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[0001] *mm. mh(D-mrntm%:fttet (if«&u<&-*fi«-?). t 
tc^5feDNAtfn-©if A%nt>t(cy y % Rim 
£tz>s 'fsAmwfD&MijfeRxf'ttiizmvZs =L-)\, 
t m t m%^w izmtz0 

[0002] 

LTs t£3k >f yASi©#;i(h LTtis 13 

•tir/cAX^^ (#^£iin ) o 

*Jy<?-7 4 DNAfp-n K* -f > <h#^Sft&DNAtJ]|ff K* -f > 

Vy<?7 jy-ti-JLt \s7-if (ZFN) ?si(Z)*itM 
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s^i) s mftMWsm^y-y s^^jgtf^-r^DNA^^iL-ji,-?&£&¥ 
}^mtm^m (TAD I7i^-t DNAx> K^^U7-tz^^L/cT 
ALEN^ffl^T. ^£©2^ *Ift 

OftfFiSK 2) , Illi^ili 

tfft^ffft^^AT^tg-r^DNASB^JCRISPR (Clustered Regularly in 

terspaced short palindromic repeats) <h% CRISPR<h <h t 

D 5? 0 \y I7 — IzCas (CRISPR-associated) $ >/^l7 T $ U — <h 

^^/cCRISPR-Casg^X^A^^Uffll-^^i OftfFiitK 3) 

££>£&, 35{®(Z)7$yit^^^l'JH®(Z)^ItJ^S^|^'r^PPR^51 

KSB?U£s§ISt"£ <£? (C*ij5££ ti/cP 
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[0003] ̂ £S£1 : ̂ 1^^4968498^^$^ 

^£S£2 : ̂ 2013-513389^^ 

^£S£3 : ̂ 2010-519929^^ 

^«4 : 4^2013-128413^$g 

[0004] l-E^lrFiit^l : Kelvin M Esvelt, Harris H Wang (2013) Genome-scale engin 

eering for systems and synthetic biology, Molecular Systems Biology 9 

: 641 

wnowm 

[0005] $tc?; AMMZmts S^W(CDNA-filItJ]|ff (doub 

le-stranded DNA breaks : DSB) ^rfuJJl.h LTlN£A^ ^^©^7 A® 

tc&M<D WMtftb -o Tco 

DSB^L«DNAtf^©JfA£#to-f^ Wt> 

, -^iiDNA^Mift u < <fc y 
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[0006] DSB^#? 
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Ailig©7$ y lbJxJx£3E^tiTz.ti 

^nkcD^mm^m^^xiiMco^m^m^it u DNA^S©^S^ 
IZ<fc y HftHb£ tl/cDNA£^S^CB&^t" £ d <h tlZ 
tZX\ Z<DJ:?te&M1k&<DM&&?T?mm£ UTJ&j7^ >MbJ5J&£M 

mtzTTsu—ztitmmmmMmcDh*£jtae$n-* 
d £ IZ £ y, ^M ©DNAIB^O £ # t?mM IZ £ (C £ Z *f J A13 

-3 fco 

CRISPR-CasS/^A (CRISPR-^SCas) feffllNTfrofco IP 

RISPR-RNA:crRNA (gRNA) IZS Cas^ U 0)V~ St" £fcg>CDRNA (tr 

ans-act i vat i ng crRNA : tracrRNA) ^rjSfp L/cRNA^rf£: Z| — KT^DNA^rf^ 

m U L < L/C 

ligllCas^ Jt^r zi — Kf'SDNA (dCas) £ ̂ 7 $ ̂ - — Izmfs? £jll$n L 

/cDNA^r^ML. otl^©DNA^% L <fc 9 «h 1" £#fr?sigSilffl 

BSClALfcc 

i50ftT\ 7>#Alz&M%&XT2>z.£lzflit%]Ltco ~^IIDNA©^Tti© 

±WLtc0 £.fcs ^S^|±H|(Z)JA^ 

£^m(D^mi\^ifmtt^n£ti<mib^£^^tc0 ££>£, 
o £ ic <t y, ^frtsbxPJ: < ^s^At£ C: «h 

(C^L/co IP*>. DNA^r^AL/c?si«^#)l^±-te(cSfflL. Mi^Z 

HA,/c=l •—— JC^lNTgWJSfe?&£A,£f£T0=l 

P--(CdNT^S^A^tlT^^o^:^:5ilHL/co t/c, 2£Lt©gftj3t 

* ©$> z>$m%=t n^'timmtt & z. £ iz ̂  y, mm?f\o ̂ VAS* 

>tjiz^mzmmzmxt&z.£tfx^&z.£>?, mmm 
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. t/c, 

J5J&£FJTM©0#J(01C—®falC?T9 £ <h (C<£ "-J, Z.tl£Z$]^(D{%lfr-itciMW 

< 1JZ.& o feUtti L/co 

*fgBJ^£>&% oft£>©£PJl,(CS^VT£ ^B^ 

~b l/Z^-otco 

[0007] mt>s ^wm&Tomvzfo&o 
[1] —M^kCDW^t^UtctUtL^^Mt^^iiXh-oX, H^tl/c" 

*g|DNA*©lIft2£ 
)it, I^^IIDNA^M^ m 

W^ik^tltc%${±lZ.&^Tl&—^MDniK(D'pt£<t:b—j5(DM%:tJlWiTZ>Zt 

te<s WMmt^tltcmtL(D 1 \>X±.(0JL<P \s^=5- K£ffe© 1 £l±(DZ<7lst 

^ tltc^mz 1 &. ±©2 

0 U^-51 K^rff A "3" •SHE^T'S £j\ 7J/£0 

[2] fulE^ItlBM^^-JU^\ Cas©'>&< tt 1 -?©DNA«t^ 

L/cCRISPR-Cas^>7^A, TALi7i£*-

^.t/PPR^E^1-7 Av <Q&•!>£¥ <£ y JH$R^ tl£>s ±EE [1] HB®©^"/io 

[3] fulE^ItlflM^^-JU^\ Cas<D'J>ft< tt, 1 -?©DNA«t^ 

^SUfcCRISPR-CasS/^A-efc*. ±13 [1] 

[4] mftzmttizt \sx? 2«i± 
(Dmmmmmt^v=L-)v^m^^z.t^w^tt^, ±IE en ~ [3] 
© ̂  T tl AMC IE® © ̂ ")io 

[5] fulES&;z>*Ift2^ \y^^- KIBW, mteZ>mfcTPllZ.fe1±TZ>s ± 

IB [4] IBS©^)io 

[6] ±IE en ~ [5] © 

l^t tLAHClB^©^o 
[7] IUIET1/7 $ ̂  —"tz^AID (AICDA) T?£>£, ±IB [6] IES©^)i0 

[8] -^iiDNA,h^^^:©gM^\ m-Mm^mt^mm^(Ds m% 
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±§B [1] ~ [7] CD IN 1* ft 

tMZsiiWLCDjjfeo 

[9] tug±§E [8] 

[10] tuiEmmin*k^mm,xfoz>, ±§E [8] IES©^^ 
[in mmmtf'^mmxfcz. ±IE [8] IES©^^ 
[12] ±IE [8] IE®(Z)^)io 

[13] ±IE [8] IES©^)io 

[14] mmmmimmm,xfoz>, ±IE [8] IES©^^ 
[15] tulE«^^fS!]^«"e^^. ±IE [8] IE®(Z)^)io 

[16] tulE«M?LISS!]^«"e^^. ±IE [8] IE®©^)io 

[1 7] tulE«^m^«-e^l'J. *@^lfefe{*±©1-^T©*I^b£ft 
±IE [9] ~ [1 6] 

©INfftjbHCsEiifiD^&o 

^ — fulEilfflSS(C^At"'2)XfMs RXf 
=*8tDNA©iiftHb$ ntc%m(D$L&mM-ztizfDizi&mm. w&w.® 

±§E [8] ~ [1 7] ©iN-ftlAMC|ES©^)io 
[19] KIBW. mrnmizt-oX'&rn.(Dm 
B^mz&ZZtZftfflLtTZs ±IE [1 8] IES©^)io 

-frts mmtz 
ftfcSM£(C£lNT§£~^flDNA©'>&< tt>— Jjft&l&tflffiT&ZtteKs §£ 
mmt^tltcmtLCD 1 \>X±-<0*<? \s^=5- K£ffe© 1 \>X±-<0*<? K(C^ 

foz>^mmft4k^ntc%miz ^ \X±(DZ<? ist?-
K^ifA-r*. 
[21] ±IE [20] KtsM 

§%m(D$hm 
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[0008] «DNA©Jf A ftt) 

ztcs ^mmx(Dmm%m.mftiz&—sk&(D¥ 
y # -< > K & e> (c M & IBH s -an JA < mfct z z t # RT mx $> y. 
d ft £ T? S t ̂  CT RTfg-efe o fc^CD PS7 

mmcDm^mm 
[0009] [|E|1 ]CRISPR-Cas,>'7v7z t) —Xlx&Tjk 

TIH REIT'S) •So 

[ HI2]CRISPR-Cas *> X T A <h ^ V * V -f % fi 5fe(DPmCDA 1 ^7 $ ~f ~ M. t % 
i±i#®s&IN•rmi u /cisn 

HIT'S) •So 

[H3]" y ;b-izStt£^T£Cas9(Z)D10A^S{*£ffllN/cCRISPR-Cas9^7^ 

A <hs —-tf^PmCDAI <h £$I<^;b1±/cil^- (nCas9 D10A-PmCDA1) t 

s dnk-mmmmm^mt^mmcas9t^m^tcm^(Ds 

[Mb Sfi5fe©AID7^$-f--tf£ffll\ dCas9<hs SH3 K* -f >We©l£ 

K^^LTi^T^i:9(Cli^^ft/c^Il=l>X 2ffl© 

gRNA (target4^.t/target5(Z)|B^[J;&II^<hT'2)) <h t =fc (CHH#®S(C^A L 

/c |p W: £ ̂  t~ HI "C £> •!> o 

[H5]lN-fft^(Z)DNA-^II^tJ]|ff-r^Cas9(Z)M(Ci;y^a^AW^±# 

IfcC^^tTO^o 

[H6]-^llDNA^tJ]|ffU^lNjf^ lN-fft^(Z)DNA-^II^tJ]|ff-r^ii^(Ci; 

O T, Avm<D JA £ £ #!Jt tf^-fb 

£ o <h 

[HI8]B£©mfc?>£&V-2J - (C <fc £)ll££^ L ftIN £ <h £^f HI 
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y, *fj RTI^ 

§£3*^ KI3^y©±(Z)^EP(ilI^]^^ 

KIB^^^To L < *Ift3*^ UT?1 KI3^^w(Z)0RF 

±(DiiLW*^to Tl£«fe (R) Mfife (W) ••z-^P-VCfeW 

0 \st^\ilZ&^T^MM$k1$UZ.-oT^Z>Z.t%:^t0 iRis t>i-/<~y^ 

(CanR) R&Ittt. 

y % —feWf J A(Z)|@|W]^'fe'f^±(Z)i^^' 

©^ilmfe|^0t(C|£#|£:2#AT$••!> il <h "£'£>•!>0 HI 1 0A(i% a 

delays-? (-h/^JU) ^t/canlmfe? "CCD TftlrliSll^lA^] 

