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FIG. 1A
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FIG. 1B

target
nucleotide

5’

3’

nontarget
strand release

and hybridization

DNA binding,
nontarget strand

nick

[P]
PEgRNA

napDNAbp (nickase)

ssDNA synthesis

synthesis of single
nucleotide change,

and/or insertion, and/or
deletion

5’
3’

3’
[P] PEgRNA

napDNAbp (nickase)

5’ 3’

[P]

napDNAbp (nickase)

PEgRNA

Prime editor complex:
[napDNAbp]-[P]:PEgRNA
[P]-[napDNAbp]:PEgRNA

3’

3’

1/273

Alexa.Chan
Line



target
nucleotide

DNA binding,
nontarget strand

nick

RT-Cas9:gRNA

3’

RT

gRNA

Cas9
3’

gRNA

Cas9

nontarget
strand release

and hybridization

reverse
transcription

synthesis of single
nucleotide change,

and/or insertion, and/or
deletion

3’RT

3’

gRNA

Cas9

3’

RT

3’

target
nucleotide

DNA binding,
nontarget strand

nick

3’

[P]

[P][P]

PEgRNA
napDNAbp 3’

PEgRNA PEgRNA

napDNAbp (nickase) napDNAbp (nickase)

nontarget
strand release

and hybridization

ssDNA synthesis

synthesis of single
nucleotide change,

and/or insertion, and/or
deletion

3’

3’
3’

Prime editor complex:
[napDNAbp]-[P]:PEgRNA
[P]-[napDNAbp]:PEgRNA

3’

FIG. 1C

FIG. 1D

2/273

Alexa.Chan
Line



FIG. 1E

FIG. 1F
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FIG. 1G
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FIG. 1H

FIG. 1E
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FIG. 1I

PE3b temporal nicking.

PE3b editing system: edit-specific nicked of the complementary (unedited) DNA strand 
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DNA synthesis

FIG. 1J
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Polymerase-dependent synthesis of a
replacement strand encoded by the
polymerase against the DNA synthesis
template and which contains a desired
edit. The mechanism is envisioned to
operate similarly to prime editing.
Additional factors or effectors may be
added in trans or as fusions to facilitate
the reaction as a whole (e.g., (a) a
helicase to unwind the DNA at the cut
site to make the cut strand with the 3’
end available as a primer, (b) a FEN1 to
help remove the endogenous strand on
the cut strand to drive the reaction
towards replacement of the
endogenous strand with the synthesized
strand, or (c) a nCas9: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
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FIG. 1L

Prime editing scope:
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FIG. 18

Reference

edit Endogenous polymorphism in HEK293T cells

791

SEQ ID NOs:

2.86% (2641 reads)793

64.11% (59189 reads)791

28.84% (26624 reads)792

0.81% (749 reads)794

bold Substitutions

Insertions

Deletions

Predicted cleavage position

T G G G G C C C A G A C T G A G C A C G A G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G A G A T G G C A A A G G A A A G G A A G
T G G G G C C C A G A C T G A G C A C G A G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G A G A T G G C A A A G G A A A G G A A G
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FIG. 20

FIG. 19

HEK3 site T to A (-3 position)
Cas9(H840A)-MLVRT

% T to A
M1:
M2:

M3:

M4:

D200N
D200N
L603W
D200N
L603W
T330P
D200N
L603W
T330P
E607K

% indels

% T to A

% indels

WT M1 M2 M3 M4

MLV RT variant

HEK3 site T to A (-3 position)

35
30
25
20
15

% 
ed

itin
g

editedit strand
complementary

strand
-108

0
2
4
6
8

10
12

% 
ed

itin
g

-38 +26
+37

Cas9(H840A)-MLVRT(wt)

+63+90

10
5
0

none +90+63+37
Position nicking opposite strand

+26-38-108

31/273

Alexa.Chan
Line



FIG. 21

Reference

Target base Endogenous polymorphism in HEK cells

791

SEQ ID NOs:

24.04% (27466 reads)793

40.80% (46616 reads)791

25.82% (29500 reads)792

4.54% (5191 reads)794

bold Substitutions

Insertions

Deletions

Predicted cleavage position

T G G G G C C C A G A C T G A G C A C G A G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G A G A T G G C A A A G G A A A G G A A G
T G G G G C C C A G A C T G A G C A C G A G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G A G A T G G C A A A G G A A A G G A A G
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FIG. 22

target locus for targeted mutagenesis
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FIG. 23

gRNA design for contracting trinucleotide repeat sequences
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FIG. 24

protospacer gRNA scaffold homology peptide tag annealing
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FIG. 25

bold Substitutions
Insertions
Deletions
Predicted cleavage position

SEQ ID NOs:

10-nucleotides
targeted for deletionHEK3 site

795 ReferenceC T G A G C A C G T G A T G G C A G A G G A A A G G A A G

796 43.91% (30598 reads)C T G A G C A C G - - - - - - - - - - G G A A A G G A A G

