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3 Al A
BT
AT 1
FA DNAo| AR Aoz Aglel= Fol ;A Ez @ Jlo]= RNA(guide RNA, gRNA)E E&3}= CRISPR/Cas9

(Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR-associated protein 9) A|ZEl 7|¥F -
A AR PHoEA,

il

NASl AR FEHLEo|E AEE X3 7lo]= RNAQ] 5' -2 o2 RE 7] WX 379 wE
Yo Elo|=E AAXNT|E= GAS L}, CRISPR/Cas9 A =B 7]uk f-AA AF 9.

A7 2

A1kl hef A,

7] 7Fel= RNAE, A7 &3 DNAel ARZQ 17 Ulx] 19719 d&53 FEolQEo|=2 o]Fojzl gode ¥}
A HE e 5HoR e,

CRISPR/Cas9 AlZ=8l 7|k 74 Az WUy,

2T% 3
A&l lojA,

’F7] 7Fol= RNAv= ¥4 DNA® £ 3}3k= crRNA(CRISPR RNA) ¥ tracrRNA (transactivating crRNA)E X33}
= o] RNA (dualRNA), T AF7] crRNA 2 tracrRNAS] H-#-S ¥ gslar T2 DNASF EA3)EE dd-A1E 7}
o]= RNA (sgRNA)Sl A& EH o= 3H=
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TEUE =T AdE RS EHoE s
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3E4 DNAO| dRA o R Adst=, &o] A Fab 3l 7he]= RNAS E3Féh= CRISPR/Cas9 A= 7]Rbe] F2d A
HA g8 27 Yoz A,
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g7 e

CRISPR/Cas (Clustered Regularly Interspaced Short Palindromic Repeats/ CRISPR-associated) A]Z~El-& H}
g e ukA] T 2 DNAoﬂ ZaE F AL s AAEHAE Al DNA AEe] 5 FHephdo] Al
AA A FATH vlszgk Aol o DNACl Azt HAE W 2E At o]Fre Ads fdete] &
e BE3= HAAE9 f%?ﬁ%ﬂﬂﬂq CRISPR/Cas Al=®l2 Holgle]l EAWolE Fato] lstats v
glovtael di-gats WAAAR zlglstdA EA DNA AL sgRNAS] FA <14 Ado] ¢d3s] dxahA] ¥
B ¥ DNACl o]F 7le das fitets mAavfx] F&(mismatch tolerance)E 7FA Al HQaL, o2 <l
T2 5344 (complexity)o] & 78] A]~®l(eukaryotic system)ol A U] ¢d& 2948 mHoR 43}

£
o

|7 e debo] doji}i= off-target effect”’} FAE 2313},

S do7l= wEHoMl (nuclease) 4E 7Hz Cas ©HAR 7|50l EE3IE o] 9lrt. CRISPR/Cas Al2=Hlo]

2 H-9lo olF Zhe A flshy] A= sgRNASH 3£ DNA 3Fe] base pairinge] A& ojof stRE f%
Al AF =2 CRISPR/Cas Al=®lo] &-85]7] fai4 = sgRNAS] t]Allo] 71 gk Folth. Fd4 A
7] =24 CRISPR/Cas Al2=¥1e] H-9-4 A= 324 DNAO| gk 5ol & Hole Zolal, o]& 13l sgRNAY
ARls HA 38k 3o /M &4 PHeE AZEL 9

CRISPR/Cas Al2=81& ¥4 DNAZ <143} 7ho]= RNASH, 7hol= RNAZ wi= Ao 33te] o|%7te Aok
q

@& (RISPR/Cas A|~BlEo] ] gE® ola} WalgEe] fAx AQE Y] o]&Hx 7] wio] & 5

o= olF7bet Aol Yojupx gromA EAH RYlelw o]F s Ave fuss Aol Fastnz,

CRISPR/Cas Al=Hle] EUX] 385 Fo|7] 98] E2 DNAGl thdt CRISPR/Cas Al~¥le] BolAdE ¥ol= 59
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2 dtido] & ofglo] waE, B ayge ¥ DNAY FrRAH R AjdsteE 3ol At B2 2 Jlo]= RNA(guide
RNA, gRNA)E ¥ 33l= CRISPR/Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR-
associated protein 9) A&} 7]yt % A AR RS AFee, A7) 73 DNACl ARAHQ FEH o=
MAE E3sh= 7hol= RNAS] 5'-wdte 2R E U WA 3709 rEElQEel=E AAAT= dAE T3
Lol ARG nhe} Qo], o "HE", "Afse" e AgE”
ANZIAY, F-25E FFE DNA FES A

A AL (A S & OF%%‘ A A4 ik H4E

g}, olefgk 574 74] FAE A 99, mEZ=go} DNA, FHA, TERE, 9

ool 8t qAe EPshE, oz FHHA @2 F Uuh.

