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o] wj, Ab7] 7}o]= RNAE tracrRNA (transactivating crRNA) H-E3} crRNA(CRISPR RNA) H#S ¥3tel= &
-AF& 7}o]= RNA (sgRNA)o]aL
471 mA DNAE A7) lel= RVAS orRNA REI ARAD EA 992 AHE Al sEdE 9

PAM(protospacer adjacent motif)< 7HA& A2 2EW=F XF3h;
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Cas9 FeMetol=g hBstshs A =
= A,

o

15l= A2 vlo)g -7l Ztan=g Ay AAAE Yz =ds}

ul
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47 Cas9 EFAMERO|= © A7) Fhol= RNAE A= 23T F4sn,

7] Cas9 Eeetol= 2 7] sbol= RVAS) BgtAo) o8] 23] 4 DNAZF W H 3
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AL vkole] - | Eehov] e s

oy
o,
o
rir
2
lo

e, A2 vholela-u) FehavlEE BU@ Fol Fas U

AT% 6
A&l loj A,

A2 vpolg vy FeFAEE Rt A2, Al vpolg -y FeAnEE R o st WY
AT+ 7

A1gol oA,

A7 A2 wpoly 2-wirl ZEpAv|=E, Cas9 Z|FElo)=eo] {UlE = 3 99%x 4% (nuclear localization
signal, NLS) HElo|=E $u sl i F712 o 23sts WY

37 8
e Tgehe, ASAEAA E5 DN WS A% 2YE
bl RUAE Eskshs WA FFsHE AL vholel sl Fepav=,

o] uwj, A7) 7Fo]= RNA: tracrRNA (transactivating crRNA) 33} crRNA(CRISPR RNA) H&& Edtsl= ¢
-Al& 7}o]= RNA (sgRNA)o|at

71 ®A DNAE A7) 7hel= RNASl crRNA FEI FEAS %4 F9e 7= Al 2EI= Y

PAM(protospacer adjacent motif)S 7FAl& A2 2EW=E EgshH;
Cas9 ZE|HPePol=E dEssle e X3ste A2 vlolg 2-u7)] Fgar=

o] W, 7] Cas9 ZE|FElol=E A2 2EME= AFo] PANS Q1A381L;

l:[L
’F7] Cas9 Z|HElol= E 7] 7Fo]l= RNAE A2 535 FA5hH,
2

Hetol= 2 37] sol= RNAS) HFAG ol3) 471 B4 DNAZE W,

A7 9
A 8aell ho) A,

471 AL wpelE 2-vi) EebAn = B A2 wholH Aol SYAv|EE AR AJo)d A=,

7] A2 vpolH -] FEpav = @ X AE (nuclear localization signal, NLS) fEle]=E 5 3}s)
= ME FE 9 23Sk,
A7 @ 91x] A% (nuclear localization signal, NLS) Elo|=x A7) Cas9 ZFElolto HIlxE AL
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2 0ge 38 AE T f71AAA ] BAsE fAA 2o e el Bk FAAoR, B IWe ¥
2 DNAo So]#jQl 7hel= RNA % Cas ©¥dS& hostele ik £ Cas GWAS E3ahe, XJSE AE E=
1AM E4 DNAS ddar] A% 245, 2 29 &% #3 slejot

A

CRISPRs (Clustered Regularly Interspaced Short Palindromic Repeats)i Ak A o] ulg

oiegf 40% 2 A Mgl HHI Aol 90%0] FrAAelA WHEE oy #S A RS ¥

oltt. Eotane H A 59 QA FAA adel AYEE F KLDP'” ol A, CRISPRE 98

S 24 7%t CRISPR Al2~®1S 85 WA g FelE AlTert. ~d o] A (spacers)etil &&= 2914 DNA

o] F-& F& CRISPR WHE Alelo] Alge] AYHI, HA w=FE 7|9t 98-S gt 1w CRISPR 23 0]
il o

A= 8 Aol A RNATSF FrARgE WA o= 9RIA F4 2as dAstal 4 (silence) = AREEU

=
Type 11 CRISPR/Cas Al ]1 4%l %‘ﬂi’“ 249 Cas92, CRISPR RNA (crRNA) "% trans-activating
Ade o, &4 OﬂE-r“T:éLEﬂO}Xﬂ(endonuclease)'— A3t
AR FH18 aAn Aslo] @ MEE RS
F 4319 CRISPR S_}\ETH AAtEer. A, Jinek et al.
g3l o] Asatd dd A& 7192} RNA(chimeric RNA)ZF
|5 dEwEdotAlE st AS YSsTt.

L, A FomM A EE E}*HICJ
crRNAE ol 9)F APA2RE HHEA
(1)& crRNA % tracrRNAO]A H4=20] HEo
Cas9/RNA EHA A 7= 7] RNAS A S

20
2

>~
N

S eEfel= A% (RISPR-Cas Tl o] 9]x] Eo]A(site specificity) YAl & A7 o 72§
T e DNA-AE vz Al RNA EAbol o8] ZAlwr] wjFoll, (RISPR/Cas AA®lE A=A FA (zinc
finger) ¥ WAL FAA-FAF ¥HS7] DNA-ZAF @A (transcription activator-like effector DNA binding
protein)ol o|HS& A|F g},

SHAIRE, A= 7bA] CRISPR/Cas Al&=Hl& 7IWke.2 RNA-7Fol= dl=yrE oAl (RGEN) S AREEE Fd4 ad Wy

T8 24 (genotyping) W < shupolw, A AESh B fAdek fopel |

W#H Zo] t}a A (Restriction fragment length polymorphism, RFLP)S 7} < ej¥x, 7}
S5 c=
A de] AFSHAR, FF Agtaiel o) A= HAES A doHE A .

42 7}¢] (engineered nuclease)ol EAX-73A 17 Ad=wEdoetA 1 (T7E1) =&

=
=, g2 A#Ed (Dideoxy sequencing)

|
Surveyor & @lolA] o]Ale], RFLP, &3 PCR AHE9 L A7)
2 o AlE7% (deep sequencing)S EFE thekst Wil 93] @A " T7E1 ¥ Surveyor oJAlol& d& A&
HA R HAET
Heo], EdHo] Hdo] M2 ZTEFZU X (homoduplexes)S A ¢ dar, oY Alxe F3HS olF o
Y fAz B0l F2(clone)S THIA E3}7] wjiol, &7 Ei% Aol NS i FHrlshs B
o] dth. RFLP= 7] AlFES 7HA3 YA formz Mdee] g wWigo|tt. A 2ol A

S BASE b A WA WY ShiRe s, B
s1s) gl ola) AlsErh, B4 Qi XA SR AR P97 gk Abge] s,

UEL RS
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ggol &

s EdstE = A

A F7HA] CRISPR/Cas A|2®lS 7]¥Fo 2 RNA-71ol= =72 e|obAl (RGEN) S A3 F44 oy 2 F484
A4 W2 AdE R gkt

o]#] 8 Aslo| A, B @zl CRISPR/Cas Al2~ElS 7jdlo 2 3 44 A WS fasax oo w2a9
I, vy A" A E = FI)A A A 8tE WRoE DNAS Hudts T2ty RNA-7Fol= A=y o}
AE gystort.

w3k W RLE-& RFLP #2404 RNA-7Fol= dey

® ZeobA (RGENs) & AHE3HE ARe e Awstax
oo et 5L RGNS AFEale] ok E

oA WAEE vHE EdWo] (recurrent mutation) % RGENS ¥
gete FHA 7F AAlC] o AE 2 [UIAA FEEHE B EdWeld st fAFEES 2,
ol=M E S AAdsAt.
HA] HE T
iumk]%4%£¥1WMﬂ§ﬂ@ﬂ7WEiWAEE”%] PFZWF;MiﬂﬂbDM 2 Cas @A S
A3 3tele A e Cas ©AS ¥§els, M8 HE B F71AA 4 DNAS 2dshy] 93 2A4ES

wodwel B B4 w4 DNl Sol49l hol= RNA EE A7 Jhol= RVAR hEsels DA, 9 Cas whl
48 YEARE A TL Cas BUAS EGSE, A8 AL - o B30 EFANGE AL
A 2B AT Aol

wowge) ® re BAS w4 D] So] Al Jlol= RV EE A7) Jlol= RVAR QFEsel DNA, 2 Cas
WAL dEakshs WA EE Cas WAL TS, WY AL EE G/ANN EH AT ddals] 9% 7]
=8 A Aoln



[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

R owo] w thE BAe ¥4 DNAGl So|H9l slol= RNA EE A7) = DNA, @ Cas &
WAs oslete AL EE Cas @WAS ¥Xgdste, I3 AE e fr1A0A 243tE 2dWolE fest
71 A% 71EE Algshs Aot

el EorE 54 Cas diAS dmshehs HAk B Cas @A, B 7bo]m RNA B 7] Thel=
RNAE ot@stsh= DNAE X3 AIE 3 {74 5-8AFY (co-transfecting) = ©AZ FAFS
(serial-transfecting)dle= TAIS X35, Cas W 9 7lo]= RNAS EgstE 9 MY == f7]AE

Azshs WS AFshs sloltt,

EA42 14 DNAC] Eo]A<Ql 7Fol= RNA = 7] 7Fo]l= RNAE <t&3)sh= DNA, % Cas ©
pi [

®owbge] m thE 2o §7 DNACl So]FQl slo]= RNA EE 4] lo]= RVAE hEslahE DNVA,  Cas ©
WAL ghsstale ik EE Cas BUAS TIEHE 2AES, TF DAES s A9 AE T f71A0
FAFYsHE WAS TP, A8 AE E= fANM £ DAE Aushs RS AFse golt

oo L

24e ¥4 DNAGl 50|49l b= RNA E& 7] 7bol= RVAS tEstali DNA, % Cas
Wk E= 1= L= fF71Ad Aeshs dAE *

HA A DNAC 5o %l 7hel= RNA = A7) 7hol= RNAS & 3tsh DNA, 3 Cas ©
3} AL L Cas @A S ¥l ZAHES TF9 Hlold =dste @A E 4] ol
X (pseudopregnant foster mother)e] Fol o]2slo] {FHA|-WME TE& AisteE SAE 233}
H

Y BB Azshe WP AT Aol

w4 wA DNA Aol S 4]

A 7Fo]= RNA, Cas ©9AS xels, 2dld A=A A
Wol(variation) & F3dFA & o

1o]c} .
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dlobAl (RGEN) & AM-g3te] 4=k 7F¢lell 2o& MEoA f=%
= HolE £A4AYA BAEE wH o=z of7)A A7) RGENS FA DNAY
]= RNA ¥ Cas @A ¥38st= WHS AFse Bold.

wre] e BHe RNA-7Ho]
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Bodge) ® e 2Ae RA-Tlls dEfrEeold RENS EFehs, 414 Jhslel o8 AEAN FEd
Selvio] Ei e g BQve] EE WolE AR BAsY 9% JERA, o7 YY) RGENS A

a2 ¥
DNAell 5-o]%Ql 7}o]= RNA B! Cas @A ¥t 7|EE Agshs Zeoltt.

¢}

= A7) 7tolE RNAE <53}l DNA, 2 Cas ©
X EE F71AC B4 DNAE ddstr] 93 =
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& we] G R A Dvel FolAel Aol i i A7) bl RAE stk D, % Cas W
% W Cas BMAS EL, A8 AL EL fAANH LAY EAUOE fEo

By E e BHe A DNAY] 5ol sbel= RNA E V] Jlo]= RNAZ Eshehs DNA, B Cas W
£ A R Cas WS TSk, A9 AL B /AN EH DME Adetr] 9% 7]

& 34 DNAC| 5ol# Q] Zhel= RNA B A7) 7he]l= RNAS ¢h&s}shi= DNA, % Cas ©
£ e AL i fAA 24 =dWelE Es

AL Cas ¥MAS dsdlsl= A e Cas ©@ld, 2 7}°]E RNA T 7}o]= RNAEZ
= -8 A3 (co-transfecting) FE= -F @Y (serial-

3
8 A
AS EFehz, Cas @A 5 7hol= RNAS 2shs 18 Ax 55% fF71AE Azxshe

7] 7}o]= RNAES ¢t 3}al+= DNA, ¥ Cas ¢

< 5 &
Aok = Cas @A S ek 8 A = {F71AE Alsshs Aol

548 A DNAY Eo]AQl 7lo]= RNA H& A7) 7le]= RNAE &8st DNA, 2 Cas ©

% “j:_]-’ugo =5 lil'% l -
WAg ghEstets Wi B Cas ©UAS TPAE 2ARS WY AX BE f70A4 Adete @S 2§
she, A8 AE we fUA0A BAskE BdvelE fEsks WS ATeE Aol

2 ool o ohE ZA S 74 DNAo| Eo]A ¢l slo]= RNA HE Ab7] Jbol= RNAS ¢t53lstE DNA, 2 Cas ©F
WAL obFslelE A X Cas UHAS ¥ asE AR 95 mAR SAANE ¥ blo), HA-H
d 55, Bt FAA-1Y AE5S AFsks Aold.

w el Eoue 542 34 DNAC] 5ol#<l ZFol= RNA = A7) Tho|= RNAE Y& steh= DNA, % Cas &
NAS dostels 4 = Cas OHAS 38t 2SS $=9 dlobl] =ists @Al 2 A7) vlokE
7Fd 4l Qe (pseudopregnant foster mother)?] ool o]2sle] FHA-HE HES Prsls dAZS £33}
=, FAA-HE sE5S Axsts S ATss Aot

o FEH DNA AG] Eol 4l

‘]
™ i
Wol(variation) & 1A 4 (genotyplng) 6}7] -?4??} ZAES A

©
o
>

g

2o
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i

o oAl Aol Rl D Cos @A Eoks, o g
J

= d=wFdobd (RGEN)S 543 xgshs, 2AE
o] (variation)E F1d4d (genotyping) 3}7] 913
1=

5] | & A
RGEN-S 37 DNAo| Eo]# ¢l } = RNA ¥ Cas @S ¥3lst= 7|EE ATt Aot

471

B oalgol it 2 48 EWE| RNA-7Fo|= = EEolAdl (RGEN)S ¥3Hete A7) ZAES AFgsle], £y
H AESHH Al7A EdHo] = WOl (variation)E A E 4 (genotyping)dhs WHOZA, o7]A]
7] RGEN-> 4 DNAo| So]# <2l 7}°1t RNA %! Cas WA S xste WS Algsts sloltt

Wy £

34 DNAe] 5o]#Ql 7ho]= RNA % Cas @ A& heghsh dlab B Cas W& X8k, 18 Al &
T A7IACIA 24 DNAE A B 243kE =dwols fkshy] A% 2 e 24E, AV 2HEE 2
gots 71E, 2 243t EdNolE fets e A A {34 vy sEE Alsdh. =3, A
2% RGENs (custom RGENs)& oJ® DNA Mk A== dAd = glomz, 79 BE 9d 7] Ay
(single nucleotide polymorphism) %% 2 449l/A2 (indel) RGEN-wi7l RFLPE &3 #4149 4 itk 1
Hre, 2odye] =4S B e A B W] Bl sdnels gxst Addhed] ARSE 5 Sl

EWY BuE d9
= 12 A HER (in vitro)dlA Z&=0= DNAQ Cas9-Sv] TS Btk (a) ¥4 DNA 2 7]dg} RNA
Aelel ma wd, A AEe A9 EAE e, Casol €13 AAHE P AL FE A BAH

t}. crRNA 2 tracrRNAZHE #3138k 7lo]= RNAS] Mg 7}ZF Y27k (box) 2 WEZ UrE‘rWU‘r (b) Cas9el
ofgt Zebsw= DNAS] 91 HIE (in vivo) A%, 27 943 Fet2v|= EE Apall-doE Z#k~v =+ CasY
9 7}o]= RNAS} 37 W alich.

T 2F o9E 13 ‘:'-H(eplsomal target site)ollA 9] Cas9-F% EHWHo|E HoJFETh, (a) RFP-GFP ¥ XEHE

ALE-3E A E-7]HE o] Mol e] 7 . GFP A¥-& RFP A ¥¥} out-of-framel & |57 &) GFP= A7) €
YXHZHE @dsH &=t RFP GFP 8% ©¥lde 5 A4 2lolo] q4 H7 HX-5ol4 wEdolA <
3 A S wgk ddet. (b) Cas9s FAFAS Axel FAHAE #4(flow cytometery). RFP-GFP &3 o
WAS W= HEe HAET FAEY.

= 32 A" FAA 99x (endogenous chromosomal site)oll41€] RGENe]| 2]3t Z=dAWo]lE HojFETk. (a) CCRS
291, (b) C4BPB 291, (91) T7E1 oJA|o] S AF&3}o] RGENO| 2]3 EdwolEs ©x|5t}. Fa®E T7E1N 9
3l AohE DNA W=e] o4 9XE YEldt:, Ed¥e] WX (Indels (%)= M= 9] *ﬂﬂ% =745k 74]45}03
th. (o}2l) CCR5 & C4BPB o83 (WI) B &Aool S&9] DNA ’ﬂ"ﬂ. 7tel = A 1@4 i
2 bocE R PAN AMEL #H2 &

(microhomology)ell &3t A7l WEs AT, 2E8F° °é% A s AAdd AV FE ‘%E‘rkﬂﬂ.

% 4% RGENel 9]3t @ -e}Al (off-target) EdWols BAHA Zevhe AL HoFEH. (a) 2-E (on-
target) @ A2 o Z-glAl Md. #AAFH Qo Z-g A5 (in silico)olA A3 F-H1AE

AAsATE. v e AHE wHNAa, 2o A= (RS 2-BHA X9 3-997] BYUX] (3-base mismatc
Mg 7HAgth. Bdxd A7l 42 YeRAT. (b) T7EL oAlo] & AFE-3te] Cas9/RNA H3A7F AT
H AlzelA A7 =AWl HAEA ARE ZARSIGIT. A7) AAeA Aol ©A A gttt
N/A (B8 5 ¢l8), F42 2k 912 (intergenic site). (¢) Cas92 LZ-EPA-AF AAA AAE Fies)
A @A, CCR5-5-°14 RGEN Bt ZFNS QIFF AMlazol M 2dskgltt. PCRE ARS-ste] 7] Azl 15-kb A4 A

249 FEE 9A3

2 >§
:\9
R
)
=
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r«O
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&= 5% vh§-Zol A RGEN-F1I= Foxnl #32 BPAE S HojEtk, (a) P2 Foxnl F34ke] o 20 So#<l
sgRNAS HAFSH=E 7iefie. ol 2014 9] PANS HAloz FA|so] glar, < 29F AR Al sgRNAS] Aol

=2 FAE v A EL dd F91E ekt (b) 1 AlE GA9] vk viotel] Alxd W FYHE F3l
¥, Foxnl-5o]% sgRNA %! Cas9 mRNA®] 32} ERAH

& HolFE gigF el T7EL ojAo]. &A= 7}
S2Zo 2R S0 YA 38 (founder) "H-

£ yehdd. sEs T7E10 o) dvtE W

o
'5
2

T xe
=2 Yehdth, (o) bolA 8 Al 7le Foxnl E1Wo] e oA AZHE SdAWo]l hHFAXS] DNA A
g, A = 25 ot YERYdYl. (d) Foxnl 30 #108 2 ok & FVB/NTace} mHlste] f-aw F1 &=

-
PCR w484 £ . Foxnl I+ #1089 oA dAaw EdWo] hHFAAF (mutant alleles)® ¥27F U
o

% 62 Cas9 mRNA % Foxnl-sgRNAS] Az W Fdol 93k wp9-~ wjolo A9 Foxnl FAxF ERAE S
HAE. (a) 7FE 52 8§38 Y & 58] &5 32 T7E1 ofAlele] gl A=, saxne TR
o oe) Aerw Wl —g— vrebditk. (b) T7E1 ofAlo] Zzke] aof. FAE RGEN &% Axd W +¢ F 53
ol HIEZeA wigFs vlo} T Edwo] v &S YERdLE, (¢) T7EI-YA Edwo] wlole] R 7 (subset)
S 2HE A¥E Foxnl EdWe] dygFHAe] DNA AE. okAE digFAAe] 14 AE A Stol]l 1A|E o

o]
AN

ol

H

72 AFE% Cas9 ©HA: Foxnl-sgRNA E3HAES o] &3 vlg-2 wolo|Ae] Foxnl 3 EAES
HAEoh, (a) ¥ (b)E x4 T7EL 01111014 A} g o]59] goFolr}. HjolE (a) M F=¢ (pronuclear
injection) ¥ (b) AEZE U FYgt & 1 BEZA gt (b) A 2AE TEI-44d Edde] 3
U 28 e (o) 7P 52 879 AEF Casd DA Foxnl-sgRNA E3HA|9] W F=¢lol o3

S5 wjolE Ql HERA wjgsta, o]ZRE A¥HE Foxnl W] gHFHAS] DNA AE. okE diy
Ao A M-S At Qbel FAIEHO .

i

S

% 82 Foxnl o] T2 #1204 TAEE SAHo] PHFAR] A2A o]F (germ-line transmissio
nS HolFErk, (a) fPCR 4. (b) oFAE FVB/NTac, 320 vl 2 19] F1 A2 PR F-48 2 4.

% 9% Prkde EWo] ghgrle} wufsto] WAAZ] wjole] fHAEHE HoFErh. Prkde EAWoO] 321 425
2 2155 wHlskgla, E13.5 wjolE st (a) ok, 32y 25 2 I $£159 {PCR #4]. {PCR
o 7|4 A Wi, 7] AFHES EdWel Uy FHAe] A NERFEH e AfolE HAUY dE
o], g MM A2069/A61/WT =D ASHL/+7/+412/WT7F Z2F 926 825 2 320 21523F 2E Q).
(b) AR wljole] {24,

% 102 Cas9 T /sgRNA E3HA17F 143t EdWolE FEsldlss Hos.

= 118 o1& ¥ AA (Arabidopsis protoplast)olA] A %% Cas9 @M A-F 5= EAMO|E Ho]FET},

T 122 o714 BRI1 FAR A AxT Cas9 G d-FE Ed¥o] IS BojFEr),

% 132 Cas9-mal-9R4L 2 sgRNA/CORALC E-3HA|e] Aol olaf 293 MEe] A% CCR5 FAA 335 w5
£ T7E1 oJAlo] 2 HojFu},

% 14 (a, b)E Fu et al. (2013)01W B RGENsS] -l 3 O X-EpAloAe] EdWo] kg RHojFr),
27y 60 pg D 120 pgo] ¢l HIERO|A A GX19 crRNA 2 tracrRNA, 2 20 ugd) Cas9-<53} Zgfrun| ==
SAM FAFQS K562 AE (1 x 107 AE), £ (d) 1 g0 Cas9-¢53h ZepAm= 9 1 9] GXy sgRNA
Wy Tepan=s TE-P AR K562 AE (2 x 10 A1) A4 DNAS BAe T7E1 o] Ao] .

T 15 (a, b)E 7Fo]= RNA Fx9| H|WE HolZTh Fu et al. (2013)0% H%E RGENse] E¢dwio] NInE

T7E1 o] Afo ]T:: o] g3le] &-ElAl E QE-ElAloA =AU TE. K562 AEE Cas9-43 3 ZAn= 9 GX19
sgRNA =& (GGX20 sgRNAES sslsle Zotan=z -89, -84 99X (0T1-3 )& Fu et
al. (2013)o] Ve &= ule} o] FA| o] Qr}.

T 16 Cas9 Y 7FtobAl(nickases)ol %k ¢l HMJER DNA S Hol&Eth. (a) Cas9 FEalobAl 2 #S o
Cas9 Y7telAl (paired Cas9 nickase)e] 7HE%=. PAM AE ¥ Adk 9x= A} ¢ko]l 3AEo] i}, (b) ¢
AAVSY F$JollA ] 4 91A]. 72 24 B9 A= A grel mAIE] dvk. (¢) DNA Aok 9hg-9] /8%
FAM €5 (A <toll A1€)E DNA 7189 & 5 ehol] A3, (d) 34 EAT dA719d5S AFEste] &

[N
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oin

213k DSBs 2 SSBs. @@ EA® DNA 71ES 7195 Aol Cas9 yrEelobAdl 3 Yrtetalet A i eFs it

= 178 Cas9 wEdlobAl 2 YItolAl 28 vluE RojFEr)h. (a) Cas9 wElokAl (WD), Y7tobAl (D10A), 2
YztelAl & (paired nickse) ¥} #HHE -}l Edwo] Wk, 5 Q13 (overhang) EE 3 ends we
F = YFtelAl o] Yeldtl. (b) Cas9 wEalobAl 2 YztolAl o] QX-ep7l a3 4, Al sgRNA<]
708 FAA LE-el 9119 AAE AT
T 182 o uiAA Az FAelA Al@e Cas9 YUFtetAl S HolErh. (a,c) AXE CCRS % BRCAZ il A
sgRNA 34 91x]. PAM A8 Aoz AF o] Art. (b,d) 2 24 AANAY FHA g &5 T7EL ©f
Aol 2 EX3tE, 5 QWL e F e F Y (nick)Q 4 (repair) 3' W3S e AR E
A ZAF 29 (indel)d] Ao ooz},

&= 19 Cas9 Y7lobAZE 45 Axds viAds Bosd. (a) %

Je AFRTES BAsE . Fo4A DNA
(donor DNA)E= ¥ A% <H(two homology arms) Alolell Xbal A3 &4 YXE F &I ubd |

e, WA
SIRE 7 S1A7E AolHgiE. PR o MolE Abgale] 4% A=l oe]om Ade FAsRGS. 98 FolA
DNASl S22 =] ial, fA] DNae] Sol®Ql Zetolol B Abgatsint. (b) 35 AT BE. 45 AXG
o] olskdl Jeje] PELZ (anplicon)wol Xbaldl la) Betel & vk Wue WMz=e] FuE o] W &
8 Z45T

% 202 Cas9 Y7tobAl ol o3l F=%¥ DNA =E2to]ld (splicing)S HoFrh. (a) Q1T AAVS1 FH9jolAd Y
FhobAl Aol A . AS2 A9 ZH7he] vhE 1A Atolo] AEE HolErt. M PR Zetolw & LbEL
Ak, (b) PRE A&3e] ©x8 f44 A4, HiEE A4-50]4 PR 2HES Yebdth, (¢) AS2 2 L1 sgRNA
& AFESlo] 42 AA-EolA PCR AHES] DNA A<d. %3 91X PAM AE-2 A} ol AIH o] 9lal, sgRNA-w)
A AES ez ZAIEO] Atk 2AF sgRNA-TA A ES WE2 3AFo] gtk (d) Cas9 H7tobA] “A-mf
A G A =2 md, A2 A DNA 7hES A} ekl FAIE o] ),

% 212 Cas9 U7bobal 4 A2t (translocation) FEeA 9 A HAET. (a) 2-E7 2 2Z-EP
A2 Atolel QAA Qe =4 e, (b) FAA AHF BAA] AF PR FE. () UsokA o] ohd
Cas9 wEaolAldl o) Fr=d A=,

% 22%¥ T7E1 % RFLP ojAle]le] /IEEE HoFErth. (a) oluiA] Axe 32 7k A= $, vl 714 74
Al oA ofAle] At wkE-o] Hln: (A) ofAdE, (B) @Y tHFHAAAY =AW] (monoallelic mutation),
() A2 & olZddFdAA o], o]& (different biallelic mutations, hetero), ¥ (D) Y olF
P AAA EdWo]l, 53 (identical biallelic mutations, homo). HAM & 7+ dAFAXNZEE #H
3 PCR AH2S YeRfa; thA] (dashed) 2 AA (dotted)e] AAH= NHEJO & AT A/244 EdAWolE
yebdch, (b) A719sol s &4% T7E1 2 RGEN dete] dds A},

% 232 <9149 (indel)& Al C4BPB ¥4 A& XEstsle A3ty Zhar=9 < HEZ Aok ojAo]lE X
ST, A Eehavls le) VA AR AY). P A NEZ wAHCl Aok, AR AIAE A
A kel EAHO] Ak, BT (ole] A AV1GT F opE-So) A ReENG] oa] AerE DNA Wl=e) of 4
CCEEREEICY

= 24 RGEN-wi7i RFLPE E3f] AE
(a) C4BPB =ddwWo] K562 AlE FE9 H4
assay)®] RGEN-vi7§ RFLP ¥4j3}o] wlnl. AA
EbdiTt.

= 25% RGEN-RFLP 7|&& &3 RGEN-f% EdWole] 4384 #4E& HoFrh. (a) RGEN-RFLP # T7E1 oAl
o]Z o] &3 C4BPB-T}7 ZFE9 ®A. 34w E RGEN & T7E10 o)&) Aurs] = DNA Wi=9] o4 9xS 1}e}
Ak, (b) T7E1 ojAlo]¢} RGEN-RFLP ¥21e] Aeka wlm, ofAld 2= (4BPB-34¥ K562 MEA 9L 2
DNA (genomlc DNA) AN 8E vhokst v&2 Z%3sta, PR $Z&+th. (¢) RFLP 2 T7E1 #41S £3F Hela A%
o]l A HLA-B 4 =}9] RGEN-fr= E¢Wolo] th3t &

AzL 7F9lel 93 fEE EAdWoly fH¥d BAESE RAE
A, (b) BYx-v17 T7E1 oJAe] (mismatch-sensitive T7E1
Al B E= T7E1 &4 Ei RGENse] Ao o3 Hdk ES

T 262 §7)A oA RGEN-w}7] RFLPE &3+ &
(a) Pibfl EdAWo] &y 92 FAFAE. (bh) SLA-U17 T7E1 oJAl°] (mismatch-sensitive T7E1
assay) ] RGEN-vi7§ RFLP ¥ 3}e] ujm. ZHAA 34 E= T7E1 &4 B RGENse gl 93 dd AlES 1}



[0042]

S=S0 10-2182847

rr

% 272 7PN-fr%= =™ ole] RGEN-vZ] A8 A £4& BoFEh. ZFN 33 A& A ¢t mAldEY. HA
A

A slab = T7E1C] 98] ddk® DNA =S el

T 282 Q7 HLA-B #4xFY oA tadAd YAE HolFEth. RGN 4 9XE S8nsE A9 Hela AE
ZHE PR FEEFZY Adoltt. i A= A kol AT, RGEN ¥4 9% 2 PAM A L& 717} o
Al (dashed) 2 #& ZA (bolded) ] A=} ¢to] EAE o] Qit}. Zglolm NES WEZ FASST).

