WO 2021/226558 PCT/US2021/031439
1/209

RTCasqgRNA

target = nontarget
nuckotide TNy strand relpase
| i, and hybridization
LR R RN RRE pa— i ; E—
DNAbindig, i
nontarget strand ~——
nick Cas9

RT___ _GRNA

( NG WEE: feverse Do AT
HEIE.I!HEHHIHI}*{E FIRTRN SE g.;;rg|g|g|:?n@
~——— synthesis of single S———
Casd nucleotide change, Cast
and/or insertion, andior
deletion
FIG. 1A
Prime editor complex:
[napDNAbp}-{P]:PEGRNA
[P}-{napDNAbp]:PEgRNA ,
tagget G EPE nontarget
nuceoide T ?QRNA shrand rejease
} i)Y ~N_ /8y and hybridization
PO 1] e o, Lol FLEY
DNAbJﬁdiﬁg iu;‘;"mun:;isasﬁi
I

nontarget strand :
nick napDNAbp {nickase) -

4 S PEGRNA

e /e R T LE - >
Ny P ssONA synthesis S e >y FLE),
~~~~~ N s e f A \
1R00E MITRIISERENNLIEMAL ’th ‘ f E HEH.IIEHHIHIE
< synthesis of single <

napDNAbp (nickase) nuicleotide change, napDNAbp {nickase)
andlor insertion, andlor '
deletion

FIG. 1B



WO 2021/226558 PCT/US2021/031439
2/209

e RT-Cas3:gRNA
targe iy nonfarget
hucleofide iy strand re?ease

:

PRROERRBRRERUIREEENE
DNA binding,
nontarget shand
gRNA  mick

and hybriclzation

feverse
franscription
e e

synthess of single DX R
nicieotide change,
andor insertion, andor

deletion
FIG. 1C

Prime aditor complex:

InapDNAbp} [P} PEGRNA
[P} {napDNAbp] PEGRNA
gt O TEORNA et
ﬁUCEE;G’{Ede ‘, \ napDNAbp 3 : Sfrind fe,’ease
HiIIHHHEI:IHiH :Es:l\éill I‘g‘:’::‘ ap“———b’d”ybﬁdizamn
DNA binding, P d
nontarget strand Ay T
PEGRNA ik o DEORNA
napDNAbp (nickase) /& P Saponan (nckase) =
BN ssDNA synthesis ' =
vvvvvvvvvv

\5 ---"--"7*'.-,

synthesis of singlg, "<’

niicleotide change,

andlor insertion, and/or
deletion

FIG. 1D



WO 2021/226558 PCT/US2021/031439

3/209
mutagenic feversion
sand  flap p §fap >
E—“/ equiibration excln
EHIIIII!!IH’; Tm-h E‘EEHHi\IH!f i m rﬁg‘é;%;ﬂ desired
3 fap Shp o mmachedhp . podit
species species ()
FIG. 1E
edited
stand ., flap g 5 flap :
?___/ v equiibration excision , feversion
‘lm'ETﬁWi? —--~*‘ 23”””5““5, B NI VT
3 fap & flap ligation PSRN oation desi
species species o Uplex el
=, | opposie > ¢
VVVVV = #sfrand ﬁick///v,

T TS preferential repiacement
' S f ungalted strand

FIG. 1F



WO 2021/226558 PCT/US2021/031439
4/209

target locus
T
GIHIID - y
" {a)contact targetlocus with

extension inclices rapDNnboac et A ’ﬂ“]‘REOf‘pa rand {0

RTi:emplaie\ / . oede  end

sequence I\, V. BB target locus

}é&jfd e g, bynuckaser (¢ prmereverse

mmmf9~ww%mwmﬂcmme mmmﬁywmm
extension af DNA binding protein ' 3 end to RT template sequence
the 3'or 5’ (nepDNAbp)

enc ol AR (o) synhesisof ssDNADy BT J RNA

oratan i il rlani (0] G-

e 3 / RNA RTMih;mg.!e I lofd pe
change, andior nsertion, 97\
ocaon AN e

> : andlor deletion

Product includes one or
more of the following

(o) drive process towards
product formation (optional)

=5 endogenous flap removal genetc changes
psecond strand nicking = single nucleotide base
gYas / \ PFOdUCf | i charges
TS —— nuceo&dechanga e (i « fransitions
3ap ™, andior nserton, andior | |  ~fransversions
speces \ deletion into ,! - delefions
N, comesponding - insertions

" endogenous DNA

FIG.1G



(e.9., -3 nucleotce base pais)
.

"\\& I
i

~ Longoelefons
(6.0., 4100+ nucleofide base pars)
GO

Transitions:

pyrimidreto purne o
Dyrimidne  purke
CA
Transversions. pyrmiding o purne o
puine  pyrmidine
A
1 : A "

G

(i1iioiiRaaaacaaaieRitiig
i

WO 2021/226558 PCT/US2021/031439
5/209
> 'd
Crrprrnrennty  faoetlocus
i ) i
FG. 1
D10cesS
one or more of.
Emduetg . / | \: .
deletions single-nucleotide changes insertions
Short delefions ' Short insertons

(8.0., 1-3 nuclectice base pairs|

~ Longnsertions
(e.0.,4-100+ nucleotice base palrs)

]




WO 2021/226558 PCT/US2021/031439

6/209

PE3h temporal nicking.
PE3b editing system edit-specific nicked of the complementary {unedited) DNA strand

Target base pair y 5
\ ¢ Fpenilion M
; PELDeRNA o /4 | c
J A e A pureuli
J T o T J—I
Origial genomic ONA J flap intemeclate 3 fep nlemmeclete
cortaining newly synthesized containing newly synthesized
edied DNA shand odied DNA strand
S lapcieavage ¢ C E) I .
—— T ’ I AT —
i oH@terc Juplex containing (L %
1EIEI0CUDIEX CONAININg find o i T I
ore eqed strand and ong wes SgaRg\dAageuf e
nedlted strand B G -3 Nick to undecited sirang
i occurs only after € edl
GratiesCn”” sl
s Installed in lcpa trand,
el s, o aelclhg concurentniks
Ain unegited strand b d
e | on both sirands that lead
M to double-sirandec DNA
, NATEpar bregks
J ¢ 5 ¢
LY T B —— 31 G
Heteroduplex containing Preferenta Desired ealting product
editeq strand anc replacement

nicked undedited strand of ricked strand

FIG. 1l



WO 2021/226558

7/209

PCT/US2021/031439

ZFN

TALEN
Transcription Activator-Like Effector Nuclease




WO 2021/226558 PCT/US2021/031439
8/209

Polymerase-dependent synthesis of a
replacement strand encoded by the
polymerase against the DNA synihesis
template and which contains a desired
edit. The mechanism is envisioned o
operate similarly to prime edting.
Additional factors or eflectors may be
added in frans or as fusions to faclitate
the reaction as awhole {e.g, (a) a
helicase to unwind the DNA at the cut
site to make the cut strand with the &'
end available as a primer, (b) a FEN1 o
help remove the endogenous sirand on
the cut strand to drive the reaction
towards replacement of the
endogenous strand with the synthesized
strand, or {c) a nCas%:gRNA complex to
create a second site nick on the opposite
strand, which may help drive

the integration of the synthesize repair
through favored cellular repair of the
non-edited strand)

FIG. 1K




WO 2021/226558 PCT/US2021/031439
9/209

Equivalent terms
PAM strand Target DNA{e.g., for PE with SpCas Ha40A)
nor-arget strand
edtstand  |ooooeeeee : pegRNA nick site
: Profospacer PAM
5 g 4 A fj\'\ “3
ITTTTTTTTTTTTTTTTTTTINGG
3., " 5~:_:-:-5_:_._,—:_:‘:#s_z_z_‘_._._,_ L ;w e ?
: o 4 edit posttion
 Equivalentferms o K {rel‘a;?ive!t@ nick site
__________ § Drofospacer g
Equivalent terms o e Prime editing renge
non-PAM strand prolospacer atcer b?mp,emennt for SpCasd PEs
targe strand drget sequence
non-gdit strand
Prime edlting scope:

Al 4 transition point mutations
All 8 transversion point mutations
Insertions (1 bp fo > 44 bp)
Deletions (1 bp to > 80 bp)
Combinations of the above

FIG. 1L



WO 2021/226558 PCT/US2021/031439

10/209
Polymerase (
(e.0., RNA-dependent DNA polymerase Equivalent :*erm.s
(6.0, feverse transcriptase),  edittemplate
DNA-dependent DNA CXE“ISEWFW DNA synthesis template
\ ey CaUlvaent s polymerase template
PEGRNA {or pegRNA) polymerase) /
& Primer- R empl fe

bmdmg IR

- RuvC nuf‘fease
pEQRNA NECkiﬁq of qs ’ W; i1}
*DNA PAM Stand -/ primer-binding st i
noai-PAFvi strand PegRIA t%PAM
argedsrandd 1 R K\ RNAmn
non-edit stran : oore
aqualntlems SPECEF e, HOAOA ggmmm
napDNAbp et RNA backbone
(.. SpCas? nickase with inactivated HNH equivalent terms oolymerizaon fom 3 end of
iclease domain (e.J., HB40A mutation) such nicked PAM stand using DNA
that only the non-target strand becomes synthesis emplae

nicked by the RuvC nuclease domain

Direct polymerization of eclted DNA from the
pea%h!-‘x into the target site ¢
3 IR s

i

3 Flep \ S Flap

|5’ Flap
il .y UV

™5 Ligation




PCT/US2021/031439

WO 2021/226558

11/209

Ve Ol

wwmww IOy (,p/du) sisauuds yN g, e}
_ N0Z0-6 s \\\
! ! Bupug
. g SHel0uB]
. " uonduosuen
]
-} amyg UosUape e
YNE papuaixa §
¢ 9l
pueds puexs DU
1y & Jihi )

.m ,m PRARER RN LN FITTRID mm
: i DON L o
Ew% ém LR \.WE%

. i R AR 1 1
1Bleruoy yNub & b )
ARy gsends




PCT/US2021/031439

WO 2021/226558

12/209

9¢€ 9Ol

Jaoedsajoud
WO~
Lt

pt
{ S1eidws; SisaYuAs YNNG, BYe)

s
i
R A R ——

~1 9100 YNy
s ’ N omdus
Buipuig V- uogduosues
Jolud | asienal
WNYO popusIxe [euss)

d¢ 9ld

a0 L Steiduss) ssoguls wa, eye)

|

Bupug

pud  aedus) Jo0eds
woqdiosuen W
aslnal | |

B

8100 yNyP




PCT/US2021/031439

WO 2021/226558

13/209

,%o,_\eﬁm

(aseqoapny Aue = ) ey 10 Jowu (Niod

oYU JeolseU

{auseide 7Sy “6ra) Uiewop JusLNLS!

dooje)
doojuays

uiciey

®

ae ol

(pesional) uoneiuauo §-0- ¢ YNG

10
ojeiuel0 § -0 §

10
YNY

m B aypow pua G jeuondo, | 79 |
| JojBet Jayipows pus ¢ jeuogdo, 118 |
e ABojowsoy,
et pe,
418 Bupuig Jowud,
()
130eds
-7~
! !
8100 y\uB
o)
(e wie vosuape LI UOISUADS £ M
e



PCT/US2021/031439

WO 2021/226558

14/209

(aseqoapony AUe = N) eg 10 soyur (Ned -
19U eauey) -

(ieueyde 7q “'a) Uiewop juauinioal
doopa)

doojumis

uicey

.

3¢ Ol

uoibes Jatipow pus ¢ feuondo,

(W

Jaoeds

m xgo_@m.m JOlipoU s € Amgomaog

e fBojouwoy,
Sleidussy yps,

215 Bupug soud,

romazaran
o2

[T
<

3
H
s

{ pasianal ) LongIuBLO G -0) ¢
0 N :

Lofeusue ¢ -0 g

(¢) wuie uoIsuas

J

4

WIB UOISUSIY® G Uim
YNy



PCT/US2021/031439

WO 2021/226558

15/209

e LOISUB)® ¢ Ui yNBad,

|||H-!.!EE||LI-!.!.!EEI

7

| aoedsond |
4 4 ]
(.2, 8%9)
ASPUTAT . \8,_%0 Jollud [yyNoss ey, ¢ aini, Busudus ¢ o A ;
/ - i — S b DURISPYd
P wd 1D 9 A L | 10 Buyow pue ‘puegs
m N IR R - YN 9BIEL | NG aDie) oy ol |
| syebag o Bupug
M L s | gm_%mf o
S OR0RID £ 01 G AL U g : |
v NS m__g JezauiA0d NS n m
e UK O e
35 P8 e e 2 (wipa paisap
Wm ¢ lvdl I Y AN, N R a— o i ol Buuepoodayyg puets afus |
] = 2 “ ~ {1 o0y pus g sy oy Lopezueukod !
