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(57) Abstract: The present invention relates to an artiticially engineered SC function control factor for SC function control and/or the
treatment or alleviation of a disease due to SC function disorder, and to a use thereof. More specifically, the present invention relates
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1

g A A]

Aol B RIAH 2 2HE SC YT 2 A =H
7] &= & ok

H g2 SCrVs 24 B/EESC Vs Aoll® Qe A& AR = /i &
gk 1A 07 22 SC Vs 24 1A H o] 9] o] ol &gk Alo|th Bt
TAA LR, SC Vs 2E H/HE=SC s Aol & Q18 Aok A7 = i
Aot A A o= 228 SC 75 =4 AA /= ol & At 2 =&
E3etE, A e® SC Vs 24 H/EESC V5 Fol 2 Qe e A=
T AT A= Al =g Bk Aol
w371

7 HEA| 3 (Schwann cell, ©] 3} SCE A 87| & 3 &2
A7 Z A 3 (neurolemmocyte)i= B 32 A Al o] 7154 Q1 4174 nl A 32 o T,
MANAH EE Fdg XA eh= 7] 5& o, AN A A Y A AE w A E R =
A A 32, T2 7l Al 3E (olfactory ensheathing cell), A 7 WA 32, 3} X] 1] A )
T AN TR A= A WA E Sl A

T Z(myelin)7} 1= FH2Haxon)ol A FRHAM| = 25 A 2=

& A o] x| 2 = 5 1A g

72 ¥ 9l Ak = F-v}g] -5 2~ (Charcot-Marie-Tooth, CMT) & 32

i)
o
4o T

¥ = A3lo|t}, 71 5 AFE F-vlE]-5 2 EF]] 1A(Charcot-Marie-Tooth
type 1A, CMT1A)S D2 A A Aol A 71 HIH 3] ekl sh= 74 243 5 3=,
TR A dojxl JHEZ CMTIA o F-18H4 Y 2 18IS 3o =
N7t FE R 7k F-AA R 2o 7k 9 A wf Aol -4 71 %

CMTIA= A CMT At o] At o] 42k CMTI A 5= < 70% 78 =5
A BEIL, CMT ] 1 -2 1/25000] v CMTIAE 25 of 3} B &4, WAL
A, a7k &4, 3k 718, A7 A 5 £ X (nerve conduction velocity,
NCV)9] &3}, © v A 4 €% 3} (demyelination) ¥ %3} H] =<5 7] (onion
bulb) &o] Y= Al 5= % SHremyelination) 5 2] ¥ €] 84 542 Ve

o] ¢1gH CMT1A%} & FRHA 3 7] %5 o] Aol & A ghel] off g -4 %1
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okl o] o & oo A SC 7] % 24 QAR A] Q1Y A o2 %25 s}

ol FHAE Eitek = Atk o B 501, PMP22 FHAE Q1A o=
A~
E

CES
247) WD ) WS A 05, 7o) = 8] kol B gk A B3 A o]
ojaf Q1914 07 22a 4

"7ho] = 8] kol Tl B gl 2 B ahA] "= Fho] =
a =R

drAgE T8 g4

[l i

A E o, 471 FEAE 7hol =ik Tl B vkl A 31 A) o) o &)
B2 Z22H SC /s 24 IR R A,

T 24 RAE T 8= A D W] PAM(proto-spacer-adjacent
Motif) A2 5 fE3= o] 9] 5 whek W/mE = 3 ko] Q13 8lo] 9] )6 ALsh=
1bp W] 50bp2] 471 A 2 -9 W2

Bt ol 4l r 2 el 9 Bho) e} Al = 4Hl;

OB £ A9} ol 3 St o] bl 2ol . ehol = 2 o] 2] 3

23 529l Bl o) abe] 72 el 2 ebol = A1)

% it ol el slakel Wa

o
N
2 |
@)
N
ol
b
>

14
(i
%)

C7ls 24 AAd =

7] kel MIE e & Aol R RE o oA dojud 5= Q)
71 kel WEE fAxfe] A= oA dojd 4= )

7] g kel Mg e §-Axpe] IER o ool A dojd 4=

g7] Hakel WEe F-1xke] A o Hol A Do 4= Q)
371 PAM A 22 o & 5], 31719 A F 1 o] Y 5= ATh(5'ell A

NGG(NE A, T, C == G,

NNNNRYAC(NS 747 =2 0 & A, T, C B=3= Go] 2L, R& A= GolaL, Yi=
CE=TY):

NNAGAAW(N-> ZH2F 5 A 08 A T, C 25 GOl AL, Wi A == T4,

NNNNGATT(N-Z Z2F 552 02 A T, C B= GY);

NNGRR(T)(NS 27} =& 0 2 A T,C 3= GO AL, RE A 3= GolaL, Y=
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CE=TH): B

[63] TININS A, T,C 2= GY).

[64] A7)t E il d & ~E R E g7 2~ 9] @ AW 2~ (Streptococcus pyogenes),
S ERE I A 2~ M 2 2 22 (Streptococcus thermophilus), 2~ E 5] E 5 7 2~
Z:(Streptococcus sp.), &4 3 = A}-77(Staphylococcus aureus), =7F2 U] 5 A 2~
th<=w #| o] (Nocardiopsis dassonvillei), 22 E §] Enjo] A 2
3z 2] 2~ E] Y| 2~ 9] & 2] 2 (Streptomyces pristinaespiralis), 22 E 7] E v} o] Al A~
H] 2] &= 2 ¥ 7| Y] 2~(Streptomyces viridochromogenes), 2> E 8] Ev}o| A 2
H] 2] & 7 2 ¥ A Y] 2~ (Streptomyces viridochromogenes), 2= E 5] & % &7 -
= M| &(Streptosporangium roseum), 22 E F| E A F 7] 5
= M| &-(Streptosporangium roseum), & 2] Alo] & 2 Ul F 2
o} A] L= ZHt}2] §- 2~ (AlicyclobacHlus acidocaldarius), HH2 2 2~
g1 L=nlo] o] H] 2~ (Bacillus pseudomycoides), U2 ] 2~
Al 2 U ] 2l 5 4l 2~ (Bacillus selenitireducens), 2 A| - Q. HHel| 2] &

A 8] 2] S (Exiguobacterium sibiricum), B E 1} 2] 2~ @l B S2¢] 7] o] (Lactobacillus
delbrueckii), 2} & v} & 2~ Arg]ule]-9-2~(Lactobacillus salivarius), 7] & 2~ Zl &}
n} 2] W (Microscilla marina), 4= = 2 ¢l 2] o} & 2~ ¥} 2] = (Burkholderiales
bacterium), 3= 2} 2 21} 2~ 2 &3 Y B &2~ (Polaromonas naphthalenivorans),

Z 2 212 S (Polaromonas sp.), 712 F 230 2} 9} E 41 o] (Crocosphaera
watsonii), A } = H| Al £+(Cyanothece sp.), 7} 0] A ZA] 2~ E] 2

ool 5 7] :=AH(Microcystis aeruginosa), A| U] & 5 7] 2= £:(Synechococcus sp.),

o} M| & & & 1] -5 o} 2} v} E] Z(Acetohalobium arabaticum), $F % 4 #] A

t) 7l Al o] (Ammonifex degensii), Z T] A & Z A| 1 & W] A] o] (Caldicelulosiruptor
bescii), 7] T} 52~ H] 42 3 1] ~~(Candidatus Desulforudis), & 2~ E ] 3

B 5] % (Clostridium botulinum), & A~ E ] 5 t] 3] 2 @)(Clostridium difficile),
¥ Y| & ] o} vl 1} (Finegoldia magna), Y E gl u}ol] 2 0] -2 A B d &
(Natranaerobius thermophilus), 2 2 E v} A .3 2 3] Q 1] 5 (Pelotomaculum
thermopropionicum), o}A] t] E] @ v} & 2~ ZH5 2 (Acidithiobacillus caldus),

OFAI ] E] @ vl 2] 2 3] &5 Al ¢ 22 (Acidithiobacillus ferrooxidans),
k=2 H 21} E] & H] =55 (Allochromatium vinosum), 7} #] %= ¥+E{ £:(Marinobacter
sp.), HEZ AT A 2 &2 & ¢ ~(Nitrosococcus halophilus), HEZ A FH 2

@} E A1 (Nitrosococcus watsoni), 7= G H 2 F 2

k2 2 ¢+ A E| 2 (Pseudoalteromonas haloplanktis), =L B == =4 =

2} A 1] 7] 2 (Ktedonobacter racemifer), ™) B} =3 2 H] 2

ol W] 2~ ¥] 7|7 (Methanohalobium evestigatum), ¢} #| 1 vf2] o}l 2] 2~ (Anabaena
variabilis), =& 22| o} Z=3F 1] 7l Y(Nodularia spumigena), - 2~% 4:(Nostoc sp.),
ol 2 E & A~ 3] g} WA vl(Arthrospira maxima), O} 2 E 2 A 3] &}

= 2}’ A| 22 (Arthrospira platensis), 2 E & 23] 2} £+(Arthrospira sp.),
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[65]
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6

Y H]o}4(Lyngbya sp.), "Fo] A &2 Fd| -2 A E =222 H 2 (Microcoleus
chthonoplastes), 2.2 2} & €] o} Zx(Oscillatoria sp.), ¥ E 2 & 7} 2.1 2] 2+ (Petrotoga
mobilis), % F.A| 3 o} 3 €] 7} 2~ (Thermosipho africanus) == o} 7] Q & 2 2] 2~
n}2] L (Acaryochloris marina) 278 22 5 At}

A FA o ol M, 2E SN E I A 2 31 AU 22 (Streptococcus pyogenes) -2 2]
Cas9 @ 7+ 2 ubg] A=Y (Campylobacter jejuni) 12 2] Cas9 w2l
SERE IA XS M E I H 2 (Streptococcus thermophilus) -2 2] Cas9 ¥ -2
SEE FA X o} -4 §-2x (Streptocuccus aureus) F-2l 2] Cas9 Thul 2l
Yl o] Al 2] o} w|'d 7]t E] 2 (Neisseria meningitidis)- 2l ] Cas9 ¥ -2 5’3 Cpfl
el g o] Fo] 7l ol A A ElE st o] 4l 7 Tt A ool A,
2~ EE F7] 2 9] Q@ A Y| 2 (Streptococcus pyogenes) -rrEH o] Cas9 T4 =
7+ 2 Hbe| A 54 (Campylobacter jejuni) 12 2] Cas9 WA A 5= 9L

LR e el A,
£ & PMP22 - Ak Slak A d 5 A 17, 15,267,977 ~

15,273,977(regulatory resign) A & 715; A 17, 15,229,777 ~ 15,265,326
(coding resign) A G715, == A A 17, 15,268,191 ~ 15,437,045H %] A 7] &,
BAA 17, 15,239,833 ~ 15,258,667TH A 715 E= A 17, 15,342,770 ~
15,435,639 H % 3 7] & (non-coding resign)E E35l= 9 5 A& T4 5=
7hol = Ak Al g gkt

A A el A, PMP22 Aol A D T A Z 1 WA 661, ol & E0,
A s 1WA 8, 14 WX 291 3= 41 WA 530 2] 34 Lol 2zt
FEAR AE FAT 5 A= The| =AkE Al E e
A7) 7hol = AL PMP22 R Ape] A AE A A o] ANtof Zh2) AF R A Q]
AFS FAT 5 ArE 0 lA 5,0 WA 4,0 WA 3,0 W A] 27 <]
| 2= v X] (mismatches)E Z 313 = Ao}, vl gt o 24, 7] 7ho] = 4k
MAHS 1A 661, ol & 0], AL W E 1 WA 89, 14 A 29 = 41
WA 53 9] 34 *1“ T 1 o] %ol 42t AR AQ AdHE st

TEH QB = 4

O
2
o

o

1% ol olshol 0= re] 419t shit o] ] Aol ALE AR 5
At

PMP22 -7 A} ik M E 5 D W& 1, 3,25,27,28,41,44,45 2 539 %4
Aol Zh7E A H AR AR B 5 Qs Thol mElak,

A}7] 7Fo) = AALS H) A g2 © & 18 W] 25 bp, 18 W A] 24 bp, 18 W A 23 bp,
19 A 23 bp, 19 =] 23 bp, H1= 20 W A] 23 bp2] &2 QEFe] = 5= )
oluwf, 0 A 5,0 WA 4,0 1A 3,0HA 270, == 0 A 1719

1| 2~ vl X] (mismatches) & E 3 = 9l
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7
(751 S P uge] BH2 913 SC s 28 A4S AN O 2H% 5 Y=
FAA 20 G 2HES AT U
6] A TN, FAA £ E 2AEE Fhol 80| e T 257
T o5 tEFe MAARS ¥ 4 Ak,
7§I—

[77] Q FA o A, AR %
[78] (a) PMP22 -2 22l Slat M 5 4 A A 17, 15,267,977 ~ 15,273,977 (regulatory
resign) A 4 715; A A| 17, 15,229,777 ~ 15,265,326 (coding resign) ™ #]

A7 = GAA 17, 15,268,191 ~ 15,437,045 A 715, S A 17,

15,239, 833 ~15,258,667H A 715 = A A 17, 15,342,770 ~ 15,435,639 H A
A 7] & (non-coding resign) & E 5= F G F AHE A= 7hol = 4t B

o] & A5 3}tE= ALY,

[79] (b) 71 7hol = &ikat S5 A & A ste] PMP22 #-3 Ak Eak M =
A= HHE dd = A7 = ol Ha WA = o] & 45 8)eh=
Ak A

[80] £ x5 4 9ok

[81]

[82] o A A, FAAF 248 2B

[83] (a) PMP22 F-A 2] St M T AT 1 WA 66H, ol & 50, L HT |
W] 8%, 14 W A] 2900 =41 WA 530 9] 34 M dell 72 A H A1 Ajts

Ry ZF U= Zhol =a3lal = o] & Qta 3tahe= A hhA ;s F

[84] (b) Z2EFNE FHA 2 59 @AY 2x(Streptococcus pyogenes) -2 2] Cas9 T &
ZHd 2 Hbe| A4 (Campylobacter jejuni) 2 2] Casd @A ~EE FAH X~
A 2 E 2] 2 (Streptococcus thermophilus) -2 2] Cas9 @A, ~ESE FAH X~
O}9-#|5-2= (Streptocuccus aureus) -2 2] Cas9 @A | o] Al g o} | 7] T ¥ 2~
(Neisseria meningitidis)F- 2] ] Cas9 ©H82l 2 Cpfl T} A 72 o] F o] 2l o] A]
A g s} o) o] @il A & 2 Etsh= ot G A = o] & YE sk

s AL o

[85] S ¥£3}sk 4= Qi)

[86] A FE oo A, 7] 7fo] = Ab AWM T 1, 3,25, 27, 28, 41, 44, 45 L 53]
A A Z 1 o)A 2z AR A9 Adke 3 A= AlakA e 4= Qi)

[87] A FH oA, A7 FAA 22 2 ES vlo] ]2 WE Al A8 ¥ st
= At

[88] A7) vlol e 2 ME = g EZdlo| ] &, A Ejdlo] 2] A, ofd] mulo] 2 2

o}t x=-91 T Hl-o] 8] 2~(AAV), WA L o}ujo] #] 2, F A~nfo]e] s I ?lv::ﬁ%‘l
Hpol ] A2 A oA el =1 o)Al 4= 9t}

[89]

[90] A A e el A, - 2 A o

[91] (a) PMP22 -2 22l Slat M 5 4 A A 17, 15,267,977 ~ 15,273,977 (regulatory

H

¢
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[92]

[93]
[94]

[95]
[96]

[97]

[98]

[99]

[100]
[101]

[102]

[103]

[104]

[105]

8

resign) A 4 715; A A| 17, 15,229,777 ~ 15,265,326 (coding resign) ™ #]
A7NE; B AN xﬂ 17, 15,268,191 ~ 15,437,045 A 71 &, G414 17,
15,239,833 ~ 15,258,667H A 4715 B G2 A 17, 15,342,770 ~ 15,435,639 A
9 71 & (non-coding resign) & X35t GO T AHE F A o= hol = WA =
o) % ha3a s AL,

(b) &7 7hol = Ak} B3 & @A she] PMP22 4] dAE 4L 5
A B E Ad EE HIA = Ay H G A = o] & d3 st
aakq

& E=A7E G E 288k, A2 E A A oR 2

A& g,

A A el oA, 2 R S A3

(a) PMP22 7 #F2] Bt M T M AT 1 WA 66H, ol & 501, L Wz 1
WA 89, 14 W A] 291 Hoi= 41 WA 53 o] 4 M Dol 242} F R A1 AgS

AT 7 A= Thel A B o] & ¢ E st kA d; F
(b) Z2EFNE FHA 2 59 @AY 2x(Streptococcus pyogenes) -2 2] Cas9 T &
ZHd 2 Hbe| A4 (Campylobacter jejuni) 2 2] Casd @A ~EE FAH X~
A B 2] 2= (Streptococcus thermophilus) -2 2] Cas9 @l d A EFEFTH A
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[204]  SC7|s =4 AA= 7t alo] s
]Eoﬂ O]'Q‘E‘F })\q

[205] S SC 75 &4 1A= A f-o) Al A (fibroblasts) Ho= A1 7 1A 3 (glial
cells)] A4S AA 3= Aelst A, A& S Bz STV BE
W AYZ2] 2438 4= 91t}

[206] SC 715 &4 1A= A f-o} Al E(fibroblasts) == A1 74 1A 3 (glial cells) 2]

2ol B REvAYGE 242 5 A

[207]

[208] Tl ol A, SC7]s 24 1A= PMP22Y <= Ut}

[209] el A A, SC 7T 24 1A= PMP22 4=

[210] PMP22(peripheral myelin protein 22) f % A= GAS3 == GAS-3 0.2 %=

A A= G pMP22E ¢35 3tsh= 4 2H(A 4 DNA, cDNA "= mRNA)E
ofu] gttt A ool A, PMP22 5 A= thi 2 &2 o] Fo] A wtell A A e sk
o]dd = o}, o]l A gty = AL of v th: 1K PMP22(e.g., NCBI Accession
No. NP_000295.1, NP_001268384.1, NP_001268385.1, NP_001317072.1,
NP_696996.1, NP_696997.1 “5)& ¥ 3}8F= F-%1 4k, o 7T, NCBI Accession
No. NM_000304.3, NM_001281455.1, NM_001281456.1, NM_001330143.1,
NM_153321.2, NM_1533222 " 2. & 3% ¥ 3= PMP22 F-%1 4}

[211] PMP22(Peripheral myelin protein 22 kDa)+= myelin®] transmembrane glycoprotein
T QAR PMP22T 3 A1 Al 29 myehn— A sk 7 REA 3£ (Schwann
cells)oll A & = ™| compact myelin®] &4 X {4 B0l T3 Sah&

G- S}, PMP22 §- A AF= 917 441 4 17p11.2-p12°ﬂ =3 ¥, o]3= PMP22
glycoprotein®] A4H-E ¢+ 5 8} $Hr}, PMP22 F- %1 2| w3 o] W& -2 /-4 4
a2 ExAE W w ol 1.2, myelin sheaths & 1] 421 Q1 4 3

71%& oF7]1 %}, PMP22 % (duplication) & & 13 PMP222] W& Z 717}

A S AT = 7HE 7 = vk ol v
[212]  PMP229] YESIMo| i QA L E Blwlo]i= ¢Fubupul

71417 ¥ (hereditary neuropathy with liability to pressure palsy, HNPP)&
frashy, v 24 A E Aol o] A9 Al 7l AEF =R (Dejerine.Sottas syndrome,
DSS) ¥ M A A 4=F 4] A7 ¥ S-(congenital hypomyelinating neuropathy,
CHN)?'._ E2]= CMT] o} %3 FEl & of7] g}, EEEJ, FA] #H]

27 (Roussy-Levy syndrome, RLS)Z PMP22 5 0l 2] & o 7] &,

O
At 0 2 CMTIAY] H@ 3 HolA = 15 JE}.
[213]
[214] 7471 SC7]%5 24 A= A1 dso] 59 947, HE, vb5-2 T A F
& X3EtE XA FESE FHstE A 5k
Bi

= S
[215] -7 A} A B.+= NCBI (National Center for
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o]Lq],q_E_ :ﬂ]E}o]E,E

§1a1, = UL V)5S SHE Heko| =, B

71 SC 716 24 A9 754 WE -2 AAE} o EAlsh=
oAy & (wildtype)oll 8] 3l g% 715 = At 75 & M= BE ¥ S
EFEAY, B A3 U E 7 5E 7= e 1S X gkt

o & 5, SC 7|5 =4 QA7) fletol =, &£

A7 7158 M2 SC 75 24 ARk Hddold 5= ),

olu], EAWol= SC 75 24 Q1A+ 7|5 o] A A, B A8l H =
Ed¥old 4= 9l

A7 715 MESSC 75 £ 2

ojuf, F7te 7] s TG 71~°l7ﬁ+ D}E 715 = ATt 3 7]
T 24 A v E ol B, E fElo| B i v A )

N = A .
A1 715 A M2 SC 7] s 24 QA EE SR Q1S V5 S S Sl
A7 715 A M2 SC Vs 24 QA EE g Qe Vs Had 4 Sl
A7 715 WME L §C V) 24 Q) whE 7k whE )% 3189 5= 9}
A FA 2, SC 75 24 A= v F 3y o] el 2Fte] fud A 4

SC7s &4 A}, =, 24 A F kel 8, 324 72 A4 e A3
A, oA, 4 #7122 1bp o] 4] wEd LEtel =, o ih, 1 WA 307K,
1WA 2770, 1 WA 2570, 1 WA 2370, 1 W= 2070, 1 WA 1570, 1 WA 1070,
1WA 570, 1 A 370, 3= 1709 FEu el =e] A,

A A 1bp o9 rE U el =, o A, 1 W] 3070, 1 WA 2770, 1
W] 2570, 1 W A] 2370, 1 WA 2070, 1 WA 1570, 1 WA 1071, 1 W A] 570, 1 WA
370, = RS wEEl LEo| = 9] o @ i Aol gt wE Y| LEto| =R o X5
1)

shuf o) el wEEl L Eol =, o AT, 1 WA 3070, 1 W] 2770, 1 WA 2570, 1
#2370, 1 R A] 2070, 1 W] 1570, 1 W A] 1070, 1 W =] 570, 1 W A] 370, B
RS wEEl LBl = (44 5HH R AT, CH G oA AEE)o] 34
FrA bl ool iAol o A<l

A7 A FAAY] AP v = AR (EA )= AV /A Tl 1bp o),
3bp ©]7, Sbp ©]4, 7bp @], 10bp ©]4, 12bp ©]4, 15bp ©]7d,17bp ©]7, 20bp
o] Ak, AT, 1bp A 30bp, 3bp WA 30bp, 5bp A 30bp,7bp <] 30bp, 10bp
W =] 30bp, 12bp W =] 30bp, 15bp =] 30bp, 17bp W =] 30bp, 20bp W #] 30bp, 1bp
W =] 27bp, 3bp W A] 27bp, 5bp W A] 27bp, 7bp W A] 27bp, 10bp W =] 27bp, 12bp
W =] 27bp, 15bp W A] 27bp, 17bp WA 27bp, 20bp W #] 27bp, 1bp ] =] 25bp, 3bp
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[270]
[271]
[272]

[273]
[274]

[275]
[276]

[277]
[278]
[279]

[280]

[281]

[282]
[283]

20

W %] 25bp, Sbp WHA] 25bp, 7bp W A] 25bp, 10bp tH =] 25bp, 12bp W A 25bp, 15bp
W =] 25bp, 17bp W =] 25bp, 20bp W #] 25bp, 1bp W A| 23bp, 3bp W #| 23bp, 5bp

W =] 23bp, 7bp W =] 23bp, 10bp thA] 23bp, 12bp WA] 23bp, 15bp W] 23bp, 17bp
W %] 23bp, 20bp W %] 23bp, 1bp ] #] 20bp, 3bp <] 20bp, 5bp =] 20bp, 7bp

W] 20bp, 10bp tH#] 20bp, 12bp =] 20bp, 15bp W #] 20bp, 17bp tH#] 20bp, 21bp
W A] 25bp, 18bp tH#] 22bp, H=+= 21bp WA] 23bp 2] A&3)= 7| A 1A &

o)
DA

ghA, F b o] v E A1l o=

71 A e YA V)5S WA SC 7] 5 28 IAE] kgt
715 ol Rk =, 7R QN A3 Al WA YT o] 28 A Z2Elof] 7k Alojth

A A | 24, PMP229] A3 AW w| AU Zde # %‘? ATk

Aol AT-E Fal T &AM oA PMP229] W o] F7HE S SR E ¢l AL,
o] = thFet oF Azl A pPMP229] WE o] FUA|E S T2 T WAYE
3 S v ‘lbﬁ%‘%A njsle R 9194 0 2 £2HE PMP22+E, o & 59,

EEI@]—/GQ_ leo§_7L%_ %%k(oq]g = ,Tl‘o?:]',ﬂ%l',
A 59 AEF A2 A A AN - ek, w19 Aoz 23
PMP22°ﬂ 9 ‘JZ%% & éliiﬂ all 63 = Hol & A = A st ¢

o];qa o192 o 7 &}t Zs|
o, Aol A3 75E 3 ﬂi}ﬁkﬂ e M AUSZS 24 5 vk 2
kg o] L o= 2192 o7 &)

o] A=, o] 5 Eh otz 2 E, 2
Hi AR5 ol B ARY 5 B XA}

[SC 7|5 &4 Al 2¥]

+g el d F 3= SC U 2 IAE I AR 2480 SC v
| O}L e 7]‘— Z;G /\]/\Eﬂo]q

B g o] "SC 7] 5 24 A 2 8(system)"< 19 A o2 22 E SC 7] s &4
Al R Y RS 7] W0 3 SCT 5 G2 3

m/n:u 2 /\]-7] ﬁﬂoﬂ

SC 7|5 24 Al 2=Hol] 2
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[284]

[285]

[286]
[287]

[288]

[289]

[290
[291
[292
[293

[294
[295
[296
[297
[298

[299]

[300
[301
[302
[303

— e e

it ~L- N
SC 7|5 =4 1A} v 4 0”—1 SC 715 éﬂ‘ﬂx}‘é’%
q

A o2 A, & g o] A A~'LE SC 7]5 &4 8 4(SC function-controlling
elements) = A, SC 715 24 1AL =, PMP22 §18] A| =815 285}, o]d| SC
715 24 QA =, PMP22= A Y A o2 22E SC 7] s 24 AAE E38Hsli

"PMP22 ¥1§ A] 2~ W”Xﬂ/] Al W *XH Bz i ool A =9l E
PMP22 F 2] AL, HAME FrAA H(AE , mRNA)= B ghild =
W v = A HEE Q1 PMP229] a“ﬂ% x4, =, H“ﬂ s e S g /A
9 #}g R oo A= A5k o g

WS PMP229] EA W oo o g 7943 % 1 PMP229] W B/ = V] W]
1= PMP22 B W ol o] e o] A44# 1 PMP22, H) 44 PMP22 H
A4 0w Wy pMP22o] a9 ARbA ]l 3 o] o] A& EEHgr)

PMP22 ®H & A| ~Elo)| A Q19 & 07 2% PMP229l 2] &l A,

ol of A ool M, PMP229] @l o] F-7F HE= Fx1E o 9

ol of A ool M, PMP229] @l o] A af H= oAlE 7 2

of| & &0, PMP22 % A7} 5 E(duplication) ] ] er%?ﬂ(overexpression)ﬁ}{—
A5, A o m 22 pMP220l] o] Ef A Rl o] A& H v A ) A
2z o @ 718 22 91T

O

Q)] o] Aol A, PMP229] 7] %50] 4 iz 1 5 ek,
Q)] o] -7 o A, PMP229] 7]%50] A3} i3z A F 5 ek,

3 PMP22 ¥ & X Ao A, 9192 0 2 Z25E pMP229] 9] 8] A,

Aoyo] A ol ol A, FFREAIEZ O] A& A == A et A, S X
= 7 5 A

Aoyl A o el A, FFREM| 3E 2] Al 3EF7](cell cycle)d] 73S el &=
o) el 2 E(arrest) 8} 7 b, A|Z 7] 9] S S04 5 9

A ef o] Aol ol| A, s7HEA| 9] F-31 5 ST A| 7] A & A ] 2 4 ok

Aoyo] FA ol ol A, FFREAZ O] APE & ZXIA 7| A QA 5= ok

Aolo] A ool A, FEANAAMFE] AEE FAU WS 5 A

dolof FrA ool M, BEAAFAEL] 74 E Ao A& F571 wel e



WO 2018/088694 PCT/KR2017/010897
22

o

It

4

[304] Aol A oA, A AHE FHAHaxon)d] 2GS AT S U

[305] o, 2 A2 2 A, x = a2 A, 2o 74 R
72| g2 5(compact myelin) 52| =% FAJ o] AubAQl A4 R # % H 3}
E= 2o 75l #e BE v AYSE 23skn

[306] Aol Aol M, srRbA L] 7] 5 off Hiz A el o d Aol d R
Ao o] & 4= AUt

[307] Q1o o] A of| ol A, A1 -0} M| 3E (fibroblasts) Hoi= A1 74 1L A 3 (glial cells) <]

S A = At AW S S B STV EE AU S
24 53l

[308] A o] 9] A of| ol] A, A -F-o} M| 3 (fibroblasts) H1= 21 7 1A 3 (glial cells) <]
2o Hofd e v AUSE 24 7 Uk

[309] Aol A ol A, PMP227} Tl shi= AU & A|39] 758 143 ete] dld
HAYUZFE 248 5= o}

[310]

[311]  FAdolA, & g o] SC 75 24 A 2~¥1& SC 75 24 84(SC
function-controlling elements)Z 4], SC 7] 5 &4 Q1% S 3

[312]  FAololA, ol SC Vs 24 AR ¥ Al 28l SC V)5 24 AR}

248 2 ES L33

[313] AV 28 2AESJAY LR SC 75 24 JAE 248 4 =
ZAAEZ vt A= AR 22hE A 2AAEL 5 A

[314] ola}, 7] FHA Z22h& et 2AE e 7Ee

[315]

[316] [SC 715 &4 A} 2218 24 =]

[317] E o] SC 7% 24 A E SC 7|5 24 A/ ~8(SC 75 24 1A 3
Al =81 E3hyel o] sz B o] 22f = W2 vlg A e A= f- A2 22hs
3l o] Foj A 4= Qlrh

[318]

[319] A FHl A, SC 715 &4 Q1AF2] 224 & 9 (regulatory region), H] ¢+& 4 &
EEds g9 4 = HRE A48t f-A42 223tehiE 2= 2 UHE
AFe 4

[320]

[321] AVl EAA=E R UHES

[322] TE oo A, B2 8= SC 7] %5 24 A ~8(SC 7|5 24 212 W3 A ~HE

z3hel BAL 9Aa, ole] Helehi= sC s 24 F04 F sht o] 42
2SN WPAD 5 Ak ol FAAE TS A WY2 Fa
o0 3 %
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[323]

[324]

[325]

[326]

[327]

[328]

[329]

[330]

[331]

[332]

[333]

[334]

[335]

23

T oA, 24 < 9 (regulatory region). H| &% G = s o AdF

EEAREEAoR @45 9

Al el A ol A, C7]o}_é‘cr>r AAE A ek D T 24
% 9 (regulatory region)e Z=2F B}l 0.2 & 4= Q)

o & Fof, THAY Z 2 W E(proximal promoter), 2131 4| (enhancer), TATA box,
o] L Al of] o] ¥ (initiator) 2] 24 2 A~ (regulatory element) 5 2] U+ L= #
M-S Ao 2 3 4= ) A 2 Q1 o 2 4] Promoter, TATA Box, CAAT Box,
Initiation Site, Termination Site, Donor Splice Site, Acceptor Splice Site, Poly A Site,
Enhancer, 3’ UTR(Untranslated Region), 5 UTR, Attenuator 2 GC Box®] &5 £+
A% Qe gow @ 4 Ak

ool e] EA oo A, SC 7|5 2 FHAE FA 8= Ak d
T2 & £°1, EGR2-, SOX10- -2 TEAD1- A3 7-91) T 971 2] 13l A
1+ 2l (distal Enhancer region)& B}l 0.2 3 5= Q)

Aele] FANNA, SC )5 28 AT TR ALAL T AL
% 9 (coding region)-S- =2} B}l 0.2 3 4= Q)

AT Hol AEE Eiz ol AL BACE B4 At B, o AL, A F
S0l 945 99, 27 4B o WA WA L Yol g A £4shE 5

Q)
2A

T ool A, slal M e s} o] Ak yrEd L EFO] =, o ZATH, 1 WA 30bp, 1
W =] 27bp, 1 4] 25bp, 1 WA] 23bp, 1 WA] 20bp, 1 WA 15bp, 1 =] 10bp, 1
WA 5bp, 1 WA 3bp, 3= 1bp2] & @ SLEFO| = o] X3, A /= A Y

A
T 3

FAANA, SC7)%5 22§14 F St o 4% Hobar] 9ol iz it
ol el Wl g AZIBk] 98l iz sk ol kel 1), 2 /) s 3 )]
SES R

R AAE Fob5h7] 98, SC 715 24 F1A 5 St o el Aol A
Ei EUWOE YRS BA8hE 5 rh
FRAN A, fAA Grhee AR P KA Ei A S BE L

A7) A AHgE 4 Qe

T oA, 24 < 9 (regulatory region). H| &% G = s o AdF
= ARE 3RS o BMA FRbA| S| V] 5ol Y 1A= SC U 24
FAAE WA e AEE - Aok
TAd A, T dx} A HAE FEll SC 75 =4 FAAe 24 =4,
o Zidl], 243} L= ESA I E of7| S 7 Aot IS o] & B3l arHbAl 29
7159 23 e %%‘“"éﬂ% of71e 4= 3l

TR oA, 7] 7 AL AR Fhol ) Aol vl Bl phu 2 B Al
olste] FAE FA4 el 5 2ele] Walrbe iz o] $71E  Wicleavage).
Z A2 7P S Sl skstel B E HAAE BRARAYE AL 5 9o,

T oA, sat 71 =24 (breaks) & (homologous) Al| 2= %} (recombination)
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[336]

[337]
[338]
[339]
[340]

[341]
[342]
[343]

[344]

[345]

[346]

[347]

[348]

24
= H]/d-E @ 912 (nonhomologous end joining; NHEJ) 5 &] MlAYSE&
ool -4 5 T,
o] 4 9-, NHEJ WA U o] dojrpd, At 9] X](cleavage site)ol] ] DNA 4] &l
h=]

WA 3}7 FbE AL, o] o ofslo] 4;{}7} g4 3hE o I vk NHEIS 5%
T &S FAA @AY A 3E, Al E B A4S oSt sl E # A
Y o} (knockouts) H=+= Y U} (knockdown)2] f-5o AR8-4 4= v}, gl
o]2]3t SC 7] =4 A AF2] Y o}-(knockouts) F=+= Y T} (knockdown) 2]
friol ol sl FREAIE 9] 7] W/ o] o] g WAV F FFE 7

b2 FEfol A, & & SC 75 24 Q1A 2218 24 S ATt

A7) 22 2B QYA 02 SC 7 2 QAE 24 Q=
A= A S = FAaA 24E 9d 245D 5 T

A7 ZAAEL EA S = SC 75 24 A AE(SC 7] 5 24 1A W] Al ~E
E3hel P A, olol #Helahi= SC V%5 4 A F B} o) FHA
2245 = 9tk

T3 of ol A, ﬁ/\}}_éj, RNA 7}# %74, RNA % %4 RN
q

017‘01;]'r A

T of ol A, RNAiL (RNA 4] or RNA silencing)S- ©]-8-3}9], small
RNA(sRNA)7} mRNAE |3 0}7% L Fg A& A stk 71, A §-of] wheba =
gt sho] vz HA G BT SRl A A E A KShA e RN g Koo
g Alo] st = Tk

7] A 222 8C V)T 24 JAE FAEE 9
o] Fo] A 4= lt}. 22 A= Y t}hg(knock down), Y
Y 2l (knockin) & H} & F.F E gt}

oo F-A ol A, A W E 2 st o] o] i EE LB =, o AT, 1 WA
30bp, 1 tHA] 27bp, 1 W A] 25bp, 1 W} #] 23bp, 1 W A] 20bp, 1 WHA] 15bp, 1 tHA]
10bp, 1 WA 5bp, 1 WA 3bp, B=3= 1bp9] W& el QEfo] =9 X3 A4 /=
A d 4 A

deolo] FA dle| A, SC 7|5 24 AR} F 3} o] & Yol-x-3lr] fldll, =
shut o) ko] W & Al At 98, HEim st o) del 171, 2 A HEi= 3 70 9]
N HFHAAE Jol--317] Aal, SC 75 24 A} 5 3t o] el A o A4
E= m5AHE 23t =5 223 = 9l

9ol o] FA o] A, SC 71%5 24 Q1Abe] ke U7 ghiz B FAA Eiz
AARA 9] AL A7) A AHeE & Qe

Aol Meds F e
]_

(knockout),



WO 2018/088694 PCT/KR2017/010897

[349] Aol A el A, A 2 Fhut o] k2] B AL d A (fragmant) i
Az A D 7 At olwl, A AE L s o] 4] rEEH QL EO| R
o] Folxl FAt M A w, Bt d A o] Zo]= 1 A 40bp, 1 HA] 50bp, 1 HA]
60bp, 1 =] 70bp, 1 1] 80bp, 1 A 90bp, 1 WA] 100bp, 1 WA] 500bp H=
WAl 1000bpd 5= At o), A+ A= SC Vs =4 1A =
stvfol A, & Vs E& 5 LTJH%}?%Q.

