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CLAIMS

hat is claimed is:

A system for simultaneously editing both strands of a double-stranded DNA sequence at a
arget site to be edited, wherein the system comprises a first prime editor complex and a
sesond prime editor complex, wherein each of the first and second prime editor complexes
compxises (1) a prime editor comprising (i) a nucleic acid programmable DNA binding
protein {napDNADbp), and (ii) a polypeptide having an RNA-dependent DNA polymerase
activity; any (2) a pegRNA comprising a spacer sequence, gRNA core, a DNA synthesis
template, and a primer binding site, wherein the DNA synthesis template of the pegRNA of
the first prime editor complex encodes a first single-stranded DNA sequence and the DNA
synthesis template of the pegRNA of the second prime editor complex encodes a second
single-stranded DNA ssquence, wherein the first single-stranded DNA sequence and the
second single-stranded DNA sequence each comprises a region of complementarity to the
other, and wherein the first stngle-stranded DNA sequence and the second single-stranded
DNA sequence form a duplex comprising an edited portion as compared to the DNA

sequence at the target site to be edited, which integrates into the target site to be edited.

The system of claim 1, wherein the primeé\editor of the first prime editor complex, the second
prime editor complex, or both the first prime\editor complex and the second prime editor
complex is a fusion protein comprising the napRNAbp and the polypeptide having an RNA-
dependent DNA polymerase activity.

The system of claim 1 or 2, wherein the first prime editox complex and the second prime

editor complex comprise the same prime editor.

The system of claim 1 or 2, wherein the first prime editor complex and the second prime

editor complex comprise different prime editors.

The system of any one of claims 1-4, wherein the napDNAbp is a Cas9 dowain or variant

thereof.

The system of any one of claims 1-5, wherein the napDNAbp is a nuclease active Cas9

domain, a nuclease inactive Cas9 domain, a Cas9 nickase domain, or variant thereof.

The system of any one of claims 1-4, wherein the napDNAbp is selected from the group

consisting of: Cas9, Casl2e, Cas12d, Cas12a, Cas12bl, Casl3a, Casl2c, CasX, CasY, and
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Argonaute.

The system of any one of claims 1-7, wherein the napDNAbp has a nickase activity.

he system of any one of claims 1-4, wherein the napDNAbp comprises an amino acid
sequence of any one of SEQ ID NOs: 18-88, or an amino acid sequence having at least an
80%, 83%, 90%, 95%, or 99% sequence identity with any one of SEQ ID NOs: 18-88.

10. The system &f any one of claims 1-9, wherein the polypeptide having an RNA-dependent

DNA polymerasg activity is a reverse transcriptase.

11. The system of any ong of claims 1-10, wherein the polypeptide having an RNA-dependent
DNA polymerase activi
100, 105-122, 128-129, 13
having at least an 80%, 85%,
NOs: 89-100, 105-122, 128-129, and 132.

comprises an amino acid sequence of any one of SEQ ID NOs: 89-
139, 143, 149, 154, 159, and 700-766 or an amino acid sequence
%o, 95%, or 99% sequence identity with any one of SEQ ID

12. The system of any one of claims 1-11, Wherein the prime editor further comprises a linker that

joins the napDNAbp and the polypeptide having the RNA-dependent DNA polymerase

activity.

13. The system of claim 12, wherein the linker comprises an amino acid sequence of any one of

SEQ ID NOs: 166-177, or an amino acid sequence having at least an 80%, 85%, 90%, 95%,

14. The system of claim 12 or 13, wherein the linker is 1, 2, 3,4, 5\6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32\33, 34, 35, 36, 38, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 amino acids in length.

15. The system of any one of claims 1-14, wherein the pegRNA comprises a nugleotide sequence
of any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and 223-244, or a
nucleotide sequence having at least an 80%, 85%, 90%, 95%, or 99% sequence i
any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and 223-244.

16. The system of any one of claims 1-15, wherein the spacer sequence of the pegRNA of the

first prime editor complex binds to a first binding site on a first strand of the double-stranded
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DNA sequence upstream from the target site to be edited.

The system of any one of claims 1-16, wherein the spacer sequence of the pegRNA of the
second prime editor complex binds to a second binding site on a second strand of the double-
randed DNA sequence downstream from the target site to be edited.

18. tem of claim 17, whereby the binding of the spacer sequence of the pegRNAs of the
first and S¢cond prime editor complexes in the presence of a PAM sequence results in the
nicking of the first and second strands, respectively, at a nick site proximal to the PAM
sequences on each strand by the napDNAbps of each of the first and second prime editor

complex.

19. The system of claim 18,\wherein the first and second binding sites define two ends of a
contiguous region of doublacstranded DNA comprising the target site to be edited.
20. The system of claim 19, wherein the contiguous region between the first and second binding
sites is at least 10 nucleobase pairs, &t least 11 nucleobase pairs, at least 12 nucleobase pairs,
at least 13 nucleobase pairs, at least 14 Rucleobase pairs, at least 15 nucleobase pairs, at least
16 nucleobase pairs, at least 17 nucleobase\pairs, at least 18 nucleobase pairs, at least 19
nucleobase pairs, at least 20 nucleobase pairsiat least 21 nucleobase pairs, at least 22
nucleobase pairs, at least 23 nucleobase pairs, atNeast 24 nucleobase pairs, at least 25
nucleobase pairs, at least 26 nucleobase pairs, at least 27 nucleobase pairs, at least 28
nucleobase pairs, at least 29 nucleobase pairs, at least 30 nucleobase pairs, at least 31
nucleobase pairs, at least 32 nucleobase pairs, at least 33 nucleobase pairs, at least 34
nucleobase pairs, at least 35 nucleobase pairs, at least 36 nucleobase pairs, at least 37
nucleobase pairs, at least 37 nucleobase pairs, at least 38 nucleobase pairs, at least 39
nucleobase pairs, or at least 40 nucleobase pairs, at least 41 nucleotides, at least 42
nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45\nucleotides, at least 46
nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50
nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nuclegtides, at least 54
nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 nucleotites, at least 58
nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotidesy at least 62
nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at\least 66
nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70
nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least Y4

nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78
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nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90
nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94
ucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least
102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at
least 106qucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109
nucleotides, \or at least 110 nucleotides in length.
21. The system of clat

19, wherein the contiguous region becomes replaced by the duplex

comprising the edite

22. The system of any one of chkims 1-21, wherein the DNA synthesis template is at least 1

nucleotide, at least 2 nucleotidegs, at least 3 nucleotides, at least 4 nucleotides, at least 5
nucleotides, at least 6 nucleotidesy at least 7 nucleotides, at least 8 nucleotides, at least 9
nucleotides, at least 10 nucleotides, at least 11 nucleotides, at least 12 nucleotides, at least 13
nucleotides, at least 14 nucleotides, at Isast 15 nucleotides, at least 16 nucleotides, at least 17
nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21
nucleotides, at least 22 nucleotides, at least 23\ nucleotides, at least 24 nucleotides, at least 25
nucleotides, at least 26 nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29
nucleotides, at least 30 nucleotides, at least 31 nuclsotides, at least 32 nucleotides, at least 33
nucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least 37
nucleotides, at least 38 nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 41
nucleotides, at least 42 nucleotides, at least 43 nucleotides, atleast 44 nucleotides, at least 45
nucleotides, at least 46 nucleotides, at least 47 nucleotides, at 1east 48 nucleotides, at least 49
nucleotides, at least 50 nucleotides, at least 51 nucleotides, at least\d2 nucleotides, at least 53
nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least S6\nucleotides, at least 57
nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61
nucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64 nuclegtides, at least 65
nucleotides, at least 66 nucleotides, at least 67 nucleotides, at least 68 nucleotifes, at least 69
nucleotides, at least 70 nucleotides, at least 71 nucleotides, at least 72 nucleotidesy at least 73
nucleotides, at least 74 nucleotides, at least 75 nucleotides, at least 76 nucleotides, at\least 77
nucleotides, at least 78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81
nucleotides, at least 82 nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least §5

nucleotides, at least 86 nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89
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nucleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93
nucleotides, at least 94 nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97
nucleotides, at least 98 nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least
101 nucleotides, at least 102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at
ast 105 nucleotides, at least 106 nucleotides, at least 107 nucleotides, at least 108

nucleotides, at least 109 nucleotides, or at least 110 nucleotides in length.

The system of any one of claims 1-22, wherein the first single-stranded DNA sequence and
the second single-stranded DNA sequence have the same lengths.
The system of any\one of claims 1-22, wherein the first single-strtanded DNA sequence and

the second single-stranded DNA sequence have different lengths.