H 1 0B&, 

(TA^JU) O t/c, Sfe=l 

(±A^JU) o 

[H1y s 7ASI 

^tbT'&£o<h£^TH"e£>£o H 1 1 A(i% K©*!J$H 

-ZfoZ>o H 1 1 Btt, galK»{s?ft©1I±i£^-^ h<h LT, 

S (CAA^TAA) tmXZ^tcZt^to H 1 1 Ctt, (none) 

% 25yu,g/ml 'J 7 T7 > tf'v > (Ri f25) $.t/50 yu,g/m I U 7 T7 > tf'v > (Ri f50 

mztifc (±A*JU) o u7 7>no^>>itt»©i±iii#is^i0%^«h^t 

£>tl/c (TA^JU) O 

[H12]^-r KRNA©STMcJ;£$ll|j^Sffim©iltfi;&^'tH"'e£>£o H 1 2 A 

im$]Z<7 KSB?yS£20j&g£ L/cif-n <hs 24iHS<h L/cJf^(Z)$lll 

MSIiCfitl^Sto H 1 2 B&gsiA»{s?£*Ift<h U *1^2 ̂  UT 
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rtJ &^P->ftT50%£l±©tU^-e^S (C-*T) ti<m 

A£tlT^£ (TU±IZ$ • —Tcj &£p — 

yfo-?(D^m (C^T) ^iiA^W50%^T&£o<h£^-to 

*S o 

[H14]^ffi^1 1 (C£tt£^S>lA©70P 

[H15]^»y 1 1 (CJ51/NT rpoBmls^tC^S^^A L/cip^^:^t"HI"CS)'2) 

o 

[H16]^»y 1 1 (C&^TgalKmfe^ClgS^illA Lfcln^^^lT 111 "£'£>•!> 

o 

mmzmmtztztsbmrn 

£ffe©2£ \st3- K(c^1-^o^:(ci;y, fc*flDNA©§£*IBm£ tifcSP 

m^Ltcm^wtts ^^DNA^gM^-ttsci^^cfcy, mwmt^ntc 
•Bfes Wt>s 0 \s^J- KIB^y^.t/^'(Z)j£'f^© 3? 0 \s^J- K^ fti1(D3. 

<7 \st3- Flzm.&TZT.m*%teZ£*ftffll£TZo 

[0011] *%mz&^Ts -^IIDNA© r^j £l£s mm±(DfoZ>Zt \s*J- K 

(0iJ;Ltf, dC) t\ dl\ dAX(idG) 

%>h\ {Ktt&z.t, $>&l^£mhm±(D$>Z>3.<7 [stT vmizzt [stT F 

^-^flDNA(i^(C$iJ^^tl^^^\ ifS L< (i^fV ADNAT^o t/c, ~ 

^IIDNA© r^^b^n^gpfej 

KSB^JJ ©^SPt U<tt-SP. X^tlt 

WMfoXt \y^^- KSB^J©^ (5' ±Mm' Tfa(DVttlfr-l55UZm 
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15) ZmMLs I^S-i&S^SJIOP^T^ililtfi 

TZZttf-ZZZo 

[0012] ^fgBJ^CfclNX £&s dnm±(D^(D^<P [y 

x^vMm mt>, m&iztisXTFmm 

Z<7 is*? ^V=L-)V^zMu^Utcmt^ 

^m^nmtf-^mmk(Dmmt^utcn\tL^mmz\mt^z.t^^z 
T&o 

[0013] *%mz£>^T tte, DNAJ^S©70|J VXttkf'J $ *>* 
>m±<DW.&&%fo<D&5UZm?lZg.&tZ&fc%i&i&t2>Z £IZ&V, DNA 
m.^J]W\t^Z.tt^<, K£ffe©2£ \y^^-

•So 

[00M] *f%mz£^-c 

D^-r^o ooT rif^j &^|&©#?T^j$;*ft£fc©;/cW-T&<, S4^r 

$yjWW<D£o IZ* =L—)Vt^MM.^M.^MMt^:^-— 

[0015] ±§EJ5J^£M$U#£t©T& 

m?Li£s 7$ j&%t>)\st<-)\smzm%t&%%77$ ; 

£* mt/^O \s*=j- Kr7$t-^-^-7 7 $ U -IC 

i~ — Mif^i bti%>0 :> Kx>>X(i5-p< J-)\/i/ h 

^-y^^^^-ity^yizm^U§^7T'y^yT'7^i--iz\ ?7-y& 

*v-y3Lyizm%Lmz>77Si'y71'7$j-—tz!§t)<^tf<btiZo is^i^y 

T7$1—t?tLTs ct^fSKli, mm^VMmf&mz&^TJ A; 

y a? IJ ym&Tiz^mzmAt z>mm-?&z> mm ̂  ̂  v y^7^-y 
-a (j-MTs AIDtn^) 
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[0016] 

^CDPmCDAI (Petromyzon marinus cytosine deaminase 1) % PS?LK)^ (0!k 

t $ s ^7^% "tfJU^F) fi^CDAID (Act i vat ion-induced cytidin 

e deaminase; AICDA) £^IN£ Z. Z>0 PmCDAI (Z)CDS(Z)±mSlB^[J^.'Ot77 

$ y I ̂ .t/2 t; KAID©CDS©illSlB^y^'LF7' $ J IHIB 

^y^iB^ys^3M4(c, ^tti^tiTFTo 

[0017] *wmm&immmm.tsW(DmmmmBt=£V=L-)\,iz&.i') mmztiz 

sisy^jcftijis^tL-r. *1^3^ u 

PS?LK^©^V ADNA^©^^©SP{4tC^^^Af 

AV-4 XlZfcUTs KJ2LU $?3iU<tt153? 

cfcyjfs L< m±-e&&0 JI£©±PS& 

^ tc^y PS £ tlte IN ti\ ^L< £25 3? <? [y t ̂  K J2UN £22 3? 

WF-C&£o 

[0018] LT(i. 00*. tf 

, Cas©'>&< 1 ^©DNAtJ]|fft^^^U/cCRISPR-Cas^X^A (CRISPR-

^SCas) , *Jy<?7 <y-fi-=£=5---J, TMJL7 t-RXfPPR'E^-?^ 

<om. mmm. RNA^U^—tr^©DNA<h^s^ci^u#£ 
*V/^ft©DNA!|&£ KPW DNA-filItJ]|fft^^U^^7^yp< 

V IN stiffs#* ZLtl^CPS^^tlft^ CRISPR-^a 

Cas, TALx7i^- PPR^ —7###lf^ 

tl'So 

[0019] Vy<7 7 4yft— — 71&S Cys2His2Sy©S7^^i;>/7 7 ZL-

>>h (17-f Vff-tf#j31£g£s§I§rr£) £3~6MI££l±fct©--e&l<J. 9 

— lr-51-7 (is Modular assembly)^ (Nat Biotechnol (2002) 20: 135-141) 

% 0PEN& (MoI Cell (2008) 31: 294-301) , CoDA;£ (Nat Methods (2011) 8 
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: 67-69) % ^IHlione-hybrid;£ (Nat Biotechnol (2008) 26:695-701) =§(D 

o -y>^7-f > 13—^ — y (DftWk 

[0020] TALX7x^-&, ^347 $ JLfcf V =L -JlOB y M Ui^i: 

1^©^^zL-jKZ)12^i;t/13#@(Z)7$ (RVD^P^ 

litlS) lC<fcoT, 

IN(DT\ ^ *>*n.-)l£ /c tt•T\ *1ft 3? £ U * 51 KIB 

^<7 $ — Z> Z £#RTtg"C£>£0 TALx 7i^ 

-tt, ^-7°>'J L/c^S^;£ (REAL;£(Curr Protoc Mol Biol 

(2012) Chapter 12: Unit 12.15), FLASHY(Nat Biotechnol (2012) 30: 46 

0-465)% Golden Gate;£(Nuc le i c Acids Res (2011) 39: e82)H) 

tlTtiVs tblxftfffijf \y^^- KI3^(C^-r^TALx7x^^-^:IS 

!+-t£o<h^-e$£o TALx7x^^-©^M©l¥ilffl(CdNX(i, 

M2 &&mtZZ£tfV&Zo 

[0021] PPR^-7tt, 357$ smfrb fry (Dmiik&ZmmTZPPR'E?1-7 
(D&mz^^Ts [st?- KSB^J^^-TS<fc-5 

. £-^-7 ©u 4&tTii (-2) #@©7$ 

o Ml5©^-7fr£©T&tt&lN®-c% TAL 

I7i^-lt PPR^-7£Sl^b1±£/cttT\ U;*?1 KIB 

?y (cft&PPR* y/*<? M %ftmt & z t &RIfg-e$> &0 PPR151- 7 ©^ 

(C^IN•T±§E^fF:fciK4 2>Z£tf-Z$2>o 

[0022] t/c, $E¥H?, RNA^'J ^--£^©7^^ > 

otl^©^>/^R(Z)DNAi^ KPW VttJifcQ'C £>£©•?, 

•e^^o 

[0023] ±§EiN-rti^©^iti3^yi^^^zL-jKi% 

'Sty'WntLTm&tzztb-ezzLs fesiNji, SH3KPWX PDZ 

KPWX GKKPWX GB KPW KPW ><h^tl£>© 
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yLT}!^ LTtcti^o ^WM^MW,^V=L-)\/ 

ts y^-f y cmtein) 

yj^o%^m%(D^<aviai £ ££=&-?£ *0 

[0024] v =L-)ittLtc^w imt>$ 
ys^MZ^&o ) -^IIDNA 

£(D}gM&s MBf&McoBMlxJfct LZUfrtiZtj ^WR(DiEtcZ> 

@ft(ovpvx.ti\ @ft©-^iiDNA m. ^fVADNA) zmtzmmiz, %mt> 
w*z\- vtzm:k$:mAT%ztiz£<'jmM^n&zttfM£ IA\ 

>§*mm[;-c$>/wntzmm&. mI*ILm& & a & 
MlT\ ^ft£>£^*veft=l- Kt£^il<h IA\ 

DNA-eS)^TtRNA-eS)^Tti;^o DNA©if^(i, L < & 

-^HDNA-e^y, ?ti«^-e«ft^70P^-^-(Z)$iJ®T(C|BSL/c^ 

RNA©tI^i, ifS L < tt-*gtRNA"C£>£ 

o 

MtlB^IIJ^ ̂  ZL - JU ^ ̂ St^S^gSl <h L fc*fg£E GD^tt 
DNA-fiiitjif (DSB) Ammti^mz 

$> y, ^^cD®fe?^^i(i()iiiAU^^3)sKcM-r-2. c: <>: tf-e$£o 
tot, 

A£ ft3«tt, H$£tlT? & £ *0f ® ft Til t? 
t: mi 

#U#£0 

[0025] Vy<P~P 4 y 13—=£3—7* TALx7x^-, PPR'E^ —7#©^^S35!J 

iSs^S/n.—Jl/£=l — KT£DNA(£S ^ZL-;KC"3)^T±I3 U/c^Ttl^ 
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mmmm. RNA^U^—t* 
K-T^DNA^ tnt>(Dcmmmmn 

lZ&-3X^Ts ^m$y;<<7M(Dpfim(D^fi (DNA^KPW * 

=1- t£%ti/<—t2>&?lZX U zfDNA^'f V — 

A^5t£jt£1-£»<£yilML/c£RNAt IX ttmRNAli#£ii§y£ 

% RT-PCR;£(Ci:-3Ti^i1~£o<h(Ci:y, £ • — ~ >9T2> Z 

iwi*mc, mmt ̂ mmcocdnmmm 
nzttiz*1) ZTDNA^'TV-^^U, 
L/c^RNAt L< (imRNA®^^ri|Sy«h RT-PCR&ICJ: Ti^it" & d 