ST £ AOYNYD P peybaeguolyastupug
m = hNgled 4! ﬁm [ ) 1 Ruday o gouenbes aund jobupug
S } 6 [ o

CiNeb3d e b W m@%@ poaul
| UsaMaq UL |

B un om0 G R R AR AR AR R 8 e



PCT/US2021/031439

WO 2021/226558

16/209

o

13d 8- TR puegs b
. e ) NN Bupugyng
B S T— T T T T T
uojdosuey _ )
m S 6560 35 S¥ > R
yyBszaqdorgn
OC Old  oyduoopygbzgy
(L3 doydeu
e dusy YNy Joupa auid suey T
aipide) sisauufs | ™
. Al sisagu <zm* rm TR
m iay
P Ao
A B QA
i T
el { ) uiapoud Bunnioas mmmgza
L3

(LU L0SUBpa ¢ (341) J0}pa sluud sueg
wmm | %ﬁzmgg

ajpidlia) sisauuAs yNG

EF FTEE



WO 2021/226558 PCT/US2021/031439
17/209

easnha“ansu:insiyﬁs

Fluorescent ~_ 7

label Casd nickase
A F>T L
= —
~
FIG. 4A
ngs?ﬁ Cas
5 GRNA synthesis pesen 5 GRNA synthess pre-nicked
tegmpiate'length br ek i:egmpiate’iength borT T8 %2
RT | RT |
products products
Starting Starting
DA DA

FIG. 4B FIG. 4C



WO 2021/226558 PCT/US2021/031439
18/209

Cas9H8400)

i , full dsDNA
5 gRNA synthesis
templatglengh 0 7 7 8 6 2

Startin
DNAQ -

Cleavage [ s
products {

FIG. 4D

Full dsONA nicked
HB40A dCasd

3 IRNA
KT ART O RT axtonsion

RT
< product

Cleavage
products

FIG. 4E



WO 2021/226558 PCT/US2021/031439
19/209

CyA-labeled DNA substrates

A Se Y
h-nt
B i!\i? 3t 174

51t

*DNA substrates
are pre-nicked

gRNA_0: no extension

gRNA_1: 7 bp template

QRNA_2: 7 bp template T 3 TR el
GRNA_3: § bp template s f ST S
GRNA4: 15 bp template SRR SN
gRNA_5: 22 bp template E X5

Denaturing Urea-PAGE

FIG. 5



WO 2021/226558 PCT/US2021/031439
20/209

RT T A nt

B s B

NEEE Pord *DNA substrates

\ are NOT pre-nicked

gRNA_0: no extension

GRNA_1:7 bp template

GRNA_2:7 bp template

GRNA_3: 8 bp template A AL AL AL An Al

GRNA_4: 15 bp template E ,55 ::lf ;%— 5‘" E‘_

GRNA_5: 22 bp template ,§’ ig’ g’ Sty
L

tleavage
products

15% denaurng Urea-PAGE

FIG. 6



WO 2021/226558 PCT/US2021/031439
21/209

( \ g o 5t

PRy N B ntg

N

gRNA_0: no extension
gRNA_1:15 bp template

starting
substrate

Cleavage {
products

FIG. 7



WO 2021/226558

22/209

5 gRNA extensions
qRNA-short

5 3

dCasd

ORNAong &
~5 37ER

PCT/US2021/031439

1. Prepare
complexes

~  Separalely

2. Mix complexes

3. Add RT and
dNTPs

1. Prepare
complexes
separafely

2. Mix complexes

3. AddRT and
dNTPs




WO 2021/226558 PCT/US2021/031439
23/209

encodes
56nse encodes

codon N\, stop codon
F SGFp vam

oo
mutagenesis

x>

100
100
2 %
= 306
06
0
GFP- GFP- flap
stop- mChemy substrate
mCheny

FIG. 9B



WO 2021/226558 PCT/US2021/031439
24/209

CGAC
GFP+ !' JA T
clones CGAC

GFP+ CGAC
mCheny <
clones

>}
ep)
e
PES' oy C
IO O )y Oy == Cy Ot
o
[op)
>}
)

tmixofCand T

FIG. 9C

3
Y nucleofide

faplengh
b/

% "E‘\-\\\\\\;ﬁu$ﬁ0ﬂ

position
& identity

FIG. 9D




WO 2021/226558 PCT/US2021/031439
25/209

7oA RN mehemy A

CasY(HB40A) invitro reaction
Engineered gRNA
Superseript i

ot
T o S

Transform info yeast

Neg. control HB40A TPRT TPRT

(GFP-TGA- hicked 5 extended 3 extended Positive confrol
mChery) plasmid ORNA gRNA {no stop codon)

N
FIG. 10

Correcfion of insertion (TPRT Cor(ection of deletio;) {TPRT

deletes 1 nucleotide) inserts 1 nucleofide)




PCT/US2021/031439

WO 2021/226558

26/209

08 palisag

88L:0N 01038
ONQDas
80.:0N 01038
88L-0N 01038
BRL-ONQID3S

8L

BLON QD3
18L°0NQID3S 0
18L:ON 038
110N Q038

QRN AL R A L RLRAEA ) ALk WEQQWQQQDD
ONGALON B RL ALk RSN O HAL RN
NSALOE AL SLASE Rk ORI BN HALEINEBL

OO AL AL R RERERLRAR

DIO3:

IYPEO0Y I9EDL0WY
790Y gquég,efJf

L %)
AL RENALSL 0L RO NANEARNL 0L BANL AL SNR;
LOOROY OO0 DOROTODDLYD LOOYOORDLIYOT 200D
JLISTOYITOYOTOY 00D LY DL DT ITILIYIT D000

));BB

muaBE

InTatals
Ul

S8 PRl
QIR QL SR RRL R NAIIE 1 I} NSk RL AN oLt 08L-ONQIDAS
orwgmpfuw T YOSYOYO0OLT OO S0V DLOYOY g@ouwwogz;yg+

J
DLIIYD m<w<mmwuﬁg SRR AL AL
ordegmmw 0¥ 0951¥9RP Y 09¥OLITIY0
TOYIO0LTILOODYOLITIN DD

RLELNNRARARNL L SANERLISN
SY0 ,po,mwe<<<or@wﬁo< v

Wl i,
ﬁ ,\Daﬂ;w

v $81 0N 0103
- 691 0N 0103
% oz {IED

DL

Qrwgfwmy

{4

e e
P81 ON 01 038 = ] Jeg na Bty oig A9 na
0N gw

YILOOVO5Y

uoisuajxa yNyb- ¢

- Roedsojold gy

i

]t eememeeeennee- (4904 ) BULRY
780 0N 0103 ® Jyy. Jog i Biy aig A9 e Jag
§ 0N 0038

AAA A

(EL,&«%UL{

) TON
r\rl»k

——4

omhumowgcwmuag

Hrob201001

99799

s( i

22borboy

OOYYYODYD

ur
YILD

uoisuaia yNyb- ¢



WO 2021/226558
27/209

Base editor window

PCT/US2021/031439

C>TorA>6— Splast |
-/ 43 PAM ,
55!53;55!355;55511?55 NGG FTTTT :
nonfarget \/\ v/
sfrand TPRT editor window
N> N, £1-3bp

FIG. 13

Casd (HB4CA)

RT-Cas$ fusion profein

FIG. 14

L etension
(T s N

NAcore i 1y

A

<2

SO

transcription primer
template - binding
site

~ 20t
spacer

Engineered gRNA



PCT/US2021/031439

WO 2021/226558

28/209

91 Ol

d
p MICIR0RES | g

0 Ja0eds M1y JR0Rds

))

.) ))))
L.Lf( LC i

F,,,!

)UUuweubdzz J

H .ﬁwwiff T9OLOL30 sfgmu
]

JOL0L wffmuﬂ DN

]
_ |

ﬂ U T T\
u JM.&Q it U

B

+
%QLEWQFC(UB

:

7 1R0eds ¢ Jaoeds]

B Buoomgcﬁccp(o

n;))\,\
Q (LLL(
:

930019940
~

mooemgmmmgw
}
T

@ Uwugwwhuu LYY

snsases WWU
ﬁggw

JYLI0LEVOLLICY DOV OV LYDVOLTY

SOVLDODOLLL Q00 LD9INLIVDLDED

TUANUTTO
:f.b 1_..._Lrtr_.\/.sN O»((( tr\r{
1
_
rt

991009010005 o W

L ITIRR
ONQI038

Il
et .,._.((__....._1..‘_

4>)),:.ﬁ AL
F(r: ﬂ(tt @r@@ﬂ(ﬂ

[}
1
AR AL LARLLIRANR AR AN AR L

o] saprospny
LOLL0LEY ) Bl
Bupug

o s

alejdusa)
uonduosuey
881918)

Uoisuapa

LWIOVRD0LL0E0L 0TI nuuwfgmhhm
H 5 ] 3. ] 4 ~ L §
§ ..._.~_..n......_.-.(- ML i e o e e e
199 L00INYDYOYOLYOSLYOOOYYYOYLO0OLIDDDLOLY §

681 ONQID3S
S0 £43H

1a0eds
A

Al

2100 yNub




WO 2021/226558 PCT/US2021/031439
29/209

N-terminal RT fusion - 32 amine acid linker

3 WVaeCastlibl0n) HEK3 locus
0_)25- linker aNone sApA
= 0 | cAxB =AnC
% 154 oAuD sAut
ST i Adacenttagefing
| AN ORNAs for increased
05 | N oo
o 1o At TG HIAN LR R e locazaio
Neg g8 9 10 1 1
HEK293T cells primer binding length (nucleotides)
FIG. 17A
45 G-terminal RT fusion - 32 amino acid linker HEKS sit
45 CasO(HB40A - 32aa- MLV(wY) Sl
@33" inker | o =lone =Aud
3 N cAuB ahnC
= 79 E oD =AnE
2 15
N i
0.5+
5 i\

W 7 8 8 N 1
HEK293T cells orimer binding length {nucleotides)

FIG. 17B

N-terminal RT fusion - 60 amino acid linker

MLY/wt-60aa-Cas9({HB40A) __ HEK3 site
“ aNone  =AuA
oAnB =AnC
ohnl =AnE

Y | . § 8 j
! Neg 7 3 I [ A 1
HEK293T cells primer binding length {nuclectides)

FIG. 17C



WO 2021/226558 PCT/US2021/031439
30/209

edit Endogenous polymorphism in HEK293T cells

SEQID NOs:
[T

11 2G| Reference

90 C 51 64.11% (59189 reads)
792 C 1R RIG) 28.84% (26624 reads)
793 C 5 2.86% (2641 reads)

O
- |

194|

G| 0.81% (749 reads)

bold Substifutions
1 Insertions
- Deletions
-~ Predicted cleavage position

FIG. 18



WO 2021/226558 PCT/US2021/031439
31/209

: M1: D2OON
bTOA | g panoy

HEK3 site T to A [-3 position) C3%indels | 1603w
CasO{HBAOAMLVRT M3 D20ON

L603W

- T3P
W paoon
L603W
T330P
EBOTK

oW w wm W
MLV RT variant

FIG. 19

HEK3 site T to A [-3 position) odit strand e
complcmen ary

% T T EIT
Jay ».ff.‘ +f7

= oL D %indels

Cas3{HBAOAMLVRTIw)

§_ﬂ__, ﬂ__ Ay
none 108 38 426 +37 463 +H0
Position nicking opposite strand

FIG. 20




WO 2021/226558 PCT/US2021/031439
32/209

Endogenous polymorphism in HEK cells

SEQ ID NOs:

| CIRGIAG GA A MG GIR 2G| Reference

79 CITIGRIGICIALC CIAIGIA G 40.80% (46616 reads)
% Alc A i G 26.82% (29500 reads)
% o A CIAG L BIG: 24, 04% (27466 reads)
184 o A GiCR 6 4.54% (5191 reads)

bold Substitutions
1 Insertions
- [Delefions

--- Predicted cleavage position

FIG. 21



WO 2021/226558
33/209

target locus forfa s"% eled mutagenesis

~:: o i i : e 4
" (&) contacttarget locus with -
axtension indides napDNABp and extended gRNA

RTemplle | eeie  endin
SBQUERE N S target locus
i ‘%&ded i (6.9, by nuclease or
canbean 4 R iz id progr annate chemical means)
exersion a* DNA binding protein
thed ord (napDNADp)
end chRNA,
oratan e () SyntheSIS Of
intramolecular mutagenized ssONAby
locaton EPRT

(b} nck R-ocp strand fo

PCT/US2021/031439
b GRWA
A
e \‘ f " ‘:;:..,: } 3’

BEEINpEE

[T TUITH]]
\......

(¢} prime grTor-prone reverse
Tf&’l&,ﬂp ase (EP-RT) by hybridizing
3endioRTe mpiaxe sequence

(g) drive process i:owa;ds _
product formation {opfional)
=+ encogenous fian removal

(¢ release napDNAbp

”55; Ell'”ﬁ
o,

Casd

e #second strand nicking
w8 (0 Incomporate single ‘ Pf’g”it Wutagenized sequence
,,,,.lﬁTTﬁ——muagemLedsequence N B ansmn_’;‘f} incorporated into both
“\ into comesponding /- replication/repair e stranas of target locus
AN ﬁndcgeneus DA/
spacies N

FIG. 22



WO 2021/226558 PCT/US2021/031439
34/209

gRNA design for contracting trinucleotide repeat sequences

5 Fprofospacers] - - - gRNAscaffold” - -[homology NS repeat

/ encodes desired repeat
targets gene length and binds primer o
downstream homology inifiate reverse

transcription
Trinucleotide repeat contraction with TPRT genome editing
disease-associated
CAG repeat expansion
genomic DNA ‘ - A

CAGCAGCAG .. CAGCAGCAG

GCICGTCCTC w GICGTCGTC
l target-primed reverse

T— transcription editing
quide RNA-encoded synthesis
of adefied, healfhy umber 3G <

of rinuceotde repeats 40 flap homology

[V
b

m/,,:,,, el Ial Ilal¥al ~
CAGCAGCAG...CAGCAGCAG
T

GTCGTCGTC...GTCGTCGTIC
L DNA repair

CAGCAGCAG

GTCGICGTC

FIG. 23




WO 2021/226558 PCT/US2021/031439
35/209
10-nuclecties
HEKS site targeted forcelefion

SEQIDNOs: ! ! s
T9:C Ol 2 43.91% (30598 reads) - Desired product
15  AAGCAT 30.35% (22540 eats Sl
Wi ClAlc | 11 CR ALY 17.25% (1202 reads) | =T
i clale - 0.41% (288 reads|
1% CIAlcie -|0.23% (197 reads) |- byprodcts
§0ic ClAlCH A1) 0.22% (156 reads)

bold Substifutions
[ Insertions
- Delefions
-~ Predicted cleavage position

FIG. 24

GRNA design for peptide tagaing genes at endogenous genomic loci

5 pprolospacert ¢ gRNAscaffoll - Rhomology-Fpepide gy amealng 3

f el — P s prner o
., encodes tag and it everse
g ere downsiream homology Tensorpion

Peptide fagging with TPRT genome edifing

, protein coalng gene
geromic
DNA

Gene of Interest

é {argel-primed reverse
transeription editing

quide RNA-encoded synthesis
ofa peplde tag sequence

— (ene of Interest
é ONArepair

vvvvvvvvvvvvvvvvv Geng of nferes! ~ +— pepfide fag—

(ed endogenous gene

@%t%\@% /‘ﬂ/ap homalogy

et
fa'e)
(LY

<D

FIG. 25

Possible pepfice tags
Hexahisiidine-tag (Hisg)
FLAG-ag
Vo-tag
GONd-ag
HA-ag

i

P

-

FlAsHReAst-{eg
Sortase peplide substrates
piclemp

Posslble applcations
protein fuorescent lebeling
Immuneprecipitation
immuncbloting
immunohistochemistry
protein recruiment
Induclole protein degrons
Qenome-wice screening



WO 2021/226558 PCT/US2021/031439
36/209

11| Reference
AIG, 46.04% (34433 reads)
G 26.56% {19113 reas) - Desired product
AL 25400 (16987 reacs|
0.23% (171 reacs)

hold Substitutions
L3 Insertions
- Deletions
-~ Predicted cleavage position

HEK site - FLAG-ag insertion

801 clalcml G Reference
IR AN, 61.56% (39676 reads)
803 calc 216G 31.83% (19998 reads)
e ERERENRBEE 10 AIC GIAITIGIAICIGIANCICI AR 4.65% (2921 reads) - Desired product
bold Substitutions (e, flllngh
[ Insertons 24 ftinsertion out
~ Deelons of viwing frame)
-=- Predicted cleavage position
Rendering proteins soluble or insoluble Celllar localization of target profein
Proteinipeptide g
Applications
Extending profeln halffe B- Profein purification

Easy detection of expressed protein through various detection
technicues, e.q., westem blot, ELISA, ChiP. mmmcfachents N,
!mmrel*ic ochemisty, and fuorescence mea suemert

FIG. 26B




WO 2021/226558 PCT/US2021/031439

37/209

PRNP =
SEQIDNO: 805 Protein sequence .. Gly Leu Gly|Glyj Tyr Met Lew ..
