCCCCTAACTCTTTCATTGGGGTCCCTGTGCTCAGAACAATG
CTCACCTGTGAGTATCTGCATCTGTCTCAGTCAGCTGCTGGTAGAGCCTCTCAGAGGACAGCCATGCTAGGCTCCTGCCTGAAAGTACAACATAGCA
TCAGTAATAGTGCTGGTGCGTGGTGCCTGCCCATGGGATGAATCCTAACCTGGGCCTGGCACTTGGTGGCCTTCCCTTCAGTCTCTGCTCCATTTTT
GTCTTTGCATTTCTTTTAGACAGGAACCATTCTGGGTCAAGAATTTTGAAGGTAGGTTGATGTATATTTGGTGATTACTGGGARAGATAGGAAAGCC
ATTTTTCCAATGACTAAACCTTTTCAATCACATTAATTCCCTTGAATCTTTGGAGTTTTGAGTTGTTATAGATGTGTTTTCCTGTAGCACARAGCTC
TAGCCTTCTATTTGATTCAGTTGGATTTTCAAAGAGGAATACTTTAATCCTTTAATTAGGCCTATAATCTGGGTAGGCGGTTTGTATTGCTTTTCGC
AATAATGCCTCCTTCTTCATGAACATTGTATAATAATCCCCAATTGACCTCCTAGGTGTTTCCCCTTTATGC

Fig.16 TALEN and CRISPR/Cas9 design targeted for AIFM1 exon3 region
o TEATZES (&, CRISPREEMERS], KFRBEFHRTRLUESIE
TALENIZRIERHIZTRT . KXF(#R) (L. exon3&ERY
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*Platinum TALEN®Target: TTTCATCCCTAGTACTG-AAAAGTCAAATTCGC-CTTAGTAGTGTTTGCATA

* CRSIPR/Cas9? Target:

GC% i
Name Length Start End Strand Nucleotide sequence spa:elrn Ranking Match-start Match-end
U6-Rev-exon3mae2 23 20 42 minus GAATTTGACTTTTCAGTACTAGG 30 100 135399601 135399625
U6-Rev-exon3mae 23 116 138 plus GTTAGCCTATGTTATGATATAGG 30 100 23972 23996
U6-Rev-left2 23 2838 310 minus GTCACACAGAAGAGACATAGGGG 45 100 23800 23824
U6-Rev-exon3usiro 23 419 441 minus GGAAACTGCTCTCTGCTATGGGG 50 100 23669 23693

SURVEYOR assay #
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TALEN spacer (talen-VR-AIF-up-A)

