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Prime editing with any programmable nuclease
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Polymerase-dependent synthesis of a
replacement strand encoded by the
polymerase against the DNA synthesis
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edit. The mechanism is envisioned to
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non-gdited strand)
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Cy5-labeled DNA substrates
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N-terminal RT fusion - 32 amin acid linker
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: m gRNAS for increased
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FIG. 17A
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edit Endogenous polymorphism in HEK293T cells
SEQID NOs: ¥ r/

191766 G G[C C CIAIGIAICITI6lAl6ICIRlC 6T GIAIT G GICIRIG[A]G GlA A AlG GIA AlG| Reference
TH|TIGGGG[C C CRIGIAICIT GIAIGICACIGITIGAITIG GICAIGIAG GIR ARG GIA AG| 64.11% (59189 reads)
192|716 G G GLC C CIRIGIACIT GIAGICIRICIGIT GIAIT G GICIA A AJG GIA A AlG GIA AIG| 28.84% (26624 reads|
193|116 G G GIC C CIAIGIACIT GIAIGICIRICIGAIGAIT G GICIAIGIAG GIA A AlG GIA AIG| 2.86% (2641 reads)
194716 GG G|C C CIAIGIACIT GIAGICIAICIGIAIGIAIT G GICIA A A|G GIA A AlG GIA AIG 0.81% (749 reads)

bold Substitutions

3 Insertions

- Deletions

-~ Predicted cleavage position

FIG. 18
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M1: D20ON
2 TOA i ooy
HEK3 site Tto A (-3 position) (3% indels | 603
CasO(HB40A)-MLVRT M3: D20ON
0r 603
0 o R T330P
- N 200N
=l ; L603W
= ytp T330P
ot b EG07K
Wroom M M M
MLV RT variant
FIG. 19
HEK3 site T to A (-3 position) edit strand edt
complementary
% N L MAL
0 e 010838 425634
= %8 1% indels w7
= | | 1| Cas9(HB40AMMLVRT(w
= 1)t
(5) I 2 A rm L o
none 108 38 426 437 63 +90

Position nicking opposite strand

FIG. 20
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Target base Endogenous polymorphism in HEK cells

SEQ D NOs: & r/
191 TG GGG C CIRGIRICITIGIRI6|CIRlCIG T GlRIT G GICIRIGIAG GlA A AlG IR JG| Reference

197166 GG[C C CIAIGIICITGIAIGICIRICIGIT GIAITIG GICIRIGIRIG Gl A AJG IR AIG| 40.80% (46616 reads)
192 TGGGGICCCA TIGGICRARG GIAARIG IR AG| 25,82% (29500 reads)
793 TGGGGCCCA TG GICIRIGIAJG GIA A IG GIA RIG) 24.04% (27466 reads)
194/TGGGGICCCR TG GCRARG GARAIG ARG 454% (5191 reads)

GIACIT|GIAIGICIAICIGIT |GIA
GIACIT|GAIGICIRICIGIAIGIA
GIACIT|GAIGICIRICIGIAIGIA

hold Substitutions
[ Insertions
- Deletions

--- Predicted cleavage postion

FIG. 21
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target locus for fargeted mutagenesis

o) onec gt ous i
napDNABp and extended gRNA

(b)n|CkR|00pSlrandIO ||||| |||||||-||:||| I|

extension includes
RT template - createl3'end n ‘
sequence N . : target locus
q }Xlghd:d (e.g., pynuceaseor (¢ pAme erorprone everse
canbean -1 A nuckic acd programmable chemical means| transcriptase (EP-RT) by hybridizing
extension at DNA binding protein 3'end o RT template sequence
the 3 ord (napDNAbp)
end of gRNA, .
oratan (d) synthesis of
ntramoleculr miagenzedsiAby PR gRNA
location EP-RT (d) S

(g) drive process fowards
product formation (optional)

*5'endogenous flap removal
»second strand nicking ,
AN Product 1 1 tagenized ssquence

| K mj; incorporated info both
S~ i correspondmg / replication/repair ELET | strands oftarget locus
. endogenous DNA /

FIG. 22
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gRNA design for contracting trinucleotide repeat sequences

,,,,,,,,,,

5 fpospaoer - RWAscafld | omobgy < repeal s amealng |3
/ encodes desired repeat \
targets gene length and binds primer to
downstream homology iniiate reverse
transcription
Trinucleotide repeat contraction with TPRT genome editing
disease-associated
CAG repeat expansion
genomic DNA ‘ 8 A

CAGCAGCAG . CAGCAGCAG

GTCGTCGTC w GTCGTCGTC
l target-primed reverse

o R enined s transcription editing
quide RNA-encoded synthesis
of a defined, healthy number X =

of rinucleotice repeats Q}g& flap homology

PO

——— — CAGCAGCAG...CAGCAGCAG

GTCGTCGTC...GTCGTCGTC
l DNA repair

CAGCAGCAG
GTCGTCGTC

FIG. 23
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10-nucleotides

HEK3 site targeted for fo eletion
SEQIDNOs: :
195:c|7lclalelcllcl T)GT)GGiCGGG|AAA\GG|AAIG|Re Brence
196:C|T|G|A|GICIACIG- - - - - - - - - - G G|A A AIG G|A 1G] 43.91% (30598 reads) - Desired product
195:Ci7 Gl2G|C[AclGiTI6IAITIG 6IC|AlG]AIG 6la A A]G 6|A AlG] 32.35% (22540 reads| Sringale
197l olalolclalclclrolallo olcla A G ofa 2 Alc a Al 17.25% (12021 reads) | VEO 63
198 :CiTIG|AIGICIAlCIG- - - - - - - - - - - - - - = - = = = | 0.41% (288 reads)
19:ciTclalclclalelgi- - - - - - - - - - G G[R 2 2/G G- - -|0.28% (157 reads) F byproduct
800:CiT/6[AlGICIA[CGIT6[AITIG 6lC|AlG G G G| A A[G G[A AlG| 0.22% (156 reads)
bold Substitutions
3 Insertions
+ Deletions
-~ Predicted cleavage position FIG. 24
ORNA design for peptide tagging genes at endogenous genomic loci
5 Fprolospacer -~ gRNAscafiod -~ omology~Jipepide ag?] amneaing |3
nnnnnnnnn | TR R s i &
tar e[s - encodes tag and \|n|l|aereverse
Y downsiream homology ranscripton
Peptide tagging with TPRT genome editing Possible pepide tags
| protein coding gene Hexahisfdine-tag (Hisg)
gegﬁrl\uc —1 Geneofferest F—— FLAGag
l taget-primed reverse G\é?\lzllatg
transtrpton edting " tégg
quide RNA-encoded synthesis _— '
i = Myc-ag
0fa peptide tag sequence Q\@\& fap homology FlsHReAsHzg
—— Geneof Inferest |/ Sorase pepice substates
l DNA repai pmp
| Possible applications
—1_ Geneofnierest_|— peptice tag proein forescen abeing
tagged endogenous gene mmunoprecpiaton
immunoblotting
immunohistochemistry
protein recruiiment
inducible protein degrons
FIG. 25 genome-ide scregning
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SEQD HEK3 site - His-tag insertion