SEQIDNO:806 ONAsequence .. coo C77 Gec fsge| e ae cng . Mdtypealil

{ prime editing
SEQIDNO: 807 DNAsequence .. GGC CTT GGCIGIC|TAC ATG CTG ..  Prion disease
SEQID NO: 80

8 Protein sequence .. Gly Lew Gly | Val| Tyr Mef Leu .. resistantallele

12
potospacer ~~~ PAN
SEQ ID NO: 808 ... 6G6| GLAGTGETCEEGE06CCTICEEGEICTACATGLTG ...

J Y
SpCasd  target
nick site  nucleotide

pegRNA encodes mutation
to target base pair
SEQID NO: 810 5'-GCAGTGETECR66GCCTTGE SGRNA seaffold |-ATGTAGACGCCARGGCCCCLCAC-d

Reverse Primer
transcripion  annealing

editing in HEK293T cells templale  sequence
0 PRNP
3
m oorect Glo T
& & conversion
) X o oindel
=4 S O
=0 oI o I o
\OQ Ooeea 6090 Ocioc
10 ] &
5 o % &
0 oanoa 601.\0 OQO

nonick  +41nick +72nick +103 nick
complementary strand nick

FIG. 27



WO 2021/226558 PCT/US2021/031439
38/209

Profospacer PAM

caso i J{IT)
% arans-vrépétion
s,

- Reverse Transeriptase
FIG. 28A

tagging with Spinach or ‘
e florecentRiAs {jé;.,w i

11 ranscnp EOH ﬁ «-.L.LL.L A

improvement of p pelvaderylataan sequence
TR TR mwransmp o poadenjlon
1 | [RETTREREERRREENVERTTY
e L AAAMARAAAAAAA
nuiclear retention through removal of polyadenylation

transcription pol jaéeaﬁfia'ian
o LL‘LEJ_LIJ-LLJJ—LLLJ..LJJ_,_“ —'P&M

targetmg sequences for epigenetic modification

ranscription methylase
i rarsrp s T s, A
friggering RNA processing
transcription Z,Z:::Z,“Z’L’IZ;: self-Cleavage
insertion of pre-miRNA - __ spicing and
__transcription i processing

ML —s psiid by, —e "
insertion of protein birdérg site SR

F&ﬂSCE’EE) fion R
i L—Lt-LLLLL'L

FIG. 28B




PCT/US2021/031439

WO 2021/226558

39/209

V6¢ Old

8SeIcSURI| BSIoNRY

L

:
s
I

NDad

V078H 6ED

Aﬁ.........hm.,

T,

il
{
Wyd

N —
1908050101

6
.mm



PCT/US2021/031439

WO 2021/226558

40/209

d6¢ 9Old

aseidunsul] asienay by

JON
B
DN N YDYBH 658D
sisausbeiny payoeip s
aseidlnSUel| asianaY
ool

i
DONZ 31 6580

oYY

suoneoun) Lopoo dois

85RJLSURI | BSIaNSY &

& ynubad
o~ I

N N0rBH 68

]

JOIJBSU LU0po7)



PCT/US2021/031439

WO 2021/226558

41/209

Buipoaus

J6¢ Old

NNHSAOBS DL 0ic NLN-BAF-HNN
'SB 4oNS AlRigy) ews 8
Buipoaus seouanhas Jo Aesq

oSE.

duosuel) %%m

b

U

P

0

0

U

]

mﬂé.ii

sdoo; apndad jo
Kieigp e jo uonsasu




PCT/US2021/031439

WO 2021/226558

42/209

Hoago ) HOYT0-- -~~~
IdINOORHAYTIOASHAE
YORHIYIOASDAE

TaINODIHAYIOASOAE
1dINOORHAYTI0ASHAH

SUOHEaUN} PUB UoIjajap Uopos sjqetwesBoid

dec 9l
FINMTSAN  GZ-5T T
FINE---- 51 10
NENISAN  €T-§ TOD

~NENTHK aTep
TN-4THAN 9TeD
INH-THAN T8
TNRYTHAN a8

Q038
aro3s
Q038
Q1038
Q1038
Q038
aro3s

e B e T T o BT = S
oo oD D oD OO oS oD
S o O D SO D
= = = = = = =



PCT/US2021/031439

WO 2021/226558

43/209

sisaUab

BN 4 Spunoy Juenbasqng

sisauabeny * Spunoy usnbesgng

SUOILBSU] [BUORIDDY

y\ybad
Uppe eih
UonEp I §

oryasy|
S

asedosuBl] asIaneY KRR

Do
001

fol

209722, ¥3H 65€0

| PUnGY 30%d




WO 2021/226558 PCT/US2021/031439

44/209

GRNAcore

extension

.,
-,
~.
.
.
.,
"~
.
>,
.
-,

N

sequence of targeted gene

7 M baki g
~2nt spacer matching

reverse franscription \
template with 3
immunogenic epitope
nucleotde sequence Primer binding ste
matching sequence of
targeted gene

FIG. 31

target
nucleotide

RT-Casd:gRNA

gRNA

nonfarget
sfrand release

o

o
DNA binding,

nontarget strand

GRNA ik

88 a3

IEE“[NIIIHE!!!IIIIME?

mutgenic

Reverse

transeription
. et

N —
PEUEY RBEEIISERNINAIILAY

installaonof 7 RT’
point mufafion

reversion

strand flap 5

}.___/ ] equilbration
Ty

[UR—
€ s A

3 flap
species

b'fla
excisigﬂ : -~
M 0] e [0 10000 MR/

S IgEon pismagheby PN
specigs AN

esired
- product

FIG. 32



WO 2021/226558 PCT/US2021/031439
45/209

gRNA design for primer binding sequence insertions

5 Fprotospacer-{~- - gRNAscaffod -

DuuvuLBUNGD

XA XAEX

J
A / . reverse franscription template: \bindsto genomic
%@2‘5 9?&03150 encodes insertion sequence ONA primer fo
HNA SEqUence and homology to adjacen Iniite reverse
genomic DNA sequence transcription

Primer binding sequence inserfion into genomic DNA using prime editing

ST geomic DN
; Fragment DNA

primer bindng

prime edtor. PEGRNA l

. Adaptor Ligate adaptors
<L ﬁ&p thO!ngf b i‘rrrrmn;.p@@@:muum ey
TN genomi{; target & ST Pﬁgﬁ%@ fe};::?giﬂg
. . vy f{%v
flap invasion / DNA repair high-throughput
primer binding PCR yifh == sequencing and
,,,,,,, equence =¥ genome alignment
,,,,,,,,,,,,,,,,,,,,,, —

: ldentiied ACTGCAAGIGCA gEQ ID NO: 818
Primer binding sequence inserted o genomicDNA -~ ondarget  TGCAGTGTTCAC SEQIDNO: 818
and offfarget ACTGCAAGTGCA SEQIDNO: 818
sequences TGCAGTGTTCAC SEQIDNO: 819

FIG. 33



PCT/US2021/031439

WO 2021/226558

46/209

¢ Ol
s g WD o g ¢
uopeoyges ¢ "8 ooy © e -
10 Jedal SLEABED ,
e del4 ¢ uopeigynbs
NG el , (UOIBSUI SueI0D)
£ de{ ¢

PUESS 1fvd o}
YNed Uy s
uonduasuesy @c_g_m.,_mgﬁm gm%w WYd YN +
361048 0 LopezZipy 0 fuppy
JoABY JOUCHEZIPUGAH m JODUDIIN  vpybad

+3d

PO bt

m

38 U%QS a4} o a5 ipug uoasul Bupnou a5 Bupug ¢
Nybed sy woy TRl qedug 1y el
vonezuatufiod 108l »




WO 2021/226558 PCT/US2021/031439
47/209

Insulin binding;

conformational

rearrangement
R oo
transphosphorylation

FIG. 35A

FK1012 bindin%;
conformationa
rearrangement;

e g

transphosphorylation

FIG. 35B



PCT/US2021/031439

WO 2021/226558

48/209

uiydopfa jebie)
y Lodsopfo
£

9¢ Ol

1964 7).ded 1ebie)
L 9064 pocung
4

Jhdgld o0
@@Wﬁ

HO

-~ 008

oS00 od



PCT/US2021/031439

WO 2021/226558

49/209

V.iE Ol

b0 600 Euod
o

o) Gy 83 £ €100 SHod



PCT/US2021/031439

WO 2021/226558

50/209




WO 2021/226558 PCT/US2021/031439
51/209

Kno\;anha{man pathogenic genefic variants
U

ez Transition point mutation
ez Transversion point mutation
Deletion

= Duplication

3 Copy number loss
e=3Copy number gain
Insertion

Insertion and delefion

g Other

Total variants = 75,122

FIG. 38A
Prime editor (PE) and pegRNA Target DNA
Reverse pegRNA nick site
franscriptase Protospacer I PAN
domain 5. - ]
PegRNA 3.y Jous ok wee§
.. Editposiion: +1 +4 +12 .
" Prime editing range
for SpCasd PEs

Prime editing scope:
Al 4 transition point mutations
Al 8 transversion point mutations
Insertions {1 bp to> 44 by)
Deletions (1 bp to > 80 bp)
Combinations of the above

FIG. 38B

Casd nickase
domain



WO 2021/226558 PCT/US2021/031439
52/209

Primer- _RT template Direct polymerization of edited

binding site mf‘ludwg edit DK-MOW e peaRNA
PE+ o R g 1111111111
+ONA  Nicking . Hybridzaton of Reverse ™
of PAM primer-binding franscription
strand site in pegRNA
to PAM strand
3 Flap 5 Fiap, . DNA
(onainsedi equiZEbaré fion lcks el clbeaiigge pal o Edited DNA
| . , EdiledDNA
%Q:mﬂmﬁm %’: T T “‘g, — g,j:mmfﬁmmmgremc—ag g’": A A g
' Ligation
FIG. 38C
5-extended pegRNAs
56 nt-— | | /DNAtempiated
rodag el
PR L am—
Pre-nicked~_
subsraee34m
Pre-nickeddsDNA — + | + + + | + + +
Casd + |+ + + |- - =
RT + 1+ + + |+ + +
SRNA + | - - = | - -~ -
S-exendedpegRNA  — 1+ 4+ + |+ + 4+
lengthofpegRNA = Y 8 15 22 " 8 15 2
RT template {nf)

L
@
o)
o
O



WO 2021/226558 PCT/US2021/031439
53/209

3'-extended pegRNAs

Non- mckad
substrate(51 n \

R‘g‘/
product

Pre-nicked
substrate(34 nt

Pre-nicked dsDNA— + -
Non-nicked dsDNA = +
doAss - -

Cas9 HB40A nickase = =

J-extendedpegRNA - - =~

B

4+

ot
4o
..§_
+

+ + + |

FIG. 38E

3'-extended pegRNA 5'-extended per‘RkA
stop codon correctser stop codon correction
Teh-to-AeT fransversion Ted-to-eT fransversion

3-ex eﬂded pegRNA 3-ex eﬂded pegRE\A
frameshift correction frameshift correction
1-nt insertion 10t deletion

FIG. 38F



PCT/US2021/031439

WO 2021/226558

54/209

g6t Old
(sapnospnu) ubus) Sad

0}

(13¢) L4 AT YO7GH 6580 122 VOl | =
WRHERO A T e
v6¢ 9l
(58d) aus ~ (ipa ST
Buy Eﬁ%& %m&% 11y
£-00 %@%&%@5@8@
Wz UoIjojep Jojpue
“Uorasul
am_%wmeggv N oneyi uiod
FOAEINONG Al (leseqpaipy g oz,
g RS PH0D TN ¥00099""° g 50
w«m o SR O030TTFINITYI0099- §
| + Uosod Gunips 13080S

128 ONQIDIS (pueds jiyd) yng obie] (Z8-ONCIDIS WY



PCT/US2021/031439
55/209

WO 2021/226558

J6¢€ Ol

TR T (sapyosionu) wbus| S8 (sopyosionu) yhus; S
Lo I | e SBOUUNESL . LUGHEDUGE
NP Hj s T THERy s s
&5 S-S - 25
ol =2 =8 D =
SHN g o PS8 o TEe
| Jd B N B ET B N E S
| 1997 L
ojpidua) 14 HH0) 'S8 IHE L EXTH aleldie) 14106} H aleiduua) 14 W} 74Ny
(sapnosony) bus| Sed (sapnosjonu) ybus| Sgd (sapnosjonu) ybus| Seq
UOGnanunes , L89n8gyug . LUSROUNNES
N .c, e e m.wem.wr n . P o G mm: HMU.:
, u 258 VN 4= - EE
= - % =
LB 8 =1 =3
,,,,,,,,, (B M 22 N
o "o TSE o S @ e
|3d -o- LT = 3 e R EE S
LLE LELE YOl
ajeiduue) [ 102} N aleidws) [y -g) g leidue) [y W0} £y3H



PCT/US2021/031439

WO 2021/226558

56/209

02 8 8l

(sapnosponu) uus) ajeidusel [N
L9 G v Bl a0

aet 9ld

%_gc @%_ ajeydug) |

G 7l

} 1Y
:i_‘g

LO9 T+ PYH

Sed

L 4

0

aMI00 1

L 0P

1079 G+ 4ONY4
S8d -6 73d

-6

1801e)
€0} jo %

H
bos |

nuan

L
)

itk Spe)

W 73d

0

[N ]

<~

¥
18I0 e
ueﬂbes

)

14 $pes) bup

] 0 0
i

......