795 32.35% (22540 reads)C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

797 17.25% (12021 reads)C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

798 0.41% (288 reads)C T G A G C A C G - - - - - - - - - - - - - - - - - - - -

799 0.23% (157 reads)C T G A G C A C G - - - - - - - - - - G G A A A G G - - -

800 0.22% (156 reads)C T G A G C A C G T G A T G G C A G G G G A A A G G A A G

Starting alleles

- Desired product

byproducts

C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

C T G A G C A C G - - - - - - - - - - G G A A A G G A A G

C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

C T G A G C A C G - - - - - - - - - - - - - - - - - - - -

C T G A G C A C G - - - - - - - - - - G G A A A G G - - -

C T G A G C A C G T G A T G G C A G G G G A A A G G A A G
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FIG. 26B

Rendering proteins soluble or insoluble

Extending protein half-life

Easy detection of expressed protein through various detection
techniques, e.g., western blot, ELISA, ChIP, immunocytochemistry,

immunohistochemistry, and fluorescence measurement

Protein purification

Protein/peptide tag
Applications

Cellular localization of target protein

FIG. 26A

bold Substitutions
Insertions
Deletions
Predicted cleavage position

SEQ ID
HEK3 site - His-tag insertion

801 ReferenceG A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

801 46.04% (34433 reads)G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

803 25.40% (18997 reads)G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

802 25.56% (19113 reads)G A C T G A G C A C G C A C C A T C A T C A C C A T C A T T G

802 0.23% (171 reads)G A C T G A G C A C G C A C C A T C A T C A C C A T C A T T G

- Desired product

bold Substitutions
Insertions
Deletions
Predicted cleavage position

HEK3 site - FLAG-tag insertion

801 ReferenceG A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

801 61.56% (38678 reads)G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

804 4.65% (2921 reads) - Desired product
803 31.83% (19998 reads)G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

(note, full length
24-nt insertion out
of viewing frame)

G A C T G A G C A C G G A T T A C A A G G A T G A C G A C G A

G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

G A C T G A G C A C G C A C C A T C A T C A C C A T C A T T G

G A C T G A G C A C G C A C C A T C A T C A C C A T C A T T G

G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

G A C T G A G C A C G T G A T G G C A A A G G A A A G G A A G

G A C T G A G C A C G G A T T A C A A G G A T G A C G A C G A
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PRNP
127

prime editing

Wild type allele
SEQ ID NO: 805 Protein sequence     ...     Gly    Leu    Gly    Gly    Tyr    Met    Leu     ...
SEQ ID NO: 806     DNA sequence     ...     GGC CTT GGC GGC TAC ATG CTG     ...

127

Prion disease
resistant allele

SEQ ID NO: 807     DNA sequence     ...     GGC CTT GGC GTC TAC ATG CTG     ...
SEQ ID NO: 808 Protein sequence     ...     Gly    Leu    Gly    Val    Tyr    Met   Leu     ...

protospacer PAM

SEQ ID NO: 809 ... GGG GCAGTGGTGGGGGGGCCTTGG CGG CTACATGCTG ...

SEQ ID NO: 810 5’-GCAGTGGTGGGGGGCCTTGG- sgRNA scaffold -ATGTAGACGCCAAGGCCCCCCAC-3’

target
nucleotide

encodes mutation
to target base pair

Reverse
transcription

template

SpCas9
nick site

Primer
annealing
sequence

correct G to T
conversion

PRNP

% 
ed

itin
g

+103 nick+72 nick
complementary strand nick

+41 nickno nick

editing in HEK293T cells

30

0

5

10

15

20

25

indel

FIG. 27

pegRNA
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transcription

transcription

transcription

improvement of polyadenylation sequence

tagging with Spinach or
other fluorescent RNAs

AAAAAAA

AAAAAAAAAAAAAAA
SEQ ID NO: 1756

hv

+

Cas9 H840A
•• •3’
•• •5’

5’• ••
3’• ••

Reverse Transcriptase

pegRNA

Protospacer PAM

transcription

polyadenylation

transcription

nuclear retention through removal of polyadenylation

polyadenylation

transcription

targeting sequences for epigenetic modification

m6Amethylase

transcription

triggering RNA processing

self-cleavage

transcription
insertion of pre-miRNA splicing and

processing

transcription
insertion of protein binding site

FIG. 28A

FIG. 28B
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FIG. 31

FIG. 32

3’

5’

gRNA core

~20nt spacer matching
sequence of targeted gene

reverse transcription
template with

immunogenic epitope
nucleotide sequence Primer binding site

matching sequence of
targeted gene

extension

target
nucleotide

DNA binding,
nontarget strand

nick

Cas9

gRNA

RT

Cas9

mutgenic
strand

gRNA

RT

nontarget
strand release

and hybridization

RT-Cas9:gRNA

3’

3’

3’ flap
species

5’ flap
species

5’ flap
excision

ligation mismatched bp

flap
equilibration

3’

Cas9

gRNA

RT
3’

3’

Reverse
transcription

installation of
point mutation

5’

