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Ao E (Prime editor)9] Zehdolt)® (Prime editing) &&ol tigh do|HE Y= R Agy;

71 AR Gl g w2 HlolHE o]&ste] Zagleuy &l IS v 54 Zddldddd
28 te] WAE dgste Hudes Fdste] Tty a8 oS BdS AAske oS5 29 A4
Zopglote el SH 1A AES Eite $R MG 49y 3

271 FE G el fgE R 2F AGE Y] d5 2E A | A & A5 2dol A&}
of Tty 885 58t af 555 Xk,

Heid S o] &3 Zpdo I’ (Prime editing) E& oS A2yl oA

7] ZEpdel v = ZEjleltE 2] Ao,

37] Zepdolt®] E&of dig dojE=,

pegRNAﬂ dastels U EE A 2 7] peghNAZE B4 s B4 73 LE = A
s X¥ste AlE golBragdd ZetdeoltiE (Prime editor)E =Y3tE @A

471 ZERJelt e 7E mdE A2 Slol B2 5E F53 DNAS o]&sto] JAAdS Fdshs & R
g

7] AR e R 53 dolHEREE Ul a8 B4ste dAE Este HHE Y5t 5
H Aol

A7) o md PARE pegRNA 2 B2 A9 ARERY gty g&d 43S nAE EAS FE3E
ER & ZE5S ¥ A, HedS o] &3 ZElgdoyy 58 oS A=,

AT 2

AFA]

A4 3

A7 10 JolAM, A7) Zegdody m&e thdt diolEs EF AA Yol oxdx] e 9wl glo
ZeldotE] % peghNASl o8] f=® HHol w3 v&R2 Yehx|E Ao, HedS o] &3 Zetoyy
ag A5 Alz=E.

AT 4

2AFA]

A3 5

AT 10 oA, 7] SElawEHLEHEE vlEE AES 9 Edske 3, Y-S o83 ZElely

9 58 o3 A2H.

AE 542 pegRNA 9 A4 Ad HAEEREH FE4

AT 6o AolA, A7) pegRNA 2 EA MG AHABRE AHALEA(reverse transcriptase, RT) 3 A
A H., PBS(primer binding site) A¥ AKX, ¥ F¥ M AR F o= s oS X3t A, Hed

o ne
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ATFE 1o oA, A7) odF BE AdEE= AEFAH A7 Y (convolutional neural network. CNN) E&= U
HAEZ (multilayer percentron, MLP)S 7|¥to & 3l HejdS st AU, HHdS o]&3 Tkl
9 a& oS AxH.

S PAM (protospacer adjacent motif), ¥ ZTZEXAHo|H HIEE X
HYS o] &3 oty a§ o5 A",

AT 10l SlofAM, &8 A5FA d=8 Zegdeld® 288 FYske FHYE U 2Fske A, "
& o8 ZekdeluY && o5 AlAH.
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37 14

ARA

7% 15

A7 130 oA, 7] ZEkdlddd" & 24 AE delA omatA] e EdRe] glo] el

A
3l pegRNAC of3f =gl Aol LA W]
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[0002]

[0003]
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[0007]
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AT 17

AT 139 A, 7] pegRNA B X AE FH= RT 53 A

[ez]
=
F o shut ol AT A, PP ol§d Zekelry B A AsUe FHsE P

A7 18
AT 1390 oA, A7) o F EdS AASE dAdA, HAEFA 217D (convolutional neural network.
CNN) === v HAEZ(multilayer percentron, MLP)E 7|Hlo 2 sle] HHdS Fadste A, IS o

&3 ZEleltly &af oS A2RS FEIe .

A+ 19

ZEpelotg el FR x4 AdS dAskE 9 3
i’}

71 AAE F ;5 WA 7, R 9 A 12 F o 7 o g oS AlxEd AE

7l & £ of
Hede ol g% rehgloluy A& A% A2E, ] A29e THERE P, 37 A2EE 0§ e
= w9 A Ee AFEHZ Qder] 98 meoade) /s AR BENs 7S Ao

Ztelot)e (Prime Editing)< donor DNA T o]ZF7Fet tb+7](double-strand breaks, DSBs) §lo], 7<) =
T 3719 §4% €HEE 54T F e A At Als 33 g olth(Anzalone, A.V. et al. Search-
and-replace genome editing without double-strand breaks or donor DNA. Nature 576, 149-157 (2019)). °]
23k Wslel= Ay, A4, W BE JFed 12714 A SAWo)Et ofy e} ol WslEe] 23S EFeT).

Tt e (Prime editor, PE)E 7|2 9= Cas9 nickase-reverse transcriptase (RT) &3 @¥ld 9 =g
olot]8] 7}ol= RNA(prime editing guide RNA, pegRNA)E FAE W ; pegRNAE 4 A E& 2d2sl:= 7lol=
A, tracrRNA 2E= AMd, FHAE JfAlel dagh Zejolw] gt 79 (primer binding site, PBS), 3 €
st A wstE xEe 14 A gl 4Ed<el RT FH(RT template) s EHeth. 47174 F3 9] =kl
e 7F /laE Qe PEL, PE2, PE3, 2 PE3b.

ey et e uwiel AJx Z&o] A @b 5 vk, ZeEpdeld® gl 9FE A=
Apell welf AF- A7 o] FojAa glont, opA 7] wAel vt

wEbA, Zetdelu® mdel JFe vA= RS A¥sta, Fojx x4 MAelAe] Zekglelty &4de o
Sohe Al Zdo] e Zegleug s A S0 Aot

HedS o] &3 Zekdlellty 58 oS AAdS Al
HeidS o] &3 Zekdlellty &8 oS AAdS FEse e Aledd
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79 HE e

to 12 rlg & ox
z

2, 58 w38 Z(high-throughput) 28-S =3, 54,836 9 peghNA ¢+53l g 2 A$sts= T2 A
S AHgste] Zedloty && doly MEE FA5I%la, ol& o]&ste] koYY g8 ddHE 54
FE3R o, Fold BAH AgolA Zedoty &8 AFee A2HS FEIAUT.
A7 ZEkolot)E g8 oS A AES ZElolot e (Prime editor)e] Ze}doti¥ (Prime editing) &&ol of
g dolHE dYE AR JHFE Eohsing
“IQlo v (Prime editing)” & 4Mdl fFAX} 719joll gk, DNA olF7te Aek glo] & 7Fehe] DNAYE doh
3t f-12 WetE =Y 4 e Alw Ay Welr).

Zehdoltg 2> “ZekleltE (Prime editor, PE)” o ¢Ja] €t Zopqlolvee] FF=+= PE1, PE2,
PE3, % PE3b o] o, oo A A vk, d FAldA, 7] ZEkde v ZetdltE2(PE2) Y
Atk ZelkdodE = Cas9 nickase-reverse transcriptase (RT) &% wiid 2 Zglelotg 7}o]= RNA
(pegRNA)E X3sHsit}. H aAol A, Tt = Cas9 nickaseRT &3 9 dAS ¥shsl= AS v
T 9L, Cas9 nickaseRT §3 T} pegRNAE A 23l AS 9w =,
o pegRNAE HERE =48 495, o7]o ZaggdoteE EYstidlitte A2 Cas9 nickase-RT &3 @At
A A& U ¢ ATk, =, pegRNAZ} olv] Z=iEo] U= A ZekgloltiE o] =912 Cas9 nickase-

MAES =9 AL oud = gtk A FA| oA, ZEkdelt]E & Cas9 nickase-RT &3tz
< 9ug 4= k. A7) Cas9 nickaset Cas9 H850AY 4= Ut}.

sehlolcelo] AHEEE “Casd nickase” £ @ 7hete] DNAZ AW (nick)3HES WIE AL & ok,

HEg Egshs A% eholueee] Zeteldd
HE mehs W 7] Zereltet B8 AL ool 2 e S5 DNAE olgdtel HANNS
Papz WA 2 A7) GARYeR F5 delHrre Ty ase BASE wAS Tashe U

B~
9
; >

“pegRNA(prime editing guide RNA)” & ®& M LE& <14 dl= 7Fo]= M4 (guide sequence), tracrRNA =73
= A, GHEA RA Zadt Zaloln Ad H-9(primer binding site, PBS), @ Uste FdZ wWIE ¥
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oin
1]
Jm
el

3= RT 53 (RT template) S ¥33k

+

471 pegRNAIA] 7hol= ML 4 MAd AR Ee dF JrAd NS 233,

)

“¥2 A4 (target sequence)” <&
pegRNAZF FH 072 o Ao 7 oaty

ovigdt. 37 £4 A
= ]
a1, ¥ wwe] x9S olgd FYAL BAHAA S

an
[R=] [e)
SR ED!

I e

2

7_] =
S =
o7 AAZ MEd & vt

“ZHaFEH L= (oligonucleotide)” &= 4 7 WA 9 /e FEULE=IE IANGO|2E AFgoR
AZdE BAL gusitt, A7) 2 AFEZHLE = dol:= 100 nts WA 300 nts, 100 nts WX 250 nts,
£ 100 nts WA 200 ntsd = Jorf, olol] AE = AL ofyy, FAAI} Hds] 2HT 4 Q).

7] ST E Ul LB Bl EoE = pegRNAS gk wIEHULEE MES JholE ME, RT 79 M4

A7 S aFEHLE = ¥eEE B4 wEElLEE A9 PAM (protospacer adjacent motif) % RT 58
A 99S Z8s £ dvh. A7 RT 38 2% 998 RT FHol] A% = AR ArFe AdE 238 5
ATt

A7) S8 FEULEl=E vtE= A4 (barcode sequence)S T ESHEE = giv). wiElA | Ay SYawEU L
E|=% peghNAS ¢Edlahs MY, vtms= ME 2 47 peghNAZF 545k B4 M9S 282 + vk, A7)
vtmEe AEe Jige U, 27, e I oY 4tk Y] viEE AEe FHXTT S8 uel 448 A
AT 4 k. oAE 59, 47 vtmE AES HGAEY T3 F 479 peghNA 2 19 FEste 14 AE 4
o] AMd 4 A st AY 4 Ao,

7] Sl FEELEHEE PR 32 4 ALEF Zgolwrt A3E & e F719 Ads ¢ 29

“golBEg]” ¥ EAlo] tE FFo Edo] 2% oA E3H He (pool EE population)S 9w}, ulzf

By 2 2% oYY EHawEIlEE, o7

pegRNA, F/F+= 1A Ado] & 2F o9 A rEdHgEs Xt JAdd & Ao, T3, AxE &
q

L=
oln = 540l v 2F ol Ax, dAdd Az £3}H= SdanIEUEE e AEEe] Hdd

WMET £ 7] SPRRIALHEE AX Ul Ad¥ & dRs st WAAE gquE & Ao
FAGoR, WMEHE ZA7te] peghNA %I A 2L EA ALL EPE LdupdcHEE LY S
fick. 47] WS vholel2 WE| m Feheus WEY & gov, ol ARHA @tk 47 vhelez
B dEubole s e m dEejulelel2 WE Fol AR & Qovt, oldl ABHA @k A7) e
AAe] A Ul EAHE B AR, F eaRIULEEs BAY £ ARG HYR FEFHA
A W5He 24 04E THT £ Ak 37 UHE EEHA ALY DA 1% olg3te] A L FAd
F Q. 47 WEY FRE 494 2 AYAE 5 B AXN 48T £ RS st &, 599
FgEA e WMEE Tepg, AARE, 2 FA0E GulieldE L3 4 Utk 7 o Ay Re
OJEZ mESHE DNA, B/EE QWA AD, R/EE Ashs £049 5'5 2 359 Wi 99, W/mE A
gri g9, R/EE BASES $& 44 LFE 2= Aok,

47) WMEE eolneleE Az A% AT Agse WEe I FAR GFE PUS ol gl Y
Ad 5otk oA, g EadoE-DNA FHAW, DA AEG-v) EdaA Ay, Zelua-vl) 34
A, AZ1FAY, AR, AEF SHY, XA % AYLA $IP 5O T Ropl ¥AH o]
el ofsl FaE Ak ES, dlolds WEE o]§3 A%, 4 (infection) T FHOE o] wlole
2 QA gt BHE, S MHE AL W2 A2 5 Atk ohgel, fA4 WsHE Sof ol o
HE AL W2 £9% Wel AR EASAY, G U B3k

T o, ol Agty]

A7) W7 =49 S Qe AXY FH A= AEe EHo wg} FAAsA I

A7 Addd 4 Qlovt, O d2, gy, 2EFEr AL AR} IRl 5o dEHEol A g A

; Yo} AER A SO gHAE; =2z, AXTIXHD SS9 AE 59 & AX; CH(FF F2E
Z

E
W2 AZ, chinese hamster ovary cells), SP2/0(u}9-2= =4%), <17+ B Zo}F(human lymphoblastoid),
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S50l 10-2538128

