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o5 zte=t.

2 BAA T HAE G ERV"EME, dE 5] WY, Y, ZRE, 7Y ¥

Ll

&)

€]
=

o
i

& ek,

2 3AA T A Gy EAETZAE, dE B0 -9, 2-FEd, -FEd, 4-Red, 5-FEHd, 6-
ged, 1I-58d, -4, 3589, 4-5Hd, 5589, 6-FHd, 7589, 1-:=dd, 2-5uld, 3-1=v
d, 4-wuvld, 5wl 6-uld, 7-wdld, 8-wuld, 1-HAE, 2-dlAld, 3-HiAlE, 4-ElAle, S-ElAld
6-diAld, 7-dlAld, 8-dlAld, 9-dlAld, 1-2dAd, 2-2dAd, 3-2dAd, 4-2dAd, 5-¢dAd, 6-%
A, 7-dAE, 8-ElAld, - HAd, 10-RHAEE & 5 Ak, ol#d A Gy 2= T
g o)F A%E Ul ] ddl AxF 9 EdAFPe] FxE HT F dAW, o= F Fxolok
Fot.
= BAA T "HAE G el B, dE 50 1,3-wETtHeld, 1 4-2H7ideld, 1,5-%u7kd
old, 1,6-E7tdeld, 1,7-d7kdeld, 1,8-2H7ield, 1,9-&ud7tHld, 1,10-2d7tveld, 2,4-%
dizteleld, 2, 5-2dl7ttleld, 2,6-d7tteld, 2,7-u7ttlold, 2,8-u7ttield, 2,9-&d7trield
2,10-&d7kdeld, 3,5-&d7kHeld, 3,6-d7kdeld, 3,7-2d7tdeld, 3,8-2H7iteld, 3,9-%vl7
e, 3,10-¢d7icleld, 4,6-2uFITIAL, 4,7-LaFttl el e, 4,8-2E7Teld, 4,9-2E7Tleld, 4,10-%
diztdeld, 5, 7-&d7tdeld, 5,8-2d7tteld, 5,9-&d7ttld, 5,10-&dH7tld, 6,8-& w7t d
6.9-2d7ltleld, 6,10-&d7ttlold, 7,9-&HFitleld, 7,10-2d7tteld, 8, 10-&d7ttlold s & 5
ct. olEfdt HAd G Sl d]= Ba-ga olF AS 27 23] wiiel] 74zl MR SHHew

A2g R EAsGY FEE AT £ QAW, 47 o= & FxolojE Fuh,

A (Dol n 3 s o] npgbH e o= gk 2o

S e, mhgEele 9% wE
A8 (Do 4G FAdE 3 2,

sHetE (A n& 3-59] Aepolal, Ro] Alage] AY Gy 277, dido] & B5F Alagoe] s A<l

s8E (B): nol 40]a1, RS RS BA-B& o]F AT ERIH A2, M ¢y DALl ola, A
o] FZ BT A AFe] Aol I

S3HE (O): ne 2 Hi 30)3, R A O RATI0IAL, o] G5 BT Axwe] AR e

SHrE (Dol noh A9 A S et 2

a2 (Al): ne 3-59] Agrolar, Rol AlAde 5-AEd, 7-wuld Tl 9-gHAdoln, mpMo] 9k mIE
Nedgol Hi AR SR

sheh= (Bl)l n°] 40]51, RS 27]9] ©ha-gta o] AFE EFolA AlAYS, 2,5~ H7IH o], sAde] <

3hghE (C1): ne 2 Hx= 30]aL, R WY, T2 Ex sldoln, spido] 2% B A2yl AQl shhs.

B3 (Do) 8% A3 FAE, 3-(U-(D L ohm i) P Ehe ) $41)-2,2-] 2 (((92,9'7)-H| E ke 7h-9-o
2918 ) )W ©) S22 8 (97)- Bl E 2| 7}-9-0] e o] E o] e}
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2l ERd fAxY FEYLEE HEe, & 59| National Center for Biotechnology Information
o 2HE d4 7lssltt. (https://www.ncbi.nlm.nih.gov/gene/1756)

7Fo]= RNAE crRNA % tracrRNAZF 42 170 RNA e, = 7]vlE} RNA(D = 7FO]= RNA, sgRNA 5]
grhelolie Fa, dduo] YA & 2 RS RNA(27HS] RNA 23 = 1 o] Ao RNA =3
olojk Foh. £ ‘Mu EAEE o]#fF ol = RNAE RNA AHA|9] FHj= Eeeli Fi1, 7lo]= RNAE =
EAES £ DN Egan= ) FEz e Frt

7ho]l= RNAE 3huhe] ¢17] H%ﬂ% FHo 7 3= (1709 sgRNA = 139 crRNA 2 tracrRNA)oJol= 11,
27 olare] 7] 9SS T o=R = HE(27] o]e] sgRNA TE: 2% o]Abe] crRNA E tracrRNA)olo] %=

k. 2 gaAoA ZHoR s Ar] AgdE, slol= RNAY "EH'"ga 7)AEHE FUF vk, weka 2
UWWOM 27) o] de] d7] MEE& FHOR sk FHolA 9] Zhe]= RNAE "2EF o]l Zhel= RNA"eRaL 7]
Ask= F7F ATk, Zho]lE RNAE 28R Ev 2FF o]l Ao ukghAslrt,

o]%4¢] 7Fo]= RNAE o]&3t= 49, © 2 3 97 A9 e ARle 59

| AT 271e] Zhol= RNAS] A M IS HAA &= Aol whgAsith. 2709 7hol= RNA®| %

| o] "Wolx A= 3lo] uhghA sttt

2% 72 7Fo]= RNAZ o] &3l A$-, o5 2% 79 7lo]= RNAZ o] &3 CRISPR Al=®lo] ¢]&] 2Adal= DNA

A Fio] §Az MHE Frste AX F9 24 s 25 24 543 do] 54 47 Ads 23
o] nigtzsieh. o] wf, 7] NEe ettt AL Fal A7) Ade dReh ahol DNA Hd 597t

gt 2s 9m gttt

7Fol= RNAS o]&3l: A%, 2579 7lo]= RNAQ] %3 MIAd=ZAM&=
HT 3 2 M U35 49 13 <2 M| dfolHE|tjo] =5 ¥

o] crRNAE AIE F9 24 Gz $9 5A 7] AL AN T "y Adrelgta s 7t
stolH g tfo] =2ak= 18 WA 20 @71 AEe ik A (& WA T "®AH A2 Hdrolgta =
zahgth, EA <4 NdEAE AY WE 3 == Ad WE
g stk ool wpgb gk AA] FEfel A, crRNAE AE WS 3 EE AY HME 48 ZAEE I Ad
Egrekch. w3k, o] miekA st A4 FHOlA, crRNAE AE WHE 5 ®
b oAde zett, md A9Le (RISPR Alz=®Hld 93] AAHE #He I (PAMZZE T oA Q1A
Z))a AAF. PANS] A E H Hole] 21, ARRHE EEokAl TRl wet thEARE, PANS AEF A
25 B4 Aol QdistE 2 A 597178 A doltt.
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of npgkAgk Al FEjol A Zhol= RNAE A4E ¥lE 1 B A9 ¥E 22 FAHE I DS 233
RNA(sgRNA) o] T},

Lo

® oy
= 74

I

e
m& N
oEL
Lo —Wi
b

WA A4 GEelA JlelE RAE () A9 W5 3 Be A WE 47 BEARE G AGE

3= crRNA 2 (i) AY HE 7 & HE W3 8% FAHE ik JES ¥3H8= tracrRNAY F§o)

o

2
12
=
fol

1: 21A] o] "HsDMDEx45#1" th-$ sgRNA A A A<

5'- UAD GG “UAUCUUACAGGAACUCCGUUUUAGAGCUAGAAAUAGCAAGUUAAAAU
AAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGG (M) ~U (MG (MD™C -3

g W35 2: AA)d "HsDMDEx45#23" t-$ sgRNA @A A<

5'-
AQDAGADCD " UGUCAGACAGAAAAAAGGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGU
CGGAD~UAD~GADAC -3'

Al WE 3 Ad WE 19 54 04 A4d
= UADGDG(M) " UAUCUUACAGGAACUCC -3
Al WS 4 AE WE 29 54 14 AD

- AQD"GODC(M)"UGUCAGACAGAAAAAAG -3
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AE W3 50 AY WE 19 crRNA A<D
- UADGOMD)G(M)~UAUCUUACAGGAACUCCGUUUUAGAGCUA -3
AE W3 6: AY WE 29 crRNA A<D
- AQDGODCM)NUGUCAGACAGAAAAAAGGUUUUAGAGCUA -3
AE WME 70 4E HE 19] tracrRNA A
- UAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGG (M)~ UM NG(M)™C =3
Mg WM 8 Ad HE 29] tracrRNA A
5'~ UAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGG (M)~ U(M)"G(M)™C -3

@ W 1WA A "ol 8% el A Y HReAE AA(FAHA ) ZHerolok
Fi, 2'-0-vldYy e s i 7 §he] 4 gre sololk FAg, vk AE 2'-0-WE e e ot

Heeln e ~7)ele] A% e 2'-0-wE e 29 21

1~n

Hol 9= 2!