% 29 RGEN-RFLP #43 3 2ebd =duole #FHdFd 245 BolErh. (a) HCT116 A=A 13F
CTNNB1 A =}ol 2] dHHg ZoAwWo] (recurrent mutation) (TCTE] ¢.133-135 ZA4)E RGENsZ HA S t.
HeLa AI2E 24 txTo=z AFE3AT. (b) &9 7Fo]= RNA (mismatched guide RNA)ES ¥ ¢F3+ RGENs O 2
A549 FAMIEZ A KRAS A3 EAWo] (¢.34 (A FHFH B EYA wEHSEOI=  (mismatched
nucleotide)7} A2} grell FAE o] T}, Hela AEE &4 tixw o= ARt s}4abE = RGENsel oj&f 4
ctE DNA M=% yepAT). Sanger Al@Zdol 93] Ed® DNA A o] EAE ] rt.

% 30% RGEN-RFLP #2414 E3 HEK293T M oA CCR5 delta32 WRFHAe] Fddd BAS wolEr)h. (a)
A 2] RGEN-RFLP o] A|o]. K562, SKBR3, = HeLa AlEZ okd iz o2 A3t} 3}2FE = RGENsol| ©
g Aoy DNA =2 yehdth, (b) ok 2 delta32 CCR5 WEF-42e] DNA A&, RFLP EAjo] A&
RGENs®] Bl 914 Bl @ Z-EpAl 914 wFEs WEZ FAEIT. F 93 e dd-F2d erto)= Y
= AR Qe EAIEC] vk PAL AES WERE FEAIFO] k. (¢) oFBF-5o]A RGENsS o] &3 ofAd T
£ del32 CCRS HFFAAE 2t3 e =9 Q1 HER Aok, (d) CCR5 #FHH el CCR5-delta32-5 o] 4]
RGENS] o Z-B}7l 91x1¢] &4 #<l. del32-E50]% RGENs®| thFdt %S o] g3 L-elAl £ o Z-gl Ao
T ol shuE 7ML e Ean = S HIER A o],

ot o

k

% 312 KRAS A Eddwio
G>A)2] RGEN-RFLP 4.
PR AH&ES, ofd Md e &4 5
crRNAs) ¢} $HA RGENs o= dwtslgltt. 7] MEZe] KRAS 3382 Sanger AlAdSR g3, (b) °oFA
Y e EAW KRAS MdE F A= stuE e EHavEE, SESHAl dXSE orRNAs (perfectly
matched crRNAs) T+ oFgtd, shibe] 947|7F EUXE crRNAse} &7 RGENsS Al&35te] ddsldivt. fd32
S 98 AEE, °FstE crRNAs7F A 9] A 2

oy
it
re
e
%)
o
)
:Olg
offl
ok
<0,
e
o)
'
o
=
bl

Lo

o

£ 32% PIK3CA A =Wl (¢.3140 A9 3 48 HoFEn. (a) & AXEFo|A PIK3CA &
(c.3140 A>G)S] RGEN-RFLP #41. % EAwWol7l o]FHAS HeLla ME (P dxaox AMEHE)

HCT116 AI3Ee] PCR AHES, oFAE AYE e EdRo] Add Solxoln, &HstA LX|sh= crRNA®H

RGENs o2 Haslity. A7) AE2 PIK3CA F+AEZ S Sanger AlAP oz Felsdtt. (b) oY L= S
o] PIK3CA A& & o= 3tuE Ze ZgAv=s, d9stA dAehE crRNAs, B ¢kstd, shvte] 9717 &
d A3t crRNAs9} 37 RGENsS AHg3ale] Atst A& A deE, oFshE crRNAsE A 919
&b Qbell EAIE o] Tt

33 ok MEFAM WHE 7 EdAWo] (recurrent point mutation)] FAF A A4S HojFEt}k, (a) IDHO|

oF A EWol (¢.394c>T)2] RGEN-RFLP o] AJe], (b) PIK3CA (c.394A>T), (c) NRAS (c.181C>A), (d)
AAF (c.1799T>A) . Sanger Al@/del osl] = 7z} AxEFT FdF Aol TAEO ). FUA 7
d 2 Elo]= (mismatched nucleotide)”} A=} ¢koll TAIH o] Qutl. HAM 3}aFE = RGENsol ol ZHek® DNA

% E R

X

¥0
=
Ho
R
of
W
i

wgg YAl Aok FAF g

=

ool shue] S waw, 2 wie A DNAY] So]#Ql 7lo]= RNA Hi A7) 7lo]l= RNAE ¢E 38t
= DNA, ¥ Cas ®9dAL tEslebs 4k e Cas B AS ¥, 1E AX £= F7A004 E5 DNAS
Adsl7] 93 2AHES Aesigh. w13, B oukg e 337 DNAo| o]z el Jpo]= RNA Ei= A7) Jlo]= RNAS
oF5 3}al= DNA, @ Cas ©¥lES otF3lels 3 = Cas ©ES ¥dlals, M3 AFE £ F7|A0dM &
2 DNAS Aetelr] 93 2A4=] 25 ATy
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[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

SE50d 10-2182847

o,

s},

Boago A ZAES T3 RNA-7Fo]|= 7E@|obA]l (RNA-guided nuclease, RGEN) ZAEELE X

ZENs % TALENsE ¥ %%, 2d §7]4), A& 2 7M=& 345315 ZHo] (targeted mutagenesis)E 7}
oA A RE, A FEeolAl (individual nuclease)® 5% EdWo] HITE MZ uf$ t=2r). ¢S
o], @9 7FNs ¥ TALENs&= owWdt 44 WA 4& HolFx E3rh. DNA WEsts 13 Ao ggt 47
742 719 (engineered nuclease)?] ZA%S Al = k. Arl, AzRcle] 270 wE FEeobAl
(customized nuclease) & TEFE F2 7|&H o2 7ithFa Algto] Hol AAr}.

AFEL Cas A 7)0re] A28 RNA-7lol= Am=fFEdotd] ZAHES 7)ale] ZFNs 2 TALENse] ¢4

o iz

otA], Cas DPW‘A dryrEdopal 2442 weA Itk AN, s fAAe] Eig wiEel
% 7S steA ofe gEAA gsdth. FhE, 21377}
DNAZ Ae3l7] 918 Cas @A H& Cas G AS g5dss ik 9 1%

7ZFNs % TALENs®} ®lmdle] | Q2% A% 7lo]= RNA FA 24 (synthetic guide RNA component )’} M =&
FAA-24 wEdolAl (new genome—editing nuclease)E WHE7] 9la] A= 7] w&ol, Cas @A 7]Hko
2 3 B o] RGEN ZAES v 94 A3 customized) 2 4 AL Aotk HAESBF RNA 7Ho]= A=
TEHAE W Ad gle] MBE-Z2Y (sub-cloning) @7E #eIshA] e=th. f=o], TALEN Fx=H(~6
kbp)9 &3 vuwFPS wf, Cas FAAY AhHor 2L 7] (dF E9], Cas9E 4.2 kbp)E Hlo]g ~-u7)
A A Z2E 2E AL FofolA RNA-7rolt AEwfEHolA] ZAEC oldS AFett. FUIE, ofulgt
RNA-7tol = dleyrEdolAls LX-EH7 (off-target) EIE 2tX] ¢k, o]o] e} YsHH] &= =M,
Ak 2 S8S opy|Ekx] gt o3 548 B ukm o] RNA- 7}015 ArFEeola 24E0] 18 A
2 fr)Ael e FAA F3F (genome engineering)oll ¥t B 7lsE™  (scalable), THEHOE o]
(versatile), HE s (convenient) FTo] d & JYEF grt. Athr, RGENS ojw gk DNA /‘1‘3‘2}_ E 2 3}s}
= AdAE F da, A9 BE v wFul2Eel= tEA (single nucleotide polymorphism) T 2He 444
/A2 (indel)o] RGEN-vi7l RFLPel <& #4€ 4 Adt}. RGENs9] Eo]d2 20 9714 (bp)7HA 9] 7‘-—_101/] ¥4
DNA M3 AstE = RNA 84 9 T EX#o]X4-Q14 KEZ(protospacer-adjacent motif, PAN)E <12l&t
i Cas9 o] o3 ZAAwct. RGENsT= RNA 7845 oiAFgo=zx A flzzagyen. 2922,
P

25
RGENs & v}t A< wolol whsl hedatar =3k RFLP 24 ARgdhe E0F< Aledn.

¥4 DNAE A4 DNA (endogenous DNA), &= Q1914<Ql DNA (artificial DNA)Y 4 UL, wighd A=, U
A% DNAo] T}

B0 ALRE, 8] "Cas ©WA"L (CRISPR/Cas A|2®lo|A H5A<l whwlzadl g +~2 oulslil, CRISPR RNA
(crRNA) @ E:~-8A3} crRNA (trans-activating crRNA, tracrRNA)E E-ZlE 5 RNASF EFAE FAT o,
g4 d=FEFdolAl == YFlolAl (nickase)ES A3},

Cas Az 2 wde]l AR ZPAYFAHHME (national center for biotechnology information,
NCBI) ] GenBankellA] T8 4= 2101}, old A=A &=

Cas ©¥dS 353}stE= CRISPR-933# (CRISPR-associated, cas) #HA= £F CRISPR-¥HE ~do]x wid
(CRISPR repeat-spacer array)3} THFTE, 407] o] M= ThE Cas o9 ?‘jl sgel7F 71 A= gk o]y
3 okl sfda] = Casle A2 T2 CRISPR/Cas A|~®l ZFo A o}F &3 (ubiquitous) HOE HQIT},
CRISPR-Cas Al=®l2 Al E77F vk, o5 FolA, Cas9 @& 31 crRNA 1;1 tracrRNAS Fuksl= BRI

o]
H
CRISPR/Cas A]lHlo] thEZA ol & L&A v}, cas F+dx @ wHE 1% (repeat structure)d &4 %3t
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[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

SE50dl 10-2182847

2 8709] CRISPR 3¢ 3 (Ecoli, Ypest, Nmeni, Dvulg, Tneap, Hmari, Apern, 2 Mtube)& A olsl=t] A&
ol gt}

Cas ©rlzle whlzl Hek Tuel (protein transduction domain)® AZE 4= v}, A7) dwd Ad =<l
< Eg-ol27|d(poly-arginine) Z=MQl = HIVEREH figh TAT 99 dd 4 JAT, oo A= AL

ol

Cas9 ©ruld o] WolA= Zuj3 olAdel7l4t #7] (catalytic aspartate residue)”} 929 & ofn|ito =
HAE Cas9el o] Feld 4 Urt. } A5HA, thE ol :=ake dEld (alanine) ¥ 4= AN, o] A

e A B

F7F2, Cas9 wilde ~ExMEFA gp. (Streptococcus sp.), HEASAE 2EFEFTA~ JoAlx
(Streptococcus pyogens)$9t £ F7IAZHEH E8d A e AXT dldd = 9o, ol At A =

o}

2EFEIA~ IQA~ZHE {3 Cas @A NGG EwFd e = (trinucleotide) & A28
ATk, &7] Cas AL MAHE: 1099 ofn| it MES X3 4 o1}, ofd AHA &=
A7) go] "R e, odHd AE, ik, g e WYy 58 AFshy AFEE ul, o]F (heterologous)
A T duldo] =9 T HAY (native) WA T dwlde] WA T t\ﬂ%% AEZZHY Fofsh Ax
of oz WaH Mz, i, duid, s WgHE bk, meba, o dd), Alxd Cas @A QI 3E
¥ (human codon table)& ©]§3}e] Cas ©HAS A5 dsle AES ATHTo=ZH “L% T ATt

2 age] #As|A], Cas D E-AE s IS (MV T CAGEF 22 Z2EH slol|A] Cas-93st AMES XFs)
= = A, Cas9 453} Ade *EﬂizﬂA
=5 e Ad 913, H}%‘X—‘.é}ﬂl &_Eeﬂiiﬂ&_ seAAzRy U AL 5+ Y. 9=

sk 4= 9lth. tl%ro], Cas) 53} AL Adu
S 19 A DIt Holm 50%°] *J%*é% 7%% ﬁaEﬂP_E}OE AMEs XS 4 dx, vhEAslE Agis: 1
o] Mdxt Hojx 60, 70, 80, 90, 95, 97, 98, & 99%°] AL A= wEULElE NG9S ¥3E
o}, ol AFHE AL olUth. Cas9 ¢asdt ke MIAHFE 108, MLAHE 110, HLHZ 106, £ A
95 1079 FE2Y o Elo]= IS 8 4 g,

iy

i
b

l

o) I~
BT 4 dx

il
ofk

Hoo| A AL, 8o "Jlo]= RNA" ¥ EA DNAo] Eo]Z ¢l RNAE, Cas ¥ dzl E3tx)
Cas ©WAS EZ DNAo| 7} 2= RNAS 23},

B owko A, A7) Jlel= RNAE 5 JBe] RNA, 2, CRISPR RNA (crRNA) 2 EadAEA3  crRNA
(transactivating crRNA, tracrRNA)E o]|Folx] &= AY 4 9o Hi= crRNA ¥ tracrRNAS] IA% BE
o ol s WAHE ©d A& RNA (single—chain RNA, sgRNA)Y = t}.

A}7] 7Fo]= RNAE crRNA 2 tracrRNAS ¥3+8}E= o] 5RNA (dual RNA)YY < Qth.

37 A
S|

ghof 437] 7ke]= RNAZF crRNA % tracrRNAS] Q1 Fi
= RNAZRE el AbgE S it

i
B

i)

H

)

9 B EIRT, oW 7

A}7] crRNAE E 2 DNASH EA3td 4= ).
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[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

SE50d 10-2182847

A7) RGENS Cas ©hilzl 2 o] FRNA (E2] tracrRNA 2 F A -E0]% crRNA), T+ Cas @82 2 soRNA (&
WMol tracrRNA 2 FEA-5o]4 crRNAS] 54 B9 g3hHo=z F-4E § 3, crRNAE diAlste AA 2=

2ae98 & 9

7] 7FelE RNAE ©U-ALE 7ho]= RNA EEE O] FRNAS] crRNAS] 5' wdelA] shut EE 1 o) F7hAQl

7bo]= RNAE RNAS] Bl Tt 7bol= RNAE ¢HEslshe NAA ez A EEt vﬂil of e 4 vk, b
o|= RNAE 2%l RNAS] Fl], wholz]z wEfel] 3 = 9

ATk vErA A, 7] e dbole s WiE, Eekar]
F AT, oo AlgEE A ofyr,

bl RAS GETSHE DNAE Jlolm RS QESih N9 Tgse WHY + ok 4 5o, wedd
7}01 RNA =+ 7Fol= RNAS s 3dlsle Ad 2 TEREHE XFstE S0 DNAS AE £ F7]4 9
]

Il h 2202 S A AZ w4109 2T 9, %%‘1741011 Steizl ¢lele] o WER AAh
A Abgalel 9 MER AgesA sl R Az 3

o]

AR y
RNAE ¢tz stals= 1 S X¥ete Edav=e] PR e RNAY ngH?L HIMH X%D‘%E} o ALE
H, §of "Red RNA“—”— "lo]7]= RNA (naked RNA)"S} mA|gte] A3 5= Q). ol F2Y WS Jo=E
3k 927] ol 1& % Ame ofat 4= itk SARE, slol= RNAS) FAFYS S Fekau= DNA Ee

2 mﬁi

vlol g A-wj /] AR AEe] A}Lgo] HiAE = AL ofUt).

¢

Cas ©Hd = Cas jd-¢tes} Si4k 9 7ho]= RNAS sl & o] RGEN 24 =
o|= RNA®] Sol4 Bl Cas Aol <liypEeobal Ex YztobAl &4 wiiol #* =

& WA, Zhel= RNAE Awetaah k=
o] RGEN ZAEE 7hol= RNAA FA-5o|H
A DNA% Aerd 5 gle

Azl 5 vk, webs, &%

Z =2
- =
4384 EA (genotyping) o 2M o st

Bl ol

7bol= RNA %L Cas @9 A2 3 oA 28 5 glvf. 9o AHgH, 8of "Cas Y7kebAl 44 (paired Cas
ckage)"& “Fo=X 7]Edh= Zlo]l= RNA B Cas ©HES it @ e 7 7)o Jhe|= RNAS

}1] it

EFTh. JbolS RNA 2 Cas BHAE Foza 443 £ U3, A= e DA el F A E (i
GRS 4 Stk T S e Aol 100 bps 2] AE 5 AAT, olo] ABHE AL oleh,

AAlefell A, 2 BEAELS Cas YFtobAl Aol IzF Axo] fFrAA mAstE EA¥o] 9 1-kbp GAA
A 2 AR op)dtth: AE RIS, FRSAE, YitolAl e o5 Agste wEH ML B4
Wolg ksl QZ-epl YAelA 9 (indel)S =34 Fokth. B&o], wEdlokAlet th2 A, YitolA
e 9 -vpl DNA deha} s b e ARE FRskA FUurk. dARHom | UgtolA] A2 Cas9-vi7N
EdWole] Bolds 7 wiE sta, FHA B AE AR e eI FHA wAS e A8 okl A
RNA-7Fel = &4 a84S W3 slojtt

_18_



[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

=50d 102182847

oin

skl 54 Fejel A, 7 °47W a2

I o
SEPO|= 9% 3 ~ 229 REE FH-5FolH 7

2 oA ARRE, 3 ME EE fU)AE 2R, 3%, 9AFE (protozoa), AE, T AE H IF,
= Al3E, E=+ CHO, HelLa, HEK293, % COS 13 e .nﬁ_‘ﬂ— FEY MEY F 3, dF 59, I

HE, slgd AE (S BER), o]A% AE (graft cell) ¥ U AE sk
2 9 A vlH(ex vivo)), E <l HE(in vivo) M2 =
celDY F o, ofo AgsEA] eF=r}.

J-L

4 FEjolA, Cas9 WA/ B AlE Tlols RNAE Q) MER 9 ke
[e)

= e
FESHE AWHA FHE e Eh R ALAN HA-Sol4 DN olF LA

o], fHA- 0} (knockout) P}~ Cas9 ©Hala/7Fo]= RNA E3F4] == Cas9 mRNA/7Fo]= RNAS 1 Al
@A (one-—cell stage)e] wiololl F{ste F=F = Az, YA FHAH EAW] (germ-line
L =

transmittable mutation)i Cas9/7}o]= RNA A]Zz=dle] ol A<

AT WA R, AR, AER, A4, oI BE S8 AL 8% - .

2 odwe] v SHd 2w, 23w 34 DNAY Sl A<l ho]= RNA EE 47] Jho]= RNAE dEdlete
DNA, ¥ Cas ©¥AE ¢tz dlshz ik = Cas @A ¥3sls, A8 AX = {740 x45td &4
Hols frshy] fg A& AT, Eeh, & Iy FH DNACl Sol#]l 7ho]= RNA Hi= 7] 7hel=
RNAS @ s}ahes D = g = Cas @S xgsh=, W3 AX == {714

oy vE Sud maw, 2o 14 DNAY So#<Ql Jho|= RNA E= Y] 7}o]c RNAS & 3}ali=
DNA, ® Cas WS ghashohs 4 B Cas WS Toshe, A3 AX B 71494 24 DS A
@ebr] 919, w2k Edwels fsh] ¥ JES ATy

7Fo]= RNA, Cas @M d-g ostebs 34t = Cas O 7] 715€ vieh 2ot

A7) 71Ex Zbol= RNA B Cas @RS gl dat Hi Cas A MR PALL EE s 2

Hr
=
F Ut odE 59, A7) 71EE DEPC-HEE Fd WHe Z2 54 WH (injection buffer), ¥ %4



[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

==0ol 10-2182847

omn

DNAS] =<1l E

Mo
£
ol
ok,
rir
fn)
e
ko
o
2
Al
il
5=
%
i)
-
32,
N
)
o
=2
2
o
i
rr
Py
o
o
o
v
v

T OE 29 gEw, B 4y 28 Az = G714 Cas 9 AL o5 38lstE AL e (Cas W E
2 Jto]= RNA EE Jo]= RNAE 4Eslsts DNAE F5-FdF¢Y(co-transfecting) & AN -FAF4
(serial-transfecting)sl= TAIE X8, Cas @@ 2 Jlo]= RNAE EgstE A9 MY == {f71AE

Azt S ATt
7Fol= RNA, Cas @@ h@stehz 4 = Cas AL 7] 71ad nhoh 2

B gelA, Cas @M dS hEstsl= A Ei= Cas B B vbo]= RNA = V] Zhel= RNAE ghmstel
= DNAE 1454 (microinjection), A7]H-&F% (electroporation), DEAE-E]~Eet x&] (DEAE-dextran

treatment), 2]XHMH (lipofection), WeFHElE-m7] A5, ild dd =vQd w7] =¢], vlo]g|2-1j
I

MR A, B AATENA PRG-I AT T3 22 gdAle] thdd el o8 Axw ddd &
AARE, ool AlgE = A2 ofth. Hdk, Cas TMAS dFslel= AAF = Cas 9 E 9 7bol= RNAE T
Y e, A EE dmds Fojsks A v el o fr1AE dgd 5 olvk. Cas ©A-
ot diah EE Cas @WEE Jhol= RNASKS] EH3HAC] FEl e HHE FHR AX towm HAd"
Atk Tate} o] whuld Ad m=wole] §3H Cas WA AZ W= &40z ddd 5 g,
apgbAshAl, Z# AE EE f7)AE Cas9 T gl Zho]l= RNASH M T e-F AT EE dAA-FEFY
2 F A
AN

Tl b
A8k = k. wEAE A, T HA FEAFAL 3, 6, 12, 18, 24 A|7F Fo|Awtk, o]d] A 3E =

o8 SHo| up=w, B o g4 DNAo| 5o]% Q] 7lo]= RNA = A7) 7Fo]= RNAS 33}sl= DNA, 2
Cas @ A-o153} A = Cas @ AS L3al= A3 AE = F71A42 A3}

A7) A ANE = §71AE XA DNAY Eo]&el slo]= RNA X A7) 7lo]= RNAZ <3388l DNA, 2
Cas Tl A-¢t3 3} Ak = (gs GMALS ¥l ZAHES AX BE §7)A0 dAgstozn Axd 5 9

A7) A AxE 8%, 30|, YATE (protozoa), A&, 15 A& H
CHO, HelLa, HEK293, % (0S-13 #2 ¥f &89 AXd F dx, o
AREE = ik AE (2 HER), o]2l® AE (graft cell) @

vivo)), Z ¢l WE (in vivo) AZE, H L3I A7F

KR
’ A =
CEF, ) e &R

S i3 = =
Ao, ofo] AFHA o= cwgol, dAEE, Ae, AT AE B 25, A
iz O >~
W, EBE I oFEY 7 AT

ol the Zue] wEw, B owge A Nl 5189 slo= RNA EE 7] bt RAE gEsbehs
DNA, 2 Cas @Wdg bostehiz a2t Bz Cas BWAS Toohs ZAEE 4 DNAE Tshs A Ex
F1AE At WAE TP, A8 AL EE /AN EH DA B9 EE B45E BAWclE fE
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ME EE F71AC =
3}3F= DNA, 2 Cas ©9
Aol Adgtoan Fad

ofi= Wjol R el A}gE

%3k vk} ol
e

(electroporatlon)

S=50d 10-2182847

{ DNA®l 5o]# Q1 7}e]= RNA Hi= A7) 7Fol= RNAE &
= Cas @S Egehes @ BH 2AHES AE e {771

2 (transfer)2 P AFYH (microinjection), HZAFY (transfection), A

14ﬂﬁ@%ﬁF%@.

Eo]#9l sbo]= RNA EE 7] 7ho|= RNAE %iﬁ}é}b

= -
WAg wgel & wwe) RGN 24RO old) AR 44

W fistel, A7) Hloks whg-2o) wloled 4 Slek. 47 e}

T PMSG (Pregnant Mare Serum Gonadotropin) 2 hCG (human Choirinic Gonadotropin)E 4 WA 7549 oA

vh§- o FQste] AALE

NI, FHE wjolE 3 (OVldUCt)_Q_E—‘?—H

RGEN Z=AES

wyel the

=
DNA, ¥ Cas ©
A= Al & 4

B AN

Hjolell =it
Q! (retrovirus insertion) S}
ARSE 4 9l

, e oA vl (super-ovulated female mouse)”} =73 nwj=E 4=
2E 4 Tt

do] gz o&] 7lo]= RNAO] ArH <l ¥ = DNAE Huhgh

CaeER ) B odkmo) RGEN RAEo] =Y ol wAH

B2 vl ool Al &AWl E o7& 4 i, EdWelE A

Z71A%E A9 (stem cell insertion), @ERnfo]gjx 4F
H3 ojmst WA = o, wFA A, TAFYEHE 7]Eol

g o] RGEN A =oll o8] Hjol @AM A7 Mg d s&s&

of 7]wek %43}
o=
T

| Sol#]l Zho]= RNA HE= 7] 7ho]l= RNAE Hastshs

Cas ©9AS Eaabs B wndo] RGEN 2B SE) wjojo] &
(pseudopregnant foster mother)®] Wzto] o]Asle] F-4A-¥E 5

5 Axdte WS AlEditt.

_21_



[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

SE50d 10-2182847

ojf
::l‘
e
rlo
ol
i
N

AR, BAAE A, dEmteles 4t
Zwo] mpEy, B owwe RGN £4ES Tt dd AEE 99 el e AxE, §94-

Mo T2 Zde w2y, 2wy 3 A DNA Ado] Eo]A2l slo]= RNA, Cas ©¥lAS ¥ 3
AEEA AgoA Bdo] B Wo|(variation)E FAEE 24 (genotyping) 7] Y3 2AES A& s},
Els % | 7Fo]l= RNA ¥ Cas ©A & ¥ 3ste=, o8 AETH A5 A4

=R %9
g mAEe] A MEE FAEE 246 A% 2HeS AT,

7ho]= RNA, Cas whjd-qt@sleb= Sib H= Cas T 7] 7]&3 vho}

RLEPE 1) A% Ei =
A wl el mi wole] FAFA B4, EE 3) vlolgs wi weelcl 52 EsHs Adn WA

] A& DNAS] A& A Ao ALL= 4= Q).

EQio] EE Wolt f44 7Helol o8l AEel FEB & 9

A2 79 A3 FBA FFYolAl (Zine Finger Nuclease, ZENs), HAF @A A-FAF 9+57] FEH oA
(Transcription Activator-Like Effector Nucleases, TALENs), H& RGENsY = UA|H, o]o] A= AL

ol e},

rr

ENCE

B84 Ng"s 23, AE, AE, Senm, 8%, B, A, HHFN &
gralA gk, ololl AFEHE AL oy},

EAMo] = WHoles 2 WA Bl s WHold A TH

Ed¥e] EE Wols ¥ vAEd 93 FrE ¢ Urh. oAl EE, Bl mAEe] g@XFH3, HESHH
ANa7F 72EE Aojgtn ByE ), Edwo] I WHol: WA vAE 7o st HA s}

HYA vAES vlol 2 e vhg g old § AT, ool AgtE = A2 ofyr)

AR 7 - E EdWolE HUX-17F Surveyor (mismatch-senstive Surveyor) H: T7 A=iFE#obA 1
(T7E1) o Ale], RFLP ¥4l &3 PCR, DNA ¥ (melting) ¥4, @ Sanger % deep AAAHE E s} tfgkst
HhHo)] o9& AEHET. T7E1 2 Surveyor ojAlolE Ay A E A9k, o] o]E et (heteroduplexes) (E¢Ho]
9} ofAY MY EE T 9 o2 Edwio] X4 Al o3 IS BXE] Wi TF EAW
RIS kst A7) oAlols 5ds Ednio] g 438k o3& ¥ solsrtd2 EXshA &3t

O ool ﬂl

o, ageR ) o]yd Aol ofAY A FHAHF olFUlHFHA EAWMo] F2 (homozygous bialleic
mutant clone)™ o]&Fd GAdNHFHAA EAHo)A| (heterozygous monoalleic mutant)ZFE o]|FHE o=
HHFHAA E=AWolA (heterozygous bialleic mutant) & o= ALE FHEA Edv} (= 22). 3, AV
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[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

SES01 10-2182847

7b olEdt AR g ofdd Wiy fdxe] EAstel o8 PAHE= oldeldrige A
of, srEelobAl 4 ML A MY &4 (sequence polymorphism) Etse]d Z2is A
RFLP 42 7] A7 glofM, Adee] g oelny. A=, RFLP 242 144 749l-vi7) =
Q.

[<)

7] Al AR A A g ol stk kAR, Bdel AA AFdas A

_l

variation) & FHFZ

Lo

GE Sve) maw,

T
el
=

g 2 EHA ABolA EAROl e W )
4 (genotyping) 37| 93t 2AAES X3k, B AETH A5 EAWe] e ¥ol(variation)E
82 24 (genotyping) 3}7] 43 ZJ|ES Ag3he}, wak B wby e g A DNA Aol 5oz ¢l slo]= RNA
2 Cas OHAE x3ete, FEl® AESA ARoA BMAA A=Y A AEdS T3 B8] A3 7]
EE AlFgltrt.

7bol= RNA, Cas @A S 3 stels A = Cas @A A7]olA 7]<d neh 2o},

we] e S mew, Borwe Fed 4B0E AmdA Sdvel Ex wolg f4%d BAS 9
@ 242 Agete] BeE AR ARAAH Bedve] Ei WolE 4184 B R AU, =
G, ¥ wge mA DNA Aol SolAQl Zhe]= RVA B Cas SRS TaSHE, Fele AR Ameld
A VAR AW ADS FAFA Bk PEe AlTa

7Fo]= RNA, Cas WA S Qo s}st 4k e Cas T AL A7)oA 7ee vk 2o,

PADN oql
ojgt, ¥ WX AAdE FFarste]l wrh FAls] vied Aotk 2y, olE AAds bAoA Al HE o]
W, & BHE ols AAldedl o Alstaat sk oE=TF ofyrt.

AAld 10 FAA 2 oA o
1-1. Cas9 &< DNA A A4

WA 7lHg} 7}o]= RNA (chimeirc guide RNA)S] &4 HE+= FA AEdA ZEIAEFTZAHA IAX~
(Streptococcus pyogens)ZH-E F2llE Cas9 ©lze] DNA At A4S Q1 H|ERZo|A AlgE}SIt).

olE &, tigatelA wdsta GAT AXF Cas9 TAS AREste] 23-9171% (bp) ] <Q1%F CCRS %4 A4
S Xgete, Holsk FH (predigested) T U3 Z2v = DNAE A3, Cas9 34 A ES crRNA &
= 7l 7lol= RNAC]l AE 2l 20bp DNA AP 2 Cas9 AAC] &) <AAHE EwIyQEe=

(trinucleotide) (5'-NGG-3') EZEXH oA <91 EE|X (protospacer adjacent motif, PAM)ZE A= 3l
o} (= 1A).