The system of any one of chaims 1-24, wherein the region of complementarity is at least 99%,
at least 95%, at least 90%, at ldast 85%, at least 80%, at least 75%, at least 70%, at least 65%,
at least 60%, at least 55%, at least 50%, at least 45%, at least 40%, at least 35%, at least 30%,
at least 25%, at least 20%, at least 15%, or at least 10% of the total length of the first single-

stranded DNA sequence or the second single-stranded DNA sequence.

The system of claim 25, wherein the region of complementarity is at least 5 nucleotides, at

least 6 nucleotides, at least 7 nucleotides, at leasi8 nucleotides, at least 9 nucleotides, at least
10 nucleotides, at least 11 nucleotides, at least 12 nticleotides, at least 13 nucleotides, at least
14 nucleotides, at least 15 nucleotides, at least 16 nuclsptides, at least 17 nucleotides, at least
18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21 nucleotides, at least
22 nucleotides, at least 23 nucleotides, at least 24 nucleotides, at least 25 nucleotides, at least
26 nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29 nucleotides, at least
30 nucleotides, at least 31 nucleotides, at least 32 nucleotides, at léast 33 nucleotides, at least
34 nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least\37 nucleotides, at least
38 nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 4 \nucleotides, at least
42 nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least
46 nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nuclégtides, at least
50 nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least
54 nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 nucleotides) at least
58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotides, at\least
62 nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least

66 nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least
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70 nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least
74 nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least
78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least
82 nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least
6 nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least
90 hucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least
94 nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least
98 nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at
least 102 nusleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105
nucleotides, at I¢ast 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least

109 nucleotides, oxat least 110 nucleotides in length, and is either less than or equal to the

length of the desired RNA sequence and complement thereof.

27. The system of claim 25, wherein the region of complementarity of the first single-stranded
DNA sequence and the second\single-stranded DNA sequence form the duplex comprising

the edited portion.

28. The system of any one of claims 1-27, wherein the first single-stranded DNA sequence and
the second single-stranded DNA sequence\are each single-stranded DNA strands having 3

ends.

29. The system of claim 21, wherein the replacement ofthe contiguous region by the duplex
comprising the edited portion results in an insertion, deletion, or replacement of DNA at the
target site.

30. A system for simultaneously editing both strands of a double-stsanded DNA sequence at a

target site to be edited, said system comprising:

a) a first prime editor complex comprising:

i. afirst prime editor comprising a first nucleic acid programmablé\DNA binding
protein (first napDNAbp) and a first polypeptide comprising an RNA-dependent
DNA polymerase activity; and

ii. a first prime editing guide RNA (first PEgRNA) that binds to a first bindiag site on a
first strand of the double-stranded DNA sequence upstream of the target site\o be
edited;

b) a second prime editor complex comprising:

iii. a second prime editor comprising a second nucleic acid programmable DNA binding
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protein (second napDNAbp) and a second polypeptide comprising an RNA-
dependent DNA polymerase activity; and
iv. a second prime editing guide RNA (second PEgRNA) that binds to a second binding
site on a second strand of the double-stranded DNA sequence downstream of the
target site to be edited;
whergin the first PEcRNA comprises a first DNA synthesis template encoding a first single-
stranded DNA sdquence and the second PEgRNA comprises a second DNA synthesis template
encoding a second single-stranded DNA sequence, and wherein the first strand and the second strand

of the double-stranded\DNA sequence are complementary to each other.

31 The system of claim\30, wherein the prime editor of the first prime editor complex, the
second prime editor complex, or both the first prime editor complex and the second prime
editor complex is a fusion'protein comprising the napDNAbp and the polypeptide having an
RNA -dependent DNA polymgrase activity.

32. The system of claim 30, wherein thg first and the second single-stranded DNA sequence each

comprise a region of complementarityNo the other.

33. The system of claim 30, wherein the first single-stranded DNA sequence and the second
single-stranded DNA sequence form a duplex cgmprising the edited portion which integrates

into the target site to be edited.

34, The system of claim 30, wherein the first single-tranded\DNA sequence and/or the second
single stranded sequence does not comprise sequence homology as compared to the DNA

sequence at the target site.

35. The system of claim 30, wherein the first PEgRNA further comprises a first spacer sequence,
a first gRNA core, and a first primer binding site, and the second PEgRNA further comprises

a second spacer sequence, a second gRNA core, and a second primer binding site.

36. The system of any one of claims 30-35, wherein the first prime editor complex and the second

prime editor complex comprise the same prime editor.

37. The system of any one of claims 30-36, wherein the first polypeptide comprising an RN
dependent DNA polymerase activity and the second polypeptide comprising an RNA-

dependent DNA polymerase activity are the same.
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The system of any one of claims 30-37, wherein the first and/or second napDNAbp is a Cas9

domain or variant thereof.

The system of any one of claims 30-38, wherein the first and/or second napDNAbp is a

nugclease active Cas9 domain, a nuclease inactive Cas9 domain, a Cas9 nickase domain, or a

The system of any one of claims 30-40, wherein the napDNAbp has a nickase activity.
The system of any one of claiyns 30-41, wherein the first and/or second napDNAbp comprises
an amino acid sequence of any dge of SEQ ID NOs: 18-88, or an amino acid sequence having
at least an 80%, 85%., 90%, 95%, 0x 99% sequence identity with any one of SEQ ID NOs: 18-

38.

The system of any one of claims 30-42, whexein the first and/or second polypeptide having an
RNA-dependent DNA polymerase activity is a'severse transcriptase.

The system of any one of claims 30-43, wherein the first and/or second polypeptide having an
RNA-dependent DNA polymerase activity comprises amamino acid sequence of any one of
SEQ ID NOs: 89-100, 105-122, 128-129, 132, 139, 143, 149, 154, 159, and 700-766 or an
amino acid sequence having at least an 80%, 85%., 90%, 95%.

any one of SEQ ID NOs: 89-100, 105-122, 128-129, and 132.

r 99% sequence identity with

The system of any one of claims 30-44, wherein the first prime editor further comprises a

linker that joins the first napDNAbp and the first polypeptide having the RNA-dependent
DNA polymerase activity; and/or the second prime editor further comprises a\linker that joins
the second napDNAbp and the second polypeptide having the RNA-dependent

polymerase activity.

The system of claim 45, wherein the linker comprises an amino acid sequence of any one\of
SEQ ID NOs: 166-177, or an amino acid sequence having at least an 80%, 85%, 90%, 95%,
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or 99% sequence identity with any one of SEQ ID NOs: 166-177.

The system of claim 45, wherein the linkeris 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18,19,20, 21,22, 23,24, 25,26,27,28,29, 30,31, 32,33, 34, 35,36, 38, 38, 39,40, 41,
40 43,44 45 46,47, 48,49, or 50 amino acid in length.

The system of any one of claims 30-47, wherein the first and/or second pegRNA comprises a
nucleotide sgquence of any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and
223-244 or a wucleotide sequence having at least an 80%, 85%, 90%, 95%, or 99% sequence
identity with any‘one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and 223-244

The system of any oneof claims 30-48, wherein the first spacer sequence binds to a first
binding site on a first strangd of the double-stranded DNA sequence upstream from the target

site to be edited.

The system of claim 35, wherein the second spacer sequence of the second prime editor
complex binds to a second binding sitd,on a second strand of the double-stranded DNA

sequence downstream from the target site\to be edited.

The system of claim 35, whereby the binding of the spacer sequence of the first and second
prime editor complexes in the presence of a PAM sequence results in the nicking of the first
and second strands, respectively, at a nick site proximal to the PAM sequences on each strand

by the first and/or second napDNAbps of each of the first and second prime editor complexes.

The system of claim 30, wherein the first and second binding sites define two ends of a

contiguous region of double-stranded DNA comprising the target\site to be edited.

The system of claim 52, wherein the contiguous region between the first and second binding
sites is least 10 nucleobase pairs, at least 11 nucleobase pairs, at least 12 nucleobase pairs, at
least 13 nucleobase pairs, at least 14 nucleobase pairs, at least 15 nucleobase pairs, at least 16
nucleobase pairs, at least 17 nucleobase pairs, at least 18 nucleobase pairs, at least 19
nucleobase pairs, at least 20 nucleobase pairs, at least 21 nucleobase pairs, at least
nucleobase pairs, at least 23 nucleobase pairs, at least 24 nucleobase pairs, at least 25
nucleobase pairs, at least 26 nucleobase pairs, at least 27 nucleobase pairs, at least 28
nucleobase pairs, at least 29 nucleobase pairs, at least 30 nucleobase pairs, at least 31

nucleobase pairs, at least 32 nucleobase pairs, at least 33 nucleobase pairs, at least 34
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nucleobase pairs, at least 35 nucleobase pairs, at least 36 nucleobase pairs, at least 37
nucleobase pairs, at least 37 nucleobase pairs, at least 38 nucleobase pairs, at least 39
nucleobase pairs, or at least 40 nucleobase pairs, at least 41 nucleotides, at least 42

ucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least 46
nugleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50
nuclegtides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54
nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 nucleotides, at least 58
nucleotidesy at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62
nucleotides, at\least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66
nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70
nucleotides, at least\{1 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least 74
nucleotides, at least 75Nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78
nucleotides, at least 79 nusleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nucleotides, at least 83 nuclestides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90
nucleotides, at least 91 nucleotides)at least 92 nucleotides, at least 93 nucleotides, at least 94
nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least

102 nucleotides, at least 103 nucleotides, at Yeast 104 nucleotides, at least 105 nucleotides, at
least 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109

nucleotides, or at least 110 nucleotides in length.