WA 8ol A "R A -0-
2 daHE Aitoloje Fil, FAXRE| QA C]E Adtolet

Q 220} %Ll% SR = T Fou}, nigAsiAlE £~
ERE| Qo] E Agtelt}

2 ool 24 A AEe, AV AYE HE 3 H 4 F o= ZoR AEE WA Mg dFd-or Fde
M-S zhenh, =3 B odgo] orRNA 2 7] E) RNACGsgRNA) = 3 Q1] Mg o]9lo] Mo A7 Y Ha
1, 2, 5 2 6 5 o= Zo=® mAHE A Ad3 dHHo=R T XIS zterh. Eg B oy
tracrRNA® 7] AE M5 7 2 8 5 o= Fo= HAE= Wi AEy dFd4om FUg IS Ztett. o
71 "dEA R FA 4GNS, Aol of 75%°] ME TUAAE e AdS vt mes] & a1
2 olal A4, crRNA, tracrRNA, 7]wl2} RNA(sgRNA)E= A7) Z£°] Z7F thSEte Ad HIER FAEHE Ay

Aol 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% X 100%2] A FUAES 7HE F Utk AY FUAL vlEAE A= AHokw
85% L= 90%, HT} vlHAE A= Holx 95% = 97%, E3] ulEA Al Ho]& 99%0| T},

"AE LA elRkE Bole 27l FAA ALE Gl V1 dAVE Adivh Hes AEARS o 2789 A
g bl dAIsh=E 2718 HE (%S v

ME FUAL FAANA TAE dojeo] oz AAS 4= Qlth, & 59 HigginsEol 93 o5 HE =
239 Clustal(Gene 73, 1, 237-244, 1988)°l <la AAE 4= t}. Clustal TZIPL, o E Eo 4
nlo] @ A¥wjg 2 A2 (European Bioinformatics Institute(EBI))2] SlEJYIAte] ] Alo]Eo|A o] & 7}53
o}

® o] AAHE RNA FEY FRAMIRAL AF Fol RNA §53 A=iIdcdE & 5 9

RNA fr =8 d=FEeolde o= 1719 FEeokA =rd 2 gRNA9 435 &3l Hojm 1719 Z=uels
E3sTh, RNA F =23 d=wEd oAl gRNA o3 Alse] 14 B9= ¥,

RNA 28 dmwEdoidls E82aH3 244 Ay #He FI=F S M Y(clustered regularly
intersperspersed short palindromic repeats: CRISPR)/CRISPR-¥##(Cas) A]l=®lolA FEi=® 4 9t).
CRISPR/Cas Al=®l& 2|2~ 1 F<) by 1, e 111, By 1V, 52 282 2 59 89 11, B89 V 2 g
VI Alz=glo=z 3 4 v}, AHdet CRISPR/Cas ©@hie] H]gg 4l o2&+ Cas3, Cas4, Casb, Casbe(EE
CasD), Cas6, Casbe, Cas6f, Cas7, Cas8al, Cas8a2, Cas8b, Cas8C, Cas9, CaslO, Casl0d, CaslZ2a(®+ Cpfl),
Cas12b(®E+= (C2¢1), Casl2c, Casl3al(®E+= (C2¢2), Casl3a2, Casl3b, CasF, CasG, CasH, Csyl, Csy2, Csy3,
Csel(X=+ CasA), Cse2(H=+= CasB), Cse3(H+= CasE), Csed(H+= CasC), Cscl, Csc2, Csab, Csn2, Csm2,
Csm3, Csm4, Csmb, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3, Csx17, Csx14, Csx10, Csx16,
CsaX, Csx3, Cszl, Csx15, Csfl, Csf2, Csf3, Csf4 % Cul966°] E3+E ).

o OEEHOHH, RNA fr=d d=srEdobdl= a2 2 Bk}l 11°] CRISPR/Cas A=) frafjolvh. 54 FejolA

RNA =8 d=fFEelolAlc Casd @A Fgttl, Cas9 ©@WAL 354 WA FH(REFEIALS 9O
A2), 2EREIAL ARIAH: 2EJAEFAHAAE FANTAY JFid AR IALE ) RI20GA| 2
thEdlgo], AEHEnlo|d A Z AU A A, AEFAEdlo| A HlEEIREEAY A (Streptomyces
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[0210]
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viridochromogenes), ZERIEAXTAV|Z - BAF, LE|Afo] ZR2AMA T2 ofA | vt 92, AR frkenfo]
Foldlz, v R AEyy e Fals, o]jazute el Al¥] g E (Exiguobacterium sibiricum), Z&A]AdZ}; H|
At} (Francisella novicida), FERMIF2 @B Fo|7] FERMDF 2 Aeule] 2, ALud T2 AHol2A
Ry, vlolazAg viEy, HEagdEor A, IEEEUA YZEdEYRS A, SHERYUAE, I
2rxgo# 9f~EUo](Crocosphaera watsonii), AloFwElAS:, v I ZA|AE]2A ol 27 A (Microcystis
aeruginosa), A|UFZFII}=E ol ESER]S olgpulE]F, Ry~ dlAlA] o] (Ammonifex degensii), Zt]Al
F2A5E ¥WAl(Caldicellulosiruptor becscii), FFH=ZHME] Al54 (Campylobacter jejuni), FH=ZulE Zg
(Campylobacter coli), ulelAlg]o} wlWd7]E]e]2~ (Neisseria meningitides) ZHt|th H]"‘E—Er\:]/\(()andidatus
Desulforudis), FRZ2EZw HEIFZL, FE2EHUS Hiid, duazdoe}l wtay, yEZte] 245

H 2% 3 %% (Natranaerobius thermophilusm), H|ZEvFEH MEZZ3]QF, oAt E Qe S22 JtE02 }
A el F2  He2sAvs,  drRIEeHE  Alked,  dExEtEE, UERAIASE RRIFA
(Nitrosococcus halophilus), WEEAF7| 2~ k&Y (Nitrosococccus watsoni), FEUHERUA SRIHT
B, Jd=xdy  #AeH E (Ktedonobacter  racemifer), HWIEF=EH|E ol ¥ 2~ E] 715 (Methanohalbium
evestigatum), ofupdlvh wiglopllEl s wEefelol AFU AV, =AEE ) ol Ry} WAjul, o2 AmdT}
ZeelA A, ol2amyEd ) danokd: nARZY s AawFehEH 2 (Microcoleus chthonoplastes), Al
gEZolsy, HEREZL YA, ARAS ofZyFbr, Ee ot 2E s vty fFHista o=
£},

A oFHo] 9ojA, RNA 28 dEFEdolAl= g~ 2 Bl Ve CRISPR-Cas12a/Cpfl Al 2~El H-olt}. EA
UGeflo Al RNA =8 dewZFdolAl= Cpfl oW zolA  Fagc}. Cpfl @z Acidaminococcus,
Lachnospiraceae, Chlamydomonas reinhardtii, Francisella novicidaolA 33t o= =t}

CRISPR/Cas AL ofAld (RISPR/Cas A, 2218 (RISPR/Cas wild T ofyd mi 28
CRISPR/Cas wri el T 1HELY 4= Qlt}. CRISPR/Cas @A Al A3t X3t /s oA S5t

A BHE AASAL EE wude ne S48 AFs] g8 £450] gdojn Frh

RNA F%8 FEdolAl= Cas wEdokAl = Cas YtAlolol = ET}. oJ7]o| A Cas FE# oAl &= Cas Y7t
A& CRISPR/Cas Al2BlolA Bz AE-S = CRISPR RNA(crRNA) % Eulx &A43)
crRNA(tracrRNA)g}ar &} 271¢] RNASF =314 13 A9, BHE e dAEREFdolAd = UAS
oulgtl, YztAls 3 2 DNAd oW Y(nick)S Y& DNA A9 42 23ty dwrg o7 Cas) ©lde 2o
2709] wE oAl (5 DNase) =melS g3t} o & 59 Cas9 G ELE RuvCE FEobAl =wQl 2 HNH
FEH oA =HlS x3E 4 gtk RuvC 2 HNH =912 DNA olFae Hus Far] e L4
Aeteli= 9 @53 (Jinek et al., Science, 337: 816-821). ©] )
A EdotAl =ul(RuvCd & HNHo FEHA EHQ F o= A)vE XFIEF #ﬁlﬂfﬂ Role &
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[0335]

[0336]

[0337]

[0338]

[0339]

[0340]

[0341]
[0342]
[0343]
[0344]

[0345]

[0346]

[0347]
[0348]
[0349]
[0350]
[0351]
[0352]
[0353]
[0354]
[0355]
[0356]
[0357]

[0358]

S=50l 10-2799255

L > o, Agd L AA el wel AASHA AHEARE o] RAEL B dHE A=

Aol o, Tk H o] WoE A g He oA HIA AR ET},

olate] AAje] Fof "H"E& BT oF 10T WA oF 35CE YedY. E3 vl A YErd vlE 54838 A5
EW3] dFo] §lv 3 THYE e

Aol Ay mRvEagIo e &8 EHE] AFEA ¥E 3§ TLC(Thin Layer Chromatography, BF& =

2utEefa])e] ok 3 stell AAEklth. TLC #EANA = TLC ZHOIERZA w23 (Merck)AMAI 2] 60 Fopu s

ol gsta, I SviEA Ay AZvEIHI A §& BujEA] ol&g &ulE o] &3Igl. &, HEde W

HE71E Agstar, Qo wel TLC T4 Ak o] &3l A&, Aeg7ta dH A2vlEae 3] o4 NH=}

I 7| A ohn 2y A AIHAS, Diolelgtal ZA S A& 3-(2,3-T3| EFA|ZZEA] )X

] oAl

224 AF JeHAS otk BH LIS A AzvhEmds)eld Cleletn /AT F9E &
geld A% AL ol gaart. §5 Sl vhehdl v 598 AFol g @ §JME vehan,

H NRE Falo] Wad NMRZ A3t H MRS s1Ael= ACD/SpecManager ((FEH) AT EYo] 28 o] &
a3tk #AI olulier] Sof Z2E 90} ag du gse] delae AeA e o) A

MSE, LC/MS % MALDI/TOFMSO of@ll &A43skaict. o] &3 o2 A+ ESIY, APCIH X+ MALDIWHS o] &313ltt.
W EY A2 M= CHAS AMEs3ith. dHolH e A3k (found)S 71ASFATH. B4, 44 o] ¥A7F #5H A
THPOHE o]0 g2 BFHE AUt vk, do AS=, B, ZAle B4 o] ¥, FoleF, 2ol
T F2 TYUOUE o] dArt IS4

DMSO-ds: S UWEEZA =

HNR: ZRE 877 2

LC/MS: A A2wvlE e A BA7

o

ESI: electrospray ionization, YFEZ X o] o]3}

2
Lt
o
o
rio
L

APCI: atmospheric pressure chemical ionization, U}7]
MALDI: Matrix-assisted laser desorption/ionization, WJEZ 2 X9 #lo]x &z] o]23}
TOFMS: Time-of-flight mass spectrometry, H|3 A|Z+E A F4]