B Aol go] "HHA A (genome editing)"S, EFH3I oAdFo] e 3, EH DNAC EFH FolMg
Cas9 dvutol|l 93t alak Expeo] AA, A, ¥ 5o st A 7se A, 5, 4, 4 d/x=

WA= Ag or .

ol ALgE gof "AAANLG", "AAR", "AAATE" EE "ag‘"% st ol iel FEd el

ofm| =ik Z7) 7Y AN (A A) ALY FASHA H=, Z2H7 wEElQEelE e A 1 3} 2 A

og 4 9o,

A S A=, dEelA] T DNAol RS wEHQEe|E M-S EFEHE Jlol= RNA9| 5 -dvtoz i

B 1) WA 379 wEuQEel=rt AAHE (5 -A e (truncated)) 7Fo]= RNAE, A7) E2 DNAo| AR ¢l 17

WA 19709 d&5H FEUQLE|=R2 olFojx og9de kA HH, o]#d ddwd slo]l= RNAZ} 23]H
(e}

o rlr

2 oage] XS g g e g, A4dE wEYeEelse = AdEA o), niEAs A=, A4R
Y el =] F= A 1070, Evh spgAEt A= 1 WA o7, B gL v AeAE 1 WA 3, B
o2 o stEAeAE 1 WA 27, 71 v s Al 27 o).

s
=
=

TS, 7lo]= RNA o] ZAAE FEELEeEE 54 e EASHoR AT F .

2 o] may, 2 ok o) 7}01‘: RNA, &, 5'-d%(truncated) 7Fo]= RNA Ate] ZAA X = FEH QElo] =9
A=, 7Fel= RNA Zde] 5 -gto 2 RE 1 /) UK /MY wEU Qe =Tt ol AH niR S HEjdd $%
g 4 gt}

2 gAA oA 5 -drt(truncated) 7Fo]= RNA AFe] AAHE wEHQEOIE XE AFsHHA AMEEHE £
ntz A ¥(1mmed1ately adjacent)"&, XA DNAY| AEZAQ FwEHLE= AIE ¥33l= 7lo]= RNA A9
5'-wtgk Hkeko 7 Q1 (juxtaposition)dF, =, 1 | FEULEO=TE olZAm Hd RF= AL
o] n] gk}

go] "7ke]= RNA":= A DNACl 5eolA<Ql RNAZ, Cas ©9WA¥ HgAE 49T 5 9L, Cas @S w4
DNAS 7}4 9 &= RNAS walt),
A}7] 7Fo]l= RNAYE %A DNA9F &433}3}+= crRNA(CRISPR RNA) 2 tracrRNA (transactivating crRNA)E 3E3}s}

= 0] RNA (dualRNA), T+ AF7] crRNA 2 tracrRNAY B8-S ¥ 3tstar 14 DNASF EA3)elE dd-AlE 7}
o]= RNA (sgRNA)Y & lar, & wge] o AAoe]A] 7] 7ho]= RNAE sgRNA®]T},

A}7] 7Fo]= RNAZ} crRNA 2 tracrRNAS] H4A<Ql B&
RNAZ}E ¥ do) Alg2 4= T},

)
=S|

A3 AR BEe TR, oyF ol

AF7] crRNAE EZ DNASH EA3tE 4= 9},

7be]= RNAE RNAS] HE] ® 7ho]= RNAS otesbabs DNAS FElZ AIX Fe f71Ad degd & vk, &
gk, 7hol= RNA= Z2l%l RNAS] o, wholefx #Eo] EghE o] 9li= RNA, Hi= ¥Efo] gassojsls e
ZxoQlr). mlEAE A, A7) WElE mlolglx WE, Zgauls wlg | mi o}z ulea]$ (agrobacterium)
HE A g o, ol A= AL o,
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B2 dhdo] 4 CRISPR/Cas9 A2l | HHES AFsHAAM ALEEHE 89 "5'-Hth(truncated) 7lol=
RNA"&= 34 DNAC R4l TLr%EﬂS’—E]rO]E A& -‘-j—@é}% 7Fo]= RNAS] 5'-wto 2 BE 17] WA 3709 7
S QElo]=rt AAE crRNAS A Al A 5'-truncated sgRNAQ} &-8-3}o] AL-g&F T},
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2 weel A (RISPR/Casd A8 714t §704] BHE AFUA A8HE ol "B ot B EE "FolA)
Wk Are A N AR S B49] FEACEE AAS Heshe A0l T WgH Felird
QE]=, RNA-DNA 7]W|2}, HEi= DNA @, B PCR S5 % ssDNA HEi= dsDNA © E&= o] {AMAE A A g