The system of claim 52, wherein the contiguous region becomes replaced by the duplex

comprising the edited portion.

The system of any one of claims 30-54, wherein the first and/or second DNA synthesis
template 1s at least 1 nucleotide, at least 2 nucleotides, at least 3 nuckeotides, at least 4
nucleotides, at least 5 nucleotides, at least 6 nucleotides, at least 7 nucldotides, at least 8
nucleotides, at least 9 nucleotides, at least 10 nucleotides, at least 11 nucleetides, at least 12
nucleotides, at least 13 nucleotides, at least 14 nucleotides, at least 15 nucleotides, at least 16
nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20
nucleotides, at least 21 nucleotides, at least 22 nucleotides, at least 23 nucleotides, &t least 24
nucleotides, at least 25 nucleotides, at least 26 nucleotides, at least 27 nucleotides, at 1éast 28
nucleotides, at least 29 nucleotides, at least 30 nucleotides, at least 31 nucleotides, at least 32
nucleotides, at least 33 nucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 3

nucleotides, at least 37 nucleotides, at least 38 nucleotides, at least 39 nucleotides, at least 40
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nucleotides, at least 41 nucleotides, at least 42 nucleotides, at least 43 nucleotides, at least 44
nucleotides, at least 45 nucleotides, at least 46 nucleotides, at least 47 nucleotides, at least 48
nucleotides, at least 49 nucleotides, at least 50 nucleotides, at least 51 nucleotides, at least 52
ucleotides, at least 53 nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least 56
nugleotides, at least 57 nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60
nuclegtides, at least 61 nucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64
nucleotides, at least 65 nucleotides, at least 66 nucleotides, at least 67 nucleotides, at least 68
nucleotidesy at least 69 nucleotides, at least 70 nucleotides, at least 71 nucleotides, at least 72
nucleotides, at\least 73 nucleotides, at least 74 nucleotides, at least 75 nucleotides, at least 76
nucleotides, at least 77 nucleotides, at least 78 nucleotides, at least 79 nucleotides, at least 80
nucleotides, at least'§1 nucleotides, at least 82 nucleotides, at least 83 nucleotides, at least 84
nucleotides, at least 85 ucleotides, at least 86 nucleotides, at least 87 nucleotides, at least 88
nucleotides, at least 89 nusleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92
nucleotides, at least 93 nucleatides, at least 94 nucleotide at least 95 nucleotides, at least 96
nucleotides, at least 97 nucleotides, at least 98 nucleotides, at least 99 nucleotides, at least 100
nucleotides, at least 101 nucleotidey, at least 102 nucleotides, at least 103 nucleotides, at least
104 nucleotides, at least 105 nucleotides, at least 106 nucleotides, at least 107 nucleotides, at

least 108 nucleotides, at least 109 nucleotides, or at least 110 nucleotides in length.

The system of any one of claims 30-55, wherein the first single-stranded DNA sequence and

the second single-stranded DNA sequence have thg same lengths.

The system of any one of claims 30-56, wherein the firsisingle-stranded DNA sequence and

the second single-stranded DNA sequence have different lengths.

The system of any one of claims 30-57, wherein the region of complementarity is at least
99%, at least 95%, at least 90%, at least 85%, at least 80%, at least ’5%, at least 70%, at least
65%, at least 60%, at least 55%, at least 50%, at least 45%, at least 40%, at least 35%, at least
30%, at least 25%, at least 20%, at least 15%, or at least 10% of the total Isngth of the first

single-stranded DNA sequence or the second single-stranded DNA sequence!

The system of any one of claims 30-58, wherein the region of complementarity is akleast 5
nucleotides, at least 6 nucleotides, at least 7 nucleotides, at least 8 nucleotides, at least
nucleotides, at least 10 nucleotides, at least 11 nucleotides, at least 12 nucleotides, at least 13
nucleotides, at least 14 nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 1

nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21
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nucleotides, at least 22 nucleotides, at least 23 nucleotides, at least 24 nucleotides, at least 25
nuclectides, at least 26 nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29
nucleotides, at least 30 nucleotides, at least 31 nucleotides, at least 32 nucleotides, at least 33

ucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least 37
nugleotides, at least 38 nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 41
nuclegtides, at least 42 nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45
nucleotides, at least 46 nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49
nucleotidesy at least 50 nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53
nucleotides, at\least 54 nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57
nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61
nucleotides, at least§2 nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65
nucleotides, at least 66Nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69
nucleotides, at least 70 nusleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73
nucleotides, at least 74 nuclestides, at least 75 nucleotides, at least 76 nucleotides, at least 77
nucleotides, at least 78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81
nucleotides, at least 82 nucleotides)at least 83 nucleotides, at least 84 nucleotides, at least 85
nucleotides, at least 86 nucleotides, atNeast 87 nucleotides, at least 88 nucleotides, at least 89
nucleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93
nucleotides, at least 94 nucleotide at least 93\nucleotides, at least 96 nucleotides, at least 97
nucleotides, at least 98 nucleotides, at least 99 hucleotides, at least 100 nucleotides, at least

101 nucleotides, at least 102 nucleotides, at least N)3 nucleotides, at least 104 nucleotides, at
least 105 nucleotides, at least 106 nucleotides, at least 107 nucleotides, at least 108

nucleotides, at least 109 nucleotides, or at least 110 nuclgotides in length.

The system of any one of claims 30-59, wherein the region of somplementarity of the first

single-stranded DNA sequence and the second single-stranded DNA sequence form a duplex.

The system of any one of claims 30-60, wherein the first single-stranded DNA sequence and
the second single-stranded DNA sequence are each single-stranded DNA strands having 3’

ends.
The system of claim 54, wherein the replacement of the contiguous region by the duplex
comprising the edited portion results in an insertion, deletion, or replacement of DNAat the

target site.

A polynucleotide encoding the system of any of claims 1-62.
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A polynucleotide encoding the first and second prime editors of any one of claims 1-62.

A polynucleotide encoding the first and/or second pegRNA of any one of claims 1-62.

A'polynucleotide encoding the first and/or second pegRNA of any one of claims 30-62.

A polynucleotide encoding the first and second pegRNA of any one of claims 1-29.

A polynucleotide encoding the first and second pegRNA of any one of claims 30-62.

A vector comprising\a polynucleotide of any one of claims 63-68.

A cell comprising a polynicleotide of any one of claims 63-68 or a vector of claim 69.

A pharmaceutical composition ¢gmprising a polynucleotide of any one of claims 63-68, a

vector of claim 69, or a cell of clainy 70, and a pharmaceutical excipient.

A kit comprising a polynucleotide of any\of claims 63-68 or a vector of claim 69 and
instructions for simultaneously editing both strands of a double-stranded DNA sequence at a

target site to be edited.

A method for simultaneously editing a first and a second complementary strands of a double-
stranded DNA sequence at a target site, said method comprising contacting the double-
stranded DNA sequence with a pair of prime editor complexes, said pair comprising:

a. afirst prime editor complex, comprising:

1. a first prime editor comprising a first nucleic acid programpmable DNA binding
protein (napDNADbp) and a first polypeptide comprising an RNA-dependent DNA
polymerase activity; and

ii. a first prime editing guide RNA (first PEgRNA) that binds to a first binding site on
the first strand of the genomic DNA sequence upstream of the target site;
b. asecond prime editor complex, comprising:

1. asecond prime editor comprising a second nucleic acid programmable DNA binding
protein (second napDNADbp) and a second polypeptide comprising an RNA-
dependent DNA polymerase activity; and

i1. a second prime editing guide RNA (second PEgRNA) that binds to a second bindin,
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site on the second strand of the genomic DNA sequence downstream of the target
site;
wherein the first prime editor complex causes a first nick at a sequence complementary to the
first binding site and the subsequent polymerization of a first single-stranded DNA sequence having a
3’-end from the available 5'-end formed by the first nick;
whergin the second prime editor complex causes a second nick at a sequence complementary
to the second binding site and the subsequent polymerization of a second single-stranded DNA
sequence having a 3 -end from the available 5'-end formed by the second nick;
wherein the fikst single-stranded DNA sequence and the second single-stranded DNA
sequence are reverse complements over at least a region of complementarity and form a duplex
comprising an edit; and
wherein the the duplex'geplaces the nicked first and second complementary strands of the

double-stranded DNA sequence.