MMR/
replication

reversion

desired
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FIG. 33

5’ 3’protospacer gRNA scaffold homology insertion annealing

targets genomic
DNA sequence

reverse transcription template:
encodes insertion sequence
and homology to adjacent
genomic DNA sequence

binds to genomic
DNA primer to
initiate reverse 

transcription

gRNA design for primer binding sequence insertions

Primer binding sequence insertion into genomic DNA using prime editing

genomic
DNA

genomic target

genomic target

prime editor: PEgRNA
primer binding

sequence
flap homology

flap invasion / DNA repair
primer binding

sequence

Primer binding sequence inserted into genomic DNA

genomic DNA

Fragment DNA
Ligate adaptors

Primer binding
sequence

high-throughput
sequencing and

genome alignmentPCR with

Identified 
on-target

and off-target 
sequences

A A AAT TG GGC CC

A AT T TTG G GC CC

A AT T TTG G GC C C

AAA AT TG GGC C C SEQ ID NO: 818
SEQ ID NO: 819
SEQ ID NO: 818
SEQ ID NO: 819

genomic target

Adaptor
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FIG. 35A

FIG. 35B

Insulin binding;
conformational
rearrangement;

transphosphorylation
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n 

Pi
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transphosphorylation
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FIG. 38A

Transition point mutation

Total variants = 75,122

Known human pathogenic genetic variants

Transversion point mutation
Deletion
Duplication
Copy number loss
Copy number gain
Insertion
Insertion and deletion
Other

30%

20%26%

8.2%

6.8%
3.6%

2.5% 0.9%
2.0%

FIG. 38B

Prime editor (PE) and pegRNA Target DNA

Protospacer PAM
Reverse

transcriptase
domain 5’

3’ 5’
3’

5’

3’

pegRNA nick site

pegRNA

Cas9 nickase
domain

Edit position: +1 +4 +12

Prime editing range
for SpCas9 PEs

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

51/273

Alexa.Chan
Line



FIG. 38D

Length of pegRNA
RT template (nt)
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FIG. 38C
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FIG. 38F 

FIG. 38E

3´-extended pegRNA
stop codon correction

T•A-to-A•T transversion

3'-extended pegRNA
frameshift correction

1-nt insertion

3'-extended pegRNA
frameshift correction

1-nt deletion

5´-extended pegRNA
stop codon correction

T•A-to-A•T transversion
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FIG. 51F

SEQ ID NO:

K562 HEK3 negative control (non-targeting pegRNA)

791 -ReferenceT G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

791 -93.54% (47190 reads)T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

K562 HEK3 PE3+1 CTT insertion

791 -69.66% (39061 reads)T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

K562 HEK3 Cas9-initiated HDR +1 CTT insertion

832 -17.15% (7256 reads)T G G G G C C C A G A C T G A G C A C - T G A T G G C A G A G G A A A G G A A G

830 -22.80% (12784 reads)T G G G G C C C A G A C T G A G C A C G C T T T G A T G G C A G A G G A A A G G

830 -0.21% (120 reads)T G G G G C C C A G A C T G A G C A C G C T T T G A T G G C A G A G G A A A G G

830 -10.55% (4461 reads)T G G G G C C C A G A C T G A G C A C G C T T T G A T G G C A G A G G A A A G G

833 -9.72% (4111 reads)T G G G G C C C A G A C T G A G C A - - T G A T G G C A G A G G A A A G G A A G

834 -5.14% (2174 reads)T G G G G C C C A G A C T G A G C A C G - - A T G G C A G A G G A A A G G A A G

835 -4.77% (2016 reads)T G G G G C C C A G A C T G A G C A C G G T G A T G G C A G A G G A A A G G A A

836 -3.82% (1616 reads)T G G G G C C C A G A C T G A G C A C G - G A T G G C A G A G G A A A G G A A G

837 -3.17% (1342 reads)T G G G G C C C A G A C T G A G C A C G T T G A T G G C A G A G G A A A G G A A

838 -1.92% (814 reads)T G G G G C C C A G A C T G A - - - - - - - - T G G C A G A G G A A A G G A A G

839 -1.63% (689 reads)T G G G G C C C A G A C T G A G C A C G A T G A T G G C A G A G G A A A G G A A

840 -1.26% (535 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - C A G A G G A A A G G A A G

842 -0.61% (257 reads)T G G G G C C C A G A C T G A G C A - - - - - - - - - - G A G G A A A G G A A G

843 -0.59% (250 reads)T G G G G C C C A G A C T G A G C A C G C T G A T G G C A G A G G A A A G G A A

841 -0.78% (329 reads)T G G G G C - - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

844 -0.56% (237 reads)T G G G G C C - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

831 -0.21% (116 reads)T G G G G C C C A G A C T G A G C A C G C T T T T G A T G G C A G A G G A A A G

791 -0.32% (179 reads)T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

791 -13.86% (5864 reads)T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

791 -0.47% (238 reads)T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

829 -0.21% (108 reads)T G G G G C C C A G A C T G A G C A C G T G A T G G C A G C G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G C T T T G A T G G C A G A G G A A A G G