CHCA: a-Alole-4-3|=FA] Aldit

DMF: N, N-t]#| g 3 Fobr] =

THF: BlEZ}s| =23

DMAP: 4-tj v o}r] ] 2 el

TBAF: HEZHF-EARFEFLeE

[4d 1] 3-((U-(YrEoln] )R el =)L 2] )-2,2-H] 2 (((92)-8] E g} ] 7}-9-o = Q-2 A] ) €] ) £ 2.9 (97)-H]
E g}y 7}-9-0 ;o o] E
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[0359]

[0360]

[0361]

[0362]

[0363]

[0364]

[0365]

[0366]

[0367]

[0368]

[0369]

[0370]

[0371]

=50l 10-2799255

oin

A) 2-(((tert-FErmE ) SA)HE)-2-(3| =FA e T2 3-1 3-t] &

2,2-0| A (B =EAE) 22 9-1,3-1]2(5.45 g), 1H-o|m|t}=(2.72 g) % DMF(190 mL)9o] &
Z220WE A e(3.01 g)9 DNF(10 mL) €88 H-2oA H7Fsiich. 24 AIZF wwk & wkg
FEUTE. IAE oM EA dER FAMeta, ER 33, X3} AR 13 AAT §, o 3 YEFOR
Az §ulE Y s T/ AASGY. IAE AErtE i ZA2ulEa T (o EAL o' /A2 A

O}'O% _ﬂ—_Z‘ﬂ :QiI‘ULD(Z 25 g)e t:/\AE]'

gHEo tert-%¥
EFEES 7Y s

' NIR (300 MHz, CDCl3) Sppm 0.08 (6H, s), 0.90 (9H, s), 2.53 (3H, t, J =5.5 Hz), 3.66 (2H, s), 3.73
(6H, d, J = 5.5 Hz)

B) -((tert-F-E (&) A=) SA])-2,2-9] 2 (((92)-H| E&} | FH-9-o = d S A W E ) L2 3 (92)-EH| EgH| 7}~
9-o| o o] E

2-(((tert-F-doradz) SADME)-2-(F| =AM E ) Z23-1,3-1] 2 (258 mg), (92)-H|E&}d|7F-9-24H(769
mg) 2 DMAP(126 mg)2] DMF(3 mL) &%) 1-dE&-3-(3-trdoln =z 2 )7l tjoln= A (790 mg)<S
A Lo A ﬂﬂ;}‘i’it}. 18 AIZF Wk & g eSS oA EAL dER sAstal, B 23], x3} APTE 1
3] AR &, ¥ 3 YEFoE HAxstal §ulE I st SR AT, ALE dEgbd 49 320
EII(NH, olAEAL ojd/SAa) 2 GAste] FA] 332 (860 mg)S AATH.

ﬂ miru

'H MR (300 Mz, CDCls) &ppm 0.03 (6H, s), 0.81-0.96 (18H, m), 1.18-1.41 (36H, m), 1.53-1.67 (6H,m),
1.91-2.10 (12H, m), 2.29 (6H, t, J = 7.6 Hz), 3.58 (2H, s), 4.08 (6H, s), 5.27-5.43 (6H, m)
0) 3-3|=FA]-2,2-0] 2= (((92)-El Egte| 7h-9-ol = A S A Wl &) 3 2 3 (972) - B E 2} d] 7}-9-of ol o] E

3-((tert-F&(Ore) A=) LA1)-2,2-0] = (((92)-H EZHH 7}-9-ol .= S A W e T2 9 (97)-H E&}d| 7199
ool E(5.91 g)¢] THF(120 mL) -&<4ol TBAFS] THF -&<(1 M, 14.85 ml)3} o}lA|EAN(4.91 ml)e] EFES 4
2o A H7leeg. 3 UzF wk & dbe SES 4 8 555U, FALE oMM EA o€ S|k, X
st Bt A UJEF #8402 13], kst AUFR 13 AR &, 55 3 JEROR Axdta &g 7
& 3 FH AASNNT. A E AT AY AERREIGI(IHEA dE/Ah R AASt xA sEE
(4.96 g)& VAUt.

o~

H NMR (300 MHz, CDCls) &ppm 0.82-0.97 (9H, m), 1.16-1.42 (36H, m), 1.52-1.68 (6H, m), 1.90-2.12 (12H,

m), 2.32 (6H, t, J =7.6 Hz), 2.52 (1H, t, J =7.0 Hz), 3.49 (2H, d, J = 7.0 Hz), 4.11 (6H, s), 5.26-
5.42 (6H, m)

D) 3-((4-(Hrlgopn| ) el )£ 2] ) -2, 2-H] 2 (((92)-Bl E&} e 7}-9-ol ' - A ) v’ ) Z 2 3 (97)-H| E &} ¥ 7}
9-d 1o o] E

3-8 =FA1-2,2-H] 2= (((92)-H Egt e 7F-9-o| =L & A ) W[ ) Z 28 (97) - B E&}d] 7}-9-of] ;=0 o] E(4.96 g),
DMAP(796 mg) 2 4-(tiwl€olm] i) kil A2k (2.19 ¢)9) DMF(20 mL) &o 1-oe-3-(3-tv oz 2
d)7teRou= 944 (2.50 g)& A=olA H7belvh. 18 AIZF wpk & 9hg EFES oMAEA dE®
s|Aatar 23t e A YEF T8N0 13, ¥t AR 13 A4 &, 75 34 YEFoR dxd)
i guiE Y s S AASKT. AxbE AggbA A9 AEetEHI (N, ofNEAE "/ 2 A Ast
o ¥4 33&(5.31 g)& LA},

I NMR (300 MHz, CDCl3) &ppm 0.82-0.94 (9H, m), 1.20-1.42 (36H, m), 1.50-1.66 (6H, m), 1.69-1.83 (2H,
m), 1.90-2.10 (12H, m), 2.20 (6H, s), 2.23-2.41 (10H, m), 4.11 (8H, s), 5.23-5.44 (6H, m)

o3ty AR oo A o] L3 MnRosa26 sgRNA(AME WM3E 9) T 2%FF9 HsDMDEx45 sgRNA(HsDMDEx45#1 sgRNA =2
HsDMDEx45#23 sgRNA, 247 417] g 3 1 2 20 t2)e 7] Age thea ),
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[0372]

[0373]
[0374]

[0375]

[0376]

[0377]

S=506] 10-2799255

* 1
ID sequence
G(MPAIMMU{ M) MGG GCGGGAGUCUUCUGUUUUAGAGCUAGAAAUAGCAAGUUAA
1 |MmRosa26 sgRNA (mod) AAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU(M)AMU( |98 mer RNA
MIAU(M)AU
1D sequence
U{M)AGMNG{IM)AUAUCUUA CAGGAACUCCGUUUUAGAGCUAG AAAUAGCAAGUUA
2 [HsDMD Ex45#1 sgRNA {mod} | AAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGG(M)AU(M)AG |96 mer RNA

{M)~C

D sequence

A(M)G{M)AC{MIAUGUCAGACAGAAAAAAGGUUUUAGAGCUAGAAAUAGCAAGUU
HsDMD Ex45#23 sgRNA {mod) |AAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGG{MIMU(M)A 196 mer RNA
G{M)*C

U

N:RNA
N(M): 2-OMe RNA
A: phosphorothioate

ol

[AA]e] 1] C57BL/6] m}-$-2~oll A 2] MmRosa26 sgRNAZS o]-&3F DNA Wo] =9 &8 7}

fol

[1-1] Cas9 mRNA-LNP2] ZA|

Ad EdE (A 1604 fofzl kel &4 A A: DPPC: Fel2=HE: GM-020 = 60: 10.6: 28.7: 0.7, &H])<
90% EtOH, 10% RNase 2] $JElo] £alste] 6.9mg/mLe] AF &9 AATh. Cas9 mRNA(Trilink
BioTechnologies)Z 10mM 2-MES €<% pH 5.5¢] &35t 0.15mg/mLe] Ak fAS A9, dojxl 2z LA
2 oElAL oS Ao A NanoAssemblr(Precision NanoSystems)ol €3] 48] 2.7mL/min: 5.3mL/min® &35}
o S Yeste AR dAE E2FEE BANS k. Aol BEARNS Slyde-A-Lyzer (20ke] #E
212, Thermo scientific)E o]&3dte], o thale] 4ColA 1A17F, PBSel thale] 4ColA 18A7F T45 3
aHolth. thAl Amicon(30ke] w8 EAF)S olgate] YA (3,000xg, 4T, 47 A ow Hold wriA] 20%S
T3] B el oAl oF FHS stk ololA 0.2pme syringe filter(Iwaki)E AR&sto]l dE o35
sk, 4T RESITE. © Zro] slo] AZzwE EAFAS "Cas9 mRNA-LNP'"Z 3}o] T3t Al ol A3}
Aok, A Jxke] 4z AA 9 oAl A (PDI)E Zetasizer Nano ZS(Malvern Instruments)ol <3 =73}
Ath, 3l XA QJRfoA e A;Mate] Fx U 2 Quant- 1T RiboGreen(%= 43 )(Thermo scientific)<

kel SANA. 54 AHE oo et
[1-2] MmRosa26 sgRNA-LNP2] ZA|

Ad EFE (T 104 AR ol A& DPPC: ZF#|2HE: GM-020 = 60: 10.6: 28.7: 0.7, &H]
90% EtOH, 10% RNase 2] e &3fate] 6.9mg/mLe] A& &S AT, MnRosa26 sgRNA(GeneDesign, 771
1 %Z)E 10mM 2-MES &< pH 5.59] £33} 0.15mg/mLe] &4t NS AT}, dojzl A& & 4
WS 2294 NanoAssemblr(Precision NanoSystems)oll 2]3] <:¥] 2.7mL/min: 5.3mL/min= Z3 s}
& 3}% Ad JAg xdetE BANE dAT. Do EAFNS Slyde-A-Lyzer(20ke] #F &A=,
Thermo scientific)& ©]-&3te], =oll thale 4Tl 1AIZF, PBSel thste] 4TolA 18A17F FA41& d3}iTt.
F7k2 Amicon(30ke] #8 WAt o]&3tel €41(3,000xg, 4T, YA AH o HojH wjriA] 208 3))
2 39 oo 93 HES AsFAUTE. o]oJA, 0.2ume syringe filter(Iwaki)E AFg3Sle] Dy 3= 3
L, 4Co| HE3FE. o9} | 3l ZA|eF BAFNS "MmRosa26 sgRNA-LNP'Z dlo] 343l Al oA A&
sk, X2 Axbel At A7 L A X 9=(PDI)+= Zetasizer Nano ZS(Malvern Instruments)ell 2ls) =4
soith. e A ARl Hate] FE W YRELS Quant-iT  RiboGreen(52 ) (Thermo scientific)
< ol&3le] SA ATNE & 2°ﬂ LERHTE