S Steete Helds FAsglth. 2 A, Fo 14 Aol g Zekelety 58S 5T F de B
A DeepPEE AABIATE. 7] DeepPEE AH&ste], Folxl #4 MAeA 54 F3o AHS ox=sdtes 44,
FEo| Aol e Zekld® 583 5T F AT
2 FAdA, 37 Zeddv’ gl S viAE 54 A9 /3, 943 oA, £ o5 =3}
Stk whEbA, 7] oS EE AR ] AR QRN Y w2 volHE o] &dte] tE HANER
7oz sted AR FF, A AA, TE o5 2 Zdduy ad ke WAE FgHee ded
Fste] Zagledy a% oF RadS A4 F Ao
Jellol A, 6,800 <] peghNASH 4 MAE 2t AX goludel s AMEsle & Zapqloty & b
&3te] s ANERS 7o R dto] MY F¥ TE AR A Zekdldo® a8 ke dAE
e Helds Fdssith. 2 A3, Fo 54 A el did) Zekdlet® a5 A58 F e 2d
ype B PE_positions AASlrh. 471 PE_type R PE_positions ARE3tel, Foixl 4 AMdelr HAF
= A1y A we gy 28-S 45T ¢ UG
2 S olgate], dofe] FH ML 5 o AHE omste A, Taddud a&el 9%
7t 549 EAgke we zelduy 888 A5 £ e Rds AT F v
B7] o5 B YT pegRNA B A4 ME ARENEH Tty g8 9IS VA= 5S FEGe
54 FF RES TP 5 oy, o AdHA vk E3, ) oF Bl APRE ) 5 FF R
BollA FEE 54E 2@ee 2% 25S o 23T F o, od ARHA Fer
7] Zepddelte 5 oS Alagle Zegldit®e] FH g4 Ade Edes FR M9 dEns 1§
.
A7 CFE AL QYR = Y] R R Ade 49 2] A7 ey 58 o5 Axwe] 7o
.
A7] FE B ALe Zeklety 582 B4 e A58 Sk peghNAY] x4 FEHQEE AAE 9
gk A7l FE R4 MEL ZekdevY 58S gdtaat sk AL fFAA AdAA FAT AL 5
it FAA] FAE o A B ddE Ao MEd s o, ZegldyY &8 5SS
& go] Alzglel A8d e Mdeltd, I FRE ATA &=

A FAANA, 7] TH O FA qEL 1070 WA 10070, 2070 WA 10078, 3078 WHA] 1007H, 1070 Wi=A] 907¥,
2070 WA 907K, 3070 WA 907K, 1070 WHA] 807K, 2070 Wi 807K, 307F WA 807, 107§ WA 7078, 207K f
7078, 3070 WAl 7070, 1070 WA 6070, 2070 WA 6070, 3070 WA 6070, 1070 WA 5070, 2070 A
= 3070 WA 50709 wEHLEHER AR A F Ao, old AlgEA F=

wEkA, 2 AJAES) AREARE 7] oS Rl -‘%H 011%% Zpdlelty &&& Farste] Fo
=i}

FA A9 PAM (protospacer adjacent motif), @ EREAF o)A XIS EET 5 9Jor}, o]d
2+t %‘7] PAM 2 ZREAF AN ANEL ZpddUyrt 14 AES AAse g Hojste

JE EE o welo] 4 gate] Zehelolr) g el
252 7] A4E WHeE TEHE BE o wdd T A9 4Y9E 5d 998 Fu EH A
dhof, Zelglolrly AR dFeh pAolth

oo A, PE_type 2 PE_positionel 4=8¥ 574 x4 AEd diall, A T/ HAY 73, HF 4
FEALEEY 4 F)o WE Ty a&S 4

AHS FE8H7] 2% peghNA A E, -4 %

_l_Ld
)—]
N
oft
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[0091]

[0092]

[0094]
[0095]
[0096]

[0097]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0107]
[0108]
[0109]

[0110]

[0111]

[0113]

[0114]

[0115]

[0116]

47 meileltE AE AF AZEL BE dZRoA oZE meldrd ase Zdd: FURE o X
e 4 9l

) 2RI 2eehe ey agel e gus, ey ase du AEE 4, = g
AR AEgkel oF Al FA GEd S glen), 29He Aue] g £RE A9EA g
e gue Hged ol8d Leeldtd 58 o3 ALY TR BEe ATe

37 e olgd maley B8 43 A2we PEaE e

7] & dolE AEE £ESE BAL, pegRiAE PESFE FHACHE Ad % Y7 pesih BA s
4 FEUHE NS EPes SYnRZULHEE EFehs AX golnded ZedddrHs =)

7] majelolty Eae BA MG UolA owad 9 ol glo] ZeheloltiE @ pegkNAd] ©ld] f1
A o] MY wEw AN AY 5 A

7] ey Eaol FFL AT S pegkih L EH A Auere 239 A 4 dcb. xe
Jdoltle Ffol FFe vAE 547 ‘pegkNA R HA AL An o B AW A& vloh 2

e

271 peghNA B 7 M4 AR= RT 8 ME AW, PBS AE AR, 2 84 A

P AY 5 Qovt, ol AWHA g

AR F o= st ol 3g

A7 o F mdS AASE G A, AEFA 27 (convolutional neural network. CNN) T+ U&=

#(multilayer percentron, MLP)& 7]¥to = dlo] HejdS 33 4= ).

o5 REE AAsE WA ol Fdl, AAEE dF RES HTee dAE o X3

&l
e
[m

ol

-
30
o
ox
N
b
ol\
rlo

o
oy
rlo
0%
N
I
i)
el
2
A
ot
fol
o
2
%
o
i
tlo
o
=)
vl
fru
11
o?‘;,i
ol
N
Ho
o
[&l
fu
I
o
o
N
f
i,
fui)
(|
o
i
i
N
L
olr

4 Hlo] A (Visual Basic) o] o} ol AgtEx vt A7) TZ 3RS USB w22, CDROM(compact
disc read only memory), sF= T2z, 7] fl2=7l, e 19k AR i B 719 59 75 wAR A%
2 g olem, i me o HESA Aagd ddd 5 ot & 59, AFEH ASHE ATTP, HITPS,
= XML ZREZS o] 83}o] GenBank(http://www.ncbi.nlm.nih.gov/nucleotide) 9t &S A& ol H|o] 20

Axete] 14 G074 2 A7 KA 28 G GRS AT 5 AT

[
rlo

A7) ZRaRe 28l ke oxglor AlFdE 4 U,
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[0117]

[0118]

gge] £

A ol WE G 0§ ZeYelty e AF ALY JE JA GG AN oS el we ¥
e Aaus ey T&S A58 ¢ Aok webd, g7 A29e FA% Bgd g9 49 A8 5 &
A7 H91% A eehs RE Popold 83 488 & drh

18 Zgdouy A48 A4S el JiEFroelt). PE2 @l de AA)A Ed A M (transient transfectio
n)oll ola] AFFAT. A7 U6 T2ZHE (hU6)E PE2E F2 Ad= otdst egRNAQI WS 9a AleE
t}. Guide, 7}ol= A <¥E; RIT, RT 53 PBS, 2Zgtolw A%t F-9]; RT, dHARA; BSD-R, E2EAIH U4

rlr m

H

2% golrelg] 1 9 29 A4S YEld Hojtt. gholB g 1dl4, 2,000719] 7tol= X gl dizl, 47}t 4
13k PBS W RT 58 dol9) 247] %3S AA3sIe] 48,0007) pegRNAS TA 3k, glolBe]e] 2041, 2,00070
o] 7hol= MEE 34719 MZ o2 23] PBS 2 RT 33} AAdste], Aoldt Aol ot f39 HH S
AEES ko], 6,800719] pegRNAS A 3kSict.

[}

& 32 pegRNA, cDNA B W& 4 AL ol 94A7F ouUA AQgs=AE Uebd AFeolth. pegRNA ¥

pegRNAZF-H ¥ cDNA W] A= Cas9 nickase®] 97 F-9lolA Al&tato] dWFsiitt. W 24 A4

el 9xE PAMCZYE 4F] 2084 FEalLE=7 92 10]3, NGG PAMS] FEHSE =7 9] 21-230]

w5 A4

4= zeloty m&o nAF PrF dape] sfereltt.

oo th2 A odF EYHoR PE2 ¢sd TelanEg
A
1

H

(@]

A WHEAF A PE 589 A
gdrs F7A717] S8, 9A e
9] pegRNA 2 EZ M S AA

o mﬁ

== 3
A% e Aol golneld 1 % 20] Ak Agech. 2Alel

o b

2 i

7} 200 PRkl AL, WekeE mebelolty WET} 5% o4l 7

o

2=
o},
62 Wl H9lolA SHE PE &7 Agte TFE 14 ALeAAY PE &8 1He A#AAAE e
olt}. %7] A (Anzalone, A.V. et al. Search-and-replace genome editing without double-strand breaks
or donor DNA. Nature 576, 149-157 (2019))°| A ¥ 71% PE3 &&9 Holg AEZS A&3% ).

oo

S

T 78 YA HoolM SHE PE 583 Asde B3E B3 MIolMe PE &% e AddAE deERd
Zolt}. dHolE MEXE Endo-BR1-TR1, Endo-BR1-TR2, Endo-BR2-TR1, Endo-BR2-TR2, Endo-BR2-TR3, ¥+ Endo-
BR3E AHE-8FSIT.

T 88 SpCas9 = indel WE B FU3 T2 Ador AAR PE a8 o AAAAE e Aotk PBS
9 RT 3 dolo] 4&& HAislslr] Hdl, els PBS ¥ RT F 24_01% Zh= 24709] pegRNA FollA 714 &
S FEHS UERE pegRNAS ZF 5 AMd o AEsit). pegRNA 1 A A o == n = 1,9560|% ).
5 9= golB g 18 A}838le] Splasd €% indel WIE 2 93 7 oA AAF PE2 & 709 ¥
AAE el Aoltk. BE 247) 2¥e] PBS 2 RT 8 dol2 udste] AuAAES H7ekAth. pegRNA 2
724 g 9 4+ n = 21,2880},

-

% 102 PBS B RT 5% o9 PE2 &< et 3 uehd Alojrh. s|EWS Foizl Zoje] PBS % RT +
oA Hy A &S vehd.

T 112 PBS @ RT Z?‘zﬂ, Zdolo] ZEkdolty a&ol ek Jas YeRd Foltl, (A) RT 89 ol 12 nt
2 uAE A4S, ks dole PBSelA el PE &&; (B) PBSY Hol= 13 nt® AW A9, v Zdolol RT
FHo A2 PE &&. PE &l BAFCZ 593 2ol7) gl Ao MEAHE (P<0.05)E a, b, ¢, &
do} & ¥z yehpictk, wrxolA, g H7F, 2 onbg gele Zbzh 25, 50, 2 75 MEYSFE UehiY,
$12=A (whiskers)E 10 2 90 WEHFE YelNH, Solx&= MEHozZ BAHEHY. X Fo AHE Aga T
pegRNA 2 FA HE B9 4= n = 1,772 - 1,8269|t}.

% 128 Fo7 PBS deo] ¥ RT 53 Adojo] thsl] 5% ©]°42] PE2 &S 25 pegRNAS] Hlo|t},

T 132 (A) Foixl PBS Zo] & RT 53 Holo] tj3l] 5% W=ke] HF E&S ZE= peghNAS] HIE; (B) Folxl
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=50l 10-2538128

oin

PBS Zo] W RT 73 dolol tjal 5% o4 MY &&S 2 peghNAe] Mot

14 Fold B4 A9 P /b3 2 WY &S FESHE PBS LRI 7Y do] 2¥e] MEE vehd o]

% 172 Tree SHAP 9J3l 24 ¥ PE2 a&¥ dA#d 7P 583 1 WA 5184 54 Yebd Ao,
5 18 Tree SHAPO] 9J& AA% PE2 &3 a9 718 23 52 WX 1005 EAL Jebd AHolt}.
= 19% PBS ¥ RT F8olA GC gh=F 2 GC 9] ZEkdel

= 20& PBSY gell &% % RT 3o A%3sl= %% DN
Jtk. PBS 2 RT &9 Zoli= Z7 13 nt ¥ 12 nt
== n = 13-736°] 9T},

(o]
¥2
O
<
v
2
RS
o
:
il
fied)
2y
ofl
o
D
0Q
=]
=
=

g

=
_LL.4

T 218 1-bp A, Z2A, E X A PE2 28 JEld Aolth. pegRNA 2 EFH M Ho] #E AU
AL 73970, AA AL 17870, 3] A 56671% .

= 22w AYE wEEAHE §9 H o] PE2 afel tie 9FE YEkd Zlolth. pegRNA B A Ad e
FE A, C, G, T, AG, AGGAA(5 bp), 2 AGGGAATCATG(10bp) 4+¢d Z+ztell ©tis] 183, 183, 188, 185, 184, 179,
ol

&= 232 24 dolo] PE2 &l W IS YEkd Zolth. pegRNA R EH M E 9] = 1bp, 2bp, 5bhp,
bp A4 Zbzbel sl 178, 189, 185, % 169°]3Utt.
Ll

T o24E XF §399 PE2 E&o WF F3}FS JEd Ao M pegRNA 2 3 Hd #9o F= COH/H TE 9
LRI coﬂﬁ G= 91 B, AdA] GRo] W3 A0ﬂ A CRe WHE AdA TR WEH GOM T2 HE, TolA A
2] W TolA (2o Wk, GolA (2o Wk, GolA ARe] Wk, (oA AR9 W To|A GReo W 7tz}
of W3l 88, 87, 36, 35, 34, 44, 21, 20, 45, 45, 90, 2 21°]|T}.

= 25w Ao frd e ﬁi}moﬂ Uy g8 e TS VERd Aot pegRNA 2 #2 AP ge] i AdA
Tz Wk, Colr G2e M3, GolA CEA Wk @ To| A ARe] WEke] tld] 52, 40, 50, % 350] (Y 1
), AdlA T2 W3k Cold G2 W, Gold C2Y t&ﬁl 2 T A AR ] W3ke] o3l 49, 44, 43, B
420131 (7F&d] 2e3), 2 AolA T W3k ColA =] W3k GollA (=] W3k @ To|A AR e W] o
d 29, 46, 51, A7°IJHLEE 1Y),

% 262 1-bp WEF X 3ke] - W X9 PE2 &l thg %‘f%}% UERA Zlojth. XFoll vEbd #Y A=
97 F925H ﬂ%EElOM pegNA B! 4 A4 o = 93] +1, +2, +3, +4, 15, +6, 17, 48, 19,
+11, 2 +140] il Z+z; 179, 186, 184, 180, 173, 184, 182, 178, 177, 178, @ 173°|%lt}.