T G G G G C C C A G A C T G A G C A C G C T T T G A T G G C A G A G G A A A G G

T G G G G C C C A G A C T G A G C A C G C T T T G A T G G C A G A G G A A A G G

T G G G G C C C A G A C T G A G C A - - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G - - A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G G T G A T G G C A G A G G A A A G G A A

T G G G G C C C A G A C T G A G C A C G - G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T T G A T G G C A G A G G A A A G G A A

T G G G G C C C A G A C T G A - - - - - - - - T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G A T G A T G G C A G A G G A A A G G A A

T G G G G C C C A G A C T G A G C A C G - - - - - - C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A - - - - - - - - - - G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G C T G A T G G C A G A G G A A A G G A A

T G G G G C - - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

T G G G G C C - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G C T T T T G A T G G C A G A G G A A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G A T G G C A G C G G A A A G G A A G
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FIG. 51G

846 -0.47% (197 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - - - A G G A A A G G A A G

847 -0.43 (181 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - A G A G G A A A G G A A G

848 -0.41 (173 reads)T G G G G C C C A G A C T G A G C A C G - - - - G G C A G A G G A A A G G A A G

851 -0.37% (156 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - G A A A G G A A G

855 -0.30% (125 reads)T G G G G C C C A G A C T G A G C T T - T G A T G G C A G A G G A A A G G A A G

860 -0.26% (112 reads)T G G G G C C C A G - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

864 -0.23% (96 reads)T G G G G C C C A G A C T G - - - - - - T G A T G G C A G A G G A A A G G A A G

865 -0.23% (96 reads)T G G G G C C C A G A C T G A G - - - - T G A T G G C A G A G G A A A G G A A G

866 -0.22% (93 reads)T G G G G C C C - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

861 -0.26% (112 reads)T G G - - - - - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

863 -0.24% (100 reads)- - - - - - - - - - - - - - - - - - - - - - A T G G C A G A G G A A A G G A A G

853 -0.35% (146 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - - A A A G G A A G

856 -0.30% (125 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - - - - - - - A A G

858 -0.29% (121 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - - - - - - G A A G

857 -0.29% (122 reads)T G G G G C C C A G A C T G A G C A C G - - - - - - - - G A G G A A A G G A A G

849 -0.40% (169 reads)T G G G G C C C A G A C T G A G - - - - - - - - - - - - - - - G A A A G G A A G

852 -0.35% (148 reads)T G G G G C C C A G A - - - - - - - - - - - - T G G C A G A G G A A A G G A A G

859 -0.27% (114 reads)T G G G G C C C A G A - - - - - - - - - - - - - - - - - - - G G A A A G G A A G

862 -0.26% (110 reads)T G G G G C C C A G A C T G A G C A C G T G T G A T G G C A G A G G A A A G G A

867 -0.21% (87 reads)T G G G G C C C A G A C T G A G C A C G - - - - - G C A G A G G A A A G G A A G

845 -0.52% (219 reads)T G G G G - - - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

850 -0.38% (159 reads)T G G G G C - - - - - - - - - - - - - - - - - - - - - A G A G G A A A G G A A G

854 -0.31% (132 reads)T G - - - - - - - - - - - - - - - - - - - - A T G G C A G A G G A A A G G A A G

Substitutionsbold

-

- - - -

Insertions

Deletions

Predicted

cleavage position

T G G G G C C C A G A C T G A G C A C G - - - - - - - - - A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G - - - - - - - A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G - - - - G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - G A A A G G A A G

T G G G G C C C A G A C T G A G C T T - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G - - - - - - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G - - - - T G A T G G C A G A G G A A A G G A A G

T G G G G C C C - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

T G G - - - - - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

- - - - - - - - - - - - - - - - - - - - - - A T G G C A G A G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - - A A A G G A A G

T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - - - - - - - A A G

T G G G G C C C A G A C T G A G C A C G - - - - - - - - - - - - - - - - G A A G

T G G G G C C C A G A C T G A G C A C G - - - - - - - - G A G G A A A G G A A G

T G G G G C C C A G A C T G A G - - - - - - - - - - - - - - - G A A A G G A A G

T G G G G C C C A G A - - - - - - - - - - - - T G G C A G A G G A A A G G A A G

T G G G G C C C A G A - - - - - - - - - - - - - - - - - - - G G A A A G G A A G

T G G G G C C C A G A C T G A G C A C G T G T G A T G G C A G A G G A A A G G A

T G G G G C C C A G A C T G A G C A C G - - - - - G C A G A G G A A A G G A A G

T G G G G - - - - - - - - - - - - - - - T G A T G G C A G A G G A A A G G A A G

T G G G G C - - - - - - - - - - - - - - - - - - - - - A G A G G A A A G G A A G

T G - - - - - - - - - - - - - - - - - - - - A T G G C A G A G G A A A G G A A G
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FIG. 52A

FIG. 52B
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FIG. 52C

FIG. 52D
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FIG. 53A

FIG. 53B
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SEQ ID NO:
Line 1

868 -ReferenceC C T G A A C C G T A T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

869 -92.16% (28182 reads)A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

Line 2

868 -ReferenceC C T G A A C C G T A T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

868 -0.57% (115 reads)C C T G A A C C G T A T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