74. The method of claim 73, wherein the prime editor of the first prime editor complex, the
second prime editor complex, or both the first prime editor complex and the second prime
editor complex is a fusion protein comyprising the napDNAbp and the polypeptide having an
RNA -dependent DNA polymerase activi

75. The method of claim 73, wherein the first prims editor complex and the second prime editor

complex comprise the same prime editor.

76. The method of claim 73, wherein the first prime editor complex and the second prime editor

complex comprise a different prime editor.

77. The method of any one of claims 73-76, wherein the first and/or $¢cond napDNADbp is a Cas9

domain or variant thereof.

78. The method of any one of claims 73-77, wherein the first and/or second napDNAbp is a
nuclease active Cas9 domain, a nuclease inactive Cas9 domain, a Cas9 nickad¢ domain, or

variant thereof.

79. The method of any one of claims 73-78, wherein the first and/or second napDNADbp is
selected from the group consisting of: Cas9, Cas12e, Casl2d, Cas12a, Cas12bl, Casl3a,
Casl2c, CasX, CasY, and Argonaute.
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The method of any one of claims 73-79, wherein the first and/or second napDNADbp has a

ickase activity.

The method of any one of claims 73-80, wherein the first and/or second napDNAbp
comprisgs an amino acid sequence of any one of SEQ ID NOs: 18-88, or an amino acid
sequence hayving at least an 80%, 85%, 90%, 95%, or 99% sequence identity with any one of
SEQ ID NOs:\| 8-88.

The method of any oqe of claims 73-81, wherein the first and/or second polypeptide having

an RNA-dependent DN polymerase activity is a reverse transcriptase.

The method of any one of clayms 73-82, wherein the first and/or second polypeptide having
an RNA-dependent DNA polymgrase activity comprises an amino acid sequence of any one
of SEQ ID NOs: 89-100, 105-122,428-129, 132, 139, 143, 149,154, 159, and 700-766 or an
amino acid sequence having at least an\80%, 85%, 90%, 95%, or 99% sequence identity with

any one of SEQ ID NOs: 89-100, 105-122, 128-129, and 132.

The method of any one of claims 73-83, wherein the first prime editor further comprises a
linker that joins the first napDNAbp and the first polypeptide having the RNA-dependent
DNA polymerase activity, and/or the second prime edjtor further comprises a linker that joins
the second napDNAbp and the second polypeptide having the RNA-dependent DNA

polymerase activity.

The method of claim 84, wherein the linker comprises an amino acid sequence of any one of
SEQ ID NOs: 166-177, or an amino acid sequence having at least at\80%, 85%, 90%, 95%,
or 99% sequence identity with any one of SEQ ID NOs: 166-177.

The method of claim 84 or 85, wherein the linkeris 1,2, 3,4,5,6,7,8,9, 1O\11, 12, 13, 14,
15,16, 17,18, 19, 20, 21,22, 23, 24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 3§, 38, 38, 39,
40,41,42,43, 44, 45, 46,47, 48, 49, or 50 amino acids in length.

The method of any one of claims 73-86, wherein the first and/or second pegRNA comprises a
nucleotide sequence of any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and
223-244, or a nucleotide sequence having at least an 80%, 85%, 90%, 95%, or 99% sequence
identity with any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and 223-244.
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The method of any one of claims 73-87, wherein the first and/or second PEgRNA comprises a

nucleotide sequence of any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and
23-244, or a nucleotide sequence having at least an 80%, 85%, 90%, 95%, or 99% sequence

idsntity with any one of SEQ ID NOs: 325-330, 499-505, 101-104, 181-183, and 223-244.

The method of any one of claims 73-88, wherein the first spacer sequence of the first prime
editor complex binds to a first binding site on a first strand of the double-stranded DNA

sequence upstigam from the target site to be edited.

The method of any dne of claims 73-89, wherein the second spacer sequence of the second
prime editor complex binds to a second binding site on a second strand of the double-stranded

DNA sequence downstreai from the target site to be edited.

The method of claim 90, wherein the binding of the first and second spacer sequences of the
first and second prime editor complexes in the presence of a PAM sequence results in the
nicking of the first and second strands\respectively, at a nick site proximal to the PAM

sequence on each strand by the napDNADbps of each first and second prime editor complex.

The method of claim 91, wherein the first and second binding sites define two ends of a

contiguous region of double-stranded DNA compriging the target site to be edited.

The method of claim 92, wherein the contiguous region hetween the first and second binding
sites is least 10 nucleobase pairs, at least 11 nucleobase paiss, at least 12 nucleobase pairs, at
least 13 nucleobase pairs, at least 14 nucleobase pairs, at least\|5 nucleobase pairs, at least 16
nucleobase pairs, at least 17 nucleobase pairs, at least 18 nucleobagse pairs, at least 19
nucleobase pairs, at least 20 nucleobase pairs, at least 21 nucleobase\pairs, at least 22
nucleobase pairs, at least 23 nucleobase pairs, at least 24 nucleobase pairs, at least 25
nucleobase pairs, at least 26 nucleobase pairs, at least 27 nucleobase pairshat least 28
nucleobase pairs, at least 29 nucleobase pairs, at least 30 nucleobase pairs, atdeast 31
nucleobase pairs, at least 32 nucleobase pairs, at least 33 nucleobase pairs, at least 34
nucleobase pairs, at least 35 nucleobase pairs, at least 36 nucleobase pairs, at least 37
nucleobase pairs, at least 37 nucleobase pairs, at least 38 nucleobase pairs, at least 39
nucleobase pairs, or at least 40 nucleobase pairs, at least 41 nucleotides, at least 42
nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least 4
nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50

nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54
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nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 nucleotides, at least 58
nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62
nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66

ucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70
nugleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least 74
nuclegtides, at least 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78
nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nucleotidesy at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nucleotides, at\least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90
nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94
nucleotide at least 98 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99Nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least
102 nucleotides, at least 183 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at
least 106 nucleotides, at least\l 07 nucleotides, at least 108 nucleotides, at least 109

nucleotides, or at least 110 nuclogtides in length.

The method of claim 92 or 93, whereth the contiguous region becomes replaced by the duplex

comprising the edited portion.

The method of any one of claims 73-94, whereiq the first and/or second DNA synthesis
template 1s at least 1 nucleotide, at least 2 nucleotides, at least 3 nucleotides, at least 4
nucleotides, at least 5 nucleotides, at least 6 nucleotides, at least 7 nucleotides, at least 8
nucleotides, at least 9 nucleotides, at least 10 nucleotides, at least 11 nucleotides, at least 12
nucleotides, at least 13 nucleotides, at least 14 nucleotides, \at least 15 nucleotides, at least 16
nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20
nucleotides, at least 21 nucleotides, at least 22 nucleotides, at least 23 nucleotides, at least 24
nucleotides, at least 25 nucleotides, at least 26 nucleotides, at least 29 nucleotides, at least 28
nucleotides, at least 29 nucleotides, at least 30 nucleotides, at least 31 nycleotides, at least 32
nucleotides, at least 33 nucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 36
nucleotides, at least 37 nucleotides, at least 38 nucleotides, at least 39 nucleotides, at least 40
nucleotides, at least 41 nucleotides, at least 42 nucleotides, at least 43 nucleotides, at least 44
nucleotides, at least 45 nucleotides, at least 46 nucleotides, at least 47 nucleotides, at least 48
nucleotides, at least 49 nucleotides, at least 50 nucleotides, at least 51 nucleotides, at Isast 52
nucleotides, at least 53 nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least 56
nucleotides, at least 57 nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 6
nucleotides, at least 61 nucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64

nucleotides, at least 65 nucleotides, at least 66 nucleotides, at least 67 nucleotides, at least 68
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nucleotides, at least 69 nucleotides, at least 70 nucleotides, at least 71 nucleotides, at least 72
nucleotides, at least 73 nucleotides, at least 74 nucleotides, at least 75 nucleotides, at least 76
nucleotides, at least 77 nucleotides, at least 78 nucleotides, at least 79 nucleotides, at least 80

ucleotides, at least 81 nucleotides, at least 82 nucleotides, at least 83 nucleotides, at least 84
nugleotides, at least 85 nucleotides, at least 86 nucleotides, at least 87 nucleotides, at least 88
nuclegtides, at least 89 nucleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92
nucleotides, at least 93 nucleotides, at least 94 nucleotide at least 95 nucleotides, at least 96
nucleotidesy at least 97 nucleotides, at least 98 nucleotides, at least 99 nucleotides, at least 100
nucleotides, at\least 101 nucleotides, at least 102 nucleotides, at least 103 nucleotides, at least
104 nucleotides, at least 105 nucleotides, at least 1Maintain Pending Claims06 nucleotides, at
least 107 nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least 110

nucleotides in length.