[350]

[3511  TFlelA, l“& 192 DNA 1= RNA &4}, vh &4 81 Al 3= DNA 22
8415 ALo] o] 2155 (bonds)] 745 33h (2 cleavage)) & S 343 2 9
ofAY = WF (vanant) BAE ol 5 vtk The| = Ak-o B vhl A
B3 A 2 o] &3 4= 9T},

[352] o & &0, w7} 2 4| o} Al (meganuclease), % =18 71 (Zinc finger) 72 #| o} A,
CRISPR/Cas9(Cas9 T2 4), CRISPR-Cpf1(Cpfl T2y I TALE- & o} A =2
o] Folx ol A M st o) ko] i Edl oAl & o] &t FHAE
Z2bste] A AR W& Ao = Q)

[353] Aol o] A dol| A, vl A g2 o 72 7)o EE—H’?}—Oﬂ Y E g 53k &
o] &3}o], o & Eof, CRISPR/Cas A 2~ ¥1-& Ab-&3)o] v]- 45 A ek
4 3} (nonhomologous end joining:NHEJ) H== 754 Al =%
&< (homology-directed repair:HDR)®ll €] & wlj 7| = 4= Sl

[354] o] 4 9-, NHEJ WA U o] dojrpd, At 9] X](cleavage site)ol] ] DNA 4] &l
W 3}7b Fh s oL, o ol & &ho] 444 A3} = At o
ATH NHEJ& &8 42 # 2 Fd4 g o A5, & £= 2485
of7)8}aL, sl F-H A} Y ol%-(knockout) H== Y T} (knockdown) 2] F-5=¢f)

/\]__Q. =] z,: o)

[355]

[356]  TFE WFEfell A, B - 7] fEaA 22 AR E AT 7 Aok

[357] T8 o o) A, NHEJ-H] 7] = 7 o] 4811 HAAFETH, SC 715 24 24 AHE 9]
g o] Fha T A & obrl sk ] #rA A el AR E A A g

[358] o & 59,

[359] F7] 4E dFel A& 5 AT

[360]  ZEEFE AL U2 F AT

[361] AaA Mol A& 5 At

[362] EGAEE Ao A& 4

[363] 54 dE Mol A& AT

[364]

[365] A FA A ZAM, SC Vs 24A A 22E 2AELS

[366] L2 GO EAM, FRIAE ] Y]Fol F3FE M A= SC Vs =EAAR]
PMP22 f-AAE T o2 3 4 Qo
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3671 7] PMP22 fralabe] A 29, %, falah 2 2o) A f A4 242
A3 A= 2 9lo) HE EH AL S ¥
6% 379 ] sheie.

[368] XA AL ) ol FAAE AT S Y

[369] ¥4 ML T o)At FAAE A 4T 4= et olw, & o] ]
FHAE TF FHAIAY o & f-314 A 4 AT

[370] AR sk o)) 1A de Egkst = 9l

3711 A= = ol A AL E TA A3 7 At

[372]  FAAE 24 AL Il el uhe} fAa A} 22F 91X € G2 HE S 9l

[373] AR 22 24 AL gk Aol uhel kst A A AR 5 Ak

[374] AR 22 F ol 1A AEolA TAle LT = Q) old, &
ol o] HA AL FF FAA Ei= o] F FAA el A4 5= 9

[375]  FAA 22 F o) §-AAE SAO WA 4= QL) o], & o] 9]
FHAE TF FHAIAY o & f-314 A 4 AT

[376]

[377]  ol&h & wEo] A FA el A AR Q= RA AEEY D dES BE
L ERA T

[378] 3 1.PMP22 31 #}9] ek= 3} A Aol thdl SpCas9= #3324 A4

[379] 3% 2.PMP22 F3 29| ¢ha 3t M Aol thek CjCas9& g 4 M

[380] 3% 3. PMP22 172} ZEEE AL o g SpCas9-S A §F 324 A

[381] 3 4. PMP22 77| L2 R E Mol T g CjCas9= 918 34 M4

[382]  3£5.PMP22 -3 2F9] Q1aA] A Fell Ul & SpCas9S 98 4] A&

[383] 3% 6.PMP22 f-7219] Q1A A Lol tf & CjCas9S 913 4] A<

[384] I 7. PMP22 -4 22 A 2] Q1384 F-9](distal Enhancer region) B X Col tf] ¢t

SpCas92 ¢ g 324 A4
[385]
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[386]
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Gene No. |Exon |Target sequence(S' to 3') sgRNAs
PMP22 |1 2 CGATGATACTCAGCAACAGG sgRNA_CDS_Sp
(MEMZ 1) #1
PMP22 |2 2 GGACGATGATACTCAGCAAC sgRNA_CDS_Sp
(M EM 3T 2) #2
PMP22 |3 3 ATGGACACGCAACTGATCTC sgRNA_CDS_Sp
G o)) #3
PMP22 |4 4 GATGATCGACAGGATCATGG sgRNA_CDS_Sp
(MEM 3 4) #4
PMP22 |5 4 GAAGATGATCGACAGGATCA sgRNA_CDS_Sp
(M= 5) #5
PMP22 |6 4 AACTCTTCACCCTCACCAAG sgRNA_CDS_Sp
(M= 6) #6
PMP22 |7 4 AAAACCTGCCCCCCTTGGTG sgRNA_CDS_Sp
AMEdHE7) #7
PMP22 |8 4 GGAATCTTCCAAATTCTTGC sgRNA_CDS_Sp
G ko)) #8
[3£2]
Gene |No. |Exon |Target sequence(S' to 3') sgRNAs
PMP22 |1 |2 GATCGTGGAGACGAACAGCAGC sgRNA_CDS_Cj#
(MEM3Z9) 1
PMP22 12 |2 GCTGACGATCGTGGAGACGAAC sgRNA_CDS_Cj#
(M2 3 10) 2
PMP22 |3 (3 CGCAACTGATCTCTGGCAGAAC sgRNA_CDS_Cj#
(Mg 1) 3
PMP22 |4 |4 GTGCGTGATGAGTGCTGCGGCC sgRNA_CDS_Cj#
(e 12) 4
PMP22 |5 |4 GTGTAGATGGCCGCAGCACTCA sgRNA_CDS_Cj#

(A LHZ 13)

5
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[3%3]

Gene No. |Target sequence(5' to 3") sgRNAs

PMP22 |1 GGACCAGCCCCTGAATAAAC sgRNA_TATA_Sp#1
MEA3 14)

PMP22 |2 GGCGTCTTTCCAGTTTATTC (X €™ & |sgRNA_TATA_Sp#2
15)

PMP22 |3 GCGTCTTTCCAGTTTATTCA (A€ S |sgRNA_TATA_Sp#3
16)

PMP22 |4 CGTCTTTCCAGTTTATTCAG (A €% [sgRNA_TATA_Sp#4
17)

PMP22 |5 TTCAGGGGCTGGTCCAATGC sgRNA_TATA_Sp#5
AEA3 18)

PMP22 |6 TCAGGGGCTGGTCCAATGCT sgRNA_TATA_Sp#6
AEA3 19)

PMP22 |7 ACCATGACATATCCCAGCAT sgRNA_TATA_Sp#7
(A2 3 20)

PMP22 |8 TTTCCAGTTTATTCAGGGGC (A €™ % [sgRNA_TATA_Sp#8
21)

PMP22 |9 CAGTTACAGGGAGCACCACC sgRNA_TATA_Sp#9
A E 35 22)

PMP22 (10 |CTGGTCTGGCTTCAGTTACA (X €™ 5 |sgRNA_TATA_Sp#10
23)

PMP22 (11 |CCTGGTCTGGCTTCAGTTAC (A€ % |[sgRNA_TATA_Sp#l11
24)

PMP22 |12 |AACTGGAAAGACGCCTGGTC sgRNA_TATA_Sp#12
(A2 3 25)

PMP22 |13 |GAATAAACTGGAAAGACGCC sgRNA_TATA_Sp#13
(A2 3 26)

PMP22 |14 |TCCAATGCTGGGATATGTCA sgRNA_TATA_Sp#14
AEA 3 27)

PMP22 |15 |AATGCTGGGATATGTCATGG sgRNA_TATA_Sp#15
(A2 5 28)

PMP22 |16 |ATAGAGGCTGAGAACCTCTC sgRNA_TATA_Sp#16

(A DHZE 29)




WO 2018/088694

[391]
[392]

[393]

29

PCT/KR2017/010897

[3£4]

Gene No. |Target sequence(S' to 3') sgRNAs

PMP22 |1 GCCCTCTGAATCTCCAGTCAAT sgRNA_TATA_Cj#l
(X123 30)

PMP22 |2 AATCTCCAGTCAATTCCAACAC sgRNA_TATA_Cj#2
(K123 31)

PMP22 |3 AATTAGGCAATTCTTGTAAAGC sgRNA_TATA_Cj#3
(A1EH 3 32)

PMP22 |4 TTAGGCAATTCTTGTAAAGCAT sgRNA_TATA_Cj#4
(X123 33)

PMP22 |5 AAAGCATAGGCACACATCACCC sgRNA_TATA_Cj#5
(K123 34)

PMP22 |6 GCCTGGTCTGGCTTCAGTTACA sgRNA_TATA_Cj#6
(K123 35)

PMP22 |7 GTGTCCAACTTTGTTTGCTTTC sgRNA_TATA_Cj#7
(X123 36)

PMP22 |8 GTATTCTGGAAAGCAAACAAAG sgRNA_TATA_Cj#8
(A2 3 37)

PMP22 |9 CAGTCTTGGCATCACAGGCTTC sgRNA_TATA_Cj#9
(X123 38)

PMP22 |10 |GGACCTCTTGGCTATTACACAG sgRNA_TATA_Cj#10
(X123 39)

PMP22 |11 |GGAGCCAGTGGGACCTCTTGGC sgRNA_TATA_Cj#11

(A DHZ 40)
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[3%5]

Gene No. |Target sequence(5' to 3") sgRNAs

PMP22 |1 TTGGGCATGTTTGAGCTGGT sgRNA_Enh_Sp#l
M I3 41)

PMP22 |2 TTTGGGCATGTTTGAGCTGG sgRNA_Enh_Sp#2
MEM T 42)

PMP22 |3 GAGCTGGTGGGCGAAGCATA sgRNA_Enh_Sp#3
ML 3 43)

PMP22 |4 AGCTGGTGGGCGAAGCATAT sgRNA_Enh_Sp#4
ML E 44)

PMP22 |5 TGGGCGAAGCATATGGGCAA sgRNA_Enh_Sp#5
ML 5 45)

PMP22 |6 GGCCTCCATCCTAAACAATG sgRNA_Enh_Sp#6
G e )

PMP22 |7 GGGTTGGGAGGTTTGGGCGT sgRNA_Enh_Sp#10
A EA 3 47)

PMP22 |8 AGGTTTGGGCGTGGGAGTCC sgRNA_Enh_Sp#11
ML S 48)

PMP22 |9 TTCAGAGACTCAGCTATTT (M €HZ  |[sgRNA_Enh_Sp#12
49)

PMP22 (10 |GGCCACATTGTTTAGGATG (5|2 % |sgRNA_Enh_Sp#13
50)

PMP22 |11 |GGCTTTGGGCATGTTTGAG (N2 Z |sgRNA_Enh_Sp#14
51)

PMP22 (12 |AACATGCCCAAAGCCCAGC (N9 S |sgRNA_Enh_Sp#15
52)

PMP22 (13 |ACATGCCCAAAGCCCAGCG (M9 % |sgRNA_Enh_Sp#16

53)
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[3£6]

Gene No. |Target sequence(5' to 3") sgRNAs

PMP22 |1 TTAAATCACAGAGGCAAAGAGTT sgRNA_Enh_Cj#l
(M EHZ 54)

PMP22 |2 TTGCATAGTGCTAGACTGTTTT sgRNA_Enh_Cj#2
(M Z 55)

PMP22 |3 GGGTCATGTGTTTTGAAAACAG sgRNA_Enh_Cj#3
(M Z 56)

PMP22 |4 CCCAAACCTCCCAACCCACAAC sgRNA_Enh_Cj#4
(FEHZ 57)

PMP22 |5 ACTCAGCTATTTCTGGAATGAC sgRNA_Enh_Cj#5
(M Z 58)

PMP22 |6 TCATCGCCTTTGTGAGCTCCAT sgRNA_Enh_Cj#6
(M EHZ 59)

PMP22 |7 CAGACACAGGCTTTGCTCTAGC sgRNA_Enh_Cj#7
(M Z 60)

PMP22 |8 CAAAGCCTGTGTCTGGCCACTA sgRNA_Enh_Cj#8
(FEHZ 61)

PMP22 |9 AGCAGTTTGTGCCCACTAGTGG sgRNA_Enh_Cj#9
(FEHZ 62)

PMP22 |10 [ATGTCAAGGTATTCCAGCTAAC sgRNA_Enh_Cj#10
(M EHZ 63)

PMP22 |11 |GAATAACTGTATCAAAGTTAGC sgRNA_Enh_Cj#l11
(M EHZ 64)

PMP22 |12 |[TTCCTAATTAAGAGGCTTTGTG sgRNA_Enh_Cj#12
(M Z 65)

PMP22 |13 |GAGCTAGTTTGTCAGGGTCTAG sgRNA_Enh_Cj#13

(A DHZ 66)
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[3£7]

Gene No. |Target sequence(5' to 3') with PAM sgRNAs

PMP22 |1 TATGGAATTCCCAAGCCCCCTGG sgRNA_DEnhB_Sp#1
(LR S 143)

PMP22 |2 GGAATTCCATATGAGTCATCTGG sgRNA_DEnhB_Sp#2
(LS 144)

PMP22 |3 CACAGCCTACACTTTGATTATGG sgRNA_DEnhB_Sp#3

(A EH 3 145)

PMP22 |4 TCAGGAGCATTAAGCATATAGGG sgRNA_DEnhB_Sp#4
(A2 3 146)

PMP22 |5 GACCACGGTCCATGAATTCCTGG sgRNA_DEnhC_Sp#1
(A EH3 147)

PMP22 |6 AGTATTTGCAGCTGAACAAAAGG sgRNA_DEnhC_Sp#2
(A EH3 148)

PMP22 |7 ATGGAGTACAGAGAGACATAAGG sgRNA_DEnhC_Sp#3
(A EH3 149)

PMP22 |8 AAAGAATCAATGCACAGCCATGG sgRNA_DEnhC_Sp#4
(A EH3 150)

[ZZE ZAE-FH1A 7H] Al ="
B o] SC 7]s 28 A 28(SC 75 24 QA M A ~E X3HE SC
7% 24 A}, =, PMPRE %2287 9% %
7ol =3l abo ) B Wl A Bol A & E ket 4= Q)

Zhol =3 Lkt o B d A & 5k
371 " 7bol EE A 34 9
A 4kg o] g}
g7 7Fo] =8 Ak2 DNA, RNA HEi= DNA/RNA Z3Ho] el 4= 9la1, 5 ]
15070 ¢] Sk E& 74 = STk
471 7hol 2842 Bl o] ] EwQle EjHe 5=l
b

371 Q12 Zhol = Ew R, Al 1 4R A <l
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[430] 7] Fhol = sl akol B kv BghA) s A Eoll M 283 5 ek
[431]
[432] 1. 7tol =& 4t
[433] . 1A QA S 9l

Zhol =l Ak A AL, f-H A), A A T
aﬂ/\}o;,_ 7ol =&l P =
[434] ol, 7}o] = Ak

A

)
A1) = e

RS = RISy R L E 1
[435] A}7] 7Fo] =3 AL DNA, RNA 3= DNA/RNA E3Ho] & efd = glaz, 5 ] ¥
15071 ] it d& 7 4= ot
[436] 7] 7ol = A = A A 5 9
[437) 771 7hol m ke Shubef 1 Sk A = 9

o}
[438] <& =o], shte] s Eak AL,
G, =AU, C = GolH, me 1 A 1508 A4E ou ;}E}.
[439] V] ZRol =ik &g dabA Aol F ) o)l 4
[440]  olE 5o, F 7 olde ALE JH“ & (N (N), 2 & QL3L, o] u] N& A,
T,C =G, EE AU, CEEL Gol™, m % o= 1 WX 1509] F5E ofn|atH,
m¥} o= A2 LAY HE 4= Ao

a1l R Ol E e et ol 2 EHIRIE ERE ek

[442]  olw), A7) =& Ftol = w9l Al | ARA T, AF T, A 2
R A Ew), 29 o), me] w9l 5 A 5= 9lom, o]dl A 3HE A
s

[443] 7] 7P° EALE T ) o] o] mu91 gel S glo, ol H g
EuRle Ao Fotet v, AR v mvQle E9He =l

[444] A7) Zw|lel] ti gk A& shatel] 7]k}

[445]

[446] ﬂﬂOEEﬂ%

[447] 7ROl mul|Qln %A §AHAF i AL Aol A A A d A E A 2l
ATLS 3 4 9= AR ZQ JtolE A do] ¥8tE Lo ¥A §-Ax)
o

[448] V] TRolE A HA FA i A A W EA Mol FEAAN A
MAR, o B 5o H 23 50%, 55%, 60%, 65%, 10%, 75%, 80%, 85%, 90% 1=
95% o] 2] AR Aol ALt == AEHA AR A Q siA AF A 4= Qi)

[449]  Z37] 7hol= Ewld2 5 X 50709 V1LY 4 At

[450] A A&, 7] 7hol & Rl 5 W %] 50712 A71A <L, 10 WA 5070 9
A7IMLE, 15 WA 50702 A71A <L, 20 WA 5070 2] 47144, 25 ] 50711 <]
A1 D, 30 WA 5070 AVIAE, 35 WA 50709 714 L, 40 U A 5071 <
A7 D =45 WA 50709 A7IAEd 5

[451] o2 A &, 7] 7hol= Zwld& 1 WX 509 V1AL, 5 WA 1071 <]
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71494, 10 WA 1571 G714 E, 15 WX] 2070 2] 71414, 20 A 2571 2]
71494, 25 WA 3071 G714 E, 30 WX 35702 471414, 35 A 4071 2]
7144, 40 WA 45718 F71AME B=45 WA 5070 9] VI E D o Aok
7] 7hol = =Rl Thol = *1“3556@?0‘
AF7] 7]-0]1: }ﬂoﬂ O A §-AA} Ei= AL 01’01]7\1 s 7\1“4”’& Z] el
ARS o g = ARAQN AUIAAEd 5
A7) 7hol = M-S A A = SAL Aol A A Mol ARAIRL 3L
AqEd = Qo o & S0 H A3 70%, 75%, 80%, 85%, 90% == 95% ©]4<]
EEI O]ﬂl} tl:L— %;ﬂo}ﬂ] ALEXJ o] aﬂ/\]_ }\10ﬂ01 2= o]q_
7] 7hol = A E 25 WA 50709 47| AMEd 5
A Oﬂf’a, A7 7hel = w912 5 WA 5070 9] 714 4D, 10 A 5071 <]
A, 15 A 50702 714 <E, 20 WA 50709 47144, 25 A 5071 <]
A, 30 WA 50709 917144, 35 WA 50712 4714 E, 40 WA 507 <
WOﬂ =45 WA 50709 71D 7 AT
& A &2, 7] 7tol= E2 1 A 51 G71A L, 5 A 10719
71494, 10 WA 1571 G714 E, 15 WX] 2070 2] 71414, 20 A 2571 2]
71494, 25 WA 3071 G714 E, 30 WX 35702 471414, 35 A 4071 2]
A1, 40 WA 45702 A7 LE =45 A 50702 9719 LD 5= 9L
E5H A7 7hol = EUﬂO 18 7bel= 4l B F7F A7 E s £33 %E}.

_I_z_l_z

A7) Z7F A7 Qe Jhol = ¢l 7% A} = A EE sk A 5
ATk

&7 F7F ‘ﬁﬂﬁcﬁgﬂﬂﬁ Mo Vs F = ASE A AY 7 U

A7 F7F 271D 1WA 3571H A7IAALEL 7 ATt

A o=, A7 5 7P AL 5 WA 35709 A471A E, 10 WA 35709
A7 G, 15 WA 35702 G714 <L, 20 WA 35702 714D, 25 A 3570 9]
A7 E =30 A 35719 G719 d 5 At

U A o2, 7] F7F 71D 1 A sAle] V1A, 5 Ul A 107] €]
A7IAE, 10 WA 15709 A71AE, 15 WA 20709 4714 LD, 20 A 2570 9]
A7 E, 25 WA 30709 971 E =30 WA 35709 4712 5= Q.

A7 F7F A7 D A7) Thol = A o] 5 beke] YA 4 Q)

A7 F7F A7 D 2] Thol = A o] 3 beke] AT 4= Q)

i) A 1 4174 =9

A 1R S A2 AR el e S F ke
S Az A 2 4RA 9l o) FAhEe FAT F A AER 4R
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A7 A1 AR A Eu 2 5 WA 35709 Gr1ALd 4 A
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G714, 15 WA 35709 4714, 20 WA 35709 47142, 25 W] 357 <]
7199 =30 WA 35709 71D 5 9

e 9 a2, 47 Al L AR A Ee A 5] B, 5
10742 1714 2, 10 A 1574 2] 9171472, 15 A 2070 €] 714 &, 20 A
2570 9714 <L, 25 WA 30709l 714D iz 30 WX 35709 YD S
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2 I:EL:ﬂ]SLOXJ og o
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A 15788 471 E, 15 WA 20702 9714 F, 20 WA 2570 9] 714 D
E=25 WA 30709 VMDY 5 AT
A o 2, A7) A4 =12 1 WA 3071 G714 E, 5 WA 3071 2]
144,10 HA 3070 714 L, 15 WA 30709 97144, 20 A 3071 <]
A =25 WA 30709 7L 5 9

iv) Al 2 AR.3F =<l

ERRrERE DR PR R R KL RSk
AN DR, A L ARA e o) F S AT 5 UL
74,

A2 ARA Wl A 1 A4RA Ty AR A 37D D A 1 AR A
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o]F7teHE FAGHA FE AL S ¥t o A 1 AR A
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A7 A 23R A = Q& 5 WA 357114 A7IMLd 7 At
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Q71 G, 25 WA 35702 971 E iz 30 A 35 F71A LD 4= 9l

2 d a2, A7 Al 23R4 2l 1 WA 5719 94714 4E, 5 WA 1071 9]
D7D, 10 HA 1570 A7TA LD, 15 WA 20709 714 <L, 20 HA] 2570 9
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AR G714 el o8 o) Frhehe By 5 ik,
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A A=A, 37] 29 w1 1A 2049 4714 D, 5 HA) 2049
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O dmA, 7] 29 Beele 1A 571 7149, 5 WA 1079
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Aol &) o] F7te& FAAT o Ak
121 WA 5070 8] A7IAEdD = Aok
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45 WA 50709 F7IAALA 5 ot

e Qo2 A7) g 2ve 1 WA 579 97149, 5 WA 10719
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2171499, 40 WA 4570 971 E B=45 WA 50709 971 LD = ok
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N AR TN ETN ERARNORNORNOYNO R TE TR gy BT
Moo»ﬂoﬂoo»ﬂroﬂro ﬂﬂroﬂroﬂﬂoﬂﬂoﬂﬂoﬂﬂoeﬂO}MoeﬂO}ﬂmﬂmﬂoO#ALx_l
- - W W W W Mo Mo A T o M N R T M
8§ & woowaxo = o = % ) )
— —_— _— e = = = (N (e\] [\l [\l o (o] o
e e N e O N A T o Y o R e R T o F 2) ) )

[527]
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[528]
[529]
[530]

[531]

[532]

[533]

[534]

[535]

[536]

[537]
[538]
[539]

39

3 vk o] Fho| = a4le] 9 3 o) 24, gRNAC] chaf shatel 7] a5t

F:

Z,

>
oy

"gRNA":= % 4] F- A A} 1= g Ake]] o 3F gRNA-CRISPR &4 5314, =,
CRISPR 314 &] S0 4] 3243} = Q)&= HAbs A A gt} Hgl, 47
gRNAT %4 FH 2} Ei= 34 50] 4 RNAE 9 V]38, CRISPR .43
Agsto] CRISPR B4 F 4 F3A B Ao =2 IS 4= Q)

371 gRNAT 2] B[Rl 2313t 4= 9l ), Z17)o] mw|jlel] o] & 32H4
S B} T gRNAS] 24 FEfj o] 7het o = b gF s 2h8-8 3 5 9l

gRNAT @A 7} ogRNA(TH Y RNA #-A4}); BB o] 5
TAA o2 271 o] 'l o] RNA # A5 23 HehEA A A= 7 gt

A A ol A, GA 7t gRNAE 5’ & H-E 3 Waf o & 7hol = Low]l, =5
_LZ_—]I o) ;q;( o= aﬂ/\]-oﬂ /\]—EXJ o] ﬁ%]—% SE]— Z,: A= 7]_ ]E }\1 E(gulde
sequence) = X35l = ]O]' A 1AEA Tl A = Ql; A 2 4FH %
SRl A7 Al L ARA vl Aol FRE AR DS 7 BE Al 1 SR A
S} o] F7te Sk AT o ol =) 9 v Q) (proximal
domain); 2 A e A 05 ] L QlE 3 4 gl

U2 o FA G2 A, 0] 5 gRNAT 5O 2R E 3 WEFo = 7holu &l =
T4 AR = gkl 4R A Ade 3 = 9= 7ho] = A D (guide
sequence) = E 3ol E=H|Q 2 oA 1 wQ1-& Egsh= Al 1714 2 A
24E A Tl ] Al 1 AR A B A AL 7HA B2 A
1424 uRle} o) F7he dike AT 4 = Evjl, &4

5
=] ) (proximal domain); X A B4 0 2 7w g] Ew|Qle E3sl= Al 2 7FERe

b
ot
e
>
pac)

e
=)
o
N
2
[—
N

o o RNATAL A A & 4= d a1, A7) Al 2712 tracrRNAE
3 ”71 crRNA= 7ho] = 5w Q1 3} A
, 37 trachNA*‘ A 2 gRA Tl 9
3 2= 9]},

o N
élOoﬁ
oo & o

M ox

FR

78;(} 51}_% aﬂ/\]-oﬂ /\]—EZJ o] 736]—E kol Z,: o]{_ 7].0] L=
< (guide sequence)E E 3= Sl Al 1 4R A =l 2 Al 2 AR A
|21, 71 Al 1R A el qdel AR A QN A

1 o 27he SALE 4B 5 sl wlel S ¥ ae 5 gl

2
ro,
AN
E
a3
:{o

o2
2

=

i) 7Fol = sw 9l

Aee B A A AS o) AR Bghr) 47 el 42 e 14
FAA iz AL el A 4 Aol A el 8 A & 5ol H243
7
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[541]

[542]

[543]
[544]

[545]

[546]

[547]
[548]

[549]

[550]

[551]

[552]
[553]
[554]

40
4091 F2E A B S Uk 7ho] = 1w 91 gRNA-Cas 2§, 2, CRISPR
BgAel B8 §204 Ez dvke] Sol 9l 448 ¥ YuS 3k
ek ar of A 71k

71 7Fol = w1 5 WX 50712 471D 5 ATk
T ZA, 7] 7Fo) = Q& 16712 |71 A, 17702 7144, 187119
A7, 19709 71ME, 20708 V1AL, 21709 A7]1A 4D, 2270 9]
A7 49,2370 71D, 2470 VI LD == 25709 VMDY 7 AT
T 24, 7] 7hel = Zwl& 16712 714 L, 1770 47144, 1871 <]
A7, 19709 71ME, 20708 V1AL, 21709 A7]1A 4D, 2270 9]
A7IAE, 23709 A71A L, 24709 G7IM L B 25709 QUM DS 28 4
A
oluf, &7 7hol| = EH|Ql& Thol = A& 3t
A1 7hol = M-S 1A FA A e 4k X
756L0 61—3,: o]L— APEEIO] oﬂy];ﬂ%ﬂ%}

H= = [}

e
)
0%
o’
)
o

A7) 7ol B DL F 4 F-A R = A A ]}\1 T A Aol AR A EAL
A Qo dE 5o 23 70%, 75%, 80%, 85%, 90% 1= 95% ©] /-2l

R A o) ALY = s A G R AR Ak A Ed 4 T

2] A Z2A, 7ol B A E S A {42, =, PMP22 f- A 2Ee] 4] A D
*c}l-i*é A ;ALY 5= Ao, o & Fo HASHT70%, 75%, 80%, 85%, 90%

3= 95% ]3] *JEX—? o) A} Hi= ¢S A FR AR Ak AEd 5 Tk
A7) 7hol B A2 5 WA 50709 V1AL 5

TEZA, 7] 7hel= A& 16709 A7 E, 17709 71449, 1871 9
A7, 19709 71ME, 20708 V1AL, 21709 A7]1A 4D, 2270 9]
A7 E, 23709 714D, 24709 AV E BE= 25709 V1M DD 5 AT

TAAZA, 7] 7hol = A2 16719 7ML, 1771 G714 <L, 1879
A7, 19709 71ME, 20708 V1AL, 21709 A7]1A 4D, 2270 9]
D71 D, 23709 7ML, 2470 VI LG = 25709 VM DS 29 4
A

A FA | ZA, Tho| = L& PMP22 5] 314 A Dol AR A Q)
M AR 1670 AV E, 17709 714D, 1870 e 4714 <, 1970 9]
D719, 20709 V1AL, 21708 V1AL, 22709 7]A 4D, 2370 9]
D71 D, 24709 VM D == 25709 AVIMLL 5

oluf, 7ol = A2 A F-7AL, =, PMP22 F-74H9] 34 A D
2,3 3,384,385, %6 % 379 7 A o1, ool AjgketA] =t

oju, 7] 7hol = =Rl 7ho| = M X 37 VD& 3 o Aok

A7 F7F A7 1 WA 35709 ArIAEY AT

A FANZA, 7] F7F GV LS 10 AV E, 2709 V1A E, 370 4]
A7, 4708 71D, 5709 A7, 6708 AL, 7S VA4,

2 ELE
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[556
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[559

—t e e

[560]
[561]
[562]

[563]

[564]

[565]

[566]

[567]

41
379l 917149, 7)) G719 = 10709] G171 5 gLk,
y

o 501, 471 7 VI DS e AVIME Gerrobehe = /lew, B
2789l 9719 GG 4= Slt,

71 F7F A7 EE 7] TRl E el 5t ekl fA S 5= St
71 F7F A7 EE 7] TRl = A4 ] 3 kel fA S 5= STt

phosphorothioate linkage, locked nucleic acid(LNA), 2'-O-methyl
3'phosphorothioate(MS) ®=5= 2'-O-methyl 3'thioPACE(MSP)Y 4~ 8] 2.1}, o] <]

A ek A o=

i) Al 1 ARA =gl

A1 gRA B2 Al 2 4R B R A D& E3si, A 2
ARA E Qi o] FrteE AT F AS AEE JRAES

olu], A7] Al 1 AR A Zwl& 5
SR A T Qe 5 R 357 2] 1714 .