TAHeR, REAEIAS HoMs 7F ML GAS (NC_002737. 1) A feidh, Casd-4=3t AL (4,104bp) <
At IFE= AMERE ol&ste] AFAHNL, EHuFEAdlE|EE o]&ste] FAsGY. WA, FEHE
~35-1 2P uFEFI LEO|= (overlapping 35-mer oligonucleotide) % Phusion E2]™E}A]l (New England
Biolabs)E o]&3le] 1-kb DNA ©¥#HS ZH3IG, T-9E Uz Z2YAY (SolGent). A7 Cas9 A<
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

SES06 10-2182847

(full-length Cas9 sequence)2 4| 709 1-kbp DNA ©HE o]&3}o] F8 PCR (overlap PCR)Z ZH3}ST}.
Cas9-¢+= 3} DNA @S pcDNA3. 194 &l 3k p3s (Invitrogen)ol MEBEZF2Y3IH . A7 #Eolq HA 92
AR = ;N 9% AlE (nuclear localization signal, NLS)E X3tsl= HElol= elr  (NH2-
GGSGPPKKKRKVYPYDVPDYA-COOH, M E¥ & : 2)E Cas9e] C-Zeto]l HESITE. HEK 293T A4 Cas9 whfde] 3
d 49 3 X5 -HA A (Santa Cruz)E A3 28 E34Y (western blotting) &2 13T},

)3, Cas9 FHHIEE pET28-b(+H)ol MBEF 2 a1, BL21(DE)ol FA Mgt th. 25ToA 4A13F 59 0.5
mM IPTGE o] &3} Cas9e] LdAS FEsttl. C-2del His-Bl2E E36H= Cas9) @ a8 Ni-NTA o7z~
A7 (Qiagen)S o]&3te] AAsI L, 20 mM HEPES (pH 7.5), 150 mM KC1, 1 mM DTT, 2 10% SAZ (H=E
EA8g k. AAE Cas9 (50 nM)E =k (super—coiled) T Holdk (pre-digested) Z#F24w= DNA (300
ng) 2 Z]wlE}k RNA (50 nM) <t Al 37°TColA 1417+ &<t NEB B9 39] 20 p0o] Wk HojA wkA]zt), Ak
H DNAE 0.8% op7t2 2~ AL o] &3 Ar|Pdso= FHaaint.

Cas9= §/ RNAZF =41 wlint o e fx]ol Zekim= DNAS a8 0% Adeglar, 34 Ade] dojd
iz Sekan| = ddshA] skt (= 1B).

1-2. Q17+ M XA Cas9/7}o]= RNA E&xo] <3 DNA Hgt

RFP-GFP 2] 2H & AFgsto] Efisa Ao RFP 5 GFP A Aboldll 4Fdel 4 MES Casd/7Fol= RNA 5

FAF AAE 5 deAE 2AbsAr.

o] ZXHol|A, GFP MES out-of-frame®. =2 RFP Aol §33Ftt (2). T4 A Eo] HAA-5ol4 FEHokA

o o8 HuH S wivt, &4 GFP7F WAL, o)A o]F WA Hk (double strand break, DSB)S] o7

bk v]-4%5 Te-Z3e (non-homologous end-joining, NHEJ) +4& Ea £2 Mo FH =Zg ¢ olF &

M s A4 (indels)S oF7]dt) (= 2).

2 oA ALEE RFP-GFP 2]XE ZEfxu|=s= o) (2)e 7]&E o] & uieh ol FA3 ST, 24 £
L8l S aFIFYLEE (F DB A48 (Macrogen), 919 ® (amnealing)dtgith. o449 &4

IFEZY L E)EE EcoRT 2 BamHI 02 Aukyd gy WEd dAsgth.

(
(
3Fo] HEK 293T Ao Cas9-¢+33t Ztan= (0.8

s, 91 HIERAA HAAME ZlElgt RNAE o3 go]l EHIsIGlth. RNAE AlxAre] wiwde] uwhet
MEGAshortscript T7 7]E (Ambion)ZE ©]83}] run-off HFES B3 < H|EZ ZASISTE. RNA ¢ H|ER Z
ALE 9leh 3 F Rl ¢ she DNAY] ojd® & PR SF o2 AT (3 1). HAFE RNAS 8%
W73 urea-PAGE AollA] ]3oitt. RNAS 23hsh= A TS Zepifla, =2H &3 W (probe elution
buffer)oll %Zth. RNAZ wZdokAl7l §l= & (nuclease—free water)olA 343 b}, &= F22XE F

=, FEEYXE 55 9 s st AAE RNAsE E3A 2 Al
AT 12407 F, Q) MEZ QA2 AxF A R (1S HFAL 20008 o] el FAFAH
=
HAAFY 39 5, FAFAD AES FAE B4 7o) 2&star, RFP 2 GRP ZF3 wasls A2 £25 AF
a3t
Cas9 Eet~mEs WA FAFYstar, 7 o 1243F Fof 7lo]= RNAE FAF Y9 S Wk, GFP-d A=
£ FEHNSS WAL (£ 2), ol RGENS] WikE oIk AElA EH DA HEL A4 2 Avy & 9
e RS 9u|st). oo, GFP-2d AXE FE-FAFYRY Cas9 ZF~r|= E 7lo]= RNAQ] ©hA| -3
T o3 4 F AU
Z 1
ER R | 49 (5" to 3') [ Agws
2e Felsvo] Alge] AHgE Lelslrdeeriels
CCR5 F | AATTCATGACATCAATTATTATACATCGGAGGAG | 3
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[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

SE50d 10-2182847

| R |GATCCTOCTCCGATGTATAATAATTGATGTCATG | 4
T7EL oA Aololl AL-&3t xato]
CCR5 F1 | CTCCATGGTGCTATAGAGCA 5
F2 | GAGCCAAGCTCTCCATCTAGT 6
R | GCOCTGTCAAGAGTTGACAC 7
C4BPB F1 | TATTTGGCTGGTTGAAAGGG 8
R1 | AAAGTCATGAAATAAACACACCCA 9
F2 | CTGCATTGATATGGTAGTACCATG 10
R2 | GCTGTTCATTGCAATGGAATG 11
9% T AolEe] ZEo] ALE Lefolu]
ADCY5 F1  |GCTCCCACCTTAGTGCTCTG 12
R1 | GGTGGCAGGAACCTGTATGT 13
F2 | GTCATTGGCCAGAGATGTGGA 14
R2 | GTCCCATGACAGGCGTGTAT 15
KCNJ6 F | GCCTGGCCAAGTTTCAGTTA 16
R1 | TGGAGCCATTGGTTTGCATC 17
R2 | CCAGAACTAAGCCGTTTCTGAC 18
CNTNAP2 F1 | ATCACCGACAACCAGTTTCC 19
F2 | TGCAGTGCAGACTCTTTCCA 20
R | AAGGACACAGGGCAACTGAA 21
N/A Chr. 5 F1 | TGTGGAACGAGTGGTGACAG 22
R1 | GCTGGATTAGGAGGCAGGATTC 23
F2 | GTGCTGAGAACGCTTCATAGAG 24
R2 | GGACCAAACCACATTCTTCTCAC 25
AAA AA o gXxo AFE3E Zglo]
A4 F | CCACATCTCGTTCTCGGTTT 2%
R | TCACAAGCCCACAGATATTT 27

AN 1-3. ERFFTE AEAA RGENY &3 WAZ +AxY FH3dE E3)

RGENs©] Ef5ES] A% fFd2te] mAstd o] Abed A ARE "HZES7] 8, 17 <l
dobAl 1 (T7E1), oF83 2 EAWo] DNA X g EA st <3 H o] o]F 71 (heteroduplex) S
o2 9x ¥ Adsls BEAX-UH d=wZd oAl (mismatch-sensitive endonuclease)E Al-&3le] s
AxzRE E2ld fdA DA dis 248 (3).

=
=
S

ot X2
o?.: (r

A
w
o]
A

AN dm b

! A
% 7

RGENsS o] §3ko] T HE2 AL DSBsE =Uah7] 918, 2x10° K562 AEE Azape] T2EZo ufe} 4D-
Nucleofector, SF Cell Line 4D-Nucleofector X Kit, Program FF-120 (Lonza)E ©]-&3}o] Cas9-¢4&3} Zehx~
"= 20 pgs FATFYEAT. B AHS 98, K562 (ATCC, CCL-243) AMEE 10% FBS ¥ dlyAd#/~EFEn}
o]l g9 (47 100 U/m 2 100 pg/me)S 74 RPMI-1640 ¥l oA w3l Tt

24N 7F % ol HlE=ZoA AAME 7WEk RNAS] 10 - 40 pgS 1x10° K562 AlEo] & & welatqith. o HE
2 AALE Z]d g RNAE Ao 1-20] whe}t Al Zzsk3iT).

RNA 59 o5 3, AXE Holxd 44 DNAS EeEedet. EF SA7F T¢E F-5 F 1o HAE =
o] & o] &3te] PCR-5H3F3itt. (3)ell 7]=® vpek o] T7EL ojAlojo] &2 (amplicon)S #-&3F3itt.
A 2L Y] A4 W ALsE PR AHES AASHaL, T-Blunt PCR 29 7]1E (SolGent)E o] &3}
o] T-Blunt WE] 249330, S2HH 2ES M3 ZEfo|HE o]&3slo] AE 43t}

Eo| @AH o R Cas9-dz st ZEAv=EE FAFYs AL, I ths 7Fo]= RNAS

}\ﬂ ° = 65]
Wol7l fEEn: AS HASAT (% 3). A4 DA WEd FEE Fud
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Indels (%)) RNA-&F o&EH o), =1 i 1.3%1A 5.1%°]91v. PCR i=e]e] DNA M Z4o=
A& Aol A RGEN-mi7] EAWole] F=ddE gFalalvt. &F & NIEJS] 57< Indels B wlo|a 245
(microhomology)ﬂ ¥4 YA A #ZHAY. golHE AP (direct sequencing) &.& FH3H EHo] WIE
7.3%6 (=7 EAW] 2 / 96 = 193, ol A3 FA wFeotAl (zinc finger nucleases, ZFNs)
AAL A A-F-AF BHS-7] wEE|obAl (transcription-activator-like effector nucleases, TALENs)ollA] &
W9} njs=akgitt.

Cas9 Zetxm= g 7lo]= RNAS] ©AIA FAF
dastgitt. 28y, 7hol= RNAE dEslsie &
2nj= 2 Jlo]= RNA-¢ 53} ZElAn=ER %%-%@%ﬁﬂ?ﬁq.

flo rlr fr

3, ZFNs 2 TALENs & E5E, HIV #gdel ZFF 3% #8449
protein coupled chemokine receptor)& 9%3}sl= A3F CCRS F4
orEl Tt (3-6). A, CCR5-5-°]4 ZFN2 w=roll A AIDSe] A &EE 93 A4 A3
ZFNs % TALENsi=, Mol 2-epl Ml deids 2= AA0IAM e =24

SE-EA YoM H2d F MY EA (concurrent) DSBs Ao =RE w33k FAA AuiE (11-12
frdste Q-2 a3E ik, olglgl CCRS-5o14 F3xF 7Hier @b 7P dAg SZ-gl 91X
, CCR59] 15-kbp Y=E# (upstream)e] X3+ CCR5S] 7I7h8 54 (close homolog of CCR5)Q1 CCR2 &9
of #Xgtt. CCR2 FAAtlA LZ-B}7l EAWolE ¥k, CCRS =-EF2F CCR2 2 Z-E}7l 9 X] Alo]e] 15-
bp AMA FE  (chromosomal segment)e] WX &= A4 (deletion), WA (inversion), % F&
(duplication)< 343}7] A, B AHAES EHo R (R2 A9y Wulgh dsds 24 &% (R 5 A4
o] F-91& A sk -89 CCRG-5-©]4 RGENS] %3 A& A stsitt.

& WBAES (R5-5014 RGENO] @ 2-epl avg Zter] oFs 2Alsigleh. ol& #s, & d8A=S 9

=g 23-bp Bl MA 7P AdeAe] w2 AAE dotde M I3 fAAlA A Z-el A& £

AbeRITE. o ek ti=2, CCR2 frdAtell A= —1efgh $12]7}h 124 eagkel. dialell, 2F 9117 2-e2 $1 ]l

Al 3-%17] =9 A (3-base mismatches)E 2zt Ul 0ol 91AE AT (= 44). T7EL oAle]= o] # & 914

oA EdAWolE A F%aL (ofAle]l =, ~0.5%), ©]= RGENs®] Hug Solds uvehdct (&= 4B). =
Z

[

=

‘8.

A]
o
dl
=

rﬁ ftl
m

7)

=
3k PCRS AFE3}o] CCR5Y Eo]A 2l ZFN ¥ RGNS &35 slels Zgan g 77 PAFYsE Axda] Az
AA fx5 AAEAY. NS AAS F3 Wb RGENS A4S F=skA] &t (= 40).

2 thg, CCR5-50]% 7lo]l= RNAZ, AAIAQ] C4b-ZAg Aol wel &S daslelis 3k C4BPB 44k
E wAsletes AAS A2 P CR5-5o]4 7to]= RNAZ UjA|3le] RGENS EPEJHJ 3tttk 7]
RGEN- K562 Aﬂzﬂ AAA FA fAAM & WER WIS FEST (= 3B). T7EL ojAle] & tho] )

3 Aol M= Zh7; 14% 2 8.3% (= 4 SRl F& / 48 F&)oIdth. Wl 7o &
CCRS ¥4 fAolA #EHE= el Ad 9o shte A7) e F 719

O_u o
ro _!
e =
re

E

o

]
il = &, — !
97 AE A THNALE. 7] Ak ReENsel AT A AN QA T NAE HeaThe
A% @,

AAd 2: @A RGEN-m7/] FAA oA (proteinaceous RGEN-mediated genome editing)

RGENs2 ©& T2 ez AHXE <to] AEdE 4 v}, RGENs2 Cas9 @z | crRNA % tracrRNAZ FAE T
7] 7 RNAE ©UAE 7Fol= RNA (sgRNA)E FAsH7] 918 €82 4 v, MV &= CAGY 22 T2 RHEH
o}

St A Cas9 @A S dsstele Fefam|te A to= JAFE . chNA tracrRNA, 55% ngNA

o
EE

—‘E /})]—7] RN %% jﬂ'—a}i - T M

of ApE2 w2 o] A QA A E= AR Eekam =Tt %?‘}lﬂ% 753}% = *?/‘r*ﬂ]
DNAS] E3H5l uhelelol MEE Q1 HIm (in vivo)el Al %ﬂ FE AN oF & k. AE ABE AW
—L;»q_/\u]C7}_ 63%1 1% /\ﬂjj_ TC = DNA_ai;dzoh;,] k]] Eﬂ %EH?}_]_— Al

Q1 Aol azkolm o/ A

2,
k)
_>‘L

1
fi
& o
e
TOH
rsL
g
r°“
el
i)
>
=)
1
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Woll A48k 3= 9lo]A], RGENY S Z-B}A a3 o3iAd 4= .

7)ol A, B Iy AEL 2 HERZ AAbE 7lo]l= RNAY E3HAE FA
AzeA WAd e EAstE Y (targeted dlsruptlon)§
histidine) Blze} &9 A X3 Cas) WAL thdatol A wasta,

A o7} (gel filtration)E ol&3te]l AT, AAg AxF Cas) THHHAS 7 ¥ (20 mM HEPES pH
7.5, 150 mM KCI, 1 mM DIT, % 10% =2AlE)olA FFskth. Casd @A /sgRNA HHAE wEd e
(nucleofection) .2 K562 AMXZ AHAoz waldgu)l: 100 w LNoA] 9 HEZ AALE sgRNA 100 ug

ro

A

==

Z% Cas9 @ A& ARgsto] <QIZE
w3l ty.  SAL-3]|~E Y (hexa-
Ni ole RS AEeiEas) 2

i F-.Vl [‘-{N :(o

(= crRNA 40 pg 2 tracrRNA 80 pg)3 E3Hel, 22.5-225 (1.4-14 pl)Q] Casd ©hd 2L 1x10° K562
Mo Azl ZZEFH| Wl 4D-Nucleofector, SF Cell Line 4D-Nucleofector X Kit, ~ =213 FF-120
(Lonza) & °]&3le FAFYsrt. wEHAAMA F, 6-9 ZdolEoA A% nixel AMEE AA}=F
Sta1, 4847k Hob wakatglth. 2x10° K562 AIEE 1/5%2 R} e YREZE JAFYGAS W, 6 W
60uge] <1 HIER AAlE sgRNA (‘EE crRNA 8 pg B! tracrRNA 16 pug) ot iﬂ%, 4.5-45 pgol Cas9 @&
ARESEe] 20 b BMollA FFEE AT, o]F, wEULIAAE AEE 489 ZHo|EdA A i
= 48’\]7& T, AEE Bow %j A DNAE &3k aict. 14 91A ] A%l (spanning) A DNA Fi&
PCRZ ZE3}1aL, T7EL ojAlolol 2 &3t

% 1094 B 4 g%=o], Cas9 wha /sgRNA E3hA= sgRNA B Cas9 vzl o] gak-oj&#le] Hlal o7 ((R5
FY A 4.8 WA 38% MY WL xAsE EdwoE %Eébi , °]& Cas9 Zg2v= PFAFHAA A
2 W% (45%)9F ZdT). Cas9 wHE /crRNA/tracrRNA H3HA+= 9 Adols F=d & UG

Casy @912 @Ee Eelvo

=

2 fEsb Ak, 2100 K562 AL 1/5% FE #l
A R sgRNAS FRATASAS W, GRS HlellAfe] =qiiie] Niks FF-oE4Ql YA ow
QL. ol Cas9 Fehm|= B sgRNA Febav=o] FE-FAFdor & % (320Kt o Eokh.

o}

 gAES BY, ABCIL F34HE #A4 s Cas9 T d/sgRNA HAIE Aldatiar, 47] H53AE 3599
WE2 99 (indel)S fF=ske], o] Wl Advt F8A4S YERNS .
¥ 2
7}ol = RNAS] A&
3 RNA E}<] RNA Mg (5" <A 3") 2] MNEHT
CCR5 sgRNA | GGUGACAUCAAUUAUUAUACAUGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGG | 104bp 28
CUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUU
crRNA | GGUGACAUCAAUUAUUAUACAUGUUUUAGAGCUAUGCUGUUUUG 44bp 29
tracrRNA | GGAACCAUUCAAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUG| — 86bp 30
AAAAAGUGGCACCGAGUCGGUGCUUUUUUY

AA ) 3: g2 49 RNA-7}o|E F-AA] A (RNA-guided genome editing in mouse)

A3 GA (pronuclear (PN)-stage)?] mh$-2 Hjolo] A RGENS94 FAA-EE TS dolnr] 96, %/\
o 9 AYE AE B =923 forkhead box N1 (Foxnl) 7432 (Nehls et al., 1996), 2 DNA DSB <%
23l $2o3 a45 ¢353}slE the protein kinase, DNA activated, catalytlc polypeptide (Prkdc) TOrL
(Taccioli et al., 1998)& A}l-&3}3it}.

! XE NE

Foxnl-RGENS] F7A w4 &d& FJristr] flste], & dyrES Sk FE9] sgRNA (&= 5a)9F 37 Cas9
mRNA (10 ng/m-&91)E PN-GHA vl wjole] M EZ Ao F43ar, HIEZ wjekat wjololA] H F4A
DNAE o] &3} T7 =y EdotAl 1 (T7E1) ©JAlo] (Kim et al. 2009)= 433ttt (&= 6a).

o
O

tg

£ ¥4

& wHog B ulwzisl = ou] 233k 559 Foxnl-590]4 sgRNA (0.14 WA 14 ng/uwl) o} BIA=
Ao up

3k A %3 Cas9 wA (0.3 WA 30 ng/ul)e] HElE RGENS 1 A|E v}~ ujolo Hlié_l =
TR, Q1 HER uge wjolE o] &3t Foxnl 32t E<dWolE 439 H (= 7
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E3], Cas9 mRNA 2 sgRNAS Z}7Z} mMESSAGE mMACHINE T7 &E2 7]E (Ambion) % MEGAshortscript T7 7]1E
(Ambion)E o|&3te] A3 DNA FHORHE A=A AAl] mpet ¢l HER FA33a, Adet ko] tod
v Z7kR o] E (DEPC, Sigma)-A2l® ¢ B3 (0.25 mM EDTA, 10 mM Tris, pH 7.4)o] 34 3}%it}. seRNA &
Aol F32 A 3 Ed L wEUlEel=E ol &ste] A Y. AERF Cas9 @A ToolGen, In
c.olA &5s3irt.

#£ 3
RNA ©]& g Ad (5" elA 3") MEHS
(Direction)

Foxnl #1 sgRNA F GAAATTAATACGACTCACTATAGGCAGTCTGACGTCACACTTCAGTTTTAGAG 31
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Foxnl #2 sgRNA F GAAATTAATACGACTCACTATAGGACTTCCAGGCTCCACCCGACGTTTTAGAG 32
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Foxnl #3 sgRNA F GAAATTAATACGACTCACTATAGGCCAGGCTCCACCCGACTGGAGTTTTAGAG 33
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Foxnl #4 sgRNA F GAAATTAATACGACTCACTATAGGACTGGAGGGCGAACCCCAAGGTTTTAGAG 34
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Foxnl #5 sgRNA F GAAATTAATACGACTCACTATAGGACCCCAAGGGGACCTCATGCGTTTTAGAG 35
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Prkdc #1 sgRNA F GAAATTAATACGACTCACTATAGGTTAGTTTTTTCCAGAGACTIGTTTTAGAG 36
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Prkdc #2 sgRNA F GAAATTAATACGACTCACTATAGGTTGGTTTGCTTGTGTTTATCGTTTTAGAG 37
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Prkdc #3 sgRNA F GAAATTAATACGACTCACTATAGG CACAAGCAAACCAAAGTCTCGTTTTAGAG 38
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

Prkdc #4 sgRNA F GAAATTAATACGACTCACTATAGGCCTCAATGCTAAGCGACTTCGTTTTAGAG 39
CTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

E 5E AP s FokebdA] (KFDA)S 7ol uhg dlsiitr. TREFL dAAMtEtn A sEdt
18] 7|#sEES D AREAA3] (TACUO)Cl oJa] AEW FIugttt (SAWMSE: 2013-0099). RE Ph§-=
A FE AFAEY ESAHYA-FA A (specific pathogen—free facility)ollA Fx3F3ict.
FVB/NTac (Taconic) % ICR m}-$2~ £& ZtZt wjo} 7|2} (embryo donor) & 9EIR (foster mother)®E AR
SHQITh. 48A1%F ZFA S ®E ¢F FVB/NTac vk (7 WA 8F&)e] 5 U 44l 43 & 34 A5 28
(PMSG, Sigma) ¥ 5 IU A3t A AAA A5 28 (h(G, Sigma)S 74 Wl FYste] FHujstich. )
T A w2 E FVB/NTac 2~HE (stud) R wolstdar, @3 (oviduct) S2HFEH 4TS 53T},
Piezo-driven "M Z%7] (Prime Tech)& o]&3Fo] M2 wiA]2] Cas9 mRNA 2 sgRNA (Sigma)E & <48 A
(well-known pronuclei)S 7IA&= AT AXAd FUAsAT.
Nzg Cas9 @A Fo] 49, AZT Cas9 & Foxnl-sgRNA #A1S DEPC-A2ld F4 ®¥ (0.25 mM
EDTA, 10 mM Tris, pH 7.4)el 3|A3}1aL, TransferMan NK2 P]AIZ=F7] 2 FemtoJet W ASF47] (Eppendorf)E
ol gste] 7R A F=Y3FAT}.
22 djolk= R4l 9
ERoA wjatoirt.

I

2o] Wbl o] Aste] Aolgli BEE AMSAL, E Fobel BALS g8 2 ]

RGEN-fr= EdAMWelE ZE FO mfg-2 & ¢l HERZ vy w2 vjolEs ~32dstr] fdl, e nlho]gAl
(biopsy) B A wlole] KIAEZHE A FA DNA ARE ©]&3te] oo 7|&% ule} o] (Cho et
al., 2013), T7E1 olA|o]& +3h3}qitt.

QoFslw | RGEN 7 H9E EFsl:= F44 FES PCR-ZZ (PCR-amplified), &8 (melted), & Aj-ojd
(re—annealed)ste], T7 d=FZFdolAdl I (New England Biolabs)o® A%, o]Fo|Z7= DNA
(heteroduplex DNA)Z A3 TS oyt~ A A7gS5oz Estadr;. AAE Q¥-glA 92 howtie

0.12.92 AMste] FFRskela, @ TEL oAl fAsl BB Pt 7] oMol ALgd Letold
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H 4
T7E1 o AMloldll AF&-3gF o]
= 3k Aq4g (5" oA 3") s
(Direction)
Foxnl F1 GTCTGTCTATCATCTCTTCCCTTCTCTCC 40
F2 TCCCTAATCCGATGGCTAGCTCCAG 41
R1 ACGAGCAGCTGAAGTTAGCATGC 42
R2 CTACTCAATGCTCTTAGAGCTACCAGGCTTGC 43
Prkdc F GACTGTTGTGGGGAGGGCCG 44
F2 GGGAGGGCCGAAAGTCTTATTTTIG 45
R1 CCTGAAGACTGAAGTTGGCAGAAGTGAG 46
R2 CTTTAGGGCTTCTTCTCTACAATCACG 47
5
S} §1A9] FTEo ALEE ZElolH
= ¥7] (Notation) w3k AE(5'ollA 3") s
(Direction)
Foxnl off 1 F CTCGGTGTGTAGCCCTGAC 48
R AGACTGGCCTGGAACTCACAG 49
off 2 F CACTAAAGCCTGTCAGGAAGCCG 50
R CTGTGGAGAGCACACAGCAGC 51
off 3 F GCTGCGACCTGAGACCATG 52
R CTTCAATGGCTTCCTGCTTAGGCTAC 53
off 4 F GGTTCAGATGAGGCCATCCTTTC 54
R CCTGATCTGCAGGCTTAACCCTTG 55
Prkdc off 1 F CTCACCTGCACATCACATGTGG 56
R GGCATCCACCCTATGGGGTC 57
off 2 F GCCTTGACCTAGAGCTTAAAGAGCC 58
R GGTCTTGTTAGCAGGAAGGACACTG 59
off 3 F AAAACTCTGCTTGATGGGATATGTGGG 60
R CTCTCACTGGTTATCTGTGCTCCTTC 61
off 4 F GGATCAATAGGTGGTGGGGGATG 62
R GTGAATGACACAATGTGACAGCTTCAG 63
off 5 F CACAAGACAGACCTCTCAACATTCAGTC 64
R GTGCATGCATATAATCCATTCTGATTGCTCTC 65
off 6 F1 GGGAGGCAGAGGCAGGT 66
F2 GGATCTCTGTGAGTTTGAGGCCA 67
R1 GCTCCAGAACTCACTCTTAGGCTC 68

T7EL of Aol 2 ¥t3l EARo] 3kt (founder)E fPCRE F7HH o= A 33Tt
oldel 7% whol wel og% AU (Sung et al., 2013). F1 &8 919
A Ao A4S, o 9 Bl dPFAA BF

70),

Prkde 325 918k 5'-CCCCAGCATTGCAGATTTCC-3"' (M E¥ s 71) % 5'-AGGGCTTCTTCTCTACAATCACG-3' (M EHE

72).
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312 DNAS] A4t K9
F¥ (routine) PCR 43
of tiste] theo] Eholw A& AFE-SFA T

Foxnl 425 9% 5'-CTACTCCCTCCGCAGICTGA-3" (M EHE 69) 2 5'-CCAGGCCTAGGTTCCAGGTA-3' (AW

oft

fol



[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

Cas9 mRNA 9o A5, EdWo] v& (EdWo] wjole] 4
33% (1 ng/pl sgRNA) WA 91% (100 ng/uL)olATh (%= 6b).
gth; o] ol ZFNs 2 TALENsol ¢]3F A
o} (= 6¢).

(o2}
o
~

RGENsell o&f fri=#

v =
$2o djobE olHFozH Aot FES

i3
flo

I
re
g
S
o,

A
ol

, A WSS 586 WA 7309 WMSIE wg- =

6).