[e)
S

to oo

(]

kL
%

_11)14
ol
mlm
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[0378]

[0379]

[0380]

[0381]
[0382]
[0383]
[0384]

[0385]

[0386]

[0387]

[0388]

[0389]

S=50l 10-2799255

#£ 2
A S5 (e/mb) LSS &%) AX &E (hm) PDI
Cas9 mRNA-LNP 950 96 82 0.028
MmRosa sgRNA-LNP 904 94 848 0077

[1-3] C57BL/6J m}-$-20ll 4 9] MmRosa26 sgRNAS ©] &3 DNA Wo] ©9] & H7}

98] 47 (57BL/6] vH-2=(YE Zo})e] $-= 3FA| H]EEo), MmRosa26 sgRNA-LNP 2 Cas9 mRNA-LNP2]
=3 %“GQMEJMMEHAfwﬁm]E%OOL00&Ol,&SE%luyﬁ%iﬂﬁﬁﬁ%ﬁﬁﬁLW
Akl S 38t Az Z), E= PBSE Folatdltt. Fol 49 $ 3.5% o|AEF mh et wF UER
ASAAIZ -, ZAZLS HEsto] A Aaz & FAAAY. $242 22 o =RE QlAamp Fast DNA
Tissue Kit(Qiagen)E o]&3lo] Ais DNAS F3= A A|8FaL PrimeSTAR GXL DNA polymerase(TAKARA)E A}-8-3}o]
PCR(Forward primer; A9 W& 10, Reverse primer; A¥ W3Z 11)S 33 ct. PCR AHES QIAquick PCR
purification kit(QIAGEN)Z  AA|s}aL, T7 Endonuclease I(NEB)E & %, Agilent 4200
TapeStation(Agilent)E ©]838te] 3|3 ct. AxE = 1o YePATE,

Ad W3 10

- CTCOGAGGOGGATCACAAGCAATAATAACCTGTAG -3
Ad W3 11

- TGCAAGCACGTTTCCGACTTGAGTTGCCTCAAGAG -3

[2A]e] 2] 17 DMD 9= 45 5Ql-vp$-2 Dnd 9<E 44 5ol mp9-2ol o] HsDMDEx45#1 sgRNAS ©]-8-3F DNA
ol =9 4, dE 27 F9 F FEY taERd o wd Gy

= O,

r
v
_!
i

[2-1] Cas9 mRNA-LNPe] Z=A]

)
S
m
I

e 19 [1-1]e] 7148 52 thA] Cas9 mRNA-LNPES ZAstaL, At 5=, WiEE, 4A 374
gttt 54 A%E 1 390 YR

[2-2] HsDMDEx45#1 sgRNA-LNP2] Z=A]

A TFE (A 1o AZF3E FolA] A Z: DPPC: Fw|2=HE: GM-020 = 60: 10.6: 28.7: 0.7 &9])=
90% EtOH, 10% RNase X7 €JE]o] &3alsle] 6.9mg/mLe] A& &MS A}, HsDMDEx45#1 sgRNA(GeneDesign,
471 %1 FR)E 10N 2-REZE o FEAOES) &4 pH 5.5¢] &3lste] 0.15mg/mLe] A &HE A
ok dojzn xFd g 9w dAx gdS AL2oA NanoAssemblr(Precision NanoSystems)oll <8 <H]
2.7mL/min: 5.3mL/minZ &3} ?ﬂ.“Le sshes X4 dAE Edste S vt doxl #Akde
Slyde-A-Lyzer (20ke] &% 2%, Thermo scientific)& ©]-&3te], Eol diste] 4°Col A 1AI7F, PBSel dia}e]
4CoA 18A1ZF A4S 3rt. Hgk Amicon(30ke] #3] #4F)& o] &3te] UA(3,000xg, 4T, ¥4A A4
o= WHold w7k 20%S F3)ska, @9 o] o8 FHES AERITE. o]ojA, 0.2um®| syringe
filter(Iwaki)E AH&3te] IE oj#s  dapar, 4Co] BEaglvh. oleh o] dto] xAGd Eabes
"HsDMDEx45#1 sgRNA-LNP" = slof F<ste AlgolA AR&stalvh. A dake] dxb 24 9 o4k A5 (PDI)
= Zetasizer Nano ZS(Malvern Instruments)el &3] FASFATE. T3 A& Ao o] it sx 2 Wi E

< Quant—iTTk RiboGreen(5% 3 )(Thermo scientific)S ©o]&3le] FHAH3sIATH. FAH ZAAE E 39

ehie
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[0390]

[0391]

[0392]

[0393]
[0394]
[0395]
[0396]
[0397]
[0398]
[0399]
[0400]
[0401]

[0402]

[0403]

[0404]

S=50l 10-2799255

¥ 3
i sE (/mb) | HSE W | 2A HE (m) PDI
Cas9 mRNA-LNP 1102 94 83.1 0.091
HsDMDEx45#1sgRNA-LNP 1555 98 8438 0.115

[2-3] <1%F DMD o= 45 *5Ql-vh$-2= Dnd <& 44 *ob whg-2=9] A2 Wy

=

we o fo

10pge 217F DMD 9= 45 2 o]¢] 5'= 0.7 kb 3'3 0.6 kbZ ¥3tsl= A9 1.5kb, FRT A9 X4
vholal Ul A Hd FUE 2 vk Dnd JIER 449} JIEE 45 {2 AP 7} 1.5 kbE o] FolA & =
WE S 2 5ug9 pCAG-Cas9 3 HE] W 2279 2.5ug9 pUB-sgRNA & 9E (1A Hd ; HE H3E 12
A W5 13)9F @71 5x10 71¢] CS7BL/6] vh9-2 frele] BS AlZol AeEm ol date] PR L AJAL B
o o8 e AxF AEFTE ALttt Flpe(ZHIbokAl) Aol s vlemtelsl WA FUES AAS &
F3 ES AEFE ICR vFg-2=29] 40 wfwkzoe] &w] #9138}, 71 W&} vpg-25 FH5s. 7)vE epe-9)
oF (57BL/6] wh-$-2¢bo] A|9] Ao 93] 97 QIzF DMD & 45 FH 2 =9 S22 H5ETE. o]0 A,
7 C57BL/6] wl$-2~¢} <kl 21zl DMD o= 45 FEHIE %OJ b0 AT 100 ng/ulLel Cas9
mRNA(TriLink BioTechnologies), 2%F9] w2 Dmd <& 44 o2& sgRNACEM AL 5 AY HE 14 2 A
d M35 15, F23]A}F FASMAC) 2 ssODN 50ng/ uL(ME HM3 16, F2AA =2 FHIANS dn| =5,
Ao F=H A 7)ol tiske] PCR 2 AlfA2 BHlof] o3t -z #gS shed zF DD <& 45 50-wk$-22 Dmd

& 44 Hobk phe g Aus.

¢

Mg WS 12
5'- atgaatgtgcctacatatgg -3'
Ad WMs 13
5'- catagcatgcatttggcttc -3’
Mg WS 14
5'- gaatgaggtagtgttgtagg -3’
Ag WS 15
5'- gcaggaaatcatcttatage -3’
Mg ws 16

5'-
gagcaagctgggttagaacaaaggtctgtcagagtcagcatgggaatgaggtagtgttgtagcaggaaatagtgtggtttaggtcectctecccgecectetgtg
tatgtgtgtgtgtgtgtt -3

[2-4] SFZ oA 2] DNA Ho] &9

o_‘i“

7}

_8_
125789 7 <17F DD 9 45 =0-7k9-2 Dmd A& 44 Fopx w929 -5 FA] H[EZol| 31uge] HsDMD
Ex45#1 sgRNAS 1% NP9} 3 pgel SpCas) nRNAZ 1@ LNP([2-119) Cas9 mRNA-LNPS} [2-2]°]
HSDIDEx15#1 seRNA-LNPS] 3 §9)&, %3 a1 wRools PBSE, 47 6 31/27¢ Folshaith. 27) ol
B=HE 569 Foll 3.5% o]AZFE mhstell AL F ZAZS AFdte] AA i A& FEAR
. 54 &8 =#L 3% protenase inhibitor cocktail(Sgima)® 5 mM EDTA(WAKO)ES 3H#-3F RIPA
buffer (WAKO) 2 ZEA|Yo]= % QlAamp Fast DNA Tissue Kit(Qiagen)E ©]83}o] Ay DNAE & AASH
PrimeSTAR GXL DNA polymerase(TAKARA)9} A< W3S 17(Forward primer) ¥ 4@ W3 18(Reverse primer)2
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[0405]
[0406]
[0407]

[0408]

[0409]

[0410]

[0411]

[0412]

[0413]
[0414]
[0415]

[0416]

[0417]

SES06 10-2799255

primer setE o]&3d}o] FE3 . PCR A2 QIAquick PCR purification kit(QIAGEN)Z AAlsta, AoJdH
3} %o] T7 Endonuclease I(NEB)E X]&]3}aL, Agilent 4200 TapeStation(Agilent)& o] &3} A7) AE3dta,
F&E AZEOR 45T, Ao A& o] &ste] Wo] k9 F&E oY AR (SEA] DHoeR )
Oﬂq.