L 27 278 $1AelA 1-bp W A2k A WY o] Zeddet® m&el e S yEkd Zlojt.
pegNA 31 %4 M o] v 913 +1 3 +2, 1A +1 2 45, A +1 B 410, #1A 42 = 43, $1A 2 #
+5, 1A +2 2 +10, 1A +5 2 46, $A +5 F +10, £ HA +10 E +11 Z-zke] s 190, 181, 186, 190,
177, 180, 183, 170, 2 169°]3lT}.

L 282 = 27 AE oo AR f1A kel Aol whE AN HPel A WS yehd Zlojt,

= 29 F Ne] wEEHQEHE E A& HA4d w Zdlduy B4 AaE UEd et s|EfS A (1
nt) @ AF(2 nt) AY Hy NEES YeERATh. pegRNA 2 EH A B £ A 41 2 42, 9A 41 2
5, 91A +1 % +10, X 42 2 43, A +2 L 45, X +2 L +10, X +5 L +6, 9 +5 R +10, X 9]
2 410 2 +11 Z+zbol] ois 190, 181, 186, 190, 177, 180, 183, 170, % 169°] U t}.

o

_13_



[0119]

[0121]
[0122]

[0123]

[0125]

[0126]

[0127]

S=50ol 10-2538128

T 302 ARRE 71 gk ZEld A wE dS 2] wAk HS AdE yekd Aol

% 31C HolH AE HI-Test (pegRNA 2 %2 M %] %= n = 4,457) 2 Endo-BRI-TR1 (n = 26)2 Ap&3t
DeepPE®] @7} A& vERH Zloltt,

-

J

T 32% DeepPEE HIolE] HE HI-Test& A}&3 of2 oF Zdy AT vudt Ayo|tt, vf 2z SHE
PE2 &3 =9 A H4 7+ Spearman A TAFE YERATE. peghNA 2 EZ MG 9] 4= n = 4,4570|%)
t}.

T 338 peghNA % PE2E ¢35 3lele Zolan|=3 HEK293T AlER 92 EdsalA 3 5 oA F 9o
PE2 &85 SHs 4L 6709 dolg AEES ALE3 DeepPRel #H7 Azt vehdl Aoltk, dHolg AE
Endo-BR1-TR1, Endo-BR1-TR2, Endo-BR2-TR1, Endo-BR2-TR2, Endo-BR2-TR3, & Endo-BR3 Ztztell tis] E2 A
o] == 26, 25, 23, 23, 23, E 16°]AUr}.

% 34% HCT116 2 MDA-MB-231 A|3EE AF&3F DeepPEe] 71 A#E el Zolth. DeppPEe] & ALg-H
A gl AEHtelel s B3E 34 A do)A HCT116 (HCT= k3 3h) 2 MDA-MB-231 (MDAZ <k 3h) AEFE A}

&3lo] PE2 &89 87] HolE] ANEZS BASITE. pegRNA 2 #4 A9 e 523 HCT-BR1-TR1, HCT-BR1-TRZ,
HCT-BR2-TR1, HCT-BR2-TR2, MDA-BR1-TR1, MDA-BR1-TR2, MDA-BR2-TR1 2 MDA-BR2-TR2 Z}z}tell ths| 72, 75, 75,
75, 71, 73, 74, 2 750|qth. AEF T F N AETA wkEAE (BRI 2 BR2)S Hrbskla, 7 AEEA
HFEAY LS T Ao veA vy (TR1 2 TR2)E 7HA .

% 352 o3 54 AgelA PBS H RT 78 Aol 7Fad 247 2% FolA 7 2840 =8-S d935H7]
23 DeepPE @ HPHO AT Bl uE YeERd Aotk o|E Eo], "13-nt PBS & 12 nt-PT template"@ EZ A4
] 5

of #A §lo] o] g Aol ¢S Mulsl: AL oqwdith. 7] A AGALY A 2 BE 13-nt PBS 2 12-nt

RT 58 (RIDE AH&3ta, Deol wel RIT dol& wAshs 2ol <l8) vpwt 9 52U =24 (& AHE

A e g vbe R vk, WA AolA, miAY £ FEEQE=7F 6ol 12-nt ®Th 10-nt RTT7G
|

=] A

2Rz 23 My F wpA e 328 FEFY Qe =7F tA] GolW | 15-nt RIT7F A= T, @313 BollA] | n}

4 33 72U E=T) GolH, 12-nt BT} 15-nt RTT7F Agect, ojzst W74 Fo mpxd9t 33 w28 QE
7t t RIT7F AEEg. t2F o224, pegRNAS FZ9= Aestth(Random 1 2 Random

2). ¥4 N4 = aF T 97700t}

% 368 AMEE 17 ok Teld9lae] W PE_typee] WA PE AnHE el Aol

% 378 AFEE 717 S el 9lae] ohE Phpositione] WA A% AnE e Folt,

wgs YA 9 FAEA HE

o5t B wHe AAeE Bt ek A ARATh. T, ofF ANdE ¥ Uwe dAHos 4y
7] 918 glow ¥ owwe] M9l o5 AAdel FPEE e oy,

AA 1. AFY EH]
AANd 1-1: ZYdrie2 (PE2) 2& 9E plenti-PE2-BSDE] T

FAA 749 Lt )2 (Prime Editor 2, PE2) 23 wWEE thS3 o] %389 t}. LentiCas9-Blast %
g}~ = (Addgene #52962)5 Agel % BamHI A3k &4 (NEB)Z 37ColA 4A]7F FoF H3)(digestion)3dl,
ul Quick-CIP (NEB)ZE 37CelA 10%& w<t Agsilet. thgo=, d¥std Zg2v =& MEGAquick-spin Z‘j
A ZP2ME DNA AAl 71E (iNtRON Biotechnology)& AR&ste]l A AA|sk3itt. pCMV-PE2 (Addgene #13277
5)RHE e PE2 ¢33} MES Solg™ 2X pfu PCR Smart mix (Solgent)E AR&3lo] PCRol o8& %313},
WE <2 NEBuilder HiFi DNA assembly kit (NEB)E AF&3}e] A3 st¥ LentiCas9-Blast Zef=vw|=2 oAl
BAZY. o8 E Z@An =2 plenti-PE2-BSDE W9 Elit}.

AAd 1-2: LIRS LEE golE g tAd
54,836 9] pegRNA % T A AMgE& x3s)
ol Al FAdstsitt.

Z}zve]l Ll FEFYQLEEE 3] TFALAE FH5tT: 19-nt 7to]E A E, BsmBI A|g ¥ #1, 15-nt B}
= A4g (W= 1), BsmBI AldH 9 #2, RT 3 A<, PBS (primer binding site) A4g, Z8 T A4,

fr

YA FTEFYULLEE E£& Twist Bioscience(San Francisco, CA)
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[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0137]

[0138]

[0139]
[0140]

[0141]

[0142]

[0143]

SS90l 10-2538128

rr

18-nt ¥v}EZ= M9 (vf=2= 2), 2 PAM (protospacer adjacent motif)¥} RT & A3 49 &
= 43~47-nt ¥ ®BH ML,

e
ok

N

MpEs 18 BsBIZ Hudtel AAT F it 2EH(stuffer)olth, whme 2 (B4 A9l d2EZ 94
T Y peghiA R EH A do] HADY F AD + A Bk olFe] ALelN wskA 2L Bubl
Ag 3918 Teshe gelauirZder=e Aeskl

PBS % RT 7§ Zole] PE2 &fol vjd JF2 Wl=Es] 918, 2,000 49l bol= 2 £H Ao vistel,
247§¢] PBS & RT 3 o] ZF (67012 PBS o] (7, 9, 11, 13, 15, 17 wELE =(nts)) x 470¢] RT F9
Ao](10, 12, 15, 20 nts) = 2470)& 25 pegRNAE Al Zsko], F 48,0007H (=24 x 2,000) &2 pegRNA 31 4]
Mol H=% &tk (Fre]lB ] 1). pegNAE 974 ¢ l"?-Ei A 450014 Goll A CRe] Agk EAMelE A
HIES AAFAT. 2,000 BA AQE A7 gulA-otEs fAARRE T4 Aeaod. 7oA
SpCas9ell 93] =¥ indel WIEE old AFola =A3 vl 9Jou(Kim, H.K. et al. SpCas9 activity
prediction by DeepSpCas9, a deep learning-based model with high generalization performance. Sci Adv 5,
eaax9249 (2019)), °l& TLd ¥4 AHolA SpCas9y}t PE && Alole] HHAAE ZAAT = UA o},
EF, A2 AP AX, FF, B dole] PE2 m&ol gk S Hrkstr] s gholrely] 2= WEd o
gholBelg] S FHlsigit. FAlA o, drelBe e 1o AREH 2,00070e] FA AdelA 2007 52 HEES
A9z Auala, avleh ol Zzkel mA Adel th@ 34719 Aol @ RT FAL A,

10 ru

1) HA $1x9 93 (11719 RT F8): RT 82 97 FA2Z5E A +1, +2, -, 8, 49, +11, Z +149
A ARG BAWelE =YstEs AAESIth. PBS B RT 39 el 242 13 3 20 nts2 3kSict

i) ¥3 78 9 dojo g3 (1471 RT &) RT F32 97 FHAZHEEH 9A +19A4 A4 (g A4 =
A, G, C, T, AG, AGGAA, 2 AGGAATCATG), 2FAl (1-, 2-, 5-, % 10-nt), ¥ ©<& 7] X3 (EE 7153 1-nt
28 S =Y ES AT, PBS 2 RT 39 -S455 9 (right homology arm)e] Zdol= Z+zF 13 % 14

iii) PAM #R g3k (97) RT 8): RT 3 A +1 L 42, +1 =L +5, +1 2 410, +2 © +3, +2 L 45,
+2 % 410, +5 % 46, +5 F +10, B +10 B +1104 2-bp M EARO|E =P EE AT, PBS % RT
T3] dol= Z+z 13 2 16 ntsE A3

w3k, %7] Zgkolot)y A (Anzalone, A.V. et al. Search-and-replace genome editing without double-
strand breaks or donor DNA. Nature 576, 149-157 (2019))clA A& T2 Ad F 5709 163 vlmcs
Zh= 36 289 peghNA 2 %A MES XFAFTE. o] AEE T3E A4y UdA FHddAe Zgdddy &
&) FaAAA AAs7] 8 AFEE AT

ole} o] G A, F 54,836 ] pegRNA ¥ A AME - 48,0004 (helB e 1olA], 2,000 x 24) +
6,800% (grolHefg] 2914, 200 x 34) + 36% (7] Z&doltdy AFoA)=2 #4448 - & ARSI

AA Y 1-3: Zgtau|= golBdy A=

A7) pegRNA F& 3} X
S AM&ste] Alxsglt:
=

(A D A= A=

HJR
S
ox
oo
_OL
rlr
=]
2
2
iiea
1o
0%
o
%
Ho
_OL
rlr
i
AL
3
=
!
AL
o
T
v
Ak
rlr
)
e
b
ull
fru
ol
o
ol

7:1

PRS §8 Soni2eoEs % 5o, 42 ol Jlol= RUSH B4 Ade] Fel od@ 207 T
o8] ayH oz WxEtt., HEWA A3 olde] By WH(Shen, J.P. et al. Combinatorial CRISPR-
Cas9 screens for de novo mapping of genetic interactions. Nat Methods 14, 573-576 (2017))< =4 % I

EE A=
(1) ©A I: peghNA 53 Mg € F4 AE9 XS d3te 7] Eg2v= Folugy 75

IO m}o

S 7FYU2LE|= Z& Phusion Polymerase (NEB)E AM&3}o] 15 Ale]E 9] PCRS E3f =ZFA|71 T, A= &
S A AA Y. Lenti_gRNA-Puro ¥ E] (Addgene #84752)E BsmBI &4 (NEB)E 55TolA 6417 =<k 13
(digestiom) A # T, A&3d WES 119 Quick CIPE 37ColA 102 %< Aglsta, 2 AAS QY. 1E
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[0147]
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[0150]

[0151]

[0153]

[0154]

[0156]
[0157]

[0158]

S5S0ol 10-2538128

ARNEZE AHgste] SYAFEIE =Y T3E ES A3YstE Lenti_gRNA-Puro #E 9} oJAlESIGITH. A+
AA F, AJAEH AES MicroPulser (BioRad)E AF&3le]l 7144 (electrocompetent) M¥E (Lucigen)®
FAAZA T, o]o]A, SOC wiA] (2 mDE FAAS & H7lstar, ol& 37TeA 1AZE &<t Q15 Ho]
AsAE. olo]A, AIEE 50 pg/ml 7}5"31]14 2@ (carbenicillin)< 3% Luria-Bertani (LB) o}7F =3¢
o|Eo] AlQ3lar iFHoldstitt. ke 2 13 (0.1, 0.01, 2 0.001 ul)& HEZ AYtd a}op
2] Wl (coverage) & AT = YA st T FIE FEURRYH ZTLvEE FEIGUT. o] 7] &
gan = ozl Aatd Hele S wEUEE 49 1138)3iT).