=]

& 9l mERA 9] wpg
E A A er Raait. oA,
) B9 7P 2o §IA 88974

o

/ AA wjole] $) S
A B2 02 Foxnl
]E]'T: 7)_17:'_

[e}

a}7] Cas9 mRNAS o8] Fw2¥ =4
[e3]

=k3L, Foxnl-sgRNA9| F7}sl=

SES06 10-2182847

Hjope] AL Bl o

e =
9FA13= (Kim et al.,

Aol & #]ls

Cas9 &+

H
o
i
flo
X
<
fr
X,
9
ok
jins
2
re
i)
of,
B
uf
flo
N
)
als
127
do
i)
td
o
e
)
=2
d
=)

£ 6
FVB/NTac w}$-2~oll A RGEN-vi7 ==} el
EA A | Cas9 mRNA + [ F ¥ djol | o]2lE Hjol | AA A= o] | Holde AE gt
sgRNA (Injected | (Transferred ek Bl TR-2H (pounders 1)
(ng/nl) embryos) embryos) (Total (Live (%)
(%) newborns) newborns)
(%) (o)
Foxnl 10 + 1 76 62 (82) 45 (73) 31 (50) 12 (39)
10 + 10 104 90 (87) 52 (58) 58 (64) 33 (57)
10 + 100 100 90 (90) 62 (69) 58 (64) 54 (93)
Total 280 242 (86) 159 (66) 147 (61) 99 (67)
Prkdc 50 + 50 73 58 (79) 35 (60) 33 (57) 11 (33)
50 + 100 79 59 (75) 22 (37) 21 (36) 7 (33)
50 + 250 94 73 (78) 37 (51) 37 (51) 21 (57)
Total 246 190 (77) 94 (49) 91 (48) 39 (43)

147 wheje] A2 Bojut vk T, 2 U

AH=E 99 mheEle] Eivol vy Pl

=
s,

=% 5390, 9
SEET

Fe o

ofoll A} == Azfel 3t (& 6b), EAWO] HlE-E Foxnl-sgRNAS] &0l 93% (100 ng/ul
Foxnl-sgRNA)7}A] =&slsith (3 6 2 ¥ 7, = 5b).
#x7

T7EI-44 &dRo] 3er]o] F-2-E (subset) 2 FE &lE Foxnl EdWo] thd-frdate] DNA A<
ACTTCCAGGCTCCACCCGACTGGAGGGCGAACCCCAAGGGGACCTCATGCAGG del+ins # Founder mice
ACTTCCAGGC AACCCCAAGGGGACCTCATGCAGG A19 1 20
ACTTCCAGGC GAACCCCAAGGGGACCTCATGCAGG A 18 1 115
ACTTCCAGGCTCC A 60 1 19
ACTTCCAGGCTCC A44 1 108
ACTTCCAGGCTCC CAAGGGGACCTCATGCAGG A21 1 64
ACTTCCAGGCTCC———————————— TTAGGAGGCGAACCCCAAGGGGACCTCA A12+6 1 126
ACTTCCAGGCTCCACC TCATGCAGG A28 1 5
ACTTCCAGGCTCCACCC CCAAGGGACCTCATG A21+4 1 61
ACTTCCAGGCTCCACCC AAGGGGACCTCATGCAGG A18 2 95, 29
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ACTTCCAGGCTCCACCC CAAGGGGACCTCATGCAGG A17 7 12, 14, 27,
66, 108, 114,
126
ACTTCCAGGCTCCACCC—————mmmmm=———= ACCCAAGGGGACCTCATGCAG A15+1 1 32
ACTTCCAGGCTCCACCC——===========—= CACCCAAGGGGACCTCATGCA A15+2 1 124
ACTTCCAGGCTCCACCC——=——=====——= ACCCCAAGGGGACCTCATGCAGG A13 1 32
ACTTCCAGGCTCCACCC——====—= GGCGAACCCCAAGGGGACCTCATGCAGG A8 1 110
ACTTCCAGGCTCCACCCT GGGGACCTCATGCAGG A20+1 1 29
ACTTCCAGGCTCCACCCG——========= AACCCCAAGGGGACCTCATGCAGG All 1 111
ACTTCCAGGCTCCACCCGA ACCTCATGCAGG A22 1 79
ACTTCCAGGCTCCACCCGA GGGGACCTCATGCAGG A18 2 13, 127
ACTTCCAGGCTCCACCCCA AGGGGACCTCATGCAGG A17 1 24
ACTTCCAGGCTCCACCCGA-————————— ACCCCAAGGGGACCTCATGCAGG All 5 14, 53, 58,
69, 124
ACTTCCAGGCTCCACCCGA—————————— GACCCCAAGGGGACCTCATGCAGG A10 1 14
ACTTCCAGGCTCCACCCGA————— GGGCGAACCCCAAGGGGACCTCATGCAGG A5 3 53, 79. 115
ACTTCCAGGCTCCACCCGAC CTCATGCAGG A23 1 108
ACTTCCAGGCTCCACCCGAC—=—=====———— CCCCAAGGGGACCTCATGCAGG All 1 3
ACTTCCAGGCTCCACCCGAC—————=————— GAAGGGCCCCAAGGGGACCTCA A11+6 1 66
ACTTCCAGGCTCCACCCGAC——==—=—= GAACCCCAAGGGGACCTCATGCAGG A8 2 3, 66
ACTTCCAGGCTCCACCCGAC————= GGCGAACCCCAAGGGGACCTCATGCAGG AbD 1 27
ACTTCCAGGCTCCACCCGAC—=GTGCTTGAGGGCGAACCCCAAGGGGACCTCA A2+6 2 5
ACTTCCAGGCTCCACCCGACT—————= CACTATCTTCTGGGCTCCTCCATGTC A6+25 2 21, 114
ACTTCCAGGCTCCACCCGACT————TGGCGAACCCCAAGGGGACCTCATGCAG A4+l 1 53
ACTTCCAGGCTCCACCCGACT-—TGCAGGGCGAACCCCAAGGGGACCTCATGC A2+3 1 126
ACTTCCAGGCTCCACCCGACTTGGAGGGCGAACCCCAAGGGGACCTCATGCAG +1 15 |3, 5, 12, 19,
29, 55, 56,
61, 66, 68,
81, 108, 111,
124, 127
ACTTCCAGGCTCCACCCGACTTTGGAGGGCGAACCCCAAGGGGACCTCATGCA 12 2 79, 120
ACTTCCAGGCTCCACCCGACTGTTGGAGGGCGAACCCCAAGGGGACCTCATGC +3 1 55
ACTTCCAGGCTCCACCCGACTGGAG(+455 ) GGCGAACCCCAAGGGGACCTCC +455 1 13

Pkrdc-3%4 w25 Aitstr] 938, S71ste 899 Pkrde-sgRNA (50, 100, ¥ 250 ng/ul)= &7 58] =2
FE9 Cas9 mRNA (50 ng/u) S HE3Act. thA], 4 8]EL 51% WA 60%2] HH= m$ =da, 48 9
gk TS GO AR v-2E Aike)dl S8 TE (E 6). Pkrde-sgRNAS] FH U] &3FollA EdWo] A&
57% (37 migle] A2 oyt whg-2~ 5 21vlE]e] EdAWo| 3Her])oldr}. RGENsO 2 42 7] 2AES 2
H2pe] o)A AFolA B3k TALENs 2 9& 7 (Sung et al., 2013)Rch thigF 2 W 108f o =dch. %

A= RGENs©] Ao 54 2te A4 FAA-E2E Alefolgt= AS A9y,

o] Oy S1xke] AN o]F (germ-line transmission)S A&3l7] €8, vl M A= g2 dged
Z}e] BAto|AE 2= Foxnl S Wo] 320 #108 (2 5c @ 3E 8)E oY nlg-~9F Wi, F1 A9
FAAE S AFEAT.

# 8
Foxnl Eelwlo] vh$-229] f143
-2 NO. sgRNA (ng/ml) FAYF B g 2929 dy 14
(Genotyping Summary) (Detected alleles)
58+ 1 not determined All
19 100 olF Y FH AB0/+1
(bi-allelic)
20 100 olF Y ¥4 AB7/A19
(bi-allelic)
13 100 olF Y ¥4 A 18/+455
(bi-allelic)
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32 10 ol Y ¥4 A13/A15+1
(bi-allelic), (ol&Hd,
heterozygote)
115 10 ol Y ¥4 A18/A5
(bi-allelic), (ol&Hd,
heterozygote)
111 10 ol Y ¥4 A11/+1
(bi-allelic), (ol&Hg,
heterozygote)
110 10 ol Y ¥4 A8/A8
(bi-allelic), EIHH,
homozygote)
120 10 ol Y ¥4 +2/+2
(bi-allelic), EIHH,
homozygote)
81 100 o83 (heterozygote) |+1/WT
69 100 539743 (homozygote) All/ATL
55 1 T 2tol 3 (mosaic) A18/ A1/+1/43
56 1 EA}ol= (mosaic) A127/ A41/ A2/+1
127 1 2o] A (mosaic) A18/+1/¥T
53 1 T 2tol 3 (mosaic) A11/ A5/ A4+1/WT
27 10 Fx}o] A (mosaic) A17/A5/WT
29 10 2ol A (mosaic) A 18/ A20+1/41
95 10 Aol (mosaic) A18/A14/ A8/ A4
108 10 Zx}ol A (mosaic) +1/A17/A23/ A44
114 10 BAFol = (mosaic) A17/ A8/ A6+25
124 10 F kol 3 (mosaic) A11/A1542/+1
126 10 22}o] A (mosaic) A17/A2+3/ A12+6
12 100 2ol A (mosaic) A30/A28/A17/+1
5 100 2ol A (mosaic) A28/ A11/A246/+1
14 100 2ol A (mosaic) A17/A11/A10
21 100 2ol A (mosaic) A127/ A41/ A2/ A6+25
24 100 FA}o] 3 (mosaic) A17/+1/WT
64 100 2 Aol (mosaic) A31/A21/+1/WT
68 100 2ol (mosaic) A17/A11/41/WT
79 100 2ol (mosaic) A22/ A5/+2/WT
61 100 F kol (mosaic) A21+4/ A6/+1/49
66 100 22o] A (mosaic) A17/ A8/ A11+6/+1/WT
3 100 2ol A (mosaic) A11/A8/+1
[0190] U 28 fgFaae] LS S48
[0191] Aoz FAE HHFARE fPCRo] obd Al@A e oa] #Aa1 ).
[0192] Q2 o] FET IS B
[0193] #+{PCROY| o]3l] A== ¥k,
[0194] g 2, BE AEEL oflE Ui fda € sdde] gdfda F s Egele old AP =4
Aoldtt (= 5d). & AHAEE w3 YA 2 vhe-20lA Foxnl (3= 8) 3 Prkde (52 9)9] A4 o]
52 AT, -7t ok e, A7l AyE FEOIA RGEN-F= AWl diHFdA7F tHH ez Fl
Aol Al AgEchs 3 A SAE AlTs
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[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

S=S01 10-2182847

A 4: HE A9 RNA-7Fol= FAA wA

4-1. Cas9 @z o] A4k

2EREITAL FQ8AA 5 ML GAS (NC_002737.1) 4 frefigh Cas9 ¥&Est AE (4104bp)< pET28-b(+) =
gaueg F29590. 3 £%4 <Y (nuclear targeting sequence, NLS)E wulz N wto] FE3FA|AH A7)
d o] S AT 4 YEF EFArh. Cas9 ORFE EF3h= DET28—b(+) Zef2m =2 BL21(DE3) ol P2 A3

o,

A1ATE, 0.2 mM IPTGE ©]&3te] 16417 E<F 18TolA Cas9s FEstdar, Axxte] A Ao whab Ni-NTA o7}
22 HE (Qiagen)E o]&3to] AASAT. AAH Cas9 Er‘ﬂé]a: Ultracel - 100K (Millipore)E o]-&3}o]
FE3A .

4-2. 7}o]=. RNAS] A4k

Cas9 E}AIEC] H a3k dEor] ZRZE o] (protospacer) UF FEIZ (PAM)olt &7 NGG EE|Z 9 =
A R gisE BRI1S Jiﬁ}é}% o714 Fdzke] KA MES A sITE. o1 BRI f3
A2 gy starzp, B AgRES NGG RE|ZE sl dioA F RGEN T3 9XE 7+E8St. 53 DNAZ
ARg3ste] Q1 H]Ef‘—oﬂ’ﬂ SgRNA%‘ *ﬁ*&&?ﬁq. T e FEHozr THIE YAFEFULEE= (two
partially overlapped oligonucleotides) (Macrogen, ¥ X1)¢o <% % 22 Z7E& 7}A+= Phusion Z7H
2hAl (Thermo Scientific)& AH&3te] zF 53 DNAE AAbeRqlch - 98°C 30% {98C 10%, 54°C 20%, 72T 2
1x20, 72C 5%.

F9
Ql HER HAFE #13F 53 DNA9] AAHS 913 SgjawEd fEol=
S A el = 4 (5'-3") ANEHs

BRI1 target 1 GAAATTAATACGACTCACTATAGGTTTGAAAGATGGAAGCGCGGGTTTTAGA 73
(k) GCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG

BRI1 target 2 GAAATTAATACGACTCACTATAGGTGAAACTAAACTGGTCCACAGTTTTAGA 74
(k) GCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCG
Universal AAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTT 75
(3F) ATTTTAACTTGC

A#El DNAS A A3Fo] MEGAshortscript T7 7]E (Life Technologies)E AFg&3}e] 7Fo]= RNAZ <l HIE=Z A}

A7) AF FPoz LAY, I Ug, JlolE RAE dE/FRZEE FF U owe AWoz A
t}. Cas9/sgRNA B3-S A =xst7] s, 10 0o AAT Cas9 ©hA (12 pg/ul) L 2+ 5= srRNAs9] 4 pe (11
ug/ ) S NEB3 ™3 (New England Biolabs) 20 utol E3alx, 37ColA 102 FoF w-SA| 7T},

4-3. Cas9/sgRNA E¢Ae] AAEFEZe FAFY (transfection of Cas9/sgRNA complex to protoplast)

HEZ HAoA Ft wlde 457" of7|gdle de dh £ (1% AEEZ2A R0, 0.5% vHAEAY
(macerozyme) R10, 450 mM WFIE, 20mM MES pH 5.7 % CPW <)olA 25C = 8 WX 16A1%F 52t oF AbejolA]
40 rpmo.2 sl BEEIith. a4 /9AEE S9S onsld 100 x golA 3 WA 5® EeH
AR, dFAF7] (hemacytometer)E o83t dwZ (X100) 3tollA AEE AFe v, dAsE
S CPV & AFAEsRT. Eoz, AMEZS MG £ (4mM HEPES pH 5.7, 400 mM & 2 15 mM
MgC12)ol A 1X10°/mle] s = AALSrh, Casd/sghNA HFAS YAFER FDFAs17] 98], 200 wel &
AEE e (200,000 AEE)S 3.3 w0 EE 10 109 Cas9/sgRNA E3HA| [Cas9 T A(6 pg/pl) 2L F
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[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

[0211]

[0212]

[0213]

[0214]

SE50dl 10-2182847

sgRNAs (Z+ 2.2 pg/u)] 2 200 o] 40% Z@jded=g)ld FAF9 Wy (40% PEG4000, 200 mM Y& 2
100 mM CaCl2)¢} A 2 m FHA R=gA &Egtatdct. Ao 5 WA 20837 w83k Fo] W5 &9 (2
mM MES pH 5.7, 154 mM NaCl, 125 mM CaCl2 2 5 mM KCD)¥ 37 A" BHE Hrlsle FAFUS
TSI, I v, 95 ES 100 x gollA 52 SoF JAEEEe] Zoka, W5 & 1 mE AlFFaL, 100 x

(@]

—~

goll A 58 EoF o] 9AEY Sttt AR WEES IXI0 /mlE FAHSPL, oS 400 MM FF AT} E3
%) %)

7 HEHE KM 8p MNA| iAol A wiFatsitt.

4-4. 713 ARBETE B HEAA Sddole A

HAF 24N T 72A7 T, YAFTES Zon, §4A DNAE wHEdY. T oxF AAE e
(spanning) FAA DNA HHYES PCR-ZZ3+ L, T7EL ojAolol #-&3Fdc}. 119 yepd ZAAH, gL

(indels)< RGENsell eJsf 50 W= 70%2] ®H9]°] %5% HE 2 st s3A A
AEA ] s, W AL Cas9 A2 FAFS] § FA] A8k, PR =S AASL, T-Blunt
PR 24 71E (Solgent)2 F2Watitt. ZetAv =S AAstglar, MISF Zatolw 9}k 37 Sanger Al# ol
283ttt stte] Sdwo] HAE g A9 7-bp AAS AT (= 12). thE A 9wl AL F RGEN
A Apolell A ~220-bpe] DNA ¥-9jo] A4S 714

AANd 50 AX-HF Hegol= e dild Ag E=Wolg o]43 Casd @A HAF (Cas9 protein
transduction using a cell-penetrating peptide or protein transduction domain)

5-1. His—Cas9-435.3 Le2n=9] 5

o]doll 7]&H Cas9 Z&k2v]= {Cho, 2013 #166}5 FF o7 o] &3le] (C-Futo] A]2H|CQl (cysteine)S ZHe
Cas9S PR =Z o7 A Fsl i, N-Uoho] His-Bl2E ¥3Fsl= pET28-(a) ®E (Novagen, Merk Millipore,
Germany)°l] F=233F% ).

5-2. M XujF

KeN
=

2937 (A} whop A% MEF) 2 Hela (A3F WAk AEF)E 10% FBS 2 1% A2 3 =E)Ewto]
1353 DMEM (GIBCO-BRL Rockville)oll A ®jFalict.

FZ

5-3. Cas9 ©@¥ize] g 9 AHZ|

Cas9 @ HS Ldstr] a8, vt BL21 A2E Cas9v°~ 45 slel= pET28-(a) B“Eioﬂ FAHEAL, 50 pg
/mL ZFmtel Al (Amresco, Solon, OH)& F3Hete= o= el (LB) o}7} iAo Z#oldslsirt. thad, ©
d F2YE A9t 50 pg/ml FheRelAlS ifﬁo}* LB Hﬂok"”‘)ﬂ"ﬂ 37CAA FAY o]:O Ak, 1 ootad,
0.1 0D600N A A Z3F Wikl S 50 pg/mL 7humfo]2lS FE3tsl= o} ujokMo] HEsl%ar, 0D600°] 0.6-0.8
of =dd wjrtx] 37CeA 2417 F<b wjYkstitt. Cas9 ‘:J‘i“]«l s FE37] $8, ]iEE%—B—D—E]
G EYE=Alo]| = (IPTG) (Promega, Madison, W& #HEF % 0.5mW7} F=F 718k g, AlEE 30T
A1 B wlFERoi T
MEZ 4000rpmoll Al 15 WA 208 FoF AR S ] Bka, 8% vy (20mM Tris-Cl pH8.0, 300mM NaCl,
20mM olmthE IX Z=ZE oAl JAA ZEHY, 1 mg/ml 2Folixd)ol] AEESa, &3k A (40% duty, 10
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[0215]

[0216]

[0217]

[0218]

[0219]

[0220]

[0221]

[0222]

SE50d 10-2182847

sec pulse, 30 sec rest, for 10 mins on ice)Z &ajatdtt. +&A4 %Q% 4C 2 15,000rpmol| A} 208 FoF
AR st AT Aoz A FEskgltl. Cas9 W ES Ni-NTA of7t=2 3 (QIAGEN) S 233sl= A¥™ %
AKTA prime 7]17] (AKTA prime, GE Healthcare UK)E o] &3} 4°C°ﬂ/\1 AA AT, A7) aRvEY Y %74
o, A wild RIS 1 m/E9 502 Ni-NTA o722 #ll2 (GE Healthcare, UK)oll =W 3}ict.
7] AHE AZ w3 (20mM Tris-Cl pH8.0, 300mM NaCl, 20mM o)Wt} , 1X ZR2eokA]l A4 Zed)= ﬂ
shdar, AgE w@wMAS 0.5 m/Ee fEo=, £F vy (20mM Tris—Cl pH8O 300mM NaCl, 250mM
oluit}E, 1X Z2HolA AAA ZHI)E {E38Y. E2 58 28 w539 A2 W3 (50 mM
TriS—HCl,pHS.O, 200 mM KCI, 0.1 mM EDTA, 1 mM DTT, 0.5 mM PMSF, 20% SYAME) 2 E“O}'Oﬂﬁ} gwEd s
= BY=XE= (Bradford) ©JA¢] (Biorad, Hercules, CA)Z A3, ¢=F & 3 dHvUS dxdoz
A}&-3F SDS-PAGER ¥4 3}3i ).

e

.\_4

5-4. 9R4Le] Cas9¢ A (conjugation of Cas9 to 9R4L)

Img/me] &%= PBSoll 343k Img Cas9 @ A3} 25 pf DVell &= 50 pgel Leflo]m =-9R4L FEro] == 24|7F
T e E O T 4T A REE o] &3t FEYA Esdh. HEEA 22 maleimide-9RALE AA
7] Y&l 47 A EE 50kDa EAFE F QX ukS o] 83)e] 4T A 24A13F F<F DPBS (pH 7.4)9] tha] #2413}
ATk, Cas9-9R4L TS Fxuto g RE woky, Wl 4GS BIY=FE oMol o]&dte] ZAHE .

5-5. sgRNA-9RALS] A=

sgRNA (1 pg)< 100 b DPBS (pH 7.4)olA] vhekdt ko] CORALC FEFO]= (1 WA 40 F-A wl&<] $9))el]
=HA A7k, 37 E£RES 30% woF ARolA WHEAIZIAL, RNAase’t gl Bol=stE E& o] &3
1088 s)Astdnh. FAE Y=gt FAFEH AA 9 -9 E 4 Ak (dynamic light scattering)
(Zetasizer-nano analyzer ZS: Malvern instruments, Worcestershire, UK)& o]-&3te] A&},

OHW >
o

5-6. Cas9 @& F sgRNAS| A&

Cas9-9R4L % sgRNA-CORALCE Th&3t ol Aol A shalvh: 1 ug®] ngNA 515 ugfﬂ CORALC Bl =5
250 meo] OPTIMEM ®jAlell A=) a}dar, Ao 308 &oF WAzt 5 (seeding) ¥ 24*1” Al e, AE
Z OPTIMEM wWHA2 A2 3}lal, sgRNA-CORALC E&HA|= 37T ol A 4/\1{} EOP Aeletdtr. AES tAl OPTIMEM
A2 Al H kA aL, Cas9-CORALE 37TColA 2417 &t s, Al F, Wi wAS %%M ¥3d &
iAo wASEIa, the A Mol 37CoA 2447 Fet wigEigitt. A WRoR AKHd Hd F
Cas9 2 sgRNAS ol ¥ AHgstqirt.

2 rﬁ

5-7. Cas9-ORAL T sgRNA-CORALE 37}e] ATk Frche] AR o] WiYE THEZ AZA YAH $AAS 1
A (edit)E F UT.

ol mdd LHEE AXdA WAH FHAxE wAT
CCR5 A AAE EZI” 8l Cas9-9R4L Z sgRNA-9RALS 239 Al
o}, T7EL oJAMlo]oll A Cas9-9R4L 2 sgRNA-9RAL & t©} A3 HNE=
9%<] CCR5 FAA7F S =HUSS X CCR5 F+AA} 93 = A7) Cas9-9R4L 2 sgRNA-9RAL-S A ]}« %A
1}, Cas9-9R T sgRNA-OR4AL 5 o= 3PS AHE3tAY, T ¥R &2 Cas-9 T sgRNA 55 A2l
S EIsle] T A FEoA BRI R (= 13) ol WMYEA Z& Casd T sgRNAZF obd, Cas9-
OR4L whl A 2 OR4LI} HE3E sgRNAY A7} EFEE AFolA 82 FAA AL 7HAS F USE A

Cas9-9R4L 2 sgRNA-9R4Lo] F7}e] Ad Ftd
FEA ClRE B A8, B wuAE

Fol Asga, FAA DNAZ £

ﬂl

e
)
r[o o
~
>
o

AL,



[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

SSS0ol 10-2182847

rr

Aot

st

AAld 6: 7to]= RNA TR ©WE 2

| m
;1
-
i
e
(e
o,
lo
N
i)

H, Al L5 RGENso] RIZF Mo A @ x-el7l 535 ztevhe A Basigivh. s3/%, RGENs &-Ef
A A} 3 WA 5 FEHLECIEZE e QE-E7 AN EAWolE a&X o FEIIUT. AT, -
2l B @ xe] RGENs¥ thE 2 te] os) A& RGENs 7HollE of#] gd& FHol e AL &asdy. A
HA) | B A58 crRNA 2 tracrRNAS] I3 BES X35t ¢d-7lo]= RNA (ngNA) Al crRNA 3]
7] tracrRNAQ! ©]ZRNA (dualRNA)E A&t F WA, B dyxEL orRNAS dadtste Zehavs= gl

2

A3k crRNAE (HeLa AXE7}F obd) K562 Ao FAFU3A ). Hela A3 chNA—%LEQ ZglansE
FATFASAT. T2 DY sgRNA-9 538} Z2n =8 AMESIIT. Al HA, 2 @gxte] 7hol= RNAE ¢l
HEZA T7 ZEHetAld] ot a&% Al FQask 5 woke] F 719 —|‘7}X4 ol (guanine) WL
Elol=8 7HH T, 7] F1H8 wEEI el = v @y Ale] o3| AMSE sgRNAC] EFHE A gtk 3=
2, 2 dxzlo] 7lo]= RNAS RNAME L 5'-GGXpeZ YWERE & a1, ¥ X, v GX7F 20-bp ¥4 M43}
g-&HE 5'-GXpe U2 Tzl o) AlgE AEES Yehdd. A AR Fold FEH QB = Mol A
RNA ZglHelAl =2 AAbst=d 2 astt. 2 X-el7 RGEN @37} A7) Afolof 7]1o4Ed = A=A 55 H71sH7]
80, AIE AEoA & HER QLX-EM EdWolE st Ul Jl9 RGENsS Agsiglth (13). 41

ke
rlr

I ot

A zLEL 9l HER HARE o|FRNAS AFE3F $-2]o W K562 AlEA sgRNA-¢tE 3} Zdfav=5 4
Fdsh= FHS vluskgla, T7E1 oAMolE &3l -84 2 2LEZ- A A oA &AW RIEE 54319
t}. Al RGENs 7}ol= RNAS] ZAjo] #AIglo] &-ElA

AR S A YA A H =g EQAWe] RIEE BT
TuFAE, 4 o]FRNAZ A83S wl, dbe] RGEN (VEFGA YA 1) -2l 9% (&o] 0T1-11, =
1)NA Al A FEHLSEol=r) thE | v Fadt S Z- Al 99X (one validated off-target site)ollA]
old (indels)S FE=3hA &okrl. dhA|wt Al o] FRNAE 2-El7 9XlolA F e wEFdElol=r) va
U fFast 9 x-elrl 9z (0T1-3)5 +E3A] &3ht).

Som  H W5 5'-G6Xy (¥ 5'-GGGX1) sgRNA®F 5'-GXj sgRNAS H] 1 &}o] | sgRNAQ] 5' wele]
7Hd T MY Fold wEY L A o8-8 A EeT. Cas9d} HFAE
Fdg vl 719 Xy sgRNAE Ml 7H7}7<1 ”lﬂﬂoEM BEAAZ &3, o9 (indel)S 2-E7 = Q-
B fIAe A F5d a8 FEslth. IIhEAl dEsHA, 66Xy sgRNAst= E&H oz QX-EP XE T
HEATE, AR, B wtgaiEo] 4719 GGXy sgRNASE AFE3F S uf, T7E1 oJAlol& 7709 &3 2 Z-El7l 9
%] ZF 671914 RGEN-F% 1S Aol 7xs}#] &t} (= 15). AT, B B ELS F GGXy sgRNAs (VEGFA
A 1 2 3= GX sgRNAY] 3= += =-EpZl f1A]elA &do] o AUTt. 7] A=, 50 diolA F71¢

FEU QB T} ofv Jlol= RVA QP4 B Ei ol x| Wad] ofaf -4 3 X-epl 91l
EaAule] MEo] g v 5 9;% A% uolFh,

A7) AgeE A R 84 -7tol= RNA-¢E 3 Zeban|= Rt 34 7lo]= RNAS AR, sgRNAK.TH= o] SRNA9)
AFE, 2 GXjg sgRNARTF GGXyp sgRNAs] AR - 7} QE-E}7 Q)Xo o) 9lo] ¥4 aiE Zeve s o

D=
AAd) 7: Cas9 Y7tolAl & (Paired Cas9 nickases)

o7, dd-Al& At (single-strand break, SSBs)S @7 2 NHEJo| &) xE = QA =
9] AsA-Ad% 7 (homology-directed repair, HDR)E+= 7] A 44 (base excision repair)
ot < T YFtelAl(nickase)-F 5 HAstE EdWol= wEHOMA-FE EARol H3|
agHoltk, B W AE5LS Cas9 YFboba] o] NHE] FiE HDRS E3] DNA A& opr]ste= &3 DSBs

[e]
p
S
=

¢
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[0230]

[0231]

[0232]

[0233]

[0234]

SE50d 10-2182847

(composite DSBs)E Adstel, A&l EdWelE F2& Aolegt FE3A (&= 16A). HHol, Y7tepAl %
2 Cas9-7]8F FA4 WA SoldS F+ W=z ws + v

A WA AAVST Fefell A w4 9ol el AAE ol Cas9 oA R YFtobAlE ]l vER]
A BF BT JA9sS B3l AlFssith(E 16B). DNA 7]H o] & 7tes Adehs Cas9 rEdlobAle thE

]
|, 7Fo]= RNA 2 Zuf o}Au}a}712tk (aspartate) 7]17F &Ebd (alanine) &2 W49 Cas94 EdWo]
(D10A Cas9)& FAE Cas9 Y7tolAl= 27 shfe] 7hetnt #alsliar, A-50]4 & K< e (=
16 C,D). zelv SHFAIE, 22 YrtolAl (= 17A914 AS1, AS2, AS3 2 S6)+& F 9 1A el A
S FESHYAL, HF Hlgg&Fol7]= kXY Fo] QI H|Ee|A DSBs®E ddkd A

vkt o] DNA 7}=b (opposite DNA strand)ollA <133 F 55 W=+ (as9 147}°}Xﬂ %

aeF HuglS W, 14 WA 91%] WY WER QdS wET (& 174). 5 2

F 59 A A A #HSlelA 30 endS e AR o Wik glde]—
2 T 18). T, YFfolA] A2 @ vFlolAo] ol AHT ¢ a&XoE AE-9
A QL& 7FsstA sk (= 19).

ro

- rlo %0 ri
iu)

o=

x 5
fr w2

X3
o
=

Al

m 09‘,‘

-y ox
NS
ol 2L

rx o
o

b

F

lH

Al ] sgRNAseF HHAIE B Cas9 HotekAl &, -8ate 2B $1X¢F st
=7t o2 QA Y] SRl A
ZH o2 Cas9 YTlorAl %
AAS LA U, =-

U, |3 AFEAE olgste] LE-Bl fAelA el YrtokAl & B pEeobAle]l =ive] NikE 543

SX-E E9WHo|Z 0.5% WA 10%9 B WER FE5¥Y (= 17B). W
o oAl Jle] 9 F o= FAME 0.1%2] ¥A % (detection limit)E V&

Bl f1Aell A PANS] A Aol $Xete @ FwEHQEIE (5, NGGolA N)7}
e $2 93-1 YRE & 2 -7 XA 15" F drh. dAe =, S2 sghNASH %ﬁ%iﬂ% g
Cas9 FrEelokAls 47 A 2 2- Al AN sds a&S HAth. %ﬂiﬂl txsld, S22 AS2
sgRNAs9} E&AZ A3 DI0A Cas9E 270ue] Q4= L-ElAl 9= 2= 7 o}oﬂrﬂr SEERE
FrobAl Ao wE zkzk 1608) L 990uj o] <14 E S-EbAl YA ZHE AS | 915 (% 17BolA Off-1 2
0ff-9)E FHslqirt.