801 cla]ciml o2l lclalcie/T c[a]TlG olclalo|2l6 6| & AlG 6|a AlG| Reference

8011G|2(CIT G|A|GIC|A|CIGIT G|AITG G|C|AIGAIG G2 A AlG GA AlG| 46.04% (34433 reads)
802 G|a(ciT G|a|cic|alcic|clalc clalTicalTiclalc ClalTiclalTfTiG| 25.56% (19113 reads) - Desired product
803 G|2]C|TIG|AIGIC|AICIGITIGIAITIG GICIA A AIG GA A AlG G|A AIG| 25.40% (18997 reads)
802|G|2]C|T|G|AIGIC|A|CIG|clAlC ClATICIAITICIAIC CIAITICIAITITIG 0.23% (171 reads)
bold Substitutions
O Insertions
* Deletions

-~ Predicted cleavage position
HEKS site - FLAG-tag insertion

801 c[a]cl 7l 62l 6ic[Rlcic T c[a|TiG o|clal6[2l 6 6| & AlG 6|2 AlG| Reforence

801|G|R]C|TIG|RIGIC|A|CIGIT|G|A|TIG GIC|AIG|AIG G|A A AlG G|A AIG) 61.56% (38678 reads)
803 G|A|CIT GA|GI C|ACIGITGIA|TG GIC|A A AIG Gl A AIG GIA AIG| 31.83% (19998 reads)

804 G|A|CTIG|A|G C[A|CIGIG[AT TIA[C]A AlG GlAIT GlA{CIG{A]CIG|A| 465% (2921 reads) - Desired product
bold Substiutons (ot ful gt
[ Insertions Dt inserion ot
. of vigwing frame)
* Deletions
-~ Predicted cleavage position
FIG. 26A
Rendering proteing soluble or ingoluble Celular localization of arget protein
Protein/peptice tag
Applications

?ﬂ%

Easy detection of expressed protein through various detection
techniques, &.g., wester blof, ELISA, ChIP, immunocytochemistry,
Immunohistochemistry, and fluorescence measurement

FIG. 26B

Extending protein haif-ife

Protein purificafion
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PRNP =
SEQID NO: 805 Protein sequence ... Gly Leu Gly [Gly| Tyr Met Leu .. .
SEQIDNO:806 DNAsequence .. GGC CTT cec|ogc|mac ate ctg .. Wildtype allele
| prime ediing
SEQIDNO: 807 DNAsequence .. GGC CTT GGC |GTC|TAC ATG CTG .. Prion disease
SEQID NO: 808 Protein sequence ... Gly Leu Gly Val| Tyr Met Leu .. resistant allele
17
profospacer PAM

GGJCTACATGCTG ...

SEQ D NO: 809... 655 GCAGTGETEE66666CCTIGE

A
SpCas9 target
nicksite  nucleotide

encodes mutation

pegRNA to target base pair

SEQ ID NO: 810 5'-GCAGTGETGGG66GCCTTCG-|SRNA scaffold -ATGTAGACGCCAAGGCCCCCCAC-

Reverse Primer
transcripion annealing
editing in HEK293T cells template  sequence
0 PRNP
@ corectGlo T
25 oox conversion
2 o indel
= 15
=0
5
0 2

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

FIG. 27
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~ Protospacer PAM P
g,;;: gl 1 g1 Sl 11
¥ transcription ¥ transcription
“Reverse Transcriptase
FIG. 28A
tagging with Spinach or
other quorescent RNAs 5,7 i
ranscnp jon -
T T = e o pgpAAAA
improvement of ponadenyIatlon sequence
transcription polyadenylation
L, TR i gy,
-AAAAAAAAAAAAAAA
nuclear retention through removal of polyadenylation SEQ IDNO: 1756

—__ franscrption polyadeplation

targeting sequences for epigenetic modification

transcription methylase
triggering RNA processing
transcription * Z::::_ """" -2 self-cleavage
TS IOL — covsient St —a e, eesiiiig,
insertion of pre-mRNA -~~~ __ splcing and
transcription ¥ processing

MMM — vt by, = o,

ingertion of protein binding site
QD
T et transcnpnon .

FIG. 28B
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oRNA core
T ) extension
5 : - TEVerse tram\
i Y template with |
20ntspafcterma:tcdhlng immunogenic epiope :
SRS TAIBEECIEE  ucloidesequence. primer inding e
matching sequence of
targeted gene
FIG. 31
et RT-Casd:gRNA gRNA nontarget
nuckoide <A, 2B strandr,e?eas,e
& v and hybrczaton
DWWWV'WNWWWMW
nontarget stran
GRNA gick
o Reverse
transcription

instalation of “RT-

mutgenic point mutation roversion

strand fi 5 514
J equilibpation excisign P d
Moy —— O iy — MMR desired
Culp Sfp IO pinagesty O pode
SPECIES SPECiES

FIG. 32
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gRNA design for primer binding sequence insertions

5' -protospacer={-* gRNAscafiold 1> homology > insertion}g annealing - {3
ooooooooooo S : \
, reverse franscription template: binds to genomic
%ﬁf\ts genomic encodes inserfion sequence DNA primer fo
seiquence and homology to adjacent inifate reverse
genomic DNA sequence transcription

Primer binding sequence insertion into genomic DNA using prime editing

gegﬁrﬂicm genomic target == 3 geromic DA
Ny primer binding ¢ Fragment DNA
prime editor: PEGRNA SEQUENCE_” Adaptor Ligate adaptors
flap homology < rmmErTTgmIT——
: P' inAl
] genoni gt | flsﬂe’f]{lgwgénﬁl
l flap invasion / DNA repair l high-troughput
rimer bindin : sequencing and
| g sequence g PR vilh == genome alig?nment
) QROmC g o Uentfied  ACTGCAAGTGCA SEQIDNO: 818
Primer binding sequence inserted o genomic DNA~~ on-arget ~ TGCAGTGTTCAC SEQIDNO: 819
and ofHtarget ACTGCAAGTGCA SEQIDNO: 818
sequences TGCAGTGTTCAC SEQIDNO: 819

FIG. 33
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Insulin binding;
N conformational Q
rearrangement; \
V' Ny ransphosphorylation R &\,,
B e e D P s ST DS
QR BBB AR KRN IR RN I ARRIL N RREARES
P
FIG. 35A
FK1012 bindin%;
QA conformationa
rearrangement;
N N transphosphorylation
S L B R RS B B H 5 S B3 RS B
B e Y S D ST
P P
Pl ,,,‘
FKBP12 FK1012

FIG. 35B
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Knownzhuoman pathogenic genetic variants
U0

=z Transition point mutation
ez Transversion point mutation
=3 Deletion

ez Duplication

Copy number loss

= Copy number gain
zzinsertion
Insertion and deletion
ta%tel mm Other
Total variants = 75,122
FIG. 38A
Prime edior (PE) and pegRNA Target DNA
Reverse 4 o =A pegRNA nick site
transcriptase © Protospacer | PAM
domain ST Bt . L*\ ey
eRNA 3.y T 3 5
& A Edit position: +1 +4 412 _
O " Prime editing range
pie. 3 2By for SpCas9 PEs
IR RN R Prime editing scope:
, ¥ e Al 4 transition point mutations
Casinickase e 55" All 8 ransversion point mutations
domain s Insertions (1 bp to.> 44 bp)
Deletions (1 bp o> 80 bp)
Combinations of the above

FIG. 38B
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Direct polymerization of edited
DNA from the pegRNA
 info the target site