(2) ©A II: sgRNA 2AEZE= A4

A ol A3 27 ZEkav= glo]B e g S BsuBIE 8A1%F B¢k Hal(digestion)d 3, 1119 Quick CIP
2 37CoA 108 B HsHoh., Edll(digestion)® AHES 0.6% of7fRA~ oA AV|AE (size-
selection) & A AASFAT}. pRG2 ZT}AW| = (Addgene #104174)0l4 sgRNA ~7&= A Y& Phusion
polymerase @ 2] Z} winolq BsmBl A3 F-915 zt= Zelolm S AFE3te] 30 Alo]lE PCR FE31SIt).
AE BEYES BsmBIE Hol= 12A]7F FoF B3 (digestion)dtaL, 2% ol7t2 2~ Ao A A FASA Y. A
H AYE (10 ng) S T4 #7FokAl (Enzynomics) S AF&3Fe] 16 ColA 1641 &<t E3ld %7] ZE2n|= 2o
B WY (200 ng)Z grolAlo]Astitt. BolAlolA AES A™ AASIaL, Endura A714 7 A E(Lucigen)
2 A7NAEAZA Y. FEUE F8eta, HF SHavE glolHelE s %%6}%35} HZF Egtav= golHy
g9 AxE WE 785x3ATt.

Aol 1-4: AEHpolZ 2] A2t

HEK293T A3 (4.0 x 100 == 8.0 x 10) DMEM(Dulbecco's Modified Eagle Medium)E 3H3-3F+= 100-mm %=+
150-mm AE Bl Aol AFaiel. 1542 3, DMEMS 25 uM S229 tEAFHO|ES dF3le 2L vix
2 wFg § AEES F7F SARE Feb Qo] dagltt. Eekav= ghojH el Bl psPAX2 (Addgene #12260)
pMDz G (Addgene #12259)9F 1.3:0.72:1.64°] =¥|= Estar, ZejoddllonlS ARg-ato] HEK293T A=

ERQxdAAAZ T, ERsALT S 15 AR, AEZE FA w2 g Z A (refresh)stgith. ER~HA

Azl AERfol 2 T A RS eI, Millex-HV 0.45-um A @& Ag 2 (Millipore)S &
OM skaL, wFskaL, -80TCelA AFstltt. wlolg 2~ Arts AAsr] 98, nlolef~ E3H A% M E
S EYHA (8 ug/m)e] EA Shell HEK293T MX2 FAEYAZAT. FAEJEA] & HP&} % 3|49
vl a2 AHelg HEE 2 pg/ml F2vFO]A (Invitrogen) &4 sholl wigsigict. A RE JA=YE
Be AE7F FAS wl, vy ArE A Aol M 5 FFEESIY uloly A ﬁ7}

Sk,
AN 1-5: AE ol A4

o & —{01' OLJ i

A

] 5]

mlm
[eZ0

-

=
T

E.H_]E]H]'O]Ei}\ HAEJL F=4]sl7] 98, HEK293T AlEE 9719 150-mm ©lHoll AH3t (Y4 & 1.6 x 107 Al
‘?:“H oltHlol A sith. #Ejulole| 2~ glolB g S 0.39] MOI (multiplicity of infection)®
T EeH =S Z7] o Hla] 5008 oo W9l (coverage)E EABIT.
HolAE & o]F 59 E<t 2 pg/ml FEUO)ANANA FAEY] FAEYHA &S A

it
Z2 AAsAY. oo BFHe nEII] A8l AT gelnejeE AT B Hol® 3.0 x 100 AT F

AAd 1-6: ME golre 29 PE2 AY

% 3.0 x 10 AE (27 1.0 x 100 AEZ gak= 3709 150-mn w1 ©2)S 80ul ZE=eba 2000
(Thermo Fisher Scientific)S AF&3le] A|ZAFe] X Alo] whg} pLenti-PE2-BSD ZEt~v|= (YH 9 80 ng)=
EQsAy stgvh. W MAE EASAH Fo6Azl 106 2EobdF R 20 pg/nl BEEEAY S
(InvivoGen)® HEd DMEMO.Z wAEAT, EAAAA T 4.8, AEE &30},

AN 2: 49 W 9 A3 &34
AA 2-1: WA BYox =t e)2(PE2) &9 =4

uAPF Ao AdE ATs] A, AT STAvE Solue 2 e 5912 33709 JNE pegRNA SF=

_16_



[0160]

[0161]

[0162]

[0164]
[0165]

[0166]

[0167]

[0169]

[0170]

[0171]

[0172]

[0173]

S=50ol 10-2538128

3 Zapavegs Hesilo), 2R Zu)5br] 998, HEK293T AEE 16-18A17 Aol 9 @ 5.0 x 10 =
= 1.0 x 10') AEe] A= 48-9 Z#o]Eo] AWsltt. 1,000 ng®] DNA B 1 pl ¢ fEFNepd 2000 ==

TransIT-2020 EW=HAHA AJS ALgsto] AlxALe] AAld whel AXEE PE2E F5stste Z22~v|= (plenti-
PE2-BSD, 1.0 x 10 A% % 75 ng)9} peghNA &8} Ze}Am= (1.0 x 100 AE 2 25 ng)e] EFEZ Edx
A4 5}03‘4 HEA} Q1T V“i g I WY miXE FRARe]A (2 ng/ml)S FF-EHE DMEMSZE WA, E
A=A F 4, 5°‘(Endo BR1 ™ Endo-BR2®] %) B 79 (Endo-BR3)ol, AEE F3taiirt.

A A 2-2: HCT116 E MDA-MB-231 AN ¥EFo|A PE2 89 A

HCT116 % MDA-MB-231 M¥Z= Z+ZF 10%(v/v) FBS (fetal bovine serum) o2 X% DMEM 2 RPMIONA 5% C0,9)
EA4 sl 37CoANA 427 A wjkatdct. PE2 2 MEFE A7) 98, PE2 453t dEnfol# s HE S
8 png/ml ZFEAE TR WS ﬁﬁﬂoﬂ/ﬂ MOI (mul tiplicity of infection) 0.32% HCT116 % MDA-MB-231
AEZ FAEYIIATE. w4 Aol & F, MXEE 10 pg/ml EZAEAD SO EA dfoll 7€ Tt WY
slo] HATJAE A ke AEE A A .

peghNA 953t M 9 Agsle X34 HEe A shfstes 75719 ZEan =8 ZEau= goluyy 124
B P9l E dEsigivh; Zefan= ofoldlE Bl o] 474D A (Sanger sequencing)ell ]3] 28Tt
ojol A, Zelxm o] ZuRE weutoly s glolB el S AT, PE2 wE HCT116 2 MDA-MB-231 A2 &

4 G 2.0 x 10 AE WER 6-4 Zelo|=o] Agstar, WA Fwloldsta, WEuleles gho]neje
FAESIede. A QlFHlold g F, wiF wiAE HCT116 B MDA-MB-231 Ao thal Z+2 1 ng/ml F=
pRol2l 210 pg/ml ESFAEAY SE ok DMEM, ®+= 2 pg/ml fFEvRo]ldl 210 pg/ml ERFSEAIE S
£ sk RPMIZ A8kl GEE=S) 4,59 Foll, AlxE F&8ta £4830 0.

A 2-3: ARG 3

Wizard Genomic DNA purification kit(Promega)& A}F&-3lo] =3td MEXZHH Alx DNAE FE3F3iU.
Y AFES g8, B9 vE= 2 54 LS 2X Tag PCR Smart mix(SolGent)S ARg3te] PCR FZ31
o}, 747ke] AIE efolue@el e, A1 PRS % 400 pg o A% DNAZ EgaIQa; 100 A% 2 10 pg A
= DNAE 714std, A8 HelE golBgg] 2o 7008 o] dd Aotk ¥k 5 ng 9o 7] A% DNA 5%
2 80719 =HA 50-ul PR W53 33 &, AWHYES E33 MEGAquick-spin total fragment DNA

purification kit (iNtRON Biotechnology)® 2 AHA|3}FHt}. o]ojA | 100-ng BA)¥ DNAZS Illumina oJjE %
HtaE NES 25 23gete oW E ARgste] PR @l FEHAIF T

Ul FLelAe PE2 a8 5437 98, 5628 A Al PCRS ME F %7] 7% DNA 53 200 ngs X3
&= 40-plL ¥HE Fulol A itk olojA | Illumina ol9iE B vlz= HAS F2A7]7] 918 A2 PCRE
30 pl whg FulelA A1 PCREF-E S 20 ngo] AAlE AWHES AH&ate] Faalet. 4 G4 5, 449 9
Z7 &S HiSeq %=+ MiniSeq (Illumina, San Diego, CA)S AM-&3}o] A1),

A 2-4: ZEQlot® &&9 4

HAEA dlolEle] #4S f8], Fold =AHE (Python scripts)E AHEEFITE. Z424e] pegRNA 31 %4 A4
2 22 nt AA(18 nt vk E= B vl =0 Aol $1A8 4 nt AD)S S8 SRlEAT. W EA A<D Wl
owshA] e Bl §lv 54 AFS TS #E (reads)S PE2-F = Hols yehls Ao
R AT, ofglo] ¥ W PCR T%F HAfolA #AstE Wit xEldud £ A 98, okl
o UEb ule} o] T Zakot]E wikoA] PE27F ¢l W SHE wages zadduy wEsE W

AW delEE AePste] B4 FHEE A, TAGOR, AAAY BF ALES} 200 v]elw
Woehe s TehglE MRSl 568 25 pekNA X EH NG HE WA,
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[0176]

[0178]
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[0180]

[0181]

[0182]

[0183]

[0184]
[0185]

[0186]

[0187]
[0189]

[0190]

[0191]

[0192]

[0194]
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[0196]

S50l 10-2538128

AN 2-5: B4 Z=Q% (feature importance)e H7}

PE2 &85 d337] A% 54 FoEE =437 938, Tree SHAP method (XGBoost € E]lFo = FEH
SHapley Additive explanations)E A}R&3}tH(Lundberg, S.M. et al. From local explanations to globa
understanding with explainable Al for trees. Nature Machine Intelligence 2, 56-67 (2020)). 5v] Lz} 7
ol AA4w Hao stolHuEnE PHoRE 54 2 FHE XGBoost EHE FEFATE. Tree SHAP Uy ol
A, FHE XGoost RHO] zF 5A HE T ToE HAgUF FFEAT. ToE Aes, BE YA R
ol tigk 549 a3s yehia, HA 28 S A% A} o] 84 Shapley #hs 7Ivro g ALtE STt
A vlole AEel thgk SHAP #t %E% oAFAY Bt A f@E AlTste] REdA 54 Faree] dvhA

F

_1_4

AAle 2-6: Hd-7]9 ALt 2de s
(1) DeepPES] 7t

DeepPE: Y7 ALolEZRE] 912 45014 GolA Cze] W& EAW|S =l PBS @ RT 58 Zoje] 4
23g o3k eld-7lw As weoln,

B ooy a5e PE2 2 38,6927 pegRNAC] &l f-=H ZEldody A& TAYE ¥4 dolg AEZS AM&s)
g @ dolH: 47 nt W XA A4Q, 17~37 nt RT 73 + PBS Ad, 2 2071 F7182 4

T3 2%, GC 47, GC &= F 2 A=Y A olyA 5)& 2383, 72U LLEE A E-2 one-hot

A= el o3) 42k o]z wlEZ 22 HFA| T,

DeepPEE A EFA #oljo] 2 ¢33 AdH #oloE AFEste] /MAE A,

ARFA ololi= 3 nt Aolo) 107 BEE ALgste] He HA AL % RT FH + PBS AGelA 2709 2w

MEE AT olojA, Y WEE 20709 AEA 54 AANAY. @ 23 s daelmel 27 4

2 47387 Y8 FAERonw E8 oo AL Tt

1,000 e9) 9] 243 A= #olo]= WES ReLU(Rectified-linear-unit) &4 71%5< w3},

37 =9 doloje 99 A8 WS S35l PE2 &0 3k g HAEE AT

Mol Mz g md(stolwyene; ARFA Holo] 2 ¢k AdH

40) 2 51(200, 500, 1000)8] 4)& H=ES $, 58] wzak AF B¢ A¥4oz 49 &4

2 e Abole] 7HE =S Spearman AWAGE UEb RES HEEit. E5obS ARS-HA

2 A4S A3t B4 @50 FIF-AF 93k, R 85 £527k 109 Adan optimizerE AHEATE,

DeepPE+= TensorFlows AF&3le] T3 ¥ AT},

(2) PE_type ¥ PE_position?] 7N

PE_type oIzl 4 A g dia] HF Fofl 2 Z&dolvd &5 dSshe Jeld-718F At 2do]

o,

PE_position Fo% ¥4 Aol ths] HH YA upE ZEdety] &S d5ss 97 Ax =
dolt},
toks A £33 2 YA 3 PE2 &S d=87] 93 dd-w < Mdstr] S8, AEFA
A78% Al % HYEE(multilayer percentron, MLP)E& AR&3ISiTh. iﬂx} AES

A<

T

4=3J3le], DeepPES} A
gsholct. el sho] v uet
W F (AL 3E dolole] A
- 11000, 200, 50]eA] ABi= L, xﬂg ﬂc golole] Ao [50]0]A] MEE) cEoke Aitst delvE, s

2% ([0.01, 0.001, 0.0001]ell4 Aeig) = RelU &4 3} 7]%

= 2 7432&0] Q= 18709 MLP =El FolA A
#olo] & Jolq AeE) ZF 3E ool A ‘IC')F

A 2-7: 7€ 71A srE-7]uk RdTe] v
(1) 714 35S A% volg MrAES BA

gholHelg] 1& AHg3ste] 92 PE2 &§& dHolHE ATsd T4 MEH o3 Hl-training ¥ Hl-test=
Fol, TYUS wA Ade] F dHolH /‘ﬂE Fholl FHEA FEF A, FASHAl, ZhelBEE] 28 AESHY



[0198]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0206]

[0207]

[0209]

[0210]

[0212]

[0213]

S50l 10-2538128

e PE2 &8 ©|o]E|E Type-training, Type-test, Position-training % Position-test® o], 5U3 &
2 Adol £4E HolgH AHE ¥ HXE HolEH AHE Zhof FHIHA FEF 3. dlolEe AE Endo-BRI,
Endo-BR2, Endo-BR3, HCT-BR1, HCT-BR2, MDA-BR1, ™ MDA-BR29] AAlo] Al&H HA MIEgL AL+ HAE
dlole] AEd 23AIA, & dolg ME Z HAE Holg ME 3te] 4 A do] FF5A ¥FEF 33Tt.