£ic<fcy, tn-^yftzzttf-ezzo 00*.#. ^y*^=£©PmCDAi 

£Zl — K"t"£DNA&% NCBIT^——tlTl/N'ScDNAlB^y (accessio 

n No. EF094822) £=&££, CDS©±;,i&t/T^ac>tf LT^&7°^-f V-?: 

ISf+U ^7P<r>^-dra5femRNA^^RT-PCR)i(Ci;''J^P-->y-e$^o £ 

/c, t: KAID^rZI-Kf^DNA^ NCBI^-^-TJCgfi^ tlT^£cDNA|B 

^ (accession No. AB040431) ^itlZs CDS0±)MRt/T)MlZM 

7° "7 'f ~? — %: 1x1+ Ls h U V/^tfiGsMNAfr^RT-PCR&lCcfcy £• 

-->y-e$&0 

^•-WbSftfcDNAtt, 

t>\ ^te,Jyt>-RX?/X&®<m:ji/<?1-)l (@ft©-^llDNA^$ h=l> 

K U 7^«{*DNA(Z)iI^^ UfcmiC, 

K-t^DNA^-f ?-*/a y LT, S4^>A 

tn%=\-\:tz>mk%mmtz>zti?T:-^z>0 Jbzwz, 

=L-)\,%zi-vt&mkt, vtzvmz, 

S :*—£=!- K1-£DNA£S^£1±£A\ 

^DNA (C #J® -f > ̂ -r > £ =l - K12> DNA £ £ H* £ Cl <h (C <fc y, ^ItlB^y 

^ ̂  - ;u ^ ^ -emm-z tifcm izm 
^^jfMv&^JivizbriJi^o ztibGHM&bs pftMizj: y-jtu 

< M^©DNA(Z)^&feS(C, U 
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[0026] JU^rZi — K'^'SDNA^ 3 — K"f"-i> 

DNAti, lb¥ft(CDNAgt£^rj5£-r&;6\ t L < btc—SB*—/<—7 v> 7° 

U =JDNA£sgt£% PCR;£^Gibson Assemb ly;££^Jffl LTg^t" Z> Z £ iZ 

<fcy, \*tzvnAzmmtzz£&?!&•?$>2>o \b^j$x& 
PCR;it LOiGibson Assembly^<h0$I^o'^b"y:"C^^DNA^:^^T^> CI £(£> 

mmMkmxt&fe±iz£fri£zi£m=\ KvfcCDs^gicfefcysSft 
T:'^Z>£jZfcZ>0 SfflDNA©fgIl(CPiU ^©DNA|B^^?ti^(Cfc^NTfJ 

&Q temtzfe&zsttzzi (&&) ANI* 
DNAffi&pjT©*- A'* - *>* [Z'&m ̂  tlx IN 5 X 

(http://www.kazusa.or.jp/codon/index.html) ^rffil/N^) CI a£/c 

K>M#IS^IBL/c«^#BSUTti:lNo A#L/C 

r &DNAiB?y &&m u ^DNASB^IJ ICE IN ^ tix ̂  3 • 
K>a)^-e7si(caiNrf^^#ijt(Z)€iN^^^% iwi-©/7^ ygt^zi- KL 

K>tc^-rn^<fctN0 

[0027] KT^DNA^# 

9—1&S 0IJ3.1& ^DNA£ig^&f^l'<£*—^©^P^E —*—© 

Tift iz&n&t & z tiz&vmikt & z Z o 
*Hgfi5fc©70^X$ K (0!L pBR322, pBR325, p 

UC12, pUC13) ;te^HS^©7°^X$K (0!k pUB110, pTP5, pC194) ; g# 

Sfi5fe7°^X$ K (0!k pSH 19, pSH 15) ; K (M : pFa 

st-Bac) ; Si^l|ffl|S^|£i7P^7>$K (0U:pA1-11% pXTK pRc/CMV, pRc/RSV 

, pcDNAI/Neo) ; A 7 T7 — $/& ¥(D;<<7 J- 'J t 7 7 — V ; /<=£ n. • ̂  -f JU7> 

— ($| : BmNPV% AcNPV) ; U h • ̂  -f 7^ 

79 J ^) <)\y7,U>i(DWh^ ^ 

tl'bo 

LXlts mfc?(Dm%lzm^Z>fe^lZttfcsLT$tJ]tj:-?U 

http://www.kazusa.or.jp/codon/index.html
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^ - * - X £> tl IN ft £ t © X t <fc INo DSB £ # 9 T? © tc t£> (C 
?si»©£# Wl1 L < <£~Ff ££©X\ 

Lxmmm^T^zmm^in^Lx^< zttfrnz IAN^\ *fgB£©$ 
£fgSE$ H-T fc +#fc«ffl]Sii$ii ?# P> tl£ ©X\ fij5£ 7° P 

SRa 7°P ^E —^ —s SV407°P;E-^ 

-% LTR7°P;E-^-. CMV (+M K P< tfP ^ -f JUTj T/P^E —% RSV {=? 

-7n=E — $—s MoMuLV (tPz-7^SI|^JW 

) LTR, HSV-TK 0 -f JUX?1 $ 

ftfr'Ctu CMV7°P;E-^-. SRa^P^E —L/ 

trp7°P;E-^-. lac7°P't ^9 % recA7°P 

t — $—s — lpp7°P ^E ——s T77"P^E —•£—&£#$?£ 

L ̂ /N 0 

SP01 T/p^E —% SP027°P^E —^ — s p 

enP7°P;E — *—&£#$?£ IA\, 

Gall/IO^P^E —% PH057°P"E-^PGK7° 

P^E —•£—* GAP7°P ^E ——s ADH^P^E —•£—&£#$?£ IA\, 

KU V^P^E-*-, PIO^P^E-*-
teiftftRt. IA\, 

&MRf&Xfo&i§ns CaMV35S7°P;E-^-. CaMV19S7°P =£ — $ — 

, NOS 7° P "E - * - ft #$? t L IN0 

[0028] LT^ ±§E©ffelC, mMtC<fcyxy/\>-9—, 7^7^ 

#© MiR V •- * L T LN £ t © 

IN 

[0029] Kt£RNA&, 
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Kf£DNA£=l— — LT. gft&fcQOH > tf h P$E¥^ 

(C T mRNA IZ t & Z t iZ <fc y t & Z t if'X $ £ 0 

[0030] Kt"•SDNA^r'a 

OfgSE'** ̂  -£?si»tC>IA U £ d tlZ£? X 

-&%>Z)itfXl*Z> o 

?si<hL-ai, xi/xUH7Sa. iS, lil 

x5>x 'J t:7ISt LTtis 00*. xi/i 'J t:T7 • P U (Escherichia c 

oli) K12-DH1 [Proc. Natl. Acad. Sci. USA, 60, 160 (1968)] , li/i'J 

\L7 • m 'J JM103 [Nucleic Acids Research, 9, 309 (1981)] , x5>x'Jt 

T • HI 'J JA221 [Journal of Molecular Biology, 120, 517 (1978)] , x5> 

x'Jt/7 • HI 1J HB101 [Journal of Molecular Biology, 41, 459 (1969)] , 

Jii/ji'JtlT- P 'J C600 [Genetics, 39, 440 (1954)] btl%>o 

Ttt, MTL&S (Bacillus subtil 

is) Mil 14 [Gene, 24, 255 (1983)] , 7>,IU7.207-21 [Journa 

I of Biochemistry, 95, 87 (1984)] htl&o 

®S<hLT(is 00*. V~yt) izTv • IzUtf^x (Saccharomyces c 

erevisiae) AH22, AH22R", NA87-11A, DKD-5D, 20B-12, *> W V tl P ~7-f "fe 

X • (Schizosaccharomyces pombe) NCYC1913, NCYC2036, • A 

X h U X (Pichia pastor is) KM71 btlZ>0 

[0031] £'Nl/*tfAcNPV©ii£\ 

'fblfflSS (Spodoptera frugiperda cell;Sfi||^) % Trichoplusia niCD^EUli 

5fe0MG1|ffliS% Trichoplusia ni CDfPEfi^CDHigh Five™i||^% Mamestra brass i 

caeS^CDlffllciL Est igmena acreaS^©$fflS[3&btlZ>0 7^)V7,tf-B 

mNPV^if-ns LTtis (Bombyx mori N ; BmN 

») ftM^e>n-50 I^Sf«,hLT^ Sf9« (ATCC CRL17 

11) s Sf21« [J^±, In Vivo, 13, 213-217 (1977)] taZtm^btlZo 
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JIBUTI** 2K PCD&iu *>a £/<x% z\tn 

[Nature, 315, 592 (1985)] 0 

[0032] mmmty,-tNucos^R y-weromm. ^w--x 
/\A7^-fPl (CHO) dhfr»fc^JiCHO«, ~7 0Xl«, ~70X 

AtT-20«fflR 7^7^$iP-7iliS, ^>>KGH3«, t; 

£>=1M LIN £ti50 £ £ £ -tf ^7 7 v *> n.K 

[0033] m*(Dm% (^A.ti\ -f*. =lAdr\ h^PPS^ 

CDlStk h7h, *ILWS -f^CDMpp#ll, 2J —* —*>aX hJUP^r 

^a^OHMttk */<=U S/P'T 

IfclSM®, tl)lX, 7°Ph7°^Xk 

tl'So 

[0034] ±§BlN-f(—in!*) ̂ ottilNU ini£{* ( 

ms =^Ws xfo^Tib£i\ $t$k(DmmziA#&-e 
(is JIIU£ ^P&m 

£tt#^£0#^tfjbNjbNy, dtuc^u *fgBj^c<fcfttf 

Z<DVs (HI 

[0035] m^w-comxtt. 'Muco^i (flutf. uv> 
-A)i, P>HT>h;£. PEG)£, CaCl2±±;;fcjg&;£, x U 0 h P tf l> — */ a >;£ 