Do
to
‘.’
_Yl

AN 8: Cas9 U7lolAl e 93] F=xd QM DNA A2ZTo]A (chromosomal DNA splicing induced by
paired Cas9 nickases)

ZFNs 9 TALENs®} 22 iz 7hglel os] Aake F FA19] DSBs7k, 7Hdsk A H& (intervening
| BaEdch, 2 @y aEe Cas9 YatokAl Aol o3|
&

a
3
i
»
o

chromosomal segment)®] & AAS& =3

FriE® 7 OSSBs7b HERE IZE AlEeA AES AT & d=AE ARSI, B dEAES P(RES AHEEHY

e #E¥ DBsE AFHA Pt}
¢ =7] W Aelshy 271

v 5 9

242 wae 9ASGT, AF Aol Ustelal Aol Caso bl AWE ENAOZ 11kbp AAA 87}

A ARE FEHYSS HASAT (F 204,8). PR AR DA AAR A8L Hlseith (= 200). E01EA

=, sgRVA-I HEe QF Aol AU-Sold PR BEAE F 2ol TulR dellgleh (= 200014 WE

MEAow, Caso relobd A& £AF BA AN Tashs Ade wEA 2Pt old@ BAL F A

gold B A G el aae Sase = A gAE
o

Jo

=
Wk, 100 bpEtt ] "ol F el E&, ¥+=7F (melting temperature)©]| uj
S A

sholl A 2 e} g7 E53 DSB

=
= = <
= A osa]"l" 9}1\5}

Eoabgxse F 7)o "ol Ho] We]-1g|(head-to-head) W3FollA 71e W] (strand displacement)ol 2]
3] A=, T7F (middle)o] DSBe] dAS oF7|3tH, NHEJE E3F o]o] AL e AL oyt AL
AAgE (= 20D). A7) #A ot 7 A 9XE 2gE Holdr] Wil 147}°Fxﬂt SSBsE& A F =
RN, EF A7 2dd wjrhA "PO]%% HEA O FEFTE, A7) HAUES of 3" eHdlS Ailste A
o] old 5' WIS AASE T LEA & (two offset nicks)o] Al FLolA Ad& a8H o2 FE3=X
Avg sk
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[0240]

[0241]

[0242]

=50d 102182847
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7 theew B oNUREe S-B
Cas9 FEdotAl & YstolAlZF
Cas9 wEdolAld 93 F=% A
A AE dEsets Foper =g
A= AS2 F 83 YFteA] BT,
A B = AT Ax3 (21

ko] NHEJ Aol 93k ZAyjel

2 zARIIY (= 214). B dgx
(% 21 B,C). ojwg PR AHESE

e 74 DNAE o] 838t STHEA FUTh. 7]
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A Al 9: CRISPR/Cas—3 RNA-7}o|= AE=wEHolAS o]43 FAFA A (genotyping with CRISPR/Cas-
derived RNA-guided endonucleases)

Ag a2 AskH | RGENso] A3 G# o] thadA (RFLP) 24 Al
o <]3 01:7154 DSBs7F &5 3 vlAs wek Agh (NHEJ) A]22Elo
o _

= E%
A A8 . 59 498 Ases o
5

A€ R Hoz Aetd % 9
o]t}

9-1. RGEN £24 (RGEN component)

crRNA 2 tracrRNAZ AZ=Ae] A Alo wa} MEGAshortcript T7 71E (Ambion)E ©]-&3 ¢l H|ER HAIZ A
Z5kth. AALE RNAsE 8% WA Q. 4-PAGE AollA EEeksith. RNAZE X3d A TS ZEhdlo] 85 W
(elution buffer)ol ZATh. RNAS HFEHoAI7F 9 EoA 358 e, fE . 22238 25 FZI2YE

FE 9 oeE HAS FIPIAY. AHAE RNAsE EFAR AFEAY. Xol B ALl 5
GAAATTAATACGACTCACTATAGGX0GTTTTAGAGCTATGCTG G-3' (JEWH3E: 76)2 Ueld A<E 9@ A AHZAQ A
dS ztes 2w EELElo)l=g ofdyEte] crRNAY] W3 82 A|FES . tracrRNAY 8-S

2] ™ 2} A (New England Biolabs)= o]-&-3}o] r)-ak X oI Hl-gk SYuFEYLE = 5'-
GAAATTAATACGACTCACTATAGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCG-3" (Mg s 77) 2 5'-
AAAAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATG-3" (M Bz 78) ¢ AFH o=z 3t
o=

9-2. AZE Cas9 @A A

C-Zetol] His6-el29} §% Cas9S daslstar e, ¥ dYAE] A AAJool A ALE-% Cas9 DNA ZHA| &



[0243]

[0244]

[0245]

[0246]

[0247]

S=S06 10-2182847

< pET-28a 4 Wy AS)stltt. Axd Cas9 THAS 1M IPIGE =8 Fol 4X7F 5k 25T <] LB Wi~

ol A kAl At w5 BL21 (DE3)olA TEA k. AEES $=8s8ta, 20 mM Tris PH 8.0, 500 mM NaCl, 5
mM oW ThE, = 1 oM PMSF7F E3HE HTo] AT, AEE AA] Hie] A, 4TCelA =9 &, 3%
B 1*‘:‘561 S, &l E] = Cas9 DWAE Ni-NTA op7b=2 X (Qiagen)oll AFAIZIAL, 20 mM
Tris pH 8.0, 500 mM NaCl, % 20 mM o]v]t}Eo] ¥std w2 Mg $ 20 mM Tris pH 8.0, 500 mM NaCl,
2 250 mM o]r|tiEo] ¥ wHE &&3ATt. AAY Cas9 v =-S 20 mM HEPES (pH 7.5), 150 mM KC1, 1
mM DTT, %2 10% =dA=Z2 T3}, SDS-PAGEE o] &-3le] #4133l t).

9-3. T7 A=FEH oA [ oAo]

T7EL Aol & th&3 o] Fas1qlrt. Qokstd, -4 DNAE o] &3le] F&3 PR AHES 95TA WA
AL, 16ToA AojdHste] 5 FH (unit)e] T7 A=wZFdolAl I (New England BiolLabs)¥ &4 208 &<t
37CAA FFAHTE. 9§ AHES 2 YA 2.5%9] o722 A A7]|GE5E o83t EEsT).

Al

9-4. RGEN-RFLP o] Ajje]

PCR AF=E (100-150 ng)< 10409 NEB B3 3 (1X)ollA Cas9 ©®& | tracrRNA, crRNAS] FH A 3}lH
0)9F A 60% FoF 37CAA HH-EA AT, A ¥-3

5 1
23tES 308 F
3] 153

%, RNase A (4 pg)E #H7tste] vhg &3

Qb 37TolA WHEAIA RNAE AASATE. wheS 30% =2 A=, 1.2% SDS, ¥ 100 mM EDTAZ} E3d 6X Z
2o W3 (stop solution buffer)@ T GAIF T, AHES 1 YA 2.5% o7t~ A A7) 5 S o] &3le] +2lsh

al, EtBr @Ao= 7hAgtesitt.

2 10
RGEN-RFLP o] A|o]ollA] RGEN 8.49] #X&

¥4 Cas9 (ng/ul) crRNA (ng/ 1) tracrRNA (ng/pnl)
C4BPB 100 25 60

PIBF-NGG-RGEN 100 25 60

HLA-B 1.2 0.3 0.7

CCR5-7FN 100 25 60

CINNBI Wild type specific 30 10 20

CINNBI mutant specific 30 10 20

CCR5 WT-specific 100 25 60

CCR5 32-specific 10 2.5 6

KRAS WT specific(wt) 30 10 20

KRAS mutant specific(m8) 30 10 20

KRAS WT specific (m6) 30 10 20

KRAS mutant specific (m6,8) 30 10 20

PIK3CA WT specific (wt) 100 25 60

PIK3CA mutant specific(m4) 30 10 20

PIK3CA WT specific (m7) 100 25 60

PIK3CA mutant specific(m4,7) 30 10 20

BRAF WT-specific 30 10 20

BRAF mutant-specific 100 25 60

NRAS WT-specific 100 25 60

NRAS mutant-specific 30 10 20

IDH WT-specific 30 10 20
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SES0d 10-2182847

IDH mutant-specific 30 10 20
PIBFNAG-RGEN 30 10 60
£ 11
R
A& (A Wk A4 (5'9A 3") MNERS
CCR5(RGEN) F1 CTCCATGGTGCTATAGAGCA 79
F2 GAGCCAAGCTCTCCATCTAGT 80
R GCCCTGTCAAGAGTTGACAC 81
CCR5(ZFN) F GCACAGGGTGGAACAAGATGGA 82
R GCCAGGTACCTATCGATTGTCAGG 83
CCR5(del32) F GAGCCAAGCTCTCCATCTAGT 84
R ACTCTGACTG GGTCACCAGC 85
C4BPB F1 TATTTGGCTGGTTGAAAGGG 86
RI AAAGTCATGAAATAAACACACCCA 87
F2 CTGCATTGATATGGTAGTACCATG 88
R2 GCTGTTCATTGCAATGGAATG 89
CTNNB1 F ATGGAGTTGGACATGGCCATGG 90
R ACTCACTATCCACAGTTCAGCATTTACC 91
KRAS F TGGAGATAGCTGTCAGCAACTIT 92
R CAACAA AGCAAAGGTAAAGTTGGTAATAG 93
PIK3CA F GGTTTCAGGAGATGTGTTACAAGGC 94
R GATTGTGCAATTCCTATGCAATCGGTC 95
NRAS F CACTGGGTACTTAATCTGTAGCCIC 96
R GGTTCCAAGTCATTCCCAGTAGC 97
IDH1 F CATCACTGCAGTTGTAGGTTATAACTATCC 98
R TTGAAAACCACAGATCTGGTTGAACC 99
BRAF F GGAGTGCCAAGAGAATATCTGG 100
R CTGAAACTGGTTTCAAAATATICGTTTTAAGG 101
PIBF F GCTCTGTATGCCCTGTAGTAGG 102
R TTTGCATCTGACCTTACCTTIG 103

9-5. Zehaml= A ol Aol

A E&27F AgE AY ZgAu= (100 ng)E 10402 NEB 3 819 (1X)ellA] Cas9 @& (0.1 pg), tracrRNA
(60 ng), 2 crRNA (25 ng)3 ¥ 60% FoF 37Tl wlkstdt. WS 30% 2 A=, 1.2% SDS, 2 100
mM EDTAES X3stele= 6X T° 9oz FuAFTH AES 1% o/t~ A Ar|des ol &ste Eysisix
EtBr Mo = 7hA|glal iy,

9-6. RFLPS] A=

k= DNA 5o]/d& 2= AME& RGENs> crRNAS thAlste] 7] wrEoid & v & W Ajx5 Cas9 w2
o] ]£l7}VAo}Ei Azg oA (custom)] TR (de novo) AAE & glok. wEolAld s ofrjd
DSBs7} @ i W A wdk AF (NHEDOl ojsf = o), RGENsS EFE Ak 7kl 34 R4
A A Ee A4 (indels)S FEITH. 4 LS AHSHES A7AE RGENS ofdE AdS aios
doett, AdES 7 EdRo]l AdL d9d 5 glo (&= 22).

s WA ofE C4BPB EA AME e A fAA 1- o4 3- 947 indels zte WA ¥ C4BPB

l
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[0254]

[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

A4 9L TP FeAvEE RNl AZ BEs] 288 & QeA o%E ARt 47 indeld
b= olsl sl Zekavls F oojn A% ¥AH-5olF crRNA, tracrRNA, 2 AT Cas9 @WHE PAE
CABPB-5-0] % RGENS] O3 Hubelx) gttt (% 23). HlEHoR, LA EA AGEL 2t Eoavsi )

RGENel| oJ3)] a&% o2 HAds ).

9-7. RGEN-®l7 RFLPZ o]-€3% U3l RGENso| &3] =9 EdHole B X (detection of mutations induced
by the same RGENs using RGEN-mediated RFLP)

oz, Y RGENsO] 9Jd] =% EAMole] BXE 9% RGEN-v7l RFLP2] A a7ls4d& Aldst7] 98,
B 52 RGEN EFI® C4BPB FAAE o] &3le] &3eh fAx-wd K562 <13t oF AE S8 o] &3t
(% 12)
* 12
2 oalmol A A}-8-¥ RGENse] #3244
A %8 M4 ANEHE

human C4BPB AATGACCACTACATCCTCAAGGG 104

mouse Pibfl AGATGATGTCTCATCATCAGAGG 105
2 oo A AL2E C4BPB EAHo] ZE22 94 bp AAAA 67 bp A W) ol2= thekdt E¢dwoelE 7zt
B0 (% 244). FQ8A%, o] ZRoA HAsE RE ESdWolE RGEN H4 %9 £48& 1ALt
2213 67)2] C4BPB 22 %, 4719] E20] oy 2 Edo] gHFHAA BFE 7HA (+/-), 2719 FE0]
Aol dyFAATE T (-/-).

oFAE K562 A DNAZRE] ZZ % RGEN B}l Y9x5 7 PR A2, HZ-50]% crRNA, tracrRNA, 2
ol = GAE Ax Al Bt (= 24B / Lane
1). C4BPB =4o] 28-S RGENS ©]&3F RFLPO| 2 &3}9%S dAdo] dEgFHdA 258 X
3t +/- 289 PR &Y o] FEAo = FaH, ofdd dEFdAE 234 &+ -/- 289 PR
NZg o gbA A8t et (= 24B). ®A A

"ol Eels wheka (#12 L #28
o

== T

=)
ool v 9471 AlEXFE C4BPB RGENO] <& ZZ3
=]

Z), RGEN-7I7ll RFLPS] H2 5o]AE& HoFr). £ WHAES PR 9ZES &Y

FdsAl HE3AY (= 24B). 53], T7E1 oJAo]l& +/- EECZHE /- 28 FHE3H Eslslvh. 42371
doR, YT EdWo] MY ody S FYolF7tY (homoduplex) & FAE Aol7] wiel T7E1 ofAlol=
543 o] AES X 5T Ednlo] FE2S oy FRozyyH AT 4 gt ayE=E,
RGEN-m] 7}l RFLP+= ZFNs, TALENs % RGENsE& X233l F23%F 7Flol 98] g Edwo] 89 49 3o
AREA Q] BEAX-T17 wEH oAl oJMolnt} ¢ F83% o]HS Zh=t).

52 WF RGEN-RFLP A o] A=Al W] o5& ARSI, C4BPB null 2 3 ofAE Al
FE 28§44 DNA AEE theke uj&= E9stal, PR SFo AME3FIth. PR 4SS RGEN f-713
A 9 T7E1 ojAolo] FUdHA &3ttt (&= 25b). o443k ti=, RGENo| &3k DNA ddhe ol o &
H &7 vlgetlet. g2y oz, T7E1 ojAlele] Zue= A7) H|gdA FE3 EdWo] HIxEe}t A x3HA
?l =AWl MAEe] AR EAstete] FYolsUS AT F e AFelA, 53
o] %ol A, H-gsqlct.

= 2 o2

fo r2 e m M

Hir
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[0264]

[0265]

[0266]

[0267]

[0268]

SE50l 10-2182847

9-9. RGEN-v]7] RFLP FA A £ & o]&3 Edo| vl FALHe 4

& RGEN-vl7} RFLP HA &2 ¥4 (Fo]4 RGN FA&A #24)&, vk~ 1 AlE wjolo] TALENsS
FYsted S =AWl vk merie] Ao AHESItt (= 264). ¥ UHAES Pibfl FHAMA
TALEN %4 91X & <Q14sH= RGENS AAstaL ARSIt (3 10). ok w922 B A o] whg-2oA 4

ol RGEN f-d8% Ao 283813tk RGEN 182 42 1 A 27-bp

Al DNAE 2] s L5
Aol Wele ggd EMelS AeHor WAt (& 26B). T7EL oj4lole} b=, RGEN 192 4]
+/= 8 -/- shere] ARl FAE Thssl sl

9-10. QA7+ MIE A RGENsS AME-3F CCR5-50]3 ZFNS=Z f-=d EdWHolo &4

A5 RGNS AFgdte] ® T2 Zeso §A47 719 HEEE (CR5-50] % ZENO.E QI7HA
ol& ©A Tt (= 27). o|2]g AF}= RGENse| RGENF v} FZelofAle] o3 {4
A= ]

M

4 vk A BHolFErh, AM 2 3iAES RGENso] H|E R obdAgtE o] f3
A 7E9lel o FEEe EdelE BASES aokd = 9l& Flolek YUtk RGEN @A 24 oAl
o] AAlel 3o} AFHL @ HFAHoZ 4bp T W LASE, Cas) @ Ho o3 AAEH = PAM A Gl A
GG TE AG (ARZF Zigd s C B8 CT) dolwZd 2eo]= (dinucleotide)2] £7-o]t}. crRNA 2 PAM ¥

= 19 (seed region) W oAzl =%+ 29 (indel)2 RGEN-Zwj
DNA Aete Wald oz oidct, 43, 2 25 ZFN T TALEN 91x9] tif-i (98%) A Zo=

9-11. RGENS o] &3 tgdA F+ wWole] &4 (detection of polymorphiE or variations using RGEN)

it

thgow B %“51}#% A MG & B (a.k.a. MHC Z& 2= [ @) E dsslete, 1 tFEA
(highly polymorphic us -BE XAH3E= AMEZE RGENS AAsa Algsdtt (& 28). Hela AlE
RGEN Z&xm=g A5 %10}9311 A4 DNAZ T7E1 2 RGEN-RFLP 4o TUsA H-&35FTh. T7E1S HZ
Yo} o1ds 4d g Aol 71elsk YU W= (false positive band)E THEJAT (&= 25¢). dHA|T o4
=2, fx gjol] ARS3 FA3 RGENS ofAlde] PCR AHES 3] Ealshd v, RGEN-FAF] HEe]
2 Faste], T4 R RGEN-FX indels®] &A1& 4AAT. o] 3 @T/}‘i 53] #

g Wol5 zH=x] ofRr} o 4= ¢l& W], RGEN-RFLP #4]o] T7E1 o]
Alojol dis] &8st o|dS Zerte S HoAFr).

kil
oo
2 o

i m
F

d

I

32 32
>

ol
o & |

—

9-12. RGEN-RFLP #4& T3 ¢dA EhHE vE 5dWol 2 d A a9 ©A (detection of
recurrent mutations found in cancer and naturally-occurring polymorphisms through RGEN-RFLP analysis)

RGEN-RFLP #4& 37k 7Hl-f1= =duele 434 24& Holde S8Eoks ZAvr. & wiAdss
RGEN 4 &4 £AS Ab&ate] qrollA dAHE= vk Edwlo] 9 7\}‘5 g OEAdS Exst At sigith. 2
W 252 WE-7HEY (beta—catemn)% &% 3t Wt CINNBL F3AtolA 7155 &5 3-bp 7;3/‘31 (gain-of-

function 3-bp deletion)& 74l Az et AES, HCT116E d stith. HCT116 Al
G5} WselAl, HCT116 §77) DNA?LTH ZEZH PR ALES obE-Sold % Elvol-
o] 835l FEHoZ A (= 29a). EIMEA Wxshd, 24 okdE i df-AARE 7%*; HeLa A|EZF

H:l
2
o
BL’
X,
o
Ho
2

l-

_U
Jlm
&
=
[*p)]
=
=
w
F
_l
if

B e DAY FEG PR Aol obd@-So|d RGENCZ 93 Ralugln, Sewoel-5o]4 RENO.Z
= gds RauA gt
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[0272]
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B odgxEe HEK293 AE7F HIV #299 253 F5-F8A2 d538t= (RS FAAMNA 32-bp 24
(del32)S Zevds AL FEa90: 534 deld2 CCR5 Aol HIV o] WdAdo] g}, X dyase
del32 diHfFHA ] Eo]AQl 3lrhe] RGEN B ofAE tiy-Frxtel] Sol#d th2 RGENS AASTt. o3t
U2, oFP-Eo]4 RGEN> K562, SKBR3, H=i= Hela Al (oF4E tixv o= AL&H)ZREH 538 PR 42HE
S A3 B3t Ant, HEK293 M EZF-E F53 PR A& BEHo=z Hasle] (& 30a), HEK293 Ao
A AGHA G deld2 dEFAAS] EAE FRleltE. 2y AR RS, del32-5o] 4 RGENS HEK293
A ZZHE ] PCR AbEe} #Zo] anpAox ofly Ax=yE feg PR A Sk, FHEFAE, oY
3 RGENS 2-E}7l 9A|oA ul2 & th~ED (downstream)ol Y3t @ A7) U] (single-base
mismatch)E 7[AE S-S 7HX 2 YATE (= 30). A7) A3 RGENsS 21 24 indels?] ©A]o] ARE
g A, b FEEULEelE OeAg EE - gy 2 H EdWelE zte Ade +Eg &

glths AS A g

, = 2 g
s AT, kY AE EE EWol Ado] ShHEAl dX|eh= Thol= RNAE 2t RGENsS F AE&
B ddeiitt (& 3la 9 32a). dlxzAo=, o A7Vt EYAEE 7lo]= RNAE 2338+ RGENs 7 A
g FEsH A, 91k oF AEFoA KRAS, PIK3CA, 2 IDHI Rl Qe Al /e i wel X Eolioe]g]
FAEA BAS 7MsA Yk (= 29b 2 = 33a, b). EF, B g5 NAG PAM A ES 912)8H= RGENsS
AHE-3Fe] BRAF B NRAS frzlztel Al A EdWolE T4 4 ATt (& 33c, d). ¥ YPAELS RGEN-RFLPE
AbgEle] Q17 g fAAelA ARE olUu A mE E¢dWo]l e vgAdel I fHPd B
Aty Wt

7] dloEl = RGEN®] TRk M Woldlq wrela Zed RILP $AL A1ger] S1F EAEL ATTE A

Ageh, dZEady B4 A9 & FUHOR, RGNS AHESlel AW A wE Eduel, A o

W Y fAAFI EG ALAAG FAR Ael) s FE BAWls) 2 g fA4 el (¥

FEUOEE Wol, e /AN, FEA WeDE AFT & Atk o714, B UuAEe RN £994

e Abgetel AE L BBeIA fH4 9ol s FEHE Bdveld AEaAd. AXdow, Ad @
T

T sk gk dietol =

oj¢t Brste], HEd HAd= @A dAle HAoln, & e ol Aol odf dAE= Ao] ofynt
2o WEes v AR on 3 We] e s e MdesiE e wE Be MY dHE
R EFeRe Ao R o] Hojof gt}
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EHIb
-HX $|X| (target site)
Kan®
Cas9 - + - + - 4+ - 4
JIOJERNA: - - + + - -+ +
FMMY - - - -+ o+ o+ 4
E'_ag 4« hicked
H <+— linearized
(Circular) +— supercoiled
- <« 54kb
] tlgg § 3A7kbg
(Linearized)
<+ 1 7 Kbp
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2o RBlr= HcHo-raHN

(sgsq@ paieipaw-N3IOY) s4SA I NIDY

-d49° 434w

ayis 18bie]

awel-jo-ino  dojs

_46_



Reporteronly Reporter + guide RNA

/ 0% 105 0.0%

108 104 108 BT T ST VAT
eGFP eGFP
Reporter + Cas@ Reporier + Cas9 + guide RNA

0.0% 65.9%

10 104 10%
eGFP

EH3a

CCR5
§E|'¢D|E: Empty Cas9

DNA
7}0|E RNA: - - 10 20 40 (ug)

Indels (%) 13 3.9 5.1

7.3% (7/96) mutated

amrc*ﬁmam CAATTATTATA-CATCGGAGCCCTGCCARAMAATCAA WT
CAATCTHTGACAICARI IAITATHALATCGGAGCCCTGCCARRARATCAR  +1
CAATCTHTGACETC! szz‘?gzmj— ------------- s%&mzcm -13
CAATCTATGACAT = mmmm e m e e GCCCT@C&W%‘ECAA -18
aﬁwmmmam:w;mfmk ~~~~~~~~~~~~~~~~~~~ AAATCAA -19
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EH3b
C4BPB
ZgtAOE DNA | Empty Cas9
7I0]E RNA © - - -
indels (%) 14
8.3% (4/48) mutated
TATGTGCRATGACCACTACATCCT --CARGGGCAGCARTCGGAGCCAG  WT

3

ATGTGURATGACCACTACATCCTT-LAARGGCAGCARTCORARCCAG 41

TATGTGURATAACCACTACATCCICTEARRGGCAGCAATCOGAGCCAG 42
TATGTGRATE} -=mmmmmmmmmm e e e m e e GAGCCAG -30
B VR ey e o Ty S— 180 bp--m=-==mmmmmmnn -180
EH4g
v

TGACATCAATTATTATACATICGE CCR5
TGACATCAATTATTATAgATgGa ADCY5
TGACATCACTTATTATGCATYGG KCNJ6
TGACAT2AATTATTCTACATGGG CNTNAP2
TGAaATCAATTATCATAQATCGG Chr.5 N/A
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CNTNAP2 Chr5N/A
+

ion)

(targeted delet

empty ~ |
vector RGEN ZFN
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Foxn1

t

—
=ato| o

1

§-CT16...
3-GAC. ..

ST

UCGGUGCUUULULLY- ¥

=5

WT #104 #105 #106 #108 #1090 #10 #111 #112 #114
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EB5c

Wt v
ACTTCCAGGCTCCACCCGACT GGAGGGCGAACCCCAAGGGGACCTCATGCAGG

#108

\
ACTTCCAGGCTCC- === mmem ==ne- 44bp-=--remrmnameanennna-.
ACTTCCAGGCTCCACCCGAC- == ====memmmmmmmmmnnen CTCATGCAGG
ACTTCCAGGCTCCACCCnnmn wmmmmmmemmaan CAAGGGGACCTCATGCAGG

#1
ACTTCCAGGCTC£ACCCGACTELGAG&GCGAACCCCAAGGGGACCTCAYGCAGG

ACTTCCAGGCTCCACCLG- e mmmname- AACCCCAAGGGGACCTCATGCAGRG
#14 ;

ACTTCCAGGCTCCACCCGACT =m=-- JCACTATCTTCTGRGCTCLTCCATGIC

ACTTCCAGGCTCCACCC-mmn memmmmmmmmmen CAAGGGGACCTCATGCAGG

ACTTCCAGGCTCCACCCOAC- =m=e-- GAACCCCAAGGGGACCTCATGCAGG

EH5d

Daent

Wromee t 2 8 4 5 6 7
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2B ()
A7 ()
(X1)
(x2)
A1 (X6)
-6 (x3)
A7 ()
-8 (X1)
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(%)
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5 (33%)
15 (88%)

Mutants
— 52 —

Tested
embryos
20
15
17

sgRNA
(nM)
40
400

Cas9 protein
(nM)
20
200




EH7b

M=ZZ L] F¢ (intra-cytoplasmic injection)
WT #1 #4 #5 #6 #8 # 11813 814 #5 #18 @17 821 #as