869 -91.74% (18375 reads)A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

869 -0.59% (119 reads)A A C C G T A T A T C T A T C C T C T G G C C C T G A C T G G A A G G A T T T C

869 -0.53% (106 reads)A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

874 -0.23% (47 reads)A A C C G T A T A T C T A T C C T C T G G C C C T G A C T G G A A G G C T T T C

869 -0.61% (188 reads)A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

873 -0.51% (156 reads)A A C C G T A T A T C T A T C C T C T G G C C C T G A C T G G A A G G A T T T C

872 -0.94% (288 reads)A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G C T T T C

870 -1.54% (471 reads)A A C C G T A T A T C T A T C C T A T T G C C C T G A C T G G A A G G A T T T C

871 -1.10% (335 reads)A A C C G T A T A T C T A T C C T A T G T C C C T G A C T G G A A G G A T T T C

872 -0.85% (171 reads)A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G C T T T C

870 -1.34% (269 reads)A A C C G T A T A T C T A T C C T A T T G C C C T G A C T G G A A G G A T T T C

871 -1.08% (217 reads)A A C C G T A T A T C T A T C C T A T G T C C C T G A C T G G A A G G A T T T C

FIG. 53C

Substitutionsbold

-

- - - -

Insertions

Deletions

Predicted cleavage position

C C T G A A C C G T A T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

C C T G A A C C G T A T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

C C T G A A C C G T A T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T C T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T C T G G C C C T G A C T G G A A G G C T T T C

A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T C T G G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G C T T T C

A A C C G T A T A T C T A T C C T A T T G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G T C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G G C C C T G A C T G G A A G G C T T T C

A A C C G T A T A T C T A T C C T A T T G C C C T G A C T G G A A G G A T T T C

A A C C G T A T A T C T A T C C T A T G T C C C T G A C T G G A A G G A T T T C
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877 -0.24% (212 reads)C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

SEQ ID NO:

875 -ReferenceC A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

875 -0.27% (240 reads)C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

876 -97.45% (87424 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

Line 1

875 -ReferenceC A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

875 -0.36% (239 reads)C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

877 -0.22% (142 reads)C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

876 -97.16% (63793 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

Line 2

875 -ReferenceC A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

875 -0.29% (228 reads)C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

877 -0.22% (172 reads)C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

878 -0.21% (167 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G T C G T T

876 -97.32% (77514 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

Line 3

875 -ReferenceC A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

875 -0.58% (419 reads)C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

877 -0.23% (165 reads)C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

878 -0.21% (150 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G T C G T T

876 -96.94% (70061 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

Line 4

FIG. 53D

C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G T C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G T C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T
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875 -ReferenceC A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

875 -0.33% (183 reads)C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

877 -0.21% (120 reads)C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

878 -0.20% (113 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G T C G T T

876 -97.16% (54265 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

Line 5

875 -ReferenceC A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

875 -0.27% (267 reads)C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

877 -0.21% (211 reads)C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

876 -97.35% (95642 reads)C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

Line 6

FIG. 53E

Substitutionsbold

-

- - - -

Insertions

Deletions

Predicted cleavage position

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G T C G T T

C A C C A T G G T G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G T G C A C C T G A C T C C T G A G G A G A A G T C T G C C G T T

C A C C A T G G C G C A C C T G A C T C C T G T G G A G A A G T C T G C C G T T

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

Protocol to simultaneously clone a spacer sequence (Target Site) and pegRNA 3' extension containing a
PBS and RT template into a human U6 promotor pegRNA expression vector:

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

U6 Promo

pU6-pegRNA-GG-Vector Human pegRNA U6 expression vector U6_Bsal-mRFP-cassette_U6-Term Bsal-HFV2

[Component 2] Ordering oligonucleotides to generate the spacer (target) sequence for human pegRNA vectors:
Top and bottom oligos to be annealed and then assembled into digested pU6-pegRNA-GG-Vector:

CACCNNNNNNNNNNNNNNNNNNNNGTTTT

NNNNNNNNNNNNNNNNNNNNCAAAATCTC

(The N20 mock protospacer sequence shown can be of variable length, as needed)

[Component 3] Ordering oligonucleotides to generate the SpCas9 sgRNA scaffold for human pegRNA vectors:

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

AGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCG

GATCTTTATCGTTCAATTTTATTCCGATCAGGCAATAGTTGAACTTTTTCACCGTGGCTCAGCCACG

(Note that these oligos must be 5´ phosphorylated to permit pegRNA vector assembly)

[Component 4] Ordering oligonucleotides to generate the pegRNA 3' extension containing a PBS and RT
template sequence for human pegRNA vectors:

GTGCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAAA

(The N30 mock reverse transcriptase template sequence shown can be of variable length, as needed)

Schematic of final assembled U6 pegRNA expression vector from components 1, 2, 3, and 4:

Spacer Sequence
(annealed oligos)

Reverse Transcriptase Template
(annealed oligos)

Plasmid Description Features Cut with

sgRNA Scaffold
(annealed oligos)