-0

%_.m%%@_gg%%m%_agm
ol 8 [ 9 &l 7l El ¢

(sap
m

2019
SHd -

D
| 73d

g‘_ﬂ
m‘l—

b

PN
90 up
ik Spe)

f

YOO b+ TN
SHa -Gl '73d

<=

.....

Ao
uusnh

!

0l
Sad!

T

I+ EYH
MGl 73d

i
[Ranl

1 108
95 (610 10 %

b

]
DYIBAI0D ¥
Buouan

i
(Xl
—

\\\\\

Ly
it Spea)

i
<>
o



PCT/US2021/031439

WO 2021/226558

57/209

V0¥ Ol

altioano
Bunipa swnd
paiisag |
m _ ﬁ ! \_, _A uoje
Y s ‘ ~ASifnnsnnnnsnonenscnnscnansnsns
X PUEAS Paijpe-Uou A PUBLS Payipa-uou m m Loisixa del4 §
m _ PoYolU 8L Jo _ m Ay o] §
Jieda jeyuaiajaly “ YAy s ue asn
m 463d Pue £3d
PUELS paiips 84} 0 uogeiq)
Jedos paiosesIy
'
(Bunips swud yanbasans _ m _ m
._ﬁm.mwgmmmsms& 1 s R (| —
aousnias peBiueyaun _ m wonedi m m uoisioxe del4 ¢

/

inba

g

tel

/
X4

¥

N V_A
)

S

|
X
|

A 10jusweidwon = A

30UBNbas NG palipT =4

¥ 10 uswaiduion = ¥
A Aq peoeides aq
0] 90UBnbes NG = )

XX



PCT/US2021/031439

58/209

WO 2021/226558

S0UBISID
. Yol puens
5T SEAEET oy
1 s -
'me 8 & =
27 » 5 &
| & : =8
SapUl =
(Sepur o)y L 0109 74 YA = ¢ =81
(513001 0/ 90 0109 74 £)3H = % -
(S/8PUF /M) Y- 01 09 G+ JONYH $0UBlSIp YolU puens-fenuawaiduioy - (9
Am_ée_\,\,w,&_za.@mi%i b bk
(SBpUL O} LY 019 1+ 7N B puess Aieyeuedug G -- _ e f
pUELS peyp3 £ L e
Wyd
3 Yo
y\ybed



WO 2021/226558

HEK3

FANCF

RNF2

59/209

g

T WO L+ 083d

Yol 06+

s LI
e YO 43¢

HRXEREREX

(wlo indels)

=2 Comrect edit
== Indels

PCECREREREREBER

RS ST ST S T S T S T S T STTS T TSTTT5
R LI RLRLRR

RN

S8pUL01po Paoacs a4

speas Buouanbes ey jo 4

i i
<> [
[ Wan]

g

{(wlo indels)

<3 Correct edit

T =3 Indels

W+
QY [+ 4834
A B+

D0 [+£3d

Q0 [+ 73

[+

1019 G+ GE3d
HOU B+
1996+ ¢35

L9196+ {3d

Lo S 4
Lo |

Yo G+

901y 7+ 063d
U L+
90y p+ €3

90y v+ {3

G
30y i+ 463d
U Lt

7221 )0 i Ead

60 1

SIopUI 0 Jpa paiioads s i
speas Buiouanbas eo) 10 9

4 J AV (3d

PCT/US2021/031439

FIG. 40C



WO 2021/226558 PCT/US2021/031439
60/209

——
=5

Q3 A

=

S.= »

SEe s
OE =

FIG. 41A

Logeinu uiod pajobiey
s speal Burousnbes 1810} J0 9,



WO 2021/226558 PCT/US2021/031439
61/209

001

ﬁ%ﬁ«xffgxﬁ,x/,f,,«/,fﬂEEV@99+

P

— 90y

=z e L
£

= — S [ T
= &=
o e DU i

PE3, 140t RT template,
nicking at +41, RNF2

e 90| 74
—1 0L 7+

—
— ol TP
£
=

FIG. 41C

500 1+
W7 == Y00 |4

L
<> < Lo} <>
> LopN | —

¥ !
<> Lo g
<L [ X
~

uonenu uiod pajstiey
i speas Buouenbas 2101 J0 9

0005
190006+

ey S U0
ey VoL i

~Ed9006

B 9990z
w@mwm&@mw&%wwwiizzomgﬂ+
T

=1 0,9 )+

YO L+

PE3, 34-ntRT template,
nicking at +90, HEKJ

FIG. 41B

woneln Juiod perebie)
s Spead Buiousnbas 1810} 0 9,



WO 2021/226558 PCT/US2021/031439
62/209

L1006
BB “H9u06
E=E ouLs:
10 ool
= tHvo L
£3 L
= V0o -
Zs 096 :
s O
2E 9% I
A
~¥ < P -
woneynu Juiod payebie;
L Speas Buuanbes 8010 4
88
€S
S E
K
o
B2 -
Ex =
=5 <
=5 S
=B T
e VO O ¢

uogeinu Juiod pajebre;
Ly speas Buiouanbes 1o o %



WO 2021/226558 PCT/US2021/031439
63/209

(wlo indels)

=3 Correct edit
=1 Indels

PE3, 22-nt RT template,
nicking at +57, VEGFA

FIG. 416

PE3, 150t RT template,
hicking at +38, RUNX1
FIG. 41F

! E i
<< [ <~ = <=
o

ﬂuoggmnm uiod ;?195521 N

(i Speas Burouanbes ei0r o o



WO 2021/226558 PCT/US2021/031439
64/209

PE3, 11-nt RT template,
nicking at +49, DNMTY

50
40—

ogeyni Juiod payolie
i speal Bupuanbes 101 0 %



WO 2021/226558
65/209
ol

=

QA2 O

BE »

= o @
S=EZ

dio e s 6l

£
I SO

= . OO ‘5%

:‘Eozogozezozazozo

}%DODODODG§GDDBOEOﬁQQ 513\7{!5“0

PE3, small insertions and small deletions

L S S S RSOS S SESP S PSS

E T c;voagsgassg

[ SIS PSS

reft oot 0 0 0.0 0000000 o'
0 e o S o o T T S T T80 a ¥ ¥ ™

L T

Wﬁcoaocoooaoa OO

o & SN SIS IS SIS ISITICICIC

o

B 000D gDgD B0 8 8 %

g.@naooumnmnqno)o)o]o,}o)c)o)a RO

PP 99V 66+ |
18Py ¢+

S suyL
€130 e

w8 (3D YO 77+ |

Y E
LYY 7+
SULO 74

B LY 7+ )
11909 74
s 9Ly 1+

9+

BP9 [61+)

[°p O 9+

U 19 4
019 g+

BP9V &6+ )

PP 4+

U Y19 1+
| }+

RYOL §-}+
DL+
U110 4

VLI

70+
60 -
50

40 -
30
2 20

O8I0 10 UoIaSu pajebie)
i speai Buuanhas (210} 10 9

FANCE

RN

DNMT1

VEGFA

RUNXT

EMXT

HEK3

PCT/US2021/031439

FIG. 411



WO 2021/226558 PCT/US2021/031439
66/209
o L09%
pue gy |+
RN L
5% =
SE o
y
i ~
.S " ~ A el
& - E <
PPy i O
S pUE QuEW;’v S LL
L9 G
HE o
e %uE% %93+
+
— T o
AN L
u e ighe | =
i _ ERRPO G
B S 1 4
8 8 8 2 8 <
uonejp pajabie] i
speal Buiouanbas iy 10 9
=
&= o
£f
- B }.{the?o e° °o N oi[ 08"{’.{. E%p
= = T
_%; 5 %scaeacsngnzccc“egnZQ OS-EA’ !ap -m-}
e i o Y 2 2 RoaY
& L <t
E g’ %—&%}zz%*i%%"o omgcgggassgngag QZHEA‘ leg} a
oy 52
:o;o:o:e:oaooaveoeogouo ij
-Hgﬁxgogoaqcoecgoz:go:oé;g:g Ot‘i‘*‘ lep
N AR RRRRR: ME Grb P
i ¥ i i ¥
28 8 8 8 <
uonsjep paiebie) 4|m

spea) Buiouanbas |10} j0 %



PCT/US2021/031439

67/209

acy 9ld
DR ) - :

ﬂa-.V Al wﬁ(\ll\d A - A Al
CICICICD COCCI D LICHCDC
T =33 1 FTIOOd OO Tl > O
.mﬂﬁiﬁia_l Cim TP
@ @a =2
P
-8 =
=
‘IO.W fo Y * 4
s

UL (e AR

WO 2021/226558

08
sjapy]
Vv .@E
LJ 9 5
fi., wc A [ — wa ..:ao.l.r% ﬁ
o : 31 m _w_ =
S LN oy |
. 4 = S g
2 4 - P 1P
YewsIqzza §ad £2a B E & YeWyIqeza §3d B3 =
eW73g B8 74
UOISIBAU0D ¥ 1053 16101 [ X UCISIBAUOD ¥ 1035 1E10F DNV UOISIBAU0Q ¥ 1-0£). 3 [E10} £ 4H



PCT/US2021/031439
68/209

WO 2021/226558

¢y Ol
[OPEQY'S)  [OPIeY)  [OPG)  gOpUeg) 19 1) 5

G}
o
C

™ ™ ™ N ~
< . . S 0 O o M S S— 1G] oS
3 N R o - - m ) . X} { G o o
) N o N i &) o A 2 o] )
o of |/ B S e ) & o 0 C) o of
ol | ) - K . 00 X o
54 ) - o o . o 2 o) P T ez 2
2 X o2 XK K D == S
. o =5
£ a N o s o of P =X v )
o ) X .2 KD -t
<& D - o
o) o & o) I [ O
&) K} ] = [ e B
o o . o ) =RUTE Q0
2 T 0 S ——— S
oo o o0 —
e o

<

o o)
X
o )

ha

%%
&%
@

1ads o

) pal
)

@

© o)

Biliouen

& )
o o)

™

} el
3
0

‘—r—}&&%“ D0
H&gﬁaoaon°s°eﬂn°ngggggeec 4
¥
5 N
J
$pes

XeWy3g 21 {34 == ~- (8
RRWZ39 =3 (30 SJIp - 1-039-9 as108id [

§ £J €0

A A P

’ N S N A D s ) N ) O
7 T o) & “.,..".“. G 2 . o ., < .
O P e o g o) o . = ==
X o 2 o 80 XX . h.nv
A e £ =3
Ok e e o 00 XX =
X3 ) D o= © D ) < o) <D &
A A e 2 o 2 A —— 20
0 A m.v...m a3 L 0.2, AR m.v.u.m 022
5 4 LTI e o < o) s - L2 ey
2C) - D o » » ¢ o <D D
12 e o o 52, XX —
) T < d o o L) L =)
o D X £X o0 ﬂ.-u.u A,“MU
XD G = 30 ) @0 S
o f) o d ) ) < =22.
o 52 J
uvan &5 — ﬂ.ﬁwcn hwx.u&v 900 Law) =3
X3 oo o 3 o o X 2] M o
B m\im B ) % £ o o D D
0 .I.Q.W i G @m Y o B W..UM, m..
a & M.\Uui Y uMa [y
- =2 e Sz
—f 3 %‘ i
= 798223 {3
XBWKIG T §d 5 XeUlyg 223 {d &= >

XeW739 ez 734 -0 XBUZRE {4 -0
sypa . 1-0%-9-] asj9aid JONYY $}ipa . 1-01-9-9 as19aid £3H



WO 2021/226558

FANCF fotal AsT-40-G+C conversion

HEKS total AsT-to-GeC conversion

v ABEdmax
=31 PE?

76) 0] payianien |y Jolie)
i speal Buiouanbes jejor j0 9,

i e

F=a PE3

PEZ

El EANONANANNG J

¥ ¥ lj
< <> C:> >
<3C> (L) s

76 0} paLsAU0D | & 100ie)
s speal Buouanbes 1o Jo o,

2 ABEdmax ez ABEmax -

PCT/US2021/031439

69/209
130 |
. _ R Gy [
[y
25 e Ecl
= 3 =L 3. L = K
e I
i J i E
8 8 F & =
S[Bpul i Spes!