Cas9 protein wRNR Tﬁsted Mutants

S=S06 10-2182847

{nM) {nM} embryos (%)
2 4 18 1 (6%)
20 40 19 6(32%)
200 400 14 10(71%)
EH7c
Me indeis (E:Ilgtv%i ﬁo.)
[ACTTCCAGGUTCCACCCGACTGGAGEGCGARCCCCARGGGGACCTCATGCAG WY
ACTTCCAGGUGARCCC -~ mom e wme m = BRGOGCACCTCATGCAG ALS 2
ACTTCCAGGUTCCAC == e oo o i s o AAGGGGACCTCATGCAG  A20 1
BCTTCCAGGCTCCACCE - —mm o e AAGGGGRCCTCATGCCC  AL9 1
ACTTCCAGGCTUCALEC » = mmm i o o o ~CARGGGGACCTCATGCAG ALY 1
ACTTCCAGGCTCCACCOGRA- = mmm ===~ ACCCCARGGGGACCTCATGCAG 411 3
ACTTCCAGGCTCCACCCGAA-~GGAGGGCGAACCCCAAGGGGACCTCATGCA A3+l 1
ACTTCCAGGCTCCACCCGACT ~-AGGGCGAACCCCAAGGGGACCTCATGCAG A2 1
ACTTCCAGGCTCCACCCGACTCGCAGGGCGARCCCCARGGGGACCTCATGCA  +1 1
ACTTCCAGGCTCCACCCGACTTGGAGGCCGAACCCCAAGGGGACCTCATGCA +1 10
ACTTCCAGGCTCCACCCGRA - v GOCGARCCCCARGGGGACCTCATCCAG A6 1
ACTTCCAGGCTCCACCCGA ~—~~ GGOCGARCCCCARGGGGACCTCATGCAG A5 2
ACTTCCAGGCTCCACC »—mmmm = - e -~~PCATGCAG A28 1
~~~~~ o o e BOGCCGARCCCCARGGGGACCTCATGCAG AL26 1
Total 26
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spRNA - - 100(28) 10(28) 30(88) 10

SgRNA - 100(29)

CasOEr M 205(14) . 225(14) 75(45) 225(14) - g (M)

Cas9 BatAane . . . .

CRNA - 09 20015
tracRNA - 80(29)  40(15)
CasOTHME 2%5(14) - 25(14) -
Cas9BRHAQE - - . 5

94 42

indel (%)
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Z=HI10b
CCR5#4
CasOEHUE  45(14) 15(4.5) g (M)
SRNA - - G0BT) 13(19) 32048 8(12) 20(29) 50(73) < g (M)
sgRNASEIADIE - - - : . - - LI
CasiBetADE - . . - - . - T g
Indel(%5)
Casgrhy
SHRNA
EH10c
CCRS
CﬁATCTA?ﬁﬁQ&Tﬁ&ﬁ??A?T&T&tﬁﬁ?CGGAGCCCTGCCAA&AAA?CAA WT
CAATCTATCACATCAATTATTAT « » - - ~COGAGCCCTGCCAAAAAATCAA -4
CAATCTATGACATCAATTAT v v CATCGGAGCCCTGCCAAAMAATCAA -4
CAATCTATGACATCAATTAT » v wmwww s CGEAGCCCTGCCAAAMAATCAA ~7
CAATCTATGACATCAATTATTAT -~ CATCGGAGCCCTGCCAAAAAATCAA =1
CAATCTATGACATCAATTATTATAACATCGGAGCCCTGCCAAAAAATCAA +1
CAATCTATGACAA- = » - » v e m oo« «GAGCCCTGCCAARAAATCAA  -17,+1
ZHI10d
ABCC11
Cas8 Thuf x| - 15(45) Mg (uM)
sgRNA - 20028)  pg (M)

Indel (%) 35
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EHI10e
ABCC11
v
TTCTCAAGGLAGCATCATACTTCLCCCACGRTOORACAGCTGLCCTCLCTGE
TTCTCAAGGCAGCATCATACTTCC » = == ~CTGEEACAGCTGLCCTCCCTGE
TTCTCAAGGCAGCATCATACTTC- - -CACGGTGGGACAGCTGCCCTCCLTGE
TTCTCAAGGCAGC~=m mwmmmm i mm mm e m mwww= TGCCCTCCCTGG
TTCTCAAGGCAGCATCATACTT wm v mm i mm s e e < CCCTCCCTRG
TTCTCAAGGCAGCATCATALTT v mw v e m wm e e e CCCTCCCTGG
TTCTC o o s e o e e e
EWII
T7E1: ) )

CasQTHEHEL: () 20 60 ) 20 60 (ug)

24 hrs

70 50 (%) INDEL

72hrs

70 70 (%) INDEL

_58_

S=S06 10-2182847



10-2182847

(294672~ ) OLLYORvODTOOTE I I0L 000 10¥0I Y 0010y ¥ DL L J¥Y) L¥L L0DDLO LI00Y Ly sy LW D081 ¥y D) %@@w@ DLLLLYOYOYYY)Y
MMMN M wMWﬁMWwaMM m w«wﬁitltv*ill»;cxa!t;*:t»t%:!a»xtsu...ita:ﬂil;l%s13!11(!;)&4%(4513! «w § W Mu@%ﬂzw&www
mwmﬂ,.w mﬁ«%xmw @ u&,:.;5:,::;:;:s...;:...::::f,,.:.-.::s:ti:i..f..:%;'@ OO TOL1LLH000¥H )Y

L) _ mmwm T SR FF \F b )| SO TR TR ) S
(14) OLIYOV YO PO DT NI gmﬁ@w% s dqogr vttt/ 1y L BRI 0L 0T YO LLL0XOY VYO

EHI2
=

Bl RE I Bk &E

EHI3

Cas9

L
O
©

Indel (%)

_59_



10-2182847

g

wbeLup

W0 AT

=143

o4} japut

WEUNNMNEDNIE  2-210
BDRLWNIOTDND 6210
EEER RIEIRRSTAYE 13hnn LR AT
FHRILN0NINNLING y08uef )

L oUS Y4937

(o5} joput

SIINLOLLINDOEDD 11110
DINOLLOVOEDOE €110
TH320L09LL19¥9099991999 adue) up

| oS #4937

_60_



10-2182847

EH14b

VOVYOY IOV IILOVO 1-910
YOYYOYIOY92019v9 wwwnmw ug
IXW3

(%] eput

99€91979191919v01FPIOI]  8T-€10
59391939191919v919v9199 jafuey up
€ 9IS y493A

_61_



10-2182847

s==4

=153

%99 9

99 ¥x9

2210

6¢10

mvxw

€110

(%

) lopul

E)10090000W DO vz-2L0

11239200%200W0 1 6-710

5
99
5

999010092000¥2013000079 39841 U0

—

%

533329330v2D3220v9 1-710
N

AL ERE/]

) iepul

55100109 LLLOVED99OSFP9  T1-T10

954
99322129 L1999 €-110
5532)109.1119v9999901999 38ue]-up

| SIS Y493/

_62_



10-2182847

s==4

=915

o9 fxo - %yo9 fx9
1-710 LR
T

99 ¥

8l-€10

19bie]-up

(%) 1aput

99BYYOVYOVYOYIOVIFIILOVY 1-v10

993YYOVYOVYOVIOVOIILOVY I88ueL-UQ
X3

(%) leput

9991939191919v91BPL9M  8T-€10
9939199191919¥919Y9199 3234e]-UD
€ SIS Y493

_63_



S=S06 10-2182847

RN RN

OfzAZ Fhct MEH T JhS HE

——5 (lower strand cut) (upper strand cut)

Q= 7}k "t (both strand cut)
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EHI17a
& Empty plasmid ®Cas9-D10A #Cas9-WT
0001 001 01 1 10 100 ingels (%)
st

GAACCTGAGCTGCTCTGACGLGE

S2 | TTGGCAGGGGGTGGEAGGEAAGE

S3 | g GGGAGGGAGAGCTTGGCAGGEGE
54 GATGGAGCCAGAGAGGATCCEGG.

S5 CCTGCCAAGCTCTCCCTCCCaGE
CTCCCTCCCAGGATCCTCTCEGE.
CCTCTAAGGTTTGCTTACGALGG
GGTTCTGGCAAGGAGAGAGALGG

TCTAACCCCCACCTCCTGTTaGG

S1+AS2 |
S1+AS3

§2+AS2 3 5'-2 H{ ¥l (5'-overhang)

S3+AS2 |

S5+AS2 |
! o 3'-2 ¥l (3'-overhang)
S6+AS2 |
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EH17b

B Empty plasmid  ®Cas9-D10A+ 52+ AS2 1 Cas9-WT + 82

Indels(%) 0.001 001 0.1 1 10 100

TTGGCAGGGGGTGGGAGGGAAGE

TTGGCAGGGGGTGGGAGGGAL GG

TTGATAGGGGGTGAGAGGGAL GG

GGGAGGGAGAGCTTGGCAGGEGE
GGGAISAEEAGC TTGGCAGGE GG

GATRATEAGAGCTTGGCAGGLGE

CTCCCTCCCAGGATCCTCTCEGS
CTCCCTCCCAGBATCCTqCE 266
[drcdafedkaceatcereTcacs

CTCCdiccAGTRTCCTCTCAGE

ON |
$2 0ff-1

S2 Off2

0.001 001 0.1 1 10 100

ON

53 Off-1

83 0ff-2

&Empty plasmid 1 Cas9-D10A + 82+ AS2
BCas9-D10A+ 83 +AS2 #Cas9-WT +AS2

0.001 001 0.1 1 10 100

1

ON
AS2 Off1
AS2 Off-6

AS2 Off-9

_67_

S=S06 10-2182847



10-2182847

s==4

S——— INFG00

(- L0 O L0 DB 09Y L L1900 YL LAY LLL LLL 990Y9990 1009 ALY LYY YL IOY 1O L LR} o€
CEEECEEE LR TR TR TR R R T LR R R EE T EEE

££ =L ALEELAL I IIEDLILD L9 L0 SLADLI0 0 AT L ED O DL LD L A T D0 L2000 M DO YD LY LI LY YDL LD YL B LT D0 - 1§
@l‘i

G40
$190| 6497 Ueuiny

=183

_68_



10-2182847

s==4
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08
) |

RN N ARSI NS A LA AN S AR G AR R AR MG LA A N SN SR ) o R

I

S oL M RN AR A L RN N N AL AN AN AN ACLLDINR WAL E NN L B
[Fr—

s 01404 e

ZH]18c

EHI8d

Cas9-D10A

CasS-WT

Empty

S1 AS1+51

AS51+81 AS1

S1

Vector s

%
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EH20b

Cas9-WT
AS2

Empty
Vector

L6 L5 L4 L3 L2 L1

L7

S2

Cas8-D10A

AS2

Empty
Vector

L3

L4

LS

L6

L7

S2
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EH20d

= 7o| "oiT &
(two distant nicks)

7t BHE S H7| " =M
(Base excision repair
via strand displacement)

v, (27
#@*

&
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EH21b
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EH2Ic
ASZ off-1 (AS2 + 83 sgRNA)
Cas9-WT Cas9-D10A Empty
FF RR FF RR FF RR
M=t

(translocation)

5 =
(internal control)

83 off-1 (AS2 + 83 sgRNA)

Cas9-WT  Cas9-D10A Empty
FF RR FF RR FF RR

Mzt
(translocation)

i =2t
(internal control)

S3 off-3 (AS2 + S3 sgRNA)

Cas9-WT  Cas9-D10A Empty
FF RR FF RR FF RR

™zt
(translocation)

TE L ES
(internal control)
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=22,

T7E1 RGEN-RFLP

opa A
(wild type)

)

0|5 L& fHxtd c
Soiuo] (0]3)
(biallelic mutation)
(hetero)

0|5 Gy
S01H0| (58)
(biallelic mutation)

o
ol \ EE il | &

(homo)
Z=H22b
T7E1
A B ¢ D
— S SO————
RGEN-
RFLP
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EH23

ECHADIE BN ME
AATGACCACTACATCCT---CAAGGG WT
AATGACCACTACATCCTI-JCAAGGG I1
AATGACCACTACATCCTTTJCAAGGG I2
AATGACCACTACATCCTTTTICAAGGG I3
AATGACCACTACATCCT----AAGGG D1

AATGACCACTACATCCT ==~~~ AGGG D2
AATGACCACTACATCCT-=---~-- GGG D3

WT 11 12 I3 D1 D2 D3

E24a
#?(*ﬁ}
TATCTGORAT RO CTRER T IT T v v ”Mﬁ&ﬁmﬁﬁ&m Wr
?ﬁ?@?&%ﬁ%%ﬁﬁ&ﬁwﬁ%ﬁ COTRCICABOOCAECARTCOERAS  +3
#2 (+1-) v—
TATGTGORATIGACE CANBGOUAGCARTCEEAE WY
?&?Gﬁ@%ﬂm&?i&&ﬁ ‘“i‘fi‘i mww«|~w“m“"“&ﬁ1&€§£§3&ﬁ ¥

TRIGTCCRAT GACCACTACATCCYCAMBOGCAGCARTCGGAS WY
m‘xmmmmwzmmmww e SRGOENTOGORE %

#6 {*‘fw} "
TATGTGUPAIERCCRTTRURT D “‘”‘J@«Lm* AGCARICRGRG WY
TRATEICCRAL GRCCHCTACRT 4***»&%@%& -8

#12 ()
: - CAGCAATCGG -36
?A@ﬁ%ﬁdﬁ% ”Aﬁ“hﬁi&f&iﬁ“f&wwwwz~g'%! CAGCAATCGE +1
CRAGGOCAGCARTCEGE  +1
;émw-smhmmm +67

’%A’?QXC "&‘ﬁ&%&? *s.i"g“ﬂa}““’?@;’%?ﬁf ”13”

SRICCITERBGGGCAGCARTCGE  +1
rGORATGACCACIALC mmrmwmﬁmmﬂﬁsmw -7,+1
v&mmmﬁwsmzmmmhw — e =34
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E%24p

Clone# WT 1 2 5 6 12 28

=253

Clone# WT 1 2 3 4 5

PCR

 RGEN-RFLP

0 5 10 20 40 80 100 % mutantclone DNA

Indel (%) 3 6 17 45 90 100

RGEN-RFLP

Indel (%) 37 12 18 27 18
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[
RGEN
PCR
- -
“9‘ 3
— RGEN-RELP
-

Indel (%)

100 - om
®RGEN AT7E1 8
“R?=0.99

60

. é

20 40 60 80 100
% mutant clone DNA

gt
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EH26b

Founder# WT

3
o

T7E1

RGEN
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=927

CCRS5-ZFN

|GTCATCCTCATCLTGATAAACTGCAAAAGIGCTGA

Target site-RGEN-RFLP

T7E1

RGEN-RFLP

CCRS-ZFN

+

—
%
S
©
E

lnlofe= BRk

>
53 I¥319915119VI9VID519409910299109119L1VI99D19
J1VDI2DLYI0¥IDLO¥IIDLLDIEDIOVOVIIOLLLIDD4D0D0L101¥I13230999VI 1999V D 1]
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=293

Hel.a HCT116

PCR

RFLP with
WT-specific RNA

RFLP with
Mutant-specific RNA

Hela
ACTACCACAGCTCCTTCTCTGAGTGG wild-—type

HCT116
ACTACCACAGCTCCTTCTCTGAGTIGG wild-type
ACTACCACAGCTCCT---CTGAGTGG ¢.133-135 del TCT

EH29

Hela A549

PCR

RFLP with
WT-specfic RFLP
GTAGTTGGAGCTGHCHGCGTAGG

RFLP with
Mutant-specfic RNA
GTAGTTGGAGCTHGGGCGTAGG

Hela
GTAGTTGGAGCTGGTGGCGTAGG wild -type

A549
GTAGTTGGAGCTEGTGGCGTAGG c.34G>A
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=31

KRAS

HelLa
GTAGTTGGAGCTGGTGGCGTAGG OfdY

A549
GTAGTTGGAGCTaGTGGCGTAGG ¢.34G>A

Hela A549

RFLP with
WT-specfic RNA
GTAGTTGGAGCTGGTGGCGTAGG

RFLP with
Mutant-specfic RNA
GTAGTTGGAGCTEGTGGCGTAGG
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E132,

PIK3CA

Hela

CAAATGAATGATGCACATCATGG Oop4d

HCT116
CAAATGAATGATGCACATCATGG Wild-type
CAAATGAATGATGCACETCATGG C.3140A>G

Hela HCT116

RFLP with
WT-specfic RNA
CAAATGAATGATGCACATCATGG

RFLP with
Mutant-specfic RNA
CAAA?GAATGATGCAC@TCAL@_@
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=133

IDH1

Hela
ATCATAGGTCGTCATGCTTATGG OpM

HT1080
ATCATAGGTCGTCATGCTTATGG OfMd
ATCATAGGTEGTCATGCTTATGG ¢.394C>T

HeLa HT1080

PCR

RFLP with
WT-Specific RNA
ATCATAGGTCGTAOTGCTTATGG

RFLP with
Mutant-specific RNA
ATCATAGGTEIGTACTGCTTATGG
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=533

PIK3CA

HelLa

CAAATGAATGATGCACATCATGG OF¥E
HCT116

CAAATGAATGATGCACATCATGG OW¥Y
CAAATGAATGATGCAQETCATGG  C.3140A>G

HeLa HCT116

PCR

RFLP with
WT-Specific RNA
CAAATGAATGATGTACATCATGG

RFLP with
Mutant-specific RNA
CAAATGAATGAT CATGG
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EH33c

NRAS

Hel.a
CTGGACAAGAAGAGTACAGTGCC OpdH

HT1080
CTGGACAAGAAGAGTACAGTGCC Op4d
CTGGAEAAGAAGAGTACAGTGCC ¢.181C>A

HeLa HT1080

PCR

RFLP with
WT-Specific RNA
CTGGACAAGAAGAGTACAGTGCC

RFLP with
Mutant-specific RNA
CTGGAEAAGAAGAGTACAGTGCC
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EH33d

BRAF

HelLa
ACTCCATCGAGATTTCACTGTAG Ofdd

HT29
ACTCCATCGAGATTTCACTGTAG OpMY

[ el

ACTCCATCGAGATTT{LLTGTAG (c.1799T>A)

HeLa HT29

PCR

RFLP with
WT-Specific RNA
ACTCCATCGAGATTTCACTGTAG

RFLP with
Mutant-specific RNA
ACTCCATCGAGATTTAELTGTAG

s

<110> TOOLGEN INCORPORATED

<120> Composition for cleaving a target DNA comprising a guide RNA
specific for the target DNA and Cas protein-encoding nucleic acid
or Cas protein, and use thereof

<130> [KPA141187KR

<150> US 61/717,324

<151> 2012-10-23

<150> US 61/803,599

<151> 2013-03-20

<150> US 61/837,481

<151> 2013-06-20

<160> 111

<170> KopatentIn 2.0

<210> 1

<211> 4107
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<212> DNA
<213> Artificial Sequence
<220><223

> Cas9-coding sequence

<400> 1

atggacaaga agtacagcat cggcctggac atcggtacca acagegtggg ctgggeegtg 60
atcaccgacg agtacaaggt gcccagcaag aagttcaagg tgctgggcaa caccgaccgce 120
cacagcatca agaagaacct gatcggcgec ctgetgttcg acageggega gaccgecgag 180
gccaccegece tgaagegeac cgecegeege cgcetacacce geegcaagaa ccgeatctge 240
tacctgcagg agatcttcag caacgagatg gccaaggtgg acgacagcett cttccaccgce 300
ctggaggaga gcecttcectggt ggaggaggac aagaagcacg agcgccaccce catcttcegge 360
aacatcgtgg acgaggtggc ctaccacgag aagtacccca ccatctacca cctgcegcaag 420
aagctggtgg acagcaccga caaggcecgac ctgcegectga tctacctgge cctggeccac 480
atgatcaagt tccgcggceca cttcctgatc gagggegacce tgaaccccga caacagcgac 540
gtggacaagc tgttcatcca getggtgcag acctacaacc agctgttcga ggagaaccce 600
atcaacgcca gcggegtgga cgceccaaggec atcctgageg cccgectgag caagagcecgce 660
cgcctggaga acctgatcge ccagetgecc ggegagaaga agaacggect gttcggcaac 720
ctgatcgccce tgagectggg cctgacccecec aacttcaaga gcaacttcga cctggecgag 780
gacgccaagc tgcagctgag caaggacacc tacgacgacg acctggacaa cctgcetggec 840
cagatcggcg accagtacge cgacctgttc ctggeccgeca agaacctgag cgacgecatc 900
ctgctgageg acatcctgeg cgtgaacacc gagatcacca aggceccccct gagegcecage 960
atgatcaagc gctacgacga gcaccaccag gacctgaccc tgctgaagge cctggtgege 1020
cagcagctgce ccgagaagta caaggagatc ttcttcgacc agagcaagaa cggctacgcec 1080
ggctacatcg acggeggege cagecaggag gagttctaca agttcatcaa geccatectg 1140
gagaagatgg acggcaccga ggagcetgetg gtgaagetga accgegagga cctgetgege 1200
aagcagcgca ccttcgacaa cggcagcatc ccccaccaga tccacctggg cgagetgceac 1260
gccatcctge gecgcecagga ggacttctac cccttectga aggacaaccg cgagaagatce 1320
gagaagatcc tgaccttccg catcccctac tacgtgggece ccctggeccg cggcaacage 1380
cgcttegect ggatgacccg caagagcgag gagaccatca ccccctggaa cttcgaggag 1440
gtggtggaca agggcgecag cgcccagage ttcatcgage gcatgaccaa cttcgacaag 1500
aacctgccca acgagaaggt gectgcccaag cacagcectge tgtacgagta cttcaccgtg 1560

_96_



tacaacgagc

agcggcgage
gtgaagcagc
agcggegtgg
atcaaggaca
ctgaccctga
cacctgttcg

cgcctgagec

gacttcctga
agcctgacct
cacgagcaca
gtgaaggtgg
atcgagatgg
atgaagcgca

gtggagaaca

gacatgtacg
atcgtgcccc
gacaagaacc
aactactggc
accaaggccg
ctggtggaga

accaagtacg

aagctggtga
taccaccacg
taccccaagc
atgatcgcca
aacatcatga
ccectgateg

gccaccgtge

tgaccaaggt

agaagaaggc
tgaaggagga
aggaccgctt
aggacttcct
ccetgttcega
acgacaaggt

gcaagcttat

agagcgacgg
tcaaggagga
tcgccaacct
tggacgagct
cccgegagaa
tcgaggaggg

cccagctgca

tggaccagga
agagcttcct
gcggcaagag
gccagetgcet
agcgegecegg
cccgecagat

acgagaacga

gcgactteceg
cccacgacgce
tggagagcga
agagcgagca
acttcttcaa
agaccaacgg

gcaaggtgct

gaagtacgtg

catcgtggac
ctacttcaag
caacgccagce
ggacaacgag
ggaccgcegag
gatgaagcag

caacggcatc

cttcgccaac
catccagaag
ggcceggeage
ggtgaaggtg
ccagaccacc
catcaaggag

gaacgagaag

gctggacatc
gaaggacgac
cgacaacgtg
gaacgccaag
cctgagcgag
caccaagcac

caagctgatc

caaggacttc
ctacctgaac
gttcgtgtac
ggagatcggc
gaccgagatc
cgagaccggce

gagcatgccc

accgagggea

ctgctgttca
aagatcgagt
ctgggcacct
gagaacgagg
atgatcgagg
ctgaagcgcc

cgcgacaage

cgcaacttca
gcccaggtga
ccecgecatca
atgggccgcec
cagaagggcc
ctgggcagcec

ctgtacctgt

aaccgcctga
agcatcgaca
cccagcgagg
ctgatcaccc
ctggacaagg
gtggcccaga

cgcgaggtga

cagttctaca
gcegtggtgg
ggcgactaca
aaggccaccg
accctggceca
gagatcgtgt

caggtgaaca

tgcgcaagcec

agaccaaccg
gcttcgacag
accacgacct
acatcctgga
agcgcctgaa
gccegcetacac

agagcggeaa

tgcagctgat
gcggecageg
agaagggcat
acaagcccga
agaagaacag
agatcctgaa

actacctgca

gcgactacga
acaaggtgct
aggtggtgaa
agcgcaagtt
ccggcettcat
tcctggacag

aggtgatcac

aggtgcgega
gcaccgcecct
aggtgtacga
ccaagtactt
acggcgagat
gggacaaggg

tcgtgaagaa
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cgecttectg

caaggtgacc
cgtggagatc
gctgaagatc
ggacatcgtg
gacctacgcc
cggetggggc

gaccatcctg

ccacgacgac
cgacagcctg
cctgcagacc
gaacatcgtg
ccgecgagegce
ggagcacccce

gaacggccegce

cgtggaccac
gacccgeage
gaagatgaag
cgacaacctg
caagcgccag
ccgcatgaac

cctgaagagc

gatcaacaac
gatcaagaag
cgtgcgcaag
cttctacagc
ccgcaagegce
ccgcegacttce

gaccgaggtg

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180
3240

3300

SE50d 10-2182847



cagaccggcg
gcccgcaaga
tacagcgtgc
aaggagctgc
ttcctggagg
tacagcctgt

cagaagggca

cactacgaga
cagcacaagc
atcctggcecg
cccatcecgeg
ccegeegect
gaggtgcetgg

gacctgagcc

<210> 2
<211> 21

<212> PR

gcttcagcaa
aggactggga
tggtggtgge
tgggcatcac
ccaagggcta
tcgagctgga

acgagctggce

agctgaaggg
actacctgga
acgccaacct
agcaggccga
tcaagtactt
acgccaccct

agctgggegg

T

ggagagcatc
ccccaagaag
caaggtggag
catcatggag
caaggaggtg
gaacggcecege

cctgeccage

cagccccgag
cgagatcatc
ggacaaggtg
gaacatcatc
cgacaccacc
gatccaccag

cgactaa

<213> Artificial Sequence

<220><223>

<400> 2

peptide

tag

ctgcccaagce
tacggcggct
aagggcaaga
cgcagcagct
aagaaggacc
aagcgcatgc

aagtacgtga

gacaacgagc
gagcagatca
ctgagcgcct
cacctgttca
atcgaccgca

agcatcaccg

gcaacagcga
tcgacagccc
gcaagaagct
tcgagaagaa
tgatcatcaa
tggccagcegce

acttcctgta

agaagcagct
gcgagttcag
acaacaagca
ccctgaccaa
agcgctacac

gtctgtacga

caagctgatc
caccgtggcec
gaagagcgtg
ccccatcgac
gctgcccaag
cggcgagcetg

cctggecagce

gttcgtggag
caagcgcgtg
ccgcgacaag
cctgggegec
cagcaccaag

gacccgcatce

Gly Gly Ser Gly Pro Pro Lys Lys Lys Arg Lys Val Tyr Pro Tyr Asp

1
Val Pro Asp
<210> 3
<211> 34
<212> DN

5
Tyr Ala
20

A

<213> Artificial Sequence

<220><223>

<400> 3

F primer for CCR5

10

aattcatgac atcaattatt atacatcgga ggag

<210> 4

<211> 34

_98_
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3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4107

34
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<

212> DNA

<213> Artificial Sequence
<220><223> R primer for CCR5
<400> 4

gatcctectce cgatgtataa taattgatgt catg

<210> 5
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F1 primer for CCR5
<400> 5

ctccatggtg ctatagagca

<210> 6
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for CCR5
<400> 6

gagccaagct ctccatctag t

<210> 7
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> R primer for CCR5
<400> 7

gccectgtcaa gagttgacac

<210> 8
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F1 primer for C4BPB
<400> 8

tatttggctg gttgaaaggg

oin
1]
Jm
el

34

20

21

20

20
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<210> 9
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> R1 primer for C4BPB
<400

> 9

aaagtcatga aataaacaca ccca

<210> 10
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for C4BPB
<400> 10

ctgcattgat atggtagtac catg

<210> 11
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> R2 primer for C4BPB
<400> 11

gctgttcatt gcaatggaat g

<210> 12
<211>

20
<212> DNA

<213> Artificial Sequence
<220><223> F1 primer for ADCY5
<400> 12

gctcccacct tagtgcetcetg

<210> 13
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> R1 primer for ADCY5

oin
1]
Jm
el

24

24

21

20
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<400> 13

ggtggcagga acctgtatgt

<210> 14
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for ADCY5
<400> 14

gtcattggcc agagatgtgg a

<210> 15
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> R2 primer for ADCY5
<400> 15

gtcccatgac aggcegtgtat

<210> 16
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F primer for KCNJ6
<400> 16

gcctggecaa gtttcagtta

<210> 17
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> R1 primer for KCNJ6

<400> 17

tggagccatt ggtttgcatc

<210> 18
<211> 22
<212> DNA

20

21

20

20

20

- 101 -
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<213> Artificial Sequence
<220><223> R2 primer for KCNJ6
<400> 18

ccagaactaa gccgtttctg ac

<210> 19
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F1 primer for CNTNAP2
<400> 19

atcaccgaca accagtttcc

<210> 20
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for CNTNAP2
<400> 20

tgcagtgcag actctttcca

<210> 21
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> R primer for CNTNAP2
<400> 21

aaggacacag ggcaactgaa

<210> 22
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> F1 primer for N/A Chr.

<400

> 22

tgtggaacga gtggtgacag

<210> 23

oin
1]
Jm
el

22

20

20

20

20

- 102 -
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<211> 22
<212> DNA

<213> Artificial Sequence

<220><223> R1 primer for N/A Chr.

<400> 23

gctggattag gaggcaggat tc

<210> 24
<211> 22
<212> DNA

<213> Artificial Sequence

<220><223> F2 primer for N/A Chr.

<400> 24

gtgctgagaa cgcttcatag ag

<210> 25
<211> 23
<212> DNA

<213> Artificial Sequence

<220><223> R2 primer for N/A Chr.

<400> 25

ggaccaaacc acattcttct cac

<210> 26
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F primer for deletion
<400> 26

ccacatctcg ttctecggttt

<210> 27
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> R primer for deletion
<400

> 27

on
Ju
Jin
Qi

22

22

23

20
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10-2182847



tcacaagccc acagatattt

<210> 28
<211> 105
<212> RNA

<213> Artificial Sequence
<220><223> sgRNA for CCR5
<400> 28

ggugacauca auuauuauac auguuuuaga gcuagaaaua gcaaguuaaa auaaggcuag

uccguuauca acuugaaaaa guggcaccga gucggugeuu uuuuu

<210> 29
<211> 44
<212> RNA

<213> Artificial Sequence
<220><223> crRNA for CCR5
<400> 29

ggugacauca auuauuauac auguuuuaga gcuaugcugu uuug

<210> 30
<211> 86
<212> RNA

<213> Artificial Sequence
<220><223> tracrRNA for CCR5
<400> 30

ggaaccauuc aaaacagcau agcaaguuaa aauaaggcua guccguuauc aacuugaaaa

aguggcaccg agucggugeu uuuuuu

<210> 31
<211> 86
<212> DNA

<213> Artificial Sequence
<220><223> Foxnl #1 sgRNA
<400> 31

gaaattaata cgactcacta taggcagtct gacgtcacac ttccgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 32

- 104 -

20

60

105

44

60

86

60

86
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<211> 86

<212> DNA

<213> Artificial Sequence

<220><223> Foxnl #2 sgRNA

<400> 32

gaaattaata cgactcacta taggacttcc aggctccacc cgacgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 33
<211> 86
<212> DNA

<213> Artificial Sequence

<220><223> Foxnl #3 sgRNA

<400> 33

gaaattaata cgactcacta taggccaggc tccacccgac tggagtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 34
<211> 86
<212> DNA

<213> Artificial Sequence

<220><223> Foxnl #4 sgRNA

<400> 34

gaaattaata cgactcacta taggactgga gggcgaaccc caaggtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 35
<211> 86
<212> DNA

<213> Artificial Sequence

<220><223> Foxnl #5 sgRNA

<400> 35

gaaattaata cgactcacta taggacccca aggggacctc atgcgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 36

<211> 86

- 105 -

60

86

60
86

60

86

60

86
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<212> DNA

<213> Artificial Sequence

<220><223> Prkdc #1 sgRNA

<400> 36

gaaattaata cgactcacta taggttagtt ttttccagag acttgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 37
<211> 86
<212> DNA

<213> Artificial Sequence

<220><223> Prkdc #2 sgRNA

<400> 37

gaaattaata cgactcacta taggttggtt tgcttgtgtt tatcgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 38
<211> 86
<212> DNA

<213> Artificial Sequence

<220><223> Prkdc #3 sgRNA

<400> 38

gaaattaata cgactcacta taggcacaag caaaccaaag tctcgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 39
<211> 86
<212> DNA

<213> Artificial Sequence

<220><223> Prkdc #4 sgRNA

<400> 39

gaaattaata cgactcacta taggcctcaa tgctaagcga cttcgtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210> 40
<211> 29
<212> DNA

- 106 -

60

86

60
86

60