¥

X
e

bl

1-0{1

- CAAGTTTAAAATAGCAGAAAACCACTAACTAGCCA -3
Y HE 18

— CTGACACATAAAAGGTGTCTTTCTGTCTTGTATCC -3

T84 1

far=(b+0)/(a+b+c)

ndel(%) =100 x (1—/(1- foyt),

aa REWES u[3 HA

b, c: O A=l = BEXIFEFCE HEE WE Felo u3 HA
I A3, & 29 YeRlE vkel o] PBS Tl tiste] LNPS FoIdt FALo A= 5oldQl DNAQ] dtte]
=53, Hol =9 8L 5.84+2.15%(Mean+SD) 1T},

[2-5] FATeNM A& 2718 F&

o

7t

Jlo]E9] X QIAzol Lysis Reagent (QIAGEN)S} ZZZEE(WAKO)S H7lste] &3 - 94 Fo RNAS

Shel= 25 #2 34813l RNeasy Mini Kit(QIAGEN)S- ©]-&3}¢] total RNAE F& AA|sIh. Total RNA
= High Capacity RNA-to-cDNA kit(Thermo)E ©o]&38}o] JAALSAL, ©]ojA, PrimeSTAR GXL DNA
polymerase(TAKARA) 9} A WM& 19(Forward primer) ¥ A& W& 20(Reverse primer)9] primer setE AF&3}
o ZFZ AT, PR AHES  QIAquick PCR  purification kit(QIAGEN)E A=A 3  Agilent 4200
TapeStation(Agilent)S o]&ate] 7] J&ataL, F-&u LZESOZ A s3rt. Foizl FAE o]&3te] o
¢ 2713 FH(exon skipping efficiency)< oFe|e] AxkA (5282 2)0 2 33T},

A HE 19
- GGTGAAAGTACAGGAAGCCGT -3
Aqd W3 20

- TTAGCTGCTGCTCATCTCCAA -3'

84 2

exon skipping efficiency=100 X b/(a+b)
a: Unskipped product band 2| I3 MH

b: Skipped product band 2| @3 M=x
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[0418]

[0419]

[0420]

[0421]

[0422]

[0423]

[0424]

[0425]

[0426]

[0427]

[0428]

[0429]

[0430]

[0431]

SE=S06 10-2799255

3o YEbd BEe} o], PBS Folo thdle] LNPS Foldt &A= human Exon 457} skip® #
| A&H3 1 288 5.07+2.59%(Mean+SD) A T}.

stk A Fo T ES Protein assay kit(Thermo)

Gapdh #3: 0.02pg/ul® ZAZ Ao YA (Thermo)E 373+ Sample buffer(Bio—Rad)ES ZH7}ste] 98T

o Al 103F MEsairt. 0.2pg/10ule] 3 - A MENS T6X ANY KDZ (Bio—Rad)ell FH7kste] 200V
3087 d58t. 9% £$8 F Trasblot turbo system(Bio-Rad)& ©]-&3}e] PVDFol] A} Th. HAFEH
PVDF¥}S iBind Solution(Thermo) &2 533t &= sk, 7484 iBind system(Themo)S& ©]-&38fo] 34l
(TOYOBO) o= 3]2443t aFGAPDH aFAl| (1: 2000, Cell Signaling)9} HRP EA ¥ 3-E7] 1gG A (1: 5000, GE)=
EF3HE s, EEY F5 T PWFYS 5742 AA3FaL, ECL Prime Western Blotting Detection
Reagent (GE)oll ¢F 533+ @13l ChemiDoc(Bio—Rad) & &3} t}.

H2Ez2d 7HAEF: Spg/nul®E 2AH3 Ao YA (Thermo)E $H3-3F Sample buffer(Thermo)E 3 7}3te] 70T
oA 108%F AHgsldck. 30pg/10ule Y - Axgjsk MEZ NS 3-8% Tris—Acetate? (Thermo)ol FH7}&har,
150VE ok 9087 A7) 953, 9% F8 % Trasblot turbo system(Bio-Rad)& ©]83}e] PVDFZrol] ZHA}
stith. AAFE PVDFEE iBind Solution(Thermo) S 2 587+ E27)sta, AlEa)A iBind system(Thermo)S ©]
g3te] 32 A (TOYOBO) o2 3413k Fr)~E=w FA(1: 2000, abcam)9} HRP BA¥ FEZ Ig6 A (1:
5000, GE)= EXHE s, B4 F5 T PWFHYS SHFE AASAL, ECL Select Western Blotting
Detection Reagent(GE)el]l ¢F 587+ =7} Imager (Bio-Rad) = HZ38}gth.

) Nl

ChemiDocollXl #HZE¥ Gapdh B YAEZ¥S Image Lab AZESJO](Bio-Rad) = sAetal, 5% ¢
[Gapdh®= A AtiA el ME s AZsrqnt. o4k ATE = 40] LFERATH PBS Fol el HF =
= @AY frEzde] ddo] FF Q.

[ Ao 3] 217F iPS M3E f3] Zola|Eo] A2 HsDMDEx45 sgRNAS o] &3 DNA HHo] =9 &8 % Jd& ~7)3
a&(l)

[3-1] Cas9 mRNA-LNP2] Z=A]

AA e 19 [1-119] 7]AE =4 E tHA] Cas9 mRNA-LNPE ZA|stx, 34k v% ) JEF, 4= A4 2 ppIE =

Ateith, 54 A% & 40 tehin,
[3-2] HsDMDEx45#1 sgRNA-LNP2] 4|

AAd 29] [2-2]9M A3 HsDMDEx45#1 sgRNA-LNPE ThA] ARE-&}gith. AAld) 20149 54 ARE 7 40
AL A A R

¥ 4
AN SE (/ml) | UHSE ® | X AHE (m) PDI
Cas9 mRNA-LNP 967 93 78.6 0.082
HsDMDEx45#1 gRNA-LNP 1555 98 848 0.115

[3-3] QIZF iPS Mxzo] &5 #3te} LNPo =)

Doxycycline %8 MyoD & JIHNEZS E3sl= tA2EZA Ex 45 A< DD 2 812 <17+ iPS A=EE 10
uM Y-276325 ¥3st= AKO2N HlA](Ajinomoto)ol dEsta, wiEg]Ao]l ZIEWE 6 well plateo] 3x105
Ils/welle] D=2 3FetPrl. b3 XS Primate ES Cell Medium(Reprocell)® I A|atar, vA] L t}
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[0432]

[0433]

[0434]

[0435]

[0436]
[0437]
[0438]
[0439]

[0440]

[0441]

[0442]

[0443]

[0444]

[0445]

[0446]

SE506l 10-2799255

Sdoll 1pg/ml doxycyclined ¥3%H3l= Primate ES Cell WX 2 wssto 24 MyoD F44 wd F=2 74
FoAth. doxycycline H7HEE] 24A17F 3=, 5% KSR¥}F 1pg/mL doxycyclines 233} alpha Minimal Essential
Medium(SIGMA) ®iA|= wksfal 3 A7 wiFslgivh. wiAE 700 L= Fo]3 Cas9 mRNA-LNP(mRNAZA] 1, 3
= 10pg/well) 2 HsDMDEx45#1 sgRNA-LNP(sgRNAZA 1, 3, 10pg/well)e] EFEL H 8. A7 6417
Zof, 1.3mL9] ®iX](alpha Minimal Essential Medium 5% KSR, 1pg/mL doxycycline)E X 7}slSitt.

ol

[3-4] 17+ iPS AlE fref FobAlEelAe] DNA ®o] =9 && 7}

LNPo] H7}2HE 72412k &, AEE 3|48kl QlAamp DNA mini kit(Qiagen)E ©]&3te] DNAE 5% A3kl
T}, PrimeSTAR GXL DNA polymerase(TAKARA)E ©]&3%F PCR(Forward primer: 7] A<¥ W& 17, Reverse
primer: 7] AE ®ME 18)e] o3 x4 AMEE ETFsI= Alm Y99S FFH3, dolz PR 2HES QlAquick
PCR purification kit(Qiagen)ol] <Js] AA3Fct. AAE DNA @HE Aojd& 3 Fo] T7 Endonuclease
I(NEB)Z A e]&}ar, Agilent 4200 Tap eStation(Agilent)S ©o]&3sle] #7] Hsdlar, F&58 LT ELAZ 3§
Attt Blol =9 &89 AL [2-4]9 2oh(7] Ms 1 X)), 435 = 59 YErt.

[3-5] QAZF iPS M fral] TolMEZA A A& ~7]F a& F7}

&
343k MEZZHE RNA easy mini kit(Qiagen)E ©]&3}e] total RNAE & AA|sSth. Total RNAE High
Capacity RNA-to—cDNA kit(Thermo)E o]&3}e] S AALS}aL, PrimeSTAR GXL DNA polymerase(TAKARA)E A}-&-3}o]
PCR(Forward primer: A& W& 21, Reverse primer: A& W& 22)& Y3}k, Hdolx PR =S QlAquick
PCR purification kit(Qiagen)ol 23 A AstaL, Agilent 4200 TapeStations ©]&3dlo] A7 Fs3dtar, ¥54

Az Eol® ity dE A7) &8 (exon skipping efficiency)®] A2 [2-5]9F #rh(7d7] =3H4
2 Zx). 24345 & 69 YERT.

Ad ®s 21

5'~ CTACAGGAAGCTCTCTCCCA -3
Ad w3 22

5'~ TGCTTCCTCCAACCATAAAACA -3

[AA]e 4] Q1ZF iPS AZ ol LolAZol A e HsDMDEx45 sgRNAS o] &3t A= A7 F3 2 A& ~7|9 §&
H7H2)

[4-1] Cas9 mRNA-LNPS] A

AR 19] [1-1]o 7]A3F 242 TA] Cas9 mRNA-LNPE ZAsta, A %, WEE, 4x 24 2 PDIS =
Aok, 54 232 ® 59 YERAL.