, V'f^P'fVi/i^i'a^ 'J tfy a >)£ 

Allans Proc. Natl. Acad. Sci. USA, 69, 2110 (1972)^Gene 

, 17, 107 (1982)%:£lZBaM<Djjmzti£?TBW$K&T&Z£&V$&o 

A'-^JUTvjHllKis $!lxJi\ Molecular & General Genetics, 168, 111 (19 



WO 2015/133554 18 PCT/JP2015/056436 

79) & £ tCiB M,(DJ3)£ —M AtZ> Zttf-ZteZo 
Methods in Enzymology, 194, 182-187 (1991)% Proc. N 

at I. Acad. Sci. USA, 75, 1929 (1978) & X*<<7 $ ~ 

Bio/Technology, 6, 47-55 (1988)&£: (C 

§Eii©^lCfi£o X^<0 $t tfX $ £0 

«I^5M8 f?«i^i$7°p K=I-;U, 263 

-267 (1995) (^)ltt^T) . Virology, 52, 456 (1973)ICsEiifiD^&lCtfco 

[0036] 'MncDysmzttt-o 

$yx.tc£\ Afllls ̂ /c JUT. IB s PJT§^'P> ^-ti/'Sip1 

t/c, igifett, 

j^niu mmMs dd-e. 
L"Ois h 'J X 

mm*MtLTl£s 5^'It^Ss =l->X9-7°-

U t)—s ^7°hX t)iz-r>s /<l"f *> attatii)&te¥<D 

Lt(t MPL^S IkittUUisO A, U >It 

—K U ^A, btiZo £fcs i& 

mz&, gsxdpx, m 
JfeCDpHtt, $}£ L < tt#j5~#j8-C£>£0 

XWrn^ki^tZ^mtrnt LT(i, $yx.fc£\ y;u=i-7^ ^]+f$yit 

^"aijNM9;fcpit!3 [Journal of Experiments in Molecular Genetics, 431-433, 

Cold Spring Harbor Laboratory, New York 1972] lAN0 {&H(C<£I'J 

. 7°P;E-^-;&Wi: <ft;6M±£/c<!s/)(C, 0IJ3.I& 3/3—f > K lUUj7^ U 

JU$©<fc9&2£#J£i&ifelC^!]n LTt<U\ il^$j15~$j4 

at^30~^40°c-etT^^ti^o a 
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GO*.#, (Burkhoi 

der) g/jNjgjfe [Proc. Natl. Acad. Sci. USA, 77, 4505 (1980)] ^0.5%^ 

£SDi£ite [Proc. Natl. Acad. Sci. USA, 81, 5330 (1984) 

] teif&gifbtiZo ifs L< tt#j5~#j8-c£>£0 iSiit a 
nmwc-mvcijfittfrti&o >&mzfc\;Ts 
o 

UT&* 0!l*.l£Grace's Insec 

t Medium [Nature, 195, 788 (1962)] (C#iMb L/c10%^^CDgSflDtl 

igifeCDpHtt, &IL<W.2~».4 

iMtis at^27°c-etT&;bti£o 

LT(i. #j5~#j20X©JftJE'^> 

JfilJi£^frg'jN&2Ii&lfe (MEM) [Science, 122, 501 (1952)] , 

B£^-^OUi£±fe (DMEM) [Virology, 8, 396 (1959)] , RPMI 1640i£±fe [T 

he Journal of the American Medical Association, 199, 519 (1967)] , 19 

9ip±fe [Proceeding of the Society for the Biological Medicine, 73, 1 ( 

1950)] i£ife©pHtt, ifS L< tt#j6~#j8-C£>£0 

LT(i, MSi£±fe, LSi£i-fe, B5i&ife&£tfffliNP, 

tl£0 i£ife©pHtt$?3; L< tt#j5~#j8-C£>£0 iSilt at^20°C~^30°C 

T?fr ft to ti £ o (c i; T m%-^ fflft £ ft o T fc <fc INo 

J2Lt© <fc 9 (C LTs 

fa. IP *> *«ftxm% £ -tt & d <h A<-e $ & o 
[0037] Kf £RNA©?s 

RNA^AttHHt U<ttjS^^^SS^fcslNT^[l] ( 
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2-50) mVj&LTfi? 
[0038] 

)i tt %> t. =L-^ 
iDNA (Ms yyADNA) ft®*Ift2 <7 KI3?iJ£#Sft(c 

g^LTi^u immmmm,^v 
<Dwmiz£vs KiB?y©^t u< &-
SBX^ft <D 3£^ffcS&g<DS5fflftT^IMltn•T $ £) <D -fe > Tjg 

£ MftfcSft/cSBfefc-feVXgifc U< teZ^-trVTJli 
<D*/^i/ytfry:7*sMzm.&-Ztl. U:Gfc u< &G:U$3^vf-££i;£) o 

^u/cii©j^a 

£tt^rr£<fc?ic^m£ftfcy (±iB©^yett. T-AtuoiA-T) , 
0|ft(C£ e>tC<-feCD5? ^ \s^=$- RC®& (0iRtf, U^AS G) s £>£W£1&^ 
LiSt+^S©^t L< ttifA££i;££££<£ "J, ffi*0^tf£A£ft 

*S O 

[0039] vy<?-?4 \w^o pmmzftmfoizm'&tz 
VyO 7 -r < & < * t/c, 7 

TALX7x^-JpPPR^-7&, *>*>£ 

hz>(DX\ 
CftlCfctU CRISPR-Cas'vXx A(is Ufa 2 0 KiB^Cft UTffili 

fa&tf'T KRNAlcJ: <J @ft0-^HDNA0|3^^||;ii-r^0T\ \s* 
9 KS3^y«h^aft(c/\-r 7°u y u zTDNA^^-rs^^-e, ft 
m0i3?y & d t t<v $ &c 
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-Jit LXs Cas©'>&< 1 ^(Z)DNAtJ]|fft^^^U/cCRISPR-Cas^Xx 

A (CRISPR-^SCas) 

[0040] M WCCRISPR-^SCas£^ItlBMJ^^zL—,/U.h LTfflUfc, *WR(D 

~ *flDNAfi&^>£ (DII m £ ̂ t o 

CRISPR-^SCas^ffllN/c^0^(Z)^ItlB^l^^^zL-jKi% U 

X? KRNA£s mmCas$y;<tM(DlJ tJV-
ft t r ac rRNAtfrbftZRNA^^ <h^SCas$y/<tWt ©}t LT$ 

tl<£>o 

[0041] *m%X{$.m^tl&Cas$ yj^tmZs CRISPRS/^xAlCjg-fafcCD-C&ft 
if S L < &Cas9-e£>£o Cas9<h UTtt, 0!l *.#3. h U 

7°hP,y^7v • (Streptococcus pyogenes) Efi^CDCas9 (SpCas9 

) s X hH/h3!V^)7 • 7^f 7^ (Streptococcus thermophi lus) 

S^CDCas9 (StCas9) ^tl<Qtl&lN0 fc? ^ L < 

ttSpCas9-e&£0 *fg^"effl^tl£^SCas<h UTtt, Cas^ = 

Mmk(Dmy5(Dm.(Dtm^^[,tc^(Dt, -yjomotmrno^^^ 
sPc 

as9©Jf^ 10#@©Asp^S^Ala^S(C^L/c, KRNA<h*@liit£^ 

J^-r^lI©J5^II©tJ]ift^^<D10A^a^ 840#S0His^S 

^Ala^S-e^L/c, KRNA,hffililI©tJ]ift^^<H840A^a^ £ 

(c & ̂  t\ i^o^m cas t in*§ tc E ̂  & d 

±§E*>*V*7^ 

ICcfcy, ^mcastcom^fat LTtl^^Wo 
<h|£#|Cas<h RNA aptamer-C£>£MS2F6, PP7^<h^tl£> 

Jt (C £ RNA scaffold^^Uffl £ £ fcdi5fe£o tf'T KRNAtfUfa 
U:*?1 dtl(C^< tracrRNAlC^Castf'J 

- h^tlTDNAtJlffSMil^lB^PAM (7°P K3X-+J— Z^x-f-tzVh ^ 

^-7) (SpCas9£ffllN/cifl^ PAMttNGG (NttftE©i&S) 3j&g-C£>y, 
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Z> W£^0DNA£«t" £ Z t tfV $ t\ MMCaslzmSZ 

JLCD^T^y^tflEU <BW.^titlZs R 

&&istcm(Dik&tmmTz><s:oizim$titci'j, w&o 
£>KffeCD2£ K(c^$u L< 

imx^^v&ztiz&vs mmumtf&xztiz cm^; mzm&) 
o 

[0042] CRISPR-^SCas£^ItlB?y§£s^^a-;U<h Vy<7 

7 -r 3--)i>t LTmvzim'&tmfciZs MIB 

V =L-)Vh£te. KT£^@£©ff#i 

T\ IA\ 

Cas£=l- KT £DNAtt. Kf 3DNA(CO^T±§E L 

/c © ̂  m*§© 15%; iz & y. §£im £•t & «^ e> * • - - > ?t & z t 
1fX^Z> o t/c, ^Castt, £ • —Vlb3*i;/cCas£=l —KT3DNAIC, g{* 

$£S ($1*.^ Cas9CDi!-n\ 10#@©Asp££S^840#@©His£§3SA<^f <Qtl 

^(DT$ izmmzmx 
tZZtlZjiV, KMgTZZt&VZ&o 

£>£Wi^Cas£=l- Kt~ •i>DNA(i% - Kf 

£ DNA^l£j^S^l#H £ H - K1" £ DNA(C ^ t vT ±§E U /c © «h |f|*§© 

lCj:yx Ib^&J^XttPCR&fc U < (iGibson Assembly)it(D$R^^X\ 

ffllN£?si»T©§giIlC}gU/c=l KVi£ffl£^f&DNA£ LZ^MT&Zt 

tt'^o $!*.&. SpCas9£E$^J&Tfg3I©fc&lCg®lbUfcCDSEB$]Mc 

7< y5Rxf6 c iB^y#-^-5 ti/ciB^y^im# 

#-§•290 TAJ £ rcj tc^Ttitfs 

^S#^2518-2519© rcAj % TGCJ [z^tumm^m^^ 
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- KT£DNA£?#£ £0 

^SCas£=|- Vt&miKt, =1 - K1" £DNA£&s 

LZmMTZ £ ? IzMn LZ & L, K* 4 >W 

- is a > tkD- L £ <fc 9 (CISI+ L T fc <fc 

t#^tl/c^aCasM/X^It^S^gm^:=l- Kt£DNA&, 

UT. ± IE <h ^ l§ © fg II ̂  ̂ © 7° • ̂  ^ © T C If A 1~ £ d <h ^ 

154 KRNA&tftracrRNA£=l-K"Ti>DNA^ lift3? £ KHB^U 

lCttUT*Hfft&2H' KRNA|B^y,hmP©tracrRNA|B^ gttttagagc 

tagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtggtgc 

tttt; IB^S^7) DNA/RNA^$&£ 

154 KRNAEB?y©S£tt. lift3? £ KIB^Cft LT^Sft(c|^ Lt# 

£PSy^Cfr|RBtt&l^ 0!J;Ltf15~303?£ \y^9 K\ ifS L < (£18—243* 

^tf-r KRNA&tftracrRNA£=l-Kf^DNAt, ifsitCJ^UT, ±IB«h^lli(Z) 

m%^<7$-lzmAtZ>Zti?X^Z>ti\ — — t LT(is pot III& 

(Z)7°• — ^ — (0!k SNR6, SNR52, SCRU RPRU U6, H1 ^P^E-*-#) R 

(R T6iB^y) IA\ 

[0043] ^Cas&tf/Xtt&^S^&S¥fii£P-KT3RNA&, ±1 BUfc 

^mCasRXf/Xltm^ik&M^m^:^- FT Z>VM%Z\- FT Z>^<7 $ 

ilM-h LTs EWyMU(D4 >tTSPfe¥^tCTmRNAtCfe¥f 

154 KRNA-tracrRNAtt, lift3? <? \y^9 KIB^Cft LTllliftftlB^ tl\ 

^•©tracrRNAfB^y t ̂ rjSIp L/c^" U zfRNASB^J^sSIt U DNA/RNA^a^ffl 

[0044] mmasRX?/Xte&mi&&m.^m%:^-K-TSDNAfeSlNttRNA, #>T KR 
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NA-tracrRNAX£^ft£=l-K"f £DNAtt% ±§E£|tUH©;£& 