Butouanbas e10) J0 ¢
§ Ef.&
5 §
™
-

FANCF total AT-to-GeC conversion

HEK3 precise A+T-to-GeC conversion

<2 2
ECD = O O T

) 0} PaLIBNUCY |+t 1901e} 8U) AUC

Yy speal Buruanbas (8ol 10 9,

=

< -
= HE oo n 000ttty
o0 LLd
B o
>

TG

=

=S

il o3

[ononi T 0 O |

=i {3

1

L i Ll
<2 <22 <> <2 <>
o <> =3 g

5) 0} PaLianU0n |+ 1obie) sy Ao

i speai Buouanbas 210} Jo o

Ab

FIG. 42F

FIG. 42E



WO 2021/226558 PCT/US2021/031439
70/209

FANGF

EiXt

Casd-mediated % indels

FIG. 42G

HEK4

HEK3




WO 2021/226558 PCT/US2021/031439
71/209

P
<>
[ ]
o
|- S
T > R
= %
P
AN
s RRTHIIR
e TS R
= far]
<D £33
22 g
= 3=
<
5 =
[ LM
| s
=
]
b= -
f
== od
= <3
<5
> *
= (D
>
G5 [
= E E
B
= o NN
= £33
D et
g S
(] ]
L= ==
=5
PR
(<2
<y
e
P
o=
=7 ~— o~8 2
TS ) T
a> [t b
= [<E] an a>
= = = =
<D fae 5 favs
gtz g agte
< < L




WO 2021/226558 PCT/US2021/031439
72/209

Ensi:ailati@n andscorrectim of th~
Installation and comection of the pethogenic 278ns TATC mutaton
pathﬁgeﬂi(}‘ EBY mutation in HEXA in HEK293T cells

) e Corect edit
in HBB in HEK293T cells o irdele)
r=1 Comrect edi (Woindes)

Lo 4 =
_ [wloindeb) g Indels
28 11 indels g€ 0
g i SEMR
== iR SEul
5 5 SEHL
B = 04N N =E % B 7 R
T F T "k Hed g
Wl rbo / EbY Fob Wi FiCA ]
of6 ow  fow +TATC +TRIC +TATC
(install) {correct) wisilent (nstal) ~ towt ot
‘ o {oorect (comect) wisilent
’ (correct)

FIG. 43A FIG. 43B

Installation of the
protective G127V mutation
in PRNP in HEK293T cells

Correct edit

(/o indels)
- Indels

% of total sequencing reads
with the specified edit or indels

PRP G 127V
(install)

FIG. 43C



PCT/US2021/031439

PE3, U208 ¢ells

73/209

3, K562 cells

=

PE

WO 2021/226558

A 10 1+ (43

Sepu T pageeds a4y
speal Bupuanbas e o 0

e U 19 Y e PGS 638
= ) L9 9 G 40N s 2 B pMOsUN fSeD
& n £E
= et GILIG SUI o RS
5 ey SIHNG SUL L+ £ @ 22 53 - 0 naos £34
£l L OVD G+ DK W pd WIW <= oG
S Sy S N S o) S8 S=E N pauostn ¢3d
SopUL 0 195 Paads o Lo FEgy B Y peanun
spea) Bupusnbas 201 o 9 e S —

oD oD 3 CIIKCED D KD WP O D
=Y D ONE ennen e

S19pU 0 e petgoads au)
spea; Buipusnbas ej0} Jo %

ez RN UL L+ EYH

T e 100G
Ess whﬁ 10019 1+ X3
ﬁ_w.gm .mu_ﬁ mm.%am B4 Y

speat Bunuanbas [ejol jo %

FIG. 43E



PCT/US2021/031439

WO 2021/226558

74/209

-

and Cas9 HDR in HEK293T cells

PE3

- Casd HDR

L s v IO EIOIEN

HE

2

ﬁ

-

oracre MEPCICIEIEIENENE)

-

(1081100} A93 89H

(eysut) 793 ggH
1019 9+ gild

e 9 00 b+ 7N
T W 110 1+ EfFH
v 9 0 L 1 EYFH
mmwu%w_muwm.m o m@f

speal fupuanbes o1 o ¢

FIG. 43F

s for PE3 and Cas9 HOR

Correct edit wi

in K562 calls, U20S cells, and He

PE3

o 9001+ | =

Z SO WO =

m 290 oy ) =

U0 ) g

B e DUTNI LT = T 5

=90 i ) S

= 9001l ) <

s M L) WY S

e AL R Y s A I
1 paoats i g

speal Buuanbes g0 o 9,

FIG. 43G



WO 2021/226558 PCT/US2021/031439
75/209

Indels generated by PE3 and Cas9 HDR in HEK293T
cells, K562 cells, UZ0S cells, and HeLa calls

8 100+ : &3 PE3

S a4l . i C3Casd HOR

= 2

5w

= =60

g_.E

SE4N

A

< H

s 4

== O’" ETR . all il =
SEo=E QLo DEo D B0
FESSEE PEE SRS SRS
ST IFEE LT ST L & T T

N3 g Lot ] [N ]

DR Fam DEE DR Ggs
v :E‘l:m‘:[:% - e 5= o

{
{
{

HEKZG3T cells K562 cells  U20Scels Helacels
FIG. 43H

Insertion of a Hisg tag, FLAG tag,
and extended LoxP sequence
in HEK3 in HEK293T cells
80-

+ Correct edt
¥ (Wlo indels)

3 Indels

<D
<
i

% of tofal sequencing reads
with the specified edit or indels

PN
<>
H

ull ™
Hsg  FLAG  LoxP

FIG. 43l




PCT/US2021/031439

WO 2021/226558

76/209

gy Ol

- yNyBed papuspée- ¢
- yybad papusie-
: SSEYM Y(vBH 63€D
+ SIRASINS YNGSD

sianposd payoIN

aesans yNQsp

Vv Old

(1 TyyB-gseop]
o 00l 0

] ﬁzm@g papUae-G
sfesse s Ajoouw onaioydedas)

o814

0 U0

punog yNa 4



PCT/US2021/031439

WO 2021/226558

77/209

vy 9Old

L ]
x
<D

S Se TS

L w8

(2 2

S

=D ==

> £2. X
SO0 2 U0 0d
002 o R AY
SO 20003
i 0G0 U SOLO
SDOC 2L 003
SRR S2L0
SRO0C 20003
oo SO0
AN ” oo 03
SRR OGO
S0 o 20003
080 GO Uo
GR-XX4 LR
080 DU O
SO0 DL 0D
D80 SO Uo
OO DG D DG D
DG 0 a0 Da
GG 05 o
R &0 D0
>R CAERILRE
0o a
G ODa CAR)
L
LA IRAY oD aD

SIB9 LE6TNIH
E)3H

SpU i
speal Buusnbes [0y o 9,



PCT/US2021/031439

WO 2021/226558

78/209

dvy Ol

gauaosalony ¢ho
AZI[ENSIA PUE ) Bain
Buuneusp Aq spnpoid
UoIsUapxa Jaud ajesedag

'

W1 0.L8
SdINP
LE A

yNyBad
papuape-

tanao”

‘ asejduosues
. 3810AY

Y(78H 698D 10 B3EgP
+

y\ybad papuape- ¢
10yNyBad papuspe- ¢

10 yNu0s

papuae- ¢

[ Koot

]

o

¢

Wvd  leoedsojog
SRRISNS YN PABORISH) POYOL-AON

69

[

- —~
Wil Jeoedsojold

gy
SYRLSYTS YN POIBGBHGAD poyOIalg



PCT/US2021/031439

WO 2021/226558

79/209

spnpoid

[ ]

L]
+ &3

-+ 4+ 4

+ 22

&
4
+

¥y Old

+ =+ OO OO
H e - 6 e e £X
e i e -

SyNBbad papuaie- ¢

4
+

fayun

(1) wbusy aieiduey 1y
yNyDad papusixe- ¢
YNyfs

AT

8SBYOIU YOR9H 6520
SRASGNS YNSP
JEYIRLI YNISS PRYIIN

snpoud
afienes

__ SRISANS YN
paYoIL-UoN

-+ O X3

+ 4

Ay Ol

TR Uy
- )by aeduey |y
+ -~ - yNMBed popuapa- g
e NS

- LA

- - e

+ - WNOPepIUBid

S e ey OYIBLIYNGSS PN
__ BRISgNS YN

N PRoL-alg

spnpoud 1y

sy wBad papuape- ¢



PCT/US2021/031439
80/209

WO 2021/226558

Y&y Ol4

HOU-dd0 & Bunpg §)1o 8eaf oju

LOJSUeY] 7
T
Ao 449 SLNP “yNyfiod
YOv8H 6580 |
Opy 9l4
,,,,,, Buinuanhas sebueg
o j ‘Horsuapa Jauyd
A L Buypd B p)
YYYYYYYYYYYYVYY 3Y9 pop woneyNg
s _..m,ﬁmmm ON G @mwmcomm@a UG -
| 1 b oAt oy
99999999999 99XFIIYIII IIX IW9 pyg. i
e aulodowoy DoOEs  adue Jy yNyfiad papuapee- ¢

yNub



PCT/US2021/031439

WO 2021/226558

81/209

g4y Ol

jonuod angsod 2
fusyrrd49
polipe-2id

i01u09 sagefau
ARYU0LS-d49
psjpeun




WO 2021/226558

Tl AT)

(

ion

3-Extended pegRNA stop codon correct

merge

6FP
FIG. 45C

§-Extended pegRNA stop codon corection (T+A to A+T)

82/209

PCT/US2021/031439

FIG. 45D



PCT/US2021/031439

WO 2021/226558

83/209

457 Ol

(uonasul da-} ) uonoanion yysawey |- yNyBed papusiT- ¢

49v 'Ol

%
Bty i

(uoli8jap dq-} ) uooaiion Jusewey) |+ yNyBed pspuaxy-



PCT/US2021/031439

WO 2021/226558

84/209

O4v Old

.hl
sés
b
kS
LV
dOfE I
¢ i o
_ ! 678 ON.01 038
YO¥OOYSYOO0LY ORI O¥O D¥DLO¥D¥I005D

$8110]00 BARISod-aignop Ay
PUB (145) [BUORIPPE O 80UaNbag

P
[}
(]
=g

@----

Yovo?o

JYD00LY oL

2,

gyl S
==

1O ppooiep e

90¥09Y9L0YOVD00 9908

3

R iy

J, 508

Fo

T

{fuoj
mpisod-agnop

Rty pue 449)

JUeLLojsue]

piusseyd payp3

ON Q1038

(Ruoioa Auo-d49)

JeLIOjSuE)

piussed peypeun



WO 2021/226558 PCT/US2021/031439
85/209

PEY, REK3 +1 Tto A
10-nt RT template

Gorrect edt
fwlo indels)

7 Indels é
3" no

% of total sequencing reads with
target T+ & converted fo AeT

2...
& ;
I L VA R R KO L I

'1
PBS length (nucleotides)

FIG. 46A



WO 2021/226558 PCT/US2021/031439
86/209

PET, EMXT+5Glo T
13-t RT template

Correct edt
(Wlo Indels)

39 T3 Indeis

Coonvertedto TR

% of total sequencing reads with
target G+ C

2

0~ N
9101 12 8
PBS length {nucleotides)
FIG. 46B
PET, FANCF+5GtoT
: 170t RT template

=3 Correct et
(wlo indels)
64 T3 Indels

convertedto Ten
N
i
P e

~
v

% of total sequencing reads with

targel G

RS L

IEEEEEEEE
BS fength (nucleotices)

FIG. 46C

3



WO 2021/226558

PCT/US2021/031439
87/209

PE1, RNF2+1 CloA
1-ntRT empia

(w o aﬂdels
087 =2 ndels

04+

% of total sequencing reads with
target C+ G converted fo 2+ T

0.2

r‘_i ﬁ&)
LT

FEG. 46D

F
,.
L

HEK4+2GtoT
ntRT template

20 23 Correct edt
{ (wlo indels)

{ 3 Indels

o

R EETRRTRRTIRT
PBS length (nucleotides)

FIG. 46E

PEY,
3

% of total sequencing reads with
target GeC convertedto T2




WO 2021/226558 PCT/US2021/031439
88/209

PE1, HEK3, 13-t PBS
10-ntRT template

Correct edit
(wlo indels)

7 Indels

% of total sequencing reads with
the specified edit or indels

#HT  #1A #CTT
el Ins ns

FIG. 46F

P

Casd HBA0AM-MLY RT (wh)

1 CasY HB40A-M-MLY *’%T(

M2 CasO HBA0A-M-MLY RT (D201 1N+L603\4“‘

M3 Cas9 HBA0A-VHMLY RT (D20ON+LB03W+T330P)
M6 (

15

wi)

M D2UON)

Ef
PE1-
PE1-
PE{-
PEI-ME  Cast HO40A-M-NLY RT (D200N+L603W+ T330P+D524G+E562Q D383N)

PES-M1S  CasO HBA0A-M-MLYRT (Pb?L+So7R+E57K+ 107AHHOOARE302KHF 300N W 331F4T330PL 3450+

N4b4K+D524GD58IN+HA4Q+D6GIN)

PEL-M3inv MMLVRT (DEOON+L603‘«"'—T&30P) -Casd HB40A

PE. Cas? HB40A-M-MLY RT (D200N+LB03WW+ T330P+T30BK+W313F)

FIG. 47A



PCT/US2021/031439

WO 2021/226558

89/209

2t el
(/o Indels)

Indels

......

-
, FiC

o] SULY 4+

PE1

e DL

2
15
g-
® )
0

%Em 107pe E_uam 5
L spesd fuuanbas 1gjo; o o

FIG. 47B

-

W NIE L 3d

| NOOZQ4+ G- 3d
| Sl ad
| HPSPNEIN- 3d

R 906y +EN Ad

E1EM+HI0C

1 40 3d

FEAEMHEN-1 3d

s H0EF+EN-13d

B _‘
sy A W0ELE A

Y693+EN-1 3d

HZ 27777777 7] 6 i

7] Ot L0

ey - 3d

20-

oL Uo @Em\aso :m
Y speas Buiouanhes (ejor jo 9

AR
HL0GTHEW-d

Z) i
R ERERERRR] Wit 3
A

Dalpagun

FIG. 47C



PCT/US2021/031439

HEZ 2777

MIEW-13d

| NO0ZQ+GH-3d

i SWAd

10 HPSPNHEI 3d

sy 99T+ 3d

\
]
!