(2) 714 g-71 2d Fd

719 1A stg &aglEQ XGBoost, ZLIUTIAE FAE|= 34 Ed (gradient-boosted regression tree),
Ay ¥ ~E (random forest), L1-f8} A& 3|7 (Ll-regularized linear regression), L2-A+f38 A3
3] (L2-regularized linear regression), L1L2-A7#3} A& 37 (L1L2-regularized linear regression),
2 SW (support vector machine)< 7|Wko & Z}7z} &&alo] DeepPEel Ae¥ HW3IFtr. Ay RdES
XGBoost I}o]% (Python) 714 (ver 0.90), scikit-learn (ver 0.19.1)& F-&#3}T}.

W& 34 Ad3 PBS B RT 59 AMd&EFH F 1 7667H o] 54l FEHAG. 1 542 AA-5H4 2 99A
-o)EA wEYHE % fREdeEE, ‘B‘OH , GC o, 2§ %3 A4, PBS 2 RT 78 ALy HA&
A7VEY A+ oY A, 2 DeepSpCas9 H<=(Kim, H. K et al. SpCas9 activity prediction by DeepSpCas9, a
deep learning-based model with high generalization performance. Sci Adv 5, eaax9249 (2019))E X% 3}%1
o}, & == A S a1 3kA| %3l 7] AAE AFE-gk =2
(https://biopython.org/docs/1.74/api/Bio.SeqUtils . MeltingTemp.html)oll olal AALE AT, A F3 whebn] g
o srolsebule w4 FolA B AEe s, 5o W A SRS

XGBoost @ LUAE FAE= FHA Ezle] A% aiv]e] stoldveiuE AN AdE 14447} Y w

S AT W]~ FAe 4 ([5, 10, 50, 100104 Aeg), /N 37 FAZF] Hdl ze] ([5, 10,

50, 100]ell4 Aeig), @Z(leaf) =20 Sl HA BE = ([1,2,4]904 AdE4), 35 £&= ([0.05, 0.1,
]/ﬂ /HEHE]

WY EASES A, KGBoostol Tl A% £EEB A PY] UdY EAS stolsstetry FHelA e
F UL Y 2eE A8 A8 Eespli0E 2 @ 2@ Ad 59 48 AAGAH(RE
;?‘_

A, BE 54 AuZ, B 549 o)xl Z(binary logarithm)]oA] A=),

2 % L1 Lz—ﬂﬁﬁ} g ’?494 A%, Airet sehiee A8 98, 2 A 10 3 107 Abe]

SWe] A%, 37] stelHuerE2RE 144747 P 2ES At e delng ¢ 2 AY vl g
y, 103} 10" Apolo] #53 AR 1274 4.

A 2-8: TAA FAH4

ME THE pegRNAE ARE3H A9 Afolo] Zejololvd ad&S vasty] 98, Akt (one-way ANOVA) -

Tukey®] AMF-7A& AHEsIlTH. o5 R o5 4 749 Spearman FddAES wlastr] s, 423 o

g dlolg AECNAM F Ao 5 duAlsE HAES: Yl Steigerd] HIAES ARSIl Fhol-AlE H
=] _Z'__ fe)

2EE Fdste] 34 A9 9 S do] % RT 19] 714 a&2Ql 3] A¥d w9 ol F v
H 1o #AE 443t 7}01 A A4 Ag=E Fol7] 9, F FeprEe B &840 x£F o] A
BE o= 10% Pvhe] ZEidotdy 885 Yl X3 A9 404 AU, DeepPEE AFE-51A
s Folxl 324 Aol 7] AT AFAEE AREste]l MEE PBS W RT 3 HolE ZEE pegRNA
o] PE2 &&5 Wudtr] sk, two-tailed paired t-EHIZEE AMESITE. TAA FA8E& AA3s7 94,
PASW Statistics (version 18.0, IBM) % Microsoft Excel (version 16.0, Microsoft Corporation)& AF&3}
ATH.

A 2-9: dolg 7H8A4

o] AdAF-e] HYAIFA do]elx= NCBI Sequence Read Archive(SRA; https://www.ncbi.nlm.nih.gov/sra/)ol
accession no. SRR11529289% A& ).

Ad 1: =348 && Holge 3

PE2 &9 nAeF 24& S, & shelrnde] HHe ARkl
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Zeplelty 74
ghojB ] 1 2

H

H

SS90l 10-2538128

2 E2 F4 AL HellA ARATE AGA A EH=AE HERE JfE=elt).
52 48,000 4] peghVA-9t& 38t A 2 gt ®A AA(=2,000 B2 MD x 2470 =T PBS
/x4 Ad)e EFehe SPanIdeEs 25 dolnde] 12 e el s Sehan

2 Azxstgth.

[ wa i

PE2 &8 tig PBS 2 RT F& oo 9IS H~Esy] Qdl, golndds Y7 FA(HS 14 HE W
92 22)ERE] X 45904 GollA CRY AF EQWolS fFEdtE, 2,000 &9 7loj= @ F 3 o o
2471¢] Aloldk PBS ¥ RT 3

12, 15, 20 nts) = 247] 23S 233, =, 48,000 (=24 x 2,000) &2 pegRNA 2 E 4 A

Zdole] z=3H67) PBS Ael(7, 9, 11, 13, 15, 17 nts) x 47} RT F3
g o

3 PBS % RT 73 o] olslo] olxte] G Wrhely] glal, ¥ WHAEL eolney 2

[}

17d-<] BMHEME 8L, o] 6,800 49l pegRNA-t= st M R et 24 A4
2E A

h

# Qs WA A, AY APl A, A mE

a
ot
fol
o
lo
k]
2
AC)
ot
i,
)

)
_>|‘1_4
lo
=

iU

i
S
Aui

5 4] e wheh ghol,
0.3 MOTell A A= E}Olﬂﬁiﬂ—a— T
ojmelElel A 7} Al
ZE PR2E 4333 }~ A
shoitt. PE2 SehamEm AAATIAL 49 b

HEK293T A28 Zepesw= elolneje2re) A4d Aeulolgsz FAxEg s}
3]

%53 JARYHA ge ALE Faviel Adel ofa AL, o 2
& peghNAZ WAshn Agshs BHE EH ADL EFBTh olold, o] AE eholmel
= FARLAIIL GARLHA e ALE TelaEAa Ade ola) A

o, Al DNA(genomic DNA)E A|¥ 2R E Eg sl PRS-

casel B4 ARE FEAAG, AFARL GAAAG PE2o] oa) A EeAvo] NS 3HAA,

mEd, Zekavns dolB el 7hv)e] 8.5% (=12/142)7F 7hel= NE, 2AHEE,

24 AQ Qefoln sh} olge] BAvelE FHaRn, ot LuRIULHE 4 2
d 9FY k. =, Aelvtole s WEE Abgetel ALY FAE FAT W, F )

© 5ol e whel 2ol
E e s =
geow, AN
nololAel Y FE

rlo

WY, b

o

691 hERd sl
(r)=0.692.% ey,

=4
d g Ak, AE golHeg oA pegRNA ¢&E3t AL} vtmE-x4 Ad 7o HAFH
UERRTE. ol EAWelA E= AAF A g zeddude] A HAEA
H PE2 E&S A PE2 89 87% (= 100% - 8.5% — 4.2%)Y Holt}. o= =
b BEE PE2 E8&S 25% x 87% = 2299 ZAo|t}.

o], 7] A2 dlolE] M Eo°|A Spearman] “F¥ASF (R)=0.59, Pearson® a-A4
A

A3 ABaATE AATH

coholBefE] 1 9 29] 54,83670 pegRNACIA F-2tej= AH®E 20 WA 319 WilA FlellA PE2 m&o] A

2¢ 6 ol AE
BR2-TR2, Endo—BRZ—TRS,
FAggAA.

2 QyAsedrt. AAdE dolEl NEE Endo-BR1-TR1, Endo-BR1-TR2, Endo-BR2-TR1, Endo-
Endo-BR3¢]t}. o]& A& olA, pegRNA @ PE2E ¢ a3lsle Zapin=d gAjZ oz

g 9ol A S4% PE &3 FEetke SR EA ALelAMe PE &8 o] FHdAE vEd
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[0231]

[0233]
[0234]

[0235]

[0236]

[0237]

[0238]

[0240]

[0241]

[0242]

[0243]

[0244]

[0245]

[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

S50l 10-2538128

N

a
2
=
r o
ox
4z
fo
2
R
o,
o)
e
\]
k;o{r
o

R Aeshs TdE 34 Mol PE2 28 3

Hir
flo

= S wrEojok s}, whebA, PE2-pegRNA 2 Cas9-
sgRNAS] EA4 S =& AATAATE & Ao® JAHJT. B AHRES oldel 2,000719] EA A FelA
Cas9-sgRNA &4} #HE indel RWEE H7FY(Kim, H.K. et al. SpCas9 activity prediction by
DeepSpCas9, a deep learning-based model with high generalization performance. Sci Adv 5, eaax9249
(2019)).

= 8% Splas9 = indel W% 2 FUS T4 Mdolx AAYE PE2 58 7+ AATAS veld Ao},

T o9& a}olﬂaa 1& AF83ke] SpCas9 Fr= indel R1%= 2 Fdsk ¥4 Mo ZAH PE2 && o] 3
HAE YelH Aol

= 8 % & 99 Yehd nle} o], Fdsk kA A FolA PE2-pegRNA % Cas9-sgRNAQ] &de] A#AdS H7)s)
Ge u, g AAAACE BEFJC. A3 FBBAIE obd HFe @A BEHE olfE ZEdelud
o] Cas99] indel A A T e F7HHQ FAHS oz 37 yad Aoz ALHIL. o5 59,
ol e B4 pegRNAS] G AL, 5 &3 Ao, 2 DNA 545 g3t}

Folzl TA MoAe Zatelot]ege] A PRBS W RT F3 dolo thekst x3to] Meld 4 9lil, pegRNAY
A olE F 999 dol= gty a&d AP g vtk a¥ER, e ® 2,000709 ¥4 A
Aol A PE2 &gl W3k Ao|dt PBS B RT 3 Zdoleo| &S Hrlsdct

X 102 PBS ¥ RT 53 Zo]¢| PE2 &&° gt 93-S Yehd Zlojt}, S|EfE Foix1 Ze]9] PBS ¥ RT +
%oﬂﬂ He B 28S Yehig.

= 112 PBS ¥ RT 58 Zolo ity F&of o
2 14" 49, ot dole pBSelA e PE &&; (B)
_7'_-_

. F%'L
of
099
o
v
ul
=
POy
o
®
=
=
)—]
N
oft
(o
i)
o
rr
—
o
=4

5= 10 3 11ell urEbd whe ZFo], PBS B RT 4 Aele] Ztzhe] =gl tisl W AH ads Ataesls o,
GEREE BeFar; 11 WX 13 nt PBS 2 10 WX 12 nt RT F3& 2 pegRNAZF AHSE W), i A+t
aE (13.4%)°] HEH A

& 12 501X PBS Aol R RT 59 ool thal 5% o]/de] PE2 &&& 2= pegRNAS] WlXko|t},

njeke] HH 28-S 25 pegRNAS WIE; (B) Foxl

T 132 (A) Fo0% PBS do] € RT 8 dolo] 3l 5% 7}
H &EEE ZHE pegRNA9] ®lko|t),

PBS o] 2 RT 58 dolol thal 5% o]4e]l |
T 12 3130l yreRd mpep grol, PBS HORT @ dolol we} 5% winke] PE2 &S e s F4 @2

pegRNAZ A o]dt A2 peghNAQ] 28%~81% (H 43%)7} o] Jhejaiglel] &3k th. thA] 23, peghNAS] 19%~72%
(A4 57%)= PE2 &&o] 5% o]AtolfTt.

WowEAEe PBS W RT 79 ol AA e wH Ad we Auxe wastd, veb, dgow
PBS % RT 73 Aoldl 7} xfe] Folrl EH AD I Y ¥ AY BES bt AT FEsEAE B
seint.

% e Foldl ¥4 MY 3 Y e AY GHS FESHE PBS % RT 7Y o] 2@ WEE vehd 3ol
o,

g AEe w13 7 A dA 7P B8 A pegRNAS A EIE of PBS B RT & ol 7} 3o H A
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[0252]

[0253]

[0254]

[0256]

[0257]

[0258]

[0259]
[0260]

[0261]

[0262]

[0263]

[0264]

[0265]

[0266]

[0267]

=50l 10-2538128

oin

T 15 7 BACA 7P & Hy &£8S JeERd PBS B RT 8 dolo] S A w A HY 885

X 150 YERA whel o], PBS ¥ RT 538 Zoleo] olujgt HA x3toA Ht HY &2 PBS € R
Zol7t &L w 7B =g (dE o], 7 nt PBS & 10 WA 12 nt RT &), PBS &

we} 7FAskglv.