A FAdEAM, 7] Al 1AARA =l 5708 714D, 6719 7144,
79 A7 A, g/ AVAA, 9719 AV A, 1071 G, 1172
D7D, 12709 VI, 1370 714D, 14708 A7IAE, 1571 9
D7D, 16709 7ML, 1770 714D, 18708 7ML, 1971 9
AL, 20709 714D, 2170 A71M E, 2270 9] 714 L, 2371 9
A7NIALG, 24709 71D = 25709 E71LD Y 9=

g A A2, A7 Al 14EA 2ol 57 7] 4d, 672
A7NAE, 70 AVIA L, 870 AVIA L, 9709 AVIA LD, 1070 V1AM &,
119 A7 E, 127019 714D, 13719 |7 L, 14702 714 <L, 157119
D7D, 16709 7ML, 1770 714D, 18708 7ML, 1971 9
AL, 20709 714D, 2170 A71M E, 2270 9] 714 L, 2371 9
A7 LG, 24709 971D = 25709 1D S £33 = gl

A7 A GRA B Q1S AR o] Al 1 ARA Bl A s
TEA A, B AR Al 1 4RA S oR Y E falE 5 Aot e
71 A AR A B Qe A el EAfEHE Foll whet Al 1 RA Bl
Q7ML 2ol 7F EAT G Ao, Aol EA = Fo] EgetE Al L
ARA Er Qe 2R Y FHd 4 QoL e Aol EA sk Fol £E sk Al
1 AE A Sy} A3 iz kA JF5AS 7HE 4= 9l

A FA A ZA, GV A 1SR A B9l ~2EJIE I 2 1.8 A ] A
Streptococcus pyogenes), 7+ 2 Z 8B A 5= (Campylobacter jejuni),

S ERE I A X~ M 2 2 (Streptococcus thermophilus), 2~ E 5] E 7 2~
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[569]

[570]
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42

oF-5-d|-5-2=(Streptocuccus aureus) = Yl ol Al g o} WY 7] Y Bl 2x(Neisseria
meningitides)2] Al 1 R4 =d|Q = el ¥l Al 1 R4 ZuQla) A7 H A4
50%0] %, = AT AsAS 7HE S 9l

g Zol, 7] Al 1 AR mlR1e] AR 2 ) A 2] A 1
A0 S E AE R Ea s 8 2 A2 f ol A 1A Elele)
85,471 A 14 R A 212 5-GUUUUAGAGCUA-3'Y 4= 9131, T
5-GUUUUAGAGCUA-3'9} A3, 2o &2 50% ©] 2] 545 7HA1+=
Q714 L & ek o, 7] A 1A £ 27 (0,8 FH, 2,
5-GUUUUAGAGCUA(X),-3', & = 3t} 471 X3z 971 A, T, U % G= o] F01%]
Tl AelE = Qo A pe AL R, 5 WA 159 A5 ¢
I ol e, (%), & B A7 A el ol vhEe] whEel gl i 917
AT, URG7I-23E A7l 97149 5= Ao

R o el A1 A L8 Sl Rle] YA A2 A )
A Sl ) i TR A fel A 1A SIS, ] A
1 %414 =21 5-GUUUUAGUCCCUUUUUAAAUUUCUU-3'Y 5= 9L,
Y= 5-GUUUUAGUCCCUUUUUAAAUUUCUU-3'9} A, A o 12 50% ©]/d<]
AERAE 7= AVIAEA ATt ol ul, AV Al 1 AR A =l FUER
X)ns £3, =, 5-GUUUUAGUCCCUUUUUAAAUUUCUU(X),-3', é;} T At
A7l X= 971 AT, U R GE o] Folxl ool A AeE &= glom, 7] n
ALY R, 5 WA 159 B = Aok o, (X)& T4 'J F71A L9
A7l hE e WHEd 42 Q1o = VT AT, U R G735 A n7l 9]
AL 5 ATk

02 A A Z2A, 7] Al 1SR A =Rl ZF b g of vhE| 2] 5(
Parcubacteria bacterium (GWC2011_GWC2_44_17)), &F= 2~ 2} Al off
vl 2] =-(Lachnospiraceae bacterium (MC2017)), S-E| 2] H] B 2] &
3 2 )| @ Z 2 Al A 2 (Butyrivibrio proteoclasiicus), ¥ @l 1] W Uk 2] o} HFE]| 2] =(
Peregrinibacteria bacterium (GW2011_GWA_33_10)), A thv] = H 2 of] 2~ 3(
Acidaminococcus sp. (BV3L6)), 3 23] 2 2.1} 2 viFL ) (Porphyromonas macacae),
g} = 53] 2h A of) vt 2] =-(Lachnospiraceae bacterium (ND2006)), 3 2 3] 2 F.1} 2~
A ] 2 2] 7 Z2(Porphyromonas crevioricanis), 3 @] 2. &l 2} t] o] )l 2~ (Prevotella
disiens), P&} A e} ¥ X 2] (Moraxella bovoculi (237)), 2=1] o] & &} of 2~ 31(
Smiihella sp. (SC_KO8D17)), 31 X 3] &} o]t} 0| (Leptospira inadai),
g} = 23] 2h A ol B 2] - (Lachnospiraceae bacterium (MA2020)), 3 gA] 4l 2}
=B Al S (Francisella novicida (U112)), ZNt] 52~ W g} =& 2h =2 v} @ u] E(
Candidatus Methanoplasma termitum) %= ol 72V 2] = & 2] 2 2~ (Eubacterium
eligens)2] Al 1 R4 S = FulE Al 1 AR A Sl A5 FHA
So%o]/\o]—, o= 94.;(4 3} /\]—EZ_H 0 7].7&1 2= 01

i O

dE& 501, &7 Al 1 ZRA srQle] #Ftdbe efol vhe 2] &-2] Al 1 4R
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[573]

[574]
[575]
[576]

[577]

[578]

[579]

[580]

[581]

[582]
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43

0,

VL

= ke ol whe g2 FrEl Al 1 3R A Bl A, AV Al
212 5“UUUGUAGAU-3'Y 4= 1 a1, &=+ 5'-UUUGUAGAU-3'9}
50% ©17d2] FEAd S 7 = A7IAE 7 Ak ol d, 47 Al
01L& 7R (X),S *3, =, 5-(X),UUUGUAGAU-3' & 5= it}
1A, T, U GE o|Fo] % oA Al 4= gl o 47| ne

of /N2, 1 A 59 Y = At o] ulf, (X), = T U G714 L9
bl bl = QJaL = VAT, U R G7F 23 4 7l 9

2

bt
E g &7

A2
" o

2
N

) d
1e r

L g

PS
7

=
|

-
e

©,

>/

4

2 oX 12 oX ox 1S ox i

NN N Er ok &
X

)i

_1

%

%,
)
a3
o
il

7T A EA mle] A7 e A Him W= sheh A
s1ak 4= ot 7] 3184 ¥ ¥ -2 methylation, acetylation,
phosphorylation, phosphorothioate linkage, locked nucleic acid(LNA), 2'-O-methyl
3'phosphorothioate(MS) H=1= 2'-O-methyl 3'thioPACE(MSP)Y 5= 9J .21}, o] <]

A ghE A] e =

(g
odtt
o
kd
gE
\

iii) 14 =2l

A4 SRl F ) o] RvRls st gk Ad R, A Rl
FU3 = AR UE F ) o)A el AAst Ad = ele F )
ol 49 Tl A% i Bl F A S o 4 9laL, B Ul o]
EHRlE FHA e HFRAoR AT -

A7 A =l Al 1 R A Bl A 2 AR A EdRls 45|
GATFE RNAS AT 57 Q&5 o= ALY 5= U

A7 A =Rl Al 1 R A Sl A 2 4R A = FRA e s
HlFF-2%3s o 5 A

A7 A =& Al 1 R A Bl A 2 4R A EdQle 34 i
H|Ff-4 o5 A4s 4= 9]

A7 A Ede 1 A 30719 GUIAMEY ATk V] A2 Bl
WA 3049 Q17142 S Tae 5 gl

FANZA, 4] Q7 A 1WA 5AL] 714D, 5 A 107
Q714210 U170 157121 971412, 15 W12 2071e] 71412, 20 WA 257) )

A71M D =25 WA 30709 7L 5 ek

TACEA, 7] AE Bl 1WA s7hel 71D, 5 WA 1079
D714 L, 10 WA 15709 714 L, 15 WA 20712 1714 D, 20 WA 2571 9
A7 D Eaz 25 WA 3070 9] VIS seket o 3l

7] A4 =r 1S G ATFEL gRNA W-Abell ALg-at7] o] A st o] 5
gRNAS] A 1 7he 8L Al 2 7heh 3t 5 A 9 = Bl g d g shr1 v, = Al
7hE R A 2 b S A i W TR A R A ste] dlv e gRNAS
Aol ALg-E 4= it A 7] d =191 o]F ¢gRNA2] crRNA 2 tracrRNA 3}

[o8]
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[587]
[588]
[589]

[590]

[591]

[592]
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44
FH-A% =0T A A Y, B orRNA 2 tracrRNAE 37-4 4=
H]FF-4 o2 Adslo] GA7FE gRNAE A Ag2 5= 9l
A7 AE EW2 AA -2 A, ol & 9] tracrRNAS] Y- A Q3
AEAAE LAY, B ol 2R FHE 7 3

A rrQlel A A = A= e HE s
ESEEE = v} 471 8814 ¥ 3 -2 methylation, acetylation, phosphorylation,
phosphorothioate linkage, locked nucleic acid(LNA), 2'-O-methyl
3'phosphorothioate(MS) ®=5= 2'-O-methyl 3'thioPACE(MSP)Y 4~ 8] 2.1}, o] <]
A ghE A] e =

olu], 7] Al 2 4R A ZwQle 5 WX 35712 47| EL 5 At 7] Al 1
FRA Bl 51X 35709 A1 LE EEE 5 Q)

T 2M, 7] A2 4RA e 5] AVIME, 6719 AL, 709
A7IAE, 8709 A7IALE, 9719 A7IA L, 1070 71D, 11719 A7 4,
1270e] G71AME, 1312 G714 4D, 14709] A71A L, 1571 G714 €L, 16712
AL, 17709 71D, 1870 A71M E, 1970 9] 714 L, 2071 2]
A7 L, 21709 G714 L, 22719 G71A L, 23709 71X L, 2471 9]
A7 D = 25719 AVIAEY 5 Aok

T 2M, 7] A2 4RA e 5] AVIME, 6719 AL, 709
A7IAE, 8709 A7IALE, 9719 A7IA L, 1070 71D, 11719 A7 4,
1270e] G71AME, 1312 G714 4D, 14709] A71A L, 1571 G714 €L, 16712
AL, 17709 71D, 1870 A71M E, 1970 9] 714 L, 2071 2]
A7 L, 21709 G714 L, 22719 G71A L, 23709 71X L, 2471 9]
AV E E= 25709 AVIAE S 233 5

ESH GV A 23R A SRl Ao Al 2 ARA Sl AEAd S
TEA A, B AAFH Y A 23R A Bl o Ry f 2 4 vk Ee
71 A 2 4R A Q- 2kl el EAEHE Foll whek Al 2 g R A |l
A7 Gel 2ol 7 EAT 5= Ao, Aol EA S Fo] E9ShE Al 2

AR SRR E] ol B 5 93, iz Aol EASE Bo] Tk

L >
A2 R Sl Y i g d AL M 5 9
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A FA A, A7) A2 ARA S e 2EE T A 5 ol ] 2
Streptococcus pyogenes), 7+ 2 Z 8B A 5= (Campylobacter jejuni),
S ERE I A X~ M 2 2 (Streptococcus thermophilus), 2~ E 5] E 7 2~
O}~ -§-2=(Streptocuccus aureus) H=oi= U] o] Al 2] o} v \d 7] T ¥] 2 (Neisseria
meningitides)®] Al| 2 & H. A =v Q] = FreffE Al 2 AR A B Qi dF, A
50 %ol i Ak AEAS A 4= 9t

ol & Eo), 7] Al 2 4R wrRle] 2EREDA A 7 2 A d 22 A 2
ARA EQl BE AERE A2~ 3 QA 2 fE Al 2 AR A Rl
A5, 2471 Al 2 24 RA v 91 5-UAGCAAGUUAAAAU-3'Y = 9131, 4= 5
UAGCAAGUUAAAAU-3'9} L3 H o5& 509% o] /g2 Asd& 7HA] =
A7IAEL AT E TATE Al 1 ZRA Sy o] Frteg A=
A7 G). o), 7] Al 2 FRA Er QS F7HE (X), B/ Xes 3, 5,
5'-(X), UAGCAAGUUAAAAUX),-3", & 5= k. A7 Xi= 971 A, T, U L G&E
o] Folzl oA MelE =glom AV n Y mE 7L MR, A7 n
1WA 159 Ao 5= Ao, %71 m< 1WA 64 7 vtk oW, (X),> &4 L}
A7 D] A n/iREE e vHsd = QA = 9V AT, U 2 G7F &34
Aol fA7IEd ‘RAE} ESH (X)), e A7IALE Y G5 m
ol RER A 5= AL, = V1A T, U R G723 A m7l o |71 LY
T AT

EOE 5 5o, 7] Al 1412 mrlo] A 2uhe] A5 2] A 2
/\]—EX—] Euﬂ o] o= ﬁ“éfﬁmﬂ ;q]_rq _H_EH ;q] 2/\1-E;<4 Euﬂ o] o] 7:1 o] /\]—7] ;q]
2R A 912 5-AAGAAAUUUAAAAAGGGACUAAAAU-3'Y 4= 9l a1,
E= 5-AAGAAAUUUAAAAAGGGACUAAAAU -3'¢F At Ao & 509 o] 2]
AERAE 7= VM EE F UATHESE FA = A 1R A =9l
o]F7terE AA = F7IA D). ol], 7] Al 2 AR A =HRlE FIFE (X),
T=E X)es £33 55, 5-X),AAGAAAUUUAAAAAGGGACUAAAAUX),-3',
g A A7 XE 97T A T, U R GE o] Fo 3] atoll A e 5= qlom,
A7 0 1WA 159 B = AL, A7 mE 1WA 64 = Aot o, (X),&
ML A o7l BHE] wHgd 5= Qa1 B V1A T, U 2 G7F
Fofel 971 Ed 5= Ak E ‘J(X)mb ol o)A Ao H
o] ¥kl == QlaL, 3= }1 7] A, T, U % G7F =&4¥ 8= m7) 9
o
Q_—rL

ox, i
N

Parcubacteria bacterium (GWC2011_GWC2_44_17)), &F= 2~ 2} Al off

vl 2] =-(Lachnospiraceae bacterium (MC2017)), S-E| 2] H] B 2] &

3 2 )| @ Z 2 Al A 2 (Butyrivibrio proteoclasiicus), ¥ @l 1] W Uk 2] o} HFE]| 2] =(
Peregrinibacteria bacterium (GW2011_GWA_33_10)), A thv] = H 2 of] 2~ 3(
Acidaminococcus sp. (BV3L6)), 3 23] 2 2.1} 2 viFL ) (Porphyromonas macacae),
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[601]
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[603]
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46

g} = 53] 2h A of) vt 2] =-(Lachnospiraceae bacterium (ND2006)), 3 2 3] 2 F.1} 2~
98] 2.8 7+ 2 (Porphyromonas crevioricanis), 3 @] 2. & 2} t] o] ol ~(Prevotella
disiens), P&} A e} ¥ X 2] (Moraxella bovoculi (237)), 2=1] o] & &} of 2~ 31(
Smiihella sp. (SC_KO8D17)), 31 X 3] &} o]t} 0| (Leptospira inadai),

g} = 23] 2h A ol B 2] - (Lachnospiraceae bacterium (MA2020)), 3 gA] 4l 2}
=B Al S (Francisella novicida (U112)), ZNt] 52~ W g} =& 2h =2 v} @ u] E(
Candidatus Methanoplasma termitum) %= ol 72V 2] = & 2] 2 2~ (Eubacterium
eligens)2] Al 1 R4 S = FulE Al 1 AR A Sl A5 FHA
SO%O] /\]— L= 94.;(4 5} /\]—EZ_H 0 7].7&1 2= o]q_

o E E01, 7] Al 2 AR A Zrle] e gl o} vhe 2] 5o Al 2 4 H. A
Ahe| 2l o} B 2] = Frell Al 2 B EA =l A, AV A 2
212 5-AAAUUUCUACU-3' & 5= 21 aL, 3= 5-AAAUUUCUAC
Ao 50% o] 39 AEA S THA = AR F AHk(E =

=2
0,

o2}
o’
o
° e
U
g3
o

o

é ols

U-3'¢} A4,

BAI= AL ARA vl olF 72 A= 714 Q). oldl, A7) Al 2
AR A Tl F7E (X), B/ XS X5, =, 5'-(X)HAAAUUUCUACU
X)w3' & 3 *o 71 XE G A, T, U 2 GE o] Fo] A ol 4] AlelE 5
N, A7 nH mE AVIMEY T, A‘71 n< 1 WA 109 A4 7 Ao,

47] mE 1A 69 5 gheh ol ), (X),& FAT 71 A ] H5 0w
el 4 gl S Q1A TU S 67 £ 4wl 971499 ¢
3 Q7o) o mol mrEe] wkEel 4 g, i

2
£ AFmA el 4712 5 2

-

:

O]q‘ L(X)mb%
037] A T UEﬂ G7 ]_

A el A o 2 AlY] ;q] 2AR A Tyole] @A o i AR 5eh A
WE g x3e 5= ot 7] 3184 ¥ ¥ -2 methylation, acetylation,
phosphorylation, phosphorothioate linkage, locked nucleic acid(LNA), 2'-O-methyl

3'phosphorothioate(MS) "=+ 2'-O-methyl 3'thioPACE(MSP)Y <= 3} 2.1}, o] 9]
Al g A &=

v) =9 v Q1 (proximal domain)

T =9l A 2 FRA e Qle) 23 el X sl 1 W A] 2071 9
A7IMDE, Al 2 4R A =Rl 3 W gko] Y A5k S| Qlo]t). o] u), 4]
T E QLS Y S Ql o] AR A AR o] T AdE
A 5 ok

A FA A Z2A, F7] 29 Bl 5719 AL, 670 |7IAE, 7719
A7 E, 870 AVIALE, 870 AVIA L, 970 AVIA L, 1070 V1AM &,
1Y G714, 12719 G714 L, 13719 G714 L 14719 G714 E =
15718 71 L 5 Aok

& A ZA, A7 29 =& 5709 |71, 6719 E71A4E, 7719
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[607]

[608]
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A7 4, 8708 A1, 8709 A7, 9709 71D, 1070 V1A <E,
11718 714 E, 12709 971D, 13709 471D 14709 714D =
15709 71L& 283 5

5 AV 9 =S A 2 mEll ) s E
Ao 2 mHQle 2R Fof 2 ¢ Ak S A7) F9 =Rl
AbA el EAsh= Foll whek 29 w1 frIA Dol zpo 7t & b
Aol EAEh= Fol EgHehE 9 EHI 2R o EH
Aol EAEh= Fol EgFeh= 9 =l A e b Ed A
T Aok

A FA A ZAM, 7] 29 SHlQlE 2EQE T7 2 3] @ A Y| 2 (Streprococcus
pyogenes), 7F& 28| A=Y (Campylobacter jejuni), =~ E S E I H X~
A 2. 2] 2 (Streptococcus thermophilus), 2~ E 3] & A 2 o} - §-2x(
Streptocuccus aureus) == U] o] Al 2] o} v \d 7] T] ¥] 22(Neisseria meningitides) 2]
T Bl e fdE 2 Bl AR, H A 50% o), e ek
e S 7HE o A

oA & E0], 7] 29 Zvflo] AEJFEFA AL J AU 29 29 =2l
e 2EREIAS IQAY A Ff 29 2RI A5, 7] 29 Bl
5-AAGGCUAGUCCG-3'Y 5= Sl 3L, *E1= 5-AAGGCUAGUCCG-3'¢} At
% 50% o739 FEdES 7HA = A7IALY AT oW, AT 22
T 9lE 7R (X)) S 23 ., 5“AAGGCUAGUCCG(X),- 3', o AT A
Xi= 971 A, T, U 2GR o] Fo R o4 Ael=E 4= Q) o A7 nd
A7IMd e R, 1WA 159 A = vk oW, (X),2 L g G714 LD 9
A nfRba e s = Qo == 971 A T, U 2 G7F %%LJ A n7l 9
A7IAALEA 7 ATt

ETE o5 S50, 37] 29 muQle] FHE R AT o 29 =l B
A2 ATy e 29 =l A, 3] S el
5-AAAGAGUUUGC-3'Y 5= 9L 3L, 3= 5-AAAGAGUUUGC-3'9} &, Ao &
50% ©17¢el s dE 7HA = I E D = vt o, ] 29 = el
F7FE XS £33, 5, 5- AAAGAGUUUGC(X)H 3, ¢ AT 7] X= A1 A,
T,U X GE o] Fo|%l ‘7101 | A el = o, AV nd VMY TR, 1
WAl 409 B = vk oW, (X), & FA e AV LY Al THE 9
HEd = AL EE GV A T, URG7EEZSE B a7l o] 7IAEd
A

t

A

o

B0 2 7] 9] mvle rIMde A s s Ble A g S
ESEEE = v} 471 8814 ¥ 3 -2 methylation, acetylation, phosphorylation,
phosphorothioate linkage, locked nucleic acid(LNA), 2'—O—methy1

3'phosphorothioate(MS) 3= 2'-O-methyl 3'thioPACE(MSP)Y <= 3] 2.1}, o] 9]
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vi) 28] =]l

we] E el e 7bek gRNA FEi= 0] 5 gRNAQ 3 Whete] Heldo g
F7hE Qs wdjle g, ] ae] 2l 1WA 507] 9] A Ed
dowm, =AY aEl Sl 1 WA 5079 GYIA S 2§

912 3
oluwf, A7 Ae] Ew el my] =9l el AR A 9y ALke o

AL, 10 WA 15709 A7 D, 15 WA 2070 9] 714 <, 20 WA 2578 2]
A7 49,25 WA 30708 B71AE, 30 A 35709 G714 4D, 35 A 4071 €
Q7147 2, 40 W 4570 2] 917141 2 2= 45 1A 5078l 1AL 5 AT

TRl A, 4] ae) mel e 1 A sl 971 s A 107h9)
AL, 10 WA 15709 A7 D, 15 WA 2070 9] 714 <, 20 WA 2578 2]
A7 49,25 WA 30708 B71AE, 30 A 35709 G714 4D, 35 A 4071 €
A7 L, 40 A1 457] 2] 7] D 3= 45 WA 507 9] AL 23T 5
)

g, 4] 2e) Sl Aol freh el ael Eulel s 5 7 7]
AQgelel iz Evde w e o 1 5 ek Ea, A] ne) mee
AQlol] E )8z o) wel wel Eulele] g7 el ol 7k & AT 4 Rev,
Apglel EASRE Fo] Eeahiz me] w0 2 e fo) B & R, Eis
A1) = A5 Fol FEetehi wel Evlgle) R i 9w A E
5 ol

A A 2, d7] ] vl ~E R E A7 2 I @ A Y| 2 (Streptococcus
pyogenes), 78 29| A F=U (Campylobacter jejuni), =~ E F E A H
A 2. 2] 2 (Streptococcus thermophilus), 2~ E 3] & A 2 o} - §-2x(
Streptocuccus aureus) == U] o] Al 2] o} v \d 7] T] ¥] 22(Neisseria meningitides) 2]
A =Rl B frefE Al =l A, H A S50% o) B e g
AERE 7 3

& 5o, A7) Ay LHle] 2EFETA L 3] @ AV 29 Ay Ll
T 2EREI7 A oA 2 f Ay SRl A, A7) Ay el

5-UUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC-3'Y

~

P 5 i
5-UUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC-3'9} A+, A o] &%
50% ©]/39] e dE 7HA = ALY 7 At o], A7) Ay el

FEE Xoe 29 5,
5-UUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGC(X),-3', 3 4= U th.
A7 X= A71 AT, U R GR o Fox] ol A AdEid &= Q1o 7] n
D71 AR, 1WA 159 Ad 5= Ao oldl, (X) FLE AV L9
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B HEe WA 5= AL EE 9V AT, U R G7FE3E A5 0/l 9]
A7 5 ATk

ETE o5 S50, 7] ae] m=uQle] FFE RuE AlFy o Ay =l e
A 2ube] Ay S g 2vQl9l A9, A ] A mv e
5'-GGGACUCUGCGGGGUUACAAUCCCCUAAAACCGCUUUU-3'Y = <)
= 5-GGGACUCUGCGGGGUUACAAUCCCCUAAAACCGCUUUU-3'9F &3,
A% 50% o] /F2] FEdE 7 E ALY 7 At olu, 4] Aie
Tl 7R (X), & 23, &,
5'-GGGACUCUGCGGGGUUACAAUCCCCUAAAACCGCUUUU(X),-3, &
At 71 X= 971 A, T, U 2 GE o] Foixl ol A AEd 4= 1o, 7] n&
AL MR, 1WA 159 F5Y = ATt o1, (X)), T g VA E ]
A/ T A 0, BE 9V AT, UZ G7FEdE A5 a7l g
A7 5 ATk

2 A FA e, 7] 2e] m 9l Alg ] i AA W AAR HH )
A 3 g o] 1 WA 10719 71L& 2§ 5

al,

2|

o & 50, T7 ZEFE 7} gRNAS A3 ] AALE 98] A& o), 7] Ag
L-w[Q1-= DNA F8 9 3 dto] EAshE= 1o 71D 5 At =3 U6
T2 WE7F A W AALE 8 AR = A5, Y] ae] 59l UUUUUU
A 5 Ao, Hl ZEZEE 7 HALE el AHE 5= -9, A7) ane] =9l
UUUU ¥ 4= 131, pol-IIl L2V EE AL&51= 490l =, A7) 2ig] vl

| ie) Evele] 7] Qo] Ay miz A BehH WE L
ESEEE = v} 471 8814 ¥ 3 -2 methylation, acetylation, phosphorylation,
phosphorothioate linkage, locked nucleic acid(LNA), 2'-O-methyl
3'phosphorothioate(MS) == 2'-O-methyl 3'thioPACE(MSP)Y 5= 21 2.1}, o] <]

A ek A o=

gRNA= 710l 71 A | vle} o] tha=9] vl e 23
Feboh= mrldle utel At M de] dol& 2d e 5 jlan, Z47e] mglo]
o 32k el Hi= gRNAS] 24 FHj ol 7l = 7te it dastee
- Aot

gRNAT 7 gRNA(H Y RNA -4y 3= o] F gRNA(SHH 279
AR 2709 o] RNA A4S 28ehEA %34 == 9t

:

o] = gRNA
°]% gRNA= Al 1 7Fe 2 A 2 7her o 2 A
oluj, 7] Al 1 7}eh-&
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[640]

[641]

[642]
[643]
[644]

[645]

[646]

[647]

5'-

[7hel = = Ql)-[A] 1 R4

] A 2 7k

5'-

SV

F49 5 Ak

°|

o, 71 A 17k

tracrRNA = X| & = = 91},

A1 7}
7}o] = o]

#47) A 1 7Hekel A g7 The]
Rk 4R A A % 5
1= Mge £ a4 EE 9

2 23 70%, 75%, 80%, 85%, 90% B== 95% o] 4+ <]

}o

ML o5 5

i

50

PCT/KR2017/010897

Q3o s FAE 4 9)ar

(Al 2 73124 Zw Q][+ %= ) (proximal domain)]-3' =
1A 2 4R A S Q][+ v Q) (proximal domain)]-[A1 8] =W Q1]-3' 0.2

<& crRNAZRIL A3 5= QlaL, A 7] Al 2 7heh2

AR A AL = sl R A AL 5 Gk Tholm wrlgle

gRNA-Cas 34|, <5, CRISPR 534 2] 34 &

Z] 2

HEAEE T 5 YRS 43S Bria o AL,
o), 7] 7hol = w1 e 5 ] 507hS] G DD Yo, Eiz s A
50709] 971 A& EFE 5 Ak AE Fol 47] shol= mvlele 1679]

A7
A7

1L, 17708 |71 <L, 18702 4714 <4
149, 21709 47142, 2270 9] 4714 4,

iz 8 41ake] Sol 49l

2, 19719 71X <L, 2070 9
2371 2] A7 A, 2470 <]

A7) A w2579 v Al 42 glon wi= o] 2 Eekel 4= g},

Q}Ei}ﬂcq At g 4= 9loy,

°|

50709 71 A E3HE et o E
1A, 1770 e 9714 <4, 1871 9 ?%71*1
144, 2170 4714, 2270 9] 91714

A7
A7
A7

Q)

&l A
U

= T A

E3H 7] 7hol B Rl Thol = M E g 23S 4 QT
ojuf, g7] 7hol = L& A4 {AA} iz Ak Aol A 1A A Dt A HE A
AjbS o dE AREAR QUMD = ARAS T E AVIALEY
Rom o Z 5o H A3 70%, 75%, 80%, 85%, 90% HE3= 95% ©] 4+
AR A o) ALY = e A A RARQ A7IALEY 5 9
A A ZA, ThO] = A2 A ﬁ} ﬁ,PMPzzTr Azt 324 A Dol

of & 2 28 70%, 75%, 80%, 85%, 90%
L= 95% o] /g2l R A o| A} = %ﬁé}ﬂl AR A A A 4= At
o, 7] 7hol = A D2 5 U1 %] 5071 9 0371*105%1 o, =5 WA

7] 7ol = AL 1670 9
2, 19719 9714 <E, 2071 9]
A, 23719 A7IAM L, 24719

199 mz2s7he] 4 1A 5 Qom, iz o] X3he 5 qlek.

A
gd 5 3le

u;]m:

2] A o A, 7Fo)l = A D& PMP22 A AL A A Dol AFR 2 ¢
A2 5 WA 50702l 7] A

5 WA 5071 2
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AN DE £318 5= At d & 50, 7] 7ol = ML 16719 1714
17709 714, 18709 714D, 19708 7ML, 2071 9] 17144, 2170 €]
D7D, 2270 A7IM L, 23709 71D, 2470 9] 7T E Hi= 2570 9
%7]}‘1%?—:‘1 Z,: e} OU:] r= o]i E'é‘]—%]— 2= olq_

OIUH 7P°lE MAE B4 F312 =5, PMP22 312 54 A2 oA 27

LI 2,3 3,384,385, 36 2 379 VA o, o] ol AlghslA] eFi=t.

éﬂ‘i‘i;ﬁlgi, 271 7ol = m=HRl& 7P°lE ME L F7E 714 dg 23 7
A

olw, 71 F7F A7 EE 1 WA 35719 AVIALY 5= ATt o & , 371
F7F 71D 1709 A7 L, 2709 7ML, 370 9] %71*105,47114
D7D, 5702 71D, 6702 71D, 7708 71D, 8709 VA4,
972 719D = 10709 F7I LY =

A FA A ZA, 7] F7FAVIALS 1719 71D GE-ePhY o e,
E=271e A7 E GG = 3l

olwl, 7] F7F A7 EL I 7P°lE LwQlel 5 beke] /AT 4= gl o,
= 7Fo) = A d o 5 kekel] X E 4= 9l

A7 F7F A7 DS 2] 7ol = Euﬂﬂ/] 3 uelel] 9|8 5= glon =
7ol = A d o] 3 dhgte] 9|3t 4= 9l

A1 A A Ego]

A L4RA w91 A 2 7hete] Al 2 4R el g g
Eahokm, Al 23R4 Sjelst o] 7S YAV & 9% Aol Fr gL

7HARz _lel

ofw, &7l Al 1 FEA w12 5 WA 3570 of A7 Dol 7, Baz 5 A
35709l AVIN = T 4 Atk o5 501, 471 A LG EA Bl 5749
A7IM L, 6718 VI D, 7 [T D, 870 e SVIA A, 970 el 41D
10742} A71AL, 1171 A7IA L, 12709 G714 D, 13709 714 <D, 14709
A7IM L, 15708 f71M 4D, 16709 71D, 1742 917]A D, 187) ]
A7IM L, 19708 §71M D, 20709 V1M D, 2170 €] 9171 D, 2270 ]
D7D, 2370 9] 4714 D, 2470 9] 171D ez 2570 9] VI DD
Slom, iz o] & ¥R 5= gl

A7 A1 ARA Eol& AAASao A 1 ARA Ty oli) A%AS
THAAW, s Al fe el Al 1R A Evole 2 e f- € 4 v i
71 A 1FEA EvQlE Aol EAfSh Fol whet Al 1R A S|l e
B7IA Lol ZFol 7t & XH%H**?}QE] ApRlell EAIshz Fof Ehshz Al 1
FEA Ll e 2 e frefl g 2laL, s ARl EA ks ol iéﬁ}%
Al 17gRA ml Q1o i s b d e S 7 5 9l

A A e 2], G7] Al T AAEA BRI ~ESI R 2 5] 8 A vl 2(
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[661]

[662]
[663]
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[671]

[672]

[673]
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Streptococcus pyogenes), 7+ 2 Z 8B A 5= (Campylobacter jejuni),
2~ E N E F A 2 W B 2 2(Streptococcus thermophilus), 2= E 5 & 5 7] 2~
o} -9 §-2x(Streptocuccus aureus) H== U] o] Al 2] o} W d 7]t FJ Z~(Neisseria
meningitides)2] #| 1 FRE A Sl £= Falg Al 1 R4 Suly A7 FHA4
50% ©)7d, = @A e S 7HE o Aok

A o8 A7 A1 GRA S|l Al 2 7he o] Al 2 AR A ¢l a
ARA AGE 5 = FUF VI E S 2 4
olu], 471 F7F 7ML 1 WA 15709 A7 LY 5 ATt o & 5, 7]

WA 5789 97144, 5 WA 10709 971 <L, Bz 10 WA

Mg 0w ) Fhol = mulel iz Al L 4RA wul9le] 7]
A = A= 3leh4] HE e ;‘Lﬁa AT}, A7) sFekA HE e
methylation, acetylation, phosphorylation, phosphorothioate linkage, locked nucleic
acid(LNA), 2'—O—methy1 3'phosphorothioate(MS) H=+= 2'-O-methyl

3 tthPACE(MSP) = ‘F )\1\9—14' O] oﬂ Xﬂ 6LQ X] &=

whebA, A 1 e 3] 1Al sk ol 5[7he] = S QU A 1 g A
el e g FAE 4= 9l

Lk AT Al 7S A E _4,9_;,_ =712 0] 7| Ae E3ka 2= 9lt).