= J6LEMHHCOES

HEK3 FLAG-ag insertion (24 by

90/209

1 61 3d
1 JEEMHER- e

3 Ho0E3+EN 3d

777 777777 YR
— BEEEREEREE You+aii
ey G- 3d

N

HEKERRK,

A28

WO 2021/226558

i speas Bunuanbes g}

fig)
0140 %

:ompmwgm OVl pae

i

d6e} T+309T
ARES
NL09THEN-3d

2t ad
0 Ad
S WAL
| 3d

pelesfiun

foA

RNF2 +1

FIG. 47D

1Y 0] PRYIBAU0Y 9
s Speas Bunuenbas |8

Vo ML 3d
| NOOZa+SAr A
10 G- ad

L) HEENHEIL3d

SRR 966+ Ad
i e EMT0E
= | d

zl ACLEAHEN | Hd

,, %m%mm.é,ma
; =5 o 9N Ad
&4 LN 3d

) dEL T

ol 3d
HO9T+EN-)3d

pajeaun

<>

FIG. 47E



PCT/US2021/031439

WO 2021/226558

91/209

R A

T T
1 H
RN RAN

| NOOZQ LN 3d
24 Gl Ad
g HPSPNHEI 3d

Qeer eIl 3d

+ J0LEMHC0E
~ 46l 3d

JLEMHEN-|3d

i HO0E3+EIN 3d
ez B 3d

N693+EN-13d

s A d6EV TN

O-1ad
d6e} T+309T

NL09THEN-3d

7, i3
< U

Wikl 3d

13d
pajeanun

LD <> LD <>

5+ 0] PALAICY 0+5 18BR)
i speas Buiouanbas 8103 0 9

FIG. 47F

) Mg 3d
1 N2+ 3d
) GHALd
MEON+EN- 3d

1 96011460 3
| Sl
o ROINER

1601 3¢

Mmgmmé,ma
T OSSN 3d
kb 693 3d
g s &) dobL I 3d
easonaey -1 Ad

g6t} 144097

ol 3d
HO9T+EN-)3d

pajeaun

t ] 4 4
<D (& ] s 3 <>

T+ 0] PRLIBAU0D ¥ » 1 Jo0e)
s Speas Bunuenbas jpio) Jo

i

o

FIG. 47G



PCT/US2021/031439

WO 2021/226558

92/209

FANCF+1GtoC

A NI d

(RPN

HEER
HE i

i
Ll

NOOZQ+S A1 3d

Sl ad
APSINEEI1 d
Qeer eIl 3d

-+ JELEMHIC0ES
~ 46l 3d

JLEMHEN-|3d

s HO0E+EI3d

e LI 3d

N693+EN-13d

2220 d6EV N 3d

R W

2777777777,

TSR
FRUSEERLL

7 dbbL 111007

ARES
NL09THEN-3d

ti4d

SNNET

Wikl 3d

o 1 dd

547 0] PaaAUCD D+ 5 100ie)
i speas Buiouanbas 8103 0 9

pajeanun

<>

FIG. 47H

HEK3+2GtoC

ot {3d
1 40l EMHT0E
4+ 4d
NOOEL+EN-1d
72,613
pajeanun
50 0] pAUOAIDY 09 100l
i pead Burousnbes 18101 0 9

FIG. 471



PCT/US2021/031439
93/209

WO 2021/226558

S 2 73
5 ' - 1612063
5 e B e
2 WEL (2 & (I O\ ANRNRNRNRNRNRNRNS AR T B
= vk I (134
T pajeau O { pepeanun

s “ = i A N . PR

UoRRsl Oy pajslie)

Ly Spea Buuanbes ey} J0 Lot 0paaNd 9.0 il

L speai Buousnbas jeyo) Jo

FIG. 47K



PCT/US2021/031439

WO 2021/226558

94/209

¢d

Je1EA+HE0
+Hl3d

AN H0ELHEI 3

1
<

947 0) PALALCD 0 +9 156y

5

U speas Buouanbas e} 0 ¢

Ei-lad
DaJRaRUN

FIG. 471

(3d

e
-l 3d

Ny M908 L+E-1ad

¥ T T
< pa s o~

T+ 0] PAUSAUCD s ] aga

L spea Buiousnhas (e} 0 %

ti3d
pajealu

FIG. 47TM



PCT/US2021/031439

WO 2021/226558

95/209

GioC

FANCF +1

~3 o T <

90 paLOAI0Y 045 obe)

U speas Buouanbas e} 0 ¢

¢d

1 461 EM 0063
el ad

7 MR
| 1 3d

DaJRaRUN

FIG. 47N

PEZ, HEK3+1T

7 22, P HHLELELS
i

Lo = XX AL ALETAL L L LT LELELTTTTS,

&l
R VAT ELELAAT T TTTS ST 4

T+ D3YIBAICY e 1 1800E)
ik speas Buousnbes B0} o o,




WO 2021/226558 PCT/US2021/031439
96/209

PE2, EMXT+5G 0T

.
<
]

Indels

% of total sequencing reads with
target GeC convertedto TeA

N R
PBS length {nucleotides)

FIG. 47P

PE2, FANCF+5GtoT

2 Correct edit (o indels)
2] Indels

.
<n
I
AV &)
AVAY .o
A
Y AV VAT

& 4 AV 4 2.
&

% of otal sequencing reads with
target G C converted fo Te A

2. & £ & £
£
2 & 2 2 & Ay
£ 2. 2. £ £ A
2. Z &, y i & L
i

a4
&
4

P P

B9 101 B UH6 1
PBS length {nucleotides)

FIG. 47Q

N
N
»
12



WO 2021/226558 PCT/US2021/031439
97/209

PE2 RNF2+1C oA

Correct edit
(wio indels) ;

3+ B3 Indels

i

% of tofal sequencing reads wtih
target CeGconverted toReT

13 14 15 16 17
PBS length (nucleotides)

FIG. 47R

3

PEZ HEK4+2GloT

—
<>
i

R .
- Correct edt
— (Wi indels)

i< Indels

sy
|

<3
i
]

% of total sequencing reads wiih
targe! G C converted o T2

i

S
i
S e
L.
A 2o R

D
]
ko
s
o

N
4 3

RGP
T
OEIE
i
Tl T s
f/
S
TR
T

3

N 1 T VA O U |
PBS length (nucleotides)

FIG. 47S

i
<o



WO 2021/226558 PCT/US2021/031439

98/209
= 0 - Correct el PE2, 13ntPBS, VEGFA
= " (/o Indels
28 - hdeks
s 5 e, A~ ¥ TN e
%g’ O ------- 4 r 4 § A Y
== O AR G T O T O A VA - VL |

RT template langth (nuclectices)
lastlemplaled T C C A GATGGCACATTGTCAGAGG GG
nuckeotice
SEQ D NO: §26 FIG. 48A

g PE2, 13-nt PBS, DNMT — Correctedi
19 ik
(wlo indels)

- {ncels

vvvvvv

L ETTON . SRR S
T

L T

L

% of totel sequencing reacs with
larget G+ C converled o T &

RT template Ieng fh t‘nuueu Idas)
lasttemplated T 6 A C G666 266G CAGAACTAGTCCT
nicleotice
SEQ D NO: 827
FIG. 48B

PE2, 15t PBS, RUNX1 — Corect edit
(lo indels)
-~ Indels

ith

% oftoal sequencing reads wi

D I
]
-+

— 3 D B

3o convertedto Tea

target G

(=]
LD
—
<>
e
—
.
™D
—
A

.
.
._s.

SR TR DANDBUDDT BB NN
RT template lengt k (nu:fef‘ ides)

lasttempleled T T CAGRACAGCATATTITGAGT CATT
nucleotde

SEQ 1D NO: 828 FIG. 48C



WO 2021/226558 PCT/US2021/031439

99/209

8106 P2
o PED RH10S K109L 4RT)
= o0 Cast HB40A nickase
5 - i) deas)
= 3 Unlransfected

1081

0 :il %

Days post-transfection

FIG. 49A
HEKS, 45 G toA

_ - exY Correct edit (wio indels)
10 K 3 Indels

% of total sequencing reads with target
G:C base pair converted AT

=

PE?;'H""""'
PE2-RT
Cas HB40A nickase K
dCasd E
Untransfected |

FIG. 49B



PCT/US2021/031439

WO 2021/226558

100/209

v0S 9Ol

yNybad

[

aaH

m

B e
L
|
o 6588
:
:

N ]
NN J
K L
NN A e
- hoby
S
i

S —
(Sipul oy
Ype 108009 £

N mwﬂw, IR

w

3N

€] o

T T

L e

€3l itk S22 LEGTMAH U A93 §GH 10 UoosLiod

B 7o

EX

)

)

£
3 paleal

s
il

]
<=
o

Siapul o $3jae auabouged-uou o)
i speai Buiouanbas B0y jo 9

i s

by

{
o
-3

e

(9



WO 2021/226558 PCT/US2021/031439
101/209

|7 pereagun
11 pajeanun
seemereeed 097 SYX3H

FIG. 50B

Correction of HEXA 1278+TATC in HEK293T cells with PE3

e e e geese sgeinn <peees “eian <grene eeier
oD
=R
S
LEd
-

P €AY €57 AT o NG T e BT D B O Y < Ly . - e - -
e S LaNPaN Ty : e :
2 2
o

73
5%
(]
-

3 W

l

i Rt

7

Ty

2
=
[
gz

N <

s

el
=3
LAY
-

0 SPH
7S
el

<>
>

=¥ L)
siopul 10 saipye oweBoyed-uou 0]
Ly speas Burusnhas 18101 10 %



PCT/US2021/031439
102/209

WO 2021/226558

-~ |

2 AU0HEE) | = — = —uOHAse) )
S o X TE A =
= " NHEE) | o 'S e 2=
B PP [N L 2 ey {6unebieruou |
22 bueieruon J ¥ 2 T AR ) o
SE & AR Ly = o3 =
7N | — [E¥ 5 5 e | =
= SR 18 oo S o ey J
..................................... G e e 52 = 0N 6% w 2 8
- UOHED ] v : 8 =<
50 Tox . : o 9
2 bupeberuon J = 3, < = H0H 6% o3
= e 1 SE ToRNN H] b =2
= B o =2 %) % Bunefieruou |
o 140 8580 w% =8 I & e LU R
2 MOHEE) | — T

........ 84 L2 =2 .
Bunebier-uoy |
- 4OH 6520

e 03 L2

e (JH 6580
L - L
Bunebiey-uou

HEK3
+3AtC

AN

BugeBieruou J = 1 Y(H 690 O
e ]2 -
| | | . \m ............ _ ........... @ memm(—mMi EQG ] ul.w“. ..w.*;l. _ _ m _ @ﬁ_gmmhmwur_@: §
= Sppur o payoads a4 T spplopepptsa
speal Buiusnhas je1y jo 9 speal Buousnbas jejor jo 9y

FIG. 51B



PCT/US2021/031439
103/209

WO 2021/226558

E = | L T 'S
. 03 -2 . o3 - =
£ Bugobreruou = Bugefieruou |
= = ez A | & = B HIH6%) ) e B
= dx LES e gl rED
g 2 T £ g bugeberuos | *
o= T d(H 6%€D o e - = ™= 7] 0H 6580 o 2
4l £3d Wﬁﬂ gt &£ W,P@
e daH6%) WSO w = FAHEED W E
. £4d - = w b ] £d - nnHe\i ©
3 bugelieruoy | il = bupobieruoy |
S " e dlHe®) | ez O o galHese) 7 e
£3d e =0 e
Bunsbie-uou 4o Bunebiey-uou I
e 2R ) o = HHHER) ) o
63 e m v £d . 5 m
Bunebie)-uou j + Gunefiey-uou ) +
" gdHE®) ] o T aHe®) ] o
3 -5 2 | -5
Bugabrey-uou * Bupabiey-uou *
LA A A I i L s A R i
= vag_,_cn,m,mm EW% a0 = wmw:_ sww@%_@m a4
speat Buiouanbas eor j0 9 speal Buinuanbas e1or jo o

FIG. 51D



PCT/US2021/031439
104/209

WO 2021/226558

e

HDR ssDNA

0indels)

100-

fw!
el

{
\

s Correct edit
3 indels

80+

Siapul 0 yps paioad
speai Buiouanbas e

d0H 650 W

] 4QHEsEaR

Bunabirer-uou

o

AQH eEq M

HTH6SEdD
BuneBrer-uoy

-’

4QH BeEQ I

&QHESEdP
Buebirey-uou

-’

LG LR

dQHESEDP
Buebirey-uou

-

<D

HEK293T, HBB
thAtoT

FIG. 51E




PCT/US2021/031439
105/209

WO 2021/226558

E--+
[
E—
Bt
[
gy
[
wL
>
<1
o ;
&2
hy i
[<F]
&
I ==
| —
|y A
<> =
=—_
= <
<D
tid &
[ <>
o o
L8 L
P pro g

.
s}
/

%

51F

FIG.



WO 2021/226558

845

846 T

87
84
844
850
851
85
833

§ad |7

835
836
837
858
839
860
61

8621

863
804

805 T

866
867

106/209

PCT/US2021/031439

ACDICICTD

<

<

T CD

Sy oy oy [y ey

CRRCHCD

(]

bold Substivtions
[ rserons
- Deletions
- Predicted
Cleavage position

FIG. 51G



WO 2021/226558 PCT/US2021/031439
107/209

Insertions (1,844 total)

I o

g - - O~ D i T B
,u--ﬂ"n"_
E-d
§0 4 80 -
] / -
>
== o P
=2 < =]
= i =
a2 : =
<3 : an &5
= e o= p - A1 =
- &S LAY vl
2 == 4 D>
o &= -%- ==~
D> == <
&l £} =
= — % AN =
= .= 40_,, % -4\,} b
<o o -
< S <2
= % =
© Py
e X ==
P 20 e n"} ——
b ¥ -~ /i
3 o dl 4"
aQ o
H oqles
£ O g L
¥ bolbo )
0 X0 R Rk K o P . C’
i i i i
s

Insertion length {bp)

FIG. 52A

Ouplications (6,154 tofal)
- 100

u&@@a—a_u-&-&%ﬂ“ﬂ‘”'ﬁ‘ﬂ”‘ﬂ‘““
~CF
= o)
- 80 y - 80
% B F.-d [
-t -y
o ‘ =
52 =.
S 0) S
=2 TG O ’u ="
= = X <
2 T RS iy
[ a a
L 3 &
== Yk i &
= - B il b
e ) =3
351 Ok [
< Be =
= e =
- HY0 ==
= )
== AN ol
1 b
e
GO o
5"{;:3 qurﬁ #
X X y
0 ] i ] ] U

0 5 1

15 2
Duplication length {bp)

FIG. 52B



WO 2021/226558 PCT/US2021/031439
108/209

Deletions {19,706 total

8@ ] '_a__g_.,s--u—m--n—~x~«§«-ﬂ-—-§~-s-i—&—g-— i 80
e
f,l'--."'
=
,
;
1

64 & - 60

in ClinVar

% of pathogenic deletions
(07 Aoussnbay aneimuiny

PP I B e e
'a“u"a“s"aoo"oaoco“a“d*\

0
2

o

2

<

‘t) B <

AANA Y Fl‘f’]m«msm i I e G

0 5 10 15 20 2
Deletion length {bp)

FIG. 52C

Indels {1,530 tofal)

1&6_ Lt et I 100
,w”‘r)x

/" O
P -8 S
= K =
25 80 - # - 80 %
=5 i g
<= 5 =
BT 04k Ly 2
2 ; U=
=2 2 =

iR

]
<>
]
|
>
<5

050,050

gﬁ@mmmﬁwm : :
0 5 10 15 20
Indel length (bp)

FIG. 52D

<D
00
<D

no
[ 3 ]



WO 2021/226558

PCT/US2021/031439
109/209
B: Doublet Exclusion
e AlEwens = A N/ Gates and Staisics
‘C_Zgon_ 2 oPa’Ei" 0T0+a!
— i AN 0.00%¢ 100.00%
2 8% 08T
iR & v 035%% 2891%
D @é Q48% 0145
A:Gergon " 3200 400 600 800 emmwa
population x1,000 x1,000
CA FSC-A
=
<: 238 C. 0450 Populelon
2 sialisfics
2003
[ S
102 10 104 105 16
GFP-FGFP-A Compensat
.