86

60

86
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<213> Artificial Sequence
<220><223> F1 primer for Foxnl
<400> 40

gtctgtctat catctcttee cttetctec

<210> 41
211> 25
<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for Foxnl
<400> 41

tccctaatcc gatggetage tccag

<210> 42
<211> 23
<212> DNA

<213> Artificial Sequence

<220><223> R1 primer for Foxnl

<400> 42

acgagcagct gaagttagca tgc

<210> 43
<211> 32
<212> DNA

<213> Artificial Sequence
<220><223> R2 primer for Foxnl
<400> 43

ctactcaatg ctcttagagc taccaggctt gc

<210> 44
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Prkdc
<400> 44

gactgttgtg gggagggccg

<210> 45
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211> 24

<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for Prkdc
<400> 45

gggagggccg aaagtcttat tttg

<210> 46
<211> 28
<212> DNA

<213> Artificial Sequence
<220><223> R1 primer for Prkdc
<400> 46

cctgaagact gaagttggca gaagtgag

<210> 47
<211> 27
<212> DNA

<213> Artificial Sequence
<220><223> R2 primer for Prkdc

<400> 47

ctttagggcet tcttctctac aatcacg

<210> 48
<211> 38
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Foxnl
<400> 48

ctcggtgtgt agccctgacc tcggtgtgta geectgac

<210> 49
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> R primer for Foxnl
<400> 49

agactggcct ggaactcaca g
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<210> 50
<11> 23
<212

> DNA

<213> Artificial Sequence
<220><223> F primer for Foxnl
<400> 50

cactaaagcc tgtcaggaag ccg

<210> 51
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> R primer for Foxnl
<400> 51

ctgtggagag cacacagcag C

<210> 52
<211> 19
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Foxnl
<400> 52

gctgegacct gagaccatg

<210> 53
<211> 26
<212> DNA

<213> Artificial Sequence
<220><223> R primer for Foxnl
<400> 53

cttcaatggc ttcctgetta ggctac

<210> 54
<211> 23
<212> DNA

<213> Artificial Sequence

<220><223> F primer for Foxnl
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<400> 54

ggttcagatg aggccatcct ttc

<210> 55
<211> 24
<212> DNA

<213> Artificial Sequence

<220><223> R primer for Foxnl

<400> 55

cctgatctge aggcttaacc cttg

<210> 56
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Prkdc
<400> 56

ctcacctgca catcacatgt gg

<210> 57
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> R primer for Prkdc
<400> 57

ggcatccacc ctatggggtce

<210> 58
<211

> 25
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Prkdc
<400> 58

gccttgacct agagcttaaa gagcec

<210> 39
<211> 25
<212> DNA
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<213> Artificial Sequence
<220><223> R primer for Prkdc
<400> 59

ggtcttgtta gcaggaagga cactg

<210> 60
211> 27
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Prkdc
<400> 60

aaaactctgc ttgatgggat atgtggg

<210> 61
<211> 26
<212> DNA

<213> Artificial Sequence
<220><223> R primer for Prkdc
<400> 61

ctctcactgg ttatctgtge tccttce

<210> 62
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> F primer for Prkdc
<400> 62

ggatcaatag gtggtggggg atg

<210> 63
<211> 27
<212> DNA

<213> Artificial Sequence

<220><223> R primer for Prkdc

<400> 63
gtgaatgaca caatgtgaca gcttcag

<210> 64

25

27

26

23

27
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<211> 28

<212> DNA

<213> Artificial Sequence
<220><223> F primer for Prkdc
<400> 64

cacaagacag acctctcaac attcagtc

<210> 65
<211> 32
<212> DNA

<213> Artificial Sequence
<220><223> R primer for Prkdc
<400> 65

gtgcatgcat ataatccatt ctgattgctc tc

<210> 66
<211

> 17
<212> DNA

<213> Artificial Sequence
<220><223> F1 primer for Prkdc
<400> 66

gggaggcaga ggcaggt

<210> 67
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> F2 primer for Prkdc
<400> 67

ggatctctgt gagtttgagg cca

<210> 68
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> R1 primer for Prkdc

<400> 68

- 112 -

on
Ju
Jin
Qi

28

32

17

23

10-2182847



gctccagaac tcactcttag gectce

<210> 69
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for Foxnl
<400> 69

ctactccctc cgcagtctga

<210> 70
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for Foxnl
<400> 70

ccaggcctag gttccaggta

<210> 71
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer for Prkdc

<400> 71

ccccagcecatt gcagatttcce

<210> 72
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> Primer for Prkdc
<400> 72

agggcttctt ctctacaatc acg

<210> 73
<211> 86
<212> DNA

<213> Artificial Sequence
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<220><223> BRI1 target 1

<400>

73

gaaattaata cgactcacta taggtttgaa agatggaagc gcgggtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210>
<211>
<212>

<213>

74
86
DNA

Artificial Sequence

<220><223> BRI1 target 2

<400>

74

gaaattaata cgactcacta taggtgaaac taaactggtc cacagtttta gagctagaaa

tagcaagtta aaataaggct agtccg

<210>

<211>

<212>

<213>

75
64
DNA

Artificial Sequence

<220><223> Universal

<400>

75

aaaaaagcac cgactcggtg ccactttttc aagttgataa cggactagec ttattttaac

ttgce

<210> 76

<211> 65

<212> DNA

<213> Artificial Sequence
<220><223> Templates for crRNA
<400> 76

gaaattaata cgactcacta taggnnnnnn nnnnnnnnnn nnnngtttta gagctatgct

gtttt
<210>
<211>
<212>

<213>

77
67
DNA

Artificial Sequence

<220><223> tracrRNA
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<400> 77

gaaattaata cgactcacta taggaaccat tcaaaacagc atagcaagtt aaaataaggc

tagtccg
<210> 78
<211> 69
<212> DNA

<213> Artificial Sequence
<220><223> tracrRNA

<400> 78

aaaaaaagca ccgactcggt gccacttttt caagttgata acggactage cttattttaa

cttgctatg
<210> 79
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 79

ctccatggtg ctatagagca

<210> 80
<211> 21
<212> DNA

<213> Artificial Sequence

<220><223> Primer
<400> 30

gagccaagct ctccatctag t

<210> 81
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer

<400> 81

gccectgtcaa gagttgacac

<210> 82
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<211> 22

<212> DNA

<213> Artificial Sequence
<220><223> Primer

<400> 82

gcacagggtg gaacaagatg ga

<210> 83
<211

> 24
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 83

gccaggtacc tatcgattgt cagg

<210> 84
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 34

gagccaagct ctccatctag t

<210> 85
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 85

actctgactg ggtcaccagc

<210> 86
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Primer

<400> 86
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tatttggctg gttgaaaggg

<210> 87
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 87

aaagtcatga aataaacaca ccca

<210> 88
<211> 24
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 38

ctgcattgat atggtagtac catg

<210> 89
<211> 21
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 89

gctgttcatt gcaatggaat g

<210> 90
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 90

atggagttgg acatggccat gg

<210> 91
<211> 28
<212> DNA

<213> Artificial Sequence

<220><223> Primer
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<400> 91

actcactatc cacagttcag catttacc

<210> 92
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 92

tggagatagc tgtcagcaac ttt

<210> 93
<211> 29
<212> DNA

<213> Artificial Sequence
<220><223> Primer

<400> 93

caacaaagca aaggtaaagt tggtaatag

<210> 94
<211> 25
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 94

ggtttcagga gatgtgttac aaggc

<210> 95
<211> 27
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 95

gattgtgcaa ttcctatgeca atcggtce

<210> 96
<211> 25
<212> DNA
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<213> Artificial Sequence
<220><223> Primer
<400> 96

cactgggtac ttaatctgta gcctc

<210> 97
<211> 23
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 97

ggttccaagt cattcccagt agc

<210> 98
<211> 30
<212> DNA

<213> Artificial Sequence
<220><223> Primer

<400> 98

catcactgca gttgtaggtt ataactatcc

<210> 99
<211> 26
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 99

ttgaaaacca cagatctggt tgaacc

<210> 100
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 100

ggagtgccaa gagaatatct gg

<210> 101
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<211> 32

<212> DNA

<213> Artificial Sequence
<220><223> Primer

<400> 101

ctgaaactgg tttcaaaata ttcgttttaa gg

<210> 102
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 102

gctcectgtatg ccctgtagta gg

<210> 103
<211> 22
<212> DNA

<213> Artificial Sequence
<220><223> Primer
<400> 103

tttgcatctg accttacctt tg

<210> 104
<211> 23
<212> DNA

<213> Artificial Sequence

<220><223> Target sequence of RGEN

<400> 104

aatgaccact acatcctcaa ggg

<210> 105
<211> 23
<212> DNA

<213> Artificial Sequence

<220><223> Target sequence of RGEN

<400> 105

agatgatgtc tcatcatcag agg
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<210> 106
211> 4170
<212> DNA

<213> Artificial Sequence

<220><223>

Cas9-coding sequence in p3s-Cas9HC (humanized, C-term tagging,

human cell experiments)

<400> 106

atggacaaga
atcaccgacg
cacagcatca
gccaccegcece
tacctgcagg

ctggaggaga

aacatcgtgg
aagctggtgg
atgatcaagt
gtggacaagc
atcaacgcca
cgcctggaga

ctgatcgccc

gacgccaagce
cagatcggceg
ctgctgagceg
atgatcaagc
cagcagctgc
ggctacatcg

gagaagatgg

aagcagcgcea
gccatcctge
gagaagatcc

cgcttegect

agtacagcat
agtacaaggt
agaagaacct
tgaagcgcac
agatcttcag

gcttectggt

acgaggtggc
acagcaccga
tccgeggceca
tgttcatcca
gcggegtgga
acctgatcgc

tgagcctggg

tgcagctgag
accagtacgc
acatcctgcg
gctacgacga
ccgagaagta
acggegegcegc

acggcaccga

ccttcgacaa
gcegecagga
tgaccttccg

ggatgacccg

cggectggac
gcccagcaag
gatcggcegcece
cgceegeege
caacgagatg

ggaggaggac

ctaccacgag
caaggccgac
cttcctgatc
gctggtgceag
cgccaaggcece
ccagctgcecc

cctgaccccc

caaggacacc
cgacctgttc
cgtgaacacc
gcaccaccag
caaggagatc
cagccaggag

ggagctgcetg

cggcagcatc
ggacttctac
catcccctac

caagagcgag

atcggtacca
aagttcaagg
ctgctgttcg
cgctacaccc
gccaaggtgg

aagaagcacg

aagtacccca
ctgcgectga
gagggcgace
acctacaacc
atcctgagceg
ggcgagaaga

aacttcaaga

tacgacgacg
ctggccgceca
gagatcacca
gacctgaccce
ttcttcgacc
gagttctaca

gtgaagctga

ccccaccaga
cccttectga

tacgtgggcc

gagaccatca

acagegtggg
tgctgggcaa
acagcggega
gccgcaagaa
acgacagctt

agcgcecacce

ccatctacca
tctacctggce
tgaaccccga
agctgttcga
cccgectgag
agaacggcct

gcaacttcga

acctggacaa
agaacctgag
aggcccccct
tgctgaaggc
agagcaagaa
agttcatcaa

accgcgagga

tccacctggg
aggacaaccg
ccetggececg

ccecectggaa

ctgggeegtg
caccgaccgce
gaccgccegag
ccgceatctge
cttccaccgce

catcttcggce

cctgecgcaag
cctggeccac
caacagcgac
ggagaacccce
caagagccgce
gttcggcaac

cctggecgag

cctgetggec
cgacgccatc
gagcgccagce
cctggtgcege
cggctacgcec
gcccatectg

cctgetgege

cgagctgcac
cgagaagatc
cggcaacagce

cttcgaggag
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gtggtggaca
aacctgccca

tacaacgagc

agcggcgage
gtgaagcagc
agcggegtgg
atcaaggaca
ctgaccctga
cacctgttcg

cgcctgagec

gacttcctga
agcctgacct
cacgagcaca
gtgaaggtgg
atcgagatgg
atgaagcgca

gtggagaaca

gacatgtacg
atcgtgcccc
gacaagaacc
aactactggc
accaaggccg
ctggtggaga

accaagtacg

aagctggtga
taccaccacg
taccccaagc
atgatcgcca
aacatcatga

ccectgatceg

agggcgcecag
acgagaaggt

tgaccaaggt

agaagaaggce
tgaaggagga
aggaccgctt
aggacttcct
ccectgttcga
acgacaaggt

gcaagcttat

agagcgacgg
tcaaggagga
tcgccaacct
tggacgagct
cccgegagaa
tcgaggaggg

cccagctgca

tggaccagga
agagcttcct
gcggcaagag
gccagetgcet
agcgegecegs
cccgecagat

acgagaacga

gcgactteceg
cccacgacgce
tggagagcga
agagcgagca
acttcttcaa

agaccaacgg

cgcccagage
gctgeccaag

gaagtacgtg

catcgtggac
ctacttcaag
caacgccagce
ggacaacgag
ggaccgegag
gatgaagcag

caacggcatc

cttcgccaac
catccagaag
ggcceggeage
ggtgaaggtg
ccagaccacc
catcaaggag

gaacgagaag

gctggacatce
gaaggacgac
cgacaacgtg
gaacgccaag
cctgagcgag
caccaagcac

caagctgatc

caaggacttc
ctacctgaac
gttcgtgtac
ggagatcggc
gaccgagatc

cgagaccggce

ttcatcgagc
cacagcctgce

accgagggea

ctgctgttca
aagatcgagt
ctgggcacct
gagaacgagg
atgatcgagg
ctgaagcgcc

cgcgacaage

cgcaacttca
gcccaggtga
ccecgecatca
atgggccgcec
cagaagggcc
ctgggcagcc

ctgtacctgt

aaccgcctga
agcatcgaca
cccagcgagg
ctgatcaccc
ctggacaagg
gtggcccaga

cgcgaggtga

cagttctaca
geegtggtgg
ggcgactaca
aaggccaccg
accctggceca

gagatcgtgt

gcatgaccaa
tgtacgagta

tgcgcaagcec

agaccaaccg
gcttcgacag
accacgacct
acatcctgga
agcgcctgaa
gccegcetacac

agagcggeaa

tgcagctgat
gcggecageg
agaagggcat
acaagcccga
agaagaacag
agatcctgaa

actacctgca

gcgactacga
acaaggtgct
aggtggtgaa
agcgcaagtt
ccggcettcat
tcctggacag

aggtgatcac

aggtgcgega
gcaccgcecct
aggtgtacga
ccaagtactt
acggcgagat

gggacaagsgg

cttcgacaag
cttcaccgtg

cgecttectg

caaggtgacc
cgtggagatc
gctgaagatc
ggacatcgtg
gacctacgcc
cggetgggge

gaccatcctg

ccacgacgac
cgacagcctg
cctgcagacc
gaacatcgtg
ccgecgagegce
ggagcacccce

gaacggcecge

cgtggaccac
gacccgeage
gaagatgaag
cgacaacctg
caagcgccag
ccgcatgaac

cctgaagagc

gatcaacaac
gatcaagaag
cgtgcgcaag
cttctacagc
ccgcaagegce

ccgcegacttce
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gccaccgtge

cagaccggcg
gcccgcaaga
tacagcgtgc
aaggagctgc
ttcctggagg
tacagcctgt

cagaagggca

cactacgaga
cagcacaagc
atcctggcecg
cccatccgeg
ccegecegect
gaggtgcetgg

gacctgagcc

tacccctacg

gcaaggtgct

gcttcagcaa
aggactggga
tggtggtgge
tgggcatcac
ccaagggcta
tcgagctgga

acgagctggce

agctgaaggg
actacctgga
acgccaacct
agcaggccga
tcaagtactt
acgccaccct

agctgggegg

acgtgcccga

<210> 107

<211> 4194

<212> DNA

gagcatgccc

ggagagcatc
ccccaagaag
caaggtggag
catcatggag
caaggaggtg
gaacggcecege

cctgeccage

cagccccgag
cgagatcatc
ggacaaggtg
gaacatcatc
cgacaccacc
gatccaccag

cgacggegec

ctacgcctaa

<213> Artificial Sequence

<220><223>

caggtgaaca

ctgcccaagce
tacggcggct
aagggcaaga
cgcagcagct
aagaaggacc
aagcgcatgc

aagtacgtga

gacaacgagc
gagcagatca
ctgagcgcct
cacctgttca
atcgaccgca
agcatcaccg

tccggacctce

tcgtgaagaa

gcaacagcga
tcgacagccc
gcaagaagct
tcgagaagaa
tgatcatcaa
tggccagcegce

acttcctgta

agaagcagct
gcgagttcag
acaacaagca
ccctgaccaa
agcgctacac
gtctgtacga

Caaagaaaaa

gaccgaggtg

caagctgatc
caccgtggcec
gaagagcgtg
ccccatcgac
gctgeccaag
cggcgagcetg

cctggecagce

gttcgtggag
caagcgcgtg
ccgcgacaag
cctgggegec
cagcaccaag
gacccgcatce

gagaaaagta

3300

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4140

4170

Cas9 coding sequence in p3s—Cas9HN (humanized codon, N-term

tagging (underlined), human cell experiments)

<400> 107

atggtgtacc

gtagggatcc

ggtaccaaca

ttcaaggtgc
ctgttcgaca
tacacccgcce
aaggtggacg

aagcacgagce

cctacgacgt
gaattcccgg

gegtgggetg

tgggcaacac
gcggcgagac
gcaagaaccg
acagcttctt

gccaccccat

gccecgactac
ggaaaaaccg

ggccgtgatce

cgaccgccac
cgccgaggcece
catctgctac
ccaccgcectg

cttcggcaac

gccgaattge
gacaagaagt

accgacgagt

agcatcaaga
acccgectga
ctgcaggaga
gaggagagct

atcgtggacg

ctccaaaaaa
acagcatcgg

acaaggtgcc

agaacctgat
agcgcaccgce
tcttcagcaa
tcctggtgga

aggtggccta

gaagagaaag
cctggacatc

cagcaagaag

cggcgecectg
ccgeegeege
cgagatggcc
ggaggacaag

ccacgagaag
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taccccacca

cgcctgatct

ggcgacctga
tacaaccagc
ctgagcgccc
gagaagaaga
ttcaagagca
gacgacgacc

gcegecaaga

atcaccaagg
ctgaccctgce
ttcgaccaga
ttctacaagt
aagctgaacc
caccagatcc

ttcctgaagg

gtgggcccce
accatcaccc
atcgagcgca
agcctgetgt
gagggcatgc
ctgttcaaga

atcgagtgct

ggcacctacc
aacgaggaca
atcgaggagc
aagcgccgece
gacaagcaga

aacttcatgc

tctaccacct

acctggccct

accccgacaa
tgttcgagga
gcctgagcaa
acggcctgtt
acttcgacct
tggacaacct

acctgagcga

cceceectgag
tgaaggccct
gcaagaacgg
tcatcaagcc
gcgaggacct
acctgggcga

acaaccgcga

tggceegegg
cctggaactt
tgaccaactt
acgagtactt
gcaagcecge
ccaaccgcaa

tcgacagegt

acgacctgct
tcctggagga
gcctgaagac
gctacaccgg
gcggcaagac

agctgatcca

gcgcaagaag

ggcccacatg

cagcgacgtg
gaaccccatce
gagccgecege
cggcaacctg
ggccgaggac
gctggeccag

cgccatcctg

cgccagcatg
ggtgegecag
ctacgccggce
catcctggag
gctgcgcaag
gctgcacgcece

gaagatcgag

caacagccgce
cgaggaggtg
cgacaagaac
caccgtgtac
cttcctgagce
ggtgaccgtg

ggagatcagc

gaagatcatc
catcgtgctg
ctacgcccac
ctggggecege
catcctggac

cgacgacagc

ctggtggaca

atcaagttcc

gacaagctgt
aacgccagcg
ctggagaacc
atcgccctga
gccaagcetge
atcggcgacc

ctgagcgaca

atcaagcgct
cagctgcececg
tacatcgacg
aagatggacg
cagcgcacct
atcctgcegcec

aagatcctga

ttcgectgga
gtggacaagg
ctgcccaacg
aacgagctga
ggcgagceaga
aagcagctga

ggcgtggagg

aaggacaagg
accctgaccc
ctgttcgacg
ctgagccgca
ttcctgaaga

ctgaccttca

gcaccgacaa

gcggcecactt

tcatccagct
gcgtggacge
tgatcgccca
geetgggect
agctgagcaa
agtacgccga

tcctgegegt

acgacgagca
agaagtacaa
gcggegecag
gcaccgagga
tcgacaacgg
gccaggagga

ccttecgcat

tgacccgcaa
gcgecagege
agaaggtgct
ccaaggtgaa
agaaggccat
aggaggacta

accgcttcaa

acttcctgga
tgttcgagga
acaaggtgat
agcttatcaa
gcgacggcett

aggaggacat

ggccgacctg

cctgatcgag

ggtgcagacc
caaggccatc
gctgecegge
gacccccaac
ggacacctac
cctgttectg

gaacaccgag

ccaccaggac
ggagatcttc
Cccaggaggag
gctgetggtg
cagcatcccc
cttctaccce

cccectactac

gagcgaggag
ccagagcttc
gcccaagceac
gtacgtgacc
cgtggacctg
cttcaagaag

cgccagectg

caacgaggag
ccgcgagatg
gaagcagctg
cggcatccgce
cgccaaccgce

ccagaaggcce
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540

600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160

2220
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caggtgagcg

gccatcaaga
ggcegecaca
aagggccaga
ggcagccaga
tacctgtact
cgcctgageg

atcgacaaca

agcgaggagg
atcacccagc
gacaaggccg
gcccagatcece
gaggtgaagg
ttctacaagg

gtggtgggca

gactacaagg
gccaccgecea
ctggccaacg
atcgtgtggg
gtgaacatcg
cccaagcgea

ggeggetteg

ggcaagagca
agcagcttcg
aaggacctga
cgcatgctgg
tacgtgaact
aacgagcaga

cagatcagcg

gccagggcega

agggcatcct
agcccgagaa
agaacagccg
tcctgaagga
acctgcagaa
actacgacgt

aggtgctgac

tggtgaagaa
gcaagttcga
gcttcatcaa
tggacagccg
tgatcaccct
tgcgegagat

ccgeectgat

tgtacgacgt
agtacttctt
gcgagatccg
acaagggccg
tgaagaagac
acagcgacaa

acagccccac

agaagctgaa
agaagaaccc
tcatcaagct
ccagcgcegg
tcctgtacct
agcagctgtt

agttcagcaa

cagcctgcac

gcagaccgtg
catcgtgatc
cgagcgcatg
gcacccegtg
cggecegegac
ggaccacatc

ccgcagcgac

gatgaagaac
caacctgacc
gcgccagetg
catgaacacc
gaagagcaag
caacaactac

caagaagtac

gcgcaagatg
ctacagcaac
caagcgcccce
cgacttcgcec
cgaggtgcag
gctgatcgec

cgtggcectac

gagcgtgaag
catcgacttc
gcccaagtac
cgagctgcag
ggccagecac
cgtggagcag

gecgegtgatc

gagcacatcg

aaggtggtgg
gagatggccc
aagcgcatcg
gagaacaccc
atgtacgtgg
gtgccccaga

aagaaccgcg

tactggcgcec
aaggccgage
gtggagaccc
aagtacgacg
ctggtgagceg
caccacgecc

cccaagctgg

atcgccaaga
atcatgaact
ctgatcgaga
accgtgcgca
accggeggcet
cgcaagaagg

agcgtgetgg

gagctgetgg
ctggaggcca
agcctgttceg
aagggcaacg
tacgagaagc
cacaagcact

ctggccgacg

ccaacctggce

acgagctggt
gcgagaacca
aggagggcat
agctgcagaa
accaggagct
gcttectgaa

gCaagagcga

agctgctgaa
gcggeggect
gccagatcac
agaacgacaa
acttccgcaa
acgacgccta

agagcgagtt

gcgagcagga
tcttcaagac
ccaacggcga
aggtgctgag
tcagcaagga
actgggaccc

tggtggccaa

gcatcaccat
agggctacaa
agctggagaa
agctggecect
tgaagggcag
acctggacga

ccaacctgga

cggcagcccee

gaaggtgatg
gaccacccag
caaggagctg
cgagaagctg
ggacatcaac
ggacgacagce

caacgtgccc

cgccaagctg
gagcgagctg
caagcacgtg
gctgatccge
ggacttccag
cctgaacgcc

cgtgtacggc

gatcggcaag
cgagatcacc
gaccggcegag
catgccccag
gagcatcctg
caagaagtac

ggtggagaag

catggagcgc
ggaggtgaag
cggccgcaag
gcccagcaag
ccccgaggac
gatcatcgag

caaggtgctg
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2280

2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960
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agcgectaca acaagcaccg cgacaagece atccgegage aggecgagaa catcatccac

ctgttcaccc tgaccaacct gggcgecccec gecgecttceca agtacttcga caccaccatc

gaccgcaagce gctacaccag caccaaggag gtgetggacg ccaccctgat ccaccagagce

atcaccggtc tgtacgagac ccgcatcgac ctgagccagce tgggceggega ctaa

<210> 108
<211> 4107
<212> DNA

<213> Artificial Sequence

<220><223>

Cas9-coding sequence in Streptococcus pyogenes

<400> 108

atggataaga

atcactgatg
cacagtatca
gcgactcegtce
tatctacagg
cttgaagagt
aatatagtag

aaattggtag

atgattaagt
gtggacaaac
attaacgcaa
cgattagaaa
ctcattgctt
gatgctaaat

caaattggag

ttactttcag
atgattaaac
caacaacttc
ggttatattg
gaaaaaatgg

aagcaacgga

aatactcaat

aatataaggt
aaaaaaatct
tcaaacggac
agattttttc
cttttttggt
atgaagttgc

attctactga

ttcgtggtca
tatttatcca
gtggagtaga
atctcattgc
tgtcattggg
tacagctttc

atcaatatgc

atatcctaag
gctacgatga
cagaaaagta
atgggggagc
atggtactga

cctttgacaa

aggcttagat

tccgtctaaa
tataggggct
agctcgtaga
aaatgagatg
ggaagaagac
ttatcatgag

taaagcggat

ttttttgatt
gttggtacaa
tgctaaagcg
tcagctcccce
tttgacccct
aaaagatact

tgatttgttt

agtaaatact
acatcatcaa
taaagaaatc
tagccaagaa
ggaattattg

cggctctatt

atcggcacaa

aagttcaagg
cttttatttg
aggtatacac
gcgaaagtag
aagaagcatg
aaatatccaa

ttgcgcttaa

gagggagatt
acctacaatc
attctttctg
ggtgagaaga
aattttaaat
tacgatgatg

ttggcagcta

gaaataacta
gacttgactc
ttttttgatc
gaattttata
gtgaaactaa

ccccatcaaa

atagcgtcgg

ttctgggaaa
acagtggaga
gtcggaagaa
atgatagttt
aacgtcatcc
ctatctatca

tctatttggce

taaatcctga
aattatttga
cacgattgag
aaaatggctt
caaattttga
atttagataa

agaatttatc

aggctcccct
ttttaaaagc
aatcaaaaaa
aatttatcaa
atcgtgaaga

ttcacttggg

atgggeggtg

tacagaccgc
gacagcggaa
tcgtatttgt
ctttcatcga
tatttttgga
tctgcgaaaa

cttagcgcat

taatagtgat
agaaaaccct
taaatcaaga
atttgggaat
tttggcagaa
tttattggcg

agatgctatt

atcagcttca
tttagttcga
cggatatgca
accaatttta
tttgctgege

tgagctgcat
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4020
4080
4140

4194

60

120
180
240
300
360
420

480

540
600
660
720
780
840

900

960
1020
1080
1140
1200

1260
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gctattttga

gaaaaaatct
cgttttgcat
gttgtcgata
aatcttccaa
tataacgaat
tcaggtgaac

gttaagcaat

tcaggagttg
attaaagata
ttaacattga
cacctctttg
cgtttgtctce
gattttttga

agtttgacat

catgaacata
gtaaaagttg
attgaaatgg
atgaaacgaa
gttgaaaata
gacatgtatg

attgttccac

gataaaaatc
aactattgga
acgaaagctg
ttggttgaaa
actaaatacg
aaattagttt

taccatcatg

gaagacaaga

tgacttttcg
ggatgactcg
aaggtgcttce
atgaaaaagt
tgacaaaggt
agaagaaagc

taaaagaaga

aagatagatt
aagatttttt
ccttatttga
atgataaggt
gaaaattgat
aatcagatgg

ttaaagaaga

ttgcaaattt
ttgatgaatt
cacgtgaaaa
tcgaagaagg
ctcaattgca
tggaccaaga

aaagtttcct

gtggtaaatc
gacaacttct
aacgtggagg
ctcgccaaat
atgaaaatga
ctgacttccg

cccatgatgc

agacttttat

aattccttat
gaagtctgaa
agctcaatca
actaccaaaa
caaatatgtt
cattgttgat

ttatttcaaa

taatgcttca
ggataatgaa
agatagggag
gatgaaacag
taatggtatt
ttttgccaat

cattcaaaaa

agctggtagce
ggtcaaagta
tcagacaact
tatcaaagaa
aaatgaaaag
attagatatt

taaagacgat

ggataacgtt
aaacgccaag
tttgagtgaa
cactaagcat
taaacttatt
aaaagatttc

gtatctaaat

ccatttttaa

tatgttggtc
gaaacaatta
tttattgaac
catagtttgc
actgaaggaa
ttactcttca

aaaatagaat

ttaggtacct
gaaaatgaag
atgattgagg
cttaaacgtc
agggataagc
cgcaatttta

gcacaagtgt

cctgctatta
atggggeggc
caaaagggcc
ttaggaagtc
ctctatctct
aatcgtttaa

tcaatagaca

ccaagtgaag
ttaatcactc
cttgataaag
gtggcacaaa
cgagaggtta
caattctata

geegtegttg

aagacaatcg

cattggcgceg
ccccatggaa
gcatgacaaa
tttatgagta
tgcgaaaacc
aaacaaatcg

gttttgatag

accatgattt
atatcttaga
aaagacttaa
gcegttatac
aatctggcaa
tgcagctgat

ctggacaagg

aaaaaggtat
ataagccaga
agaaaaattc
agattcttaa
attatctcca
gtgattatga

ataaggtctt

aagtagtcaa
aacgtaagtt
ctggttttat
ttttggatag
aagtgattac
aagtacgtga

gaactgcettt