Q a2, A7 A1 e

5'-(Nurge)-(Q)m-3's Hox=

5'-(X) - (Niarge) - X)p(Q)n-(X)-3'A 7 U

O], 7] Ny T8 207 FE= 841 o] 59 A2t 4 1) ATE
4 513 A7 LRA, 7] N 51 04 557 A4 ] 29 A 2ol

sheh W 5 gl 97142 elol
Q) A ol A, Nirger ﬁjﬁ, A2}, =, PMP22 F-d 2] 314 A At

ARAN ATS T 4 = 914D & ek

ol u, 7] (Qu Al 1 A mrl 9l Fgehiz V1IN LE, A 2 7] 4] 2
I ARA ATS 3 5= Ay g s 23}

>
2,
o’
)
1
o

¢l 4] o}
Aol EABE Fo] Al 1 4R A muda) AR = s AEAd S T =
A 4= gle, fElE Foll whel AV Al 1 AR A Z 9] 9 YA
HAE S A A7 QE A, U, C B GE o] Folxl ol A 742} 9 4
AelE G o, A7 mE QUMD G, 5 WA 359 AU
o & 5o, 7] Al 1 4RA ZQlo] ~ENEFA 2~ 1] QA u|2~9] A
W ) i AEAE AL I AU FEY Al 1A B Qs
B EE A e A S 7 A 9ol 7] (Que 5-GUUUUAGAGCUA-3'Y
2 5'-GUUUUAGAGCUA-3'9} 2 o] 52 50% o] 49 454 & 7HA &

r
O

o 3
Y
=
o

s ~L-7
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A7 5 2

o o &2, A7 ;ﬂl 1 G RA T Qlo] Hd 2] A1 9] A 1 R4 &<l
T gy Ay Fdl A LR A Sl AR s A AHEA S
7HA 74 5-l, A1 (Q)ne 5-GUUUUAGUCCCUUUUUAAAUUUCUU-3'Y <=
3L, 3= 5-GUUUUAGUCCCUUUUUAAAUUUCUU-3'9} 4 o] & 50% ©] 42
7HA = 71D Y 7 AT

o EZ, AV Al 1 ARA mle] 2EFIESF| A AR 229 A |
Wl = AEREIA A N EIY A Fof Al 1R A Bl

v e AT AAS 7 A9l 371 (Qu
5-GUUUUAGAGCUGUGUUGUUUCG-3'Y 5= a1, BE3=
5-GUUUUAGAGCUGUGUUGUUUCG-3'9} A o & 50% ©]/d<] A&d-& 7HA] =
A7IAdd 5= At

EH 7] (X Xy R (X)e= A A 072 371 5= Q)
Xi= A, U, C R GE o] Fo| i Fel| A 747 Ao
b2 e A7IMAY R, 0= 1 WA 209 A = Aok

A2 7}

Al 2 7S Al 2 AR A vl 9] vQlo® AR, AEl o= 11y
el bR F8)st 5= Qi

/—{;]2 /xl_z,g;q :u]]o]

71 A 2 7 A A 2 AR A T Q1S AT Al 1 7R ] Al 1 AR A
EH| 1T G HE A A DS 23, Al 1 YR A W RlE) o] F TS
HAT A ALEZ RS 7T Al 2 R A el A 1 ARA
A =1kl Fr A o] §li= V1A E,
o) rtes A A e 0371*1@% x3E
T Mszﬂﬁl,xﬂ 1*0@ TSR 7| E ] dol7k 4 = 3l

ojuf, 7] A 2 AR A T o1& 5 %] 357) 2] F71 Lol A, =5 WA
35709 A7 LES E8st 5= Q) o 5 5o, 7] Al 2 4 H A el 57) 9]
A7IAE, 6719 A7IALE, 709 A7IAL, 870 AVIALE, 979 VI 4,
1071 G71AM LG, 11412 |7144L, 12709 7ML, 13712 G714 €L, 14702
A7 L, 1570 G714 L, 1671 A71A L, 1709 714 L, 187119
A7, 19709 71ME, 20708 V1AL, 21709 A7]1A 4D, 2270 9]
D7D, 23709 V1ML, 24709 71D =250 VI EA 7
RO, L= o] E ¥3Fe 4= QU

71 A 2 R A S 12 AA R o] Al 2 A E A Sl gE A
THAAY, = A Q] Al 2 4 E A Sl 2 E £ 2 4
71 A 2 4R A 1 Aol EA sk Foll whet Al 2 AR A
D71 Dol zpo] 7} LA T = o, Apd el EAlshE Fo] E3shE A 2

t

\



WO 2018/088694 PCT/KR2017/010897

[684]

[685]

[686]

[687]
[688]
[689]

[690]

[691]

[692]

[693]
[694]

AR A T o 2 Y f2 = 4
A 24RA E i A e o

A A N ZA, 7] A 2 FRA Bl AEFIE A 9] 8 A W 2
Streptococcus pyogenes), 7+ 2 Z 8B A 5= (Campylobacter jejuni),
S ERE I A X~ M 2 2 (Streptococcus thermophilus), 2~ E 5] E 7 2~
o} -9 §-2x(Streptocuccus aureus) H== Y] o] Al ] o} W \d 7] Y] E] 22 (Neisseria
meningitides) 2] A| 2 % H. A Zw|Ql = e Al 2 AR A mdla A Ha

50% ©]7, E= A A S 7HE 4

Aepg oz A7) A2 4R A Euele Al 1 7hehe] Al 1R A w9l e
HRA ATS SARE 97D TP 5 ok

oful, 7] %7k 7ML 1 WA 25709] B71H DA 5 k. o) & Fof, 7]
7 AL 1A 5] B71A L, 5 WA 10709l 71412, 10 HA)
1579 714, 15 WA 2074 9] 9171419 sE3= 20 W] 2570 ] 9371 A 5

A7) A 2 7Feoll A 29 el 1 WA 20702 G7IALEE, A 2 AFH A
T ¢le] 37 vk 9 X &h= | Qlo|t) o & Eo], A7) 29 EwL 57) 9]
A7IA L, 6719 714D, 709 G7IA L, 8719 71D, 871 |VIA L,
oM A7, 10718 F71A4 D, 11719 F71A L, 127019 714 <, 13714
A7 LD 14709 G711 LE E= 15719 714D = o, B ol & g

% 9lek.

olm), 7] 9] Elele 9l mrlel el FRAQN 974 7ke] o] F7}e
433 YT 4 Aok,

e, 47] 29 melele A feel 29wl Qs 4B TFH A,
Adfee] 29 w2 fef B 5 Yok EW, Y] 29 wrlele
Aol EAshz Fol whek 29 w19 71Dl ol 7k EANE 5 9o,
Aol EA|SHE Fol EFshz 29 BWC R fef B Y, Ei
Aele] EAsH= Fol Takahiz 29 wulQld AR = @ BB 712
% gk,

A A 2, d7] 29 Bl 2EE A 2 I QA Y| 2 (Streptococcus
pyogenes), 7F& 28| A=Y (Campylobacter jejuni), =~ E S E I H X~
A 2. 2] 2 (Streptococcus thermophilus), 2~ E 3] & A 2 o} - §-2x(
Streptocuccus aureus) == U] o] Al 2] o} v \d 7] T] ¥] 22(Neisseria meningitides) 2]
9l =) A 2 Rl A, H A 50% o), i e g

[e] A=
4L A 9

He] Eol
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AEia o 37] Al 2 7heell A ae] Sm9le A 2 7k o] 3 ke
Ael A o @ ZrbeE 4= 9l Bl o & A7) ae] w9l 1 UlA] 5079
D7D 5= o, = 1 WA 50708 BYIM DA £ 5 ATk S
=0, 371 2] EvRlE LA s/ e] 71 L s WA 1070 91714, 10
WAL 15709 A7IA 2, 15 WA 2070 714 2,20 WA 25719 714 <, 25
WA 30709 A7IM A, 30 WA 35709 V1A, 35 WAl 4071 2] 17141 <, 40
WA 45709] 714D Bz 45 WA 50702 71D 40 e, B ol &
Fohe 4= ek

ojw, 371 are] vl ae] Sl Wi o FE AN V[ ko] o] Frte
A= g4 5 ek

o V] are] SRl AR e} Bl e A& THAI Y B
Aol ) mrll o2t E fiel < Qv Hmdh Y] A vl 9l
ApQlell EA sk Foll ube} 2w v Qle] A Ao Apo7h EA = glow,
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¥1,3%2,3%3, %4 35 %62 %70 7 AR 2, ool A eHEEA] eFi=t],

AEA o =2 A7) 7hol = TRl Tlol = A d B 27 UM A& S
A

olu, 471 F7F 7ML 1 WA 3570 7ML 7 vt ol & 59, 7]
F7F 7ML 170 71D, 2709 V1A E, 3709 V1A E, 470 9]
A7IAE, 570 AV L, 670 AVIAHL, 7] AVIA L, 8709 V14,
9709 A7 ED == 10709 1L d 5 gl

A A 2A, Z7] F7F A7 DL 178 A7 D GErebdhd 5 SleH,
E=2704 V1A E GG v

olu, 7] F7F A7 E-E A7) kol = w1l 9] 5 Ehekol] XS = Qo
Ei=7bo]l= A E el 5 ke 9 x]8k 4= Q)

A7 F7F A7 B2 7] Thol = Q1] 3 dvke] X3 S gl o, =
7ol = Al o] 3 dheko] 91 %8 4=l

A1 A A Ego]
A 1R =W A 2 4R A =i g R A sG-S E3ksh, A 2
ARA T Qlat o] F 7S AT 4 e A A <

L] loltt
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[799]

[800]

[801]

[802]

[803]

[804]

[805]
[806]

A A7) A 1A SR8 ) 35709 71l B s 2
35el 974 e Bae 5 Ak o5 5ol 4] Al 1 AR A Bl s
Q714,679 714, 70 A7, 809 A7IH L, 97el ATIH
1074e] @71 L, 11719 A71M L, 12709 9714 <D, 13709] 714 <D, 1474 9]
7ML, 15709 71D, 16709 V1M, 17719 |74, 1879
Q714%, 19719 47142, 20708l 971412, 2170 17142, 2270
Q7149 23709 A7, 24709 G714 A = 25 Q71 A 4
9o, iz o) E ke 4 2k

71 A AR SRS AR A1 A S S
A, i Al falel A 1 AR A mele 2 2 5 4 Ao e
A1 A 1A A S A6 EAla i Fol ahel A1 A A Eelele
Q714 2ol 7o) 7k £l 4 2w, ARlo] A5}z Fol F kel Al 1
AR Eue 2 o 2 5 95, Eis Ao ©415s Fol E el
A1 ARA T o = oA sk AE AL 71 5 9T}

A A ZA, 7] Al 1R A vl EFEk g of B 2] = (
Parcubacteria bacterium (GWC2011_GWC2_44_17)), &F= 2~ 2} Al off

vl 2] =-(Lachnospiraceae bacterium (MC2017)), S-E| 2] H] B 2] &

3 2 )| @ Z 2 Al A 2 (Butyrivibrio proteoclasiicus), ¥ @l 1] W Uk 2] o} HFE]| 2] =(
Peregrinibacteria bacterium (GW2011_GWA_33_10)), A thv] = H 2 of] 2~ 3(
Acidaminococcus sp. (BV3L6)), 3 23] 2 2.1} 2 viFL ) (Porphyromonas macacae),
g} = 53] 2h A of) vt 2] =-(Lachnospiraceae bacterium (ND2006)), 3 2 3] 2 F.1} 2~
98] 2.8 7+ 2 (Porphyromonas crevioricanis), 3 @] 2. & 2} t] o] ol ~(Prevotella
disiens), P&} A e} ¥ X 2] (Moraxella bovoculi (237)), 2=1] o] & &} of 2~ 31(
Smiihella sp. (SC_KO8D17)), 31 X 3] &} o]t} 0| (Leptospira inadai),

g} = 23] 2h A ol B 2] - (Lachnospiraceae bacterium (MA2020)), 3 gA] 4l 2}
=B Al S (Francisella novicida (U112)), ZNt] 52~ W g} =& 2h =2 v} @ u] E(
Candidatus Methanoplasma termitum) %= ol 72V 2] = & 2] 2 2~ (Eubacterium
eligens)®] A 1124 EvQl = e A 1 FRA Sz A5, 4 50%
ol = A s s 7HE o S

SRR PR DES PR R DR R L

A G F7F GV DS E5ks o= Q)
old], 7] F7F 47122 1 WA 1570 7L 9= At} ol & 59, 7]

Z7F 71D e 1 A 57 9714 D, 5 WA 1070e] V1A, = 10 WA
15702l |71 Ed 5= At

A2 3 F Zofo]
;q] 2 /\]—EX—] EuﬂoL]% /\01—7

]
A S EedetH, Al 1 4R A vl ols7tes g4 = e A=
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[807]

[808]

[809]

[810]

[811]

65

BAZ 7T A 2 4R A Bl Al 1 AFRA = Qi) R A 7 d
DA 1R A mvlate] AR gl VMG, dE =0, Al 1 3R A
Q13 o) SIS FA A B VIS 2 o, Al 1 2R A
H| 1 H T 174 A €] 24017} EAR

olu], &7 Al 2 4R A =l 5 WA 357H9] A7 Lol AL, =5 A
35709 A7IMEE 23T 5 At ol & Eo, AV Al 2 AR A Edl& 5719
D7D, 6702 71D, 7709 71D, 8708 71D, 9709 V1A 4,
10712 471 E, 11709 71D, 12709 471M D, 1370 9] 1714 L, 1471 9]
7ML, 15702 4714 <L, 16702 71X L, 17702 47144, 1871 <]
F71M 4, 19709 A71M L, 20709 A7 L, 21709 A7 L, 22709
7194, 23709 7ML, 24709 VI D = 25709 A7 2
Ao, i ol & X 3He 4= qlrt

A7) A 23R A = QLS AR o Xﬂ ARA v} s A
AR, A Fohel A 2 A0 Sl e e fef 8 5 9l
A7) A 2 AR e Ahlel] EAsHE Fol thek A 2 AR waele
Q7L Aol 7k EA S g o], A1) EABHE Fol Fehahz A2
FRA Evilo B FEf E 9L, iz Ao EAlThE Fof etk
A 2R A Sl 7 = A s s 7HE 5 o

A T A ZA, 7] A 2 AR A e Q& ZFakE g o] BHH| 2] B(
Parcubacteria bacterium (GWC2011_GWC2_44_17)), &F= 2~ 2} Al off
vl 2] =-(Lachnospiraceae bacterium (MC2017)), S-E| 2] H] B 2] &
3 2 )| @ Z 2 Al A 2 (Butyrivibrio proteoclasiicus), ¥ @l 1] W Uk 2] o} HFE]| 2] =(
Peregrinibacteria bacterium (GW2011_GWA_33_10)), A thv] = H 2 of] 2~ 3(
Acidaminococcus sp. (BV3L6)), 3 23] 2 2.1} 2 viFL ) (Porphyromonas macacae),
g} = 53] 2h A of) vt 2] =-(Lachnospiraceae bacterium (ND2006)), 3 2 3] 2 F.1} 2~
A ] 2 2] 7 Z2(Porphyromonas crevioricanis), 3 @] 2. &l 2} t] o] )l 2~ (Prevotella
disiens), P&} A e} ¥ X 2] (Moraxella bovoculi (237)), 2=1] o] & &} of 2~ 31(
Smiihella sp. (SC_KO8D17)), 31 X 3] &} o]t} 0| (Leptospira inadai),
g} = 23] 2h A ol B 2] - (Lachnospiraceae bacterium (MA2020)), 3 gA] 4l 2}
=R A T (Francisella novicida (U112)), ZN ] T} 2~ W e} = E 2} = n} © ] 5¢(
Candidatus Methanoplasma termitum) %= ol 72V 2] = & 2] 2 2~ (Eubacterium
eligens)] A 2 R4 Ev|Q) &= § EHE] A 244 =l AR FH A 50%
O] /\o]-, Ee 9AS A EA S 7

]_
FEA EUﬂ °1—°— A1 dRA Sl AR A

i o

=3
Ijl' T 5]_

-

Aea o= A7) Al 2
SHA] = FUF VIR S 5 4= 9)
ojw|, 47 F7F AL 1 WA 571H ALY 4= AT} o & 5o, V]

271 a7l de | o] 17144, 5 A 10719 G714 LE, == 10 WA

Al
1579 71 5= 9

()]
.ﬂ;
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[812]
[813]
[814]

[815]

[816]

[817]
[818]

[819]

[820
[821
[822
[823
[824
[825
[826

e e e d e e

[827]

[828]
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2y
5,
9

Sl W)
)

o

|

i

oA 1gRA ST A 2 4 RA B
AT 5 YEE sH= AL Dot o], 3]
REE PR R RE Rt eas

£ Al LR ST A 2 4R Eele

{0 J

re
oo
bt
=)
o

A

o
£
r
o
N
N

© rlo
2

r I
i
o s

oQ
=~

Z
>

o
o=

al

0%

H

™
k1
=

o
}ﬁ
:

ol T 2 r2
Jo off md
2 do b
-y
o
=
do 4y — A
o 0
o L
i
re
iy,
ot
¥
N

oy
N

21 WA 30709 71 Lol AL, == 1 WA 3071 €]

S1ek = At} o & o, AV A Bl 1 A 5719

071 |71 L, 10 WA 15782 |71A <L, 15 WA 2072
25709 AVIAME =25 WA 30719 GVIAEA 5 o,

=
©

e A 0
rl

bt

)

?1_4‘

v T

©

NN
o x xS
dy 92 02
o o Mo i
£
N
2

o o2 of of
=L
)
a3
o
i
5 ul
2,
N

i
ke
o
ol
>/
Q

]

Hlel Il AR = W= 3ot dE s 29 o ok
8} 2] W3] 2 methylation, acetylation, phosphorylation, phosphorothioate
linkage, locked nucleic acid(LNA), 2'-O-methyl 3'phosphorothioate(MS) H=+
2'-O-methyl 3'thioPACE(MSP) 5= 91 2.1}, o] ol | &t %] k=

b3

o

or 2
N,

whe}A], 7] Sl 7her gRNAYE 7] 71 Al 9F o] 5'-[A] 2 AR A T A]-[A] 1
R A EuQl-[7ho] = Zw Q)3 HEi= 5 [A 2 AR A ][
Sl N-[Al 1 ARA E Q- [7lo] = w3 o 2 A€ 4= gl

7] AT gRNAE A e H o g 27H4Q) (7 DS 232
A

A A A ZA, 7] GATE gRNATE

5" (Q)r (Nuawge)-3"; HEx=

5-(X)a (2K (Qar (X)e-(Nearge)-3' 2 5= AT

o2 A A2 A, 7] G U7 gRNAE

5D (L)i(Q)m(Nuarge)-3"; 5=

5'_(X)a_(z)h'(L)j_(Q)m'(X)c'(Ntarget)'?)'?E] ZF 9\11\14'
o1, 7] Nurgerz T4 A4 Bz Sk ol 4 M A op FE AR A=

- ¥

8 5 9 QI DRA, AT N E2 2074 = 31 32] 55 Aol
uheh W@ 5 Qi 97199 29l

9 A N R, Nuer 5 57207, 25, PMP22 207 2] 4 442
ARAN ARE T 4 i 914D & Aok

A7) (Que AL ARA 2l Eabehiz @I AR, Al 2 4B w9l
AR A AL B 5 Qe 97D L TR AT (Que Aole) EAlsHE
Fo A AR BT AR i A FBAL AN ALY 5 o,

o]

Kol
1. =
Srefsl ol wheh A7) Al 1A RA Eue 4V D e WAE 5 g 2]
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H
me G711 Lo AR, 5 WA 352 A 5=
[829] o & o], 471 Al 1 FEA =u|lo] Fete g o} vhe ]2 9] Al 1 4 H4
TRl = FFtute ol whe gl 8 Al 13 EA B Qe dF T
hA g s A S 7 A 99l 471 (Qu 5-UUUGUAGAU-3'Y 5= a1, BE=
5-UUUGUAGAU-3'9} A o] & 50% ©|/d2] A5 S 7= 47144 d 5 9t
[830] 7] @p= Al 24RA Tl ¥3eli= GrIA R, Al 1R A mvla)
AR A ATS SR GV LS 283 A (2),8 Aol EA 8=
Fo A2 4RA mrdat A = GAT FEAS A= ALY 5o,
g Foll upel A7) Al 2 4R A vl v L2 AAE = o) 7]
2 A8 5= 9lom, A

-

)

1 i

h& 7ML AR, 5UA 509 B4 5= 9

831] ol & 5o, 4] A 217 Zrglo] ZFule] o} 4]
B datute el o} dhee] & f o Al 2 A meolat A =

=2
2
> 1.“

[832] W& AV (L=

833 EE AT (X (0, B (0L ABH R 748 5 9= GUI AR, 4]
X AU, C 9 GR o]0} 7 ol 4 47 Sea oz e 4 glom, 47 a,

b iz @r1ALe] AR, 0 1 U4 209 B4 5 Lk,

:

[834]

[835] 2. °dE A

[836]  olUEH@MAL Sty A A o7 A Y, wim A APetA = kAT
FEAR 5 9= fEte| =, e lEte| = s O A S o v §it

[837]  AF71 AR B AL, F-31 2 i A Aol 3 Bkl = )l

[838] 7] #AkE The| =l 4= 9Tt

[839] A7l elvE AL 549 5 U

[840] V] olvE @A g3 B A 5 vk

(841]  o|u], A7) FF AL §4 D 712 ¢ mwel Flefo] = Z g HlElo] =
L= 9d S gste] A @S o gt

[842] V] EAE W FAAL QA e g s ddd 5 9l Bl
T bbb A S o] g

[843] AV itz wEHUOMA, T2 olA i A aisd 4=

[844] 7] F7FA =gl fetol =, Felfleto| = i AL Y] 349
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[845]

[846]

[847]

[848]

[849]

[850]

[851]

68
FUAAY HE 715E 7HA= 715 A B]l, flEke| B, S gl Eol = His
e 5 gl
A7 8 @A g0 opv e W = 11 A JhE Al W s
A mae Sk iz o5 e shu o) el F7HAR el slEtel =,
FE e = i A 2 2 ohe 4 gl
) of
TA; L0 FIHE i o B 27
ZeflEto) = i B A S ¥ = gl

olw, 7] 7154 =dl, # Fefol = e did e
] €l 2} o} Al (methylase) 4, T ¥ & 2} o} Al (demethylase) &4,

Z AFZ: 2 (transcription activation) 243, A} ] &l (transcription repression) 24,

o
o
I
il
i

Z A} HFZ Q1 AH(transcription release factor) 24, 3] 2~ ¥ 3 (histone modification)
24, RNA A t(cleavage) &4 =+ &4} A $H(nucleic acid binding) 24
7HA = =]l flElol =, EYFlEtol = = v A A 5= glen, =
A ere| = 29he] e G AE A3 Bl L(tag) A= B EE FHAL
Ao}, o] A ghE] A ¢Fi=

871 7152 5=l flete| =, Z e flEto| = Bt vl d 2
t]o}n] ] o] Z(deaminase)d 5~ T}

%471 ¥ 715= 8] 2~ E| H(His) ¥l L, V5 B} 7L, FLAG ¥} 1, ?1& 57}
b= FEl Y (HA) B 2, Myc Bl 7L, VSV-G Bl L 2 E| 2.8 5 21(Trx) Bl L 5-&
Eghsle, 7] Y 2H Fd 2 2 FEE 2-S-E 2 3 2 A(GST),
& 2~ ] Al (horseradish) Z}4H8} & A~ (HRP), 2 29| Y &+
o} Al & E 1 2= 3 22| (CAT) M Eh-ZH e E Al thAl, W e 255 2 A,
FA S A, HA &3 98 A (GFP), HeRed, DsRed, % 54 & 32 ¢hwl 2 (CFP),
4] G SR (YFP) B A @Y el A (BFP) S 3k 4 7hE Y
W22 Fadsht, o] Hol A ei=v.

A

localization sequence or signal) H=3= NES(nuclear export sequence or signal)d <7
3

%471 NLS+= o}1] . Al A & PKKKRKVE Zhi= SV40 vlo] ] 2~ o & T-3 ¢ 9]
NLS; 72 #l] 2 &2} 22T (nucleoplasmin) 2. 2 F-E] 2] NLS(ol| & 5o, 4 <&
KRPAATKKAGQAKKKKE ztHi= &8 & &2k~ 1l o] i(bipartite) NLS);
opn] =4k A4 PAAKRVKLD = RQRRNELKRSPE- 2= c-myc NLS; A1 &
NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY £ %H+= hRNPA1 M9
NLS; Y F&l-& o2 e 2] IBB S=m| 19 <
RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNYV;
r}o] @ vh(myoma) T ¥+ 2 ¢] 244 VSRKRPRP 2 PPKKARED; ¢17F p532] A<
POPKKKPL; 7}-7-2= c-abl IV 9] A & SALIKKKKKMAP; 21 &<l A} upo] 2] 2~
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[852]
[853]
[854]

[855]

[856]
[857]

[858]
[859]

[860]
[861]
[862]
[863]
[864]
[865]

[866]

[867]
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NS1¢] 49 DRLRR % PKQKKRK; 7+ vlo] 2] 2~ de} gl o] A
RKLKKKIKKL; #}-§-2= Mx1 @92l o] 4] <! REKKKFLKRR; 17+

=9 (ADP-8] H.2~) T3 a4 2 ¥ KRKGDEVDGVDEVAKKKSKK; =
2R E Z2E FEARIh SFIZIZE o= A Y
RKCLQAGMNLEARKTKK Z & f-2 ¥ NLS A2 4= ) o1, o]of] A gt= A

O 1—
5 o

7] ot e A gl

oluf], 7] "&A A &A= oFAE(wild type)2l AL 75 T
75 S 7HA A s A E sk, o & 5, DNAY] o] F 7tehE
oF % A= DNA o 7S B ddehE i 5 24 .
T AV S B4 ot olAlge] a4 VeRG &4 | V)5S 7R

I

oL
o
=
o)
i)

A= BAE X Fet, ol & 59, DNAY o|F 7t g Ak of A E 549
574 WY = 24 P okY AART S E 4HE a4 24, 5, DNA
°]F 7heg Ak gAS 7Hd

A1 et e g AL Bkl i B 84 45 3 5 ok

ojul, 7] "E e iz A B aatw okl g e mae VTl dRnks
7HAE B E ek, o & 59, DNAS] o5 7hE-E ddalis ofl
Ao 54 9y £ 24y FHEDNA o5 7He 5 4, 5 9 e
Aebshs 27l Bas Ao a4 S S 7HIH

O
ou| sty o & 5%, DNAY o] 5 7t & Ads)= o8 &
q

Wiz 2205 P DNA ©) F 7hehe BF Adehx Rehus 3842 s

7] ol e il A2 2 A Efol] EASHE a4 s g3 v Ad 5 vt

71 T B A & 2pd AFEfol] A e A e g WA o] AUt
A E FHd o= 3l

2371 ol Tl Bl vkl A o 2}od A Ejo] EABEA] = 019 F o AAE F A i
g Ed 2

271 ol e B el & 2 A AEfol] EASHA] i 1A o2 A E a4 e
S S E AR FEd S

olu], 47| M&-& o e vl A o) 3k ofu|=Abo] X3 A A, BRI} EE
o] o] 3 o At

=7 WL ot e A S ks stelE VA T A o] A3
A A, B7F = ol 23 4= 9l

g o] ot el ek A o] o] -4 o 24, CRISPR #.A4x0f] o &f sl
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7]k

[869] CRISPR & 4

[870] "CRISPR & 4"+ CRISPR-Cas A| ~8l2] 5= Q
534 5 ¥4 51¢] CRISPR-Cas A 2~ 81-& & 4] 3hut

[871]  “}7] CRISPR &A1= CRISPR A4 5 93 8lsliz LS 7FX] = St i
Z e FElo| = (s TR th 4 © & Type II CRISPR &4 B3= Type V
CRISPR & 47} @o] Abg-¥ ),

[872] }7] Type I CRISPR &4~ 2 2 = Cas90| o™, 47| Cas9-> ~EFEAHA X~
3] @ Al vl 2x(Streptococcus pyogenes), 2= E 3 & T 7 2~ A FF 2] 2+ (Streptococcus
thermophilus), 2= E 31 & 5 7 2~ £(Streptococcus sp.),

3} A0 5 &= Ak (Staphylococcus aureus), =7 FE U 5 A 2~

th<=w #| o] (Nocardiopsis dassonvillei), 22 E §] Enjo] A 2

32 2] 2~ ] Y| 2~ 5] 2 2] 2+ (Streptomyces pristinaespiralis), 2= E 3 Ev}o] Al 2~

H] 2] &= 2 ¥ 7| Y] 2~(Streptomyces viridochromogenes), 2> E 8] Ev}o| A 2

H] 2] &= 2 ¥ 7| Y] 2~(Streptomyces viridochromogenes), 22 E 8] E 2~ ¥ &7 -

= M| &(Streptosporangium roseum), 22 E F| E A F 7] 5

= M| &-(Streptosporangium roseum), & 2] Alo] & 2 Ul F 2

o} A] L= ZHt}2] §- 2~ (AlicyclobacHlus acidocaldarius), HH2 2 2~

g1 L=nlo] o] H] 2~ (Bacillus pseudomycoides), U2 ] 2~

Al 2 U ] 2l 5 4l 2~ (Bacillus selenitireducens), 2 A| - Q. HHel| 2] &

A 8] 2] S (Exiguobacterium sibiricum), B E 1} 2] 2~ @l B S2¢] 7] o] (Lactobacillus
delbrueckii), EFE 8} 2] 2~ Abe] vl 2] 92 (Lactobacillus salivarius), V] .2 2~ Z &}
n} 2] W (Microscilla marina), 4= = 2 ¢l 2] o} & 2~ ¥} 2] = (Burkholderiales
bacterium), 3= 2} 2 21} 2~ 2 &3 Y B &2~ (Polaromonas naphthalenivorans),
Z 2 212 S (Polaromonas sp.), 712 F 230 2} 9} E 41 o] (Crocosphaera
watsonii), A } = H| Al £+(Cyanothece sp.), 7} 0] A ZA] 2~ E] 2

ool 5 7] :=AH(Microcystis aeruginosa), A| U] & 5 7] 2= £:(Synechococcus sp.),

o} M| & & & 1] -5 o} 2} v} E] Z(Acetohalobium arabaticum), $F % 4 #] A

t) 7l Al o] (Ammonifex degensii), Z T] A & Z A| 1 & W] A] o] (Caldicelulosiruptor
bescii), 7] T} 52~ H] 42 3 1] ~~(Candidatus Desulforudis), & 2~ E ] 3

RBE 8% (Clostridium botulinum), 2~ E 8] & U] ]2 @ (Clostridium difficile),
¥ Y| & ] o} vl 1} (Finegoldia magna), Y E gl u}ol] 2 0] -2 A B d &
(Natranaerobius thermophilus), 2 2 E v} A .3 2 3] Q 1] 5 (Pelotomaculum
thermopropionicum), o}A] t] E] @ v} & 2~ ZH5 2 (Acidithiobacillus caldus),

o} A Y] E] @ HlA 2] 2 ¥ &2 S A ek 2~ (Acidithiobacillus ferrooxidans),
k=2 H 21} E] & H] =55 (Allochromatium vinosum), 7} #] %= ¥+E{ £:(Marinobacter
sp.), HEZ AT A 2 &2 & ¢ ~(Nitrosococcus halophilus), HEZ A FH 2

@} E A1 (Nitrosococcus watsoni), 7= G H 2 F 2
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[873]

[874]

[875]

[876]

[877]
[878]
[879]

71

k2 2 ¢+ A E| 2 (Pseudoalteromonas haloplanktis), =L B == =4 =
2} A 1] 7] 2 (Ktedonobacter racemifer), ™) B} =3 2 H] 2
ol W] 2~ ¥] 7|7 (Methanohalobium evestigatum), ¢} #| 1 vf2] o}l 2] 2~ (Anabaena
variabilis), =& 22| o} Z=3F 1] 7l Y(Nodularia spumigena), - 2~% 4:(Nostoc sp.),
ol 2 E & A~ 3] g} WA vl(Arthrospira maxima), O} 2 E 2 A 3] &}
= ¢}’ A| 2~ (Arthrospira platensis), O} 2 E & 23] 2} i(Arthrospira sp.),
Y H]o}4(Lyngbya sp.), "Fo] A &2 Fd| -2 A E =222 H 2 (Microcoleus
chthonoplastes), 2.2 2} & €] o} Zx(Oscillatoria sp.), ¥ E 2 & 7} 2.1 2] 2+ (Petrotoga
mobilis), % F.A| 3 o} 3 €] 7} 2~ (Thermosipho africanus) == o} 7] Q & 2 2] 2~
n}2] L (Acaryochloris marina) 5 TSt v Al & F-2 2] Cas9d 5= )

"Cas9"Z gRNAS} Agato] 324 Fd Al iz A4t oA £4 < ‘I%
AAE A = WAV = BAREA, gRNATH G H AR AeHE 3f= 34
7} (strand)-S- A ¥He 5= Q1= HNH %=1 91, gRNA S} B) 4 H % Q1 AjH-S sl+=
AL 7 (strand) S A e = 1= RuvC =491, 4, =5, 61712 2124 3F= REC
L9l 2 PAM S Q14 eh= PI = Ql e 2 42 5= dvh -4 2 91 Cas99]
2% 54 & Hiroshi Nishimasu et al. (2014) Cell 156:935-949& #3138k 4= Q)

T3 A7) Type V. CRISPR &4 © 8 3= Cpflo] 1o, A7) Cpfl-&
Streptococcus, Campylobacter, Nitratifractor, Staphylococcus, Parvibaculum,
Roseburia, Neisseria, Gluconacetobacter, Azospirillum, Sphaerochaeta, Lactobacillus,
Eubacterium, Corynebacter, Carnobacterium, Rhodobacter, Listeria, Paludibacter,
Clostridium, Lachnospiraceae, Clostridiaridium, Leptotrichia, Francisella, Legionella,
Alicyclobacillus, Methanomethyophilus, Porphyromonas, Prevotella, Bacteroidetes,
Helcococcus, Letospira, Desulfovibrio, Desulfonatronum, Opitutaceae, Tuberibacillus,
Bacillus, Brevibacilus, Methylobacterium %=3= Acidaminococcus 2 2] Cpf1 5~
A

7] Cpfl-& Cas99] RuvC = o) A}-§-3F= f-A A
Cas99] HNH 5w Q12 A ¥ o] 9laL, thAilell Nuc =v 12 338, e
12} 8h= REC 5w Q13 WED 52|91 5 PAM<S Q14 8h= Pl ol e =

ATk, A A Q1 Cpf19] F-& 4 542 Takashi Yamano et al. (2016) Cell

165:949-9625 #3134 )

471 Cas9 B Cpfl WA 5 9] CRISPR &4+ AFA Ef ol A & A 8h=
| A Eof| A & ‘7/]1;] Z == A £3A bk EE.E LA A HEtH © 2 H|z}] A o 7
AALE 79 4= 9l

=
o
~
c
<
@
ki
=y
r o3
9

Type IT CRISPR £

Type I CRISPR &4 2] AA T2 3= 25 o)) A F-#f v A= Type I
CRISPR &4 ¥-#}ol o 3F &-1-(Jinek et al., Science, 343(6176):1247997, 2014) 2
gRNA S} $HA] B3 A| & o] Fi= 2E W E I 7 2~ 3] Q Al Y| 2~ Casd(SpCas9)°ll
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o &+ &I (Nishimasu et al., Cell, 156:935-949, 2014; 2 Anders et al., Nature, 2014,
doi: 10.1038/nature13579)2 =38l 24 = At}

Type I CRISPR &A= 271 9] 28 = Q12(REC) 2 wEdlolA(NUC) 2 HE
Egtely, Zb7kol 2 H = o] ] sl o] Ev|QlS gt

4}7] REC & H = o} 27U F 5 B 8l %] 1}X4(BH), REC1 =1|Q] 2 REC2
Lol s ¥k

olu], 47] BH =912 ] a1} F o2 7] F g ool
REC2 5w 912 gRNA W o] 5= o] 5719, o & 50], @ U7FH gRNA,
0] 5 gRNA HEi= tracrRNA 2] Q12 ] = Q 3l o a3 sl
A7) NUC 2 H.3= RuvC %1 ¢1, HNH =9 2] 2 PAM-4 & 2H&(PI) =1 21-&

Fako}, o) o, AF7] RuvC =W Q18 RuvC-FAF =] Q1S ¥ Hali= ou &

, T3 217 HNH 5w 91-& HNH-9AF =] 918 ¥ 33)i= ou] &

> > K
oo ol ok
[
fox B R0

o)}, 47| RuvC %1218 Type II CRISPR &4 & ¥ 3}&}3=
EAatE M AR T el TRH o2 FAS 68t ,
& Fo| B4 FAA = A v YR A 7HE, =5, gRNASE AR A Q1 AjHE
8HA) = 7heS A gratth A7) RuvC =918 5 o] 7] o A RuvCl
91, RuvCIl 5191 2 RuvCIHI =191 0 24, 544 © 2 RuvC I, RuvCIl 2
RuvCII=E A Ht}, o] & 0], SpCas92] 4-9-, 7] RuvC %=1 Q1L SpCas92]
ofm] =4k A 1 WA 59,718 W A] 769 = 909 W #] 109801 ] %] &F+= 717} 3 71| <
-3 RuvC = 21(RuvC I, RuvCIl ¥ RuvCIID o 248 ZgH ).