Zgslwl, o)2 3t Aylo] wtEw PE2 &9 %7] H|AES 13 nt PBS ¥ 12 nt RT 3
HAE 9 X 15 nt PBS 2 10 WX 15 nt RT F3 o w2 IG5t Ao AFZHATE= 42

wek AAAR WA o® PRz 583 #HE gE eSS B fd, thEo® pegRNAYA thFdt g9
&3 =%, GC &, GC &, % ﬂi A7HES X}% ol =], PBS ¥ RT 3¢ Zo], DeepSplas9 H(F01%
T4 AdoA ArH o oF% Casd wEalobAl &4)(Kim, H.K. et al. SpCas9 activity prediction by

DeepSpCas9, a deep learning-based model with high generalization performance. Sci Adv 5, eaax9249
(2019)), B BE HA-9EF 2 AA-FHAQ] H- 3l tp S L=t 22 A Ad ARE E9det
= 1,766712] 5AES A}83}o] Tree SHAP W (Lundberg, S.M. et al. From local explanations to global
understanding with explainable Al for trees. Nature Machine Intelligence 2, 56-67 (2020).)& Z~33}%}
o =& 54 gl 2 Zadldud &3 Jd4HJES W, 1 542 HE(favored) SR oE ${HEL; F
54 gho] W2 Zaqlot® a&3 AAEAES o, 2 5AL ¥ dS (unfavored) S SE /3T

rlo

16 Tree SHAP (XGBoost classifier)ell ¢la) ZA¥ PE2 &3 dAxd 7P =23 10719 EAHS Y
o]},

% 172 Tree SHAP 9J3l 24 ¥ PE2 a&¥ dA#d 7P 583 1 WA 5184 54 Yebd Ao,

ST

= 188 Tree SHAP] &} AAH P

@3]
\\}
ol
o
i)
re
=
s}
N
o
ofy
fo
S
()]
Do
=
N,
—
(]
(e
'
)
n
o,
o
T
fu)
£
o
o
O

A MAR 8% 5F A& 1
W SpCas9 =% indel W= 2 PE2
PBSel A GC 4=(favored)> F WA= -g}lf}f_ o]
A= 7P sa% SHAR (= 17). ?%%E% GC (G =& C
Axker 5 k. o] Aol LE}_E'.‘?E, PBSO A =2 GC o
ZHgh= FE olalE & glon, o] Al Hestt.

% 19 PBS B RT F3ellA GC &F 2 GC 9] Zepdleltd a&oll tigh daks vepd slolth.

kA, PBSel A9l GC e (favored) = 11WH
ZYQ0EE $)E BE DNA 7l dol®
pegRNAS] 3% DNAS] 4 7}gho gt 73k

= 199 yERd mRe} o], PE2 & thd PBS, RT 3%, % PBS % RT F32 gl A
deS AAHoR HrsledS W, PBSY GC ¢ 2 GC 47} F7hstol wlgl PE2 &8 U 2
k. PBSE] GC gh&Fo] 30% Wwkd wj, 15 nt9} 722 71 AojdA Hdoezw =& HIY gso
PE2 E&°] BE HZEHR PBS Holol thafl £4 Xatgict. W=, PBSS] GC §e] 60% ©]% =,
WA 11 nte] dol2 @EA 7= o] 4 =& PE2 85 ZYsIYTh. olgld Ao 7]1x8ke], GC o
Zk7} A0% VRF EE 60% o] 4d A9 77 Zolrt 15 EE 9 nt¢l PBSE ARl Aol AT,

a8, RT %fﬁﬂ GC &% 9 GC 4+ PE2 &&ol oF7te] F3vhs w3, GC A seprgrt 1;1 =AY
23S w) PE2 ®&o] WolxE Aol Jdut. olEd Axel 33H A, RT 8 GC 3 =& C 1 40714
o 7t Fad l:—ixgoﬂ EstE A ko).

Al AR B O AR a3 542 7hz) PBSO] g8l &k (favored) 3 RT F&oll &-838h= 4 DNA 999
Fol REQH(S, ZR2EXAT A Q15 REE|Z (protospacer adjacent motif; PA)E st 7=z v 7}
g Abol; EellA "PAN-RED Zhetolgtar & o] B §3 2%7F 35CHT =& Wk disfavoredd). H&
PBS &3l %% PBSAIA =2 GC ¢ A= 7Fsidol dar, A DNAo| uist pegRNAS] PBS << 7t

I AAHo], A WSS =T Ao

nm H
i

&= 202 PBSS] ol &% % RT o 45k %4 DNA 999 Zetddaly ol 3 F&F= ek

S
fol
»
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[0268]

[0269]

[0270]

[0271]

[0272]

[0274]

[0275]

[0276]
[0277]
[0278]

[0279]

[0280]

[0281]

[0283]
[0284]

[0285]

ot}
& 200 “ERd mhel gEo], PE2 &&I PBS g8l 2= ke @AE AR 23}, PBS &d 2:=7F S7beel w
2 PE2 EEE F7hehe % olstoltt, RT F&el Agehs HA DM 499 g8 2=/ YT Fow, 3
o 2= o]g}
S

7

N

ZHe] 5 THoR9] AF F, JHALE DNA ML
PE2 &&7 o] 499 g3 &% 7t

Ao FoaAE A uk PE2 Fg&o] 7HAstE A dko)

Y AAZ F83% 542 RT + PBS oA U02] Folt(disfavored). ©] 542 pegRNAAIA] th=<] Udll 3-8
3} pegRNA- 5.8} A Foll A thg=2] Toll 7|QlshH, o] RNA Z|WEhA] 1119 23k AAL 58S ZAAaAA, Al
¥ peghNA 55 #AAZ 4 .

A% WA B oy AR Fad 5 77 W 324 AdolA A 169149 T EA(disfavored) 3 9
A 17449 Co] EA(favored) ATH$IA] 12 NGG PAMCO.ZH-E 2004 FEHLEHE). ol Aol w=d, ¢
Al 16914 9] T FHad Cas9 FrEelopdl A3 Avbdnk, =3, 94 16049 T= PBSOlA GC =5 #4A7]
W, ol HHAF, 53] PBSS] dolrt &S wel wieEAstA] et} o -Er 7HA mvkE Adshd 914 169149 T
7h X WA E Fask 5o "k fARSHA, ol dATtel wEw A = O7F 914 179 S W, Cas9 =
gopAl &igo]l Ftekdtt. EE, A 17914 ] C= PBSOlA GC ?% S7HA, qHAE EolstAl g, o
T 7HA &3] 232 94X 1790149 CE favoreddr 54 o2 =T

N

A3 HA, o}F WA, L 12HARE FQ3 EAS RT @ PBS Zdol(Yukd o2 disfavored), RT 8 Zo](Ho]
7} 4 wjwt disfavored), & PBS Aol (AW+H o 2 disfavored)$ith.

10HAZ Fa% 5L H5o 374 Ao HA 249 Golti(disfavored). =d AR5 GAlA O A=A 22
ol GE AT FHolal, ol PAM HHE oF7|sle], Cas9o] %4 A Foll AAT

Add 4: ¥ F79 HPd AP Zgdelt® &8 B}

o=, gtojHue g 2014 6,80070 pegRNASF 324 AE (= 2007 £4 A€ x 1 PBS/EA AE x 347 RT
F9/EH A)S AHgstel Vs B B7e) A AW el Pz &8 Bl AE Ao 495,
indel vs. A% ), AHE A%, D AUHAY AAE A= Fo 4] P2 EE) W 3T
& 29sa.

=

e
ol'
o
s
PO
o
=)
o
s,
o
i)

=218 1-bp Y, 24
T 22¢ AYE wEYLHE 3 2 59 PE2 &
4

= 232 A2 doleo] PE2 @&l wigh

94, 1bp A, 1bp A4, B lbp ADS A4S ENE BT, Avgel mEe Y = A4 =
Apoz #9118 uﬁa om, A A EE kel Aol EAMoR fel3e HAskArhE 21)

2T, AR FEALEEe 49 3 5o ZAQdE AR e @ dae B, 498
doEimel ofolRlElElsl 1-bp A} EEl AL MAA LS B, AW FFAH=S £F 1
bpoll 1 2, 5, % 10 bp= FARAIALS W, AHY EES 1- % 2-bp AUS WEeka, sbp Al daAE

y H =
stglom, 10-bp AHel thaiAE 2o dasrh(e 22).

EAo, 1-, 2-, 5-, % 10-bp A W3 PE &S H7IEG L, PE &8&0] 1-, 2-, & 5-bp ZAA] thaj H]
%38k, 10-bp AAd Wi s ZA FasUTHE 23).

tggow, Xgd FZYLE = olo]dEIE]] PE2 E&ol et J¢FS ZAEII Y

T 24% A3 -39 PE2 &&d Uik JFS vERA Aot

= 240 YERA H}Q} Zol, W XA AGolA A 173 18 Ateldl ddsteE, U FHESTH 93X 4104
BE 12709 71ed 89 1-bp XS ElAESIQaL, PE2 &) Xge] fdd wel ozt tgErvhe AS 8
13FATE; Coll Al TE«] e 2 Tl GRO WEae 72+ /Mg =2 PE2 a8y /MY WS PE2 A8S HoFR
th, o]y gk gk 7|AAQ 5FES A7) &, RT FHo2HE AAE cDNAGA % 121359} PAM-

2 7]
) el gt %‘T%aﬂwz Apole] YA <



[0286]

[0287]

[0288]

[0290]
[0291]

[0292]

[0293]
[0294]

[0295]

[0296]
[0297]

[0298]

[0300]
[0301]

[0302]

[0303]

[0305]
[0306]

[0307]

SS90l 10-2538128

C-AStA-C# = A-GHG-A%. o7, T-GohG-T% 253 A-GShG- A% 1§ 7be] Aol
= BAM0E ROSPOBE, cDNASH PAI-UIT) Jheh Atelel QA 971gel PRz Rl 4TS F + AeS
AAEAT. T FEUALE = Abolel A dvIge] FAdHUS W, S 5o T (cDNA) - T (PAM-wFtf 7}
B %algﬂC) GG 0 CoRA-4 o A% 44 T2, 014 62, Gl €2, R T
<

T, 9 BeES E1 19, +11, R +149} 2 Folgh AN AT U LEE Abo]o] YA 174l 9

250] BRI wleh 2ol RE 37)e] HlaE © fA6lA 47]9) BlaEd @] & WEEan, ot 97

+5, m+ﬁ°ﬂml} dnbH oz nl5s) Hﬂ-ﬂﬂﬂ
7P S Ay mde] REHAY. M =L A9f 58S 9 {%_QOM

=3k wpel o], PAMe] HF A %2%,%wgﬂE§A%§]ﬂﬁﬂﬁﬂ*wﬁ4ﬂqqs%ﬂ§1]§@4g
DNA 7heh& 978t

WA +14 B9 RE HAEH A A +3,
Eis 1y
A

2
+
a1

pue)
+
@
[*p)]
[ep]
é
Lo
=
2
é

PE &&ol thgh PAM 9] o] J&FE 2-bp A2k T&o] H7HHAE wol wEd 5 3.

I 27 270 1AelA 1-bp W A|3ke] e AR fA ) Zepddely® adel] W d&FS vEkd Aot

I 270) oERd wpep ol vpeFRt f1A|elA 2-bp A#kE AAStgian, PAMCl iR HtE W (914 1 R 2,
A 1210, 914 2 23, 942 2 2 10, == 914 10 € 11°] AFP)IBT} PANAIA sy == & BT
FELE = (912 5 2 6)7F AHHUE (el AA 135, 913 2 25, 914 5 *H 6, 914 5 ® 10), A
ol =

% 288 % 27 A9E F A AM 9N 29l Al WE A AP A NEE vehd Aol
% 20% F o] RAQE sl AR BAY o Zerqelty B4 A%E vehd Aolth,

A YA7F PE2 &gl dEFS v X= A9, oFAE SpCasY thil thE PANS 143l Splas9 HO|AE AL
W 5 A MAolM PE2 28-S FAAA 4 Jdu. FuEAE, F Y odrd #HF F Holk st &=
HoAge] Aol 2097449 Fdgkel 22 109 A 7= 28 2 & 29). o]2fg B dANES YA
et 77k Aol ET | 94Xl o =%k, F A ke At SURgtel wek S7st
Hole}.

Add 5: F3 7|6 4F 2l HF 1
(1) 54 R3¢ #HAdA PBS 2 RT 73 Zolo] W& PE2 £&S 45317] 1% 2E DeepPEe] A4

e
p
tlo 4o oo ok

7

otk

ol
rir

A 0o e, P PES L RT FY AR 2% 207kl A2 O pesins} 4 ol FE Foldl 3 A
],

=
HolA PE2 &5 o538k ALt E“% 7

ﬂ e

48,000 *9] pegRNASt 334 MES zte gholHey g 1§ AMESle] 42 PE 82 749 A&
dlolg] ME=Z Ura, ZFzZF Hl-Training (n = 38,692) 2 HI-Test (n = 4,457)% Wwsldrt. ojuf, T 719

dolel AE 7t 5U% £4 4G FHA B2 Sk H-training® $A dlo|E|= Abgste], Lejq)
otigol 917 +5ol A Gol A Czel WS S5 AAE B PBSS RT 53 dole] A= the 23 2% 2
of peghNASH A& ol = Folxl HA Aol PE2 B&S AZ3] 98 AN 9L Agskar),

@) 4% 3%
% 30e AHEE ZA S T ae) e os mde)

& 3000 yteRd mRep 3Eo], wx



[0308]

[0309]

[0310]

[0311]

[0312]

[0313]

[0314]

[0316]

[0317]

[0318]

[0319]

[0321]
[0322]

[0323]

[0324]

[0326]
[0327]
[0328]

[0329]

S5S0ol 10-2538128

% 312 vlo]E] AIE HT-Test (pegRNA B % M2 4] 4 n = 4,457) % Endo-BRI-TRI (n = 26)F Ab&-3
DeepPE®] 7} A7E ek Holt}.