(c <t y mKm At z> z t tfT? $ £ o 
[0045] DNA-fifltJ]^ (DSB) *f J 

(off-target^) 

t Uto ft£±impis £ £ #3I $B z £ ftZo d GDi^S&# < 

^>!A£DNA«-m& < DNA^S±©S^S©^JSJ^ OftlCjftT' $ J it 

Mimz^tt&v, i±i^gs^?si«h LTffl^/cj;b$xiS^-e^ «§y©DSB 

< (DlzM LTs 
Us (@3) 

o 

fek ^BE(D-MMDNA(DBmZ^ ^KHb^ftfcM: 

. LfrL&tfbs *WR(Dm± 
off-targett^KffC J; &!$'&%: MM't £ CI tZ'fo V s MM (J0*UC 

IN JbN& £ (C a IN T t M RTt^-e £> £ £ <h £#J/£f ft tf* 

MBWC&l^r&s &$£BB<D—&$(DNA<D&W&S M^tl/c—^^DNAfD^ 

falb£ftfcMEGD^&£>1\ ^ tim ̂  © SB T © D N AII tj] Iff t # to ^ V, N 0 

[0046] £tcs &&<D£MmZzkTM''Js MMCastLZ, "^IIDNA09^©-^ 

®$M(Dfr&tJ]BTLl§£ — yt}—1z (nickase) ^as^c^^tc^ma 

®5), ^©it^W^&^SCas^ffllNfcjf^cjzt^T. ^S^A 

o \y^9 Fmu®fci%zmA-Mn.(Dfr%wmtz>ztiz£i>j, DSBICJ;*® 
iN#tt£HKguo^ Rrtg-c&So 

sbtz, m&zM&®mTz>2m<D=yti—e%&&GTz&mcas(D&im 
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L/cisn. 
H^L/ctfHC^U lift 3?^ 

^mzmm^mtf^y^^zmx^utc (@6) „ ~v%—&& 
®ffitZ$a%:MlRtZZ£lZ£i>)s ,&'M(DZ<? [st9 FX&ZOist?- K$I 

±i(cn°>/i-w> Mc^£$AUfcy, hzwnt&ttifcvmmtz&mteg. 
mz^yyAtc>i A Lfc y -r& d tttz y, sftic j& i;w-& 
zttv$z0 ,<§^ 

ft©te«fflJSlc$Mb£-t±-£ d <h T\ mm<D') 7,0 3bU y €;$£ ti/c«^M 
£ ̂ -r & d t tfRim ttuZo 

[0047] t£}£©^wy7£ipf(c£iNT, ,&'M(DZ<7 [st9 y K tc 

^S£>IAT-$£d<h;6^£tiT^£o d©i;9(c, FJTM©3?£ Re 

> h(c^a^^A-r^/cto(c(i, |i^|Alfci\3(^l/tf K<h 

*ift3^ mfozt u 
^ KIB?y£f££-ttU£<U\ LTCRIPR 

-Cas*>;*xA£ffll\ LTAID^ffllN^il^ 

L/c^C (fc L< tt^0J5ttg|©G) \y^9 KSB5U05' %kfrb2-5 

3? ^ U^|-51 K^'fiStC^'i) <£ 9 (C% Hft3? 0 \y^9 Klfl^y^rExI+'f"§ d (h A? 

T?££0 ^ KRNAS3^J©S^tt. 15-303? <? \y^9 K\ ifS 

L< (£18-243?^ \y^9 FZ> Z Z>0 154 KRNA|3^0 

ttHft3?£ \y^9 KI3^(Cffilift^l3^-e^^0T\ ff>T KRNA|B?yj|£^b 

£l±£d<hT\ *Ift3?^ KSB^JSt^bfi)^ 3?^U^^KS(C^ 

fr*> ht\ 5' ^£>2-53? £ KroftSlC&^CXttGlC^tfgASft 

^<h^9*Iiytm{£}#£tl£ (|12)0 I^T, lift3? ^ KIB^y 

KRNA) ©s^^jgiijiiR'rsd^tCcfcy, 

A"C££J&g©SB&£*>7 dntCcfcy, DNA^jBrSBft 

I^IB^PAM (NGG) &mmx(D&mfg. 
<Q m in ^ & •?> 0 
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[0048] iz^tt&Vs 

^KWy^Ift-ht^yt, (|7)0f 

#600bpgj£S®ftT IN £ "e & t/c, *Ift2^ 

KIBW^l i;^[p] (^-fI±(C*Ift2^ \s^9 KHB^US) T? 

£>£*1^- (@7) £s (=*flDNA©^ft^ft©fI±(C*Ift5^ 1st 

9 KIBW#£-t£) (i4) 

[0049] ^(D^mmz^ttisv, ss^fcn 
ft*^ \s^9 Kwu£)i^-ttu;£\ 

(@8) 0 "totcsbs t£ 

%(Dtf j AMMZ'ltiMMZ'h o fc jiiR"7 — ^ -mfe? ©if A <h MffiL 
hz>0 z.u^m^m^^\mzmmzttnrnz. ^mnkmrnp,^ 
"C&& < &£®T\ m M & ^ 0 Jtx 14 7^ A $ < !AifZ>o 

t.tcs AN^"7 —2J —lC<fc£jii££ifr^£ 
~fcW%(DtfJ 

^&©DNA^£^ft£ UT&^T£Cl£tf^tg-C£>£ (@9) 0 lot, * 

L^-^SteH*i(cfc^NT^ mftzuttizt \s^9 KIB^U (1 o 
CDgftmfe^ft'e&^Tt <fclN U 2£JL±(DBtflmfcTfolZ&-3Z:b 
ct ^/NQ Z- ft *Q (D @ ft life "f (i [R] lfefe{<^_t (<_ £& "P ~C t <£ l/N Us S'J{[I]©lfe'fe{'^ 
±IZ{±iLT^TtJ:^o ) «h^ft^ft^Sft(ci^-r^s 2ffliil±(Z)^It 

1 ~Dts J&Mik&MMM£tfs 
f&t&o zz-z®Mi&&m&mz&m<D:b<D%&mt2>z£tf-z:$2>o in A. 

^ItlB^yiHlel^E'v^-— Jit LTCRISPR-Cas'>'7vxA^:ffil/N'i)il-n% Cas$ 

immo 
15-i KRNA-tracrRNA<h LTs S&3*Ift3? 0 \s^9 KSB^J«h t 

4 KRNACDi§-^ £s tracrRNA<h (D*f ^RNA 
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LTi1y<7 7 4 M 

[0050] *wmm&imMm%t>w^Mw&pixm^^z>tcisbiz^ ±^© 
<fc-5 iz&$&$MMK1-£DNA£#frfgii^^-^ 
imMwrntsw^- Ft&RNh%:m±mmzmxtziJiK 
xTztctbiz&, 

(7°^7v$ K^) &MX~$& Z. ££)<$U'M7:'$)Z>£)<s 1^7°^ 

K#tt^5feDNAXfo&tclsb, Wm£<&m&Xtf^fiSL$tlt£&&s j&'&fr 

lZV££-ZtlZZ£tflR£[s\,\ I^T, 

-ejl^P0ffl^(Z)7o^X$ KP££;££ffl^T, Si»f>iAUfc^7X$ 

K£P££-t£d<h^H£ lANo 

&* w*. e>ns PS y. 

ffitzw.m&&Rt?/xmm^ ^ it £ =i- FT 
^ RNA^ffilNT, -i®ft^H(Ci;y @ft©-^llDNA(C^a^ 

3lA1~£d<htt/ci?t IA\ 

[0051] mkik&g.&& 

mz^m.(Dm^^wMA\^t LT. 
tc (?si(Z)£^P$S • ^gA*WOT£^b • $->fv K ttemteZ&tiL 
^(D^mm<D0 

Z£IZ£V 



WO 2015/133554 28 PCT/JP2015/056436 

t%xbtiz>» (R Alia) -etozmsiz 
&, 5~i0#f^©r^ ^m 

m&mmzi&'g.fcMTzzttf-ezzo mi*. K-
xmmim*xm*imtzm-Ss 2Q~4wm(Dmmmmmmtmznz> 
o *mmmm&mmm£Wtk=\-Ftz>m%(Dmmmmm&s 
J^Cgy^ffl££i;£l±&^i50T\ ±IE 

ccRispR-ca 
SN>7,T-MC&^T&S 'f KRNA-tracrRNA^:Z| — K'^'SDNA.hs IHCas^t/ 

>xh7^ (m^w-) ttimiss m±Mmmzmxtzi5fetfm-f 
hti&o mmm*mmwmm\ t LT(is mimiztes *%m<D& 

^#^©iitfiiM©»PT(c£LN/c 

b<Dtfmfbtiz>o 

m m* AH®) (ts) umiJ 
-Jisyy—tz.tiizftm^ti&t^is-o-tcot^nytftgtfbtiz>« ts 

it'j -jisy-y—t LT&S -f[svy--(Dtsm. 

dtUCPg££tl&^0 A7 7-^CIU 7°u>>+f-(ts) 

(Dmtis 30°C£IT m. 28°C) -eiZXiis-t-lzm'&LTTfafDl&Gi^fZ 

H£»JLT^£^\ 37°C£l± (R 42 °C) U-*-tf bffi 

ittZtctolZs m.fe^%l%tfl&^tiz> (il 3J&Zf 1 4) 0 lot, 

&^S¥ffHtl^*£=l- KlT£Ml£>iAL/c^i«£. ®t(i30°C^T-e 

iSiU M^0tfl^C^^37°C^±(C±tfT-^^iMLT. 