-

$71 HNH =] Q12 HNH <l =7 S dl obAl o 724 FAMd & & 78k, &<
7He, ol E B0l 34 Ak Ao ARA THY, S, gRNASH SR A Q] A9E
] )

e 7S A weit) HNH 51 912 RuvC 119} TIT 5LE] 32 Afo]of 3}
o & 501, SpCas92] 7-$-, HNH 1| €12 SpCas92] ofn] =ik A 775 W] %]
908¢l] =] gkt

A7 PL =W Q1S %4 f37) = Al Yo B 974D, =,
PAM(Protospacer adjacent motif)S {1243} A Y = PAM ¥} - Z 288t} o &
E0], SpCas92] 7§, PI =-H] €12 SpCas92] o} 1] w2k A & 1099 W #] 13689
9 A gt

olu], 47] PAM< Type II CRISPR &4 2] f-#fol] wpe} o} & 4= glv}. o &
£0], CRISPR .47} SpCas9 ¢! 7 §- PAM-2 5'-NGG-3'Y = 1 a1,
2E W E T 2~ A 2 8 2 Cas9(StCas9) Q] 7d-F- PAM-2 5-NNAGAAW-3'(W =
Aor DY 7 9aL, Hlo] Al gl e} wld 7] Tl E] 2= Cas9(NmCas9)%! 74 -5~ PAM-Z
5-NNNNGATT-3'¢ 4 911, ZHE 2 e 4521 Cas9(CjCas9)2] 74 -F- PAM<
5-NNNVRYAC-3' (V=GorCorA,R=AorG, Y=Cor ¥ & 2214, o]
A7 INSAT,GEECEEAUGEECY 5=
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Type V CRISPR & %

Type V CRISPR &A= Type II CRISPR & 4 2] RuvC %9 210 Ac}—g—é}b
FAFEE RuvC =wHQ1o] 912 ™, Type I CRISPR &4 HNH = H[?1-& Z 3 ¥ o]
AL, thAlell Nue 5= 912 # ¢k, Bb7ls 914 8h= REC =4 %1 3 WED
TvQl & PAME Q124]3h= PL vl o2 A= 4= Q). F A4 9] Type V
CRISPR &4 9] 7-% % 542 Takashi Yamano et al. (2016) Cell 165:949-962 &
Fragk 4= dvh

Type V CRISPR & 4i= gRNAS} 3 & 283t 4= 91 © 1, ¢eRNA-CRISPR &4
534, =, CRISPR &5 &4 & A 4= 9) 31, gRNAS}F § H3lo] 7lo] = A&

PAM}qOﬂo _Lb‘]-o}b _LXJ}qOﬂE:L 4/\]7E]£,:9\}]\q_ o]r,q] _LZJ 78]}51}_%

he}

L
s A a} 4} 5 21831 7] 9] 8 Type V CRISPR &4 9] 532 PAM A & ol
AZﬂﬂd
371 PAM A D& B4 A4 = AL ol S48k ML=, Type V
CRISPR &24¢] PI =1 21o] o &f ¢12]€ 4= 9lt}h. 47] PAM A €& Type V
CRISPR ®.429] ol whe} 21 M o] v 5= At} &, Fvprh 5ol 4o 2
Q1213 4= 9= PAM A Qo] E A3t

A ol 2, Cpflo] 12 8h= PAM A L2 5-TIN-3' (N A, T,C = G

o)
DA

f r

CRISPR & 4 84
CRISPR 84T ¥4 F34 = dite] o] F 7ty = @l 7te-& ddsh,
o] 7t i At uh i AE S Zyehs R oA 24 S
7hAe}, dREA o 7 oFA) & Type I CRISPR & 4 B+ Type
At 0 & 7 A FA A} = dAke o] F 7t
CRISPR :éziQ] A7) 8} & FrE e okA B4 22
CRISPR &A= &2t = My d = gl o, o] )&k 24 == W3 ¥ CRISPR
] H 3

— T .
= B Y5 = = PN
aih e;%%?i =P8 g4 0= B84 a4s WelE 4= Qi)

FIEERFEGY E

CRISPR &2~ }ﬂ%aﬂgﬂﬂﬂoﬁﬁﬂﬁggﬁttg%g@%
7}A] & & CRISPR &4 & U 7}o}A(nickase) = & A 3o},

" 7}o} Al (nickase)"+= A FAA = HAke] o] 57 F gk lukgl
Ay 5 24 = W3 H CRISPR 45 on|sh, 7] YatolAl &=
GATFE, G E 5o, 24 {34} 1= 34Ee] gRNASH U] R A 7he =
A H A 7S Al FEgolA B L JHAL wEkA, o) FrES
Atatr] flel A= 270 e YotkobAl o] el obAl 24 o] E 2 st

o E 501, 7] YItokAl = RuvC =u| Q1o o] gt & elobA] A& 7Hd
AT =, A7] YFFolAl = HNH = Q1o o] gt wE g ol A &4 & 2351+
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e S glom, ol % 918 HNH =vlele 2} i WA E 4 9o,

o o &, CRISPR &4 7} Type Il CRISPR &4 < 1,

A A o &2, SpCas92] 745, SpCas92] o} v =4k A & 8401 3] ~E|H S
ebd © =2 W o) (mutation) A 71, HNH 5119 y7E &l oA &4 o]
23l B g YrtolA| &2 ARE S 4= e, oju] A4 E Y JFol Al = RuvC
el gt wEHolA S-S THAEE, T4 FRA B @AY v g R A

7Fe, S, gRNASE B A QN A TS 84 &= 7hea ddhed <= qlt

g2 A Ao &2, CjCas9e] A 5, CjCas92] o}v] 4t A 559 3] ~E|H &
et © 2 W o) (mutation) Al 71 ¥, HNH 51| 919] 572 & o} A| 24 o]
S H 2 YIlolAl 2 AL 5= gle, ofw A H Y 7okAl = RuvC
SrQlel o gt yrEelobAl A& VA RE, 34 F3 A4 s ikl v EA
7Fe, S, gRNASE B A QN A TS 84 &= 7hea ddhed <= qlt

& =01, 7] H7tolAli= HNH SrQlell o & yrEellobAl 245 7Hd =
t}. 2, A7) Y7ol Al = RuvC SH Qo) o] 8 7 Z ol A 84S 231617
S 7 leH, o] & # 8l RuvC vl 22 = R E 5= 3

Y o 2, CRISPR &4 7} Type Il CRISPR &4 u,

&2 x2

o FA o 2, SpCas92] 7 -, SpCas92] ofn] Ak A 10 of ~up 2 EALS
erebd o 2 W ol (mutation)A 71, RuvC =H| Q1 2] o)A g4l o]
A3l B g YrbolA| &2 AFE S = o, o] A H 7ol A= HNH
T ole) o FEtu|olA BAL IR B R, A SR} L= sl Abo] A} R A

7Het, =, gRNASH B A Q1 A3HE &= 7 g dded 5 9l

U2 Al 2 A, CjCas92] 47, CjCas92] opn| il A<l 8
of A~z 2 EARS <ol 0 2 ¥l o] (mutation)A] 71, RuvC =H[Q19] & & o} A
ggol 22 H R l%ﬂohﬂi AR e gler, o) A E Y ItobAl =
HNH = ¢lol) o g yrEdlobAl 2Ade 7hA B2, 4 f-302F L= it
A A e ngNAgr A A0l A 5= 7hehe Avksl 5 glu)

gy g

CRISPR &4-5 WA A a4 4o &
E-34 CRISPR &4 & WA 3},

"E2A CRISPR 24" 34 37 1= d4ke] o] F7teg B dust
N == HE ¥ CRISPR 245 9v| 3, AF7] 34 CRISPR &4 3= oA &
CRISPR &4 9] & dlolA] 48 714 &= = lel] Wlo] & Q13 y-Z & o} A
348 7T 4] 584 CRISPR B4+ RuvC 59| ¢l 2 HNH 5w Qo]
ot yEdolA 448 B3l std AY 5 v

o & 5o, 47] 284 CRISPR &4+ FEdotA 848 &
13, RuvC =91 2 HNH =H|Q1-& 22 == A A S = Q)

o o &, CRISPR &4 7} Type Il CRISPR &4 < 1,

L

3] 58413} ¥l CRISPR &4 5
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o A o 2, SpCas92] 7 -, SpCas92] o}n| =4k A 10 o} A~ 3} = E ALy}
840 3] ~E| WS 5 ehald © & W o] (mutation)A] 7| A, RuvC 51| <1 2 HNH
Lol o g FEdolA o] B R, 34 F-AA B it
olF7teE 5 st 4 gl

o2 A A o 24, CjCas99] -5, CjCas99] o} =4t A 81
of A3 = EAL# 5591 3] ~E W& 7 el 8 W ol (mutation)A] 7], RuvC
L9l W HNH = @le)] o8 & eobA &do] B3ty =, 4 F34)

= ko] o] Fbeh B 4w 5 glt,

2319 9
CRISPR F2:3= 7] 71408 72 ellobA] 8 Slol) 52, 1572 ellobA] 84,
o) 257 FellobAl B4 i WelAhAl B, Z, o] F7HE Ake] A FaE

Fi e b 5 9l

3 CRISPR &4+ CRISPR &4 9] = wEoolA &4, dbhwEd obA|
S o= degiA 24 oH 24, B9 e R g4, e B o)

4y o
30
T

¥ % Z CRISPR 42 WA Z

CRISPR &249] ¥ 73}

CRISPR 47 gRNAS} JZ A8 4= 91 91, gRNA-CRISPR &4 &34,
=, CRISPR A1 & 42 5= 91aL, gRNASF @ 5 &}o] 7ho] = A A5 3 PAM
MAg E3eh= B4 MAR THAA 5 Ak olw), 4 714 = Ak
goAH-&5h7] 913 CRISPR E.429] 52 PAM A & ol] o] &4 ot}

$71 PAM M 22 324 F3d 2k 3= 32k Wol] A4 8k= A D=, CRISPR
BAo pLEwRlol olef Q14 o= At 471 PAM A 22 CRISPR ®.4-9]
Frefol whet 2 A do] v 5= Qv =, bt So] A 0 2 Q14 5= 9l= PAM

Y o 2, CRISPR &4 7} Type Il CRISPR &4 u,

SpCas9?! 745, PAM A €& 5-NGG-3', 5-NAG-3' TE=/Z 5-NGA-3'Y = L 11,

StCas9¢! 7 9, PAM A € -2 5-NGGNG-3' ===/2 5-NNAGAAW-3'(W = A 1=
A F o,

NmCas99! 74-$-, PAM A €& 5-NNNNGATT-3' &=:=/% 5-NNNGCTT-3'¥ <~
N,

CjCas92] 74 9-, PAM A2 -& 5:\NNNVRYAC-3' (V=G,CEE A;R=A L= G;
Y=CEE=DY 3o,

2ERAEFA S JFE2 Cas)(SmCas9)2] 4 -9, PAM A 92 5-NGG-3' 2/
5"NAAR-3(R=A == G6)Y 5= 1,

2EFE 2 F A 2 o} 9-d 9-2 Cas9(SaCas9)2] 74-F-, PAM A &2 5-NNGRR-3',
5'NNGRRT-3' =+=/% 5-NNGRRV-3' (R=A == G; V=G, C == A)Y 5 Ak
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t}2 o o & CRISPR &4 7} Type V CRISPR &4
Cpf12] 74-5-, PAM A €& 5-TTN-3'd 4= 3t}

old, F7INS A, T,GEECEEA U GEECY 5
o2l gk Futrl o] H o7 143 5= Y= PAM A A S

-

o] 8319, 0] 4 PAM
AL Q418 429)= CRISPR 545 22 = W 5= 9t} o & So,

SpCas99] i1 el obAl F45 7HAH, CjCas9 5014 PAM M 2 & A4 T
AEZ SpCas92] PI =M Q1-& CjCas92] PI =W o2 WA g 4~ 911, o] &
CjCas9 5] 4 PAM A €& 12 8}5= SpCas9-S AT 4= 3t} o] ¢ g Pl

LuQlo] X g = WA E B3, 5] 4 0 & Q12 5h= PAM A4S WA AA S

% 9lek.

CRISPR &4 W] A

CRISPR 49| y-2dobAl &4, A 7HA| 24, gRNASH F 248 59, &
T4 A L= kel 24 5, dlE 50 PAM 914 o9 59 BFd
545 & £= A A 5 A 5S, CRISPR A4E HolA 12 &= 3l

HESH CRISPR F.4: ¥lo] A= gRNAS} A5 4188 &3 gRNA-CRISPR H.4
534 84, =, CRISPR 534 & A8t B4 F14 B dabel] 23] ®£&

1

R
ARA AE 5HA & B34 R A e ALY o] T b He = vl e o)
AaE = 23S 2 2 e (off-target) &= XA E 1, 47| gRNAS} A4
ARA AE sk B34 A e A2 AR A AR sHA] E e

H| T4 FAR = kel X EE AV E-E S Z EAlo R XA H a1,
oluf, QLZ-BHA Q] M= st o] ¢ vt o) of BEth R, 4] A =
gake] o] F 7t i g 7tek o] A ek | 3h5= 2-E} 7 (on-target) & 72}
A, 4 A e ke YA e RAMEE R

A A A}
CRISPR &4 Hol A= A4
Aol & sl o] Wy H Al o
3}

=4

o] 24 58 D XA Fol4 F stk ol el B4l MY, B Fol, F3
= A E 5 ek ol ), 4]

£ 7 9le,

CRISPR &4 Wo] Ao A,



WO 2018/088694 PCT/KR2017/010897
77

)

o>
~

[944]

Ke) (g
B o
rlo
Dy
nre
%,
o
i
s
z,
)
-1
e
@
A
w2
"
=
S ol
v
-
-
i
=2
&

o e
o> E I
Ol

C

[945] o)

i

(Do e

08{4'

\1:%12

_,d
ﬁl -
NI
g *
o
rlo
X
N r&
10
=
D:
i)
)
ol
p
O
~
03]
]
)
FO
5:
L
Y
2
ol
p

(o4
O
2,
ol
-

ol - AL = F/]/\L(Lysme K) o} =7] L](Argmme R) L
(histidine, H) % 34} == & o]/2] ofn| wAke] Mg A <= ).

& A A o 2 WA S= CRISPR &4 ol &4 o}% ke =

¥ - (region)oll #1413k 3p1} HE1= F o]/

&11
> r
o

N,

[946] /‘c}

N
)
A
A

(0]
I+~
rir

o
<
=y
b -
rl
m\n
il
4
oi

O

=2
}7] e x}?ﬂ?ﬁ,gi HA 3H= CRISPR &4 ol &4 3)=
FAIA] ¢k = opn| Ak, &5, o} 223} 2 E 4F(Aspartic aicd, D),
(Glutamic acid, E), Al ¥l (Serine, S), E @ 2.3 (Threonine, T),
te}7] {l(Asparagine, N), = FEF (Glutamine, Q), A 2~ H| oJ(Cysteine, ),
3 = ¢ (Proline, P), = }9] Al(Glysin, G), ¢reld(Alanine, A), 2 (Valine, V),
o] &4l (Isoleucine, 1), ¥+ 2! (Leucine, L), ™| E] 2.1 (Methionine, M),
]‘é%a}”(Phenylalamne F), E}o] 2 Xl (Tyrosine, Y) & E ¥ & ¥H(Tryptophan, W)
% ot li= = o] ofr| wmAkel ME A 4 sl
[948]  TFE A&, 7] W& AA A o =2 A Shi= CRISPR &4 W ol EAleh=
A3E 7R A &= ol Ak, =5, Al ¥ (Serine, S), E #l] 1Y (Threonine, T),
o} 2~} 2} 71 (Asparagine, N), = EF(Glutamine, Q), A 2~ €| 1(Cysteine, C),
'~ = 2 (Proline, P), &= 2] 2(Glysin, G), &2 (Alanine, A), ¥+ & (Valine, V),
o] &4l (Isoleucine, 1), ¥+ 2! (Leucine, L), ™| E] 2.1 (Methionine, M),
Hd e a]r”(Phenylalanme F), E}o] 2 Xl (Tyrosine, Y) & E ¥ & ¥H(Tryptophan, W)
% ot li= = o] ofr| wmAkel ME A 4 sl
[949]  IESH V] B3 x4 o & WAl Sl CRISPR &4 ol &A=
4=5*/d (hydrophobic) &7 & 7}A] = ofv] =4k 5 8} HEi= & o]/
ofr] :Akel ¥Ed = Slrh
[950] <& &9, 3V Y2 Al w2 A sh= CRISPR B4 Weoll EA6)=
= 2}o] Al (Glysin, G), &EF(Alanine, A), ¥# (Valine, V), ©] &5+ (Isoleucine, 1),
41 (Leucine, L), W E] 2.1 (Methionine, M), ¥ 'd & 2}11 (Phenylalanine, F),
Elo] 4l (Tyrosine, Y) % E ¥ &3 (Tryptophan, W) 5 3} 3= & o]/9]
ofr] :Akel ¥Ed = Slrh
[951] 7] W2 A4 =2 WA 3= CRISPR .4 Woll &4 8k= =4 (polar)
A7 & 74HA = o Al 5 et He= E o)A e ofm Ak R ol
[952] & &9, 47 ©YS Ad A o2 WAl sk CRISPR f.4 ol &A=
/‘ﬂ‘ﬂ(Serme S), E @ 2 (Threonine, T), o} 2>} 2} 71 (Asparagine, N),
FEF(Glutamine, Q), A] Z~E| 1(Cysteine, C), 3 & & (Proline, P), 2] Al (Lysine,
K), o} 2 7] (Arginine, R), 3] 2~E] t (histidine, H), ¢} 2= 3} 2 E 4H(Aspartic aicd, D)

2
gl

)
=
ml_l-'
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78
9 =S F B 4K(Glutamic acid, E) 5 8hY B & o]k e] o wAlke] WE e 4=
ot
=, 7] ME S A9l A o2 WAIEHE CRISPR B4 Wloll &4 8hi=

= /\L(Lysme K), o} 2 7] (Arginine, R) ¥ 3] 2~¥] H (histidine, H) 2. = -4 ¥
ol = AbE = st HE= = o] of] mAke] ME A 4 Sl

o & &0, 7] W& AA 4 o= Al sh= CRISPR &4 Wol &4 8=
2] 21(Lysine, K), ¢} 2 7] 1 (Arginine, R) 2 3] 22|t (histidine, H) 2.2 -4 ¥
ol =4k E = st HE= = o] ofv] Ak X sk = gl

A7) ME 8zl x o & w-Al &= CRISPR &4 Wol| &48)=
o} 2~ 3} = E fH(Aspartic aicd, D) 2 = F % 4HGlutamic acid, E) 2.2 -4 ¥
ol = AbE = st HE= = o] of] mAke] ME A 4 Sl

o & 50, 7] WS A 4 o5 A= CRISPR &4 Woll &A1=
o} 2~ 3} = E fH(Aspartic aicd, D) 2 = F % 4HGlutamic acid, E) 2.2 -4 ¥
ol =4k E = st HE= = o] ofv] Ak X sk = gl

37] W& 2pQl 4 o & @AY 8= CRISPR .4 el &4 8F= A A (Serine, S),
E 7 2 Y (Threonine, T), o}~ 3}2}- 71 (Asparagine, N), & 5 EF{1 (Glutamine, Q),
Al 2~ E] €1 (Cysteine, C), 3 & & (Proline, P), & &} °]21(Glysin, G), &2}t (Alanine,
A), 2= (Valine, V), ©] 221 (Isoleucine, I), 5+4!(Leucine, L),

H €] 2 1 (Methionine, M), ¥l 'd &2} (Phenylalanine, F), EFo] 241 (Tyrosine, Y) 2
E%E-&(Tryptophan W)Yo 2 A H ol mAbE T Bk B E ol Y]

ofH] =4kl WU o At
d & 591, 371 %ﬁé% 2 # 0 2 WA 5= CRISPR &4 Wol] &A1=
A #(Serine, S), E @l 2.1 (Threonine, T), 0} >3} 2} (Asparagine, N),
= FEF(Glutamine, Q), A] 2~ E]| 1 (Cysteine, C), 3 & ¥ (Proline, P),
= 2}o] Al (Glysin, G), &EF(Alanine, A), ¥# (Valine, V), ©] &5+ (Isoleucine, 1),
41 (Leucine, L), W E] 2.1 (Methionine, M), ¥ 'd & 2}11 (Phenylalanine, F),
Elo] 2 21(Tyrosine, Y) ¥ E ¥ & (Tryptophan, W) 2.2 74 ¥ o}v| =4t&
shub = = oAb ofn|mAke] X8k 4= Qlvh

ok A7) WE e 2pel A o 2 W A)EE= CRISPR &4 Yol &A%+
ol =AbE = s, &, AL Yl B A, oA AL 5 HE L o] Ak ol n| i AkE 9]
HyPd 5 ok

L3, CRISPR &4 W o] A of A,

&71 &2 CRISPR :@Aq RuvC 51| Qo)) & 48} = ofn] w2t 3 3} =
= ool olu| Aol ME QY 4= 1t} o]u), AH7] RuvC %= €12 RuvCl, RuvCII
= RquIII Tl 4 O‘E}

AF7] 8-S CRISPR &4 ¢ HNH S| Qlof] &A= o} v Al == &) =
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[975]

[976]

[977]

[978]

[979]

[980]
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= ol 9] ofr] = Atel ME A 4 Sl

A}7] W18 & CRISPR &4 2] REC =H|Qlof] A8} = olv| =2t 5 s = &
ol e] ofm=qkel WM 4= Q)

7] ¥ CRISPR #.4-9] PI S=w|{lo] & A5} ofn] =4t 5 s} 4=
o] /2] O}Hl Aol WEd 4 )

&2 CRISPR &4 2] REC, RuvC, HNH 3= PI =W ¢] 5 Z]oj & &
w| Qlel] 323 ofn| Al T & o 49| ofr| wAte] ME A 4= gl
, 37| ¥ CRISPR :@Aﬂ REC % RuvC =H| Qo] ¥ 3t¥ o}n] w2
= ol ofr| Akel MY A 4 Sl
2 A of| 24, SpCas9 ¥ | 7<ﬂ o A, %71 ¥ & & SpCas92] REC ¥ RuvC
Tl ¥ k¥ A203, H277, G366, F539, 1601, M763, D965 2 F1038 o} 1] =4t
Ao & & o] Ake] ofn Akl WM o= qlTh

= | 2, 47] W8-S CRISPR &4 2] REC ¥ HNH =w|¢le] £33}
ofv| = ol 9] ofr] = Atel ME A 4 Sl

2 2 A, SpCas9 W o] Aol A, 471 ¥ 3 -2 SpCas92] REC E HNH
7 8% ¥ 3HE A203, H277, G366, F539, 1601 2 K890 o}V At 5
1*04 ofr] :Akel WE el 4= glvh

g 7] W32 CRISPR &4 2] REC ¥ PI SovQl o] AZghy ojw] Al 5
}o] 0} |x=Ake]l My d = Sl
A o 24, SpCas9 o] Aol A, 7] ¥ &2 SpCas9e] REC Z PI =1 1<)
A203, H277, G366, F539, 1601, T1102 2 D1127 o} A4 5 Ao & &
ofr] :Akel WE el 4= glvh
o 2, A7) WS CRISPR &4 2] REC, RuvC 2 HNH %=1 219
ofH] =4k T Al o] 4k ofm| kel Mg 4= ik
A ol 241, SpCas9 ¥ o] Aol 4], 471 ¥ &2 SpCas92] REC, RuvC % HNH
of ¥3F¥l A203, H277, G366, F539, 1601, M763, K890, D965 2 F1038
ofn| At F Ao I Al o] o] o] Ak WMl 4= olTh

A o 2 A7) M 3E-& CRISPR £.4 9] REC, RuvC ¥ PI =<l £3t%
ofH =4k 5 Al o] ko oln| Akl Mg 4= ik

A A of] =24, SpCas9 ® o] Aol A, 4F7] ¥ &2 SpCas92] REC, RuvC 2 PI
T lel] E3kE A203, H277, G366, F539, 1601, M763, D965, F1038, T1102 %
D1127 o}u| Ak 5 A o] I Al o] AFo] ofn| = Ako] We Ql o= qlTh

& o o 2, A7) W32 CRISPR &4 2] REC, HNH 2 PI Z=-w| Q1o 3t
ofH =4k 5 Al o] ko oln| Akl Mg 4= ik

e A o] 24, SpCas9 W o] Ao A, 47| ¥ &2 SpCas92] REC, HNH 2 PI
w9l E3k¥l A203, H277, G366, F539 1601, K890, T1102 X D1127 o} 1] =4k
T Ao & Al o] o] ofm Ak WMl o= qlTh

A o 2, A7) H3-& CRISPR &4 2] RuvC, HNH % PI = 2lof] ¥ 3}%

il

(o]

1l o>

el
o

of{ H1 o of\
il o

é_rlmg

L é o{N

2

=2 M
él—ﬂr&—HH‘r

2
[e]

sy
-
A o=, %

o =
™

il

o))

=
&}

A&rﬂ—u

2

T1
Ak

t}

13
=]

o))

=

v

rlm

e

o2 e i
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ofu| :=ak T Al o] 8] ofu| imqkel Mg A 4= QU

A A o = A, SpCas9 ¥ o] Aol A, 7] ¥ & & SpCas9°] RuvC, HNH % PI
L] lell 3 M763, K890, D965, F1038, T1102 % D1127 o} =4t 5 A o] 12
Al o] ge] ofm = ake] WA o At

02 A o2 A7) W38 -& CRISPR &4 9 REC, RuvC, HNH % PI % w919
FESHE opu] Ak 5l o) 4o oful kel W = Qi

e A ol 24, SpCas9 H o] Ao A, 47| W3- SpCas92] REC, RuvC, HNH %
PI Lo Q1o 3285 A203, H277, G366, F539, 1601, M763, K890, D965, F1038,
T1102 ¥ D1127 o}1| .4t 5= A o] & vl o] 9] ofm=Ako]l E A 4= qlt},

& CRISPR &4 Wo] Aol A,

7] §8-& CRISPR &4 9] w&E e obA] &4 o] Folst= ol 4t 5 skt
E= E o] ofrmAatke] M 5= 9l

o & £0], SpCas9 ¥ o] Aol A, 4F7] %639 D10, E762, H840, N854, N863 2
D986E A HE o} n| Al 1F Fof] B} = H o)Ak WiE e = 9lon i
U}E Cas9 orthologs2] ool t)-&% &= o] =4k “155 5l 3}14' = ol
ofu| = Ako] WHEH YU 4 9t}

7] M3 CRISPR B4 9] wEeotAl B4 S A3 ESA5A 7]
5= gl e, o] 2] g CRISPR &4 W ol A= Y7tolAd 4= 9t}

o]-x

rir
&
ofl
o,

ol], A7) 13 -S CRISPR &4 9] RuvC %1 ¢19] -2 do}A] &4
=3 éi}*l 7]3= W8 9= 9l o, o] 23 CRISPR &4 Wol A= %4 F-4x}
T siake] v] AR AL 7HER =5 oRNAS AR A ¢l AHS 3H4] b= 71e&

o )
A A o 2, SpCas92] 745, SpCas92] o}v] =4k A 10 o} AT Z EANS
e} 0 2 W o] (mutation)A] 7| H, <5, DI0AR W o] A| 7], RuvC =gl 2
EdolA 2ol EEASE B YJlol A 2 AT lon, ol FAdH
Y 7bol A= B4 732 Bei= d4ke] Bl R A 7, =5, gRNA S AR 4 <L
AE oA g 7te e dadd o gl
A A 24, CjCas9] 7 -F-, CjCas92] obm] =2k A& 8
of~mtE EARS dhefd 0 2 ¥l o] (mutation)A] 7| ¥, <, DSAZE W o] Al 7] H, RuvC
Lr|le] wEdolA 2ol BRI E R YTlolA & AMES 7 o,
o]uﬂ /\g/g_?_] qav}o};q]{_ J\JL qu} 1= aﬂ/\]-/] ﬂ]/wiﬂ 7].ﬁ, —,,gRNA-@r

5h7] k= 7pehe Arst 2= glu),

%+ CRISPR #.4-2] HNH =H|19] & d|ofA &4 &

[e] =
B33 7= e d 4= 9lo o]2] 3k CRISPR &4 HolA &= ¥4 524}
= Ak AR A 71, & gRNASK 3 H A Q1 Adhe &= 7Fehg dyst 4=

Q A o &, SpCas92] 7 -F-, SpCas92] o} 1] Ak A A 840 3] ~E| W&
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[998]

[999]

[1000]
[1001]

[1002]
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oFelid o 2 W o] (mutation)A] 71, =5, H840A = W o] Al 71, HNH 51 91 2]
TEdokA o] B2 H R YItolAl 2 A = 9o, oju] A
YtolAl= B4 §734 = ko] 4 RA 7he, =, gRNAQ FH A1 A5HE
ah= 7hehs Addd 5 gl
o2 A A e &, CjCas92] 7 -, CjCas9®] o] Ak A A 5590 3] ~EH &

¢rehd 0 2 W o) (mutation) A 7, <, HS59A R W o] Al 7|, HNH S| <1 2]
TEdokA o] B2 H R YItolAl 2 A = 9o, oju] A
U7bobAl= 34 A = EAte] G EA 7HY, 5, gRNASH 3R A Q) A S
ah= 7hehs Addd 5 gl

Lok A7) M8 CRISPR 849 wEdofA 848 938 Edd A 7]+=
H ] 4= 9l o o]7] gl CRISPR &4 HolAi:= B84 CRISPR 244 4=

H& ] 4= gl o o] 23 CRISPR &4 WHo| A= 4 #44
Aebst 4= gl
75, SpCas99] ofn =4t A 10W o ~3 2 EALT
840 3] ~E| WS 5 el 0 7 W o] (mutation)A] 71, =, DI0A 2 H840A =
H ol A7, RuvC =191 W HNH S| Qle] o]t - #lo}A] &4 o)
B0 14 {4 B ke o|Frtes BT AdE 4 gl
o2 A A o 24, CjCas99] -5, CjCas99] o} =4t A 81
of~mt 2 EALS 559 3] AE WS B el o2 W o] (mutation) A 71 4, =,

DSA @ H559AE oAl 7], RuvC =1 Q1 2 HNH L ¢l ol 9] 3t 72 ¢ o} A
gdo| BEFAstE R T A {-AX = ik olFrlee B Ade

gk,

HESH CRISPR f.4: ¥ o] 4= CRISPR f.49] & 54 o|9o] HejH o=
71°s 2 (functional) =M 912 F7F &2 L§+e 4= 1 014, o] 2§k CRISPR &4
Hol A= Ao 54 o] 9ol H-7H2 ¢ 54 & 7 = 3

old], 7] 7154 =212 v el glol A (methylase) 24,

U] v & 2} o} Al (demethylase) &4, Z A& 2 (transcription activation) 4, 21 A}

#] &l (transcription repression) 24, A A} ¥ Q1 A} (transcription release factor)
g, 3] 2= ¥ & (histone modification) /J, RNA A W (cleavage) T4 T+ 4t
A %H(nucleic acid binding) B4 & 7FA3= =|eld 4= 9lom mi=

WA el = £3he] LA A E Aeh Bl L(tag) 3= 2 £ B F-AAYL
o}, ofef] Ay A =1

871 7152 5=l flete| =, Z e flEto| = Bt vl d 2

t] o} 1| ] ©] Z(deaminase)d T+ T}

A U]
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o & Eo], B¢A = 45 CRISPR &40 AlE|H t]olu]d] o] Z(cytidine
deaminase)E 7|54 EHQl o g 72 E9et 4= It} A A o &, SpCas9
Y7FolA| el Al E]H Yolny|o] =, o & &, APOBECI(apolipoprotein B editing
complex )& F7tato] g3 @A -& A 5 vt o] A &4 % [SpCas9
Y7}l A - [APOBECI] 217] CE T H= UR 7] 0 = Ao
o &H A, = A7 GE AR 9471 A = AP o8 = 3t

%471 ¥ 715= 8] 2~ E| H(His) ¥l L, V5 B} 7L, FLAG ¥} 1, ?1& 57}
& rh=FE W (HA) Bl 71, Myc Bl 72, VSV-G Bl 77 2 E] 9| 5 A1(Trx) Bl 71 5-&
288, A7) B 2 EH FH A 2 FEFE-S-E i 2 9 24 (GST),
& 2~ @] A (horseradish) #HAH3} & 4~ (HRP), 2 &9 Y &
o} AIE) E 1 2~ 2 Al (CAT) W Eh-2H 2 EA b Al ] B2 5.5 2] T,
5213 @A), 4] 2% 07 (GFP), HeRed, DsRed, % 54] 33 ¥ w21 (CEP),
s 23 e (YRR @ A 2 R BEPS ¥ ek A7be

Al
@ e ¥ ahal, ol Hol 45 %) Bkt
g A1 7155 4 = Q12 NLS(nuclear localization sequence or signal) H=1=

NES(nuclear export sequence or signal)d <~ 1T},

2 o &, CRISPR &4 1= &y} o] 4 2] NLSE X318 <= qlt}. o], AH7] NLS+&=
CRISPR 49 olv| = Wt E= 71 LA 2 EA B B = 71 44, ==
o] &9 3ol dfr} o] o] NLSE ¥ 4= St} 47| NLSi= 817 257§
A E NLS A Ed 7 Loy, ool A gk A gh=t}: o} 1| =4k <
PKKKRKVE ZEi= Sv40 vlo] ] 2 tf & T-3 2] NLS;
Y& 9 2 = 2~ W (nucleoplasmin) & 2 F-H 2] NLS(ol| & 0], <&
KRPAATKKAGQAKKKKE ztHi= &8 & &2k~ 1l o] i(bipartite) NLS);
opn] =4k A4 PAAKRVKLD = RQRRNELKRSPE- 2= c-myc NLS; A1 &
NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAKPRNQGGY £ zH= hRNPA1 M9
NLS; ¢ 2 ¥l-t o} 22 78] o] IBB LH| Q1o A
RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEQILKRRNV:
n}o] @ nl(myoma) T ¥ & 2] 4] VSRKRPRP 2 PPKKARED; 217} p532] A<
POPKKKPL; 7}-9-2= c-abl IVS] A & SALIKKKKKMAP; Q1= 54l A} vlo] 2]
NS1¢] 49 DRLRR % PKQKKRK; 7+ vlo] 2] 2~ de} gl o] A
RKLKKKIKKL; #}-§-2= Mx1 @92l o] 4] <! REKKKFLKRR; 17+
=2 (ADP-8] H.2~) T3 842 ¥ KRKGDEVDGVDEVAKKKSKK; 2
2HEO|E T EE FEARGIh S FZIEE ol =9 M

RKCLQAGMNLEARKTKK.