[4-2] HsDMDEx45#1 sgRNA-LNP2] ZA)

Ao 29] [2-2]0l A|ZH3E HsDMDEx45#1 sgRNA-LNPE TRA] AFE3FIth, Ao 20|42 &4 AyE § 59
chAl Al gl

[4-3] HsDMDEx45#23 sgRNA-LNPS] Z A

Aol 29] [2-2]9 Z]AEF s=AlolA] "HsDMDEx45#1 sgRNA"(ZA Aol 4041 HsDMDEx45#1 sgRNA, 7] 3 1
Z) 2] "HsDmdEx45#23 sgRNA"(AF7] 3 19] "HsDMDEx45#23 sgRNA"ZHZ)E A& AL A9stus 5A5H7
3Fo] HsDMDEx45#23 sgRNA-LNPE ZAsle] #lal =% YR E, 44 Z4 2 PDIE AT, =4 A3
50 YERT

e

Gl
=]
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[0447]

[0448]

[0449]

[0450]

[0451]

[0452]

[0453]

[0454]

[0455]

S=S06] 10-2799255

5
MM ST (g/mb) | HSE &%) |LAF & Z Om) PDI
Cas9 mRNA-LNP 1040 96 78.2 0.085
HsDMDEx45#1 sgRNA-LNP 1587 98 83.8 0.081
HsDMDEx45#23 sgRNA-LNP 947 91 86.5 0.105
[4-4] QIZF iPS AlEZ o &5 W3l NP =<
Doxycycline %3 MyoD e FHAES ¥3slE UAEZW Ex 45 24 DD &4 el <17k iPS AlEe A
Aol fg 2zF iPS MEZS, 10uM Y-27632S E3FaF= AKO2N wiA] (Ajinomoto)oll @ESla mlE o] ¥ 6
well plateo] 1x105 cells/well«] ez uEddyg. b4Sd viAE Primate ES Cell Medium(Reprocell)®
WA S, GA] 2 el 1pg/mL doxycyclined ¥3Hsi= HIX] (Primate ES Cell Medium® 2 I &hsho 24

MyoD FAAF Bd §E2 /WA, doxyeycline H7F2RE 24A7F & 5% KSRT} 1ug/mL doxycyclines 3E
3tal= alpha Minimal Essential Medium(SIGMA) ®ix= w3k, 3AxF viFstgch. 3kx} fd <1zF iPS A9
WX & 700 pLE Zo]il, NP9 EFES Hrtslgoh(old) & 6 F=x). A7} 6A17F Fo] 1.3 mLe 8l# (alpha
Minimal Essential Medlum 5% KSR, 1ug/mL doxycycline)E Z7}&}ith.

=2

£ 6
Cas9 mRNA-LNP | HsDMDEx45#1 sgRNA-LNP | HsDMDEx45#23 sgRNA-LNP
sample (1&/well, RNA 2 A ) (1e/well, RNA 2A{ ) (te/well, RNA 2 A )
PBS 0 0 0
Exa5#1 1 1 0
Ex45423 1 0 1
Exa5#1+Exa5#23 1 05 05

[4-5] Q1ZE iPS AE fal ZopAEel A A& 2710 &g Bt

INP H7F25E 72712 o, WZhE PBSE ZF wellS 23] A $ A ~3go|va MEE 3|4sta, 4T
15,000rpmo. & 587F 44 Basigdct, 1 &, 4HS A AST RIPA buffer® AXE &35ttt A¥ S8
o UR-ZHE] RNA easy mini kit(Qiagen)E ©]&3l%] total RNAE F% ZAASSATE. Total RNAE High
Capacity RNA-to-cDNA kit(Thermo)& ©]-&3le] %lAMetaL, PrimeSTAR GXL DNA polymerase(TAKARA) & Al-&-3}o]
PCR(Forward primer: 7] A< W3 21, Reverse primer: A7 A9 W3 22)& 3 ct. fojz PCR AHES
QIAquick PCR purification kit(Qiagen)ol| <& A A|3}al, Agilent 4200 TapeStations ©|-&3}e] 7| 4953}
3, K&y AT EO R AEHY. A& A7) &8 (exon skipping efficiency)d AAFLS [2-5]3F 7
7] et 2 #Fx) . ARE = 7ol yepdth.

[4-6] QIZF iPS AE fraff ZolAEeA e HrEgd while] 35 7}

AE gaol AR UM AZES Protein assay kit(Thermo)® =743}aL, 0.083ug/ul 2 0.58pg/ ul® =

Gapdh FA%: 0.083pg/ uLz ZA3 AE ga]do] 3+AA(Thermo)= 3H+3+ Sample buffer(Bio-Rad)S *H7}s})
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[0456]

[0457]

[0458]
[0459]

[0460]

[0461]

[0462]

S=506l 10-2799255

aL 98Tl 103t A skalth. 1ug/12ple] ghel - AA g AEZ NS 10% MYZ =¥ T6X ZfAE A
(Bio-Rad)°ll #7}skar 150VE 4083 #7] 953k, 9% T8 §, Trasblot turbo system(Bio-Rad)E ©]&
sko] PVDFERo] Absloict. AR PVDFEHS iBind Solution(Thermo) o2 5W7F B273lar, Al4alA iBind
system(Themo)& ©]-&3ske] 8|4 M (TOYOBO) .= &]41&k SGAPDH A (1: 1000, Cell Signaling)$} HRP 3EX| ¥
F-E7] Ig6 FA(1: 1000, GE)= EXYS dedltt. X8 F5 59 PWFYS 7= A4sta, ECL
Prime Western Blotting Detection Reagent(GE)oll ¢F 5%%F @11 ChemiDoc(Bio-Rad) 2 7 &3} t}.

Hregxd ZHZE: 0.58ug/uLE ZAS Ao A4 (Thermo)E 73+ Sample buffer(Thermo)E FH7}al]
70CAA 1023 A3k et. 7ug/12 ulel Y - X2t MENS 3-8% Tris-Acetate 2 (Thermo)ol| 7|3}
I, 150VE ¢k 90&7F g%3lott. 9% 2 & Trasblot turbo system(Bio-Rad)Z o]&3}le] PVDFutel A}
3tith. @ALsE PYDFHS iBind Solution(Thermo) &2 5383t B27)38a, Al4a)A] iBind system(Thermo)< o]
g3t A A(TOYORO) .2 3Ae Frj~E=Z A (1: 1000, abcam)et HRP EX® FE7 Ig¢ FA(1:
1000, GE)= EEHS d3519ltt. B2 F8 3o pVDFS /42 AlAska, ECL Select Western Blotting
Detection Reagent(GE)ol ¢F 5%-7F ©131 ChemiDoc(Bio-Rad) & &3} T},

ChemiDocollq] =% GAPDH % T]AE=Z3 S Image Lab(BioRad)Co & 3d|A35le] =83 tJ2E=Zd WA=
GAPDHE W A3}a1, A4l e QIxF iPS Ao Ao tAE=Zy SdEZFES 10092 3t oA &3 =
S, oo A2xE = 89 yEldit.

[ZATell 5] LNP A™ W o] Ao ZbE 2o A1) DNA W] =9 a& H7b
[5-1]1 Cas9 mRNA-LNP9] ZA|

A A Z3E (A 194 Aofxl ol A& DPPC: Fd&HE: GM-020 = 60: 10.6: 28.7: 0.7, &H])Z,
90% EtOH, 10% RNase Xz 9Eo] &3&3te] 6.9mg/mLe] A2 &AL AU, Cas9 mRNA(TriLink
BioTechnologies)Z 10mM 2-MES &< pH 5.50 &3afale] 0.15mg/mLe] H4F &M A}, dojx xd g
2 a8 MG 220 A NanoAssemblr(Precision NanoSystems)ol 2@ #<:H] 2.7 mL/min: 5.3 mL/min® &3
st} dabs Wias A JAE Eeets BAAS A, dojxl Eatkale Slyde-A-Lyzer (20ko] H3 &
%, Thermo scientific)® Ab&ale] &=oll didto] 4TolA 1AIZF, PBSOl disle] 4TelA 18A11F FA1S&
y3FQITE. EF Amicon(30ke] 38 A S o] &3t Y4l(3,000xg, 4T, 474 AMAoR Hojd w7} 208
S T3]3t ghe] ool gt w5 YTt o)A, 0.2 um® syringe filter(Iwaki)E AM&3te] ZH

g dstar, 4T BESQATE. o]ef o] st XA BAN-S "Cas9 mRNA-LNP'"Z slof %3f= Al A
AREEEA T, XA ke dA A " opEAF A4 (PDI)E Zetasizer Nano ZS(Malvern Instruments)oll 2] eH
gagck. we AR IAelAe @iel HE W WEES Quant-iT  RiboGreen($ 4H3E)(Thermo

scientific)& ol-&3dte] Z4slork. A%E T 79 vepdr).