{Phos} 5´ -
SEQ ID NO: 882 3´ -

SEQ ID NO: 879 5´- - 3´

- 3´ SEQ ID NO: 881 

SEQ ID NO: 880 3´ - - 5´

- 3´
- 5´

- 5´ {Phos}

SEQ ID NO: 883 5´ -
SEQ ID NO: 884 3´ -

FIG. 54

Bsal mRFP dropout Cassette
U6 Poly T

Termination Seq AmpR

U6 Poly T
Termination Seq AmpRU6 Promo
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FIG. 55A

FIG. 55B

FIG. 55C

nCas9

NGG

RT

template

scaffoldpegRNA

spacer

primer
5’
3’

3’
5’

scaffold optimization

optimization of template
secondary structure

promoter choice
and 5’ processing

additional motifs for stability, activity

processing elements

pol I, pol II promoter

termination and
nuclear retention element

A
A
A
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FIG. 55F

FIG. 55EFIG. 55D

scaffold
modifications

RT

split template

FIG. 55G

nt modifications

secondary structure
anchoring
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Digest pU6-pegRNA-GG-Vector plasmid (component 1) with Bsal and isolate the plasmid fragment (-2.2kb) 
containing the origin of replication, U6 promoter, U6 poly-T termination sequence, and AmpR gene 

FIG. 59B

FIG. 59A

Anneal top and bottom 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. 

3. 

4. Golden Gate assembly of isolated 2.2-kb fragment from component 1 with components 2, 3, and 4 
Transform the ligation product into E. coli. The antibiotic resistance conferred by component 1 from the 
pU6- pegRNA-GG-vector plasmid is ampicillin and carbenicillin resistance. 

5. 

6. Isolate and sequence plasmids from the resulting clonal transformants 

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

ii. 

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

i. 
c. SpCas9 sgRNA scaffold sequence featuring compatible golden gate overhangs (component 4) 

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

i. 

Use the desired target's 5'-3' 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 initiation. 

 i. 
a. The desired spacer (target) sequence flanked by indicated overhangs (component 2) 

2. Order oligonucleotides for:

1. 
Cloning overview

2000 ng pU6-pegRNA-GG-Vector (component 1)
Bsa1-HFv2 (NEB)
10x Cutsmart Buffer
 H2O

Total reaction volume

Incubate at 37 °C for 4-16 hours
Isolate ~2.2-kb fragment from cut plasmid.

Combine the following in a PCR tube:

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

X L
1.0 L
3.0 L
to 30.0 L

3.0 L
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H2O 

FIG. 59D

FIG. 59C

6.25 L
2.50 L
0.50 L
15.75 L

20.0 L

Dilute annealed oligonucleotides 1:4 by adding 75 L H2O. The final concentration of each oligonucleotide will be 1 M 
after this dilution. Do not dilute the sgRNA scaffold (component 4) if phosphorylating by PNK in step 2.5. 

In thermocycler, heat at 95 °C for 3 minutes, then cool gradually (0.1 °C/s) to 22 °C
Total reaction volume

Combine the following in a PCR tube:
Protocol

Top oligonucleotide, 100 M 
Bottom oligonucleotide, 100 M 
Annealing buffer (components 2, 3, and 4)

Materials

Annealing buffer: H2O supplemented with 10 mM Tris-CI pH 8.5 and 50 mM NaCI
Complementary oligonucleotide pairs 

Steps 2 and 3: Order and anneal oligonucleotide parts (components 2, 3, and 4)

Total reaction volume 

In thermocycler, incubate at 37 ºC for 60 minutes 
Following this phosphorylation, annealed scaffold oligonucleotides are now at a concentration of 1 M.
Proceed to step 3. 

T4 PNK (NEB)

4 M oligonucleotide duplex from step 1
10x T4 DNA ligase buffer (NEB)

Protocol 
 Combine the following in a PCR tube:

Step 2.b.ii.: sgRNA scaffold phosphorylation (unnecessary if oligonucleotides were purchased phosphorylated) 

1.0 L
1.0 L
23.0 L

25.0 L

131/273

Alexa.Chan
Line



Bsal-HFv2 (NEB)
T4 DNA ligase (NEB)
10x T4 DNA ligase buffer (NEB)
H2O 

Digested pU6-pegRNA-GG plasmid-vector

Annealed protospacer oligonucleotides (component 2) 
Annealed pegRNA 3'-extension oligonucleotides (component 4) 

Step 4: peg RNA assembly
pegRNA, Golden Gate assembly reaction

The following diagram summarizes the pegRNA cloning protocol.

 Transform 1 L of the 10 L assembly reaction into 10 L of competent cells. The desired transformants will be 
resistant to ampicillin and carbenicillin.