L= 323 DeepPEE dloJE] AE HI-TestE AHET UE o5 Rdda} s Hlug dajolrt,

% 332 pegRNA ¥ PEZ—E— 5 3telE ZetAn =S HRK293T A2 UAJZ EdAd)
PE2 &5 FAst] ¥ 6719 dlo]E AEE AH&-3 DeepPEe] H7F AFE vreERH

% 31 WA 33e yERd mpel o], HIZE dolE AEZA Hl-testE Ab&3te] 71e A3, dHejd 7y &
2l DeepPE= 71E VAl EHS VW R 3 2 EdS FU1elth. HZE dolE MERA QI F9le
9] PE2 B89 67) wrEAE S Alg3le] H|~ES A3, Spearman ¥ Pearson A@AFR % r)E 44 R =
0.67~0.77 (33 0.73) % r = 0.63~0.74 (33 0.69)%13L, o] DeepPES] W91 F-9lollA PE2 &8-S <53}
= A5 s YERAT.

DeepPE F#o] AL&¥ 4 gl T4 Hdolre F el Fr714 el A
& Hrtsisio.

= 34% HCT116 2 MDA-MB-231 A|XEE A}-8-3F DeepPEC] 7} ZA3E LElH Holt).

T 340 YERH uie} o], AEEH @ 7|2z wrEAFH AR DeepPEE 53 A< vENQTH. HCT116,
R

= 0.70~0.77 (H+ 0.74), r = 0.57~0.61 (F¥ 0.59); MDA-MB-231, R = 0.76~0.81 (F 0.79), r =
0.62~0.65 (H4F 0.64)% JEFST}.

D

[

-3, HCT116 % MDA-MB-231°l 4] DeepPE

Folx A Aol tall PBS @ RT 58 oo 71 aa4d ¢ (24719 7Fsd 23 Fol)E& A=)
A% DecpPhe] &2 R

%358 Fojx #H AdolA PBS ® RT 9 ol 7bsd 247 2§ FollA 7HE ae4d 23S Aesy]
93t DeepPE % WO A% H|WE UEd Aolth. o Eo], "13-nt PBS & 12 nt-PT template"@ %4 A4
of Al flo] ol Aolo] 2Fe Aystes AL or|dtt. 7] A5 A A 2 BE 13-nt PBS ¥ 12-nt

al =
RT & (RTT)& AH&star, dao] we} RIT dojg WA= Ao s viAY 3 72 ULH=2A (8 A
sH4 e A 7INte R gtk AGAE AdlA, wiAY F3 FEEQE =) GolW, 12-nt KT} 10-nt RTT7F
Aeiect. olefdt WA F wiAe =3 72U LB =7 vl Gold, 15-nt RTT7F AdEievh. 734G BollA, nt
ARt 58 FEULE=7F GolW, 12-nt ®v} 15-nt RTT7F A8dn), oj2jgh ¥4 Fo npxw 8 729 2H
=7 A GOl 10-nt RTT7F Aei®th, tiato 2, pegRNAE 2912 AdEstlth(Random 1 % Random
2).

= 350 YERA mEel o] DeepPEE AFE-3IS w) Hy Ad) 2 At PE2 &2 7247 1.2% 2 8.3% k. o]
= %27 AFE 7)dto g 3§ AAAEHE, 13 nt PBS ¥ 12 nt RT Y& AMgstn, npx|uqt iﬂé TEELEE=
o GZ AHE3HA] RS ARt AL agRT f9FHoR ).

A

2] =

E, omE HYL 98], el BA Adol 9 & vk o] A%, DeepPEE 7MY BE EEE YW

A A DS AEsy] s 583 Aol
Agd 6: JHE 78t & 2D HF 2
(1) B3 #3 2 9x9 & PE2 E&L 4=3}7] 913 =9 PE Type 2 PE_position] A

AAle 2-6o wEl, holHelE] 28 AREEte] P& HolH MEE Ab&ste] WA FFo| WE PE2 288 o=
371 93k Ax 29 PE_Type 2 AZ] 9o & PE2 58S <537 Y% A4 =9 PE positions 7Hetst
STt

dlolB &g 28 Algdle] 98 d"o]Ei= Type-training, Type-test, Position-training, % Position-test®
o] Fd ol AES H2E dolE ME It 34 Aol FRHA FEF It

(2) A5 A5

=)

L 362 ARRE 71 St ZEld el whE PE_typed] wzk A AdE dEbd Aot
&= 372 ARgE VA e el wWE PE_position] wak 3 AdkE vEbd Aot

% 36 % 379 YEFH v} Zo], Type-training % Position-trainingS AM&3 wx} A= A3, dd

e
o
[
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[0330]

[0332]

[0334]

[0335]

SS=50l 10-2538128

E7} 7 s A
7HA AfAdA, Held 7o B4 AE % pegRNAZ <3 Alstd HdeS YEAY. Type-
test % Position-testE AF&3le] H7}51 S W, PE_type % PE_position, ¥Y ¥HAE-7|q ndo {8

3t %S et PE_type, R = 0.47, r = 0.48; PE_position, R = 0.56, r = 0.56.

AR -3 Zadeaske] Aols AR oA @t F
o

=

webs, BE 7hesk PBS B RT & HolE 2= peghNA B 0% vhddk =g #F
T4 ALolX Zekdlellty &85 A7k Aol v 188 Rds AN 5 3ls Aot

2 odgxs5e Folxl FA A Yol thdk DeepPE, PE_type, @ PE_positiond ZA#}EZ Az A ES
http://deepcrispr/DeepPEoll A A F gttt 4 AMEE Egate AES d4std, 47 4 &2 2 34 A4
S AWsta, w8 ME T F 57719 pegRNA (DeepPEol Al 2471 pegRNA, PE_typeollA] 2371 pegRNA, 2
PE_positiono] Al 107} pegRNA)ol th&l &A% += PE2 &85 #|-&3it}.
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EH2

Library 1

1) GACAGCGCAAACTTCTCACC
2) GCACATCTTCCATCTCCATT
3) GCTTTGTATGAATAATATGC

2.000) GGCACCGCAGAAGCTGATAT

2,000 X 24 combinations of

PBS and RT templates
T~17.nt

guide sequences

P8BS template

S
R —
R —
P ——
e —

e
e C—

S —
s

Six PBS lengths
(7,9, 11,13, 15, 17)
X
Four RT template
lengths
(10, 12, 15, 20)

24 combinations of
PBS and RT
template

SEditing position

= 48,000 pegRNAs

200

guide sequences

Wide target sequence

X 1PBS X 34RTtemplates = 6,800 pegRNAs

Editing positions
Transversion at position

1) GGAGGTGGAGCTGCTCTACG S—— ;:.6?1' P +8,+9,+11,
2) GTGGCTGCAGAAGCGCATCG ——
3) GTGTCCTTACCAAGCGTGAG ] Editing types
5 - — 1-, 2, 5-, 10-nt insertion,
i deletion, and substitution
200) GCGCCGCTACAAAGCTTTGG ———o—5—  alposition+1
Lib 2
iorary Two-position editing
om— 0_'3__9_ Transversion at position
M e 142, 145, 1+10, 2+3, 245,
2+10, 5+6, 5+10 and
© Editing positions 10+11
=93
PBS RT template
17 -16 . 2 1,41 +2 +19 +20
X Edit
(-4)eee(-1) /1 2 16 17 18 1920\ PAM 36 37
5 71 57 23 s
TN P e
=04

Oligonucleotides
Barcode

P
encoding  sequence
sequence  with PAM

P y .
s > % > -J:};::I’ Transduction
-c:_:b-ms-‘_—-

egRNA- Target O {:} *7 %8

Puromycin selection

Plasmid library Lentiviral library

N2

S0
HEK293T cells

Blasticidin selection ——
——mmo—
Celllibrary ~Iransient transfection —

of PE2-encoding plasmid

Prime editing

Deep sequencing
of the target
sequences & data
analyses

_27_

SS=50l 10-2538128



k1

Prime editing efficiency at integrated

(%, replicate 2)

g
>

2}
o

i
o

o

target sequences (%, by PE2)
N
o

R=0.92
r=0.88

T T

20 40 60 80
PE2 efficiency
(%, replicate 1)

R=0.59
r=0.69

0 20

40 60

Prime editing efficiency at

endogenous sites (%, by PE3)
(Data from Anzalone et al. 2019)

EH7

PE2 efficiency at
integrated target sequences (%, by PE2)

Endo-BR1-TR1

Endo-BR1-TR2

number of
neighbors

= 10,000
5,000

Endo-BR2-TR1

R=079 40 R=0.76 40 R=0.77
r=074 3 r=0.72 r=078
C 30
20
10
0 - 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Endo-BR2-TR2 Endo-BR2-TR3 Endo-BR3
R=079 40 R=0.79 40 R=081
r=0.80 . r=078 r=0.72
30 3 30
20 20
10§ 10
0 p o
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

PEZ2 efficiency at endogenous sites (%, by PE2)
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=8
100 R=0.57 number of
) neighbors
§ 80 r=0.56 50
= 40
g 60 30
.§ 20
% 40 10
o~ 20
3 B SR T 3
O o | SR
0 20 40 60 80 100
SpCas9-induced indel
frequency (%)
EH9
Total pegRNAs
100 1
R=0.49
. 80 _ r — 0.45
2
>
S 60 -
Q
9
% 40
o
oy
20 {j
0 20 40 60 80 100
SpCas9-induced indel frequency (%)
EHI10

RT template length (nt)

Average PE2 efficiencies (%)
PBS length (nt)

7 9 11 13 15 17 Al
10 77 92 [110
12 & 9.7 -
15 58 10.2 108 84| 98
20 3.2 6.5 8208ENE20 6.2 | 6.9
All 61 101114118 107 8.4
0 S— 3.4

Average editing efficiency (%)
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H11

]

Prime editing efficiency (%)

60

1 13 15 17
PBS length

=2

Prime editing efficiency (%)

Frequencies of pegRNAs with
PE2 efficiency higher than 5% (%)

PBS length (nt)

. 7 9 1 13 15 17
£10 42 62 68 69 67 58
= —
D12 42 64 71 72 69 61
Q
E 15 34 59 67 71 67 57
©
w553-20 19 42 55 59 56 45
[
EAII 34 57 65 68 65 55

19 =

Frequency (%)

EH13
a PBS length (nt)

7 9 1 13 15 17 All
E 10 58 38 |32 33 42| 39
§,12 58 | 36 39 37
& )
p 15 66 41 |33 33| 43| 41
§,20 81 58 45 41 44 55 54
éAII 86 43 ss.ss 45

28 Frequencies of pegRNAs

with editing efficiency lower than 5%

All
61

63
59
46

| 72

o

RT template length (nt)

[=2]
o
)

0 -
10 12
RT length

42

42

15 20

PBS length (nt)
g M 13 15 17

62 68 69 67 58
84 71 :’"jﬁ:ss 61

59 ST AN 67N 57

42 B5 159 56 45

19

57 85 ‘68 865 55

Frequencies of pegRNAs

All
81

63
59

48

72

with editing efficiency higher than 5%
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EH14

Relative frequencies of the most efficient
PBS and RT template lengths (%)

PBS length (nt)
79 11 13 15 17 .All
10 3.8 NERRTENGHE 4.5 2.1

12 2.8 9.0 88 92 80 2.7
15 1.1 45 44 56 28 1.9
20 02 06 14 20 19 16| 7.7
Al 8021 22 28 17 83
0! T 41
Relative frequency (%)

RT template length (nt)

EHIS

Average PE2 efficiencies when the most
efficient pegRNA at each target is selected

PBS length (nt)
13 15 17 Al

£ —_—
©12 il 21 21 20 20
5 J
o 15 17
=
o
2-20 16 7.3 12 10 8.0 7.6] 10
]
— AllEZS 18 18 16 15 13
o
Average editing efficiency (%)
EH16
Feature rank High
DeepSpCas9 score 1 I
GC counts in PBS 2 | ]
Tmof PBS 3 2 -
Number of UU in the PBS + RT template region 4 © =
Tm of target DNA region corresponding to the RT template 5 ; -
T at position 16 of wide target sequence 6 5 o
Length of the PBS + RT template region 7 ® (]
C at position 17 of wide target sequence 8 & ]
Length of the RT template 9 .
G at position 24 of wide target sequence 10 =
010001 "% 0w o002 oo

SHAP value Mean absolute SHAP value
(impact on model output) (Average impact on model magnitude)
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Feature