Primer-  RT template
binding site including edit
YA

. e s
pegRNA —» 5,::: '''' P —— T — =
+DNA Nicking™ ¥ .. Hybridizaton of . Reverse
of PAM o primer-binding > transcription
strand site in pegRNA
to PAM strand
3'Fla 5 Flap DNA
(Contamsgdlt) IFlt?rgtlon ks e’dlt) c5eaFv|gge repa|ror Edited DNA
5. 3 5. N _3,rep||cat|on . cU¢ 3
3; ]]I[l]]]]ﬁ;]]]]]]]]]][ 14— I[II[I]]:]]%Iﬁ]]]]]]]I ) ; 51 > 3;]]]]]]]]]]]]]]]]]]]]]]][5,
L|gat|on
FIG. 38C
5-extended pegRNAS
90 nt— - __~DNAtemplated
RIL 49 51— et ek products (51 nt)
products 0

Pre-nicked~_ -
substae (an N | S T R —

Pre-nicked dsDNA
dCasd

RT

SgRNA

5'-extended pegRNA
Length of pegRNA
RT template (nt)

+ 1+ 4+ +
+ 1+ 1+

I 1+ +++
o+ | +++
R+ |+ ++
o+ I+ 1+
R+ 1+ 1+

—_
[y |
_
[y |

L
@
w
o)
O
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3'-extended pegRNAs

Non-nicked
Substrate(51 nt)\
RT—"

product

Pre-nicked
Substrate(34 nt)\

_ | e—
e W—

Pre-nicked dsDNA
Non-nicked dsDNA
dCAS9

Cas9 HB40A nickaﬁ%
3-extended pegRNA

I I
e+

++ 1+ 1+
+H++ 0+
+++ 1+ 1

FIG. 38E

3'-extended pegRNA 5-extended pegRNA
stop codon correction stop codon correction
TeA-to-AeT transversion TeA-0-AeT transversion

3-extended pegRNA 3-extended pegRNA

frameshift correction frameshift correction

1-nt insertion 1-nt deletion

FIG. 38F
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PBS length (nucleotices)

PBS length (nucleotices)

HEK4, 13-nt RT template,
2G0T

plate,

+1CtoA

RNF2, 11-nt RT tem
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(wlo indels)

=23 Gorrect edit
Indels

HEK3
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== (orrect edit
1 Indels

FANCF

Yo J+

J 01y [+ (63
YU g+
J0Y [+£3d

JOY [+C3d

Yo J+
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PE3, 10-ntRT template,
nicking at +90, HEK3
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PE3, 34-nt RT template,

PE3, 14-nt RT template,
nicking at +41, RNF2
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PE3, 11-nt RT template,
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nicking at +49, DNMTT
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HEK3 FLAG-ag insertion (24 bp)
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Correction of HBB E6V in HEK293T cells with PE3

E=3 Correct edit
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Correction of HEXA 1278+TATC in HEK293T cells with PE3

23 Correct edit
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SEQIDNO:

19716 6 6 6[C C c[alc[alciTlclalclclalclelTlclalTlG olclalelalc ola A AlG ola Alc-Reference
K562 HEK3 negative control (non-argeting pegRNA)

T/TIG G G G{C C C|AIG|AIC|TIG|AGICIA|CIGT G|AITIG GIC[AIGIAIG G|A & AIG G|A AIG-93.54% (47190 reads|
THITIG G G GIC C C|A|G|A|CITIGIA|G|C|A|CIGIT|G|AIT|G G|C|AIG|AIG G|A A AlG G|A AlG-047% (238 reads)
829|766 G G|C C C|A|G|AICITIG|AGICIA|CIGIT G|AIT G G|C|AIGICIG G|A A AlG GA A1G1-0.21% (108 reads)
K562 HEK3 PE3+1 CTT insertion
101 1666 6(C C C[a]o|lc|Tolalslc|a|clai clalT]6 6lc|alclale o[a & a6 o[ Alq-69.86% (39061 reads|
830766 6.6ic ¢ ClalolalcTioalsiclalclelclT T lalT olclalolal 6la & Alg 6-2280% (12784 reads)
101 7666 6{C C c[alo|alc|T clalalc]alciaiTiclalT 6 Glc]AlGAlG G|A & lG G|A Al6H0.32% (179 reads)
83076666/ ¢ CllolalcToalsiclalcielclT T o|alT6 olc|alc|al ofa & Al 640.21% (120 reads|
831|716 6 6.6(c C clalolalc clalelclalcloleit T 7friclalTiG ¢lcia ]alG Gl A AlG-0.21% (116 reads)
K562 HEK3 Casd-nitiated HDR +1 CTT insertion
§32/T1G G G G|C C C|A|G|AIC|TIG|A|GIC|A|C|~{T|GIAITIG G|C|AIG|AIG G|A A AlG G|A AlG}-17.15% (7256 reads)
THITIG G G GIC C C|A|G|AIC|T/G|AIG|C|A|C|GITIGIAITIG GIC|AIG|AIG GA A AlG G|A AlG-13.86% (5864 reads|
830 7666 6{c C clalo|alciTclalsiclalclelcir frlalalTic olc|alc|alc 6]a & AlG 6-10.55% (4461 reads)
833|716 G G G|C C C|A|G|AICITIG|AGICIA|- ~|T|G|AIT G G|C|AIGIAIG G|A A AlG GA AlG|-9.72% (4111 reads)
83416 G G GIC C C|A|G|AIC|TIG|A|G|C|R|C|G|- -|AITIG GIC|AIG|AIG GA A AlG G|A AlG-5.14% (2174 reads)
835 7666 6{c C clalo|alciTclalalclalclole|r clalT6 lc|ala|alc 6la & AlG G|A Al4.77% (2016 reads)
83676 6.6 6ic ¢ C[lc|lc|Tolalslc||clei-6l~ITic lc|ale]ale ol A AlG o2 Alc-3.82% (1616 reads)
83711666 CclrlalalcTolalslclrlciemr o 2 olclalolalc 6[a A Ale [ A-3.A7% (1342 reads)
83876666 CCIGRlCTOAl- - - - -- - |16 6lC[AlG]AlG 6|2 A AlG Ga Al -1.92% (814 reads|
839 7666 6{C C clalo|lc|T clalalc]alciolrlr clal T 6lc[alall ofa 2 Al o|a Al.63% (669 reads)
840716 G G G|C C C|AG|AICITIGIAGICIAICIG- - - - - - C|AIG|AIG G|A & AlG G| AlG|-1.26% (535 reads)
B TGGGGIC]--------------|TGAIT/G GICAIGIAIG G[A & 16 G|A A6 0.78% (329 reads)
842|716 G G GIC C C[A|G|RIC|TIGAIGICIA]- -1 - - - - - - -|G|AIG G|A A AlG G|A AIG-0.61% (257 reads)
843 7666 6{C C clalo|alc|T calalclalciolckricla 6 lclalalale ola & Al o|a A1-0.59% (250 reads)
BT GGEGEGCC- - - T/G[A|7/G 6/C[AIG[al6 6] & AlG G| AlG-0.56% (237 reads)