SUR~PCR4_T1-2 108 I‘TGATI:-CTA‘IC S RTGARGCTCIGGEITI CAT CCCTAGTACTGRARAGT CAARTTCGCCTTAGTAGTGTITGCATARAGGAGCTARCTAGCTCAATGTAGACAARAGCTT] 218
SUR~PCR4_T1~3 109 FTGATTAGTAIGCATGAAGCTCTIGGEITTCAT CCCTAGTACTGRARAGT CARATTCGCCTTAGTAGTGTITGCATARAGGAGCTAACTAGCTCAATGTAGACAAAAGCTT] 218
SUR-PCR4_T1-13 109 FTGATTAGTATGCATGARGCTCTGGGTTIICAT CCCTAGTACTGRAARGT CARATTCGCCTTAGTAGTGITTGCATARAGGAGCTAACTAGCTCAATGTAGACARAAGCTT] 218
SUR-PCR4_T1-24 109 ITGATTAGTATGCATGAAGCTCIGGGTITCA CTAGTACTGRARAGT CARRTTCGCCITAGTAGTGTITIC nTr_-s. GGAGCTARCTAGCTCAATGTAGACARAAGCTT] 218
SUR-PCR4_T1-3 109 FTGATIAGTIAIGCATGAAGCICIGGGTITICH: “TAGTACTG) CTTAGTAGTGTTTGCATARAGCAGCTAACTAGCTCAATGTAGACAAARGCTY] 218
SUR-PCR4_T1-15 10% XTGATTAGTATGCATGAAGCTCIGGGITICH AGTACTG (TAGTAGTGTITGCATAAAGGAGCTARCTAGCTCAATGTAGACRARAGCTT] 218
SUR-PCR4_T1-19 109 FTIGATTAGTATGCATGAAGCTCIGGGITTCATCCCTAGTACTG CITAGTAGIGITIGCATAARGGAGCTAACTAGCTCARTGTAGACARAARGCTT] 218
SUR~PCR4_T1-20 108 FTGATTAGTATGCATGAAGCTCIGG TCCCTAGTACTG] C CTTAGTAGTGTTIGCATARAGGAGCTAACTAGCT CARTGTAGACARRAGCTT] 218
SUR~-PCR4_T1-22 109 TGATTAGTATGCATGRAGCTCTGGGITICATCCCTAGTACLT GTCAMATYCGCCTTAGTAGTGITIGCATARAGCAGCTARCTAGCT CAATGTAGACARBAGCTT] 218
SUR-PCR4_T1-5 110 FTGATTAGTAYGCATGARGCICTIGGGITTCATCCCTAGTACT! AGTCAARTTCGCCTTAGTAGTGTTIGCATAAAGGAGCTAACTAGCT CAATGTAGACARARGCTT] 219
SUR-PCR4_T1-18 108 ITGAITAGTATIGCATGRAGCICTGGGTTICA “TAGTACT CRARTTCGCCITAGTAGTGTTIGCATARAGGAGCTARCTAGCYCARTGTAGACA TI| 218
SUR~PCR4_T1-4 110 FTGATTAGTATIGCATGAAGCTCTIGGGTIIC CTAGTACTG GICARATTCGCCTTAGTAGIGTITGCATARAGGAGCTAACTAGCTCAATGTAGA TT} 218
SUR~PCR4_T1-23 110 FTGATTAGIAIGCATGARAGCTCIGGGTIT CCTAGTACTGRARAGT CARRTTCGCCTTAGTAGTGTITGCATAAAG CTAACTAGCTCAATGTAGACAARAGCTY] 219
SUR-PCR4_T1-11 110 FIGAITAGTATGCATGAAGCICIGGGTITCA “TAGTACTGRAARAGT “'T}' GCCTTAGTAGTGITIGCATAARGGAGCTAACTAGCTCARTGTAGACARARGCTT] 219
SUR-PCR4_T1-10 110 FTGATTAGTATGCATGAAGCTCIGGGITICA: TAGTACTGRARAGT CAAATTCGCCTTAGTAGIGTITGCATARAGGAGCTAACTAGCT CAATGTAGACRARAGCTY] 219
SUR-PCR¢_T1-7 110 ITGATTAGTATGCATGAAGCTCTGEGTTICAT CCCTAGTACTGRARAGT CARATICGCCTTAGTAGIGTTIGCATARAGGAGCTARCTAGCTCARTGTAGACAARAGCTT] 219
SUR~-PCR4_T1~16 110 KTGATIAGTATGCATGAAGCTCIGGRITICA CTAGIACTGRARAGI CARATTCGCCTTAGTAGTGTTIGCATAAAGGAGCTAACTAGCTCAATGTAGACARARGCTY] 219