o, gd-7ie @ 237ty HEHE 238 5 39
A7) FA DNA o] Wid2 Qoo HA X|dAe sh o] wEHLEI=9 X3, st o] wEH E
=9 A4, s oo RwEUQE =S AA | Holf-(knockout), 9¢1(knockin), WA AL Lo AHE o]
4573 (endogenous) 1= ©]F ik AR X3, EE o]o] 2FS XFF 5 QUrt.
oo | vlhA kA, Ab7] EZ DNA Aol HE S ofld DNA A LolA sl ol FEELE =S X%
of o d EdWel7l =Y (F=)E Hela, olidt H Edole =92 d7d, &uwEdEel= 9
gk Aotk
B Ao A AFgHE go] "EA3M hybridization)"E AR @A stg SAEo] o]F-rtd akS HAJE)
= AS vttt 243k 2 e At by ko] AdRAdo] SHE A 9-(perfect match) YoiuAY EE o
F ul2wf X (mismatch) @717F SAetA = dojd 4 9l
HAo A AREE, 8o] "Cas @ A" (CRISPR/Cas A|~EloA =A< =z A2 9w])dtar, CRISPR RNA

1_]_ =2 _8_
(crRNA) % E@l~-3-43} crRNA (trans-activating crRNA, tracrRNA)E E2]&= 5 RNAS BFAS A o,
A dEFEFYolA EE YFlolAl (nickase)E A3},

Cas FAxF 2 iAol AWE HAWFSAWAME (national center for biotechnology information,
NCBI)®] GenBankollA] +& < oy, o] AgEA &+=t}. Cas @ WAS U536t CRISPR-A 3 (CRISPR-
associated, cas) AR FF CRISPR-9HE A#olA  w|E(CRISPR repeat-spacer array)# #AdH,
CRISPR-Cas Al~El> 5 70¢] class9t oA 719 typeo]l EAsIH, o5 FolA, Cas9 vz 2 crRNA 2
tracrRNAE FRF3l= type £A|2=Hlo] o2 & deA QUrt.

471 A DNAE A7) crRNA B sgRNASH AR A9l Ade] FEeQEte]s Bl TREZ2wo]A-QY RE
(protospacer—adjacent motif, PAM)ES X33t}

[d

A7) SP)agEdQEo]l=x= XA DNAS TR E AW o|A-¢1% RE|X(protospacer-adjacent motif, PAM)E ¥

7] PAN2 5'-NGG-3' E]yEd e = (trinucledotide)olt}.

T e QAW f S AFE U LEREE Ao A4S, DNAE EAStE HAAHAA de FER =

Awol7t E® Mo|gir)t. Fa CRISPR/Cas9 A|~ElS o] 83} 2o % CRISPR/Cas9e] EYx] &go= <13

9d d7] A EAWolE =Yst=d o &l AT

olof | Aba3l EAAS s Asty] 9lste], B W AELS F7 DNAY 5'-whe] RmEHQElo|=E AAAT 5'-

e (truncated) sgRNAZS ¥ 3}sl= CRISPR/Cas9 el EF DNAoA @ 7] ELAE /A= 7] AL
[e]

AL NE £
& TPt eYnpIdorilEn 944 FE EdANelE Eelstdlth.

I A3, A7) B DNASE FEAlS zte A7) 7hol= 5'-Au(truncated) sgRNAGIA 5'-Tetke] 2 7 w2
Elo]=7} A4 %W CRISPR/Cas9 Al~®lo] U7 EAXE Fisle= ELx E35]8 (mismatch intolerance)Z
Hoj olE o]&3 fFHAY "d Ar] HH( ) 28 42 AI¥gwrt A SHHE anE g-4Egs
:]:IL

Ao, € e 4Ye B 9 SduelE susd 4 A AUAE Diden Y 9 e
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wige] a4
2 e mE SYIFIFUElE-fFE AWl 2 5 -HW(truncated) sgRNAE ©]-&3%F CRISPR A|=H2
F4 DNAOl o4l A 15 aaks @Adsiglens, 2 o] (RISPR Al A~F2