FIG. 51F
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S TGCGE- - 7/6[2|7]6 6C[RIG[lG 6|2 & AlG G| Al6-0.52% (219 reads)
846/T/G G G G/C C C|A|G|A|C|TIG|A|G CA|CIG- - - - - - - - - A6 G|A A AIG G|A AIG-0.47% (197 reads)
8471716 6 G G|C C C|A|G[R|C|TIGAIGICIAICIG)- - - - - - - AIG|AIG G|A A AlG G|A AG-0.43 (181 reads)
848176 G 6 G[C C clalclalciT 6lalciClalcic)- - - -|6 6IC|AG2lG G[a A AlG G| AlGl041 (173 reads)
849|766 G G|C C C|AIG|AICTIGAIG- - - - - - - - - - - - - - 16{2 A 26 6|2 A/6-0.40% (169 reads|
83076 GGG - - - - - - - 12]6[2]6 6|2 & 216 G| AlG -0.38% (159 reads)
851 16666 CclalollcToaloiclaldgl- - - - - --- - - - G{A 2 216 G|A AIG .37 (156 reads|
832 GG GGICCClAeRl--------- - - =76 6/C[2lc[alc 6|2 2 26 [ AlG-0.35% (148 reads)
83376 6 G 6jc ¢ claloflcTclalgclalclgl- - - - - - - - - - - - A 1 26 6|2 A1G-0.35% (146 reads|
wre------------------ = -| BTG G|C|A|G|AIG G|A A AlG G|A AlG-0.31% (132 reads)
835 166 6 6/C C clalealc|Ticlalsicim T[-|Tic[alTiG 6lc|Alc[aln GlA A Al6 Gl AlG-0.30% (125 reads)
86|T/G 6 G G|C C C|A/G[R|C|TIGIAIGICIAICIG)- - = - - - = - - - ------- 1 21G0.30% (125 reads)
87 716 6 6 Gl C ClalclalciTolalaicialcigl- - - - - - - - 16]216 [ A AlG 62 216 -0.29% (122 reads|
858|716 G G G|C C C|A/G|R|CITIGIAGICIAICIG- = - - = - == -------~- 6|2 AIG-0.29% (121 reads)
899|716 GGGICCClAGA--------~---------- G G|A A AG G| 2IGI-0.27% (114 reads)
860|TIGGGG/CCClAGl---------- T G|AIT|G G|C|AG|AIG GA A AlG G|A AlG-).26% (112 reads)
81 r66----------------- T/G|AIT|G G|C|A|G|AIG G|A A AlG G|A AlG-0.26% (112 reads)
86276 6.6 6[c C clalalrlc|Ticlale clalclefric]rl ozl G Glc|alc]ale o[ A AlG G[2}.26% (110 reads)
83-------------------- - -|AITIG G|C|AG|AIG G|A A AlG G|A AlG-).24% (100 reads)
864716 G G G|C C CIAGIAICITIG- - - - - - TG|AIT|G GC|AIG|AIG G|A A AlG G|A AlG-0.23% (% reads)
865 7.6 6 G GC C ClalG|Alc|Tclala]- - - -|Tic[alT]G 6lc[AlclalG G|A & 26 G[A AlGH0.23% (96 reads)
866|TcGG6CCC------------ TIG|AITIG G|C|A/G|AIG GA A AlG G|A AlG-0.22% (93 reads)
867|766 6 61C C Clalo[alc/Ticlalelclalclgl)- - - - - G|C[AIG[Al6 G| A AlG G2 AlG0.21% (87 reads
bold Substiutions
[] Isertons
- Deletions
-+~ Predlicted
cleavage position
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ezm%um&mwg

4% (471 reads)

0% (335 reads)
<(.94% (268 reads)
-0.61% (168 reads)
-0.51% (156 reads)

%M%H%Bmwﬂ
3% (269 reads)
08% (217 reads)

-0.80% (171 reads)

-0.59% (119 reads)

0.57% (116 reads)

-0.53% (106 reads)

0.23% (47 reads)

Ling 1
SEQ D NO:
868:C iT cl2 Alc clo TlA|T[alTic cimlalTic 6/ ¢ Cimicl2|ciTl6 62 Al G[alT T TiCHReference
8692 2lc cio/Tlalrlalric|rlalTiclciTlalTiciclc ¢ cimialalcTic g2 Ale glalT T TiC
87012 AlC G T|AITIA[TICITIATICICITIAIT TIGIC C CITIGIAICITIG G|A AIG GIA|T T T|Ci-1
7111 Alc ciG T|AITIATICITIATICCI TIAITIGITIC C CITIGIAICITIG GIA AIG GIA|T T T|Ci-1
87212 Alc G T|AITIATICITIAITICICITIAITIGIGIC C CITIGIAIC|TIG G|A AlG GICIT T T|Ci-
869 (2 Alc ciTlal[aliclr[alTiclclT(alTiciglc ¢ ciTlalalciTiG ol ale olalT T TiCH
8732 Alc ciglalrlaliclrlalTiclclTiciTieiglc ¢ cinlalalciTic ola alc olalT T TiCH
Ling 2
868:C ciT 62 Alc clo Tl|T[alTic citlalTic 6l ¢ Cimic[a|ciTlG 62 Al G[alT T TiC!Reforence
869 (2 Alc clo|Tlalzla|riclrlalziclclTalTiGiclc ¢ clTielalclTlG ola Ale olalT T Tl
87012 Alc G T|AITIA[TICITIATICICITIAIT TGIC C CITIGIAICITIG GIA AIG GIA|T T T|Ci-1
87112 2/ cle T|AlT|A[TIClT|A|TCCI TIAITIGITIC C C|T|GIAIC| TG G|A AlG GIAT T T|Ci-1
87212 Alc CiG T|AITIATICIT|AITICICITIAITIGIGIC C CITIGIAIC|TIG GIA AIG GICIT T TIC
8692 alc clc TalT|a|ic(alTiclciTlelT Giglc ¢ ciTlglalcTic 6la Al 6lalT T T|C-
868:C cir/c[a Alc i TlAlTAlTiC ciTllTiGiclc ¢ cimilalciTl6 g2 Alc GlAlT T TiCH
869 (2 alc cig/Tlalr[alticlr(alTiclcl(alTiclglc ¢ cinlalalciTi ol ale olalT T TiCH
87412 alc clo TialT|alicr(alTclciTiciTiGislc ¢ ciTlelalciTic 6l AlG GlciT T T|Cx
hold Subsfitutions
[] Isertons
- Deletions
-~ Predicted cleavage position
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Line 1
SEQIDNO:
875iC[alc clalriel mialclalc clzefalc T ¢ ciTielal6 clalcla Al TiciT 6l claT TI-Reforence

WQCACCATGGTGCACCTGACTdCTGTGGAGAAGTCTGCCGTT@Z%%&MMMMQ
B75:CIRIC CIAITIG G TIGICIAIC CiTGIRIC T CiCiT|GIAIG GIAIGIA AlGITICITIGIC CGIT T0.27% (240 reads)
877ic|alc clalTic aiciaiclalc clTi6lalc T cicTi6 TG G|AlGlA Al TiC|TGlC Cl6 T TI-0.24% (212 reads|

Line 2

Br5iclalc clalrle clrieiclAlc cimiaialc T ¢ clrielAlc d[alefa AlgiTicir/elc clolT 1)-Reerence
WQCACCATGGTGCACCTGACTQCTGTGGAGAAGTCTGCCGTT@Z%%@W%MMQ
875:c|alc cali6 6 miaiclalc cTi6lalc T ciclT6lAlG Glalela Al Tic|TclC Cl6 T TI-0.36% (239 reads|