The method of any one of claums 73-95, wherein the first single-stranded DNA sequence and

the second single-stranded DNA\sequence have the same lengths.

The method of any one of claims 73-9§, wherein the first single-stranded DNA sequence and

the second single-stranded DNA sequenct have different lengths.

The method of any one of claims 73-97, whereiu the region of complementarity is at least
99%, at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70%, at least
65%, at least 60%, at least 55%, at least 50%, at least\d5%, at least 40%, at least 35%, at least
30%, at least 25%, at least 20%, at least 15%, or at least\NL 0% of the total length of the first

single-stranded DNA sequence or the second single-stranded DNA sequence.

The method of any one of claims 73-98, wherein the region of complementarity is at least 5
nucleotides, at least 6 nucleotides, at least 7 nucleotides, at least 8 nucleotides, at least 9
nucleotides, at least 10 nucleotides, at least 11 nucleotides, at least 12 nwucleotides, at least 13
nucleotides, at least 14 nucleotides, at least 15 nucleotides, at least 16 nuclgotides, at least 17
nucleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21

nucleotides, at least 22 nucleotides, at least 23 nucleotides, at least 24 nucleotides, at least 25

nucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 36 nucleotides, at leask37
nucleotides, at least 38 nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 4
nucleotides, at least 42 nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45

nucleotides, at least 46 nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49
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nucleotides, at least 50 nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53
nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57
nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61
ucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65
nugleotides, at least 66 nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69
nuclegtides, at least 70 nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73
nucleotides, at least 74 nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77
nucleotidesy at least 78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81
nucleotides, at\least 82 nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85
nucleotides, at least 86 nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89
nucleotides, at least'Q0 nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93
nucleotides, at least 94 aucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97
nucleotides, at least 98 nusleotides, at least 99 nucleotides, at least 100 nucleotides, at least
101 nucleotides, at least 102 \ucleotides, at least 103 nucleotides, at least 104 nucleotides, at
least 105 nucleotides, at least 10§ nucleotides, at least 107 nucleotides, at least 108
nucleotides, at least 109 nucleotides, or at least 110 nucleotides in length, and is either less

than or equal to the length of the desired DNA sequence and complement thereof.

100.  The method of any one of claims 73-99, whagein the region of complementarity of the first
single-stranded DNA sequence and the second single-stranded DNA sequence form the
duplex.

101.  The method of any one of claims 73-100, wherein the fikst single-stranded DNA sequence and
the second single-stranded DNA sequence are each single-stranded DNA strands having 3’

ends.

102.  The method of claim 94, wherein the replacement of the contiguousxegion by the duplex
comprising the edited portion results in an insertion, deletion, or replacdément of DNA at the

target site.

103.  The method of any one of claims 73-102, wherein the duplex comprising an edi

one or more recombinase sites.

104.  The method of claim 103 further comprising providing a recombinase to promote

recombinase-mediated editing of the DNA sequence at the target site to be edited.

105. A pair of pecgRNAs for use in dual prime editing, wherein the pair comprises:
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a. a first prime editing guide RNA (first PEgRNA) that binds to a first binding site on a
first strand of a double-stranded DNA sequence upstream of a target site to be edited, wherein
the first PEgRNA comprises a first spacer sequence, a first gRNA core, a first DNA synthesis

template, and a first primer binding site, wherein the first DNA synthesis template encodes a

complementarity to the\first single-stranded DNA sequence.
106.  The pair of pegRNAs of claitq 105, wherein the first PEgRNA comprises the structure:
5'-[first gRNA spacer sequence N[ first gRNA core]-[first DNA synthesis template]-[first
primer binding site]-3"; and
wherein the second PEgRNA comprisss the structure:
5’-[second gRNA spacer sequence]-[secoud gRNA core]-[second DNA synthesis template |-

[second primer binding site]-3".

107.  The pair of pegRNAs of claim 105 or 106, whereih the first single-stranded DNA sequence
and the second single-stranded DNA sequence form aduplex that integrates into the double-

stranded DNA sequence at the target site to be edited.

108.  The pair of pegRNAs of claim 107, wherein the integration ot\the duplex results in an
insertion, deletion, or replacement of DNA at the target site.

109.  The pair of pegRNAs of claim 108, wherein the insertion is at least 1 nugleotide, at least 2
nucleotides, at least 3 nucleotides, at least 4 nucleotides, at least 5 nucleotides, at least 6
nucleotides, at least 7 nucleotides, at least 8 nucleotides, at least 9 nucleotides, at least 10

, at least 14

least 18

nucleotides, at least 11 nucleotides, at least 12 nucleotides, at least 13 nucleotid
nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides,
nucleotides, at least 19 nucleotidesis, at least 20 nucleotides, at least 21 nucleotides, at\east
22 nucleotides, at least 23 nucleotides, at least 24 nucleotides, at least 25 nucleotides, at 1
26 nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29 nucleotides, at lea
30 nucleotides, at least 31 nucleotides, at least 32 nucleotides, at least 33 nucleotides, at least

34 nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least
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38 nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 41 nucleotides, at least
42 nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least
46 nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least
50 nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least
SAnucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 nucleotides, at least
58 micleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least
62 nucleéotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least
66 nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least
70 nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least
74 nucleotides, atleast 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least
78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least
82 nucleotides, at least\§3 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least
86 nucleotides, at least 8 7Mucleotides, at least 88 nucleotides, at least 89 nucleotides, at least
90 nucleotides, at least 91 nutleotides, at least 92 nucleotides, at least 93 nucleotides, at least
94 nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least
98 nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at
least 102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105
nucleotides, at least 106 nucleotides, at 1éast 107 nucleotides, at least 108 nucleotides, at least

109 nucleotides, or at least 110 nucleotides in length.

110.  The pair of pegRNAs of claim 108, wherein the doletion is at least 1 nucleotide, at least 2
nucleotides, at least 3 nucleotides, at least 4 nucleotides, at least 5 nucleotides, at least 6

nucleotides, at least 7 nucleotides, at least 8 nucleotides\at least 9 nucleotides, at least 10

nucleotides, at least 19 nucleotidesis at least 20 nucleotides, at least 21 nucleotides, at least 22
nucleotides, at least 23 nucleotides, at least 24 nucleotides, at least 2§ nucleotides, at least 26
nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29 nycleotides, at least 30
nucleotides, at least 31 nucleotides, at least 32 nucleotides, at least 33 nucleotides, at least 34
nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least 38
nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 41 nucleotides, at least 42
nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, &t least 46
nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at Isast 50
nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54
nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 nucleotides, at least 58
nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62

nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66
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nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70
nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least 74
nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78

ucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nugleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nuclegtides, at least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90
nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94
nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at\least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least
102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at
least 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109

nucleotides, or at least Y10 nucleotides, or more in length.

The pair of pegRNAs of clatm 108, wherein the replacement is at least 1 nucleotide, at least 2
nucleotides, at least 3 nucleotides, at least 4 nucleotides, at least 5 nucleotides, at least 6
nucleotides, at least 7 nucleotides,\at least 8 nucleotides, at least 9 nucleotides, at least 10
nucleotides, at least 11 nucleotides, atleast 12 nucleotides, at least 13 nucleotides, at Ieast 14
nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18
nucleotides, at least 19 nucleotidesis at least 20 nucleotides, at least 21 nucleotides, at least 22
nucleotides, at least 23 nucleotides, at least 24\qucleotides, at least 25 nucleotides, at least 26
nucleotides, at least 27 nucleotides, at least 28 nusleotides, at least 29 nucleotides, at least 30
nucleotides, at least 31 nucleotides, at least 32 nuclewtides, at least 33 nucleotides, at least 34
nucleotides, at least 35 nucleotides, at least 36 nucleotidges, at least 37 nucleotides, at Ieast 38
nucleotides, at least 39 nucleotides, at least 40 nucleotides)at least 41 nucleotides, at least 42
nucleotides, at least 43 nucleotides, at least 44 nucleotides, atNeast 45 nucleotides, at least 46
nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50
nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 33 nucleotides, at Ieast 54
nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57 hucleotides, at least 58

nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nudleotides, at least 62

nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides,\at least 74
nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at Ycast 78
nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least

nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90

nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94
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nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least
102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at
east 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109

nugleotides, or at least 110 nucleotides, or more in length.