= ks &
X3 g 2o AaA, 4

& Hopol o]gd F Y HoE At

=12 g doje] BdA Ee 5 - A4 Jho]= RNAE o] 83 (RISPR/Cas9el &4409 & ==Y A4
9] (Colony Forming Unit)E L#lZ& yehd Z21(= 107 A7) (1) WA (4) 2@ Azl dg 2dx =

3]-& (mismatch intolerance) /I @X (% 1B)E uebd Ao},

T 2E BYx B35S o83 5 -Hd(truncated) sgRNA/Cas9 4 A¥S &3 galk, xylB A E &
S X &8 (Editing efficiency) &< A3 ¥ (x 24) @ o]d wE AFAE 221 A4 &9 (Colony
Forming Unit) 2= (% 2B)E vehd Ao},

T 38 5 -dvh(truncated) sgRNAZ ©] &3+ CRISPR/Cas9d © 7] AR 58S #AZF8l7] Y& galk(=
38), xyIB(% 3B) A U thekst fxjolAe] 97] dy a&S =2 YERd ATt

T 4A 2 4BE 5 -EW(truncated) sgRNA/Cas9E o] &3 %/‘é Aelol A sgRNA 5' etk A A FEeELEtol= 4
o] zfolo] W& ©d EE olF A7 AYU/AA & © FAAIY FAE A WHIE aHzZE vEd Aol
o

= 5% CRISPR/Cas9-NGollA] 5" -Awh(truncated) sgRNAC] &3 &4 XM¥lo =R galk, xylB AR & @ 7]
A3 & (Editing efficiency) ¥ F=1 A @¥ (Colony Forming Unit)E 2 =Z =2 YeEpd Z (= 54) 2
AP BAE (% 5B)o|tt.

g A7) 4 A g
osh, Al e2A E wge wrh TAHoR A9sy] A% AowA, ¥ Wyl axd we B 4y
W7k olE Areld s AT Srhs A A 2 Al 7]
ol AR Aoltt,

rlr
=
rlo
re
e
oL
o
o
ol
rlr
N
i)Y
e -
S
3

2 A 1. CRISPR/Cas9oA] 5’ -A(truncated) sgRNAY EBUX) E3F-& AZF

2 dhe 2152 PCT/KR2021/00415500 4 8 HK1059 (cas9 FAA7F GAA Aol g Aol it
E. coli MG1655 araBAD: :Puyy-cas9-KmR) w59 SelawEFuQelol=d 93k xS 57 93 Fob-

= e &l Fv = pHK4637F sghNA e~ =5 o] 83k CRISPR/Cas9 Al=~ES 7|Who @ 3}7] 2 A]dof

HK1059 & LB ZA|A|o =2 & Aehd dd Z2YE LB AA WA 200 meoll HE3F 37Tl A ODsoomn”t
0.47F 2 wi7}A] w3k, 3500 rpmell Al 204 &<t YAEE £ 40 me 10% SEAER MFs= 3HES F
H 7 A electrocompetent cell® A|Z3}3t}.

4 DNASH EA S ZHE seRNA IHOH ~370e) BdH MY ch
Ax|gh FAO 1-3719) 5'-wd FFFH QEfolE AN =T Jto|= RNAS B

ol= A4, 179 &
20 =2 JK10599] ml
LB A ulj=]o) A &
o|=7} A% sgRNA

&

LN

TEE 7 LB mAlw A o] =Es3ltl. CRISPR/Cas9) Al®lo] Fgos 2Hgst
AEE F2Y9 27} sk HEd, o8 wEgoR BdA e 5 -ww w2
Zefam = 98 (RISPR/Cas9e] 2 oF-5 b4 o= 3elssl

fo on we fo
& o

M o

O A7, £ 1o Yehd vk} o] sgRNA ol %A DNASF 1~27 24X Ag, 1~2719 5 = FZ QEho]
= A4, U BELXe BA6 1) 5 -w wEY QElels AXo] EAss Fg-olnt CRISPR/Cas9 A 2=Hlo]
st ont, 37 o]t EdXA EE 5 -dd wEuEllEe|= AAoe] EAlEtE AS-, U B FAlA 2
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A ol 5 -ww EUSEE Aol EASE At AE U #7 FE AL FAsan.

olell, ¥ W52 o] g CRISPR/Cas9e] EYUA| %fﬂ%% Aol gsle] FHAAE dY A7 FELE HusH

= (RISPR/Cas9 Al2=HlS& St B FAHo=R, 2 IyEL, WA, 7lo]= RNAd, 737

T RNAZF AEA o2 Asts el fdA A4 5 —“e“%_‘li—‘?-ﬂ FEAQE BT AAFHES 7to]= RNA

£ AASIAT. ofo wet, A 7Hle] B DNA A Fell SE|alwEd S Elo] = o3 EdWolrt =5iE A

5+, Eo&ow o 477t ARE AEE AR H7F B qER AAEHA R MEr AEE
U W, EAWOIZE FEEA & B AR 7Y BEUA F ol ofE) o]