DeepSpCas9 score

GC counts in PBS

Tm of PBS

Number of UU in the PBS + RT template region

Tm of target DNA region corresponding to the RT template

T al position 16 of wide target sequence

Length of the PBS + RT template region

C at position 17 of wide target sequence

Length of the RT template

G al position 24 of wide target sequence

GC contents in PBS

Length of PBS

CG at position 21 and 24 of wide target sequence

Tm of the wide target sequence

A at position 21 of wide target sequence

MFE of pegRNA

G at position 27 of wide target sequence

C at position 2 of wide target sequence

G al position 1 of wide target sequence

CA at position 18 and 19 of wide larget sequence

A al position 12 of wide target sequence

Number of G in the wide target sequence

C at pasition 25 of wide target sequence

MFE of guide sequence

Number of AG in the wide target sequence

GC at position 16 and 17 of wide target sequence

CC at position 13 and 14 of wide target sequence

CC at position 17 and 18 of wide target sequence

C at position -17 of the PBS + RT templale region

Number of CG in PBS

A at position 13 of wide target sequence

Number of GG in the PBS + RT templale region

GG at position 16 andplu of wide ﬁal seguence
B Ldr and PAM-opgosite DA

Number ofAA In Ihe wlda target sequence

C al position 16 of wide target sequence

C at position +15 of the PBS + RT template region

T at position 1 of wide target sequence

Number of UU in PBS

A al position 14 of wide target sequence

Tm of the RT template region and reverse transcribed cDNA

C at position +20 of the PBS + RT template region

C at position 18 of wide target sequence

GC contents of the RT template

MFE of the guide sequence + scaffold region

G at position 17 of wide target sequence

MFE of the RT + PBS + poly T region

Tm of the reverse transcribed cDNA and PAM-opposite DNA strand

Number of U in the RT template

G at position 16 of wide target sequence

CC at position 14 and 15 of wide target sequence

e
_%'-
24
25
26
27
28
29
30
31
32
33
mpe 34
35
36
a7
38
39
40
41

COXNDNBWN

AR NI R) & = bt b b s i
BRNBcaanndn

51

010001
SHAP value

(impact on modal output)

T
g

Feature value
-----—-----------_-----............II

Low
000 0.02 004
Mean(| SHAP value| |

(average impact on model

output magnitude)
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Feature

rank High

T at position 17 of wide target sequence 58

A at position 1 of wide target sequence 59

GC at position 24 and 25 of wide target sequence 60
G at position 28 of wide target sequence 61

AT at position 17 and 18 of wide target sequence 62
AG at position 16 and 17 of wide target sequence 63
MNumber of Uin PBS 64

C at position 14 of wide target sequence 65

TG at position 26 and 27 of wide target sequence 66
MFE of the scaffold + RT + PBS + poly T region 67
GT al position 4 and 5 of wide target sequence 68
TG at position 3 and 4 of wide target sequence 69
CC at position 19 and 20 of wide target sequence 70
T at position 37 of wide target sequence 71

Number of C in the wide target sequence 72

UC at position +11 and +12 of the PBS + RT lemplate region 73
CT at position 13 and 14 of wide target sequence 74
T at position 3 of wide target sequence 75

TG at position 4 and 5 of wide larget sequence 768
Number of TT in the wide target sequence 77

AA at position 18 and 19 of wide target sequence 78
G at position 37 of wide target sequence 79

CC at position 36 and 37 of wide target sequence 80
U at position +11 of the PBS + RT template region 81
AT at position 24 and 25 of wide target sequence 82
TT at position 18 and 19 of wide target sequence 83
Number of GT in the wide target sequence 84
Number of GC in the PBS + RT template region 85
AG at position 18 and 19 of wide target sequence 86
AG at position 17 and 18 of wide target sequence 87
Number of Ain the RT template 88

TT at position 11 and 12 of wide target sequence 89
A at position 35 of wide target sequence 90

G at position -10 of the PBS + RT templale region 91
UG at position -9 of the PBS + RT template region 92
GC counts of wide target sequence 93

G al position 20 of wide largel sequence 94

C at position 37 of wide target sequence 95

TC at position 21 and 24 of wide target sequence 96
AT at position 20 and 21 of wide targel sequence 97
CT at position 1 and 2 of wide target sequence 98
GG at position -11 and -10 of the PBS + RT template region 99
G at position 2 and 3 of wide target sequence 100

Feature value

A at position 34 of wide target sequence 52

CT at position 19 and 20 of wide target sequence 53
T at position 13 of wide largel sequence 54

AC at position 18 and 19 of wide target sequence 55
Number of GAin the wide target sequence 56

G at position 19 of wide target sequence 57

01 0001
SHAP value
(impact on madsl output)

RT template
60 ¢ b ab a ab

s Q
& 3

N
3

PE2 efficiency (%)
PE2 efficiency (%)
PE2 efficiency (%)

o

SO R ST ) $ NI
BP0 BHAPFS S

GG contents of PBS (%) GC contents of RT template (%)

o

RT template
¢ bc ab a

@
3

7
2

PE2 efficiency (%)
~
3

PE2 efficiency (%)

T+
T
H{TH

=3

» %6 04 0,0 0 PR R R

S
GC counts of PBS (nt) GC counts of RT template (nt)

Obﬂ 0.02 D;)Q

Mean(| SHAP value| )
(average impact on model
autput magnitude)

d

S

PBS +RT

c bc ab a ab

S ALSS S

P
‘GC contents of PBS and RT

PE2 efficiency (%)

template region (%)

bed

I I U SRR )

PBS +RT
60,e _d cd _abc a ab a ababc
40 )
EERE: :
201 Té E gﬂ
ol , I
<

GC counts of PBS and RT template region (nt)
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EH20
a b
601 ¢ b ; a 60 -
%40‘ :5’;40 i : i 5
3 3 I s ;o
® % :
Bl o
0 0
\e) Q \2) AN}
L’bQ 09/0-’ Q,‘{h bgb( b(pf‘) 793Q
Melting temperature of Melting temperature of target DNA region
the PBS (°C) that corresponds to the RT template (°C)
EH21
601
- a ab b
e
>40{
c .
Q ]
= ¥ &
£ 20+
Q
o™~
iy
0 .
& o &
&0 e,S\O '&\\.
F & &
.\Q 00
>
Type of editing
EH22
60 1
— ab bc ab a c¢ d
R
> 40
=
ki :
= T
£ 201
@
o
L
o 0 - «0
v OO APX X
0 o®

Inserted sequence Y
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EH23
2 a b
S
3 40 1
C
K] £
Q
fg 20 1
™
L
o g
1 2 5 10
Length of deletion (nt)
EH2Y
9 4071 4 ab abc _abcd bed cd d
\8; 30
é 20
o T TETY
o

Nucleotide conversion
(Initial nucleotide —
edited nucleotide)

Nucleotide pairs (cDNA
— PAM opposite strand)

EH25

40

30

PE2 efficiency (%)

Nucleotide conversion (Initial
nucleotide — edited nucleotide)

Nucleotide pairs (cDNA -
PAM opposite strand)

-

1
(&)

]
|
.

OOOI—I—<OO<<O
Tt 111 T 11
o<<<ob—|—c)<30|—

Ol—i—l—o((OOO(
|

|
oool—|—<00<<0

Edit position, +9 Edit position, +11

i

PE2 efficiency (%)
n w &
8 8 &

=)

\,,

Ll

()(9’\

A o0 o & /«/o/ov

[ (€} A

EH2

1 dbabab _cd b
2

2 401 o :
S : .
o : T :
o L = N L 1 N T § . =
£201F ¥ & 3 i 2 & o4 7
@

(o]

o o : - :

DA P I N IR M s x'\\ x'\b‘

Editing positions

(counted from the nicking site)

PE2 efficiency (%)

Edit position, +14
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(counted from the nicking site)

D

Relative partial editing
frequencies (%, normalized

EH27
6o, b a b b a b a a b

;:5

340 ‘ i3

[ = i {d

2 . : to

2 S iog

5 @ @@? %I é

o~

L - :

o 0 L 3 s ¥ ? -
N W o m w ow 2 «
oy Pt eE XY
TS as®s 2

® R u N+ °
Editing positions
(counted from the nicking site)
EH28

= Proximal position = Distal position

c b a b a

N A O ® S
© o o6 o 3

to total editing frequencies)

o

Editing positions

istance between the two
editing positions (nt)

Efficiency of editing

at both positions (%)
Efficiency of editing only at

the proximal sites (%)

Efficiency of editing only at

12

the distal sites (%)

19
=
Efficiency of editing at
both positions (%)

+1& +2& +5& +10&+2& +1& +5& +2& +1&
+2 +3 +6 +11 +5 +5 +10 +10 +10

1 1 1 il 3 4 5 8 9

00 00 00 00 00 01 05

00 0.0 0.0 00 00 01 04

0 1.4 0 47
= [ o —

Efficiency of editing only Efficiency of editing only

at the proximal sites (%) at the distal sites (%)
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EH30
Cross-validation data set:
HT-Train

g 09071 ns == Deep learning

2 0.85 1 (Used for DeepPE)

% 5 55 L1 regression

= U.oU7 L1L2 regression

8 4? =l L - - == Random forest

- 0.75 g XGBoost

© 0.70 - == Boosted RT

E C L2 regression

T 0.651 SWM

a

D 0.60 -—— :

Training algorithms
EH3I1
) Test data set:

o Test data set: HT-Test Endo-BR1-TR1
S 601 R=0.80 number of 40, R=0.71
2 r=0.75 neighbors r=0.69
% 40 g0 90
. oo 400 | - :
8 g Izoo R
a 1 . ' .
w =+ ; 101 -2 ’
o i

8 | . , 0 ‘ , , ,
0 0 20 40 60 0 10 20 30 40

-

Measured PE2 efficiency (%)

EH32
Dataset HT-Test
PBS and RT template length
0.9 7 s Deep learning
5 0.8 o e (Used for DeepPE)
= 0.7 L1 regression
© 0.6 L1L2 regression
§ 0.5 s mm Boosted RT
c XGBoost
g 0.4 L2 regression
S 0.3 SVM
8_ 0.2 = Random forest
B =u DeepSpCas9
0.1
0.0

Training algorithms
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EH33
Endo-BR1-TR1 Endo-BR1-TR2 Endo-BR2-TR1
40 R=0.71 40 R=0.67 40 R=0.76
r=0.69 r=0.63 r=0.73
30
0] . /
@ ° .
g 103"
) 18
c 0 g
% 0 10 20 30 40 0 10 20 30 40
g Endo-BR2-TR2 Endo-BR2-TR3 Endo-BR3
S 40 R=074 R=0.76 40 R=077
o r=0.68 r=0.67 r=0.74
| 30 30
a
201 ")
10 1 °
0 0" 0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Measured PE2 efficiency (%)
EH3Y
HCT-BR1-TR1 HCT-BR1-TR2 HCT-BR2-TR1 HCT-BR2-TR2
R=0.70 R=0.72 R=0.77 R=0.75
r=0.58 7 r=0.57 r=0.61 r=0.60
[0}
g
12
§|o §
3 0 10 20 30 10 20 30 30 0 10 20 30
=l
g MDA-BR1-TR1 MDA-BR1-TR2 MDA-BR2-TR1 MDA-BR2-TR2
m 60 R=0.76 R=0.80 €0 R=0.80 €0 R=0.81
o r=062 r=064 r=065 r=065
8| 40 40
a - -
40 60 40 60 0 20 40 60 60
Measured PE2 efficiency (%)
EH35
P=0.040
P =0.046
50 P=0.082
~~
e o J—
~ 40 .
>
g —— ——
o 307
Q2
E© 3 3
o 201
m »
o 101 w s 3 5
0 £ 4
v
éfV s & R
X 5
& &L EQ Hao g
S &8 SE @
CAPSN Q @ S
N p\% & ol & QO
O N &
& SN
S '\/ & 5
S
P& P
9 & N Q-
e CN
N
NN
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Spearman correlation

0.61

ﬁim'@m? =

0.5
0.4

0.31
0.2
0.1

Cross-validation data set:
Type-training

k1
g
@
N

Spearman correlation

0.7 1
0.61
0.51
0.4 1
0.31
0.2 1
0.1

o
o

Training algorithms

Cross-validation data set:
Position-training

i!*@m@

i

Training algorithms

Random forest
(Used for PE_type)
XGBoost

Boosted RT

L2 regression
SVM

L1L2 regression

L1 regression
Deep learning

Random forest
(Used for PE_position)

L2 regression
Boosted RT
XGBoost

Deep learning
SVM

L1L2 regression
L1 regression

_39_

SS=50l 10-2538128



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6
	도면7
	도면8
	도면9
	도면10
	도면11
	도면12
	도면13
	도면14
	도면15
	도면16
	도면17
	도면18
	도면19
	도면20
	도면21
	도면22
	도면23
	도면24
	도면25
	도면26
	도면27
	도면28
	도면29
	도면30
	도면31
	도면32
	도면33
	도면34
	도면35
	도면36
	도면37




문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 5
 기 술 분 야 5
 배 경 기 술 5
 발명의 내용 5
  해결하려는 과제 5
  과제의 해결 수단 6
  발명의 효과 12
 도면의 간단한 설명 12
 발명을 실시하기 위한 구체적인 내용 14
도면 26
 도면1 26
 도면2 27
 도면3 27
 도면4 27
 도면5 28
 도면6 28
 도면7 28
 도면8 29
 도면9 29
 도면10 29
 도면11 30
 도면12 30
 도면13 30
 도면14 31
 도면15 31
 도면16 31
 도면17 32
 도면18 33
 도면19 33
 도면20 34
 도면21 34
 도면22 34
 도면23 35
 도면24 35
 도면25 35
 도면26 35
 도면27 36
 도면28 36
 도면29 36
 도면30 37
 도면31 37
 도면32 37
 도면33 38
 도면34 38
 도면35 38
 도면36 39
 도면37 39