A polynucleotide encoding a pair of pegRNAs of any one of claims 105-111.

A vector compyising the polynucleotide of claim 112 for expressing the pair of pegRNAs in a

cell.

A cell comprising the vector of claim 113.

A pharmaceutical composition comprising a pair of pegRNAs of any one of claims 105-111, a

vector of claim 113, or a cell of glaim 114, and a pharmaceutical excipient.

A pair of prime editor complexes, said\pair comprises:
a. a first prime editor complex, comprising:

1. afirst prime editor comprising a first\aucleic acid programmable DNA binding protein
(napDNADbp) and a first polypeptide comprising an RNA-dependent DNA polvmerase
activity; and

1. afirst prime editing guide RNA (first PEg ) that binds to a first target sequence on
the strand of the genomic DNA sequence upstreaw of the target site;
b. asecond prime editor complex, comprising:

1. asecond prime editor comprising a second nucleic acid\programmable DNA binding
protein (second napDNAbp) and a second polypeptide comprising an RNA-dependent
DNA polymerase activity; and

ii.  asecond prime editing guide RNA (second PEgRNA) that binds\to a second target
sequence on the second strand of the genomic DNA sequence downstream of the

target site.

The pair of prime editor complexes of claim 116, wherein the prime editor of the fixst prime
editor complex, the second prime editor complex, or both the first prime editor compl
the second prime editor complex is a fusion protein comprising the napDNAbp and the

polypeptide having an RNA-dependent DNA polymerase activity.

A polynucleotide encoding a pair of prime editor complexes of claim 116 or 117.
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A vector comprising the polynucleotide of claim 118 for expressing the pair of prime editor

complexes in a cell.

120.  A'cell comprising the vector of claim 119.

121. A pha

117, a vectay of claim 119, or a cell of claim 120, and a pharmaceutical excipient.

ceutical composition comprising a pair of prime editor complexes of claim 116 or

122, The system of any one of claims 1-62, or the method of any one of claims 73-104, wherein
integration of the duplex comprising the edited portion results in an insertion, deletion, or
replacement of DNA atthe target site.

123, The system or method of clatm 122, wherein the insertion is a peptide tag.

124, The system or method of claim 123y wherein the peptide tag is a poly-histidine (e.g.,

HHHHHH) (SEQ ID NO: 252-262), FLAG (e\g., DYKDDDDK) (SEQ ID NO: 2), V5 (e g,

GKPIPNPLLGLDST) (SEQ ID NO: 3), GCN4, (e.g., YPYDVPDYA) (SEQ ID NO: 35), Myc

(e.g. EQKLISEED) (SEQ ID NO: 6), or GST.

tide tag has an amino acid sequence

9,252-262,264-273, 275-276, 281,

125.  The system or method of claim 123, wherein the
selected from the group consisting of SEQ ID NO: 1-6, 245-
278-288, and 622.

126.  The system or method of claim 122, wherein the insertion is ah immunoepitope tag.

NO: 414); hemagglutinin epitopes toward class [ HLA (SEQ ID NO: 416); neuraminidase
toward class | HLA (SEQ ID NO: 418); hemagglutinin epitopes toward class I HLA (SEQ I

bound class I and class I HLA (SEQ ID NO: 424); and neuraminidase epitope HSN1-bound class I
and class I HLA (SEQ ID NO: 426).
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The system or method of claim 122, wherein the insertion is a dimerization domain.

The system or method of claim 128, wherein the dimerization domain is small molecule
binding domain of FKBP12 of SEQ ID NO: 488, FKBP12-F36V of SEQ ID NO: 489, or
lophilin of SEQ ID NOs: 490 or 493-494.

130. A systemn for simultaneously editing both strands of a double-stranded DNA sequence at a
target site t§ be edited, the system comprising:
a) a first prithe editor complex comprising:
1. afirst prime editor comprising a first nucleic acid programmable DNA binding
protein (fixst napDNAbp) and a first polypeptide comprising an RNA-dependent
DNA polymstase activity; and
ii.  afirst prime editing guide RNA (first PEgRNA) that binds to a first binding site on
a first strand of the\double-stranded DNA sequence upstream of the target site to be
edited;
b) a second prime editor complex\comprising;
1. asecond prime editor comprising a second nucleic acid programmable DNA
binding protein (second napDNAbp) and a second polypeptide comprising an
RNA-dependent DNA polymerase activity; and
1.  asecond prime editing guide RNA\(second PEgRNA) that binds to a second
binding site on a second strand of the double-stranded DNA sequence upstream
of the target site to be edited;
c¢) athird prime editor complex comprising:
1. athird prime editor comprising a third nucleic acid programmable DNA binding
protein (third napDNAbp) and a third polypeptide\comprising an RNA-dependent
DNA polymerase activity; and
ii.  athird prime editing guide RNA (third PEgRNA) that binds to a third binding site
on the first strand of the double-stranded DNA sequence dgwnstream of the
target site to be edited;
d) a fourth prime editor complex comprising:
1. afourth prime editor comprising a fourth nucleic acid programmabls DNA
binding protein (fourth napDNADbp) and a fourth polypeptide comprisi
RNA-dependent DNA polymerase activity; and
ii.  a fourth prime editing guide RNA (fourth PEgRNA) that binds to a fourth
binding site on the second strand of the double-stranded DNA sequence

downstream of the target site to be edited;

wherein the first PEgRNA comprises a first DNA synthesis template encoding a first
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single-stranded DNA sequence, the second PEgRNA comprises a second DNA synthesis
template encoding a second single-stranded DNA sequence, the third PEgRNA comprises a
third DNA synthesis template encoding a third single-stranded DNA sequence, and the fourth
EgRNA comprises a fourth DNA synthesis template encoding a fourth single-stranded DNA

wherein the first and the third single-stranded DNA sequence each comprise a region
of complementarity to the other; and wherein, wherein the second and the fourth single-

stranded DNA sequence cach comprise a region of complementarity to the other.

131. A system for editing one or more double-stranded DNA sequences, the system comprising:
a) a first prime editor complex comprising:
1. afirst prime ®ditor comprising a first nucleic acid programmable DNA binding
protein (first napDNAbp) and a first polypeptide comprising an RNA-dependent
DNA polymerase agtivity; and
ii.  afirst prime editing ghide RNA (first PEgRNA) that binds to a first binding site on
a first strand of a first dowble-stranded DNA sequence at a first target site to be
edited;
b) a second prime editor complex compkising;
1.  asecond prime editor comprising a second nucleic acid programmable DNA
binding protein (second napDNAbp) and a second polypeptide comprising an
RNA-dependent DNA polymerase actiyvity; and
1.  asecond prime editing guide RNA (secoind PEgRNA) that binds to a second
binding site on a second strand of the first dguble-stranded DNA sequence at the
first target site to be edited;
c¢) athird prime editor complex comprising:
1. athird prime editor comprising a third nucleic acid prxogrammable DNA binding
protein (third napDNAbp) and a third polypeptide compxising an RNA-dependent
DNA polymerase activity; and
ii.  athird prime editing guide RNA (third PEgRNA) that binds td\a first binding site
on a first strand of a second double-stranded DNA sequence at a'second target
site to be edited;
d) a fourth prime editor complex comprising:
1. afourth prime editor comprising a fourth nucleic acid programmable DN
binding protein (fourth napDNAbp) and a fourth polypeptide comprising an
RNA-dependent DNA polymerase activity; and
ii.  a fourth prime editing guide RNA (fourth PEgRNA) that binds to a second

binding site on a second strand of the second double-stranded DNA sequence at
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the second target site to be edited;
wherein the first PEgRNA comprises a first DNA svnthesis template encoding a first
single-stranded DNA sequence, the second PEgRNA comprises a second DNA synthesis
template encoding a second single-stranded DNA sequence, the third PEgRNA comprises a
thitd DNA synthesis template encoding a third single-stranded DNA sequence, and the fourth

stranded DNA seguence cach comprise a region of complementarity to the other.

132.  The system of claim []1, wherein the prime editor of the first prime editor complex, the
second prime editor complex, the\third prime editor complex, an/or the fourth prime editor complex is
a fusion protein comprising the napBNAbp and the polypeptide having an RNA-dependent DNA

polymerase activity

133.  The system of any one of claims 130132, wherein
(1) the first PEgRNA further comprises a first spacer sequence, first gRNA core, and a
first primer binding site;
(ii) the second PEgRNA further compyises a second spacer sequence, a second gRNA
core, and a second primer binding site;
(ii1) the third PEgRNA further comprises a‘third spacer sequence, a third gRNA core,
and a third primer binding site; and
(iv) the fourth PEgRNA comprises a fourth spacey sequence, a fourth gRNA core, a

fourth DNA synthesis template, and a fourth primer binding\site.