877ic|alc clalTic ciciaic|alc cTi6llc T Cic|T/6/TIG G|AIGlA Al TiC|TIGIC €6 T TI-0.20% (142 reads|

Line 3
875iclalc clalmie cmclclalc clmelalc T ¢ it olalc clalcla Al TiciTi6lc Clo T T-Reference

876iclalc claltic 6mglclalc ciTlelalc T ciciT 6T GlAlGlA A6 TICITIGIC ClG T T-97.32% (77514 reads)
875iclalc clalmc cmelclalc clmelalc T ciciT olalc clalclalala TiciTialc cla/T T-0.29% (228 reads)
877ic|alc clalTic 6icialclalc clTi6lrlc T ciclTi6 TG G|AlGlA Al Tic|TGlC Cl6 T TI-0.20% (172 reads|
878iC[alc clalric 6miaiclalc cTi6lalc T cicTi6 TG G|alela Al TicTIG T Cl6 T T-0.21% (167 reads|
e¢

trsiclalc clric clrioiclalc ciriefelc 1 ¢ cir/clale el Algriclriclc cjg T TiRefrence
876iclalc claltic cmclclalc ciTielalc T ciciTic TG 6lalela Ala TiCiTialc Cla/T T-96.94% (70061 reads)
875iC|alc clalmic 6miaiclalc cz6llc T ciciT6lAlG G|alela Al Tic|TGlC Cl6 T TI-0.58% (419 reads|
877clalc cla|7i6 clcelc|lc cimiglalc T ciciTiciTl6 6lalela Ale|TiCiT GlC CIG/T TI-0.23% (165 reads)
878:c[alc C[alTlG olTlGlClAlc ciTielalc T ciclT6 TG Glalcla AlgTiclTi6TCle T -0.21% (150 reads)

FIG. 53D
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a75:clalc clalmi aimiclclalc ciTiclalc T ¢ cimialalc Glale|a AloTiclTielC Cla T TI-Reference

76
879
817
878

Clalc clalmic GTi6iclAlc ¢Ti6

A

CTCiCT/6TG GlAl6[R AlGITIC|T GlC C|G|T TI-97.16% (34265 reads)

CIAICCIAITIGG CC

CTCCITIG[RIG GAIGIA & 0|67 T-0.33% (183 reads)

AICCIAITIG GTGICIAIC CIT
C{AIC CIAIT|G GICIGICIAIC CIT
CAICCIAITIG G TIGICIAIC CIT

G
G
COTG

A
A
A

TG|AIG G|AIG|A AlG TICITGIC C|G 1
CTCCIT6TG GlRlG|A A6 TicTi6lC l6/T T10.21% (120 reads|
CTCICTIGTG A6 AlGTICIT /o TiCIG T TI-0.20% (113 reads)

Ling 6

a75iclalc clalmie aiTiaicllc cTiclalc T ¢ cimialalc Glale|r AleTic|TielC cl6 T TI-Reference

876
879
i

C{AIC CIAITIG G|T|GICAIC CIT|G

A

CTCICIT/6/TG G|Al6[a &6/ TiC|T Gl Cl6T TI-97.35% (95642 reads)

C{AIC CAITIG G|T|GICAIC CIT|G

A

CTCICIT G[AlG G[RIG|A A6 TiC|TI6lC Cl6/T TI-0.27% (267 reads|

C[AIC CIATIG GICIGICIAIC CIT|G

A

CTCCIT6/T6 GlAIGIA AlaiTiciTolc Clo T T-0.21% (211 reads)

bold Subsfitutions
[ Inserions
- Deletions

---- Predicted cleavage position

FIG. 53E
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Protocol to simuttaneously clone a spacer sequence (Target Site) and pegRNA 3' extension containing
PBS and RT template into @ human U6 promator pegRNA expression vector.

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

lllll l U6 POlyT

Plasmid Description Featres Cutwih
pUG-pegRNA-GG-Vector  Human pegRNA UB expression vector - U6_Bsal-mRFP-cassefte_U6-Term  Bsal-HFV2

[Component 2] Qrdering oligonucleofides to generate the spacer (arges) sequence for human pegRNA vectors;
Top and bottom oligos to be anngaled and then assembled info cigested pUB-pegRNA-GG-Vector:
SEQIDNQ: 879 5'- CACCNNNNNNINNNNNNNKNNGITTT -3
SEQIDNO: 803"~ N NNNANINNNCARRRTCTC - '
(The N20 mock protospacer sequence shown can be of variable ength, as needed)

[Compongnt 3] Ordering oligonucleotides to generate the SpCas9 sgRNA scafold for human pegRNA vectors:
Top and botiom oligos o be annealed and then assembled ino cigested pUG-pegRNA-GG-Vector

{Phos} - AGAGCTAGAARTAGCAAGTTARAATARGGCTAGTCCGTTATCAACTTGRAARAGTGECACCGAGTCG -3 SEQIDNO: 861
SEQIDNO: 8823 - GATCTTTATCGTTCAATTTTATTCCGATCAGGCARTAGTTGAACTTTTTCACCTGGCTCAGCCACG - {Phos)
(Note thatthese oligos must be & phosphorylated to permit pegRNA vector assemby)

[Component 4] Orcering oligonuclgofides to generate the pegRNA 3 extension containing a PBS and RT
template sequence for human pegRNA vectos:

Top and bottom oligos to be annealed and then assembled into digested pU6-pegRNA-GG-Vector:

SEQIDNO: 883 5" -GTGCNNNNNNNNNNNNNNNNNNNNNNNNANGNNN - -3
SEQIDNO: 8843 - NN NN NNNNNNNNNNNIARAL - 5

(The N30 mock reverse transcritase template Sequence shown can be of variablg length, as needed)
Schematic of final assembled U6 pegRNA expression vector from components 1,2, 3, and 4;

Spacer Sequence Reverse Transcriptase Template
(amnealed olgos) (anealedolgos)

rrrrrrrrrrrrrr N[ soRNA Seatfold 3255
ey vy 7 KR (annealed ol
,,,,,,,,,,,,,,,, KRSe0KS 008

FIG. 54
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pegRNA scaffold
spacer ﬂ ES ES f

primer

..................  templte
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pegRNA targeting PRNP
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pegRNA targeting PRNP
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pegRNA targeting HEXA
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pegRNA targeting HEXA
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pegRNA targeting HEXA
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PRNP HEXA

Upregulated

Downregulated
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PRNP HEXA

Upregulated

Downregulated
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Cloning overview
1. Digest pU6-pegRNA-GG-Vector plasmid (component 1) with Bsal and isolate the plasmid fragment (-2.2kb)
containing the origin of replication, UG promater, UG poly-T termination sequence, and AmpR gene
2. Order oligonucleotides for:
a. The desired spacer (target) sequence flanked by indicated overhangs (component 2)

. Use the desired target's 53" sequence for the top strand oligonucleotide (including the 5" CACC
and 3' GTTTT overhangs) and use the reverse complement of the target sequence for the bottom
strand oligonucleotide (including the 5' CTCTAAAAC overhang). Spacer sequences must begin with a
G nucleotide for efficient transcription inifiation.

b. The desired pegRNA 3' extension template flanked by the indicated overhangs (component 3)

I, 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 oligonucleotide (featuring the 5" AAAA overhang).
¢. SpCasd sgRNA scaffold sequence featuring compatible golden gate overhangs (component 4)

|. These oligonucleotides are not the complete scaffold sequence, s overhangs from the remaining
components contribute several missing nucleotides

. Note: these oligonucleotides must be 5" phosphorylated. Oligonucleotices can be 5' phosphorylated by
the manufacturer or &' phosphorylated enzymatically using T4 PNK (see protocol below)

3. Anneal top and hottom oligonucleotides for components 2, 3, and 4 in separate annealing reactions according
to the protocol below. If the SpCas9 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. coli. The antibiotic resistance conferred by component 1 from the
pUB- pegRNA-GG-vector plasmid is ampicilin and carbenicilin resistance.