£ %, CRISPR &4 Wo| A &= CRISPR &4 & +
e 225 Sl (split) Bl ¢ CRISPR 5.4 5 39+

A A VS H OB T P2 OR EE 9o
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g ol ge.

olul, 4] 2~Z 2 (split) 3 B] 2] CRISPR &A= 9h4 84 §4 B9 Ti=
BE 3 gA 0= Bad 5409 4 )

2
fij
ﬂiﬂ

ﬂswm%JofﬁﬁmaﬂgﬂqﬁﬂﬁgﬂogApg;gga@
F Y] RE 07 UE AEZE §pCas9S AT = Tt

YEH, 7] 223l (split) F Hl & CRISPR &.43= A B2 02
A7/ (reconstitution)= A g F7F =, SlEto] =, E] o] = =
A g 23 4 ok

ofu, 7] "AF-A & 22 E 2 (split) & Tl ©] CRISPR FA7F 24 0 & ofA) 5]
CRISPR & 49} U371 F-AFSHE S 3= A2 o] 3t

A} 71 A A (reconstitution) = ¢ ¢ =7} Tl S Elo| = Z g Efo| = =
ol A& FRB ¥ FKBP dimerization domains; 1 ¥l 1 (intein); ERT % VPR

domains == 54 2ol A o] o] A A (heterodimer) & A 3= WA Y =

o)
2A
o| & 5], SpCas92] 75, 7131 A &3} 7140 ZF}o] Al Alo] & H-slalo] F
Hel FH o & Use 25 SpCas9ell F -3 5 3htfell FRB =wQl& 28t

v %] shufe]] FKBP Sm| Q1-& 143 o= lth. o] g A A ¥ 2~E 8 SpCas9-
gl atulol A o] EA5H= 34 oA FRB =121 3} FKBP =1 ¢l o] tho]| | &
& A sto] Al -4 ¥ CRISPR 42 AT 4= 9)

%%%]HﬂﬂﬁCMWRﬁ*“LCMW R 84 HolA = Hefjete] =,
il = o] B ¢asleliE A Eg 7HAIRE Ak 45 9le ), A7) CRISPR
#Z: BE3= CRISPR .4 WA S =i staral ahi= th 4ol Bt5o] A
%] 4] 3}(codon optimization) ¥ A 4 = 1T}

S FH A= Al A 2] Aok sl Es s
H%mﬂﬂﬂ“bkﬂmﬂ4ﬂ}-ﬂ%i%gi *

=t
kol 31 7 o]u} e} &

A4 FA4 WAL A8 2HE 5 Uk,

.24 M4
"EA A B FAA = A Yol EA5E GUIAE R,
ol =& ake] 7hol = Rl el AEFE = Tlol = A D R A S TR 1A
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Ot

FAA T Aabe] we, % oA 2w
Sl 229l Ay d e 4 &A%} E=

. T .

i)

Aol whef

b

El

e

g
rlo
S
©
1H
>~
id
N
3
(r
kr
;é
ro,
o
L
1
i
N
)
Jl
(r
QL
e
)

Q}51x40

1A} 1
= e
@ﬂ%%$%£W@1EAH“4ﬁﬂbﬂﬂEH“4ﬁﬂ%%°%$
o)
A

WA 50709 f7IMdd 7 At

) AAA2 1671 G714 LG, 1702 47144, 1871 <]

A, 19709 71 E, 20709 71D, 21709 471 E, 2270 9]

A, 23709 A7IAE, 24709 GV == 25709 I E Y o ok

A7 A L& 7ol Ed ko] Thol B | lof E3E Tho] = A H

AR AN A A = 9lo, o & B0 HAE 70%, 75%, 80%, 85%, 90%
= 95% ovu FRAO|AY = G A EHA AR A "t H A 4

-
a
gt
2
oy
N
R
4

=
Mol A0 e | A $he] A7 E AR T E e
2he}
w47 B4 AQL e e o) Q148 5 gl Wik 2
Aol AT 71N LA 5 2
37 ¥ 5 g

ol o] 4 Ao A A o &4, gRNA-CRISPR E3A o o} & 314
M A& shdbel <=8kt

gRNA-CRISPR 8.4 5 &A & o] &3lo] 314 74 = AAbg £4 8=
R

F A A LS gRNAQ| 7ol = Eu|Qlof] 35 = 7ho| = M A3 AR A&
7R 24 ML A A B kel whet, S foAa 22 e
WA s A} ah= el et Gk 5 e QUG R, B4 FEA e
s Akol whet oy Fat Al A AE 7 2l

EeH ¥4 A <L-2 CRISPR &4, ? Cas9 5= Cpflo] 14 4= 3= PAM
Aol 55 Xl AAg AVIALU 5 AT

Qo2 A7) T4 A LEL CRISPR E47F 912418 = ¢l PAM A & 9] 5 @t
=R 3 Ee] /1 skl YA Eh= AEskE 5 WA 50709 VI EA
ATk

o A o] 24, CRISPR B4 7} SpCas9sl 74 5-, A1 14 L& 5-NGG-3,
5-NAG-3' /2 5°NGA-3 (N=A, T,G E=C, EE A, U,GEEQO) AP 5
ek g 3 E el Q1 sl A S Sk 16 WA 25709 M Ed
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T Aok

tHE & LA o] &4, CRISPR &4 7} StCas9%] 749, A7 4 A&
5-NGGNG-3' F==/% 5"NNAGAAW-3' (W =A L= TO| 1, N=A, T, G £+
EEAUGEEQOAEY 5 dy =2 3 ol 25 o] 9 X5

&5h= 16 WA 25709 71D 5= doh

I thE A A o 224, CRISPR &4 7F NmCas9¢! 7 -5-, A7) E;ﬁ, i
5'NNNNGATT-3' &3=/2 5"NNNGCTT-3 N=A, T,G L= C, £ A, U, G £
C) A Eo] 5 et /R 3 il Q15 ste] Y A8k AL ah 16 WA 2570 9
A7IAALEA 7 ATt

& A4 o) 24, CRISPR &4 7} CjCas9%! 45, 7] 4 Ad&
5-NNNVRYAC-3' (V=G,CEEE=A;R=AEE=GO|H, Y=CEETO|I, N=A,

TGEECEEAUGEEQC MDY 5 wha iwmi=/2 3 Wt 915 3o
AA 8= ALeh= 16 WA 25719 7ML 4 Aot

tFE o LA o] 224, CRISPR &4 7} SmCas9%] 749, A7 4 AL
5'NGG-3' Z/E3= 5-NAAR-3(R=A 3= GO, N=A, T,G == C; L= A, U,
G L= )AL 5 g =/ 3 ko] QI &b §1 A 8hi= A 4:3)= 16 WA
2570 71 Ed 5 S

U2 o] FA o 4], CRISPR f 47} SaCas98l -, A7) B4 D&
5'NNGRR-3', 5“NNGRRT-3' ==/ 5-NNGRRV-3' R=A 1= Go|H,V=G,C
EEAOI N=AT,GEECEEAUGCGEEQO) ALY s He Ei=/2 3
tol] 1 sle] X8 A= 16 WA 2571 9] 47142 4= A

Q A o] &4, CRISPR &4 7} Cpf1Q] 7d-5-, A7) 4] AL L& 5-TTN-3' (N= A,
T, G o= D’:}; C U:L— A U G 1:1:&—_ C) Hoﬂ/] 5 uh;} 1:1:&—_/1:'1 3 uh;}oﬂ o] ] 0}04
AA 8= A= 16 WA 25719 7L 5= At

e A A RA,
471 B4 L2 PMP22 Aol EhE At A d =

7
A7 A LD PMP22 S AR A A AALE A S o)

A7) 14 L& PMP22 77 AF2] Promoter, TATA Box, CAAT Box, Initiation
Site, Termination Site, Donor Splice Site, Acceptor Splice Site, Poly A Site, Enhancer,
3’ UTR(Untranslated Region), 5 UTR, Attenuator "2 GC Box 2] A& = o] 9]
el A Aae 5 gk,

T
T
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(DSOS
roox B o oox

L fF o o

e 2% H =2
N
o
I
El
o
ob
rlr
o
(e}
2,
N
0
7~
03]
Mg
=
i
e
oX,
ujii
o
-_&4
N
E
a3

R R

Y O)(Knockin)

"99) (knockin)"& T4 A Bz Sate] 54 G4 i HAAE A s
2 elujstel, olu], "5 Salre Ab It ara sk iz WA Y]] st
SR B WALS ofu] ek ¥l e Bl AW frushs Bolve] HAAES
gl S, A 5 AAE ASIse] B4 Al Ae] S frstol
A X we) ol §3 5 e,

U Eo], yeol& F714 2 & T Y(donor)E E R & = At}

o] & S0, oRNA-CRISPR &4 314, 2, CRISPR &34 & 0] 8-3}¢] 1%

FAA = ke Ay £ 248 79, CRISPR 534 & o] &3l 374
_::;L_X

F- AR} = AAES A ehst 4= QI T CRISPR B34 S o] &35)o] &4+

FAA = 34 HDRE F8ll 748 fF3AF 2 dito] i85 5= gl
oju], = & o] &3e] 4k §1A iz Fatel] 54 Faks bl E 4= gl
AF7] "X (donor)" = £ H - no =1

A DS o ek, o)m), Bl 5 L
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[1169] 7] ©Ui= .
[1170] 7] U= A £ 939 5 gk
- — 1

[1171] 2471

o -1 =
A
[1172]  ©& 59, == 54 daks Astaal shiz 914, o & 59, 5404
& Ako] @ Z(upstream)d @ 2% (downstream) 2] 371 A4 D3} 2+ s A=
ZhAlRE A A2 3 9l o)W, Ab st anA) shis 54 SAbe &40
Ao 2 2H AVIN AR Fe s T S dar S0 At A%
D7 L 53 THA R GA D Abolel] 1A 4= Sl o, 7]
FEde 7HA = M AL A AT 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%,
90% 3= 95% ©)/del FE = 2 s RS s A= 7 9l
[1173] 7] B AR A o= 2491 St & 3 9sh o= 9l o, %ﬂr*mﬂ
AL o] QP AL, Yl &8 = HDR 582 ¥0]= 48 oh=
A T AT

[1174] ol & 5], 7] F4 A S 7] A, T7F S48 A D, = AT
3 W Q1(A-T rich domain) ¥ 5~ At} B A7 =

SMARC(scaffold/matrix attachment region)d <~ 1T}

:E
N

[1175]

[1176] =g o] Fdx 22 aafe) #gk A -4 o] 24, gRNA-CRISPR & &
A E o] ot 5% 22td 14 FAd7h 5, 2448 sC 715 24 1At
v A s A= 229 PMP22+= st oF 22 A& 7HE o 9

[1177] & Ao 24, PMP227} -4 A< 743,

[1178] gRNA-CRISPRA A #3HA] ol 2] 3f <19 ?ﬁ,p_i Z2H¥ PMP229] A2,

[1179] 7371 PMP22 F- A E G4 8= A E ] PAM A E & & o9 5 det
G/ 3 e Q17 she] 9175z S143H= 1bp tHX] SObp, 1bp tH¥] 40bp, 1bp
W %] 30bp, B A 8} A= 3bp W A] 25bpe] G771 M E F-H W9

[1180] 3} o) Ato FE#H S Elo]| = o] AR = AH9,

[1181]  oFA S FradAbe} ol gt shvt o] Fof 4= | L EFo] mE o] X8t
[1182] &% f-2 el st o] o] el LEFO) = A

[1183] = skt ol de] ditel Migs 29 5= v},

[1184] £33, 47] PMP22 Fr A4S T4 8h= 34k & W 8l 0] 42

el QEtol =2 shetA My s g = 3l
[1185]  oful, "o el 7= e LEFo] =iz PMP22 A AHS A9k tf A 7 2
7FA AL ‘th TEU LB ETF ol o -2 HE YA HE, o & 50, ol F
e E= AR A wEE LB BE BT £9sh= Jid ol
50bp Ol &ke] 2k A7) 8] oS L Ere| BERE ol el 54 Vs S
TR @ o e A% A7) e o, 523, s Rt bp ]
FH LBl = e o) 2 g & fref| 7 E e L EHo] == S (donon)
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[1186]

[1187]
[1188]

[1189]

[1190]

[1191]
[1192]

[1193]

97
% 9ok,

&7 shetA W e me s}, oA d 3}, Q1413 78] F 'l 3t ADP-¢] B4 3,
EEECER ETERER S e L = O L S
A= 2§71 AR T} S, BAAA, -0-22 7], -0-012 7], E ofv] 7]
% o) SR X FH AL, of ol A A hi=th EF, S PAe] DS
o] 7] 913l -Br, -Cl, -R, -R'OR, -SH, -SR, -N3 X -CN (R= alkyl, aryl, alkylene) =
o= U EE X3kE 5 Q) EdF Aoj% 179 FEHLE B LA E
1 o] alkylphosphonate form, phosphoroamidate form 2 boranophosphate form =
ol S A e LA 7] A WL B] AL Aol
¥ty = Aol 1F 9] 73 Y 2 E|=7F LNA (locked nucleic acid), UNA(unlocked

nucleic acid), Morpholino, PNA (peptide nucleic acid) & ©] = d}1}=2 %] 3h¥l
A B0 4 gov], 7] Sher M-S 4] S Bk A, AE
5214 F1Elo] = (cell penetrating peptide) 2 M| 32 34] 2| IFE = A E ol A
HEE sh ol g A HE AS S0 F 4 AT

B A= SC 75 24 A 28I(SC 7] 24 A ¥ Al
&A1) 9138le] gRNA-CRISPR &4 &34 o] o] & 219 4]
A

2

AL, =, PMP22 A2 -4 8= akel Wd & 7hst = qloh

PMP22 F- 22l 4l M-S ¥ g5l H 9= 34 B9 B 24 4d9d 5=
o]

o] 31§ A A E2 gRNA-CRISPR 8.4 584 o] Bb7llo] = 5= 9151, A7)
A A9 CRISPR 47} 912431= PAM A €& X331 A = 23614
& T Utk olH g A LS AA ALl Al gRNA A Aol A S ag
7S AlEgst 4= Aok

ol &gt &AW E-& A iko] "Ad h(cleavage)'S E SIS,

T4 F9l9] "AH(cleavage)'Z =2l 7 & 8 L EFo]| = 2] FF-2 3l(covalent

backbone)2] ¥} (breakage)S 2] 7] e}, Ak

3 232 T}o| of| 2~ B (phosphodiester) 2 39 §4-4] L= 5}8h4] 7

s, ool A EHE x| o, o] 9] o] vkt o) ] 7HA] M Eol] o] 5o
T 7 vk Gdrbe e A E o] rtee] vk W5 THs sk,

ol F7te o] Ak 5 7)o - ¥ =(distinct) A -7HEo] A ko] A

wkAy sk 4= ), o] 5 7hehe] A k2 blunt ends S5 staggered end & A T
o]

£54 5141 CRISPR 548 ALE51= 29, 47] 4 =242 glo], 54
7% % Bz QA F4 129l i PMP22 Fal Aol ol o] Eelel 7
A A5 T A, 2l 5 7]l e} P2 4

%l 041;@1, gRNA—CRISPR A ﬁrgxﬂ o <] 3l amg 51 4} 4 Ao =
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[1195]

[1196]

[1197]
[1198]

[1199]

[1200]

[1201]

[1202]

[1203]

[1204]

[1205]

[1206]

[1207]

[1208]

98
T4 LA FA Ao o5l v ket 912 (indel; insertion and deletion)©] A &
2= 0]
T A

"Q1 4l (indel)"-= DNA2] ¢4 7] v Lol A AR 717} F 7k A
(insertion) ] A} 22 (deletion) ¥ W o] & F A g}, Q1 &2 <=3l ul e} o]
gRNA-CRISPR & 2 2347} PMP22 A 2] 81 2HDNA, RNA)S 4 vt

A3t
74 5-, HDR H5= NHEJ 7] 2}l 98] -4 5] = 2goll A 314 Aol =9 =
A A}
Houkg o] Q1914 o 2 22y PMP22 §- A A&, o] 2] gk Slske] Agk 1 9l
TS o] & 4 T o B f-AAe] ik del W o] o] Fo] 2]
Ao ZA, BAE= SC 75 24 Al 2=8(SC 715 24 A A3 AJ =8l Z 8,
== = WA 9] Ve e 24

o] PMP229] W+ /El= 7] WS Bl 7
i=]

97] 198 0% 29 PMP22 A Aol o3 54 e el wd P B2

A Al 5= At

A o 2, -4 2 (genome) & PMP22 31 4ke] 54 B 391 5 A dste] A7)

=
FAAZ Ytk B Yol A 5 Yk,

CRISPR &.4-E o] &gt 24 vl 7)< 5= it}

A7 A e m 22 SC 75 24 Q1A =, 19 A 07 £ 2HE pMP22
FAzbell ol e rRbAlE o] S A L= Adfst v, S 53] T
T7HA A 5=

A7 A e m 22 SC 75 24 Q1A =, 19 A 07 £ 2HE pMP22

AR ol o8] FFEkAE 2] A EF7](cell cycle) @] R3]S whaf 1=

o 2 E (arresyy 3t A L}, Al 52718 g FA1 - 5= v

A7 A e m 22 SC 75 24 Q1A =, 19 A 07 £ 2HE pMP22
i ztel o3l fFHbA| E o] W55 HXIA 7] AV A A = gl

A7 A e m 22 SC 75 24 Q1A =, 19 A 07 £ 2HE pMP22
o ztel ol sl FHbAlEZ o] APE & FHXIA 7] 7 A 2 = Sl

A7 A e m 22 SC 75 24 Q1A =, 19 A 07 £ 2HE pMP22

TR Atel ol sl WRAGHEL] ES F7v el 5=
A7 A e m 22 SC 75 24 Q1A =, 19 A 07 £ 2HE pMP22
FrA el o HERAZAEY FA4 R AT ADE w5 e 5= vk

B AR A o2 22H SC 75 24 AL =, A9 4 o =2 224 % pMP22

2
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[1209]

[1210]

[1211]

[1212]

[1213]
[1214]

[1215]

[1216]

[1217]

[1218]

[1219]

[1220]

[1221]
[1222]

99

AR 2 &l 2 A M E FHA axon) ] & S 24T 5 9l

olu, +x PAE 2o WA, 729 HI 2 A, 729 A4 R
G322 9732 5 (compact myelin) 59 5732 F o] HAwbAl HA4 B =% ¥ 3}
T g2 Ve 38 ZE wAYUS S 23§

B AR A o2 22H SC 75 24 AL =, A9 4 o =2 224 % pMP22
Fr A Zpoll of 8l ek o] V] 5ol = A gkl o gk A o] /A B A so
o]-&= = Ut

HH
e

A el 2] &l 41 f-oF Al E(fibroblasts) BE= Al 7 1L Al 3 (glial cells) 2]
A = AU, S S B S 7= BE dAYSS

_U
<
=
O [\)

4 12 Fo ox
[

R

BN
k)
reom!

0%
N
-0,
)
)
o
i

ZAE SC 75 24 A =, A A 2 &2 =45 PMP22
o} M| 3 (fibroblasts) 5= 4174 1A 3 (glial cells)S] -4 ol

[e]
=3

= O =L A~
=8 243 4= 9

ﬁd
¢
i Lo
:(‘>L_r‘

o
& =
i, N
S
=
oo

[e)

rle
T
z

(o]
o

TA e Z2A, AN Ao " 22H SC Vs =4 AL =,
F ¥l PMP22 f- 4 AF= gRNA-CRISPR &4 314 9] -4 2]
,PMP22 -4 2] 314 H Qo E3F i= 273 2 PAM
yoll uheh theksl 919) 4 o & Z2kd PMP2RE A& 4= Q]
9] CRISPR £.4 dl& S 07 7|43 A| 1k o] &4 o A9
A A okar o) ¢ 3 g o & Boukhg o] A ey A = k=t

o & &0°1, CRISPR &7} SpCas9 Tl 2 Q1 79~ 447] PAM A €2 5'-NGG-3'
(N2 A, T,G, == C)olar, 7] Ady = 97 d E9imd H9he 14
A2 W 9] 5-NGG-3' A @ 9] 5wt Q/Ei= 3 ol Q17 8o 9] 4] 5h=
A<= 1bp WA 25bp, ol Z1Th 17bp W A] 23bp H4= 21bp WA 23bpe] 714 &
T 5 A

PMP22 7 x}o] alabq < 1f of

a) 5-NGG-3' (NZ A, T, C .= GY) A€ 9] 5 ek W/ = 3 d ol 915 3)of
x| 8F= A Z8F= 1bp WA 25bp, ol Z1dl 17bp WA 23bpe] 171 A E 91 <]
shu} o) o] wEE S Eto| =] A,

b) 5-NGG-3' A d 9] 5' et Y/ = 3 whgto] Q17 3sle] 9 x| 8hi= <148 1bp
W #] 25bp, <l 71t 17bp WA 23bpe] 7] A F-9 W< sl o] 3]
TEE Qo] =] oA A xbe) Aol & 2 | LEFo| =R O] X 3

¢) 5-NGG-3' A & 9] 5 &gt L/ 1= 3 Whido]] 917 51o] 9] X 8hi= ¢14:3)= 1bp
WA 25bp, <l Z1th 17bp W A] 23bpe] §171 QD -9 =2 9] sl o] <]
2 El S Eol = o] 4t HEis

d) 371 a) WA ¢) Foll A A E¥ 2 74A] o] Fe] 23

ol 28k A191, Q1914 o & Z2HE PMP22 F- A S Al 5d 4= ATt

[0 o
i 1o
o,

BN
i

—

2
i
e

2> oo
mg oX
1o

o> i
9,

2
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o £
=3
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[1223]

[1224] o] & E9°], CRISPR &4 7} CjCas9 Tl A 0l 74-9- 47| PAM A 42
5NNNNRYAC-3(N& 2472 =2 0 2 A T, C B3= Golal, R& A= Gol L,
Y= CHE=To)ol oL, 7] Ads = 71 d FAGERA 9D+ B 734
2] 5-NNNNRYAC-3' A & 2|5 Wt Z/iE= 3 il 18] 943
o1 2:3}1= 1bp WA] 25bp, <A 17bp W A] 23bp H=3= 21bp WA 23bp2] 714 <
T 5 A

[1225]  PMP22 -3 A}e] AbA E U<

[1226]  a') 5-NNNNRYAC-3' (N-= 72 =524 0 2 A T, C = GO 1, R A=
Golal, Y= C =T AL 9 5 iyt 2/m= 3 ko] Q174 5ho] 9] %] 8hi=
©12:3}= 1bp W A] 25bp, dl 71T 17bp W A] 23bp2] 7] A E 9 9] 3}
olde] wEU el =9 A4,

[1227] b)) 5-NNNNRYAC-3' A &4 2] 5 gt /1= 3" whhof] Q14 5o 9] X5} +=
©12:3}= 1bp W A] 25bp, dl 71T 17bp W A] 23bp2] 7] A E 9 9] 3}
o] /ge] wE U LEFol B o] oA f- A Ak} o) gt & e LEFo] =R 9 X 3,

[1228]  ¢') S“NNNNRYAC-3' A & &] 5" ek 2/ 1= 3 dhko]] Q17 8lo] 9] %] 8h+=
A <-3F= 1bp W A] 25bp, ol 21t 17bp W A] 23bpe] $17] A E -9 W2 9| st

ol ol FrEu QLEFo] =2 AFQ], Bl

[1229]  d) 7] a) WAl ¢) Tl A Aels 2 7FA] o] o] =3

[1230] ol &3 Al Q% o0& ZAH PMP22 F-AAE A 33 5= At}
[1231]

[1232] <& E0°], CRISPR &4 7} StCas9 T2 01 79 A7 PAM A Q-2

[e]
5-NNAGAAW-3' (N2 242t 5 2 0 & A T, C I3 GO al, Wiz A TEi=
TShola, 7] dds &= f71Md FAGEA )& 8 4 W
5-NNAGAAW-3' A & 2] 5 gt ii= 3" whihof] Q15 o] 9] X]8F= ¢14:3)+= 1bp
W =] 25bp, ol ZATh 17bp WA 23bp 3= 21bp WA 23bp 2] G714 E 29 =
A
[1233]  PMP22 §-7d2k22] &AkA & o] <]
[1234]  a") 5“NNAGAAW-3' (N-= A7 52 02 A T, C 'E3= GoJaL, W= A =
THA Lol 5 kel Q15 ske] YA 8= A <8F= 1bp WA] 25bp, el 2t 17bp
WA 23bpe] 9471 D - e st o] e rEE QLB =9 A,
[1235]  b") 5-NNAGAAW-3' A€ 9] 5" ek Bl/mEs= 3' Aol Q15 ahe] 9] %] 8)+=
431 1bp U1 A] 25bp, ol 210 17bp W1 A 23bpe] 7] A F-9] Ul 9] k)
o]l & LEFO| =9 oA Y] {22} Ao 3 & S Efo] B R o] X &
[1236]  c") 5-NNAGAAW-3' A & 2] 5 ek 9/ = 3 dhko]] Q17 slo] 9] %] 8=
®12=3}= 1bp WA] 25bp, a7t 17bp WA 23bp2] 7] HE 9 W22 s}
o)l & d KLEte| =9] AFSY, Bt

[1237]  d) 7] 2" WA ") Foll A A 2 7kA] o) o] 23
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[1238]
[1239]
[1240]

[1241]

[1242]

[1243]

[1244]

[1245
[1246
[1247
[1248

— e e

[1249]
[1250]

[1251]

[1252]

[1253]

101

r

o 213k A9, o194 o2 Z2¥ PMP22 FAAE Al&st 4= o),

o] & 5o}, CRISPR &4 7} NmCas9 ¥ 2 0] 74-$- 47| PAM A €&
5-NNNNGATT-3'(N-& 4+ S5 0 & A, T, C 3= Ge)olaz, 4 7] Aty =
A7 D FA(FEA F2h= e F-4 2 U 9] 5-NNNNGATT-3' A 2 9] 5
/= 3 e A8kl 9] x| 8= A 4-3F= 1bp W A] 25bp, ol 21Tl 17bp WA
23bp B3 21bp WA 23bpe] A7IA A Y 5 AT

PMP22 7 x}o] alabq < 1f of

a") 5“NNNNGATT-3' (N> 242t 54 02 A T,C E= GY) AL 5 2t
/L= 3 ] /1A eho] # A8k A<= 1bp W] 25bp, T 17bp W A]
23bpol 7] M E 9 W9 st o] o] FEHU Qe =0 A4,

b™) S-NNNNGATT-3' A @ €] 5' e Bl/mE = 3 ko] Q14 8fo] 91 4] 5h=
A <£8k= 1bp WA] 25bp, <l Z1Th 17bp WA] 23bpe] 171 A& -9 o] st
o)l 2 d LEFO)| =9 oA Y] {7 A2} Aol & wE | LEFo] =R o] X E

c") S-NNNNGATT-3' A & o] 5 ik J/H = 3 ko] 13 she] A s}z
ALk 1bp W A] 25bp, ol ZATH 17bp A 23bpe] 7] A& -9 22 st
ol o] yrEH LEo] =] 4], e

d™ A7 a™y WA ¢y Toll A B 2 7FA] o] ko] =3

o o1&k A 9194 o & Z2¥ PMP22 F-AAE A we o= ot

o] & E0], CRISPR &4 7} SaCas9 ©H ¥ A<l 9~ 7] PAM A4
5-NNGRR(T)-3'(N& Z+7 =5 0 & A T, C 3= GO a1, RS AFE= Go] L,
(D Y= E37hse D& on|gholar, 7] Ay = §171Ad
FA(EA 2D e $-1 4 Ul9] 5-NNGRR(T)-3' A g 9] 5 et =3
ko]l Q17 8fe] 9 X8 9145k 1bp WA 25bp, <A ] 17bp WA] 23bp 1=
21bp WA] 23bpe] V1A E A = Aok

PMP22 -7 2}2] 34k A W of

a") 5-NNGRR(T)-3' (N& A2} =594 0 &2 A, T, C 3= GO 3L, RS A BE+=
Golal, Yi= C HE= T) A 49 5" ek 2/m L= 3 kel Q17 8ho] ¢ A 8h=
A<:3H= 1bp W A1 25bp, ol T 17bp WA 23bpe] 171 A& -9 W 9] skt
o] el yrF e Leto] =9 A,

b™) 5“NNGRR(T)-3' A o] 5 et al/i = 3 whebe] Q15{ahe] 91| 5hi=
A<:3H= 1bp W A1 25bp, ol T 17bp WA 23bpe] 171 A& -9 W 9] skt
o] F o] yE e LEto] =9 of A f-d 2o} Aol g - E vl QEfo] R 9] X| 3,

¢") 5-NNGRR(T)-3' A & o] 5" vt 2/ = 3" ko] Q13 o] 9] 8=
A <+5H= 1bp W A] 25bp, ol Z1Th 17bp WA 23bpe] 7] A E -9 WHE ] 3t
ol o] wEH LEe] =9] 4Fl, Ei=

a) 37) av) A ¢ Fol A A 2 kA o el 2
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[1254]
[1255]
[1256]

[1257]

[1258]
[1259]

[1260]

[1261]

[1262
[1263
[1264
[1265
[1266

—t e e e

[1267]

102

of o3k AR, AN A 0= £2H PMP22 FHAE A5 4= AT

o & E0], CRISPR &4 7} Cpfl @Al -5 7] PAM A &4-&
5-TIN-3'(N-= A, T, C FE1= G)ol oL, 7] Ay = 4714 2 F-H (324
9= B A 9] 5-TTN-3' A 2 2] 5 et Bei= 3 b ebol] 914 3o
A A 8= A £:8}:= 10bp W A] 30bp, < ATH, 15bp W ] 26bp, 17bp W #] 30bp,
1= 17bp WA 26bpe] 71 E F A 5= 9

471 Cpfl E A2 Parcubacteria bacterium (GWC201 1._GWC2_ 44 _17),
Lachnospiraceae bacterium (MC2017), Butyrivibrio proteoclasiicus, Peregrinibacteria
bacterium (GW2011_GWA_33_10), Acidaminococcus sp. (BV3L6), Porphyromonas
macacae, Lachnospiraceae bacterium (ND2006), Porphyromonas crevioricanis,
Prevotella disiens, Moraxella bovoculi(237), Smiihella sp. (SC_KO8D17), Leptospira
inadai, Lachnospiraceae bacterium (MA2020), Francisella novicida (U112),
Candidatus Methanoplasma termitum, Eubacterium eligens 52| 7| A= F-2 el AL
T o, o A, Parcubacteria bacterium (GWC2011_GWC2_44_17),
Peregrinibacteria bacterium (GW2011_GWA_33_10), Acidaminococcus sp. (BV3L6),
Porphyromonas macacae, Lachnospiraceae bacterium(ND2006), Porphyromonas
crevioricanis, Prevotella disiens, Moraxella bovoculi(237), Leptospira inadai,
Lachnospiraceae bacterium (MA2020), Francisella novicida (U112), Candidatus

Methanoplasma termitum, 5= Eubacterium eligens -2 2] A = 31 21}, o]

A gk = A& ol T}
PMP22 #-d2F2] B4k A W 2]
a") 5-TIN-3'(N<Z A, T, C F£3= G A o] 5" &k F/iE3= 3 el 917] 8)e]
A=A 3= A48k 10bp W A] 30bp, ol T, 15bp WA| 26bpe] 7] A -9
ol st o)kl yrE Q| 2o A4,
b"") 5-TTN-3' A D] 5" &k Z/E= 3 “‘Wﬂ 1 stol YA k= A4 5h=
10bp %] 30bp, 7 th, 15bp W #] 26bp2] 71 AL -9 W] sl o]/
Fd QEto| =] of Y F Aol ol gt EH LEte| =R o A g
¢") 5-TTN-3' A G o] 5" ek 2/ s= 3' kel Q15 8fo] 9] %] 8h= ?ié%}
10bp W #] 30bp, <l 71Tl 15bp WA 26bp] 7] A E 79 =2 9] 3} o] <]
U QB =] A, =
d") 71y WAL ¢y el A A e 2 7EA] o] ko] 2
o o]t 7121, Q191 A o & =215 PMP22 f-HALE Al

T
T .