134, The system of claim 131, wherein the region of complementarity ofXthe first and third single-
stranded DNA sequence, and/or the region of complementarity of the second and fourth single-

stranded DNA sequence, form a duplex.

135,  The system of claim 134, wherein the first spacer sequence binds to the first bi
the first double stranded DNA sequence upstream of the first target site to be edited and thg second
spacer sequence binds to the second binding site on the first double stranded DNA sequence

downstream of the first target site to be edited.

136.  The system of claim 134 or 135, wherein the third spacer sequence binds to the first binding

site of the second double stranded DNA sequence upstream of the second target site to be edited and
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the forth spacer sequence binds to the second binding site on the second double stranded DNA

uence downstream of the second target site to be edited.

137. \The system of any one of claims 134-136, wherein the first and second binding sites define

two ends of a first contiguous region of the first double-stranded DNA.

139.  The system of claim 134, wherein the contiguous region between the first and second binding
sites or the third and fourth binding sites is least 10 nucleobase pairs, at least 11 nucleobase pairs, at
least 12 nucleobase pairs, at least 13 nucleobase pairs, at least 14 nucleobase pairs, at least 15
nucleobase pairs, at least 16 nucleabase pairs, at least 17 nucleobase pairs, at least 18 nucleobase
pairs, at least 19 nucleobase pairs, at keast 20 nucleobase pairs, at least 21 nucleobase pairs, at least 22
nucleobase pairs, at least 23 nucleobase Rairs, at least 24 nucleobase pairs, at least 25 nucleobase
pairs, at least 26 nucleobase pairs, at least 27 nucleobase pairs, at least 28 nucleobase pairs, at least 29
nucleobase pairs, at least 30 nucleobase pairs, at least 31 nucleobase pairs, at least 32 nucleobase
pairs, at least 33 nucleobase pairs, at least 34 nucleobase pairs, at least 35 nucleobase pairs, at least 36
nucleobase pairs, at least 37 nucleobase pairs, at least 37 nucleobase pairs, at least 38 nucleobase
pairs, at least 39 nucleobase pairs, or at least 40 nucleobase pairs, at least 41 nucleotides, at least 42
nucleotides, at least 43 nucleotides, at least 44 nucleotides\at least 45 nucleotides, at least 46
nucleotides, at least 47 nucleotides, at least 48 nucleotides, at\Neast 49 nucleotides, at least 50
nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54
nucleotides, at least 55 nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least 58
nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 hucleotides, at least 62

nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66

nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least
nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94
nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least 102
nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least 106

nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least 110
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nucleotides in length.

140N The system of any one of claims 134-139, wherein the region of complementarity of the first
single-stranded DNA sequence and the second single-stranded DNA sequence, and/or the region of

complemewtarity of the second single-stranded DNA sequence and the fourth single-stranded DNA

and/or the second double stranded DNA.

142, The system of any one of claims 134-141, wherein the system results in replacement of the

first contiguous region by the sdcond contiguous region into the first double-stranded DNA.

143, The system of any one of clains 134-142, wherein the system results in exchange of the first
contiguous region and the second contiguous region between the first double-stranded DNA and the

second double-stranded DNA.

144, The system of any one of claims 134-143y wherein the first prime editor complex, the second
prime editor complex, the third prime editor compleX, and the fourth prime editor complex comprise

the same prime editor.

145.  The system of any one of claims 134-144, wherein the first, second, third, and fourth
polypeptide comprising an RNA-dependent DNA polymerase activity are the same.

146.  The system of any one of claims 134-145, wherein the first, segond, third, and/or fourth

napDNADp is a Cas9 domain or variant thereof.

147.  The system of any one of claims 134-146, wherein the first, second, thixd, and/or fourth
napDNADbp is a nuclease active Cas9 domain, a nuclease inactive Cas9 domain, or\a Cas9 nickase

domain or a variant thereof.

148.  The system of any one of claims 134-147, wherein the first, second, third, and/or foyrth
napDNADp is selected from the group consisting of: Cas9, Casl2e, Cas12d, Casl2a, Cas12bl,;
Casl3a, Casl2c, and Argonaute.

149.  The system of any one of claims 134-148, wherein the first, second, third, and/or fourth
napDNADbp has nickase activity.
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The system of any one of claims 134-149, wherein the first, second, third, and/or fourth
napRNAbp comprises an amino acid sequence of any one of SEQ ID NOs: 2-65, or an amino acid

sequendg having at least an 80%, 85%, 90%, 95%, or 99% sequence identity with any one of SEQ ID

151.  The system of any one of claims 134-150, wherein the first, second, third, and/or fourth
polypeptide having\an RNA-dependent DNA polymerase activity is a reverse transcriptase.

152.  The system of any one of claims 134-151, wherein the first, second, third, and/or fourth
polypeptide having an RN AXependent DNA polymerase activity comprises an amino acid sequence
of any one of SEQ ID NOs: 37)\68-79, 82-98, 81, 98, and 110 or an amino acid sequence having at
least an 80%, 85%, 90%, 95%, or Q9% sequence identity with any one of SEQ ID NOs: 37, 68-79, 82-
98, 81,98, and 110.

153.  The system of any one of claims 13¢-152, wherein
(1) the first prime editor further compriges a linker that joins the first napDNAbp and the first
polypeptide having the RNA-dependent RNA polymerase activity;
(i1) the second prime editor further comprises a linker that joins the second napDNAbp and
the second polypeptide having the RNA-dependent DNA polymerase activity;
(ii1) the third prime editor further comprises a linker that joins the third napDNAbp and the
third polypeptide having the RNA-dependent DNA pelymerase activity; and/or
(iv) the fourth prime editor further comprises a linker thag joins the fourth napDNAbp and the
fourth polypeptide having the RNA-dependent DNA polymrase activity.

154.  The system of claim 153, wherein the linker comprises an aminoacid sequence of any one of
SEQ ID NOs: 119-128, or an amino acid sequence having at least an 80%, 88%., 90%, 95%. or 99%
sequence identity with any one of SEQ ID NOs: 119-128.

155.  The system of claim 153 or 154, wherein the linkeris 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13,
14, 15,16, 17,18, 19, 20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 38,38, 39, 40,
41,42, 43,44, 45,46, 47,48, 49, or 50 amino acids in length.

156.  The system of any one of claims 134-155, wherein the first, second, third, and/or fourth
PEgRNA comprises a nucleotide sequence of any one of SEQ ID NOs: 192-203, or a nucleotide
sequence having at least an 80%, 85%, 90%, 95%, or 99% sequence identity with any one of SEQ ID

NOs: 192-203.
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187.  The system of any one of claims 134-156, wherein the first spacer sequence binds to a first

sequence upstream from the target site to be edited.

159.  The system of any one of claims 134-158, wherein the third spacer sequence binds to a third
binding site on a first strand \of the double-stranded DNA sequence downstream from the target site to
be edited.
160.  The system of any one of claipns 134-159, wherein the fourth spacer sequence of the fourth
prime editor complex binds to a fourth binding site on a second strand of the double-stranded DNA
sequence downstream from the target site to\be edited.

161.  The system of claim 160, wherein the binding of the spacer sequence of the first and second
prime editor complexes in the presence of a PAM sequence results in the nicking of the first and

¢ PAM sequences on each strand by the first

second strands, respectively, at a nick site proximal to

and/or second napDNAbps of each first and second prime editor complexes.

162.  The system of claim 161, wherein the binding of the spager sequence of the third and fourth
prime editor complexes in the presence of a PAM sequence results fa the nicking of the first and
second strands, respectively, at a nick site proximal to the PAM sequehges on each strand by the third

and/or fourth napDNAbps of each third and fourth prime editor complex

163.  The system of claim 133, wherein the first and third binding sites, or thg second and fourth

binding sites, define two ends of a contiguous region of double-stranded DNA.