6. Isolate and sequence plasmids from the resulting clonal transformants

FIG. 59A
peqRNA cloning protocol

Step 1: Digest pU6-pegRNA-GG-Vector plasmid (component 1)

Combine the following in a PCR tube:

2000 ng pUB-pegRNA-GG-Vector (component 1) XL
Bsat-HFv2 (NEB) 1.0 4L
10 Cutsmart Buffer 304l
Hy0 t0.30.0 L
Total reaction volume 304

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 buffer: HyO supplemented with 10 mM Tris-CI pH 8.5 and 50 mM NaCl
Complementary oligonucleotide pairs

Protocol

Combine the following in a PCR tube:

Top oligonucleotide, 100 uM 1.0l
Botiom oligonucleotide, 100 uM 1.0 L
Annealing buffer (components 2, 3, and 4) 230 4L
Total reaction volume 250 L

In thermocycler, heat at 9 °C for 3 minutes, then cool gradually (0.1 °Cls) t0 22 °C

Diute annealed oligonucleotides 1:4 by adding 75 uL Hy0. The final concentration of each oligonucleotide will 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 2.b.i.. syRNA scaffold phosphorylation (unnecessary if oligonucleotides were purchased phosphorylated)

Protocol
Combine the following in a PCR tube:

4 uM oligonucleatide duplex from step 1 6.25 L
10x T4 DNAligase buffer (NEB) 250 L
T4 PNK (NEB) 050 L
Hy0 19.75 4L
Total reaction volume 200 pL

Inthermocycler, incubate at 37 °C for 60 minutes
Following this phosphorylation, annealed scaffold oligonucleoticles are now at a concentration of 1 M.

Proceed to step 3.
FIG. 59D
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Step 4: peg RNA assembly
peaRNA, Golden Gate assembly reaction

Digested pU6-pegRNA-GG plasmid-vector 1.00 uL @ 30 ngfuL
- Pre-cut, isolated 2.2-kb fragment

Annealed protospacer oligonucleotides (component 2) 100uL@1uM

Annealed pegRNA 3-extension oligonucleotides (component 4) 100pL@ 1M

sgRNA scaffold annealed oligonucleotides (component 3) 100uL@ 1 uM
- Oligonucleotides must be phosphorylated

Bsal-HFv2 (NEB) 025 L

T4 DNAligase (NEB) 050 L

10x T4 DNA ligase buffer (NEB) 1.00 L

Hy0 4.25 L

Total reaction volume; 100 L

Incubate at room temperature for 10 min
Following incubation, perform the following program in a thermocycler.
dminat 37 °C then 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 info 10 L of competent cells. The desired transformants will be
resistant to ampicilin and carbenicillin,

The following diagram summarizes the pegRNA cloning protacol.

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

Bsal Bsal
| !
"""""""""""""""""""""""""""""""""""""""""""""""""" N E.col ransformants
U6 RFPdropout Cassette  Terminator AmpR wil be red from RFP
promoter exDression
l Bsal digest
®__ E—
ﬁ%’) BN |
U6 Terminator AmpR Bal digested
promoter backbone
(D pegRNA spacer annealed oligos (@ pegRNA3" extension annealed oligos
SEQID NO: 879 SEQID NO: 883

5 CACCNNNNNNNNNNNNNNNNNNNNGTTTT 35 GTGCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 3
3 NNNNNNNNNNNNNNNNNNNNCARARTCTC 57 3 NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAARA 5

SEQ D NO: 880 SEQID NO: 884

(@) pegRNA scaffold annealed oligos (5" phosphorylated)
SEQ D NO: 881

5 " [Phos] -AGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCG 3
GATCTTTATCGTTCAATTTTATTCCGATCAGGCAATAGTTGAACTTTTTCACCGTGGCTCAGCCACG- [Phos] 5

SEQ IDNO: 862 (Note that these oligos must be &"phosphorylated to permit pegRNA vector assembly)

T4 DNAligase l

3
Spacer Scaffold extensmn

‘\Termmator “ AmpR "

Assembled pegRNA vector
FIG. 59G
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i SORNA scaffold sequence search

Import pandas as pd
import Bio as bio
from Bio import SeglQ
import glob

Higenerates fst offastq fles to analyze
sources = glob.glob(*fastq)

freads the fastq fles into a dictionary with the file names as keys
fastdict = {
for in range(len(sources):

temp = st Seql . parse(sourcell], fastq’)

fastodict{sources{]}= [str(temp[k].seq) for k in range(len(temp))

#the referenced sequence to be searched for is entered into the following dictionary with

Han appropriate key

scaffdict =
{HEK3"CAGAGGACCGACTCGGTCCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTARRACTCACGTGCTCAGTCTGGGCCGGTG, (SEQIDNO: 88))
EMX1"ATCACGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACT
TGCTATTTCTAGCTCTARAACTTCTTCTTCTGCTCGGACTCGGTG!, (SEQIDNO: 886)
FANCF:TTTCCGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC
TTGCTATTTCTAGCTCTAAAACGGTGCTGCAGAAGGGATTCCGGTG', (SEQIDNO: 887)
RNF2:'TCGTTGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTAARACCAGGTAATGACTAAGATGACGGTG')(SEQIDNO: 889)

#matches and counts iterafive Slices of the reference string to the appropriate fastq fles
#reference key must be contained in the name of the fastq fle
#igenerated values represent cumulative counts for a minimum degree of sgRNA ntegration
#1.. a given value x means X reads contain y or more bases of the scaffld
resultdict = it fromkeys(sources)
for key in fastodict
for scaffold in scaffdict
if scaffold n st(key):
resultst =]
for n rangelen(scafdicifscaffold])

FIG. 60A
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extent = scaffdictscaffold][0:+1)]
counter =
for in rangeen(fastqdictkey]) )
i extent in fastqdictkeyI
counter = counter + 1
resulist append{counter)
resultcictlkey[=resutist

thrites the resuls info a dataframe indexed from

resultaf = pd.DataFrame.rom_dict{resultaict)

resultaf = resultf reindex(sorted resuld columns), axis=1)
resuldfindex = range( 1 Jen(resultaf)+)

Hiconverts the cumulative count values into specfic counts
#.2. a given value x means x reads contain exacly y bases of the scaffold
resultdf2=result.copy/
for entry n resultf:
for in range(! Jen(resultafentry)}+1):

.