Steps 5 and 6: Transformation of assembled plasmids

- Pre-cut, isolated 2.2-kb fragment

- Oligonucleotides must be phosphorylated
sgRNA scaffold annealed oligonucleotides (component 3)

1.00 L @ 30 ng/ L 

0.25 L
0.50 L
1.00 L
4.25 L

10.0 L

1.00 L @ 1 M
1.00 L @ 1 M
1.00 L @ 1 M

Total reaction volume:

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

FIG. 59E

FIG. 59F
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FIG. 59G

5´  CACCNNNNNNNNNNNNNNNNNNNNGTTTT      3´

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

3´           NNNNNNNNNNNNNNNNNNNNCAAAATCTC  5´
5´  GTGCNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN      3´
3´           NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAAA  5´

GTGG

pegRNA Cloning by Golden Gate Assembly

pegRNA acceptor vector (pU6-pegRNA-GG-acceptor)

pegRNA spacer annealed oligos
SEQ ID NO: 879

SEQ ID NO: 880

SEQ ID NO: 881

(Note that these oligos must be 5´phosphorylated to permit pegRNA vector assembly)SEQ ID NO: 882

SEQ ID NO: 884

T4 DNA ligase

Assembled pegRNA vector

SEQ ID NO: 883
pegRNA 3´ extension annealed oligos

Bsal

U6
promoter

RFP dropout Cassette

Bsal

Terminator AmpR
E.coli transformants
will be red from RFP
expression

Bsal digested
backbone

Bsal digest

U6
promoter

Terminator AmpR

U6
promoter

3´
extensionSpacer Scaffold

Terminator AmpR

P 1

2

pegRNA scaffold annealed oligos (5´ phosphorylated)4

3

P
TTTT
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## sgRNA scaffold sequence search ##

import pandas as pd
import Bio as bio
from Bio import SeqIO
import glob

#generates list of fastq files to analyze
sources = glob.glob(‘*.fastq’)

#reads the fastq files into a dictionary with the file names as keys
fastqdict = {}
for i in range(len(sources)):
 temp = list(SeqIO.parse(source[i],“fastq”))
 fastqdict[sources[i]]= [str(temp[k].seq) for k in range(len(temp))]

#the referenced sequence to be searched for is entered into the following dictionary with
#an appropriate key
scaffdict =
{’HEK3’:’CAGAGGACCGACTCGGTCCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTAAAACTCACGTGCTCAGTCTGGGCCGGTG ’, (SEQ ID NO: 885)
‘EMX1’:’ATCACGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACT
TGCTATTTCTAGCTCTAAAACTTCTTCTTCTGCTCGGACTCGGTG ’, (SEQ ID NO: 886)
‘FANCF’:’TTTCCGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAAC
TTGCTATTTCTAGCTCTAAAACGGTGCTGCAGAAGGGATTCCGGTG ’, (SEQ ID NO: 887)
‘RNF2’:’TCGTTGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTT
GCTATTTCTAGCTCTAAAACCAGGTAATGACTAAGATGACGGTG ’} (SEQ ID NO: 888)

#matches and counts iterative slices of the reference string to the appropriate fastq files
#reference key must be contained in the name of the fastq file
#generated values represent cumulative counts for a minimum degree of sgRNA integration
#i.e. a given value x means x reads contain y or more bases of the scaffold
resultdict = dict.fromkeys(sources)
for key in fastqdict:
    for scaffold in scaffdict:
        if scaffold in str(key):
            resultlist = []
            for j in range(len(scaffdict[scaffold])):

FIG. 60A
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     extent = scaffdict[scaffold][0:(j+1)]
     counter = 0
     for i in range(len(fastqdict[key])):
           if extent in fastqdict[key][i]:
  counter = counter + 1
      resultlist.append(counter)
 resultdict[key]=resultlist

#writes the results into a dataframe indexed from 1
resultdf = pd.DataFrame.from_dict(resultdict)
resultdf = resultdf.reindex(sorted(resultdf.columns), axis=1)
resultdf.index = range(1,len(resultdf)+1)

#converts the cumulative count values into specific counts
#i.e. a given value x means x reads contain exactly y bases of the scaffold
resultdf2=resultdf.copy()
for entry in resultdf:
     for i in range(1,len(resultdf[entry])+1):
          try:
              resultdf2[entry][i] = resultdf[entry][i]-resultdf[entry][i+1]
          except:
              resultdf2[entry][i] = resultdf[entry][i]

#converts the specific counts values into frequencies
resultdf3=resultdf2.copy()
for entry in resultdf3:
        resultdf3[entry]=resultdf2[entry].div(resultdf[entry][1])*100

#reads the results into excel files
resultdf.to_excel(‘cumulativecounts.xlsx’)
resultdf2.to_excel(‘specificcounts.xlsx’)
resultdf3.to_excel(‘specificfrequencies.xlsx’)

FIG. 60B
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DNA donor template
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Genome
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deletion
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exchange

DNA donor template

FIG. 64F

FIG. 64E

FIG. 64D

FIG. 64C

FIG. 64B

FIG. 64A
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RT-Cas9:gRNA

3´

RT

gRNA

Cas9
3´

nontarget
strand release

and hybridization

gRNA

Cas9
reverse

transcription
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FIG. 65

DNA donor template

Recombinase

Genome

1)

2)

GFP
genomic

integration

PE-mediated synthesis of
recombinase target

in cultured human cells

gRNA

Cas9

3´

RT
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N intein (N-terminal split-intein)