3z a (2449, Negative selection), B4 FHAE @d 7] 5

27 BEeA ® ,
g Wk ohjz, M & qn.

7hete] DNAZF Aehs] o A
o7 FHHor AQT >

il
H}J o

AN 2. 29 S £33 5 -Ad(truncated) sghNAS & €7] R 715 A3 84l

H dgzEe SAMES £3F 5'-A(truncated) sghNAQl @ 7] AR 7ls ofF Folslry] Ysle], =
2] UERd e} o] A& AAEAY

HeEFeAIE te3t 2k Ay AAd 19 HKI059 T3] 28 nFIE ez o3 xS =] 93 =
t-gl= Wl 9 Zelan = pHK463S AFelete] Tk 3 oAy wel Z2U2 LB AA A 200 mlo] HEs

_]
o =
o] 30CANA ODsoon”t 0.47F & wj7}A] vl 3}ar, L-arabinose® 1 mM F=2 H7Fs] 3A1ZF 712 wjdste] &

g-d= WEg gl dy) Cas9 @l dS FFAAZY. o] F 3500 rpmell A 208 &9 YAEE F 40 mee] 10%
glycerolZ A3l FAHS 5 W AA electrocompetent cellZ A Z3}FSAT.

o] f FPUFFHLEIEEL galk FAAH(NCBI accession no. 945358)9] 504 7] T 510
A7, xyIB FAA(NCBI accession no. 948133)¢] 643% 7|9t 6528 7)ol 1709 @ 977} X8k
AZE A, 7ho]l= RNAE Edste S8 = SEawEdlLEo]l =8 HK10590] A7) d3o= Agst
DYEQLAE 5 g/LE 718 WEZ7](MacConkey plate) A8 wjx|o] =23k 3 37Tl A v},

el Ed ertel ol o8 galk EE xyiB FAA EAMel B8 A 4 HAAL gyHon wa
A Spob AeES s HE AdResdl Bl Wbssa, 1 Az wis] Ao A4 22UE Y

Fth. wolE Eevolst dolbx gl FREQ: EE AAT 9 AL o FolAW thARRE] o3
27 WA vk 6.8 o5tz tobd AA FEUE Fgdnh, mAMANA FPE 22U A% 8 wE |
4 2R/ 22y + 44 22U)]% RISPR/Casy Al2He] B3 58S AW,

T A3, % 2B yERdA vkel o], sgRNACIA 5 -EH W& 3
AR &&ol AR Frletd o™, gall F32k2] 504 @A 7] AFL 80%, 510W GAdAY] HHL 83%,
xyIB AR 643H @ 7] HPL 82%, 652 TAAr] HPL 60%9) AP F&E =LYIAT. 2
sgRNASI Al 5 -t wEeE QEte]l= A MG7E 370 o)l A9 CRISPR/Cas9 Al=glo] FAAH oz 2E31A4

ol AE F2U F71 107 CFU/meDNA FEC2 24 S7hekch.

AA 3. B2 THT ALEAL E3 5 -Fd(truncated) sgRNAY) & 7] BA &8 7

olN

WSS 5 -Ak(truncated) sgRNAZ} galke] 504¥, 510¥ =¥ xy/Be] 643W¥, 652 37]9] HA 9o
3 715 A= aRygoz e 5 QA Felsr] fd, Cas9e EA DNA M (Ny) W oFF

of @ H EdWolE AY] AAE AQE ZHzF g2 A Al 9UZ XS eE awmEY QEe=
A 23 F THA—-G/T/C, T—G/A/C, G—A/T/C, %= C—G/A/T).
=

&3

T
g

: Ex—l 51. H‘CH D} Ex—l /\101;4 01;2]5}‘:, 7}0

iyl
=
=
=
WE

%
iy
2

2k A=Y

= = hl

EZd BYA ALEE Z2E 474 g2 A N9 7tol= RNAE Tdste v =9
Y e Eo] =2 HK10599] A7) HFoz A3t & (4 107 == 7 X d EdWo]
°] 5l i

7

f
o %
=}
)
o
wW
Q
)
=2
X
=

= 37) = 30 EE 24 H7] HF) LB ujA |

=
15 A48k Aol 971 AY BAHS B Eduele] B¢ olyg s,
%

A3k, &= 3Acl ureRdl wkeb Fol, galfell A= 30 7HAS] Thed A EdWe] A9 & (24 107 X 3 =4
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wol f 2wt oEtel= 37)) 634 (19/30)9] A
Bl vhal o), il A 24 ARe] e A Sl
o Etol= 370) 626 (15/24)9] % EAMol HEHow FEHA.