resultaf2[entry][] = resultafentry][]-resultaffentry][i+]
except

resultaf2]entry]i] = resuteffentry]

converts the specific counts values into frequencies
resultaf3=resutaf2.copy()
for entry in resulte3:

resultafa[entryj=resutaf2[entry] div{resultaffentry][1])*100

#reads the results into excel files
resultaf.to_excel(cumulativecounts.xisx
resultaf2.to_excel(speciiccounts.xisx)
resultaf3.fo_excel( speciicirequencies.xsx

FIG. 60B
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Starting allele
(SEQID NO: 892)

5 TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

SEQIDNO: 893 et (T (o
( ) BTl 700G

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGRAG -

GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

FIG. 70A

Starting allele

(SEQID NO: 892)

5 TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAARAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATARATTCAAAAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

SEQ 1D NO: 893
( ) /NGG PAM

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGATGTTCGTTGTAACTCATATARACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

NGG PAN 2~

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGRAG -

GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

FIG. 70B

Starting allle
(SEQID NO: 892)

5- TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTARARATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

(SEQID NO: 893) nick for PAM 1

\
ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGATGTTCGTTGTAACTCATATARACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

A
nick for PAM 2

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATARAGAAG
GTACARAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

FIG. 70C
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(SEQIDNO:89
5 TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAARAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATARATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

(SEQUDNO: 893 W

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGATGTTCGTTGTAACTCATATARACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGARAG -

GTACAARACGAATTACCAACTCAAGGCARACAGACGTGTCGGACTCTGTAACGACCTTTATTTICTTC
(SEQID NO: 499

Spacer=GTCATCTTAGTCATTACCTG FIG. 70D

Starting allele
(SEQID NO: 892)

5- TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTARARATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAARAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

(SEQID NO: 833 PBS complement

ATGCCCCTTGGCAGT&ATCTTAGTCATTA@CTGE:]TGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGRAG -

GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

PBS = GTAATGACTAAGATG
SEQIDNC: B3 FIG. 70E

Desired allele

(SEQIDNO: 89

5- TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTARARATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAARAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

(SEQ 1D NO: 893) , RT template complement

ATGCCCCTTGGCAGTCATCTTAGTCATTAC&TTGTTCGTT‘GTAACTCATATAAACTGAGTTCC
TACGGGGRACCGTCAGTAGAATCAGTAATGGACGCCACAAGCAACATTGAGTATATTTGACTCAAGG

it

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATARAGRAG -

GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC
(SEQ ID NO: 1759
RT template = AACGAACACCGCAG FIG. 70F
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Full pegRNA
Spacer RTtempIate PBS
5 .GTCATCTTAGTCATTACCTG - Scaffold - AACGAACACCGCAGGTAATGACTAAGATG 3
(SEQID NO: 894) (SEQ D NO: 895)
Scaffold = GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC
(SEQD NO: 89)
FIG. 70G

Starting allele

(SEQID NO: 892)

5- TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAARATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAG-CAAATGTGCAGAGTA

(SEQIDNO: 893

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGARCCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCARGG

*\ Non-edited strand NGG PAMs and nick sies (example options) _—

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGARAG -

[GTACAAAACGAATTACCAACTCAAGGCUAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

\ A ) \ A )
\ /
Nicking-sgRNA profospacers
(example options)
FIG. 70H
Desired allee
(SEQ D NO: 892)

5- TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTARARATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAARAGTACAAGATTTTTACATAGGGTCARATGTGCAGAGTA

(SEQIDNO: 893) Edt_

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGCGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACGCCACAAGCARCATTGAGTATATTTGACTCRAGG

PE3 pr(;tospacer

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATARAGRAG -

GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

Spacer = GTGAGTTACAACGAACACCGC
(SEQID NO: 499)

FIG. 70
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generic SpCasd pegRNA
Spacer
5 -GAAGGCAAUAAUGCUAAUUACAGUUUUAG A GCUAGA
(SEQ 1D NO: 897) CGGAAUAAAAUUGAACGAU 1
UAGUCCGUUAUCARCUD®,
AGCCACGGUGAAAA
C660GCNNNNNNNNNNNNNNNNNNNNNNNNNUUU- 3
RTtemplate ~ Primer-binding
(includes edit) site (PBS)
toeloop pegRNA
Spacer
9 -GAAGGCAAUAAUGCUAAUUACAGUUUUAG A GCUAG
(SEQ 1D NO: 898) CGGAAUAAAAUUGAACGA% L
UAGUCCGUUAUCAACUU A Primer-inding
GAGCCACGGUGAAA site (PBS) .
UCGGUGCNNNNNNNNNNNNNNNNNNNNNNNAN © o
RT template UUUNNNNN B
(|nC|Udes ed|t) toe|00p
30
%PE
% indels
20-

%% total sequencing reads
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HEK3, His6 insertion, HEK293T cells
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PE3 Editing in Healthy CD34+ Cells
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pegRNA sequence: SEQ 1D NO: 1762
GGCCCAGACTGAGCACGTGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGA

ARAGTGGCACCGAGTCGGTGCTGGAGGRAGCAGGGCTTCCTTTCCTCTGCCATCACTTATCGTCGTCATCCTTGT
ATCCGTGCTCAGICTG

Template amplicon sequence: SEQ 1D NO: 1763
AAAATAAGGCTAGTCCGTTATCAACTTGARAAAGTGGCACCGAGTCGGTGCTGGAGGAAGCAGGGCTTCCTTTC
TCTGCCATCACTTATCGIC

PBS amplicon sequence: SEQ 1D NO: 1764
TGARARAGTGGCACCGAGTCGGTGCTGGAGGAAGCAGGGCTTCCTTTCCTCTGCCATCACTTATCGTCGTCATCC
TGTGAATCCGTGCTCAGTCTGT

FIG. 90C
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RNF2 +1-15 del, PBS 15
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Mismatched
sequence in PBS

\

RUNX1 (+6 G to )

2541273

RT

~—

k
( \

cctleCTAC

CctfGCTAC

TaArAGTCCTC Ok
TRAARGTCCIfEE
TARRAGTCE

TAAAAGCt[CTCCTTC

rardfgalrccrecTTe
TafgglhGTCCTCCTTC

CORARGTCCTCCTTC

TARRAGTCCTCCTTE

TaraaGTCCTCCdrC
TARAAGTCCT[eTTC
TarRAGTCfrccTrC
TAAAAGLCTCCTTC
TazfglsrcerecTIc
TAGRAGTCCTCCTTC
cranaGTCCTCCTTC

TARAAGTCCTCCTTC

GCTACIGIGAAGTCTGT

GAAGTCTGTE

GCTACIGIGAAGTCTGT

GCTAC|GIGAAGTCTGT

e

GCTAC
GCTAC

GAAGTCTGTE
GAAGTCTGTE

GCTACIGIGAAGTCTGT

GAAGTCTG Tz

GCTAC|GIGAAGTCTGT

GCTAC
GCTAC
GCTAC

GAAGTCTGT
GAAGTCTGT

!
}
GAAGTCT G Tjezzzzah-

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

GCTAC
GCTAC
GCTAC

GAAGTCTGT
GAAGTCTGT
GAAGTCTGT

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

GCTACIGIGAAGTCTGT

G2 NN RN RN NP NN NN NN NN NP NP NN N NN NP N N »}

GCTACIGIGAAGTCTGT

SEQIDNOs: 1948-1972

Untreated

0
FIG. 141
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Frequency of expected edit (%)
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Scoring based on mismatch position
RUNX1 +6G-C