PE N-terminal half

“N-terminal extein”

N

N C

C intein (C-terminal split-intein)

PE C-terminal half

“C-terminal extein”

C

INSIDE CELL
removal of split-intein through self-splicing

reformed
split-site

Prime Editor

napDNAbp domain RT domain

FIG. 66
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FIG. 70A

FIG. 70B

FIG. 70C

(SEQ ID NO: 892)

(SEQ ID NO: 893)

5’ -

- 3’

Edit Target (A•T to C•G)

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

Starting allele

(SEQ ID NO: 892)

(SEQ ID NO: 893)

5’ -

- 3’

NGG PAM 1

NGG PAM 2

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

Starting allele

(SEQ ID NO: 892)

(SEQ ID NO: 893)

5’ -

- 3’

nick for PAM 1

nick for PAM 2

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

Starting allele
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FIG. 70D

FIG. 70E

FIG. 70F

(SEQ ID NO: 892)

(SEQ ID NO: 893)

5’ -

Spacer = GTCATCTTAGTCATTACCTG

- 3’

Spacer

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

Starting allele

(SEQ ID NO: 892)

(SEQ ID NO: )

(SEQ ID NO: 893)

5’ -

PBS = GTAATGACTAAGATG

- 3’

PBS complement

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

Starting allele

(SEQ ID NO: 892)

(SEQ ID NO: 893)

5’ -

RT template = AACGAACACCGCAG

- 3’

RT template complement

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGCGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACGCCACAAGCAACATTGAGTATATTTGACTCAAGG

Desired allele

Edit
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FIG. 70G

FIG. 70H

FIG. 70I

Full pegRNA

- Scaffold -

(SEQ ID NO: 896)
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCScaffold =

GTCATCTTAGTCATTACCTG

Spacer

5’ -
(SEQ ID NO: 894)

- 3’AACGAACACCGCAGGTAATGACTAAGATG

RT template PBS

(SEQ ID NO: 895)

(SEQ ID NO: 892)

(SEQ ID NO: 893)

(SEQ ID NO: )

5’ -

Spacer = GTGAGTTACAACGAACACCGC

- 3’

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGCGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACGCCACAAGCAACATTGAGTATATTTGACTCAAGG

Desired allele

PE3b protospacer

Edit

(SEQ ID NO: 892)

(SEQ ID NO: 893)

5’ -

- 3’

TATTATTACTCTATGTTCTATTTAAGTTTTCATGTTCTAAAAATGTATCCCAGTTTACACGTCTCAT
ATAATAATGAGATACAAGATAAATTCAAAAGTACAAGATTTTTACATAGGGTCAAATGTGCAGAGTA

CATGTTTTGCTTAATGGTTGAGTTCCGTTTGTCTGCACAGCCTGAGACATTGCTGGAAATAAAGAAG
GTACAAAACGAATTACCAACTCAAGGCAAACAGACGTGTCGGACTCTGTAACGACCTTTATTTCTTC

ATGCCCCTTGGCAGTCATCTTAGTCATTACCTGAGGTGTTCGTTGTAACTCATATAAACTGAGTTCC
TACGGGGAACCGTCAGTAGAATCAGTAATGGACTCCACAAGCAACATTGAGTATATTTGACTCAAGG

Starting allele

Non-edited strand NGG PAMs and nick sites (example options)

Nicking-sgRNA protospacers
(example options)
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FIG. 71B
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generic SpCas9 pegRNA

toeloop pegRNA

Spacer
5´ 
(SEQ ID NO: 897)

-GAAGGCAAUAAUGCUAAUUACAGUUUUAG
GGAAUAAAAUU

UAGUCCGUUAUCAACUU

AGCCACGGUGAA

UCGGUGCNNNNNNNNNNNNNNNNNNNNNNNNNUUU- 3´

CGAU
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A
AA

A
AA

C GAA

G

G

G

RT template
(includes edit)

Primer-binding
site (PBS)

Spacer
5´ 
(SEQ ID NO: 898)

-GAAGGCAAUAAUGCUAAUUACAGUUUUAG
GGAAUAAAAUU

UAGUCCGUUAUCAACUU

AGCCACGGUGAA

UCGGUGCNNNNNNNNNNNNNNNNNNNNNNNNN

CGAU
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pegRNA sequence: SEQ ID NO: 1762

Template amplicon sequence: SEQ ID NO: 1763

PBS amplicon sequence: SEQ ID NO: 1764

GGCCCAGACTGAGCACGTGAGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGA

AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTGGAGGAAGCAGGGCTTCCTTTC

TGAAAAAGTGGCACCGAGTCGGTGCTGGAGGAAGCAGGGCTTCCTTTCCTCTGCCATCACTTATCGTCGTCATCC

TCTGCCATCACTTATCGTC

TGTGAATCCGTGCTCAGTCTGT

AAAGTGGCACCGAGTCGGTGCTGGAGGAAGCAGGGCTTCCTTTCCTCTGCCATCACTTATCGTCGTCATCCTTGT
ATCCGTGCTCAGTCTG
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Correction of the pathogenic
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