^&J5J&£frfe-ti\ 3I^*MC30°C£IT 
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izmtdtizy, 11 ©fgSE tf tfpfrl£ ti & £ it^c t & d <htf 

<H^-f £d£tf-C££(^ 1 5)o 

^oo-o&mmiz'&mteo 
K-T^D 

tiz£ y, 
3l^tf(Cg#*tMtf!±!;£&<&y. 
it5o ^©ct^cCSgigttlS^^^l^ LT(i, pSC101 ori©ISM 

£j&g&Rep101 OM©;U]t!§StSS{*tf#Hf £>ft£tf\ dtUCPg^tlft 

INQ Rep101 ori (ts)(i30°C^T (R 28°C) pSC101 ori(C^fflLT7° 

K^SmiM^RTt^cr^^ 37°C£l± WL 42°C) (C&£<h$gtg£ 

£l\ ^7XU'(iSilllt^d:<ft5o I^T, ±§EA7 7-*>*©cI'J 
7°U y "9—(ts) d <hT\ 

ii<hs 7°^7v $ KP^i<h ^Ts l^0t(Cfj9 d (h^t$l>o 

[0052] m*mms HMR m^mmmvrnmn&mmtk^mmttz 
m-giz&s K-T^DNA^ mmxu=E-o 
- ($k t0u9^^<y-Ju=E-0- (fi#S-f tyxmm) . 
a V 0 0 >/^S7°P;E — (\L— h:> a v ^"eifPI) ^ Tet-ON/Tet-OFF 

^7°p^-^- (x K^+M^ U yxte^vmmfavmnxteffi^r-mm) 
s X9U4 Kj^tt^P^E-^- UTP^ 

m) #) ©»PT(c£^T?si«mc>IAU 
S»JP (x^i-feA^p^i) y,xmmmMMmm.^W(D%mt^imy^ 
-Mmr^mbXs m&i7kfc?izm.mtfmx-z 

So f©<t9^ii^Pf-^-^ LT(i, lac7°P^-^- (IPTG 

-ei^) , cspA7°P^ — 0— (P-JU K*> a v 2VBI&) . araBAD7°P^E — 

0- (7^ ̂ V-XTi^) ^tf#Hf£>tl£tf\ dtl£>(CPg££tl&^o 
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[0053] wimmm* HMR 
Lxmmtz 

zttx$&0 
Kt"£$8l (0IJ3.1& Wi^Bj&XfotllS, SV40 ori 

or iP.hEBNA-1^) =%$ V/^ft©P - Kt" Z>& 

m<Dm%%±mm-?n^-$-iz£vmnz>z.tizi:vs i 
T-xa*<? $—&gm%mRiffix$>z>t\ mmftwmumx 

Mm#mizft?x, (Tet-oFF^^ 
mz9 h^+M <7 U >^p K^>+M^ U VCDgSflDlCcfcy gmiM 

[0054] J2TFIC, ^fgBJ^^JfeflHCcty mmtZo fcfc'U 

[0055] 1 ~6"e(i, iilT(Z)i;9(CLT^^tT^/co 

<mmm • %m • mw$m • %mm> 
HH#l#SSaccharomyces cerevisiae BY4741$fc (• -f is yJkXf'J "y is)lW$-

tt) ^ft^YPDAi§±te^^LSD^±te(Z)^M^tt(C^to1±/cDropout 

llJ^-eiML/co i£#&25°Ctf £>30°C©P^T\ ^7°U-h-e©ffSi£#£ 

tc&tefa%mX<DtMt 9O fco 'J l\ 

M^^M^tt(c^toi±/cSD^±-te-e)ltfe^tT^/co ti=?<7 h-;uci:£fg 

SEBISlCtt, M^SD^±-te-e-^MiML/cm, j^Sl;JI£2%^U=i-Xtf 

e>2%^ 7 < y-^lCft^fcSRigifelCffi^il&lNT—£ £>(Cj^||;JI£0.2 

~2%tf ̂  ̂ 7 h -xIZl-tx./cSGal^±fe(Cfflx.^lN-e30t^tf LT 

fco 

^#lfflra^i:t/CanHa^(Z)}iy^(C(i, IfflJ^K^SD^U- hi£±fe£ 

c^t/SD-Arg+BOmg/1 Canavan i ne7° U — hip±fe^>'I>l/N(iSD+300mg/l Canavanine 

7°U — SigJfelCi&t^JBRUTM^U 3Bti(C|±iIl-t£ =l P 

$t<h LT^V h L/c0 SD7°U-h-£•©£#=! PU Can 
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avanine7°U-SLT, • 

ffllfco ^®A®pjftt=lP--PCR^tCj:oT^©^-yy hafe^I 

i^^#foDNA||rjn L/cti|DNA:> —Saccharomyces Genome 

Database (http://www. yeastgenome. org/)(DB3$lJ:&y^ — XLZ77z7 4 y f y h 

£ fj T |W] £ L /co 

[0056] 

DNA(i% PCR)i% Gibson Assembly)^ Al 

flpi • liHL/c0 K&g§ • -Xmm 

LTP-T i>>)ltfeffl©pRS315, =y isJlMfaRKDp 

RS426%/<y ttf-yt Ltffl^fco 7°^X$ K(i^liattXL-10 gold&^L 

DH5aummu mm*)TOAmummzmxu/cQ 
[0057] <P yx h7^ h> 

mm%mztes 
§pGal1/10 (IB^y#-§8) 7°P^ — $ — T^CStreptococcus pyo 

genesS^©Cas9j||'f:5-?10RF£:Jt^^§Ii^| IZ P K > ̂ rsijjti'fb^ tlfcfe© (IB^J 

#•§•5) (ccc aag aag aag agg aag gtg; 13^0#-^-9 (PK 

KKRV; IB?U#^1 0£P-Kf£) ) £ttJPL/ct©£SI$\ 

tkfi' LTf 7 $ — "tfrnfe? (~Vsy f 0 ^"^rPetromyzon mar i nusEfi^PmCDAI 

Kfi5fehAID) ©ORF (SB?U#^ 1 Xtt 3 ) £SIIN-?!&£•* 

LZ^M^i±fc0 'J yti— IB^[J<h LTtiGS'J yti— (ggt gga gga ggt tct ; 

IB?U#^1 1 (GGGGS; IB^U#^ 1 2£p-Kt£) (DmVML) Wag ta 

g (gac tat aag gac cacgac gga gac tac aag gat cat gat att gat tac aaa 

gac gat gac gat aag; IB^U#^ 1 3 (DYKDHDGDYKDHDIDYKDDDDK; IB^U#^ 

1 4£:P— K"t"£>) ) s Strep-tag (tgg age cac ccg cag ttc gaa aaa; IB 

?0#^1 5 (WSHPQFEK; IB^S^ 1 6£p-K-t£) ) , "tO^OFf^y 

ZMlRs dd-e(i^(C2xGS, SH3 K^ 'f > (IB^U#^ 

1 7JkXf\ 8) , Flag tag £il^/ct(Z)£ffl^/co * —$ * — $ — t LT!±! 

cras^i 9) &<*:tfrop2^-$*-^ 

http://www
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- (IBM§2 0) £tc Ft 4 

RF£2xGS'J — LTSH3 K* -f ©£--D(D$ L 

. j7^t-tftCSH3 ligandlB^y ffi^S§2 1M2 2) L/ct © 

LTGal1/107°P;E-^-(Z)^^"^](cK^-e^l0t(C^Il^ 

•ttfeo dtl<M£pRS3157°^3.$ K(C$I^3£A,/co 

Cas9(C£^T, (D10 

A% >tfJ^DNA|B?maa29c) £ <£ t/840# @ © t7f 

^S(H840A, ^J^DNA|B^ISca2518gc)^^tl^tl^iy(Z)DNA|I(Z)tJ]ift^p^ 

£1"£/c<£(C3lAL/co 

gRNAtitracrRNA (Streptococcus pyogenesEfi^; 7 ) 

LTSNR527°P^-^- (I3^S^2 3) <hSuP4^ - $ - (@B9U 

#§24) ©F^ICSBSU pRS4267°^X$ K(cM<^3£A,/c0 gRNA*Iftj^g|B 

CAN1 mfe-ifORFCD 187-206 (gatacgttctctatggagga; IB^y#§ 2 5 ) (tar 

get 1)v 786-805 (ttggagaaacccaggtgcct; IB^y#-§ 2 6)(target3)% 793-81 

2 (aacccaggtgcctggggtcc; IB^y#§ 2 7 ) (target4)% 563-582(ttggccaagtca 

ttcaattt; IB^y#§ 2 8) (target2) £J:Tf767-7860^lM$tiiiB^lJ (ataacggaat 

ccaactgggc; IB^y#§j 2 9 ) (target5r) l\/cQ — f v h 

t±^if^r(c(i7°P;E-^-tf ̂ ^-$^-^-t"e©IB^y^l-tr>> K<h 

LTH^^rlW] —©7°^7v $ K(cM<^3£/v/c0 lfflSS(CCas9—r'7 $ — 

7°^X$ K<h±±(C>lAU gRNA-tracrRNA<hCas9—r1/7 

$ 1-~ "tf CD £ 1± tc o 

[0058] jgflftflll 1 f7 $ ±--tfPmCDA1 tCCRISPR-Cas0DNAiBMIfitl^mt-£ d <h 

tCcJ: £ *f J AiBffilCDBft^ 

T7 5H—H£CRISPR-Cas©^ItlBM^t£yL tc*W%(Df J h, 

, ja^^inc <t y >i+t£££ 
h^>3^-^-£P- K-r^CANia{s?^©IS^A^:iS 

^fco gRNA<h LTCANImfe-ifORFCD 187-206 (targetl) £*Hf 

s Z. tUCStreptococcus pyogenesS^tracrRNA^rjJIp L/c^r^ ̂ RNACD^lIi^ 



WO 2015/133554 33 PCT/JP2015/056436 

Streptococcus pyogenes|±|^Cas9 (SpCas9) (C|£#|(D10A& 

40A)^^ALT3?^ U7--tfStt;&^^^1±/cdCas9(Cx7$^---tf«h LT 

SV * 0 -f %S5fePmCDA1 1±/c$ M^<? $ ~ £ 

nu mwjnpAfe-e&mmmmzmxu 0 m^muz 
7js~$~o >'a;^SD70U— K_b"CipSt"'2) £s gRNA-tracrRNA<hdCas9-Pm 

CDA1 £%mX%l%^-£tc.mB(Dfr^ •-—BMlfco Ittt=l • = —£kfv 

<7 7 *> 7° LTCAN1 ^i>7L/cISH, 3? ^ UX 

51 KIB^y (target 1) ©^ClS^iA^ tlTl^Z Z. £ %Wm Ltc 

o 

[0059] mmm2 mwm • 
tt£$kM(DCas9&£Xf{&(DXJ:Z<7 \s7 — H (ZFN% TALEN) TiigenomeftCD 

IB^U«h t & ^m&wcomfcfetetmiz & & t mfrtizmmm £« 
z(DBSte%<(Dm±w • wM^-^z^xmzm. 

fill!, -fcrnnofj 
mt&tcisb, t£5fe^0CRISPR-Cas9£©J:b&^ifc£^;/co CAN1 

(target 3,4) ^gRNA^-^fy h <h U 15=? <7 

£&60#mT?©£SD7° U - h ±'T?© P • --JfMffclZ£-z>Z$!lM L tc 

o i£H£H3(C^to t«MCas9-e^ 

tcdblZ, £.Gmi&8ltfm'PLtc(DlZttLXs (nCas9 D10A-PmCDA1) T? 