=

e

g, A Eddole VI shue] Wolrl AAAM Aol HiHe= #4E Wele Wl Transition %
Transversion®] It}. Transitione Py 97l Py 97|2, Pu €71 Pu Q7|2 8 E d4olH,
Transversione Py 9717} Pu 94712, =& Pu 97|17} Py &
T, Pu = purine = G =& A).

N
il
]
=
&
o
ot
o
o,
x
g
<
I

pyrimidine = C =+

o] E9ld AEZ3 galke] 197 A71AF3 xyiBe] 157) A7|AFE (/1927) A7) HAE) AE o)g)s =4
WMol 3 (64 Transition + 128 Transversion)ol W&} AI}E U+%& w, Transitione] Z+Z} 50% (5/10),
50% (4/8), Transversione] Z+zF 70% (14/20), 68% (11/16)% Transversiono] T $-A1&}A VEFSETE.

o], B o] 5 -Atk(truncated) sgRNAZ} YERE= CRISPR/Cas99] EUx E3 8-S ol &sle Ao 4 =
AWo] 3 &S =Y F AT HAHY 2UdE YFSH.

A A ¢ 4. CRISPR/Cas9 5 -A(truncated) sgRNAE ©]8&3F single wE# QEle]= insertion/deletion &&
gl

B ougxtE5e 5 -Hd(truncated) sgRNA°] ©d¢d7] AR && W oyl dd FEH Elo]=9 44
T 2AoE HEH0] frameshift Mol WA Foll &8d 5 A=A A3

HFeHAlE o2 2o galk F-AAE] 504 T 510 A7)7F AAEAY 504 T 5109 Yo @l r
Y QEto] =9 AQlo] Aoy galk FAAFS] frame shift7F Loy 600 E‘jEH ] o A stop codon®] WHE©]X]
3l premature translation termination®® o]o]x] GalK ©ilzdo] AAAog AL A o=t dd FIF o
Efol=o] A = Aol dojd dF= AFES A UgrE FdHe=w ‘F ‘Sioi M) wjxd A A Z
2UE FAS}. mebs W2Z7] wiReA FAdE FEYY Ax W3R dd wEEelre A4 e AY

EEE V5T 4 g

PAM HA2HE 5 -watoz oA X0l gk SAAE] 504M i 504-5050 I+
v, 50481 9ol Cytosines 4F9) Hiz 504~505%1 914l Cytosinet Thymine= 491}
=9} sgRNAS] 5@k o 0-37) el eEtol=e] Ado] EAshe seRNA WE Felsw =
oA FAEE ZEYe MEHIE BA59 T},

I A, = 4o Yepd wie} o], 5'-dd wEUElel=rr AAHA EAY Ul wEHEelET A4E
=]

[
ﬂli
I
T2

ol
Qo
£
1=
ri
N
=

o
tlo -
fz
3
i)
=
g
w
0
=
=
=
o,
a1

4 BFelA 8% olste] WA R el A 27) EHl el =t Add A
5040 el eElol= AA EEE 7%, 504 Aol @ FRUSEOl= Y A& 786 UEhtor (%
48), 504M-5051 FrEEleElol= AX F&S 48%, 504H-5051 YAl 27) R Ell= Y] A& 4ThE
UEht 2= 9ol sgRNA 5 kel 27 rEeleEtel=rt AAHNS W P w2 WY ads By (=

1B).
ssRNASI A 5'-wrare] A R eetelsot 3 ol4el A§ wEdAeEtelme AM m A X BAR
of CRUZF 10/ugDNA o402 s, oleld dabs AAd 1, 20148k 598 4TS tehd Aoz,

O O
CRISPR/Cas9 Al=®lo|A 5 -Aeh(truncated) sgRNAZ o] &3 uj= 27 FwE U QElo]=o ZAAo] TdAY]o] #H
H, A = 24 250 71 a8 Ys BoF).