(2] o

o R2= 0,63
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% of total sequencing reads
with the specified edit
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with the specified edit
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score

Scoring based on mismatch stabilties
and mismatch position RUNX1 +6G-C

_
o

with the specified edit

% of total sequencing reads
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FIG. 141
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Mismatched
sequence in PBS

HEK3 (+1 CTT ins)

256/273

GTClca:

GTCTGACTCOfE

hCtTGACTCGTGC)

BACTACTCGCT
AlAcTACCGTCT
AlacTaccerer
AlacTaccerer

ACTACCGTCT

AACTACCGTCT
AlACTACCGTCT
AlAcTACCGTCT)

gggggiggggTGC/ MRCTRCCGICT
GthGACTCGTGC’
eTeacTceTocf AR CTACLET C T
sTeTeacToeefP AR CTACCOT LTS
GTCTGACTCAsC ACTACCGTC T
GTCTGACT[YeTGE ACTACCGICTR
CTCTGATCOTGCEAAACTACCGTC TR
GTCTEACTCGTGC EACTACCGTC TR
CI[TGACTCGTGCGAAACTACCGT CTEZR
JTCTGACTCGTGCEAARCTACCGTC T pmem—
GTCTGACTCGTGCISEARCTACCGTCT
SEQIDNOs: 1973-1g93  Untreatedt

R
Frequency of expected edit (%)

FIG. 142



Mismatched
sequence in PBS

\

RNF2(+6 G to A)

2571273

RT

TGAGAATCAGTAjgC
TGAGRATCAGICY

TGAGAATClgaTAATG

TGAGAA[CTAGTAATG

TGAGO[TCAGTARTG

TGgaAATCAGTAATG

CARGAATCAGTAATG
TGAGAATCAGTAATE
TGAGAATCAGTAETG
TGAGAATCAGEAATG
TGAGAATC[JSTARTG
TGAGAA[JCAGTARTG
TGAGJATCAGTARTG
TGlglGAATCRGTAATG

TEAGAATCAGTAATG
TGAGAATCAGTAATG

CalGACTC

GACTC
GACTC
GACTC

TalcAcTC

GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC
GACTC

ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA
ACAAGCAA

GACTC[TACARGCAA

E

T

.

L L

7T -

Untreated

SEQ 1D NOs: 1694-2008
FIG. 142
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% of total sequencing reads
with the specified edit
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Scoring based on mismatch stabiliies

and mismatch position
0 8 o~ RUNX1 +6G-T
1. —a— HEK3 +1CTT
—— RNF2 +6G-A

FIG. 142
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PRNP +6 G-T, PE3 epegRNA, linker 8

DNMT1 +5 G-T, PE3 epegRNA linker 8
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% of total sequencing reads with the specified edit
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pecified

modification

% reads with s

% of total sequencing reads with
the specified modification

[
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1 J

—_
[
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916 917 12.2013.20

PE2
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CDKLS c1412delA prime edlting
Transfection, N2A cells

N
PBS RT

PE3
Nicking Guide 1

FIG. 130

1412delA insertion in N2A cells
epegRNA KAEQT2, no seed editing

| e

016 917 1200 13.00

PE3
Nicking Guide 3

Desired Editing
Indels

NG

PE5
\G1

P PE
@ NG

FIG. 151
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1412delA insertion in N2A cells
PES, epegRNA, seed edit

Desired Editing (%)
Indels (%)

o He L F

P

P — o (S P
[ [ [ [
1 1 1 )

pegRNA081 pegRNAO81 pegRNA081 pegRNA082 peg NA 082 pegRNAOSZ

NGt NGBS NG® NGt NG3 NG
FIG. 152

hCDKLS Exon 8 Clustering Variants
PE3 Transfection in HEK293Ts

t237>C
ez |ndels

ENE

PBSORT 40  PBSORTE
FIG. 153



% of total sequencing reads

with the specified modification

PEnax CasS ROKNGSUK | | MMLVRT } |
\\\\H840A N (codon opt) | £
FIG. 154
Prime editor (nCas9- RT) MLH1dn pegRNA  sgRNA
P2 & 7, +
PE3 &Z L |
PEd & + D+
PES C + D+ L+ A
FIG. 155
Installation of CDKLS c.1412clelA in model cell lines
15+ w» S §\\
8BE N
. =52 o
E S5k PE)
2 85 PEXmax &
= = 5T PEdmax &
=E£° 2 PEd o &
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(c. 1412delA site) (c. 1412delA site)

prLSSV40
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PE) SpCas9 H840A\\

S66S#2-XTEN1E-5G6S+2  bpNLSSVA)

FIG. 156
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Prime editing in patient-derived humans iPSCs

¢. 1412delA  SEQ D NO: 2030
correction Silent edit

CDKLS

C. 1412delA  SEQIDNO: 2032
- TTGeCACAATTCCCCAGTCC -

-+ TTGACACAATTCCCCAATCC -

- AACaGTGTTAAGGGGTCAGG:-- - AACTGTGTTAAGGGGTTAGG ---

SEQID NO: 2031

Intended edit
2 Indels

SEQIDNG: 2083 5y, protospacer

%

P
FIG. 157
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% of total sequencing reads with
the specified modification

2701273

CDKLS c. 1412 Ato G, HEK293T

Intended edt
Indels
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% of total sequencing reads
with the specified edit or indels
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CDKLS silent +1 C to Tinstallation (c. 1412delA site),
HEK293T
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CDKLS ¢.1412delA allele SEQIDNO: 2034 SpCasd-

... 1TG-CACAATTCCCCAGTCCTCTAGGAGTCCCTCC. .. PE ¢. 1412delA correction

SEQIDNO:25 gocest B pegRNArectednck

Wild-type CDKL5 allele SEQIDNO:2036  SpCasd-

... TTGACACAATTCCCCAGTCCTCTAGGAGTCCCTCC. .. PE |
L AACTGTETTAAGCEETCAGGAGATCCTCAGGRRGG . . . —= Onlyindel byproducts

SEQID NO: 2087 SpCas! AN ApegRNA-directed nick

FIG. 161
CDKLS ¢.1412delA allele SEQ D NO: 2038
pegRNA-directed n'ick NRQH PAM NRCH
TR R ko
SEQ DN 2098 e and indel byproducts
Wild-type COKLS allgle not an
SEQ D NO: 2040 pegRNA-directed n'ick NRQH PAM QNRQ‘P
.. . \GAGTCGGCATAGCTATATTGACACARTTC. . . SpCasgPE .
. .TlcTCAGCCGTATCGATATAA@TWTAAG. . —é%» No indels
SEQ D NO: 2041
FIG. 162
CDKLS ¢.1412delA allele SEQID NO: 2038
pegRNA-directed n'ick NRTH PAM NRCH
T A S - or
“SEQDNG: 2058 e and indel byproducts
Wi-type CDKL allle
mispaired profospacer ~ SEQ ID NO: 2040 SQIS&CS)%E
. AGAGTCGGCATAGCTATATTGACACRAATTC, . . 8sd- .
i |TDCNT(§|Z§84%CETAT%EATATAACITGTGTTAAG. i, —%» No indels
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% of total sequencing reads with the specified edit
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