tgagaagatt

tggcaatagt
ttttgaagaa
ctttgataaa
ttttacggtt
agcatttctt
aaaagtaacc

tgttgaaatt

gctaaaaatt
ggatattgtt
aacatatgct
tggttgggga
aacaatatta
ccatgatgat

cgatagttta

tttacagact
aaatatcgtt
gcgagagegt
agagcatcct
aaatggaaga
tgtcgatcac

aacgcgttct

aaagatgaaa
tgataattta
caaacgccaa
tcgcatgaat
cttaaaatct
gattaacaat

gattaagaaa
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1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040
2100

2160

2220
2280
2340
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940

3000
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tatccaaaac
atgattgcta
aatatcatga
cctctaatcg
gccacagtge
cagacaggcg

gctcgtaaaa

tattcagtcc
aaagagttac
tttttagaag
tatagtcttt
caaaaaggaa
cattatgaaa

cagcataagc

attttagcag
ccaatacgtg
ccegetgett
gaagttttag

gatttgagtc

ttgaatcgga
agtctgagca
acttcttcaa
aaactaatgg
gcaaagtatt
gattctccaa

aagactggga

tagtggttgc
tagggatcac
ctaaaggata
ttgagttaga
atgagctggc
agttgaaggg

attatttaga

atgccaattt
aacaagcaga
ttaaatattt
atgccactct

agctaggagg

<210> 109

<211> 1368

<212> PRT

gtttgtctat
agaaataggc
aacagaaatt
ggaaactgga
gtccatgecce
ggagtcaatt

tccaaaaaaa

taaggtggaa
aattatggaa
taaggaagtt
aaacggtcgt
tctgccaagce
tagtccagaa

tgagattatt

agataaagtt
aaatattatt
tgatacaaca
tatccatcaa

tgactaa

<213> Artificial Sequence

<220><223>

ggtgattata
aaagcaaccg
acacttgcaa
gaaattgtct
caagtcaata
ttaccaaaaa

tatggtggtt

aaagggaaat
agaagttcct
aaaaaagact
aaacggatgc
aaatatgtga
gataacgaac

gagcaaatca

cttagtgcat
catttattta
attgatcgta

tccatcactg

aagtttatga
caaaatattt
atggagagat
gggataaagg
ttgtcaagaa
gaaattcgga

ttgatagtcc

cgaagaagtt
ttgaaaaaaa
taatcattaa
tggctagtgce
attttttata
aaaaacaatt

gtgaattttc

ataacaaaca
cgttgacgaa
aacgatatac

gtctttatga

tgttcgtaaa
cttttactct
tcgcaaacgc
gcgagatttt
aacagaagta
caagcttatt

aacggtagct

aaaatccgtt
tccgattgac
actacctaaa
cggagaatta
tttagctagt
gtttgtggag

taagcgtgtt

tagagacaaa
tcttggagct
gtctacaaaa

aacacgcatt

Amino acid sequence of Cas9 from S.pyogenes

<400> 109
Met Asp Lys Lys Tyr Ser Ile Gly Leu Asp Ile Gly Thr Asn
1 5 10
Gly Trp Ala Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys
20 25 30
Lys Val Leu Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn
35 40 45

Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr
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Ser Val

15

Lys Phe

Leu Ile

Arg Leu

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840

3900
3960
4020
4080

4107
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Lys

65

Tyr

Phe

His

His

Ser

145

Met

Asp

Asn

Lys

Leu

225

Leu

Asp

Asp

Leu

50

Arg Thr

Leu Gln

Phe His

Glu Arg

115

Glu Lys

130

Thr Asp

Ile Lys

Asn Ser

Gln Leu

195

Leu Ala

55

Ala Arg Arg Arg Tyr Thr

Glu Ile

85
Arg Leu
100

His Pro

Tyr Pro

Lys Ala

Phe Arg

165
Asp Val
180

Phe Glu

Leu Ser

70

Phe Ser

Glu Glu

Ile Phe

Thr Ile

135

Asp Leu

150

Gly His

Asp Lys

Glu Asn

Ala Arg

215

Asn Glu

Ser Phe

105
Gly Asn
120

Tyr His

Arg Leu

Phe Leu

Leu Phe

185
Pro Ile
200

Leu Ser

Gln Leu Pro Gly Glu Lys

Leu Ser
245
Glu Asp

260

230

Leu Gly

Ala Lys

Leu Thr

Leu Gln

265

Asp Leu Asp Asn Leu Leu Ala Gln

275

280

Phe Leu Ala Ala Lys Asn Leu Ser

290

295

Arg

Met
90

Leu

Leu

Asn

Lys

Lys

Pro

250

Leu

Asp

Arg

75

Val

Val

Arg

Tyr

155

Ser

Asn
235

Asn

Ser

Ala

60

Lys Asn Arg

Lys Val Asp

Glu Glu Asp

110

Asp Glu Val
125

Lys Lys Leu

140

Leu Ala Leu

Gly Asp Leu

Leu Val Gln

190

Ser Gly Val
205

Arg Arg Leu

220

Gly Leu Phe

Phe Lys Ser

Lys Asp Thr
270
Asp Gln Tyr

285

Ile Leu Leu

300
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Ile Cys

80
Asp Ser
95

Lys Lys

Ala Tyr

Val Asp

Ala His

160
Asn Pro
175

Thr Tyr

Asp Ala

Glu Asn

Gly Asn

240
Asn Phe
255

Tyr Asp

Ala Asp

Ser Asp
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Ile Leu
305

Met Ile

Ala Leu

Asp Gln

370
Gly Thr
385

Lys Gln

Leu Lys

Pro Tyr

450
Met Thr
465

Val Val

Asn Phe

Leu Leu

Tyr Val
530
Lys Lys

545

Arg Val Asn

Lys Arg Tyr

325

Val Arg Gln
340

Ser Lys Asn

355

Glu Phe Tyr

Glu Glu Leu

Arg Thr Phe
405
Leu His Ala

420

Asp Asn Arg
435

Tyr Val Gly

Arg Lys Ser

Asp Lys Gly
485

Asp Lys Asn

500
Tyr Glu Tyr
515

Thr Glu Gly

Ala Ile Val

Thr Glu Ile
310

Asp Glu His

Gln Leu Pro

Gly Tyr Ala

360
Lys Phe Ile
375
Leu Val Lys
390

Asp Asn Gly

Ile Leu Arg

Glu Lys Ile

Pro Leu Ala

455
Glu Glu Thr
470

Ala Ser Ala

Leu Pro Asn

Phe Thr Val

520

Met Arg Lys
535

Asp Leu Leu

550

Thr

His

Lys

Leu

Arg

425

Glu

505

Tyr

Pro

Phe

Lys

330

Lys

Tyr

Pro

Asn

Lys

Gly

Thr

Ser

490

Lys

Asn

Ala

Lys

Ala
315

Asp

Tyr

Arg
395

Pro

Asn

Pro

475

Phe

Val

Phe

Thr

555

Pro Leu Ser Ala Ser
320
Leu Thr Leu Leu Lys
335
Lys Glu Ile Phe Phe
350

Asp Gly Gly Ala Ser

365

Leu Glu Lys Met Asp

380

Glu Asp Leu Leu Arg
400

His Gln Ile His Leu

415
Asp Phe Tyr Pro Phe

430

Leu Thr Phe Arg Ile
445

Ser Arg Phe Ala Trp

460

Trp Asn Phe Glu Glu
430

Ile Glu Arg Met Thr

495

Leu Pro Lys His Ser

510
Leu Thr Lys Val Lys
525
Leu Ser Gly Glu Gln
540
Asn Arg Lys Val Thr

560
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Val Lys Gln Leu

Ser Val Glu Ile
580

Thr Tyr His Asp

595
Asn Glu Glu Asn
610
Leu Phe Glu Asp
625

His Leu Phe Asp

Thr Gly Trp Gly
660
Lys Gln Ser Gly
675
Ala Asn Arg Asn
690
Lys Glu Asp Ile

705

His Glu His Ile

Ile Leu Gln Thr
740
Arg His Lys Pro
755
Thr Thr Gln Lys
770

Glu Glu Gly Ile

785

Val Glu Asn Thr

Lys Glu Asp Tyr Phe Lys

565 570

Ser Gly Val Glu Asp Arg
585
Leu Leu Lys Ile Ile Lys
600
Glu Asp Ile Leu Glu Asp
615
Arg Glu Met Ile Glu Glu
630

Asp Lys Val Met Lys Gln

645 650
Arg Leu Ser Arg Lys Leu
665
Lys Thr Ile Leu Asp Phe
680

Phe Met GIn Leu Ile His

Gln Lys Ala Gln Val Ser

710

Ala Asn Leu Ala Gly Ser
725 730
Val Lys Val Val Asp Glu
745
Glu Asn Ile Val Ile Glu
760
Gly Gln Lys Asn Ser Arg
775

Lys Glu Leu Gly Ser Gln

790

GIn Leu Gln Asn Glu Lys

Lys Ile Glu Cys Phe Asp

575

Phe Asn Ala Ser Leu Gly
590
Asp Lys Asp Phe Leu Asp
605
Ile Val Leu Thr Leu Thr
620
Arg Leu Lys Thr Tyr Ala
635 640

Leu Lys Arg Arg Arg Tyr

655
Ile Asn Gly Ile Arg Asp
670
Leu Lys Ser Asp Gly Phe
685
Asp Asp Ser Leu Thr Phe
700
Gly Gln Gly Asp Ser Leu

715 720

Pro Ala Ile Lys Lys Gly
735
Leu Val Lys Val Met Gly
750
Met Ala Arg Glu Asn Gln
765
Glu Arg Met Lys Arg Ile
780

Ile Leu Lys Glu His Pro

795 800

Leu Tyr Leu Tyr Tyr Leu
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Gln Asn Gly

Leu Ser Asp
835
Asp Asp Ser

850

Gly Lys Ser
865

Asn Tyr Trp

Phe Asp Asn

Lys Ala Gly
915

Lys His Val

930
Glu Asn Asp
945

Lys Leu Val

Glu Ile Asn

Val Gly Thr

995

Val Tyr Gly
1010

Arg
820

Tyr

Asp

Arg

Leu

900

Phe

Lys

Ser

Asn

980

Ala

Asp

805

Asp

Asp

Asp

Asn

885

Thr

Leu

Asp

965

Tyr

Leu

Tyr

Met Tyr Val

Val Asp His
840
Asn Lys Val

855

Val Pro Ser
870

Leu Leu Asn

Lys Ala Glu

Lys Arg Gln
920

Ile Leu Asp

935
Ile Arg Glu
950

Phe Arg Lys

His His Ala

Ile Lys Lys

1000

Lys Val Tyr

1015

Ser Glu GIn Glu Ile Gly Lys Ala

1025

1030

Asn Ile Met Asn Phe Phe Lys Thr

1045

Asp

825

Leu

Arg
905

Leu

Ser

Val

Asp

His

985

Tyr

Asp

Thr

810

Gln Glu Leu

Val Pro Gln

Thr Arg Ser

860

Glu Val Val
875

Lys Leu Ile

890

Gly Gly Leu

Val Glu Thr

Arg Met Asn

940
Lys Val Ile
955
Phe Gln Phe
970

Asp Ala Tyr

Pro Lys Leu

Val Arg Lys
1020
Ala Lys Tyr

1035

Asp

Ser

845

Asp

Lys

Thr

Ser

Arg

925

Thr

Thr

Tyr

Leu

Glu

1005

Met

Phe

Glu Ile Thr Leu Ala

1050

Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr

815
Ile Asn Arg
830

Phe Leu Lys

Lys Asn Arg

Lys Met Lys

880

Gln Arg Lys
895

Glu Leu Asp

Gln Ile Thr

Lys Tyr Asp

Leu Lys Ser
960
Lys Val Arg
975
Asn Ala Val
990

Ser Glu Phe

Ile Ala Lys

Phe Tyr Ser

1040

Asn Gly Glu
1055

Gly Glu Ile
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1060 1065 1070

Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser

1075 1080 1085
Met Pro Gln Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly
1090 1095 1100
Phe Ser Lys Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile
1105 1110 1115 1120
Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser
1125 1130 1135
Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly

1140 1145 1150

Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile
1155 1160 1165
Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala
1170 1175 1180
Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys
1185 1190 1195 1200
Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser
1205 1210 1215

Ala Gly Glu Leu GIn Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr

1220 1225 1230
Val Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser
1235 1240 1245
Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His
1250 1255 1260
Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg Val
1265 1270 1275 1280
Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys

1285 1290 1295

His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu

1300 1305 1310
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Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp

1315

1320

1325

Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp

1330

1335

1340

Ala Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile

1345

1350

Asp Leu Ser Gln Leu Gly Gly Asp

1365
<210> 110
<211> 4221
<212> DNA

<213> Artificial Sequence

<220><223>

Cas9-coding sequence in pET-CasON3T for the production of

1355

1360

recombinant Cas9 protein in E. coli (humanized codon;

hexa-His-tag and a nuclear localization signal at the N terminus)

<400> 110

atgggcagca
gaattgcctce

aagaagtaca

gacgagtaca
atcaagaaga
cgcctgaagce
caggagatct
gagagcttcc
gtggacgagg

gtggacagca

aagttccgceg
aagctgttca
gccageggcg
gagaacctga
gccectgagece

aagctgcagc

gccatcatca
caaaaaagaa

gcatcggect

aggtgcccag
acctgatcgg
gcaccgeccg
tcagcaacga
tggtggagga
tggcctacca

ccgacaaggc

gccacttcect
tccagctggt
tggacgccaa
tcgcccagcet
tgggcctgac

tgagcaagga

tcatcatcat

gagaaaggta

ggacatcggt

caagaagttc
cgeectgcetg
ccgecegetac
gatggccaag
ggacaagaag
cgagaagtac

cgacctgcegce

gatcgagggc
gcagacctac
ggccatcctg
gcecgegegag
ccccaactte

cacctacgac

gtgtacccct

gggatcgaga

accaacagcg

aaggtgctgg
ttcgacagcg
acccgecgea
gtggacgaca
cacgagcgcece
cccaccatct

ctgatctacc

gacctgaacc
aaccagctgt
agcgeccgece
aagaagaacg
aagagcaact

gacgacctgg

acgacgtgcc
acctgtactt

tgggctggge

gcaacaccga
gcgagaccge
agaaccgcat
gcttetteca
accccatctt
accacctgceg

tggcecctgge

ccgacaacag
tcgaggagaa
tgagcaagag
geetgttegg
tcgacctgge

acaacctgct

cgactacgcc

ccagggcgac

cgtgatcacc

ccgccacage
cgaggccacc
ctgctacctg
ccgectggag
cggcaacatc
caagaagctg

ccacatgatc

cgacgtggac
ccccatcaac
ccgeegectg
caacctgatc
cgaggacgcc

ggcccagatce
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60
120

180

240
300
360
420
480
540

600

660
720
780
840
900

960
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ggcgaccagt

agcgacatcc
aagcgctacg
ctgcccgaga
atcgacggceg
atggacggca
cgcaccttcg

ctgcgecegec

atcctgacct
gcctggatga
gacaagggcg
cccaacgaga
gagctgacca
gagcagaaga

cagctgaagg

gtggaggacc
gacaaggact
ctgaccctgt
ttcgacgaca
agccgcaage
ctgaagagcg

accttcaagg

cacatcgcca
gtggtggacg
atggcccgeg
cgcatcgagg
aacacccagce
tacgtggacc

ccccagagct

acgccgacct

tgcgegtgaa
acgagcacca
agtacaagga
gcgecageca
ccgaggagcet
acaacggcag

aggaggactt

tccgeatccc
cccgcaagag
ccagcgcceca
aggtgctgcee
aggtgaagta
aggccatcgt

aggactactt

gcttcaacge
tcctggacaa
tcgaggaccg
aggtgatgaa
ttatcaacgg
acggcttcgce

aggacatcca

acctggcecgg
agctggtgaa
agaaccagac
agggcatcaa
tgcagaacga
aggagctgga

tcctgaagga

gttcetggee

caccgagatc
ccaggacctg
gatcttcttce
ggaggagttc
gctggtgaag
catcccccac

ctaccccttce

ctactacgtg
cgaggagacc
gagcttcatc
caagcacagc
cgtgaccgag
ggacctgctg

caagaagatc

cagcctgggce
cgaggagaac
cgagatgatc
gcagctgaag
catccgcgac
caaccgcaac

gaaggcccag

cagccccgece
ggtgatgggce
cacccagaag
ggagetgggce
gaagctgtac
catcaaccgc

cgacagcatc

gccaagaacce

accaaggccc
accctgcectga
gaccagagca
tacaagttca
ctgaaccgcg
cagatccacc

ctgaaggaca

ggcceecctgg
atcaccccect
gagcgcatga
ctgctgtacg
ggcatgcgca
ttcaagacca

gagtgcttcg

acctaccacg
gaggacatcc
gaggagcgcec
cgccgeceget
aagcagagcg
ttcatgcagc

gtgageggece

atcaagaagg
cgccacaagce
ggccagaaga
agccagatcc
ctgtactacc
ctgagcgact

gacaacaagg

tgagcgacgc

ccctgagege
aggccctggt
agaacggcta
tcaagcccat
aggacctgct
tgggcgaget

accgcgagaa

cccgeggeaa
ggaacttcga
ccaacttcga
agtacttcac
agcccgectt
accgcaaggt

acagcgtgga

acctgctgaa
tggaggacat
tgaagaccta
acaccggctg
gcaagaccat
tgatccacga

agggcegacag

gcatcctgea
ccgagaacat
acagccgega
tgaaggagca
tgcagaacgg
acgacgtgga

tgctgacccg

catcctgctg

cagcatgatc
gcgecageag
cgeeggcetac
cctggagaag
gcgcaageag
gcacgccatc

gatcgagaag

cagccgctte
ggaggtggtg
caagaacctg
cgtgtacaac
cctgageggce
gaccgtgaag

gatcagcggc

gatcatcaag
cgtgctgacc
cgcccacctg
gggecegectg
cctggacttc
cgacagcctg

cctgcacgag

gaccgtgaag
cgtgatcgag
gcgcatgaag
ccecegtggag
ccgcgacatg
ccacatcgtg

cagcgacaag
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1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160
2220

2280

2340
2400
2460
2520
2580
2640

2700
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aaccgceggea
tggcgccagce
gccgagegeg
gagacccgcece
tacgacgaga
gtgagcgact

cacgcccacg

aagctggaga
gccaagageg
atgaacttct
atcgagacca
gtgcgcaagg
ggcggcettca

aagaaggact

gtgetggtgg
ctgctgggea
gaggccaagg
ctgttcgagce
ggcaacgagce
gagaagctga

aagcactacc

gccgacgecea
cgcgageagg
gccttcaagt
ctggacgcca

agccagctgg

agagcgacaa
tgctgaacgc
gcggecetgag
agatcaccaa
acgacaagct
tccgcaagga

acgcctacct

gcgagttcegt
agcaggagat
tcaagaccga
acggcgagac
tgctgagcat
gCaaggagag

gggaccccaa

tggccaaggt

tcaccatcat
gctacaagga
tggagaacgg
tggcectgec
agggcagccc

tggacgagat

acctggacaa
ccgagaacat
acttcgacac
ccctgatcca

gcggcegacta

<210> 111

<211> 1406

<212> PRT

cgtgcccagce
caagctgatc
cgagctggac
gcacgtggcc
gatccgcegag
cttccagttc

gaacgccegtg

gtacggcgac
cggcaaggcc
gatcaccctg
cggcgagatc
gcceccaggtg
catcctgccc

gaagtacggc

ggagaagggc
ggagcgceage
ggtgaagaag
ccgcaagegce
cagcaagtac
cgaggacaac

catcgagcag

ggtgctgage
catccacctg
caccatcgac
ccagagcatc

a

<213> Artificial Sequence

<220><223>

Amino acid sequence of Cas9 (pET-Cas9N3T)

gaggaggtgg
acccagcgea
aaggccggcet
cagatcctgg
gtgaaggtga
tacaaggtgc

gtgggcaccg

tacaaggtgt
accgccaagt
gccaacggeg
gtgtgggaca
aacatcgtga
aagcgcaaca

ggcttcgaca

aagagcaaga
agcttcgaga
gacctgatca
atgctggcca
gtgaacttcc
gagcagaagc

atcagcgagt

gcctacaaca
ttcaccctga
cgcaagcgct

accggtctgt

tgaagaagat
agttcgacaa
tcatcaagcg
acagccgcat
tcaccctgaa
gcgagatcaa

ccctgatcaa

acgacgtgceg
acttcttcta
agatccgcaa
agggcecgega
agaagaccga
gcgacaagct

gcceccaccegt

agctgaagag
agaaccccat
tcaagctgcc
gcgeeggega
tgtacctggc
agctgttcgt

tcagcaagcg

agcaccgcga
ccaacctggg
acaccagcac

acgagacccg

gaagaactac
cctgaccaag
ccagctggtg
gaacaccaag
gagcaagctg
caactaccac

gaagtacccc

caagatgatc
cagcaacatc
gecgcececectg
cttcgccacc
ggtgcagacc
gatcgcccge

ggcctacage

cgtgaaggag
cgacttcctg
caagtacagc
gctgcagaag
cagccactac
ggagcagcac

cgtgatcctg

caagcccatc
cgececeeegece
caaggaggtg

catcgacctg
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2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960

4020
4080
4140
4200

4221
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<400>

Met Gly Ser Ser

1

Pro Asp

Glu Asn

Ile Gly
50

Val Pro

65

Ile Lys

Ala Glu

Arg Lys

Ala Lys

130

Val Glu
145

Val Asp

Arg Lys

Tyr Leu

210
GIn Leu
225

Ala Ser

111

Tyr

Leu
35

Thr

Ser

Lys

Asn
115

Val

Glu

Lys

195

Asp

Val

Gly

5

Ala Glu Leu Pro Pro Lys Lys Lys

20

His His His His His His Val

10

25

Tyr Phe Gln Gly Asp Lys Lys Tyr

Asn Ser

Lys Lys

Asn Leu

85
Thr Arg
100

Arg Ile

Asp Asp

Asp Lys

165
Leu Val
180

Leu Ala

Leu Asn

Gln Thr

Val Asp

Val Gly Trp Ala Val Ile

Phe

70

Leu

Cys

Ser

Lys

150

Tyr

Asp

His

Pro

Tyr

230

55

Lys

Lys

Tyr

Phe

135

His

His

Ser

Met

Asp

215

Asn

Lys

40

Val Leu Gly Asn

75

Ala Leu Leu Phe

90

Tyr Pro Tyr Asp

15
Arg Lys Val Gly

30
Ser Ile Gly Leu
45
Thr Asp Glu Tyr
60

Thr Asp Arg His

Asp Ser Gly Glu

95

Arg Thr Ala Arg Arg Arg Tyr Thr

105

Leu Gln Glu Ile

120

Phe His Arg Leu

Glu Arg His Pro
155

Glu Lys Tyr Pro

170

Thr Asp Lys Ala

185

110
Phe Ser Asn Glu
125

Glu Glu Ser Phe

Ile Phe Gly Asn

Thr Ile Tyr His
175
Asp Leu Arg Leu

190

Ile Lys Phe Arg Gly His Phe Leu

200

Asn Ser Asp Val

205

Asp Lys Leu Phe

220

Gln Leu Phe Glu Glu Asn Pro Ile

235

Ala Ile Leu Ser

Ala Arg Leu Ser
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Val

Asp

Lys

Ser

80

Thr

Arg

Met

Leu

160

Leu

Asn
240

Lys

S=50 10-2182847



Ser

Asn

Asn

Ser

305

Asp

Tyr

385

Arg

Pro

465

Ile

Arg Arg

Gly Leu

275

Phe Lys
290

Lys Asp

Asp Gln

Ile Leu

Pro Leu

355
Leu Thr
370

Lys Glu

Asp Gly

Leu Glu

Glu Asp

435
His Gln
450

Asp Phe

Leu Thr

Leu
260

Phe

Ser

Thr

Tyr

Leu

340

Ser

Leu

Gly

Lys

420

Leu

Ile

Tyr

Phe

245

Glu

Gly

Asn

Tyr

325

Ser

Leu

Phe

405

Met

Leu

His

Pro

Arg

485

250
Asn Leu Ile Ala GIn Leu
265
Asn Leu Ile Ala Leu Ser

280

Phe Asp Leu Ala Glu Asp
295
Asp Asp Asp Leu Asp Asn
310 315
Asp Leu Phe Leu Ala Ala
330

Asp Ile Leu Arg Val Asn

@

345

Ser Met Ile Lys Arg Tyr

360
Lys Ala Leu Val Arg Gln
375
Phe Asp Gln Ser Lys Asn
390 395
Ser Gln Glu Glu Phe Tyr
410
Asp Gly Thr Glu Glu Leu

425

Arg Lys Gln Arg Thr Phe
440
Leu Gly Glu Leu His Ala
455
Phe Leu Lys Asp Asn Arg
470 475
Ile Pro Tyr Tyr Val Gly

490

Pro Gly Glu
270
Leu Gly Leu

285

Ala Lys Leu
300

Leu Leu Ala

Lys Asn Leu

Thr Glu Ile
350

Asp Glu His

365
Gln Leu Pro
380

Gly Tyr Ala

Lys Phe Ile

Leu Val Lys
430

Asp Asn Gly
445

Ile Leu Arg

460

Glu Lys Ile

Pro Leu Ala
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255

Lys Lys

Thr Pro

Gln Leu

320
Ser Asp
335

Thr Lys

His Gln

Glu Lys

Gly Tyr

400
Lys Pro
415

Leu Asn

Ser Ile

Arg Gln

Glu Lys
480
Arg Gly

495
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Asn

Pro

Phe

Val

545

Phe

Thr

Lys

Phe

625

Asp

Arg

Leu

705

Leu

Asp

Ser

Trp

530

Leu

Leu

Leu

Asn

610

Asn

Lys

Val

Leu

Lys

690

Asn

Lys

Asp

Arg Phe

500
Asn Phe
515

Glu Arg

Pro Lys

Thr Lys

Ser Gly

580
Arg Lys
595

Glu Cys

Ala Ser

Asp Phe

Leu Thr

660
Lys Thr
675

Arg Arg

Ser Asp

Ser Leu

Met

His

Val

565

Val

Phe

Leu

Leu

645

Leu

Tyr

Arg

Arg

Gly

725

Thr

Trp

Glu

Thr

Ser

550

Lys

Thr

Asp

630

Asp

Thr

Tyr

Asp

710

Phe

Phe

Met

Val

Asn

535

Leu

Tyr

Lys

Val

Ser

615

Thr

Asn

Leu

His

Thr

695

Lys

Ala

Lys

Thr Arg Lys Ser

505
Val Asp Lys Gly
520

Phe Asp Lys Asn

Leu Tyr Glu Tyr
555

Val Thr Glu Gly

Lys Ala Ile Val

Lys Gln Leu Lys
600

Val Glu Ile Ser

Tyr His Asp Leu
635

Glu Glu Asn Glu

650
Phe Glu Asp Arg
665
Leu Phe Asp Asp
630

Gly Trp Gly Arg

GIn Ser Gly Lys

715

Asn Arg Asn Phe

730

Glu Glu

Ala Ser

525
Leu Pro
540

Phe Thr

Met Arg

Asp Leu

Glu Asp

605
Gly Val
620

Leu Lys

Asp Ile

Glu Met

Lys Val

685
Leu Ser
700

Thr Ile

Met Gln

Thr Ile

510

Asn Glu

Val Tyr

Lys Pro

575

Leu Phe
590

Tyr Phe

Glu Asp

Leu Glu

655

670

Met Lys

Arg Lys

Leu Asp

Leu Ile

735

Glu Asp Ile GIn Lys Ala Gln Val
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Thr

Ser

Lys

Asn

560

Lys

Lys

Arg

Lys

640

Asp

Leu

Phe

720

His

Ser
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Gly Gln Gly

755

Pro Ala Ile
770

Leu Val Lys

785

Met Ala Arg

Glu Arg Met

Ile Leu Lys
835
Leu Tyr Leu

850

Glu Leu Asp
865

Pro Gln Ser

Arg Ser Asp

Val Val Lys

915

Leu Ile Thr

930
Gly Leu Ser
945

Glu Thr Arg

Met Asn Thr

Val Ile Thr

740

Asp Ser

Lys Lys

Val Met

Glu Asn
805
Lys Arg

820

Tyr Tyr

Ile Asn

Phe Leu

885
Lys Asn
900

Lys Met

Gln Arg

Glu Leu

965
Lys Tyr
980

Leu Lys

745
Leu His Glu His
760
Gly Ile Leu Gln
775

Gly Arg His Lys

790

Gln Thr Thr Gln

825

Pro Val Glu Asn
840

Leu Gln Asn Gly

855

Arg Leu Ser Asp
870

Lys Asp Asp Ser

Arg Gly Lys Ser

905

Lys Asn Tyr Trp
920

Lys Phe Asp Asn

935
Asp Lys Ala Gly
950

Thr Lys His Val

Asp Glu Asn Asp
985

Ser Lys Leu Val

750

Ile Ala Asn Leu Ala

Thr

Pro

Lys

810

Thr

Arg

Tyr

890

Asp

Arg

Leu

Phe

970

Lys

Ser

Val

Lys

Asp

Asp
875

Asp

Asn

Thr

Leu

Asp

765
Lys Val Val
780

Asn Ile Val

GIn Lys Asn

Glu Leu Gly

830

Leu Gln Asn
845

Met Tyr Val

860

Val Asp His

Asn Lys Val

Val Pro Ser

910

Leu Leu Asn
925

Lys Ala Glu

940

Lys Arg Gln

Ile Leu Asp

Ile Arg Glu
990

Phe Arg Lys
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Gly Ser

Asp Glu

800
Ser Arg
815

Ser Gln

Glu Lys

Asp Gln

880

Leu Thr

Ala Lys

Arg Gly

Leu Val

960
Ser Arg
975

Val Lys

Asp Phe
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995 1000 1005

Gln Phe Tyr Lys Val Arg Glu Ile Asn Asn Tyr His His Ala His Asp
1010 1015 1020
Ala Tyr Leu Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro
1025 1030 1035 1040
Lys Leu Glu Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val
1045 1050 1055
Arg Lys Met Ile Ala Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala
1060 1065 1070

Lys Tyr Phe Phe Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile

1075 1080 1085
Thr Leu Ala Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn
1090 1095 1100
Gly Glu Thr Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr
1105 1110 1115 1120
Val Arg Lys Val Leu Ser Met Pro GIn Val Asn Ile Val Lys Lys Thr
1125 1130 1135
Glu Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys Arg

1140 1145 1150

Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys
1155 1160 1165
Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val Leu Val Val
1170 1175 1180
Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys Ser Val Lys Glu
1185 1190 1195 1200
Leu Leu Gly Ile Thr Ile Met Glu Arg Ser Ser Phe Glu Lys Asn Pro
1205 1210 1215

Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu

1220 1225 1230
Ile Ile Lys Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg

1235 1240 1245
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Lys Arg Met Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn Glu Leu
1250 1255 1260

Ala Leu Pro Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser His Tyr

1265 1270 1275 1280

Glu Lys Leu Lys Gly Ser Pro Glu Asp Asn Glu Gln Lys GIn Leu Phe

1285 1290 1295

Val Glu Gln His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser
1300 1305 1310
Glu Phe Ser Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp Lys Val
1315 1320 1325
Leu Ser Ala Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala
1330 1335 1340
Glu Asn Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala
1345 1350 1355 1360

Ala Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser

1365 1370 1375
Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr Gly
1380 1385 1390
Leu Tyr Glu Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp

1395 1400 1405
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