[5-2] MmRosa26 sgRNA-LNP2] ZA|

>

2

e

A ZFE(TA G 1014 dojd ol 2A] x| DPPC: @Bl =: GM-020 = 60: 10.6: 28.7: 0.7, EH])E,
90% EtOH, 10% RNase =& E]o] &35lo] 6.9mg/mLe] A& SNS AT}, MmRosa26 sgRNA(GeneDesign, 7]
¥ 1 F2)S 100M 2-MES &9 pH 5.50] &8)3to] 0.15mg/mLe] A &N A}, dojxl X2 gH 9 it
fMG 2L x NanoAssemblr(Precision NanoSystems)ol ¢]a <H] 2.7 mL/min: 5.3 nl/min® &3l 3
A UlesteE Ad QYAE E2FeE 2SS 4. ozl B4k Slyde-A-Lyzer (20k9] 8 #AE,
Thermo scientific)& AF&3te] Eof tiste] 4ToA 1A17F, PBSOl tiste] 4TColA 18A1ZF A8 dslgict. =
3 Amicon(30ke] W& RS o] &dte] UA(3,000xg, 4T, UA Aoz Wolrm w7x 08-S
4=3])3tar, dke] oo o3 FEHS F3ATt. o]ojA, 0.2 pm syringe filter(Iwaki)E AREsFe] ZE o
e Fslar, 4T BEFACE. o]} o] dto] AT HAFNS "MmRosa26 sgRNA-LNP'Z2 dto] F&dhi= AlY
oAl AFEsIATE. AA JApe] fdAF 2 W Rl A 4=(PDI) = Zetasizer Nano ZS(Malvern Instruments)oll
o8 =4, w3 AA YoM kel Fw @ PEES Quant-iT RiboGreen(5% AFH)(Thermo

scientific)s ol&stol SAsIIG. Z3E & 7ol bt
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[0463]

[0464]

[0465]

[0466]
[0467]

[0468]

[0469]

[0470]

S=506l 10-2799255

x 7
St s WEE &) | AR AZ (im) PDI
(lg/mL) = 1o
Cas9 mRNA-LNP 1304 94 88.1 0.076
MmRosa sgRNA-LNP 1263 98 85.3 0.041

5 5 7 C57BL/6) vh§-2=o] ae] el 50 ug ©] mRosa26 sgRNASE 50 ng®] SpCas9 mRNAE &3 LNP
S Ttk 79 F 3.5% o]AZET mFHEoA GF wdR EAAZ F v|EE, AREFE,
HE AR, FA, A AFHske] 4A dam Ad&eA SAARTY. $4 229 Alw DNAE QlAamp Fast
DNA Tissue Kit(Qiagen)ZE o]&3led F= AHAsta, Q5 High-Fidelity DNA Polymerase(New England Biolabs
Japan) ¢} o]stel]l YEH+= primer set(Forward primer: 7] A< W& 17, Reverse primer: 7] A4 HZ
18)S o] &3} ZF2E351% ). PCR AHES QIAquick 96 PCR BioRobot kit(QIAGEN)Z A A|3}aL T7 Endonuclease
[(NEB) = 2] ¥ Agilent 4200 TapeStation(Agilent)S ©]&3}e] A7] AEsta, 55 AZTEYOZE s}

Gtk Qojzl $AE ol gatel Wol B &S AV AN (R 1 F2) 0= Fahainh.

I A3, = 9o YeRA BRe} o] PBS Folo tidle] LNPS Fold FAZME EolFow A DNARS
o] E¢jo] A&, WY ¢ FEL HEZAA 2.50%, HDAZFZAA 1.32%, EAMFE 2.27%, AT
1.54%, A7 0.22%, ZrollA 1.8301At}. 1 ¥heo] AH3 ZHddM = WHo] =Y Holx] grglt).

[ A]e] 6] Dual sgRNAsS ©]-83F ZZA Lo A2 A& ~7|3 g8 H7}
[6-1] Cas9 mRNA-LNPS] ZA|

A" EFE(FAA 1914 dojxl ol A DPPC: Fel~HE: GM-020 = 60: 10.6: 28.7: 0.7, =H])<,
90% EtOH, 10% RNase X7 gEo] &35t 6.9mg/mLe] A& A8 AJrt. Cas9 mRNA(TriLink
BioTechnologies)E 10mM 2-MES €<% pH 5.5¢] &35t 0.15mg/mLe] Ak fAS Agir), dojxl & LA
o AL GG 2204 NanoAssemblr (Precision NanoSystems)ell &J&ll #<H] 2.7 mL/min: 5.3 nlL/min®. 2 &=
greta, AAbS JlEste Ad QYAE 2sdete EAbAS Ak, dof Eibl2 Slyde-A-Lyzer (20ke] &%
WA, Thermo scientific)& ARE3Fe] Eoll tidte] 4°CellAl 1AIE, PBSel tisle] 4TolA 18A13F FA41&
ATk, T3 Amicon(30ke] E3F EAlE)S o]gsle] YA(3,000xg, 4C, 4 AHoz "ol ujztA 20
F3)etaL, g9l ol oF FHS sk, olofA, 0.2 umne| syringe filter(Iwaki)& AH&3ste] IH 04
HE Fgolar, 4T HESTE. o]9} o] o] ZAS NS "Cas9 mRNA-LNP'"Z dlo] T8 AlgollA]
AREERATE. X Ak dAE A 9L A ®X4=(PDI)E Zetasizer Nano ZS(Malvern Instruments)ol <|3H

=A3AE. EIF AF AAA Y ;Ao FE O YEES Quant—iTTM RiboGreen(5% 4+3%)(Thermo

J

Huow
to o

[6-2] HsDMDEx45#1+#23 sgRNA-LNP2] Z=A|

A EFE (A 1A A2 Fo]LAd A DPPC: FH2HE: GM-020 = 60: 10.6: 28.7: 0.7, EH)E,
90% EtOH, 10% RNase =& ¢Hol &35t 6.9mg/mLe] A& £ ARUrt. HsDMDEx45#1 sgRNA 2
HsDMDEx45#23 sgRNAS 10mM 2-E 2 Z | ol gh=ELHMES) 89 pH 5.59] X &3t 0.15mg/mLe] Ak &
ol
ol

oS Art. dojH A7 gl A A golS Ao A NanoAssemblr (Precision NanoSystems)ol o]a] +<:H
O

of
O
2.7 nL/min: 5.3 mL/min® &3t S WEste Ad JAE 2Fsts EANE AT Dol Ak
Slyde-A-Lyzer (20k2] 3 FA}%, Thermo scientific)E AFE3}o] Eo thste] 4TolA 1A1ZF, PBSo| sl
4TCoA 18A13F F45 gakdth. T3 Anicon(30ke] #8 Exak)& o3l 4A(3,000xg, 4T, 44 A%
or Wojd w7tA 208& FI)star, e ATl o FHES Fgivt. o]ojA, 0.2 um® syringe
filter(Iwaki)E& AF&sle] dy oAFHE dPstar, 4TCeo] HETE. o]ek o] 3o XA BAAS
"HsDMDEx45#1+#23 sgRNA-LNP"& 3&}o] T &dle AlgolA ALgatdnt. x1d dxte] dx 274 2 &k A<
(PDI)E Zetasizer Nano ZS(Malvern Instruments)ol] o]&] FA3Fth. =3 XA ArloA 9] it Fr U

W2 ES Quant-iT RiboGreen(52 A3E)(Thermo scientific)S o] &ate] ZAatoitt, A7 ¥ 8o vrehd

(3

_‘

b

F
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[0471]

[0472]

[0473]

[0474]
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o,
¥ 8
A S= WES %) | AKX ZH (nm) PDI
(ueg/ml)
Cas9 mRNA-LNP 1196 95 85.3 0.074
HsDmdEx45 (#1423)
A 785 94 85.9 0.091

Heo] 471 2zt DMD exon 45 *F91-vF$-2 Dmd exon 44 ol wpf-xol - 5}11 H o] 3uge
HsDMDEx45#1+#23 % 3pg 9 Cas9 mRNAS &3k LNPE 1Y Ao = 4 3] Foaqdnt. 7] Fol 14 4 39
3.5% o]aEF whE st W WEE A F, FATE FESY AA AARE A& SAAFH.
AN ZAT Qiazol (QIAGEN) S H7bste] SEA Vo] ESGitt. FR2EZXF(WAKO)S H7bstel &3 - A4
Fo] RNAZS E3slE= xS Ee 358l RNeasy Mini Kit(QIAGEN)S o] &3le] total RNAS F=

A8t th. Total RNAZ High Capacity RNA-to-cDNA kit(Thermo)Z o]&3to] JdAbslar, ojojA, Q5 High-
Fidelity DNA Polymerase(New England Biolabs Japan)®} ©]3slell WUERH= primer set(Forward primer: 7] A
d WM3E 19, Reverse primer: 7] A€ WE 2005 AFgste] Z=ZEAFHth. RT-PCR AHES QIAquick PCR
purification kit(QIAGEN)® A A 3 Agilent 4200 TapeStation(Agilent)E o]&sle] A7] J%sti, &%
AZESR FAstgirt. dolxl FAE o]&3 exon skipping efficiencyE 7] AAFA(FE2] 2 FFx)o
2 Tt

A3, % 100 vebd wle} o], PBS Fofo| thale] LNPS T3k & o A& human Exon 457} skip® &

of
O2EZd 41212 A} AFEo] RT-PCRo| 93] AZH 1, o A 2718 & 47.91+9.32%Mean+SD)
ACHPBS thAk: 2.63+0.62%).

38 rlo H

=

N

M
N mlo

o 3B, A Ax =L AL 2 g G7lel st g8 o2, (RISPR Alz=gle] A}
2 RNA Fr =¥ wEEokA S A& 7hssAl gk, mEbA, B dyge) s E, A2
CRISPR A]2=®lo| Mol DDS 7|&2A o]& 7Feslth. 3, B wyo] 3gE X2 dar 2 %

)
- [
e A%, dE ol DUAERAS Y- ARAZA, T A8 AR og Hsa.

ol
>
e
N
X
g
>J

w98}
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k1
N2

1
(g
~

[A]

MmRosa26 sgRNA + Cas9 mRNA
50pl injection
PBS 0.01ug 0.03ug 0.1ug9 0.3ug 1ug

Indel(%) 0 © © ©0 09 07 10 15 06 16 06 15 08 33 27 1.7 33 32

[B]

* 130 2.72

T

i
!
i

3.5

i

3 -

2.5 -
2 -
1.5 -
i -

ﬁ . .
PBS 0.01ug

1 i

0.3ug 1ug

i

0.03pug 0.1ug
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k1
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k1
N2
(VA

400....

2

100

Day 52
PBS LNP
nt n2 n3 ﬁ1 ﬂ2 vn3

700
<596

500
400 < 381

300
200 , <215
100 bp
0 0 0 58 73 48 Indel
(%)

Day 52

PBS LNP
nt n2Z n3 nt n2 n%

Exon45 skipping (%) 8.5 7.7 2.6
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=gV
WT Day 52
890 sooe PBS LNP
N Do e QY S
QO N DN nt n2 n3 n1 n2 n3
Dystrophin |
50
g* 40
< 0 ** 5<0.01
8 20
5]
€ 10
£
B 0
4
W
2
&
z95
T7E1 () T7E1 (+)
PBS LNP PBS LNP
Cas9 mRNA (ug) 0 1 3 10 0 1 3 10
SgRNA (ug) 0 1 3 10 0 1 3 10
200 o . i ¥ i
506G
400,
300
200,

Indel. %) © © O O O ©0 0 O0 O 0 322341 324 31.1 336 33.2
Ave. (%) 0 0 0 0 0 33.1 31.8 33.4
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k1
N2
()Y

PBS LNP
Cas9 mRNA (ug) 0 1 3 10

sgRNA (ug) 0 1 3 10

SO0
A0

...