A A e 5. CRISPR/Cas9-NGol Al 5° -Ae(truncated) sgRNAS] & €7] €A 715 o4& &<l

S-S casdNe FAAE FAA A e EdRe] tider #F HKL159(E. coli NG1655
araBAD: :Puyp—cas9-NG-KmR)E #oh-#wl= %% (lambda-red recombineering)S =3 Azttt wpz7ix| 2
S LU LEO| =0 ot RIS F7] A% Hob-d= wE BdE Fav = plk463S AYEte =
FAE dd F2YE LB AANA 200 meol HFsF] 30TCAA ODson?t 0.47F 2 wi7}=] wjksia, L-
arabinoseE 1 mM %% 718l 3AIZF 712 wikste] #v-wl= wel gwld s} Cas9 ©hi A IR A A
o]F 3500 rpmellAd 208 HeF GAET T 40 mle 10% glycerol® AMHstE #HAAHS F oA A
electrocompetent cell® #|Z3}%tc}.

s
o

=

24
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104 () () (3) (4)

HH

W

Surviving colonies (log,,CFU / ug DNA)
N

0 T T T T T T

5" truncation 0/0 0/1 0/2 0/3 1/0 2/0 3/0 /1 2/1 3/1

/ mismatch (nt)

—v— —w— —wa—y A——— A——) AMA—— A—v— Ab—~v—y AbAv—

.
ST TR T T T B TR e — TR~

Plasmid pHKA59  pHL163 pHLOOS pHLOO6  pHL154 pHL153 pHL152  pHL162 pHL161 pHL160

(1) Target cleavage (3) Truncation tolerance

x PAM x PNM‘.‘..

5" 5

5 (5) Negative selection

5 an ] /
T®S (2001) l
i o - PAM
#* Si

(2)  Mismatch tolerance (4)  Mismatchintolerance = I

) LI

. : : [
X o 5 il |||||||;

| g nuuI i 5 € I _
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EH2

A

galK (***AGGCTGTAACTGCGGGATCAY)

Unedited target Edited target (T*¥A) Edited target (C**°A}
5Au A PAM ga . PAM 5.4% * PAN
———ACCTGTAN TGORGN ——  ___——PAGGCTGAAACTGUGGGATCATOG——  _ _—AGGCTGIAACTGAGGGATCAGG—
T —TCOGACATTEAOGCOCTAGTS — — —~——TOOGRCTTTGACOOOCTAGT-S — — ~——TOCGACATTGRACTOOCTAGTS —
@ !-|.|!!\-\‘!|'. ‘ |L
PHL153 LT 5 AAGCUGUABCUGSGEATICA, 5 AAGCTGUAR TGS . :
T pHL153 [THTT pHL153 LT
] |
[T || — L]
LT LTI
*yIB (BETACCTGAAGTTGCGAAAGCG™T)
Unedited target Edited target {G*T) Edited target (A%T)
563 PAM ] * PAM 5638 * P
i T TACCTTRAGTTGCGARAGCATE —— __,—mmmgcrﬁﬂ__
——— 0605 —— T ~—ATGGARTACAROGOTTIONOS — |~ ATGGACTACAROGCATTORSS —
z FLLECITLITETTIT L] — i
pHL167 [THITHND) 5
il PHL1G7 (UL PHL167 I
1] 1]
[
LT LT
galk T*A galk Co10p
[£] White colonies - [ White colonies -
100 1 5 survival colonies 02 100 [ 5yjrvival colonies 10z
NOB, not abserved. % NOB, not observed, %
%80 8 &80+ B
% E’ 2 2
§ 60 6 o § 60 { 6 5
© £ o o]
2 3 ¢ 2
g 40 4 4 & § 40 4 g
8 8
20 2 ¥ 20 - 2 ¥
3 3
& 2
ol NOB 0 & o L2 HOB 0 &
' truncat| &' truncatio
s 0 1 2 3 et oy, 0 1 2 El
Plasmid  pHKAS9  pHL154  pHL153  pHL1SZ Plasmid  pHK459  pHL1S4  pHL1S3  pHL152
xylB GBT xylB ASSIT
[ White colanies - ] White colonies =
100 1 [ survival colonies g 10 S s ‘02
g g
T80 8 = F 80 te <
r 3 I 2
560 6 :,é §60 33 2-%
g i g 3
= 40 4 € £ 40 e ©
S 2 E 2
8 g
20 2 2 20 te
S Z
5 g
== o @ g @
i 0 1 2 3 5{_‘;"!:',‘:?:;’," 0 1 2 3
Plasmid  pHL169  pHL168  pHL167  pHL166 Plasmid  pHL169  pHL168  pHL167  pHL1G6
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Success of mutation (n/4)

Success of mutation (n/4)

Success of mutation (n/d)

Success of mutation(n/4)

5'2A G

G

galk (498 - 517)