UhE A o 2 A, PMP227F S Q1 A 5,
AN A o & £2H¥ Tl A& gRNA-CRISPR .4 B3k o] 2714 2189
olg] FAAH = NELF E=HAH ZE D}Hﬂﬂ
of| & E0], gBRNA-CRISPR &4 5-3HA ol 2] &
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[1268]

[1269]
[1270]

[1271]

[1272]

[1273]

[1274]

[1275]

[1276]

[1277]

[1278]

[1279]

[1280]

[1281]

[1282]

[1283]

[1284]

[1285]

[1286]

103
Aol ol o) e wd = o] g kbl FAd ol o8 f & ol
S7HE AW g B G A A = LA L, ofof] A g X] &

AF7] 919 A o & Z A% PMP22 W 2
FAARE A T ARGk obn] et A F B4 e T S 9l o
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OLH k- ¥ Hho| 8 22 (AAV), WA obufo] 2] 2 & Aufo] 2] 2 = v 7]
vhol 2] 2= 4= gl o, o] A gk %] &=

AutA o Z vlo]l# A= (A E EW, A E)E ZAAAA, 5 el
vtole] 9] f-AH B E ¢Z et IS EYATIAY 559 Als W&
FAGRE G5 ststs A4S PRI A ok o]l e d 5 & 7HH] =
Hlo] 2] 2 & o]-g&lo] T4 W 2 gRNA Z/E3= CRISPR 545 =412
AT} vpo] 2] 25 o] &3] 9] ¥l gRNA /5= CRISPR &4 (A=
9, Al Eyoll A A A o2 kg E 4= QT i vlo] g A5 o] &3lo] Ry H

n

m
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[1445]
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[1450]

[1451]

[1452]

[1453]

[1454]
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[1456]

[1457]

[1458]
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gRNA /W= CRISPR &4 (A& 9, AlR)d A A7 E 9, 17,
25,35, 170, 270, 370, 67R L, o7, 10, 2 R o ) A& o'

g 5= dh

Hlo] &) 2~ 9] 3} 713 &2 A o & 2kb W X] 50kbZE Hlo| 2] 2 FFol uhel v &
T Utk ol 2l & #7174 5o whef gRNA 3= CRISPR 45 Y50 =
F sk vhol el & WE| & A 781711t gRNA 2 CRISPR 8488 W5 ¥9)38h=
apol o) 2= WE| E A S 4= AT} BEE gRNA, CRISPR 54 3 37 74 845
FE9Fs= vlol e 2 WE & *éﬁl%‘ T A

o o] 2, gRNA Y/HE = CRISPR 45 OP:czﬁ}o} Hd L A =3
JlE Rfo] 2] 20l of&f e = =9l 5= v

U2 A o 2, gRNA 2/ CRISPR 845 43 3stsl= il
obl| :mufol 2] 2o ol M iz qlE = v

o2 o ol 2, gRNA H—’/Uﬂb CRISPR 545 ¢ 3}oh= b A2 A =3
AAVY] o8] Ad = = 1:0151 4= 9t}

g2 d o 2, gRNA Z/E= CRISPR &4 & ¢35 8}sl= Prd e 24
ulole] 2, o] & Eo] & Al 71 A& ulo] 2] 2 5 st o] el EAA
osf A = myE 5 vk

F
d

I
lo
=
BN
gint

Wb o] Q] -8 of| 24, gRNA-CRISPR &4 S35t o] S e & tha & Ae
= EE S Utk
o & E0], 7] gRNAT DNA, RNA = o] o] &3t gl 4= A7

CMWR&+EQﬁ“F:iaﬂﬂﬂttp'GWﬁJ%ﬂﬁﬁﬁw%
Y o &, gRNA 2 CRISPR &4+ RNA & B &] gRNA <} v+ 2 & ¥ 2] CRISPR
gRNA-CRISPR & 4 534, =5 ribonucleoprotein(RNP)2] S e 2 ) =2 A

r= 1:0151 ‘F o]

471 CRISPR gRNA CRISPR 8.4 5314 = A7 H W, v[=FFA, A4
M3 QFE i A A (o & S0, {% [Lee, et al, (2012) Nano Lett., 12,
6322-6327]°1 7] Al = o] &), A A-ul A G5, G &, v 2E,
Hefo] = w7} A 1= o] o] 3ol o) th = HY = =90 5 v

8. A AEA
ARG = 7ol mEl, o Tl B gl A i Tho] mal Ao vl B vkl A
=QE f7] A, = Tho) 2L, o vl B v i

p=

o B el A B34 7 A H 1= U1 A| i YA 2R 858
AA = AR E o] g

A7) FAASA = 7o) =8 AL o v B vl A tEi= Jlo] =l Al o] U] B vl A
DNA,RNA 1= 0] Z3to] & w4 £7
o &0, 47 YA = 7o =84t B/ o v H A S

2
o
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7te]

AR 8=

[E]

of| 22, 7]

p=1
R

[1459]

A

J), mRNA

DNA, DNA & 3%

d

Z

j

H W E] <= Y] 0] 7]

7ho) =814, of ] Ef gl 4

T 3L
— =

T
T .

32 gk

371

[1460]

SRR

71 s Ete]

A

bl o] B k]

= B A
1 12

= 7hol=

w1

Fhol =84k, of o Bl

T
T .

27 3HA
1317 7} DNA, RNA, 3 E} o]

[E]

371

[1461]

RNA @ B 2] 7}o]

T
T .

|

gt

s

A

o.], /\1—7]
o t] ] ¥k D o] 7o

AT

= I
= =

o

[1462]

T
T .

|

}7] 7] %

yAO

[1464]

3l %)

[1466]

7ho) = 814, of ] Ef gl 4

T
T .

d

Z

7] gt

[1468]

[1470]
[1471]

[€ %]

A= PMP22 &

2} =]
=2 |

HEN

T
S|

o] d A ol = ti el SC 7]

g

=

[1472]

1 PMP22E 9|

A5

Hil= s ez =

ol 5

Al

[1473]

[1474]
[1475]

A& gy dE
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[1477]

[1478]

[1479]

[1480]
[1481]
[1482]

[1483]
[1484]

[1485]

[1486]
[1487]

[1488]

[1489]
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'SC 75 Ao] #E AT AL L] 093 75 oo sk
SE R E o) ek AL 9 B o244 A4
w9 A g =

1348 25 2 Egkr
w3k SC 7| sol & 232 A f-oF Al 3 (fibroblasts) 2/ =

M73 nl A 3 (glial cells)®] B34 <1 7] 5ol o8 WdAsh= & dH s
gt A %o}xﬂ;é(ﬁbroblasts) EEt A 74 LA 3 (glial cells) 2] A, -3},
AbE o] o] Z 7] 7hA]| o] & A 4] Q] ¢ 2 A ) 9} A o] A wFAYEE 4= Q) = A 3E 9]
]7@/“—@. = ﬁéLoﬂ /] 51 ﬂ% 3
SC 7|5of] #&H A3to 2= A=

%
o, F-v}g]- 52 A 3(Charcot-Marie-Tooth

disease, CMT), 4 &-1}- ¥ =% 3" (Guillain-Barree syndrome, GBS), 54 %54
g2 A oA 417 ¥ F(acute inflammatory demyelinating polyradiculopathy
type), 21 /d % & (schwannomatosis), 7+ @54 524 oA
173 ¥ Z+(chronic inflammatory demyelinating polyneuropathy, CIDP)S- 3§} 5},
o] & A gt A =t

A AAJ ool A SC 7]5 7ol ¥ d 3 g4 A ZH(demyelinating
disease)d <~ AT}

ojlu, A A Fxo &4, 248 &

A+ Z EH(remyelination)©l] 2] 3

g 7] SC s B A3 sC V) 24 1A B AEs 2 §gh
"SC 715 A A A A& SC s =4 7]
- A A} 5 -(duplication), & SC 7|5 224 Q1AL v A Z4] H-d Fof o 5

Aot 2 A HE o] g

SC7ls =4 A 1 dgtom = Ap=-nfe]-F 2
Z 2H(Charcot-Marie-Tooth disease, CMT), U] A #1-5-E} ¥ (Dejerine-Sottas disease),
A4 A 9=%3A 417d ¥ (Congenital Hypomyelination Neuropathy, CHN),
FAl-#l 8] F-F"(Roussy-Levy syndrome, RLS) %
Qhutnabe] -7 41 7d ¥ (Hereditary Neuropathy with liability to Pressure Palsies,
HNPP)E ¥ 35}, o] 22 A 3H 5 A &=

A AA] el A SC 7] 5 24 A A A2 pMP22 & A3k 4= Qi)

oluj, PMP22 T ¥ A 3HE PMP222] £ o], PMP22 A A} 5 E-(duplication)
2 pMP222] H| A g4 W Fol ol & WAy Sl e A 3hE E e

A @ el M, SC 7|5 =4 1A v A $HS pMP22
WAl sk A gk 5= 9l

HFA S A= SC 7] s 24 QA Bl A2 Ak Al

—

do
e
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I A(Charcot-Marie-Tooth disease type 1A, CMT1A),

t) A - A EF 2~ ¥ (Dejerine-Sottas disease, DSS), A4 A %8 A
174 ¥ (Congenital Hypomyelination Neuropathy, CHN) = FA] -] H]
%" (Roussy-Levy syndrome, RLS)% = S) T},

- AF= F-npg] -5 2 A 3H(Charcot-Marie-Tooth disease, CMT)

CMT A 3HE QIZke] I Aol A Lot {312 T 57 18 A7)+ #2174
Azgho =z Fap ko] WA W) BhofdhE FRA 7 E= AW ol =2 Qs
SoE o] ARl e AR AE AR 2E EEe VY s fE g CMT

g E R WA S vl 3 A1 A
FAadgo R skap= A AlA 2805 o], Sl el A & 19 70007 4
FAFE] L vk CMT A 32 -3 5= el whet 217 CMTL, CMT2, CMT3,
CMT4 % CMTX & 574 2 #7351, CMT1, CMT2, CMT3+= A4 o2
bAoAl 50%2] FEE FAH AL, CMT4= A4 02 25%9] &2 Fd®
Tl FAke] gt -2 CMT1(80%) 2 CMT2(20-40%) 25 94 f-71 0] 4L,
CMT39} CMT4= 53] ZETH CMTXE X A A & whe) BA 2 f-1 5 =
W %= 10-20%°] T

CMT1-2 A 25715 &8 5= 217 5 F(myelin sheath)2] T2 3] A o
Tk FAA FH o R Qe YA FAaa g 44 & FleA] Kot
ool dojub= A3ko 2 3744 B Y] o] Atk CMTIAE A1 A A
S-AAgo 7 17H A A 17p11.2-p120l] Y X g PMP22 # A}2] S &of o] 3t
Ao R F29 Fa3 74 Q42 PMP229 Hibd 0 & Qld 0] X9}

ok o o
re r
off

=
2,
T
o
b
oF;
[¢])

Dejerine-Sottas disease, DSD)
A sk grzd $5RA
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AspA T d A A o
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" (Congenital Hypomyelination Neuropathy, CHN)
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, S-HEAL(Areflexia),
X], [e))]

[6)
RLSZ A

B3 A% ol o}

T .

%) (demyelination) 7}

) (Myelination)©] #|
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Al Zgro) thERLEE 4
2}

; Ataxia), THHI L 72} el 7k Uebuhe] g

v e dF o =2 19261 9l Roussy 2} Levy

]

F2ha)

=]
T HE

=

=
the] 2402 o] 74 31 9Tk RLS

A

=
=

Al A (remyelination) ©] W% FH A =%
- FA]-tlH] F-F"(Roussy-Levy syndrome, RLS)
PMP22 7 A} T 50] = A 7F Barg vf ol

CHN-X
el
2A A2 §EE A
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[1514]

[1515]
[1516]
[1517]

[1518]
[1519]
[1520]
[1521]
[1522
[1523

[1524
[1525

—t e e

[1526]
[1527]
[1528]

[1529]
[1530]
[1531]

[1532]
[1533]
[1534]

[1535]
[1536]
[1537]

7 F7HA fh = e Aol dEekr] f g Al gAE £

Q] FA A BEA, ]S X B 2AES AT 5 ),
PMP22 -7 2be] A4 Ml W 1 o] ko] 324 Mol 2F FRr A1 A%k

o T e ehi A FEi= o] 2 g shekiz 34k 2

S 23l E SC 75 A ) W= SC Vs A B A3 A58 FAE

PMP22 - #}e] Ak M 5 AT 1 A 66H, o & B0, HLH I |
WX 8, 14 W A] 29 == 41 W A] 530 2] 4 Ao 242 AR A1 AdS
A e 4= gli= Jlo| =l al 3= o] B o5 3lEhE A 1

oty gl A = o] & G g)eli= Ak

& Foeh=sCrl Aol H/E=SC e 24 A4 B HE A s

op
PN
2
WD

PMP22 -2 21e] 3lA A = AdHE 1 A 66, A& Eo], JEHZ 1
o

WX 8, 14 W A] 29 == 41 W A] 530 2] 4 Ao 242 AR A1 AdS
HAAE = = Tte| =8 = o] & dastehis A G H ot Hu AR
FdE 5FA

& E3ehi= SC 75 el R/HE= SC 75 24 A #a A3 A58 24 =

—_

o, 7ho| E A4 i o) & FEFal i WAL, 2 ol e E
FE ootz GAA DL 1o]de] MEle] FRE EAT 5 3
o) %] Welo Pz EA 5 vk

i3

Az gy
o] BhE Felaliz, 3] A e 2 o] AA L fEe] 37
2 EE OB ARE Sh= HAol Fol B Tahahiz Fxjol ] Aol A w
Wy ol .

WA S fAAE 2elo] SC V% 24 A, A 87 PMP22e] WS
2R ARYYS o] 88 5 Ak ol F ARYHS A FAAE
zApel7] 9% ) 22 2L Aol A5 Fastel o] Fold 5 ek
§27 298 2A L Aol m kol E RN BEAE ¥eE 4
FAA 22 2T
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[1545]
[1546]
[1547]

[1548]

[1549]
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dxAMA 2z 5 o
ZAAEY Fof A A1, Weol 5o S, v, HE Fo A F
& xge = ERHEEY 7 AU
Z & 2] 5] = FAlinjection), 7~ & (transfusion), 4+ Y (implantation) =

o] 2] (transplantation) @ -2, 2l o] A gk ub2] o g S=gi = 4= glt}, Fo
7 2% 214 Y (intraneural), 3] }(subcutaneously), 3] W (intradermaliy),
¢FWl(intraocularly), 7] A W (intravitreally) <& % (intratumorally),

A | (intranodally), & =W (intramedullary), << U] (intramuscularly),

A W] (intravenous), H 3= 2 U] (intralymphatic), &=} U] (intraperitoneally) 1| 4]

Aeg 5 g,

22138 Tl aA Y] 2 38 4] 9%
5o t/de] A= kg & 104-109 A 3= ] A, 105 WA 106
W1 5A NG WAUEﬁ*ﬁ gl et 2

o
£a7
o o

rl

o o rlo
v
[l

I

2o

O

il

n
2
o

Lo O
o
2
2,
oy

Pare A nEzes v, 2 !
Wl Re A 2ol A 9 ele] Aol A ol 4 QTh AE iz Al E S-S AA o]
HQIZE B8 i A Eo] AR E 5 ook AR AT A A ET E]
AT Ao] B3] sk ahr}

S GE A ool A, 2 g S A

(a) PMP22 -7 ALl ik M T AT 1 WX 661, o & E0], T |
WA 8, 14 WHA] 299 Ho= 41 WA 53 9 324 Lol Z442f R AR A4S
AT 7 A= Thel A B o] & ¢ E st kA d; F

(b) 2E SN E F A 2~ 3] 8 AlY| 2x(Streptococcus pyogenes) -2l 2] Cas9 w14,
ZHd 2 Hbe| A4 (Campylobacter jejuni) 2 2] Casd @A ~EE FAH X~
A 2 E 2] 2 (Streptococcus thermophilus) -2 2] Cas9 @A, ~ESE FAH X~
O}-5-| -2 (Streptocuccus aureus) -2 2] Cas9 Wl | o] A 2] o} wd 7] T] E] ~
(Neisseria meningitidis)-f-2 2] Cas9 T2l 2 Cpfl Tl A 2 o] Fo X ol A
AEE shut o) o] bW A S sl ot el = o] & a3t ek
A A

= SYA7IE GAE 23elE, MRS 14 o2 x4 st

% 9lek.
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o
ot
ot
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[1550]

[1551]
[1552]
[1553]

[1554]

[1555]
[1556]

[1557]
[1558]
[1559]

[1560]
[1561]

[1562]
[1563]

[1564]
[1565]
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&7 7kl B At Sol v e vl 2, 72} diqt A 2ol PR 1 o)
e o] EAAY, £z 7ho| = ikt o vy @i o] Agte® H3HAE
FAstel EA2 = A

71 =) @Al A W s AA QoA alE = Al

H GA= M AT e FEY VEss Fad e Aok

H
Hpo] ¢ 2~ W E|, 1} 3= 3} E| & (nanoparticles) 2 PTD (Protein translocation domain)
L EL TR EEESRPEE P Rt

o & 5°f, vlol g & WE = el E&2ubo]H &, dlEjulo] 2] X, ofd mnfo] 2] X,

=)
obtl| :--1 7 ulo] 2] ~(AAV), A Yolulo] g 2 E ~ufol ] A D v X

-

Hpo) e 2 A5l el A A ElEi= 1 o] 4 & gk

stk kAl PMP22E 19 4 0= 223 5, PMP229] H| /A e
5o 24do] 7hEshA =2l B84 Q) PMP22

! E
R
o
e

71
e 7sS Ao A8kl PMP22 H] H A4 whEof ulE
9| 3 (Schwann cells) @] B A A4 71 52 3| {A 7] 7Y AN 7] = 59

P14 g5

37] 71 E el A 9= Bpel Azl o) Az 4 9lr)
47 7 EE ARV R BAS W THE 5 Atk S AEFSR BAE
AL G BAT 7 BAE FoIM BAS RS ¥AS Solgow
AEHES shz U B BAE on| @k Y] BB BAE B
EES o ol d o= Agahiz AAl, JE g v, e,

Qlele] FAlelol A, B g e A9 K 07 22 SC 1 2 A4,
vhgh sz PMP22 S kel el SE S 2T S Q= 2o 23w

[e] IrEL A~
S AT S 9

el Ao A, & T2 SC 7]
)

FAAE ALY



T .

T

5

T35

=

=

PCT/KR2017/010897

o] 2ol B2 g

0

2

°]-8

=

=

121
[e] ]é E.

T

O 7 A&k

by

S
T

b ool#

WO 2018/088694
E]

[1566]

o __ T T
v oz.. Fd ooede T e n o
% TLE grmgerprowus wkEow My
G TP o Db fydoay X O Mool N P TR B
Vgl o T mT N T e T W = W =
o lm s PP eow g e N ERCEaE S
do B o ¥ O o T oy W mH mw T mw o mu Wu A -
T T W M S D e g TS do %
5 e HBmuwnTyg e o * Jo o mK Ny
ﬂ;og‘._ X = Lfobf —~ X — 9 A — A
H o Ly < o i f | oy P = T N o s X ,i%
o gl HpTEFETIawie mgx AT o N
Jl Nro‘muul e ,DL ,DL UEH_E Urc z:u K = Wi ‘cﬂ _!n_ ,nAﬂﬂW U.._ Lf dﬂEe &odl
50T - Lo Mo W m oy = T - (o =7 W ogr
od|1a Eo%dlx_. T R = - oo X
T Tk o ot W oo B m T pw I N
—_ —_ 0K ]L ﬂ1r_|0}0 X ﬂ&l 9]2
) o o A ok ® X W‘mﬁ ) ol A ﬂogE “n o XY
T o mwT Rgplgme®ad % A T mom W R
1,1r1_l —_ ll —_ = B~ = —_ —
o of 3 XN © o o Ay N W momﬂrewlo_. %WE X OE o N
do G ﬂlﬁlmM mﬂo_eo_eﬂﬂﬂﬁoﬁﬁaﬂﬂﬂﬂ U,#Pn,mo NLﬂAlﬂAlﬂﬂﬂ
T modl.mo%? T ROm W B W oo T R o ool e W
oA An Fggre@RemdOTW o Maw g X
<] o o»d.WE o KT woor o om S B OB oF o m,ﬁ Jo NN .mmw
s 2¢Tan wrfrrzactuez @i SRS
Fo P gpie Toss@dg WpE oy L F 0T~ BX
T P meg T Pem gl OwOT T Tou 2
5 X ) o B il =0 = ,E#HE?.W.LQL@JMM1MMO_| @A A g
‘OI S O_E E.LL.E N H_Al‘I:A . - XE _- ﬂN_l‘/l(\ XE
T Moo T T o T =N T g R A o L W ANl
BT AR ER R IBFRTEm Bapps T O
X m X og WA e Bdo e ® oy W g BRI R
T gl w MY e o Lo W M o M WA 2 Wk
g wHHEHE T Hpy U TR TRRgRTE g Moy @
To YW EETHaETHTPHAP T P DUE gl & w
%0 o TE B R BT NS NwT H B oW NN A H
~ o o <) — N o +
o O O =~ ~ ~ ~ N
e z z z 0 0

Zd Al 228 (SC 7]

T

[¢]

l SC 7]
3 H

[

}

O
T«

_?,’I

=

=

[e)

=

[¢]

T

o A

=208
1}

AYA
i

[1576]



WO 2018/088694 PCT/KR2017/010897

122

[1578] ©ol& AAlelli= Q24 E g B A A o= dystr] 9gh A S ZA, &
g o] W97t ol & A Aol o3l Al ghE A] G=ths A& 2 o] &5k
7] i-okoll Al Bl A2 7HX el 9lof A g Aloj Tk

[1579]

[1580] A4

[1581] 1.gRNA A7

[1582]  CRISPR RGEN Tools (www.rgenome.net)2 AF-£35}¢] 217+H2] PMP22 §-4 A2

CRISPR/Cas9 %] 9 & 483} o). PMP22 f- AF2] ¥4 3-9]i= CRISPR
aag EHol g e 4= 9l o, SpCas9-S 913 PMP22 R #12] ¢k 5 3}
72 (Coding sequence, CDS), TATA-box % 2 Q& A] 2] (e| & &9, EGR2-,
SOX10- == TEADI-2 3% 391, == A2 &l A 5 (distal Enhancer region)
BEFC)Y 34 AL kA 71AI8E 31,3, 5 2 79 AHelsllal, CjCaso&
st PMP22 F-A AF2] ¢ % 3} 91 (Coding sequence, CDS), TATA-box ¢ 2
A& A (] E 59, EGR2- == SOX10- A3 H 9ol 4 & %242
6l 4]k,

[1583] =& gRNAT 7|W ¥ @ 7}k RNA(chimeric single stranded RNA, sgRNA)
Fel 2 AR B4 DE A28 Cj- L Sp-5-0] 4 sgRNAL] Wl Ao
pas
5-GUUUUAGUCCCUGAAAAGGGACUAAAAUAAAGAGUUUGCGGGACUCU
GCGGGGUUACAAUCCCCUAAAACCGCUUUU-3' 2
5-GUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUC
AACUUGAAAAAGUGGCACCGAGUCGGUGC-3'¢] t}.

[1584]

[1585]  2.gRNAS] -3 4 34

[1586]  sgRNAT= AAV ¥ o] 3| 7|7 3} 71} = RNAR A 8F vt vhol 2 2~
9 E] 2 sgRNAE 4918171 913, sgRNA Q] 20 U] #] 2270 9] 971 A Lol g3k
DNA &8 31758 QEbo| =& A A eto] o] d =& 351, BsmBI ALo] E & o] &3
pRGEN-Cas9(<HA] 74k #E] U o] A A ZI T}, Cas9T} 5' ko]l 7p9 4 <1
FA A DS E38h= sgRNATE 242 CMV e U6 L2 R EHE E38f Ha A Zlt

[1587] =3k RNPol &gk A Al 2~ 818 93], sgRNA= Phusion Taq "] 71| 5= &l ] &
A E T o] A G EA ey E Y Eto| =] ofd g o) of g 53] 9f
A2d T T7TRNA T a kol o a] AAAFH T A ALE sgRNAT
W34 (spectrometry) S o] &3l A 2 GGGt

[1588]

[1589] 3. Cas9 Tl g A

[1590] NLS L HA ¥ EZ 5 Z3}51= FE-3 4 315 Cas9 DNA A &2 pET28
e 2 A B S2YA7] a1, FH A ] W 22 A IPTGE ©] 83

BL21(DE3)ell A H&AA At} ¥ Cas9 W22 Ni-NTA o} 7 2~ v =&

o8]
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[1591]
[1592]
[1593]

[1594]

[1595]
[1596]
[1597]

[1598]
[1599]
[1600]

[1601]

o) &l A, AA3 0 2 FAA AT} Cas90] BAL 2 A FHAQ

4. Al X vl g

Q1 7F 575 A M| . 55(Human Schwann-like cell line)(ATCC) & €17
7 HEA| 3 (Human primary Schwann cell)(ScienCell)~> A Z=AF2] vl < o) w2}
Hj et et IZE F7HE AL Al 32 = Ix 3 WA #l/ A~ E gl Enbo] M (WelGene) 2
10% Efj o} %o} x] &% (WelGene)E F7F3F 2155 = F 32> 3} Dulbecco's
modified Eagle's medium(DMEM)(WelGene)ll A 0l &5} S T},

AZF FFHEA 2= Fhuf ALol A A g 3= T HEA 3 1l &l (ScienCell) ol A
FAAZ T 3L 980, A2 E 1% Hol FolA| 7 (WelGene) 2t
T~ % % (myelination) 21 & & 9] g+ 100 ng/mL Nrg1(Peprotech) = 100uM
dbcAMP(Sigma-Aldrich) & % 7}8t A5 %= & F 22 3 DMEM(WleGene)©l| 4]
7Y F <t ) FEl T

5. ¥ 2 & (Transfection)

& 2 & Q] (transfection) S ¢ 3|, 4ug Cas9 W A (ToolGen) 3} 118 sgRNAE
S RNP 534 & A 2ol A 15852t 1 5tuo] et gieh. 71+, 2x10°
Al E el 7] RNP 584 & 100 21713 3-8 ¥ 7} Neon
electroporator(ThermoFisher) & ©|-8-8l] 21713 &g slo] AEstith 14 4
A g Adl, A=Y 7247 Foll FA L] ¥ Al oA Al 3 DNA(gDNAYE

st

gl
%

6. In vitro Real time PCR(qRT-PCR)

RNeasy mini kit(Qiagen) S ©] &3 A 2ALS] Z 2 & of upz} <13t
THEA| Z 2 5B mRNAE #5353tk 7 9, 100ng mRNA T High-capacity
cDNA reverse transcription kit(ThermoFisher)Z o]-g35}o] & FHALA| AT},
qRT-PCR-Z QuantStudio 3(ThermoFisher) & o] &3] A 2A}2] X 2 & Fof u}e}
Tagman Gene expression master mix 100ng 2.2 =35} 1o}, PMP22 U 32 C
r W& o) 83l Al4EsE A, GAPDH=E W <14 ol 2 (endogenous control) & 2
AL-g-3L it B Aol A AL-8-8F Tagman 32 2 B (ThermoFisher)© shhe] 3% 89|
Aelahsl.

[3£8]
Target Gene Tagman Gene Experssion Assay Accession number
PMP22 Hs00165556_m1 NM_000304.3

GAPDH HS02786624 gl NM_001256799.2
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[1602]
[1603]
[1604]

[1605]
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3:-751 T Al # (Targeted deep sequencing)

7 X 9] = Phusion polymerase taq(New England BioLabs)< ©] -85} ¢]

¥ A Fo A 353 gDNARLE] PCRE ZZ 319 th 1 3, 47] PCR
2 Mi-Seq(Illumina)-2- ©|-&3}9] paired-end § Al @A AT | Al EA
= 2 2+¢1 Cas-Analyzer tool (www.rgenome.net)-S- ©]-8-3Fo] #2413} 1},
AZHE 3bp YEH 1dlo] Cas9ol] &g A= HAd o]zt

A g1kt 2 Aol A AFg- g SZeto] = aheke] 99

iy ofN ofk
oy o o
I _Yﬂ

>

AM A

o o

‘r‘

Ot

_‘d
_gr

Wiz
%

}

A
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3% 9]
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[1606]
Target site Primer-F (5’ to 3" Primer-R (5' to 3")
CACAGGGCAGTCAGAGACCC GCAAACAAAGTTGGACACTG

nPMP22-TATA (M2 s 67) (42 HS 68)
On-Target Rosa26 AGACTCCCGCCCATCTTCTAGAAA AAGTCGCTCTGAGTIGTTATCAGT

e (MZ ¥ 69) (Mg H3 70)

AAVSL CAGTGAAACGCACCAGACG AATCTGCCTAACAGGAGGTG

(MY Bz 71 (MY Ez 72)
GAGGGAATGGGGACCAAAGGCATT | TCATGTGGGGTGATGTTCAGGAAG

hPMP22-TATA Offl (M He 73) 42 e 74)
AGAGCAGCTGACCTGAGGTCCAA CCCAAGGGTAGAGTGCAAGTAAAC

hPMP22-TATA Off2 (N2 s 75) (4 s 76)
GCATCCTAGCTCATTTGGTCTGCT GAGAGGATTCCTCATGAATGGGAT

hPMP22-TATA Off3 (4e B 77) (4 e 78)
ACCAAACACTACACTTGGTTACTG CTCCCACTAGCAATTTTAAAGTCT

hPMP22-TATA Off4 4 s 79) (4% s 80)
GAATGTTCAGCACAGGTTTCCTTG GGTCAAAAGGAGCTCCATATTIGA

hPMP22-TATA Off5 (4% W 81) S Hs 82)
CAGGACACCCATGGCCAAATCCAG | CAGAGCCTCCTGCAGGGATGTCAA

hPMP22-TATA Off6 (Mg B 83) (N9 WS 84)
GCCTGCCAAGGTGACTCTCATCTA TGCCCAGGCTGATCTTGAACTCCT

hPMP22-TATA Off7 (4% WS 85) (4% Us 86
CCCAGAGTIAAGAGGTICTTICCT GAAGCTACTCCAGTGCAACTAGET

hPMP22-TATA Off8 (2w 87) (4% H o 88)
ACGCAGTCTGTTICTGTGCAGTGT AGGCCTTCCCAAGGAAGACCCTGA

Off-target hPMP22-TATA Off9 (MY S 89) (MY 3 90)

(In silico, in vitro)

hPMP22-TATA Off10

GCTGATCACTGGCCAAATCCAGCT
(Mg ¥ 91)

GGGAAACAATGGGATCAAGCTGCA
Mg s 92)

hPMP22-TATA Offll

GCCCCTTTGTAAGTTGAGGAGCAT
(ME Bz 93)

CCCTCTACCTCTCTCAATGGGCTT
(MG B 94)

hPMP22-TATA Off12

CAGACAAGCAAATGCTGAGAGATT
(ME HS 95

CCTGTCATIATGATGTICGCTAGT
(Mg BIS 96)

hPMP22-TATA Off13

CCAGAGTTGGCCTCCTACAGAGAT
(ME #S 97)

GTGGATGCCCCACTACTGTTCATT
(MY B 98)

hPMP22-TATA Off14

TACCCAATTTGCCAGTCTGTGTCT
(ME ¥ 99)

ACCACCAGGCCTGCCCTACAAGA
(MY ¥ 100)

hPMP22-TATA Off15

TGTGAATTTGATCCTGGCATTATG
(ME ¥ 101)

TACAGACAAGCAGATGCTGAGAGA
(MG ¥ 102)

hPMP22-TATA Off16

CAGTCAACAGAGCTCTAACCTCCT
(MY Hz 103)

AGCACCTGGTTGCACATCAACTT
(ME Bz 104)

hPMP22-TATA Off17

CATGTGGTCCCTGAACGTGAATGA
(M H 3 105)

GTCTGTCGCTTGCCCTCTICTCT
(Mg ¢S 106)

hPMP22-TATA Off18

ATGCAGGGCCTCTAGACCATTICA
(ME "z 107)

CTCAGCCCTTTGTGCACTCACCT
(MY Bz 108)
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TGCACATCGCAAACATTTCG TGGGTATCGCACTGTGTCAG

hPMP22-TATA OffL (NG s 100 (NS B3 110)
AGGTTCACATGGCTTGTGGT ATATCTGAAATGCCCGCAGG

hPMP22-TATA Off2 MG e 111) M e 112)
TGCACATCGCAAACATITCG TGGGTATCGCACTGTGTCAG

hPMP22-TATA Off3 9 B 113) (N9 S5 114)
TCTTTAAAGGCCTTATCTCC TTCTGCTTGAGAATTCATCC

o torae hPMP22-TATA Off4 M@ B 115) N2 o= 116)
(Disenome-seq, | hPMP22-TATA OffS CTCCTAATCTTTCACTIAGG CAAAGCCTGGTATAACATAG

gin vitro) i (ME Yz 117) (MY ¥ 118)
HPMP22.TATA OFf6 TCACTTCGAGCATCTGTGG CCAAATGACAGGCTGAGCT

(MZ H3 119) (MZ &5 120)
AGCAGGAAGTGAAGGCTAAG ATGTAACGTGGCAACTCTGG

hPMP22-TATA OFf7 MG e 120 4G B 122)
GTGTTGCTCTCGTCAATIAG AGGTGTTGTACATGGAGAAG

hPMP22-TATA Offg MO E S 123) A9 £ 124)
TGTGAGCCACCATACCCAGC CCTGCAGTCCTTTGCGGATC

hPMP22-TATA Off9 4O W 125) 01 w5 126)
TCGCTGCCAGTATAACATGC AACTCCAGTCTCTAGACTCG

hPMP22-TATA OffL MG e 137) M 5 128)
- AATAGTTTGACGTTGGAGCC ACTCCCAACATGTTCTCCTG

hPMP22-TATA Off2 A% S 120) NS WD 130)
ATCATCGCTCACAGAGTCC ACGACTGCAGGATCTTAATG

hPMP22-TATA Off3 MO W s 131 MO W8 132)
ofttarget | PMP2TATAORS TGGAT(i?gGﬂGW;GJ.gS)AATCC TTGAG((i?gGéAng&(;TCTCC
In silico, In vivo) ] AGTCTATCCTAGCAGCTCC ACTGAGACCAGATAATGCAG

hPMP22-TATA Off5 NG e 135 M o 136)