GFP-cells FIG. 53A
B: Double: Exclusion
s AlEverts = M\ Gates and Staisics
=g =) Nemg | Events | %Parent | %Totd
% 60 = B B A Bvents | 125061 000%| 100.00%
&3 40 )& ] B BA 61001 4878%| 4878%
t>2% _ i SBL | 45%] T80 64
ot I s 0 B30 30561 8464%) 3083%
gogaipgqm 0 200400 600 839(1,60@ 0200 400 600 8 DJ.O N IED 151 W 1579
A oA
= B =
=403 = /\
5 Sgg C: 8464% Popuion
D i ;:i i QD GFP+ cells statistics

c oPhege 7T T T
(ivng) ells
\_Y....:i
DAP! positive
(dead) call

DAP!: DAPL-A-Compensat..

;
100103 104 105 106
GHP: EGH-A-Compensa...

FIG. 53B




WO 2021/226558 PCT/US2021/031439
110/209

Ling 1
SEQ ID NO:

y TS
858!/\ il
1oR

L

()]

Ci-Reference

869 2 alc cla T AT TdcT «c%?eﬁs&mwﬂ
87012 pic claiTiaTATidTIAITIaC T ol 7| Ci-1.54% (471 reags)
§741A BC CG T T T AT A IO T ACY ' 71C-1.40% (335 reads)
§r2\n alc clampTaTidTia g T AlCY wc4mmu®
8692 nic C i HRBD o 0 71 C-0.617% (168 reads)
Tl jis D o ol C:-0.51% {196 reads)

¢

=)
P

nT Tl(‘ Reference

<
2

%QAACC TIATICHT C TIC31.T4% (18375 reads)
fianice T T { TC?M%Q% reads)
fiinacc AT QU 7|Ci-1.08% (217 reads|
fRinacc Tl C T|C-0.85% (171 reads)
§63janice  KRE i C 71C-0.59% (119 reads)
868iC CTicl AlC AR R C T|C-0.57% (116 reads)
863 1a alC ClaT TlATICR C 7|Ci0.53% (106 reads)
§T41n alc cic TIATICCT C T 77ICH0.23% (47 reads)

bold Substitutiors
[] Inserions
- Delefions
-~ Precicted cleavage positon

FIG. 53C



WO 2021/226558

Ling 1
SEQ 1D NO:

111/209

PCT/US2021/031439

15 ClC ClalT

o|c cid]T 1 Reference

§78:CialC C

ST

O\ 757 45% (87424 reacs)

Pl
P)
T | o

I

i “2” o (240 reads|

T
873.CIAIC CIAIT
877 CIIC ClAlT

CiGT T=‘u,249/c( 12 readls)

AlC mi}\

T\E(« TC

17 7l-Reference

G\ T197.16% (63793 reads|

7 71-0.36% (239 reads)

CI6IT T1-0.20% {142 reads)

N6CACCA *ACT”“

§75icialc clal CTOe

§17:clalc cla '?c;
Lire3

AR

A pimbs

Bicllcc CTOC 07 3% (77514 reads|
BT5icialc b CTLC .29 (208 reats)
BTiclalc ¢ C T OOl 7 .20% (172 reads)
gicllcc CTOOTG T1-0.21% (167 reads)
Lingd

§751cIalc ClAlTC emialclal

§T6iCInIC ClaT 1A

§T5iC|alC CalT

BITiclalc Clalr A

g78icialc clalmic cmicichal

FIG. 53D



WO 2021/226558

i

78

87

PCT/US2021/031439
112/209

Line §

calec amacc 1265 reads)
CIAICC CITEICC rﬂa“S)
talec ¢ ¢ Qreaas)
CIAICC CITIE T *eaﬁs‘

B

bold Substiy

0 Inserf:iens

- Deleions
- Predlcted cleavage posiion

FIG. 53E



WO 2021/226558

PCT/US2021/031439
113/209

Profocol to simultaneously clone a spacer sequence {Target Site) and pegRNA 3 extension containing a
PBS and RT template into & human UG promotor pegRNA expression vectar.

[Component 1] Undigested pU6-pegRNA-GG-Vector Schematic:

Cutwih
pU6-pegRNA-GG-Veclor — Human pegRNA U exprassion vector  U6_Bsal-mRFP-cassefte_U-Temn  Bsa-HFV?

Plesmid Descn‘ptien Feglures

Component 2] Orcering oigoncleatides to generate the spacer target) sequence for human pecRNA vechors:

Top and botiom cligos to be annealed and then as»e*nH ed] n‘a digested pUB-peaRNA-GG-Vector:
SEQIDNO: 8795~ Ccacc vy T

SEQDNO:B0Y - o

(The N20 mac% pm 0Spacer sequence showr can be of veriable length as neegeq]

{Component 3 Oraering oligonucleatides to generate the SpCasd sgRNA scaffold for human pegRNA vectors:
Top and bottom oliges to be annealed and then assembled info :i|qﬁs tad ;,Un peaRNA GG-Vector

{Phos} & - AGAGC TAGARATAGCAAGTTAARATAAGGC TAGTCCTTATCAA 3 SEQIDNO: 661
¢ ! R mA N A N P i
SEQIDNO: 8823 - GRTCTTTATCATTCAATTTTATTCCGATCAGGCAATAGT M Tm Iimmvicu 5 {Phos}

(Note that these dligos must be 5" phosphorylated fo permit pegRNA veclor assembly

(Component4] Orce EFCO!QuFLC'EOld“SuGSFG& the pegRNA 3 extension containing a PBS and RT
tempiate sequence for human pegRNA veclors

Top and bottom oligos to be annealed and then assembled into digested pUB-pegRNA-GG-Veclor:
SEQ D NO: 8835 -Grac ks -3
SEQIDNO: 8843 mw

(The N30 mack reverse ranscriptase tempiate sequence shown can be of variabie lengh, as needed)
Schematic of final assemblad US pegRNA expression vector from components 4, 2,3, and 4;

Spacer Sequence Reverse Transcriptase Templae
a’anneaied oiagos) (a*mﬂalﬂd cllg 5




WO 2021/226558 PCT/US2021/031439
114/209

pegRNA () scaffold

_ Spacer_
primer "template
FIG. 55A
L scaffold optimization
a@?g?g@t?ésehs@sﬁe nggmlzatggneﬂemp!ate
d d /)/; R ] secondary structure

additional motifs for stability, activity

FIG. 55B

processing elements

pol |, pol Il promoter

fermination and g E

nuclear refention element

FIG. 55C

e

Yo



WO 2021/226558 PCT/US2021/031439

115/209
scaffold
modifications
FIG. 55D FIG. 55E
—E secondary siructure e .
anchoring S
FIG. 55F

ﬂ split template

FIG. 556G



WO 2021/226558 PCT/US2021/031439
116/209

= <
2 o rg g &=
e S ee23ESR — ¥
L e el Sl Sl B LY o + 4 - o
PREPELTLY | JE |
H H ’ O 2ED
HEri i 178 33 3 =
wOroomwo | 5 SI09 8 =
E2EfooolR2 — |
OO == (IS § B2 e “« o
LS LR OO O 3 = 1 & W=
TG B =388 3 B
Pl : ‘?Q:e(:g o Qz::cg
- ZF P CFD O XD 1B =T &
= T 7 =
= Pl g =
I e g
=T Sooo o =
o DD 1L B
g RU
,,,,,,, " L L
f f f f i
S 3 2 3 22 2 2
payads Lbus| 1oexs Uoiasul pioyeas yNybad zg
84 10 Uorasul ployeas | yybed i Speai Buusnbas (000 9, BATBIWNG 6D
i speat Bunuenbas 18101 0 % o)
L
| 006t
B 000 b+
B100 9
% 00118
YO L8+
YO [y
= RSN SO
= —SXSNN 1096 =
RN NN YA 9 6+ =y
BP9 Gt
8P 999 -+
JU9
90y £+
Loy
A
NN
§ f ]

q;ﬁuaﬁe 10 uoguss?j?pgogeos
(i Speas Buiousnhas [B10}Jo %



WO 2021/226558 PCT/US2021/031439

117/209
=
i =TS
S = SO =
D B E [ petndv-ira T i1 -
Sooosirad prighrie cpeha ¥ :
CO— b b— €D o N | =
PIPITLILY | B L Lol =)
- § =
l1itil i 4558 Sesei il [Ts5
& == { o
) prapa i =
22299522 |28 Tii il =B
o L N i % = B
= e CD ! % =
= 2o il : =
= gs—-v—wr—m 3 L =
-2 8 ey il LeB
- N B it -
& — 4 &
D ELLew i’» =
— O 225 o e
& (DD T o
LD LD~ P
-+ 4+ -
N %
I LK L& F L L7 To)
- = = UORI3SUI plogeas Yy Bad yim 0
N i iy ’
paijoads 0us) exa speal Bunuanhes B0} 10 9 SAIBNLNY =
34} 40 UotesUl ployeas | yybed LL.

i speal Buusnbas g1 o 9

e

3
(o
=

-4

»...M..a
N:oca
fragier =

TS S o o 2
(.‘.')m:
C e 3

=L
CE)
.
s
P

=

=
P D,
C g

_—
=
-

FANCF
pegRNA

o=
=82
{{Q(_pug‘:z""'
s

R St

COmet D 2= ) C=IHEC DTG D

3

§
6
4
2
0

iBus) Aue Jo uorBSUI ployeIs
i speas Buiouenbas 18j01 j0 9



WO 2021/226558 PCT/US2021/031439
118/209

= D=L O — = (O

0
0
0
0
0
0
0
0
0

100
0
0
0
0

100

e DD DD DD

o e W LED LD LD O CEI LD
+ 4+ = = F F A F et e

il
h

pegRNA scaffold insertion length {nt)

80
h{

pegRNA scaffold insertion length {nt)
0
0
0
0
0

L OO (D¢
S22 oo o

F——— (O D O =T =,

60

60
0
0
0
f0

I

47
47
47
56
5G

4
4

0000
PR
sgma®

A
G
G,.
A.
C

e g

2
20

5... -

0

05

00
FIG. 56C

peljoads UBua| joexe oasul pioyeas yBad
94 J0 UORISSL Plojeds yNad i Speai Buiousnbas (8101 0 9 SATEIALING
ik speal Buousnbas [e1o) j0 9,

<o
b At

2O 8o
LEICE <>
EEEEE =S

i

3 -

G

....... 0o

Al

1Ly
NE 0y ¢+ =
= Oyt =4

o2
TN
g

S o s s Wl T o il et il
Lap N ]
L

<3
¢ D g L (D DD D

Lot}
3

-h

| —
A
-

-+

ey
- 00

b

=
| -
T

s Aue Jo UORIBSUI plojjeas
U speas Buouenbas Jejor Jo 9



WO 2021/226558 PCT/US2021/031439
119/209

=5 P
<>
» 2 S =
—aeon =2 |
< 2 oy T
o 2 2 O s (D
(O (D= e )
g N o e T OO E'
B e R S S e e s o
. == O e
§

I e BT e o

60

pegRNA scaffold insertion lengt

G
G
G
A
A
A
G
¢
60

4

pegRNA scaffold insertion length {nt)

(.

—— H T T T e 14

palyoads Whus| 10exe UOII9SU! ployeas yNyBad wim Q)

3} 10 UowIBSUI pioyeas | yyBsd speal Buiouanbas [B10] 10 9, shiielwn) LL

Uy speas Buruenbes 0y 10 9

foo]
g

DCD—
)

-

e

-

RNF2

< DTG I DT D
[
B e

<
-

—

oy LD
e £

B e

C ¢ D>
=

< &3
A

<L T
=

6
4
2
0

yiBus] Aue Jo UolLasut ployess
Uitk Spea Buiausnhas ejo 0 ¢



WO 2021/226558 PCT/US2021/031439
120/209
pegRNA targeting PRNP
i ]
. o
- BPRAM
- B ACOHATET 1,
a . A+COBWS00.5
0 ’
_______________ S S S ——

gy (PE2/ PE24RT)
FIG. 57A



PCT/US2021/031439

WO 2021/226558

121/209

PRNP

[ ]

pegRNA fargefin

&® ®
e B Rttt L

5

L ] [qnid <

- (onjen-d Eg@ 04

20 -

FIG. 57B



WO 2021/226558 PCT/US2021/031439

122/209

pegRNA fargeting PRNVP

HBFAB

HEPATA

og4g (adjusted p-value)

CRYAD  CASA_ *%84

- DNAJA PHLD@\;
RAPIEF.-S

ogp (PE2-GRT  Casd HRAOA)
FIG. 57C




PCT/US2021/031439

WO 2021/226558

123/209

i
0
ogy [PE2 PE4RT)

= LD
W

i
< [ ol Lamne g

(anjend paisnipe) 04Bor

FIG. 57D



WO 2021/226558 PCT/US2021/031439

124/209
pegRNA fargeting HEXA
15 -
ig 10 -
| m__

gy (PE2  Casg HBAOA)
FIG. 57E



PCT/US2021/031439

WO 2021/226558

125/209

<> [N} Lamne g

(anjend paisnipe) 04Bor

FIG. 57F



WO 2021/226558 PCT/US2021/031439
126/209

PRNP HEXA

Upregulated

Downregulated

PED(PELRT
FIG. 576G



WO 2021/226558 PCT/US2021/031439
127/209

Upreguiated

Downregulated
PE2 { Cas% HB40A
FIG. 57H
PRNP HEXA
Upregulated
Downregulated

PE-GRT  Casd HBAOA
FIG. 571



PCT/US2021/031439

WO 2021/226558

128/209

V85 Ol

667 0986 &0 7Y
9y 00000 697L o 07 00001 08 L
W% SH% oy uobey W% SH%  wuney  uobey
Boriubier-az/ 1598 1BIBH-03S 98
o0l %w me Ng %_ %F
) ) ] ] GGW
gL
Al E %
& =
n.M.ﬁW.W Immw
;.wS
0 957
el (14:19) 01" afdueg
(649 74 9 14 99) () opdueg

e

00000 0000}
W% SHY
bo-easy-) 054981
oS00 0 o
m . ooe

058% I
\ZATRA L]
wnoy  uoibay

o0l %w

Bo-eaiy-035-08y

H
-r
<=
==

il
01 8idueg

sojood |} 0V odues  saeid|dy 1Pl

e
-~
o
~
<2
[
~5
H
[



PCT/US2021/031439

WO 2021/226558

129/209

A

196.)