Exon skipping (%) 0 0 107 104 116 146 97 1.3

Ave. (%) 0 10.6 13.1 10.5
=97
LNP
-Cas9 mRNA1 ug
RT-PCR #1  #23  #1+#23
____ (1 pg) (0.5 ug each)
300 o 1> [43]45]46] 323 bp
200 After skipping
| > |43|46| 147 bp
100§
4.8% 1.6% 43.6% | Exon skipping (%)
=98

Western blot

PBS  #1 #23 #1+#23 WT 7 ug protein /Lane

Dystrophin
<«— 427 kDa

68%  147%

100%
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Indel (%)
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skipping 3.5

SES06 10-2799255

PBS

1 i

N 5\ Q
Q\K’b 5 b(\el \Q;Q’
< O R

R

Q)\O

n = 2 (average)

on

2.6

23 22

(%)

Al g

<110>

<120>
<130>
<150>
<151>
<160>

<170>

=4
=

=
=

KYOTO UNIVERSITY

TAKEDA PHARMACEUTICAL COMPANY LIMITED

Composition for Altering Target Gene
PT38-9026W0

JP 2017-254798

2017-12-28

22

PatentIn version 3.5
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<210> 1

<211> 96

<212> RNA

<213> Artificial Sequence

<220><223> HsDMDEx45#1 sgRNA

<220><221> modified_base

<222> (1)..(D)

<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)
<220><221> misc_feature

<222> (1)..(3)

<223> nisa, ¢, g, oru

<220><221> modified_base

<222> (2)..(2)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> modified_base

<222> (3)..(3)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> modified_base

<222> (93)..(93)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> misc_feature

<222> (93)..(95)

<223> nisa, c, g oru

<220><221> modified_base

<222> (94)..(94)

<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)

<220><221> modified_base
<222> (95)..(95)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)

<400> 1
nnnuaucuua caggaacucc guuuuagage uagaaauage aaguuaaaal aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cgnnnc 96
<210> 2

_46_
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<211> 96

<212> RNA

<213> Artificial Sequence

<220><223> HsDmdEx45#23 sgRNA

<220><221> modified_base

<222> (1)..(D)

<223> n stands for adenine (a) which may be 2'-O-methyladenosine

<220><221> misc_feature

<222> (1)..(3)
<223> nisa, c, g, oru
<220><221> modified_base
<222> (2)..(2)
<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> modified_base
<222> (3)..(3)
<223> n stands for cytosine (c¢) which may be 2'-O-methylcytidine (cm)
<220><221> modified_base
<222> (93)..(93)
<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> misc_feature
<222> (93)..(95)
<223> nisa, c, g, oru
<220><221> modified_base
<222>
(94)..(94)
<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)
<220><221> modified_base
<222> (95)..(95)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)

<400> 2
nnnugucaga cagaaaaaag guuuuagagc uagaaauagc aaguuaaaal aaggcuaguc 60
cguuaucaac uugaaaaagu ggcaccgagu cgnnnc 96
<210> 3
<211> 20
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<212> RNA
<213> Artificial Sequence
<220><223> Target-recognizing sequence of HsDmdEX#1 sgRNA

<220><221> modified_base

<222> (1)..(1)

<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)
<220><221> misc_feature

<222> (1)..(3)

<223> nisa, c, g, oru

<220><221> modified_base

<222> (2)..(2)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> modified_base

<222> (3)..(3)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<400> 3

nnnuaucuua caggaacucc 20
<210> 4

<211> 20
<212

> RNA

<213> Artificial Sequence

<220><223> Target-recognizing sequence of HsDmdEX#23 sgRNA
<220><221> modified_base

<222> (1)..(1)

<223> n stands for adenine (a) which may be 2'-O-methyladenosine
<220><221> misc_feature

<222> (1)..(3)

<223> nisa, ¢, g, oru

<220><221> modified_base

<222> (2)..(2)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> modified_base

<222> (3)..(3)
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<223> n stands for cytosine (c¢) which may be 2'-O-methylcytidine (cm)

<400> 4

nnnugucaga cagaaaaaag

<210> 5

<211> 32

<212> RNA

<213> Artificial Sequence

<220><223> crRNA sequence of HsDmdEX#1 sgRNA
<220><221> modified_base

<222> (1)..(D)

<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)
<220><221> misc_feature

<222> (1)..(3)

<223> nisa, c, g, oru

<220><221> modified_base

<222> (2)..(2)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220

><221> modified_base

<222> (3)..(3)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<400> 5

nnnuaucuua caggaacucc guuuuagage ua

<210> 6

<211> 32

<212> RNA

<213> Artificial Sequence

<220><223> crRNA sequence of HsDmdEX#23 sgRNA

<220><221> modified_base

<222> (1)..(1)

<223> n stands for adenine (a) which may be 2'-O-methyladenosine
<220><221> misc_feature

<222> (1)..(3)

<223> nisa, ¢, g, oru

_49_
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<220><221

> modified_base

<222> (2)..(2)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> modified_base

<222> (3)..(3)

<223> n stands for cytosine (c¢) which may be 2'-O-methylcytidine (cm)
<400> 6

nnnugucaga cagaaaaaag guuuuagage ua 32
<210> 7

<211> 60

<212> RNA

<213> Artificial Sequence

<220><223> tracrRNA sequence of HsDmdEX#1 sgRNA

<220><221> modified_base

<222> (57)..(57)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)

<220><221> misc_feature

<222> (57)..(59)

<223> nisa, c, g, oru

<220><221> modified_base

<222> (58)..(58)

<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)
<220><221> modified_base

<222> (59)..(59)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<400> 7

uagcaaguua aaauaaggcu aguccguuau caacuugaaa aaguggeace gagucgnnne 60
<210> 8

<211> 60

<212> RNA

<213> Artificial Sequence

<220><223> tracrRNA sequence of HsDmdEX#23 sgRNA

_50_
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<220><221> modified_base

<222> (57)..(57)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<220><221> misc_feature

<222> (57)..(59)

<223> nisa, c, g, oru

<220><221> modified_base

<222> (58)..(58)

<223> n stands for uracil (u) which may be 2'-O-methyluridine (um)
<220><221> modified_base

<222> (59)..(59)

<223> n stands for guanine (g) which may be 2'-O-methylguanosine (gm)
<400> 8

uagcaaguua aaauaaggcu aguccguuau caacuugaaa aaguggcacc gagucgnnne 60

<210> 9

<211> 98

<212> RNA

<213> Artificial Sequence
<220><223> MmRosa26 sgRNA
<220><221> modified_base
<222> (1)..(1)

<223> gm

<220><221> misc_feature
<222> (1)..(3)

<223> nisa, ¢, g, oru
<220><221> modified_base
<222> (3)..(3)

<223> um

<220><221> modified_base
<222> (95)..(95)

<223> um

<220><221> misc_feature
<222> (95)..(97)

<223> nisa, ¢, g, oru
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<220><221> modified_base
<222> (96)..(96)

<223> um

<220><221> modified_base

<222> (97)..(97)

<223> um

<400> 9

nnngggeggg agucuucugu uuuagageua gaaauagcaa guuaaaauaa ggcuaguccg
uuaucaacuu gaaaaagugg caccgagucg gugennnu

<210> 10

<211> 35

<212> DNA

<213> Artificial Sequence

<220><223> Forward primer used in Example 1[1-3]
<400> 10

ctccgaggeg gatcacaagc aataataacc tgtag

<210> 11

<211> 35

<212> DNA

<213> Artificial Sequence

<220><223> Reverse primer used in Example 1[1-3]

<400> 11

tgcaagcacg tttccgactt gagttgcctc aagag
<210> 12

<211> 20

<212> DNA

<213> Mus musculus

<400> 12

atgaatgtgc ctacatatgg

<210> 13

<211> 20

<212> DNA

<213> Mus musculus
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<400>

13

catagcatgc atttggcecttc

<210>
<211>
<212>
<213>

<400>

14
20
DNA
Mus musculus

14

gaatgaggta gtgttgtagg

<210>
<211>
<212>
<213>

<400>

15
20
DNA
Mus musculus

15

gcaggaaatc atcttatagce

<210>

<211>

<212>

<213>

16
120
DNA

Artificial Sequence

<220><223> ssODN used in Example 2[2-3]

<400>

16

gagcaagctg ggttagaaca aaggtctgtc agagtcagca tgggaatgag gtagtgttgt

agcaggaaat agtgtggttt aggtctctcc ccgecctetg tgtatgtgtg tgtgtgtgtt

<210>

<211>

<212>

<213>

<220><223> Forward primer used in Example 2[2-4] and [2-5],

<400>

17
35
DNA

Artificial Sequence

17

caagtttaaa atagcagaaa accactaact agcca

<210>

<211>

<212>

<213>

18
35
DNA

Artificial Sequence
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<220><223> Reverse primer used in Example 2[2-4] and [2-5], and Example 5

<400> 18

ctgacacata aaaggtgtct ttctgtcttg tatcc
<210> 19

<211> 21

<212> DNA

<213> Artificial Sequence

35

<220><223> Forward primer used in Example 2[2-5] and Example 6

<400> 19

ggtgaaagta caggaagccg t

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

<213> Artificial Sequence

21

<220><223> Reverse primer used in Example 2[2-5] and Example 6

<400> 20

ttagctgetg ctcatctcca a
<210> 21

<211> 20

<212> DNA

<213> Artificial Sequence

21

<220><223> Forward primer used in Example 3[3-5] and Example 4[4-5]

<400> 21

ctacaggaag ctctctccca
<210> 22

<211> 22

<212> DNA

<213> Artificial Sequence

20

<220><223> Reverse primer used in Example 3[3-5] and Example 4[4-5]

<400> 22

tgcttcectce aaccataaaa ca

22
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