AAGAGATGCGAGTTGTTCC CCTCTICTACTCTGAGTGG

hPMP22-TATA Off6 MO B 137) O s 138)
ACCTGGTTTATCACAAGCTA AACGTGAACAGAAGGATTIC

hPMP22-TATA Off7 MBS 139) % Hs 140)
ATCACTCCATCAGAGTCAGG TGGCTCCTTCTATICTCTCC

[1608]
[1609]

[1610]
[1611]
[1612]

hPMP22-TATA Off8

(MQ ¢z 141

(MG ¥z 142)

8. In silico 2. X -E}7 ¥
O 3L E]_;q] 7]..‘:%

AABEI T Z o 3bpe] M v X &

9. Digenome-seq
HeLa A| 3£ 2] 735 DNAE DNeasy Blood & Tissue Kit (Qiagen)E ©]-8-35}¢]

9 A7
AE 2okl =

O g

(www.rgenome.net) S

nel=

023} in silico®

a3
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[1613]
[1614]
[1615]

[1616]
[1617]
[1618]

[1619]
[1620]
[1621]
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Ao} ' B Fof whet A A stk vl g Q15 o] A gk Cas9

o2 (100nM) 3} sgRNA(300nM)E- Al % DNA(1042)2F 1mL §H-5-94(100 mM
NaCl, 50 mM Tris-HCI, 10 mM MgCl2, 100 ug/ml BSA, pH 7.9)°1] 37°Cel] A

821 7HE e &A1 Z o). 29l 7|35 DNAC] RNase A(50ug/mL)S ) 2] 3}at,
DNeasy Tissue Kit (Qiagen)E ©]-8-3l ThA| A A3} o} 2= A3 DNAS] 1ugs
Covaris system= ©]-83}o] 22t o 2 %731, 27} DNA°| glol B & &
st g oA & AASI T 13, Y] gl gl
30-40x(Macrogen) 2] Al 87d Zlo](depth)°ll 4] HiSeq X Ten Sequencer (Illumina)<
o]-gsto] AA Al A AL WGS)S 383t In vitro A%k 2~519]= DNA
Aok ~310)5 Al 2=glof] o8l Aol A Aty ZH2F VA E f1 A el A

AlAkE AT

10. v}-§-2= 2 A1 73 W] 5=<] (intraneural injection)

B o] qto]] AL-8¥ €22 v}-$-2 S(B6;CBACa- Tg(PMP22)C22Clh/H) = MRC
Harwell(Oxfordshire, UK)l| 4] -4 3} ). C22 v}-3-22(5=F 4vfg], ¢+
7vl2])ell PMP22-TATA RNPE A & 6} St} /\]ﬁLH Zo’ 2 o] A-+(Daisuke
Ino., J Vis Exp., (2016) 115)¢} &2 v o 2 a5t} 64 & v~ E
AL A7) 5L, e B akg-22 0] FEAA S =EA AT A 448 H A4S
A3, v %% 7] (microinjector)oll F-2-H 1% §-2] wlo] =7 2 31 3 (pulled glass
micropipettes) = ©]-83}o] 2& 4 E(sciatic notch) 2ol SFA] A7 Y
FAeA Tt -2 11ug Cas9 oA 7} 2,752 sgRNAS] RNP 53134 &
lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)Z} 317 u}-§-2=of 529 A| 7 T},
B Qo] 4 AL EE RE BEe] whal ALe W ARE A9 B 0 9
7k 9 A% Welol el A4 B E el 2 ALg 98} v a4
47351 =8 ¥ 1 THSMC-20170206001).

ovlrum

N
o o

to p

11. 2} 2 = 23] (Rotarod test)

&5 3-89 (Motor coordination)S % E}& = (rotarod) 7
Korea)E o]-&-ato] H7Fatitt o] A3& vhg-29 3 ¢
H7tstr] < & %\*ég;}oﬂq Ae Aol upg-22= 3U ] 4 711HE A F T
Ao M, 2R A3 & Al 3 3 E=lrpm)E A8 3 sk
B o A upp-22 9 ‘rrZ] AlZbE S48 a1, oA Ao 3003 &<t
W2 ST

}2](B.S. Technolab INC.,

12. 7] A 8] & (Electrophysiological) 73 A}

A7) e A E B rtskr] f8l, 217 A 5= 7 AKnerve conduction study,
NCS)Z o] A ¢ (Jinho Lee., J biomed Sci., (2015) 22, 43)2} & w0 &2
Tt} (ks g okstd, vhg-AE o] AbslehA T4 R wE A7 5L, A Y
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[1622]
[1623]
[1624]

[1625]
[1626]
[1627]

[1628]
[1629]
[1630]
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g Fotol] == F(nose cone)S | E3}] 1.5% ©] A= F P(isoflurane) =
wote] vk H & FA 8T e R Ao 7] '€-& e 8] Al A skt
3

o4 4y

273 & A Ax AALE A, 24 VH UE A=
T B &< LS (gastrocnemius muscle) Aol F3L, A& T 9 & w7
ol B 41 % 2% 6mm W - 319 Thel o] 2k MOl 7] ol
270 100 WA ool 7H7F 1910 2910 0] WSS A, T

A] 14: %= (Distal latency, DL), & 217 % % £ % (motor nerve conduction velocity,
MNCV) ¥ 53} 25 &5 4 2] (compound muscle action potential, CMAP)2]

A}

o
(7]
[
o
PN
N
o
Z
[¢"]
-t
-
[¢”]
.
2y
=
=]
o
=
N
S
=)
XN

ahs o) 4 AR B A RS e A Aol W sty AAE

KX
2 A8t AAEL 2% 2 FEF = ¢ d) 3] = (glutaraldehyde) &

1% 0sO,0ll A & A|ZEE<F Q15w o] A & 2ol A A & ol eh-& Al &) 220l A
A7 Uhg 2 gl £ AL o] = (propylene oxide)E - I}A] 7] AL o E A
“A|(Epon 812, Oken, Nagano, Japan)©l] %1 T}, A 3£ 3= Leica ultra-microtome
(Leica Microsystems)< 0|83l o] =24 % gFA(1m) 23z, 30 - 4553
EFolHdEFE M3 g-ratio(axon 4] 4 /fiber Z] 7)< Zeiss Zen2 program
(Carl Zeiss, Oberkochen, Germany)-&- ©|-8-3}¢] o] A&l (myelin)2] W % 74 2}

9% 4742 Zgste] WEsHT

14 BA%E B4
mRNA &3 73 d)o| el o] =484 f-2] A& post-hoc Tukey 2] t}5 B &

©]-& 3+ one-way ANOVA S = 7} ¥ Qlct, 1 5] A Al dlo] B +=

Mann-Whitney U test

(http://www.socscistatistics.com/tests/mannwhitney/Default2.aspx) & ©]-8-5]]

AFE QT B AT A A o] el @ 1 3 = GraphPad PrismS A}-&3}0]

A E AT Fo 720052 ARG E AT

A A o 1. sgRNA Z=12]

ANFPMP22 HAS ANHEARE U 7 d= AR o E 5742 sgRNA
AAE A2 sH7] |8l PMP22 #-73 AF2] ¢33} A A (coding sequences,
CDS), TATA- R IE=ZY Q1A A F-91 5 247] fl&f AR vt
sgRNA S} Cas9& A A EFE FA ]38 1FE3], SpCas9 =8 &
A3 Jurkat €13 T Al EE AFE8}9 AL, CjCas9 -~ 8]3-S ¢ 8l HEK293T Al £ &
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Ky

AFE-3FA T e DNAE 7] Al EZ2HE 425 811 k!
NHEJ-UH i QA2 sgRNA A Dol o] - tfkst 7
SFl 3ttt 2 9] SpCas9-sgRNA-X CDS 2 + =4 H
1S FEs }%E}(E 1). 574 CjCas9-sgRNACN A 30 - 40% ¢l 2 o] £ 53
8} A TH(5 2).

1~

kKl

u
It o,

2 o

=
=2
>
o

Ot
ot

o
il

=Y
A ]

g

of‘.i_',

p‘L

to = 32
o

rE m&‘r

J
3}
5}

AA o 2. F7HF F-AF Al 3E(Schwann-like cells)S] - Z A} Z 2t
H| = Q17 A E o A sgRNAR €13F &34 ¢l oldl Eom o] & 8ol s} %] 1k,
o] &g & 7} 7} 7HkA 3 (Schwann cells)oll A & 7}5 %] = B84 3}, o] o
ZRHEA] E ol A PMP222] HFE A 3] 2 S AR} 22F g E 2AVEH7] 98, et
FAF A E 21 sNF02.0 Al £5 0] 835}1] SpCas9-sgRNA &35 F215}3I T}, Jurkat

A FEol| A &elet &34 2l SpCas9-sgRNA S sNF02.0 Al| 3 of| A "k 23] 5131 o)
FAEY T H AR A4S T 5L 3 sgRNAC o8 A =2 <14
HIEE gelagint. 53], Q1 el 719] 70 - 80%:= CDSE 3F 4] 31= sgRNA]
o3l PMP222] Q) AL ET} dofdo] ¥ k(5

3 2 B E|(TATA-box) -9 2 A AN -2 X2 §5 o}b & sgRNA2
FALEAE A7 31%, 59%] DS i }Oﬂv}(t 3). sulE A, vlol A
FAAe] T 2AJNA (A E & G = SOX10-23 92 = 2%

= =

=% E
TATA-box7} 39+ 40 - 50bp 2] 22
B2 Az HAEH AR S),

]L‘ﬂz'%RNAE.?E]} J] 32 9w -

2

l

A d 3. F A bl o gk pMP222o] Mg &
F 4 9l sgRNACN 2] 3 pPMP22 HHel o] W 3= F7tslr] &, 975k AL
A5 F3 A7) 5L, qRT-PCRE 5~ 3191 o). 71 A3}, PMP22E ¥ 4 38)=
o 52 sgRNAZF &34 © 2 pMP222] 9Hé8l S A & 31 vh(& 6). &L
sgRNAE- o] 83+ 4 9- CasoTt A 2] g+ t =<l H] 3l PMP229] ¥& o] 30%
789 aL, ol % sgRNAS o] 83k 4 9- pMP222] d 0] 50% 4 5 7HA5hd o)

A Ao 4. 7HEA 3 (Schwann cells) 2] F-F R} =2}

UM FHE AR A o A pMP229] R A & R R A 22 maE e $
217k 75| 3 (human primary schwann cells)oll A @F A 1} 7F F-AeE G015
Wb =2 1kt 1F FRbA 2ol 17 PMP22 F-A2ko] 2 314 H-9
SpCas9-sgRNAE o] -&-8to] 324] -9l W& A I & #A&st it 1 23,
PMP22 5714} 9] TATA-box, 1 &A] H s s} A D& ¥4 8= it
sgRNAO A 32 H-9lof] Q1dl W17} =7 21 % It 7a). =3, TATA-box,
o1l A & Z+7) E A )= o] = sgRNAE o] 83 Ao E e odulEE
B F7H o g A9 1M FH B R CE F2s)tohi= M 248k
sgRNAZ 0 83 14 32917} Q1 elo] Sl ke 3131913 70), o],
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[1643]
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[1645]

130

2 0 2 APOC3E 3431 sgRNAS AM8-313l Tt

oo} ] &of, 7} 4 F-91'8 SpCas9-sgRNA7F PMP22 A #po] ke 7HA- 5
of7]8h=A] g13}17] 913l qRT-PCR w41 -& =3 3} 3 o} PMP22+= 1A 32 <]
W3} mpx) s A o A A ALE 7] w-ell, Q1ZE 9 REA] 320l Nrgl(Neuregulin-1) 7
dbcAMP(dibutryral cyclic AMP)E 235t 2 e 2l 3} A s AAE 79 &<t
A& ek L AT}, Nrgl 2 dbcAMPE A €] 31 4] ¢F-& Al o] v 8)] 2] 2] 3t
Al3Eol| A 9 vl F-7HE PMP229] e & 82l }Aiv}. whHof), 2} A 79
SpCas9-sgRNAE A 2] &+ 74 9-oll = 4 ~ 6Wl| = 7+ 5% PMP229] U&=
EISFA T o) i= ZF 4] F-2'H SpCas9- ngNAoﬂ ol 3l pMP22¢] 7+ 4 29
W] ol] & pMP222o] e A sl E Q18 A1 o= A th(E Th).

A A4 5. 917F PMP22 §- A2 2] TATA-box 915 ¥ 4 5}i= CRISPR/Cas9-S
o] 85t pMP222] G 94 L Eol 4 WA A § Y(in vitro)

A 2243 TATA-box H+91 & 48l = sgRNA T =204 a8 %
H.o]™ TATA-boxE ¥ 23 4= 9)i= sgRNA_TATA_Sp#1(©]|F PMP22-TATA
sgRNAZ 7] A ghE A el slo] Q1 7F 975EA| 3 (human primary schwann cells)©l] A]
A58t 17 97HEA| A of] sgRNA Q) Cas9 Wl A & 37 3}3}= RNP 5314 &
FAE=Ysto] 1S FE8 (%= 8b), A H AT FA S T AA 14
= 89.54+1.39%7} <17F PMP222] TATA-box ¢ ol A A&} 5) &=
Q18 (5= 8c).

S PMP222] TATA-boxoll A H =AW 7 PMP22 71419 W& A E
of7|sh=4] &213}7] A3, qRT-PCR #2412 =33} 31t} PMP22+= 7 4HA| 322
w8} v G A o A A ALE 7] wliE-el], Q17F FHEA] 3E o] Nrgl(Neuregulin-1)32}
dbcAMP(dibutryral cyclic AMP)E 2 315F= 2 &%l 738 215145 7Y &<t
Ae)sklvt. L A3 Nrgl 2 dbcAMPE A 2] 8F#] b2 Al Lol | aff A 2] gt
A3z A 9wl Z=7FE PMP222] W E & €139t BHH ol PMP22-TATA
RNPE o] Al gt 49, 61 5% pMP222] W& 21518t} o] =
CRISPR/Cas9l] 2] gt PMP222] TATA ¥ &l u}-2 PMP229] W& #|&f & <13t
Ao 2 FATHE 8d). ¥-3} A1 2 AFSF AAVS] 4 RNPE A A 2] 3t
o 5ol A = PMP22 - 28] Rl o z}ol & Flet = lsdtt.

PMP22-TATA RNP2] Eo] A& 2135}t 7] ¢ &, in silico 7] HF @ X -E}7)

Fatolvh. 24 | AP S Fal insilico WA ol ol F1H Q3
AR A Al ol 2] M & (HTH 22 0.1%)S di= 1 Edvlo]= ZRlEA
& SFTH(= 9). Inssilico 718F @ Z-BHAl F-A1 o] A g F2d 5= 97w,

U & Digenome-seq(*8 &5 A -2 A A Al Al 7|9 T8 HADE
T35ttt 7L A7 in vitrool| 5] PMP22-TATA RNPe]| 9] &l A ek 97) 9
S YA E e = AATH(E 10a, &= 10b). 8HA R 4 5 A
T3 AEA AT, 7] LB 91Xl A 1)t A] ]l

LH
huj
P M
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[1650]

[1651]

[1652]
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O A THE 10c).
o] #] 3+ 2 7} = PMP22-TATA RNP¢l| ¢] &+ PMP222] TATA-box ] & 74 &
E o] Z W o] Q1 7k 47HbA| o A PMP222] AALFE S 248 98-S

A A o 6. CMTIA 7}-2- 29l A CRISPR/Cas9-1j 7] PMP22¢] w-&] ] af of] o] 3k
A8 g9ls )N g

In vivooll 4] PMP22-TATA RNPol 2] 3F PMP22 A AL 248 A §1517] 9380, €22
np9-20] FZ Ao g EF o2 F M2l PMP22-TATA RNPE 2 7
TABHR TR 11). o) d], T &+ .2 2 Rosa26(mRosa26)E 3 4] 5= RNP
59k 2 AFE-5}31 T} mRosa26 RNP == PMP22-TATA RNP= 62 8 (p6)
-2~ 9] 1% 2 A A (ipsilateral) 2 A AW T4 5ko] SR AL, L EE

2= 2742 H o &7 (contralateral) & & AF8-3F ST =9 497 3o F&
A7 0 2B Al DNAS 38t 14 o A0+ S8l RNP 534 9

AAY A g8-2 25t 21 A 3}, mRosa26 RNP 2 PMP22-TATA RNPE&
242y Al gk = A BF11% 4529 1 588 YEF TS 12a). T3 in
vitro A 7}e} LA 8}A] A A 1 Al E7 B = F 98.48+0.15%2] TATA-box
=) 7 Q1 H JATH = 12b).

o] &} t] E-99, in vivooll A TATA-box =<1 8 o]o]] o] & pMP222] HH& # 3] &
glstr] A8l RNPE A 2] gt s A Aol A A = Adomiry 3538
mRNA 2] qRT-PCR #2418 4=3 3} $1 t}. In vitro 2 39} A8} A|, PMP22 £-H
w3 o] o 2ol vl 38% HAEe & Jo}oﬂu}( 12¢).

>

}

PMP22-TATA RNPe|| o] &l # & A 7oA 9 3Z A o7} A&} 9 =X
2l3t7] 930, in silico 7] ¥k ©. 2 B} B-A1S S=a)Eteiv). 1 A wp
Al 3ol 4] 3bp 1] 22w 2] o] S E 8= QS EbAl o] 871 B2 H 951 13a),

¥4 | A AN S 33 A3 PMP22-TATA RNPE A 2] & 21 4 (ipsilateral ) ol 4]
Al ol vlE2 He o HdA ol 1A e hrh(5 13b).
PMP22-TATA RNP¢l| ] & PMP22 A AL2] 7+4~7} demyelinationg “}-& 5~

R=A] Al g Et7] 9] 8l PMP22-TATA RNP 3= mRosa26 RNPE A 2] g+ €22

-2 9] 5 A7 -2 5755} semi-thin cross sections}¢] toluidine-blue(myelin

A2 2 AT 8 gratios 54 8] 913, axon 2 4 I} fiber(myelinS-

2381 axon) A A4S =459 71 AT}, PMP22-TATA RNPE 2] &
A& e A o 7 myelin A E7F EAE S 8218 5= AATHE 14a, = 14b).
1] &-9], mRosa26 RNPE =] &) & v 21| 0] & PMP22-TATA RNPE = &] &

(2.6%, p<0.01)°l] B]3l] PMP22-TATA RNPE A 2] g A & 17(16.5%)°l A

|=]

=

G- 2 A& 7= axon®] 77 Wolb W& S TH(Y: 14a, = 14b).

Zt

75‘ °| 6um 0] 3¢l £ myelinated fiber®] & =43 A 37} vl < B g3l x| 2 4]
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[1658]
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Myelination®] 7] 8} 4ol 4] 3] /) A% hehiz A& Zhekalel, T 1§ 9]
A7) AP et A = 2519 e 24189t S A7, mRosa26 RNPE 4 2] 3
vl <ol 8] 3] PMP22-TATA RNPE A 2] 3t 2 gl <] 2 214 oA 7
i A A < S (distal latency, DL) % 27]' 75 A A —_‘,~E(mot0r nerve
conduction velocity, NCV)E <16} 5] 31(5 15a, 5= 15b), o] & gt A 3=
PMP22-TATA RNP = 2] g+ 21 74 o] A myehn A 2 axon/] A7 o] =7}

2485 = Abolth, 3 PMP22-TATA RNPE A 8] 3k A ol A B3 24 &%
71 2] (compound muscle action potential, CMAP)2] %1 %-o] Ad3] F7tsl= A&

gel5lg o UJ](E 15¢), o] = oAl Ao} A& e =},

PMP22-TATA RNP9l| 9] &t =82 2O 7] AJg]s+4] skAkxl ais
otste], RElRE A9 0 7 npg-~ 9] o] 5+ 35 (locomotor behaviour)S-
A8 ch 2 A3, PMP22-TATA RNPS A €] 3F nh-$-2(11 - 165+%)7}
mRosa26 RNPE 3 8] 3 v}-$-2(11 - 1657 3)0l H] & ] o2 Holgl= A&
15} TH( = 16a). L= 3F MP22-TATA RNPE A €] gt v}-$-227} mRosa26 RNPE
A 2] g vpg-22of) vl & E50] ST & 21 TH(E 16b).

o] 3t A E-2 CMTIASH & PMP229] #H-3 of 2] 3 demyelinationS 7 41
= 2 83517] 93 PMP22-TATA RNPY] X8 4 g3 Bol&t)

upehA], 7] el AES 3l PMP229] ZEWE R E RA O o=
CRISPR/Cas9-%- ©]-&-3F PMP222] Whal A &) & 1}5 H.of o), L3k €22 nh§-229]
& 27 o2 9] 2749l PMP22-TATA RNP9] H]ulo] 2] 2~ 2 do] PMP22
kg o 93] oF7] ¥ = demyelinationZ} T H A L A AW 5 A S
NAA A G g BolFrh 1 BE PMP229] ZAR1A} 9 ¢
CRISPR/Cas9 1| 7| 13- CMT1A % demyelinating neuropathies & H.0] = t}-&
Ao A RS Haf =& el & 5= vt ALY

ARPREEES
A A o= 228 SC 75 24 QA F o] o&f iAo Ve HEAR

SC 715 =4 A =8l o sj A, a4l SC 75 A&, o & 591,

AkZ F-nlg]- 52 2 3 3 El] 1A(Charcot-Marie-Tooth disease type 1A, CMT1A),

t) A - A EF 2~ ¥ (Dejerine-Sottas disease, DSS), A4 A %8 A

2174 ¥ (Congenital Hypomyelination Neuropathy, CHN), A]-#] 1]

¥ (Roussy-Levy syndrome, RLS) 59| SC 7|5 24 12} ¥ A3t X5 4

|ERE o] g Ut SC 7] £4 QIAE o] o b= vhFe AW

HAYGEE 248 58 SC 75 24 A28l a8 MAAA

—

AT
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AT

[81% 1] A2k o W3 o] dojd PMP22 Ak @1 914 & 221 SC 7%

% 73} 2] A 18kel] Ao A

7] A D ] Tkl = E Aol T E ek B g ol )
NGO Aol AL EH O sz, AU YR 228 SC 7] 24

73 A 12%1 101 A,
PMP22 -7 A= o] o] AL E 5 24 ¢ 9 (regulatory region), H] &=
Y H AT Fgor FAE ol A AEE = 1074 Gl 1914
"ol dojd A EH 0= o= A9 A o= 22 SC 7|5 =4 Q1A
e 4] Alrgel oA,
F71 TRz Zhol =8 Ak-o v e bl H 5k A o] o &) 1A o=
22t SC 7] 24 A=A,
F71 SC 75 24 QIAE A ek ik
PAM(proto-spacer-adjacent Motif) A & % H+= o] 9] 5" & Z/HE+ 3
detol] Q1A sk 9 X3k A 48ks= 1bp WA 500pe] 7] A A -9
2l
atut o) o] yrE R Eto] o) A Ha= 4]l
R E FA AR} Aol e st o) e wE | LEto| =R o] X g
o) Fref o] skt ool i E i LEre| = 4t
T ot} o) sake] W, s
d71sC Vs =4 OIX}E :FLH 8h= A A o 3k o] 4o

v}

735 Al 3ol
2 22h¥ SC 75 =4 14}
736l A1l ol

812 7] A1gkel ol A

[ % 8] A1gkel ol A
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4791 Aol lofA,
271 Aol ® &2 Promoter, TATA Box, CAAT Box, Initiation Site,
Termination Site, Donor Splice Site, Acceptor Splice Site, Poly A Site,
Enhancer, 3’ UTR(Untranslated Region), 5* UTR, Attenuator % GC Box &
TE el A= D Wl dojd A& S em = dew
229 SC 715 =4 1A

478101 A4l o)A,
B71 PAM A L2 o & 501, 8718 M 51 o<l A&
&= QA o= 24H SC Vs 24 QIAKSE A 3 dF e
NGG(N-Z A, T,C == GY);
NNNNRYAC(N-S 22t 5402 A T,C £+ GO| 3L, RS ALEE
Go]aL, Yi= CH3= T9);
NNAGAAWNS 2 =24 02 A T,C £= GO, W= A B=TY);
NNNNGATT(N-Z 22} %%‘ HORZ A T,CHEEGY);
NNGRR(T)(N-& 717} 5 2 0 2 A, T, C 3= GO 4L, R A HEi= GOl L
Yo CEETY),, 2
TININS A, T,C == GY).

Pd7a 11 A2l o)A,
A1 Y H g Ao ~ER e g7 A 59 QA Y| (Streptococcus pyogenes
) -l 9] Cas9 WA 7 28 A 524 (Campylobacter jejuni) -2l 2]
Cas9 @A ~E= e J A~ W 2 d & 2 (Streptococcus thermophilus)
-2l o] Caso A A E =N E F 7 2 o]-$-#| -2 (Streptocuccus aureus)
-2 9] Caso @A O] Al 2] e} wvd 71 T] Bl 2~ (Neisseria meningitidis
) el o] Cas9 @ I Cpfl @2 2 o] Fo 3l Fhel| A A el s}
oA EatEE AL EARNoFE F =Y oE 2AE SC YT XA
917,

973 12]  PMP22 f-3 29l dlAk A 4D =,
Promoter, TATA Box, CAAT Box, Initiation Site, Termination Site, Donor
Splice Site, Acceptor Splice Site, Poly A Site, Enhancer, 3* UTR(Untranslated
Region), 5’ UTR, Attenuator 2 GC BoxZ -4 H oA AEF =1
ool A& Egali= %A Aol 247 FR A AdE FAATE
o]L: 7].@] = aﬂ/\]_

978 131 A28kl oA, 7] PMP22 f- 24| Sk A D F
66 o] 2 Mol 747 FR AR AdE AT 5 d= Thol =L

(97 14] A3l oA,
olte] o2 E AT 1 o] el Fhol =k
A WE LA g o) TA Aol 247t A 4TS 5 9t
7hol =k
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[7d7-8 16]

(7478 17]

[7d -8 18]

[7d7-8 19]
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MEWME 14 WA 20 9] 324 A Dol 77} R A AS o 5 A=

7Fol =82k

ME WS 41 WA 5309 24 A Dol 7 R A AS o 5 A=

7}o] =l AL
Al 138}l Qo] A,
ML F 1, 3,25,27,28, 41,44, 45 D 539 T2 A A = | o] 4fol ZF7)

/\]—EZJ o] 736]—0 SE]— Z,: Q) = 7].0]56_1’1/1\1-‘

Al 133l oA,
&71 7hol = Eak2 18 W] 23 bp 2] 7 el L. BFO] =41, gRNA A4}
PMP22 % Z A} 2] sl Ak A D == Promoter, TATA Box, CAAT Box, Initiation
Site, Termination Site, Donor Splice Site, Acceptor Splice Site, Poly A Site,
Enhancer, 3’ UTR(Untranslated Region), 5* UTR, Attenuator % GC Box &
T E el A A EE = 1 o) M DS EE sl A A Lol 2447}
FRA ATS FHB 5 Y= Thol = a2

e e i ol & b st At
q;q le_Q. 2 Al %.
A178l 2 01 A,
PMP22 7 #}e] A4t A
AR A o] ﬁaL% A5k =
oA ;R
LEEETE RS R L R

L,

o
g__J_?b‘]-

2] 661 9] A A Lol Z7t
= 7bo] B8 it o] B ¢ Bhahi

% FobshE AR 228 2=

173l Lol A,
7] o t] e el A 2 A E RN E I A 2 3] Q A Y| 22 (Streptococcus pyogenes
) -l 9] Cas9 WA 7 28 A 524 (Campylobacter jejuni) -2l 2]
Cas9 @A ~E= e J A~ W 2 d & 2 (Streptococcus thermophilus)
-2l o] Caso A A E =N E F 7 2 o]-$-#| -2 (Streptocuccus aureus)
T2l 2] Cas9 84, v o] Al g] o} wl|Yd 7] ©] ¥] 2= (Neisseria meningitidis
yrref ol Caso Tz 2 Cpfl WA =2 o] Fof 3] o) A e g sk}

_>Ai

ol & E¥eh= 7/\% X 0= sh= A 22 A =

A 178l A, 37 FHAE 22HE

SC 715 xé NA= :rL A5k g 4kA & U] PAM(proto-spacer-adjacent
Motif) A & F £ o] 9 5 2t /= 3 kol QIFshe] 9 %) 8h=

o £:3}+= 1bp LHZ] 50bpe] 71 A E -9 e

shu} o) o] FEE L Eo| =] A4 HEi= Al

of A F Ak} Aol g s o) o] i EE L Eto| =R o X%
Ot -2l o Bhit o] el E Y LBt = 4]

5 Sttt o] Akl sAkel Wy, e



WO 2018/088694 PCT/KR2017/010897

[7d -8} 21]

[7d -8} 22]

(778} 23]

[7d -8} 24]

[7d -8} 25]

[7d7-8} 26]

QA2 A Bh= G L ] Bt o4

TE QEFo| = 5} 4]
S 3= AL EA o 3= S AR 22E 2R
A208e] o] A,

A7 PAM A G2 o & 50, 51719l A F 1 o]0 AL SHe=E
sk Frd A 22H8 2 E(5OA 3o = 7 A Eh.

NGG(N& A, T, C == G9);

NNNNRYAC(N& 717} =25 0 2 A T,C = GO 3L, RE AL+
Golal, Yi= CHE:= T,

NNAGAAWNS 717 =4 082 A T, C B3 Go|al, Wi A B T,
NNNNGATT(N-> 217 554 05 A, T, C 2+ GY);

NNGRR(T)(NS Z+ 2} = # 0 & A, T, C 3= Go| 2L, RS A 3= Go| L

YECHEETY):, X
TININS A, T,C == GY).
A 178 Qo)A

A7) AR 228 24 =S ribonucleoprotein(RNP) 2] & E| &2 = o] )=
AL BHOL B fA4 248 2HE

A7l 9ol A,

R SRR G AR vol2] 2 WE] A2 JAHo) gl
A% ERoR e HAA 2 e 2R

A237el oA,

A7) ol )2 W] = o) E 2ol el 5, RIE|ufo] o) 25, opul mnfo) ¢ 5
o e -1 8k ol 2] 2(AAV), WA ob o] #] 2, B 2siifo] ] 2 9
B4R volel 2w T ol MEIEE | o] el AE HH O
3}‘—‘:— Z] 2 }ZXLC_L }_A‘j%

(a) PMP22 F- A 2ol A4k A F AdHS 1 WA 661H ] T4 A Ea
Zl— /E)]-E‘XJ o] A3slo Eﬂ/K-] ]—

A1 dTE YA = iz Thel Bl iz o) B F R gehs
A=

o
e _I}L
>
ihea

=
(b) Z2ERNE FHA 2 1] @ AlY| 2 (Streptococcus pyogenes) -2 2] Cas9
b ZhE 2 Hbe| A SY (Campylobacter jejuni) F-2 2] Cas9 Wl 2l
~ERNE A~ M B 2 (Streptococcus thermophilus) -2 2] Cas9
w2 A E R E F A 2 o} -8 -2 (Streptocuccus aureus) -2 2] Cas9
Gl Y| o] Ml g] o) W\d 7] Tl E] 2= (Neisseria meningitidis)-f- 2l 2] Cas9
e, S Cpfl AR o] Fojxl o A A EE shut o] el dhuE &

¢

Faetiz oltE g £ o) FEshehi GAA D
o w3lsli= S AR} 2L T E,

PMP22 % Z A} 2] sl Ak A D == Promoter, TATA Box, CAAT Box, Initiation
Site, Termination Site, Donor Splice Site, Acceptor Splice Site, Poly A Site,
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Enhancer, 3’ UTR(Untranslated Region), 5* UTR, Attenuator % GC Box &
TAE oA AElE = | o|ate] M E g Edket= A A dof 2+t
/\]—EX-] o] 736]-0 dﬂﬂ /\ 01}; 7]_011:511/\} C= o]E OLEE}O}L
s H
o Tl e ek T o] & oFg slakiz 34l
= XFsh= SCUIT Al AR A m g 2=

271 A6l 2o A,
PMP22 - #}2] &4k 2 1 | o] 4Fe] A A Qo Z+2 A K A 9]
736]-0 A4 gl= 7].0]1:611/\} = o]E OLEQ 5= A d, 2

)
pitts

=2 T M pul s N
]qlﬂu}uﬂ;ﬂ C = O]E O]—EQ_O = -_1’11} 1@
& E3eh=SC V5o A8 A58 % é%
(378 28] A6l JolAM, A7 TH HIe H%ﬂ 2 Aol =

1oloJ A 54 = k= SC 757l .

873291  A267el olA, 7] 1“451”‘3”2]8 2ERE A7 2 0 gAY 2
Streptococcus pyogenes) -2 2] Cas9 G2 A& &
75 A3 X 78 2AE,

P43 30] A6l A A, 471 SC 715 oll A 22 PMP22 5 ¥ (duplication) &2
gk pMP229] A F=7tel O g FFREAIE V)5 Aol & Vreb = H E]
A& EHOR 8= SC s A A58 &

47311 A30ael oM, A7) SC 75 24 A 3 e Az g e . F

2+ & ¥} 1A(Charcot-Marie-Tooth disease type 1A, CMT1A),
A - A E}F 2~ ¥ (Dejerine-Sottas disease, DSS), A4 #4234
% (Congenital Hypomyelination Neuropathy, CHN) = FXA|-¢] H]

27
%" (Roussy-Levy syndrome, RLS)$! A& 5 02 5li= X 5 &
ZAE
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