A

C9lact 97l

891299 00004

uesp  ISH
Boubre-0g)

o0

h

L50r9

b

d8S Old

jo0ed Wdl 1980 6107 1) sequieidag Nepsaupany  epoziuz

e

70

o i
B0l i
woifsy 8l
1107 8poj

T
o

ot

29, &

1057

6yts

(249 14 79) 0} "5jdueg

O

L0GVEL 03K 8 Sh0r'86 1) o)
"1 04188 (65 65987 09°58Y) €91

" FP0000004) (40°000000) 00'M) 2662

spunog
BouBleH-97Ie)5 01560

A

¥ %

|

0l

60 B0y W
&% By +ddd
00001 66218 [eioL

BHY% oy uaibey

(249 14 79) 04 "ojdure



WO 2021/226558 PCT/US2021/031439
130/209

Cloning overview
1. Digest pUB-pegRNA-GG-Vector plasmid {component 1) with Bsal and isolate the plasmid fragment {-2.2kb)
containing the origin of replication, U6 promater, U6 poly-T termination sequence, and AmpR gene
2. Order oligonucleotides for;
a. The desired spacer {targe!) sequence flanked by indicated overhangs {component 2)
1. Use the desired target’s 5-3' sequence for the top strand oligonucieotide (inclduing the 5 CACC

A

and 3 GTTTT overhangs) and use the reverse complement of the target sequence for the bottom
strand oligonucleotice (including the 5' CTCTARAAC overhang). Spacer sequences must begin with a
G nucleoide for efficient franscription initiation.
b. The desired pegRNA 3' extension template flanked by the indicated overhangs {component 3)
1. Use the RNA sense sequence as the top strand oligonucleotide (featuring the 5" GTGC overhang) and use the
reverse complement of this sequence for the bottom strand ofigonucleotice (featuring the 5" AAAA overhang).
¢. 5pCasd sgRNA scaffold sequence featuring compatible golden gate overhangs (component 4)
I, These oligonuclectides are not the complete scaffold sequence, as overhangs from the remaining
components contribute several missing nucleotides
il Note: these oligonucleotides must be 5 phosphorylated. Cligonucleotides can be 5 phosphorylated by
the manufacturer or 5' phosphorylated enzymatically using T4 PNK (see protocol below)

3. Anneal top and bottom oligonucleotides for components 2, 3, and 4 in separate annealing reactions according
to the protocol below. If the SpCas? sgRNA scaffold sequence {component 4) was not phosphorylated,
phosphorylate with T4 PNK,

4, Golden Gate assembly of isolated 2.2-kb fragment from component 1 with components 2, 3, and 4

5. Transform the ligation product into E. coll, The antibiotic resistance conferred by component 1 from the

6. Isolate and sequence plasmids from the resulting clonal transformants

FIG. 59A
negRNA cloning protocol
1

Step 1: Digest pUG-pegRNA-GG-Vector plasmid {component 1)

Combine the following in a PCR tube:

2000 ng pU6-pegRNA-GG-Vector (component 1) Xyl
Bsat-HFv2 (NEB) 104l
10x Cutsmart Buffer 30l
Hy0 o 30.0 L
Total reaction volume 3004t

Incubate at 37 °C for 4-16 hours
Isolate ~2.2-kb fragment from cut plasmid. FIG. 59B
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Steps 2 and 3: Order and anneal oligonucleotide parts (components 2, 3, and 4)

Materials

Annealing bufler: HO supplemented with 10 mM Tris-Cl pH 8.5 and 50 mM NaCl
Complementary oligonucleotide pairs

Protocol

Combine the following in a PCR tube;

Top oligonucleotide, 100 M 10ul
Bottom oligonucleotide, 100 uM 10l
Annealing buffer (componenis 2, 3, and 4) 23.0uL
Total reaction volume 2504l

In thermocycler, heat at 95 °C for 3 minutes, then cool gradually (0.1 °Clsj to 22 °C
Dilute annealed oligonucleotides 1:4 by adding 75 uL Hy0. The final concentration of each oligonucleotide wil be 1 uM
after this dilution. Do not dilute the sgRNA scaffold (component 4) if phosphorylating by PNK in step 2.5.

FIG. 59C

Step 2b.ii: syRNA scaffold phosphorylation {unnecessary if oligonucleotides were purchased phosphorylated)

Protocol
Cormbine the following in @ PCR tube:

4 M oligonucleotide duplex from step 1 6.25 L
10x T4 DNA ligase buffer (NEB) 250uL
TAPNK(NEB) 050 uL
Hy0 19,75 L
Total reaction volume 2004l

Inthermocycler, incubate at 37 °C for 60 minutes
Following this phosphorylation, annealed scaffold oligonucleatides are now af a concentration of 1 uM.
Proceed o step 3.

FIG. 59D
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Step 4: peg RNA assembly
pegRNNA. Golden Gate assembly reaction
Digested pU6-pegRNA-GG plasmid-vector 100 uL @ 30 nglul
- Pre-cut, isolated 2.2-kb fragment
Annealed protospacer oligonucleotides (component 2) 100l @1 M
Annealed pegRNA 3-extension aligonucleatides (component 4) 100l @1 M
SgRNA scaffold annealed oligonucleotides {component 3) 100pL@ 1 M
- Oligonucleotices must be phosphorylated
Bsal-HFv2 (NEB) 0.25 L
T4 DNA ligase (NEB) 050 pl
10x T4 DNAligase buffer (NEB) 100 L
Ho0 42540
Total reaction volume: 100l

Incubate at room temperature for 10 min
Following inculbation, perform the following program in a thermocycler:
5min at 37 °Cthen 5 min at 80 °C then hold at 12°C

FIG. 59E

Steps 5 and 6: Transformation of assembled plasmids

Transform 1 L of the 10 L assembly reaction into 10 L of competent cells. The desired transformants wil be
resistant to ampicilin and carbeniciln.

The following diagram summarizes the pegRNA cloning protocal,

FIG. 59F
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pegRNA Cloning by Golden Gate Assembly
pegRNA acceptor vector {pU6-pegRNA-GG-acceptor)

Bsal Rsal
¥ \

_ ! SN Ecoliransformants
U§  RFPdropout Cassette  Terminator AmpR il be rod from REP
promoter J expression
i Bsal digest
T Teminalor Anﬁ?R | Bsal digested
, promoter backbone
(D pegRNA spacer annealed dligos (3 pegRNA 3" extension annealed oligos
; ~ SEQID NO: 883 ,
3 3, NNNNNNNNN 3,
SEQID NO: 0 ~ SEQID NO: 84 “

pegRNA scaffold annealed aligos (5" phosphorylated)
SEQID NO: 881
5' [Phos] -AGAGCTAGAAATAGCAAGTTAAARTAAGGCTAGTCCGTTATCAACT TGARARAGTGACACCGAGTCG

3 GATCTTTATCTTCAATTTTATTCCGATCAGGCARTAGT TGAACTT T TTCACCGTGGCTCAGCCACE- [ Phos |
SEQIDNO: 862 (Note that these oligos must be §'phosphorylated to permit pegRNA vector assembly)
T4 DNA ligase E
3, W
Spacer  Scaffold  extension
R OO e N i
Ug Terminator AmpR

promoter

Assembled pegRNA vector
FIG. 59G
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4 soRNA scaffold sequence search ##

Import pandas s pd
import Bio s bio

from Bio import Seql0
import glob

<h

#enerates s ofast fls ' analyze
s0urces = glob.glob(" fas q}

freacs the fastq fles into a cictionary with the fle names as keys
fastadict =
for in rangelen(sources)’

te*rp o0l parse{sourcef. | aa:c’\)

Qdicifsources

= stritemplkl.seq) for kin rangeflenttemp))

$the referenced sequence to be searched foris entered nfo the folowing dictionary with
M@wmm
scaffdict =
{HE@“ AGAGGACCGACTCGGTCCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTARAACTCACGTGCTCAGTCTGGGCCGGTS) (SEQIDND: 88))
?m”ETf“”GCACCG1C?CCSTC,VAFTTTTTCLP”TT”‘“ELPCCFC AGCCTTATTTTAACT
CmACCTCﬁAAnﬁ TTCTTCTTCTGCTCEGACTCGRTG' (SEQIDNC: 886)
FANCFTTTCCGCACCEAC TGCCACTTTTTCAAGTTGATARCGOACTAGCCTTATTTTAAL
TTG C”A“TTCTAGCTVTPAAACCGTCCTGFb”ﬁA SGEATTCCGGTG!, (SEQ D NO: 867)
RNF2 TCGTTGCACCOACTCGGTGCCACTITITCAAGTTGATARCGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTARAACCAGGTAATGACTARGATGACGGTS(SEQIDNO: 888)

#matches and coun's ferative sices of the reference siring to the appropriate fast fles
Hreference key must be contained in the name of the fastq fle
Henerated values represent cumulative counts for a minimum degree of SoRNA integration
Hi . 8 given value x means X reads contein y or more bases of the scaffld
resilaict = dict fomkeys{sources)
for key infastodict
scafold in scaffdit
f caffod n srhey):
resufst =|

for| wrange(lemsraﬁdu iscafold

I
FIG. 60A
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axtent = scaffoictscafole}0:+1)]
counter =0
for in rangelen(fastodicilkey)):
ifextent in fastodictlkey
counter = counter + 1
resultt appendlcounter)
restltdictkeyresulist

firtes the results into & dafatrame incexed from 1
eadltﬂi’ = p0 DataFrame.from_dict{resultoict
result = resultc reindex(sortedlresulif columns), axis=1)
resulidtindex = range(, lem resultafjH1)

feonverts te cumulative count values info speciic counts
12, @ given value x means X reacs confain exactly y bases of the scaffold
resultaf2=resulttfcopy
forentry I resu
Tor in range(1 lenresulicfentr] 41}
i}
resultof2]entry]il = resulicTentry]iresultaffentry]
axoept
resultdf2fentryl] = resultdTentry[]

#reonverts the specific coun's values Info requancies
resultofd=resultafZ.copyl)
forentry i resultaf3

rasuldf

tryjerestcZientry] diviresultdfentr]| )10

#reads the resuls into excal fles
resultafto_excelf cumulativecounts xisx )
resultdi2 fo_excel'specificcounts xsx
resufdf.o_exeelspecficequencies )

FIG. 60B
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farting allele
(SEQ

DNO: 89

§- TATTATTACTCTATGTTCTATTTAAGTT TCLT?T"VTraf”TGTA‘CCV GTTTACAC CAT
ATAATAATGAGATACAAGATARATTCAAAAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

(SEQ 1D NO: 833) S NGG AN

ATOCCOATTRAN AT AT MERTTA O TAR TATTAATDA v\7\r-q~1/w-p ACTONATT

f’\ubb\.‘vv b( ﬁ\‘\..\/l ;vT;ﬂG,uu;*h\;‘vT'\fw.;'i.gu\. Ly l.qa’_l[v.«.\./ T h V,-UH gl ‘\./C
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AT AR T - aom o w\/\mwmm-ﬂr\v«-\/\m ‘?‘T\{/\ mm/\mp m

GTACAAARCCAR . 7 Nt Nalsln '
GLTAVARAALGAAT JACUARUTUVARGGUARAALAGALG LG ILGG!

FIG. 708

Starting allele

D NQ: 892}

"1*\ ome

VAGTTTTCATGTTCT

\./ -vLa A v

*AH GHGA-hCAAG “‘AAAAbTiLAn

DNO:89Y) ' gl

MAMRETANNR AT "1‘\("47\/" mnT,‘”\m
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”
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Starting allele
{SEQ 1D N0 892)

5- TATTAT
NTAATA

alanl

SEQDN: 8

S
ﬁ\“lb.&_T vf L A

M ~ PR T mT ol oo
ARRAGTACAAGATTTTTACATAGSEG bﬁPAmF GCAGAGTR

A
Ay
E 2

AT fmmon MR MMM MmO

Al /CCL i‘JUCA{.T.LCAJ.’\,,L.LA(TI{/AI.LA(\/;L GATGTTCGTTG
CAROONTOAASTAOALTOALTR A ‘Nn‘w,‘* /R

TACGGGGAACCGTCAGTAGAATCAGTAATCGACTCCACAAGT hdLL

TORAMCTOACANALLTN
LTLQLLLUQA-nGuL CA
ARNAT S ¥al "rﬁf‘wfﬁ%"\mfwm/‘«
CAAACAGACGTGICGGACT

I

pacer = GTCATCTTAGTCATTACCTG F‘G 7@@

TMATA AT AT mOLTETT ALRTRTPRTOC O R
L \;;L;AJ‘TAHJ ualul C AAL hA.\.(‘; ﬂLL\/{\JA‘J
b ATTCARARA m?\f\T AORTR

k3

\“PuaT R1¢¢Vna AGTACAAGATTTTTACATAGGGTCARATG
PBS complemen
rx‘/m/"fﬂnA"r'/‘rm”A[‘ i

i ﬂ[’fﬂdé~r ,w»« /’\rx
""’\/" Lol ln ./. (./‘./ \g\g
N~

o
TCATTACCE
GTCAGTAGAATCAGTAATGGACTCCACA lu\A

¥

'MARTOmT ”Tmﬂ “mTﬁ”W””PATNINF AROROAATT
‘I*.\J.l‘:\,vj‘J.G[”\J' ‘\,CGJ. Lelvibualab \"L\bf&‘vfs“_
fal

Ji
ATTACCAACTCAAGGCAAACAGA LT”*CLvLVLCTSTAACthC**LhTiTCTTC

v

M0 e Armrrmean A 7 m
PBS=GTAATGACTAAGATG FEG 7GE

Desired allele
{SEQ 1D NO: 892)

T3 "1’”"P‘H’i"1"'17\T
= 2}

\p*ﬁm T araral Yatulinkih Wab Yaratufalufal Wl
14 ¢L“.-u‘ ivln
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nv\rv\ﬁmA{‘ﬂ

7"“"7"“7\7‘ TR MEMANATAC AT RARTO fab
ATAATRAATG ARAGTAC ﬂﬁGd; TTTACATAGGGTCARATGTGCAGAGTA

SN vmmmmmm
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AMAN T AN
AAA GAGTTCC
h

GACTCAAGG

T)
Jl—:l
‘J->’
(P}
I:J
2
=]
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Spacer RTtempEate PBS
i
5 .GTCATCTTAGTCATTACCTG - Scaffold- | ! ‘

- m l
YA " alarali p‘wy\ TCW\\F sl
AACGAACACCGCAGTAATGACTAAGATG - 3

SEQIDNO: 894 SEQDNO: 5

:Z

- QMMM Yol AR RAATACCRARNTTARAATA AT ROTOCOT TR TR L OTT i \ LY YauUalalanYalaTar Yallalalalivale
Scaffold = GTTTTAGAGCTAGAAATAGCAAGTTAARATAAGGCTAGTCCGTTATCAACTTGRAMAAGTGGCACCGA A

Jilh

LLingl GLALLGAG LU LIGL

ISEQID NO: 896
FIG. 70G

Startng allele
(SEQ 1D NC: 892)
TATTATTACTCTATGTTCTATT
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