L/Co 

[0060] &m\3 mftzm&iakaoQim 
Cas9£Jr7$i—i£%mG$y'WW£ ISiS- \**4>£:t 

(D >J 15 y d £ IZ£ O T fc, HftHb 

LfcIl5fA0ifiiA^RTt^tf Cas9<h LTtt^J 1 T? 

ffi^/cdCas9£:% 1~~"tf <h LTPmCDAHCf-tX.T t: SAID£^l\ fy^cS 

H3KPWX i5y K^S^LT, 
h^^h^^ML/co t/c, CAN1»{s?ftlB?U (target 4,5r) £gRNA*-y 
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f zn^o^yx h^ta^mmizmALfco 
Is Kp<-r >^^LTdCas9(hx7$^---tf;&i^^1±/cii^-et, CAN1 

< gMtf&At* tlfc (i4) 0 dCas9(C*t 

&<D&'£it*'r>&mAT&z£Vs mm^x^mm^iz[p]±Lfco 
gm&AWmis 0RF©782#@ (g782c) V$>?fc0 

[0061] jgflftflll 4 N i ckase&m^ZZ£lZJ:Z m$tl&4h £ ®M/$ * - > (D^it 
dCas9lCft*.T, gRNA(C*@Mft&it(Z)^£«-t&D10A^S{*nCas9(D10A) 

, X&gRNA(C*@Mft&fI<hJ5ft©fI©<^£«t-£H840AlS{*nCas9(H840A) 

^wyi £mmizbT. cmvMi^^m^rnxL. t>i-
/< - >#^SD7° u - h ±-e£ i; tc =i • - •-©CANI zm^tc 
£ Z.?>s fu^t (nCas9(D10A)) Tiis dCasgiCib^T&b^tf ±M~$"£> £ £ t i>Z 

(@5) , -otc (@6) 

o > h^IsiAA{Rlt^c^^o 

(nCas9(H840A)) dCas9(Cj;t'<T«(Z)±#<h <h fc IZ (@5) , *1 

mt^su testis*?-
mA^tl%Z.£tfftfr?tc (|6)o 

*Ift2^ 
T IN £ CRISPR-Cas9*> X x A £ *> 51 *>* > x 7 $ — M £ % m tc*f J A 

^uc^-r^ay. *ift*^Kwy (2©bP) ©5' <au^e> 
2~ 5bp*MJt©150 ft (C 1" £ *> h *> > tf\W%ft izJ$ -7 $ J it t Z> Z £ tf51 
S§£*ITIN£0 d©*MJtt(cS-3VT*Ift2^ 
U £ £lCnCas9(D10A)£M^to-t±£il£'e, 1 2 ^ 51 

yyAil^tfRrfg-efeSo nCas9(H840A) £s ^Ift^^U^^1 

Kra ©(Ditsbp^s©i5m iztmomm % in m izmAt & z £ tf -e $ 
So ^hizs fi'7$i--izm^m^mit^^^z£iz^^Xs 

ibizmtZVibtl&Rlfimtffo&o 
Ztlb(D^^b, gftlC<fcoT, tesWyrt<7W<DW&%:^ftttZ>Z 

£tf\t 
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[0062] [^1] 

iS7~2ofi 

TS6-803 linigft 
m~8\'2 ^aigoU) 
t§7--7g& (targe$5y| j i >;7S2c 

[0063] gj^l 5 Iff &f Z D N A WMfr * - >T v h tC f h Z £ *gfitfa tC 

Mtf±WT£ 

«tf^i(C±#L/c (0 7) 0 10~20%©«tf^^/<->Itt®S 

^tLT^/c (target3,4) 0 M$*s gRNA1 <hgRNA2<h -ttl^tltarget3<ht 

arget4<h£*Ift<h-t£0 J7 $ ± — if £ LT ttPmCDAI ^tc0 

IB^U© —SPtffiltt" £<£•?&*!•£• (target3,4) £W-C&<* 600bpfMJtittl 

(target 1, 3) X & ̂  V & Z £ ,IL/c0 £. fcDNASB^J tf |f| UJj 

[q]"CS)'i)ii'n (target3,4) <h% MfRlT^^n" (target4,5) (HI4) (D£~t5 

b-etmztc o 
[0064] Mifli|6 

5 "Ctarget3<htarget4<h£^Ift<h L/clfflBS (Target3,4) (CO^Ts 

#N314R (^^"/<->^#) 7°U-h (LeuMUra^#t^^SD70U-h) ± 

L tc =1 • - - tf ^, 10{® £ "PCAN1 ^I±i©l3^y £ *> 

-^X>7>L/CO ^©InHs 1-^X0=1 • = —-CCANUtf^fCDHftte 

^ti/cSMu(c^atf^A^tiT^/c (08) o ^fgB£Uci:tUi\ 

^^•ttfe^ros^-r^T'eiSi^tf 
ZOtclsb, 

if A t foZo z ft izm n ic r & t m 0# ic, 
«DNA©M^Pl£t)Ti£& < tZZ>(DX\ * $ < JA tf & 

[0065] OT©^Jfe$HC£lNT, 1 ~6 ± 

Efl £ m W. tC fj o tc o 
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[0066] jgj»ifl!i7 «»gfp)T (pmrnmrn 
(DmfcT(c & IN T m * tf a^ - ® CD^T—a 

P/f(Z)iaLtft#^ti^^o fci:\ 

mmwRTtgtfgtf %um. L/CQ 

l±l#®SttBY4741tt(Z)Adeia{s?0RF(Z)3-22{i^||1(Z)^Ift3?^ KIB 

^ (Ade 1 target5: GTCAATTACGAAGACTGAAC; IB?y#§3 0), Canlftfc^ORF 

©767-786fe (ffilill) %m2(Dm$}*<7 KSB^J (Can1 target8 (786-7 

67; ATAACGGAATCCAACTGGGC; 2 9 ) t LT, ZtlblZffitiUfateZ tl> 

^ KIB?y£^ft^tl#fr2ffl©gRNA(htracrRNA (IB^#§ 7 ) £(D**=> RN 

A£=l-Kf^DNAjR^^:, |f| —CD X=> X $ K (pRS426) £iH±\ ISCas9<hPmC 

DA1 <hCDS^=r^ >A^ft£=| — 7°^3>$ KnCas9 D10A-PmCDA 

1 tmz, BY474I^(C^A. mrni^^(ommmx^miELtc0 

7°^3>$ K£M#£1±£SD KP V 7°70 hi£±fe (^ =y isJIRXfU -f *> >^11; 
SD-UL) H-X^Lt«^SLfco SD-UL£<fctfca 

navaine^JPi^±fe(CM^LT=l •/cQ 28°C-ei£#2Bfi(C =1 • 

— — tfiEH^tu ade1^S(ci: •— — (D%^Mh, canavan i 

K L/CO 

[0067] [^2] 

MM. Qmrnmim J M a &;— 
(Gan)T«W 

s»-ui. 0. 54 :t0. 04 T™ 
•^eanavaui ne a61±0,14 0. 51 ±0. IB | 0, 31 ±0. O'l 

[0068] ilI!§y<hLT, Adeia{s?MCania{s?©^(Ciatf^A^tl/cSy^ 

tt$j31%£im^"C£>o;/co 

SD-ULi^±fe±(Z)=l P--£PCRT-i^iLT^>-^>3j?*/T;MT-p/co A 

deU Can1^ft^ft©0RF£^fr^£iii|iU hlB?yjlj2500b*MJt 

CDIB^y^-^VXlf^IXtfL/co g^pz-5i^fi^pz 

—5{|i|(Z)||?^fT^:tT'P/c<h il ^zi • ̂  —Adelmfe^ORFCDSiililCD 

CtfG(C% S=l • — — l&T^Ts 5#@©CtfT(C^£tlT^/c(0 9)o $ — >f 
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v LXmM%XfoZ>tf, 
.hLTti, 5#@©CtfG(dto-pTit±=l Fy^ztz&i&mtffo-otctctsb, 

P/rS©IS^(i50%-e^)^«h^A.^o |W]*§(C, Cania{s?(C^lNT(i, t^X 

©^•->T-0RF©782#@©G(ClStf5i§££tl/ctf (0 9) , CA®ffi© 

pfrM(Dmm^t LXte7Q%tte2>o Wl5<D 
m^^pffM(Dmm^ntc^(Dltm^tc%mXAQ% (10^7 • -

[0069] jgMI8 W»VAg)li 

(is JIIU£ *(C(Z)<^LtfIStf3iA£tit\ 

(C&#P^<h0tP^tftftf£o fc1:\ y% ^rVAfi0fi^ 

£Sti$L/c0 

IP*>, -fe{«©|±l#gSYPH501tt(Cfc^NT, AdelfccfctfCanlJtfc^CDIfl 

fc0 il (^feP • — — dSiit/canavan 

inelttt) (^^11) tf 

Ade1»{s?0RF(Z)1173-1154fe (ffilill) (Ade1 targetl: GTCAATAGGATCCCC 

TTTT; IB?U#§ 3 1 ) t L <&3-22fe (Ade1 target5: GTCAATTACGAAGACTGAAC 

; ifl?U#§3 0)%MWmfoZ<7 \y^^- KWU, Can1»{s?0RF(Z)767-786fe 
(ffilill) U*? KWU (Can1 target8: ATAACGGAATCCAACT 

GGGC; IB?U#§2 9)t LT. ^ U;*?1 

#fr2ffl©gRNA<htracrRNA (IB^#§ 7 ) t (D*f ^RNA£ =1 - Kt" £DNAj^ 

K(pRS426)(C®1±s ISCas9,hPmCDA1(h(Z)S^^>/^ 

lt£=l-K-t£^l££#fr70^X$ KnCas9 D10A-PmCDA1 t&lZs BY4741*fc(C 

iA, fSSES-ttT. &»{5?^©^$A£&SEUfco 

=IP--^^>K ©ISH, (40%~70%) 
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"eixtfe $ £ £ t tf tf -otc (01 OA) 0 

$blzs MM&feMlTZfcisbs SP a--t^=i P--^ti^ti(Z)Adei*I 

— tryTsisyi-lWDM^^WMLtc (01 OB±/-\?sJk UcG«h 

T(DisO*1~)\'t)iM.W) o ^xP^s-e^)^/cto(c^llsy(il±l^^d.htffiiU 

foZ>Z.£t?mi&^ntc (0 1 OBT/^Jk I [ZT (Di/<fi-)\s) 0 

[0070] ^MI9 Aii 

T?(is Ifflmft =tXfoZ> tfiz 

m&tZZ.hGi'gM.tZo 1fc&GiJL<7\s7—&W.GiJfJJ*.M 

mmv&Mwftxmmtfmmxfc-otcz. 
So WM • n&zmt>t$> 

?X^3[R]70P ^E — $ —^li^^r'a ̂ Streptococcus pyogenes CasGmfe-iHCDI 0A 

£<fctfH840A©^$ yifS^iA (dCas9) U U yti-|B?U£^ LTPmCDA 

1 toiMi'nfy^tMt Lrmfttz^yx 
Ztist?- KWU(C*@lift&IB?U£P- KL/cdr^gRNA£^0t(CiH±/c7° 

K (±mz<7\sx^FMm%:mm^3 ziz^to 
iz&f-fy hlB?U<h*@Mft&IB^tf>IA£ti£) ^llfc (0 1 1 A) 

o 

£Ts *HagalK»{s?0RF(Z)426-445fe (T CAA TGG GCT AAC TAC GTT C; 

IB?U#§3 3) 1st? PSmt LrmALfc7°?X< KT\ ffl* 

(XL10-go ld% DH5a% MG1655, BW25113) %s t>)lis 0 L 

soc^m^u^x-m<o^\^m^nitem 
s yy^is u >#^LBi^±te(CT7°^X$ ppz-eM 

Sttfco PP--PCRtf IS>#A£*i§IL 

fco IPI^:0 1 1 Bd^fo 

34llA©PP-- (1 ~3) ^^>yA^C)l^T\ 6 
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ty^±©«T0RF©427fe(Z)CtfT(C^£tl (^P->2% 3) , |#±P K> 