LUULULULLL

AT ATC GAC* GTC GAI GAC* GAI ATC ATC GTC

3 LR
{l pHKAS9
501 503504 506507508 510 512513514
C T GTAACTO o CCGGA
= i |n|
:ul pHLiS]

A,

PAM

NN

o B N oW A

GAC

xylB (638 —

657)

D

644 646 643
GAAGBTTI
LTI
GTC ATC

GAC* GAT

[TATITHN]
pHL169

650
5 i€«

652
S A

TR
pHL167

GAC* GAT

G

arc

oy

PAM

GTC
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Single base editing (%)

Single base editing (%)

Single base editing (%)

Single base editing (%)

100

80

60

40

20

100

80

60

10

20

100

80

60

100

20

ZIHSd 10-2022-0124652

Os
A
BT
me
5% 3%
(=1/20) (=1/30)
)
Ts Tv Total
]
Ea
z 70%
(=14/20) 63%
be {=19/30)

Ts Tv
oG
Oa
T
dc
43%
(=7/16)

B62%
(=15/24)

Total



=g

A

4

s34

PAM
Unedited 5. GAAAACCAGTTTGTAGGCTGTAACTGCGGGATCATGGATCA

Cys
Insertion \.:I PAM
(galk 504C) §-GAAAACCAGTTTGTAGGCTG "TAACTGCGGGATCATGGRTCA
4 Cys Stop

Deletion

AT PAM
(galk 5044T) &- GRABRACCAGTTTGTAGGCTG AACTGCGGGATCATGGATCR

Stop

[Iwhite colonies
[ Survival colonies
NOB, not abserved.

White colonies (%) -
8 8 B 8

(5]
o

0 AL

Insertion Deletion Insertion Deletion Insertion Deletion Insertion Deletion

sgRMA Plasmid PHK459{0) pHL154(1) PHL153(2) pHL152(3)

{truncation, nt)

B

= == = b =

cT
Insertion A4 PAM
(galk sodcy) °GAARACCAGTTT GTAGGC;I‘SE‘ TARCTGCGGGATCATGGATCA

Deletion

ATA
(galk EDQSOSATAFS' GARRACCAGTTTGTAGGCTG ~ ACTGCGGGATC. %%G TCA

Stop

[J White colonies
O Survival colonies
NOB, not observed.

R

White colenies (%) -
8 8 8 8

5]
o

Insertion Deletion Insertion Deletion Insertion Deletion Insertion Deletion

sgRNA P]asmid PHK459(0) pHL154(1) PHL153(2) pHL152(3)
{truncation, nt)

E=——2

&~ -
Surviving colonies (log,CFU / pg DNA)

[N

L)
Surviving colonies (logy,CFU / ug DNA)

9]
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galk T504p
] White colonies
100 ' [ survival colories i
NOB, not observed.
F 80 —ls
]
5 60 - -6
8
e
< 404 -4
=
i m m 2
E T I e
5’ truncation
length (nt) 0 1 2 3 4
Plasmid  pHKAS9 pHL154 pHL1S3 pHL1S2  pHL151
xylB G*T
[ white colonies
100 | 3 survivai colonies 40
NOB, not observed.
£ 801 e
3
5 60 -6
8
2
Z a0 L
=
20 -2
o1l B8 ﬂ nos| ||
5’ truncation
length (nt) 1 2 3 4
Plasmid  pHL169 pHL168 pHL167 pHL166 pHL16S
Unedited target
R oo

Surviving colonies (log, CFU / pg DNA)

Surviving colonies (logs,CFU / g DNA)

galk C>1A
] White colonies =
100 1 5 survival calonies r10 2
NOB, not observed. E‘g
F 801 _I, le =
= 2
5 60 - 6 3
[} ]
b Y
£ L
.; 40 4 r4 _E
3
20 - L2 &
=
2
el I e [ vl
5 truncation
length [nt) 0 1 2 3 4
Plasmid  pHK459 pHL154 pHLIS3 pHL152 pHLIS1
xylB ABS2T
] White colonies £
100 | (] survivaicolonies 1o z
NOB, not observed, =
= 80 ke 2
T 2
= b
[ )
_g 60 - ré 5
8 =
2 3
£ 40 4 %
8
20 4 t2 2
=
FP| E
o 13 i f— NOB o &
5’ truncation
ki 0 1 2 3 a
Plasmid  pHL169 pHL168 pHL167 pHL166 pHL165
Edited target
5 . PAM(S"NG)
* 5
5 AnA L
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5’-3nt-truncated sgRNA

ST

Cas9-NG
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