SUR-PCR4_T1-6 110 FTIGATTAGTAYGCATGAAGCTCTGGOTTICA TAGTACTIGRARAGT CARRTTCGCCTTAGTAGTGTITGCATARAGGAGCTARCTAGCT CARTGTAGACARRAGCTT] 219
SUR-PCR4_T1-8 110 FTGATTAGTATGCATGAAGCTCTIGGGTITCATCCCTAGTACTGRAARGTCARATTCGCCTTAGTAGTGITIGCATARAGCAGCTAACTAGCTCAATGTAGACARARGCTT] 218
SUR-PCR4_T1-17 109 FTGATTAGTATGCATGAAGCTCTGGGITICH TAGTACTGRARAGT CAAATTCGCCYITAGTAGTGTTITGCATARAGGAGCTAACTAGCTCARTGTAGACARRAGCTT] 218
PC12HS~cetoff10 111 ETGATTAGTATGCATGAAGCTCIGGGITICATCCCTAGTACTIGRAARGT CARN GCCITAGTAGYGTITIGCATAAAGGAGCTARCTAGCTCAATGTIAGACAARAGCTT] 220
SUR-PCR4_T1~33 111 GCTIGATTAGIAIG PIGAAC‘T TGGGITTCAT CCCTAGTACYTGARAAGT CAAATTCGCYTAGTAGTGITTIGC? CTAGCTCARTGTAGACRABAGT 220
SUR-PCR4_T1-42 111 BCTIGATTAGTATGCATGAAGCTCTGGGTIICATCCCTAGTACTGRARAGT CARRTTCGCTTAGTAGTGITTC TAGCTCAATGTAGACRARAGT 220
SUR~PCR4_T1-27 110 BCTIGATTAGTATGCATGAARGCTCTIGGETIICATCCCTAGTACTGARRAGTCARATICG AGTAGTGITTIG ACTAGCTCAATGTAGACARAAGC] 219
SUR~PCR4_T1-35 109 GCTIGATIAGTATGCATGAAGCTCTGGGITICAT TAGTACTGRARRGT CARATT CGCTTAGTAGTSTITGOATA TAGCTCAATGTAGACARARGC] 218
SUR-PCR4_T1-30 110 BCTIGATTAGIATGCATGAAGCTCIGGGITICATCCCTAGTACTGAARAGTCARN GUCTTAGTAGIGTTIC TAGCTCAATGTAGACARRAGC 219
SUR-PCR4_T1-31 110 BCTTGATTAGTATGCATGAAGCTCTGGEITICAT TAGTACTGARAAGT CARATTCGYCTIAGTAGTGTTTGC? TAGCTCAATGTAGACAARAGT 219
SUR-PCR4_T1-29 110 BCTTGAITAGTATGCATGAAGCTCTIGGGTITCAT TAGTACTG. GICARATICG TAGCTCRATGTAGA 218
SUR-PCR4_T1-39 110 BCTTGATTAGTATGCATGAAGCTCTIGGETTICAT TAGTACTG, GTCARATTCG TAGCTCAATGTAGA 219
SUR-PCR4_T1-32 110 BCTTGATTAGTATGCATGRAGCTICTGGGTITCAT TAGTACTG. GICAARTITCG TAGCTCAATGTAGR 218
SUR-PCR4_T1-36 109 BCTIGATTAGIATG GARGCICT! TAGTACTG GICARRTICG RCTAGCTCA 'I’“Tn"
SUR-PCR4_T1-25 108 BCTITGATTAGTATG TCT TAGTACTG? GTICARATTCG TAGCTCH

SUR-PCR4_T1-37 108 [ GAITAGTATGCR T TAGTACTG. GTCARATTCG TAGCTC

SUR-PCR4_T1-45 108 5 ( ICTH GT ACTAGCT!

SUR-PCR4 _T1-44 108 [3 TCT GT TAGCT

SUR-PCR4_T1-26 108 [5 T 7 G ACTAGCTCA

SUR-PCR4_T1-38 107 T G ACTAGCTCR

SUR-PCR4_T1-48 108 [3 TCT G T

SUR-PCR4_T1-34 109 TCT G TICA

SUR~PCR4_T1-28 109 [5 TCT G 3CT

SUR-PCR4_T1-46 103 |5 ICT G T

SUR-PCRE_T1-43 108 [5 T G T

SUR-PCR4_T1-47 108 [ T 2

Fig.17 AIFMIE{nFexon3Bl&intronfEIEZ1ZHIICT H 1 L =sgRNA &
I ;EM (SURVEYOR Assay), —2 I A2
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