(TAA) £ £ i; & mutt & tfmmz n tca 
[0071] )XIZS MmMfcTVftZrpoBMfcTORFCDl 530-1(5 

' -GGTCCATAAACTGAGACAGC-3' ; IB^S§3 4) Zf-fybtLXs ±1 B«h 

u xmmiz'j7?>$mm 
(none) , 25 jug/ml 'J7 7>^» ( 

Rif25) IkZfBQyu-g/mI 'J7 7>^» (Rif50) tl/c =1 • -

- £ - >r y X MT L /C i£H, ORF (D1546fe © G tf A (C£ tl £ d <h (C £ y, 

Asp (GAC) tf£>Asn (AAC) ^(DJ7 $ 7 Itggfitf tU U 7 T7 > t°:> >It 

tttfE^^tl^d^tf5ilH^tl/c (0 1 1 C, ±A*JU) o 

immRZkmtks immsrn (none) , 25Mg/ml 'J77>b° 

(Rif25) ^.t/50yu-g/mI 'J7 7>^» (Rif50) 

tf v^-iyf L Tip 31 L /cIS^s ^10%©#IJtT 'J7?> t°v >Ittttttf t# b 

e>tl£ (0 1 1 C, TA*JU) o 

Z(D£?IZS *&fl5lC<fcy, ^(D^mmiz 

t/c, 

£(C £ ̂  T t 

[0072] jgflftfllll 0 gRNA#^cJ:^M^ampft(Z)ilffl 

\y^^- FMmiZtttZ>9RNm%. 20b£g*£U ^©5' 

3«tf£>2~5b (PAMSB^J©±3fc15~19b)©gPftl;:£>£*> h^>> (X&Sftit 

(Dtfy-y) h«h LT^fc0 d(Z)gRNA;l£Hb£i±/ct(Z)£ 

<htf!±!5fc£tfStf (0 1 2 A) 0 

^lia"etT-p/c^,^y;&0 1 2 BlZyjkto ^Els^V A±CD:> h:>>tf# 

Ls putative ABC-transporterT&£gsiAm'f:5?^ 

fc0 £24bp, 22bp, 20bp, 18bp<h^x.TS^^ 

tltcis Viyy^m^tct Z.Z, 20bp (*I^©S£) ©if^r(Cfcs^T(i898, 89 

9#§©:> h^Vtf^ XCS^^tlT^/co 20bpi; y 
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, 896, 897#@(£r> *1^900, 901#@© 

*> y, ^mZgRWKCDm^ Z 

ftlSPft%&Wltco 
[0073] jgjftfl!l1 1 K0il 

& <fc 9 $ K 

£ISIt L fco flttl£ PSM L T»Pt Z> Z t -?%]&%msM4k L ̂  ̂ . lift 

h<h&s&£M: 

^©IS) ©$!;$£ @JsL/c0 |W]B#tc. 7°^X$ K©*tM£im^"e±<!s/)£$l 

MMkizX^X^ z £%± 

BLfco ^T(C^©l¥lffl;&^'ro 

KpSC101-Rep101^ (pSC101 ori©I3?U£I3?U#§3 5 

^S^ttRep101(Z)|3^^l3^S§3 6(C^tl^tl^-T) 

>^U filial A U 7°U>>+f- (cI857) 

o ^VAUII^CA U 70U>>+f-(C(iRecAIttt«h^^G113Eia^^ALT^ 

y, (I3?U#§3 7) o dCas 

9-PmCDA1 (I3?U#§3 8) (iRight Operator (I3?U#§3 9) , gRNA (@39U 

#-§4 0) (iLeft Operator (!3^[JS-§4 1) ©T/;1t(C^&lNT'^Ii£:$!JtiEP'f" 

Z&HZLtc mMLtcm%'<W-(D±Z<7\sXT KWU£I3?U#§4 2 

(C^l") o 30°C^T-ei^#LT^^^(i, gRNA, dCas9-PmCDA1 (D%i^ • fSSE 

MB&iEMizmM-ezZo 37°c^±-ei^#^tT 
9 ts gRNACD$E^<hdCas9-PmCDA1 CD^§I!tf tls ^ ti t |W] 0t (C 7° =? X < 

pa&m&muzti&tc&s <fy 
fttzm^^tis ££<?'$% (01 3 

) o 

[0074] hP-J^il 4lZ^Lfc0 

K=I>X h^^>a >£tT9^f©i£#^Jt£280Cfuti<h U £t 

S<^©7°^3>$ K^M#-r^^lia=in--%W\Lt&o )Xlzs ^©=IP-

Kttd}£froTfre>. 
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gu#ntc p • _•-i\ 28°c^-mmum 
t5o ^±-fe-e^lKLT42°C-ei0t^tf 

»K^£^!tltfKLT70U- h LT^V^UPP-

[0075] LZmWmfc^fcZ>rpoZ^(D&mmmX%:t:j-otc0 RNAtf U ^ 

yy^y (Ri f) (C^LTIttt£J#^d<htf£n£>tlT^£0 fcT\ 

9 THtoSBfe©3i:££ U TV\Z4 £?TO fc0 

ip^^gn 5(C^1"o 2E±/^JU©2E&LB (^P7A7I-3-JU^JP) 

7°U-k 777>H%>>;&JPA./cLB (^P7A7X-=I—7° 

\s — KT\ 28°C • 42°Ci^#0t(C^P^A7x-p-jU^i'JteLyHt>7o>'U;&ffl 

MLT'fj? fc0 28°CT'ip# L /cif^C &R i f Ittt©ty^£€^ tf\ 42°CeiM 

'J77> ^^(CLB± 

(Ctf^tl/cP P-- (#HI£) £8PP --TL/clSIs 42°C 

"e^#L/catt(i6sy^±(Z)Sy^-ei546#@(Z)y7-> (G) ^7f-> (A) 

(CS}^£tlT^£ d .htftotf-P/C o — 

h;U (£TA*JU) (C£^Tt^Stf^(CS^£tiT^£d<htf 

[0076] |W]^HtC. 1 ^-C£>£gaLK©j&gS&£ 

fj-p/co h—7v©77^"PyT^)'2)2-deoxy-galactose ( 

2D0G) £ft!li1~£d<hT^^<h&£/c<!s/), dLTffl^fco tar 

get 8(i$ Tvlz J: 9 (c% target 12(£$|-ihP K>tf A£ <£ 

9 (C (i 1 6^T) L/co 

ipH£0 1 6(C^1"o £&LB (^P7A7i-H 

-JU^JP) 7°U— K £&2-D0G £JP;i/cLB (^7 p ̂  A7 X " P-JU^JP) 

7°U — KT\ 28°C • 42°Ci^#0t(C^P^A7x-p-jU^i'JteLyHt>7o>'U;& 

fflELTtT-p/co target 8Tii. 2-D0G^JP7°U— KTP P--&o< toT tf 
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Ltf£;i&tf-p/ctf (2E±/^JU) S LB±0=IP-— (ffcftO £3=1 • -—t 

-Dis — ^IVT, L/clSIs f^TCDZI •— — lC£lNT61#g©*> h:>> (C) 

tf^$V (T) (CS^^tlT^/c (£±) o d©^-ettgaLK©ami^^M 

£>&^t(Z)<h}f}iy£tl£0 —^ target 12Tii. 28°C, 42°Ci£#<>: £>©*1 

^C£^Tt2-D0G^jQ7°U-h"e=l P--tft#£>tl/c (2E~F/^JU) 0 LB± 

©3PPz-^i/-^i>7, L/clSIs f^TCDZI •— — (C£l\T271#@(Z) 

*> h^vtf^ XcS^^tiT^/c (£"F) o z.o&olzMte&f — fy K 

t <fc y ££tfOim£Mc^S>IAtf !±!5fc£ d <h tf tltco 
[0077] d 

tcft&tes ddlCSIfflSftfcd^CcfcoT, ^©^TtfB^^ti/c-h^MJt 

lZ*B%m&lZ%&fr&£tlZ:b<D-Z$>2>o 

[0078] *!±!gl&, ^ft^ft2014^3£5Btt&tm^9£30BttTB*S(C!±!gI£tl 

fc^P2014-43348&tmi|2014-201859£g$£ LT&y, CCtMtSc 

^±03pJfflRTfiBtt 
[0079] *fgBJ^C<fcy, ^DNA^ifAtDNA-filltJlfft^to-r^, &&Z&M® 

z.tc, mmmxom, 
y htf ^iStS^S(c^3iB0£TliJA<f££'t£d(h 

tfRTfg-efeys c:^^^t?•e^i^^i:^CT Rrfg-cfc^fc^©PS:£to&^J5^ 
© ̂  > yAIIIA(c j; &j§m ft&jt^bi^(c t -e $, m&xmm -e$> 
^ o 
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HacOlfiH 

IIDNAftfcgBftlC£lNT^=*MDNA©'>& < 

tt— JoO&i&WtfTT&ztteKs WM$i\k^ntcW>{iL(D 1 iX±©3? 

<7 \s^=5- K£ffe© 1 £Lt©3?£ \yt=J-

1 £Lt©3?£ [stJ- K^rif Af^Xig 

*312] fulE^ItlBM^^-JUtf\ Cas©'>&< 1 ^©DNAtJJlfffg 

tf£SL/cCRISPR-Cas^XxA, TALx 

7x^^-^t/PPR^51-7tfgf*111 IE 

W,(Dj5)$io 

*113] fulE^ItlBM^^-JUtf\ Cas(D'pt£<t1b 1 ^©DNAtJJlfffg 

tf^LfcCRISPR-Cas^>XxAT£>£, If *ll 1 lEtfcO^o 

*ii4] 2mvx 
±(Dmmmm^v =L-)\s*m^&zn*in ~ 
3 (Dl^tUt>x 1 lI(C|ES©^")io 

*ij|5] fulEST^^^ft 3? ^7 KIB^Utfs 

11*114 =E® 

*116] tulE^It^S^g*tfx7$^---tf-e^)^, 11*111-5©^^ 

tltf 1 lI(C|ES©^)io 

*117] fulEx7$^--"tftfAID (AICDA) ff*ll 6 IES©^)i0 

*ii8] -^iiDNA,h^^^:(Z)gMtf\ %mm^(Ds m 

*t^r{*£=l-K1~£^It(Z)>IA(Ci: VfrfrtlZs 11*111 ~7 ©iN-f 

tltf 1 lI(C|ES©^)io 

*119] 11*118 |ES©^)i0 

*in0] ii*ii8iE®©^)io 
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[11*1112] 11*118 

[11*1113] 11*118 =ES©^)io 

[ii*iH4] mmmtfmmmxfc&s ii*ii8=E®©^)io 

[11*1115] 11*118 =ES©^)io 

[11*1116] tulElffl^tfPS?LISS!]^ilffl^"e^^, 11*118 =ES©^)io 

[ii*iH7] 

tcttiimfcTPi(D%mttmT%z.ttkn'i$ktt%s n*ii9~i 6 

[ii*iH8] tuiE^^^=i-

~ *HDNA©*Iftit £ UtcmtLCDim.if @ £ £ tl Z>(DlZ>j&W KM 

£#tj\ II*II8~ 1 7 ©iN-f tltf 1 II(C|ES©^)io 

[11*1119] =*llDNA^©*Ift2^ KWUtf\ fu§E«(C <h -? Z>MW(D 

T&fc?mz$>ZZ£%ftfflL£tZs II*I11 8=ES©^)i0 

[ii*ii20] Kwu^sfttci^-rostra 
n-)i£s mmsmmm t L tcm^wxh -? x, 

*1 ft it £ tl tc gflfe iz £ IN T§£ ~ ̂ HDNA© '> ft < £ t —J5 CDII £ tj] Iff 

\>x±(D*<?[st?- ft« 

ti/cM(c 1 K^ifAfi>. 

[ii*ii2i] ii*ii2 Ktsm 