164.  The system of claim 163, wherein the contiguous region between the first and third binding
sites or the second and fourth binding sites is least 10 nucleobase pairs, at least 11 nucleobasg pairs, at
least 12 nucleobase pairs, at least 13 nucleobase pairs, at least 14 nucleobase pairs, at least 15
nucleobase pairs, at least 16 nucleobase pairs, at least 17 nucleobase pairs, at least 18 nucleobase
pairs, at least 19 nucleobase pairs, at least 20 nucleobase pairs, at least 21 nucleobase pairs, at least
nucleobase pairs, at least 23 nucleobase pairs, at least 24 nucleobase pairs, at least 25 nucleobase

pairs, at least 26 nucleobase pairs, at least 27 nucleobase pairs, at least 28 nucleobase pairs, at least 29
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nucleobase pairs, at least 30 nucleobase pairs, at least 31 nucleobase pairs, at least 32 nucleobase
pairs, at least 33 nucleobase pairs, at least 34 nucleobase pairs, at least 35 nucleobase pairs, at least 36
nuclgobase pairs, at least 37 nucleobase pairs, at least 37 nucleobase pairs, at least 38 nucleobase
pairs, atleast 39 nucleobase pairs, or at least 40 nucleobase pairs, at least 41 nucleotides, at least 42
nucleotidey, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least 46
nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50
nucleotides, at Idast 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54
nucleotides, at least\35 nucleotides, at least 36 nucleotides, at least 57 nucleotides, at least 58
nucleotides, at least 5%\nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62
nucleotides, at least 63 nicleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66
nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70
nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least 74
nucleotides, at least 75 nucleotides\ at least 76 nucleotides, at least 77 nucleotides, at least 78
nucleotides, at least 79 nucleotides, atleast 80 nucleotides, at least 81 nucleotides, at least 82
nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nucleotides, at least 87 nucleotides, at least\§8 nucleotides, at least 89 nucleotides, at least 90
nucleotides, at least 91 nucleotides, at least 92\ucleotides, at least 93 nucleotides, at least 94
nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least 102
nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least 106
nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least 110

nucleotides in length.

165.  The system of any one of claims 130-164, wherein the region of complementarity of the first
single-stranded DNA sequence and the third single-stranded DNA seqience, and/or the region of
complementarity of the second single-stranded DNA sequence and the fowrth single-stranded DNA

sequence, form a duplex.

166.  The system of claim 164, wherein the contiguous region becomes replaced\by the duplex.

167.  The system of claim 166, wherein the duplex 1s incorporated in the double-stranded DNA at
the target site.

168.  The system of claim any one of claims 122-167, wherein the first, second, third, and/or fourth
DNA synthesis template is at least 1 nucleotide, at least 2 nucleotides, at least 3 nucleotides, at least
nucleotides, at least 5 nucleotides, at least 6 nucleotides, at least 7 nucleotides, at least 8 nucleotides,

at least 9 nucleotides, at least 10 nucleotides, at least 11 nucleotides, at least 12 nucleotides, at least 13
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nucleotides, at least 14 nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17
mycleotides, at least 18 nucleotides, at least 19 nucleotides, at least 20 nucleotides, at least 21
nucleotides, at least 22 nucleotides, at least 23 nucleotides, at least 24 nucleotides, at least 25
nucleotides, at least 26 nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29
nucleotidey, at least 30 nucleotides, at least 31 nucleotides, at least 32 nucleotides, at least 33
nucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least 37
nucleotides, at Idast 38 nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 41
nucleotides, at least\d42 nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45
nucleotides, at least 46\nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least 49
nucleotides, at least 50 micleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53
nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57
nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61
nucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65
nucleotides, at least 66 nucleotides, atleast 67 nucleotides, at least 68 nucleotides, at least 69
nucleotides, at least 70 nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73
nucleotides, at least 74 nucleotides, at least\{5 nucleotides, at least 76 nucleotides, at least 77
nucleotides, at least 78 nucleotides, at least 79ucleotides, at least 80 nucleotides, at least 81
nucleotides, at least 82 nucleotides, at least 83 nusleotides, at least 84 nucleotides, at least 85
nucleotides, at least 86 nucleotides, at least 87 nuclegtides, at least 88 nucleotides, at least 89
nucleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93
nucleotides, at least 94 nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97
nucleotides, at least 98 nucleotides, at least 99 nucleotides, atNeast 100 nucleotides, at least 101
nucleotides, at least 102 nucleotides, at least 103 nucleotides, at feast 104 nucleotides, at least 105
nucleotides, at least 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109

nucleotides, or at least 110 nucleotides in length.

169.  The system of any one of claims 122-168, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence, and/or the third single-stranded\DNA sequence and

the fourth single-stranded DNA sequence, have the same lengths.

170.  The system of any one of claims 122-169, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence, and/or the third single-stranded DNA sequence and
the fourth single-stranded DNA sequence, have different lengths.

171.  The system of any one of claims 122-170, wherein the region of complementarity of the firs
second, third, and/or fourth single-stranded DNA sequence is at least 99%, at least 95%, at least 90%,
at least 85%, at least 80%, at least 75%, at least 70%, at least 65%, at least 60%, at least 55%, at least
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50%, at least 45%, at least 40%, at least 35%, at least 30%, at least 25%, at least 20%, at least 15%, or
atleast 10% of the total length of the first single-stranded DNA sequence and the third single-stranded

second, third, and/or fourth single-stranded DNA sequence is at least 5 nucleotides, at least 6
nucleotides, at least\7 nucleotides, at least 8 nucleotides, at least 9 nucleotides, at least 10 nucleotides,
at least 11 nucleotides\at least 12 nucleotides, at least 13 nucleotides, at least 14 nucleotides, at least
15 nucleotides, at least 16nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least 19
nucleotides, at least 20 nucleotides, at least 21 nucleotides, at least 22 nucleotides, at least 23
nucleotides, at least 24 nucleotides, at least 25 nucleotides, at least 26 nucleotides, at least 27
nucleotides, at least 28 nucleotides, at least 29 nucleotides, at least 30 nucleotides, at least 31
nucleotides, at least 32 nucleotides, atleast 33 nucleotides, at least 34 nucleotides, at least 35
nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least 38 nucleotides, at least 39
nucleotides, at least 40 nucleotides, at least™ 1 nucleotides, at least 42 nucleotides, at least 43
nucleotides, at least 44 nucleotides, at least 45\aucleotides, at least 46 nucleotides, at least 47
nucleotides, at least 48 nucleotides, at least 49 nusleotides, at least 50 nucleotides, at least 51
nucleotides, at least 52 nucleotides, at least 53 nuclestides, at least 54 nucleotides, at least 55
nucleotides, at least 56 nucleotides, at least 57 nucleotides, at least 58 nucleotides, at least 59
nucleotides, at least 60 nucleotides, at least 61 nucleotides)at least 62 nucleotides, at least 63
nucleotides, at least 64 nucleotides, at least 65 nucleotides, at\Neast 66 nucleotides, at least 67
nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70 nucleotides, at least 71
nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least ¥4 nucleotides, at least 75
nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78 hucleotides, at least 79
nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82 nudleotides, at least 83
nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86 nucleodtides, at least 87
nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90 nucleotidgs, at least 91
nucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94 nucleotide atleast 95
nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98 nucleotides, at east 99
nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least 102 nucleotides, atNeast 103
nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least 106 nucleotides, at least 107
nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least 110 nucleotides 1n length, and
is either less than or equal to the length of the first single-stranded DNA sequence and the third
single-stranded DNA sequence, and the second single-stranded DNA sequence and the fourth single
stranded DNA sequence.
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173.  The system of any one of claims 130-172, wherein the first, second, third, and fourth single-
sttanded DNA sequence are each single-stranded DNA strands having 3’ ends.

175. A polynucleotide encoding the first, second, third, and fourth prime editors of any one of
claims 130-174.

176. A polynucleotide\encoding the first, second, third, and fourth PEgRNA of any of claims 130-
175.

177. A vector comprising a polxnucleotide of claim 175 or 176.

178. A cell comprising a polynucleotide of claim 175 or 176 or a vector of claim 177.

179. A pharmaceutical composition comprising a polynucleotide of claim 175 or 176, a vector of

claim 177, or a cell of claim 178, and a pharmacewtical excipient.

180. A kit comprising a polynucleotide of claim 173\or 176 or a vector of claim 177 and
instructions for simultaneously editing both strands of a double-stranded DNA sequence at a target

site to be edited.

181. A method for simultaneously editing first and second complementary strands of a double-
stranded DNA sequence at a target site, the method comprising contacking the double-stranded DNA
sequence with a pair of prime editor complexes, the pair comprising:

(a) a first prime editor complex, comprising:

1. afirst prime editor comprising a first nucleic acid programmabl¢ DNA binding
protein (first napDNAbp) and a first polypeptide comprising an RNA-dependent
DNA polymerase activity; and

ii.  a first prime editing guide RNA (first PEgRNA) that binds to a first targgt sequence
on the first strand of the genomic DNA sequence upstream of the target sitey
(b) a second prime editor complex, comprising:

1. asecond prime editor comprising a second nucleic acid programmable DNA binding
protein (second napDNAbp) and a second polypeptide comprising an RNA-
dependent DNA polymerase activity; and

ii.  asecond prime editing guide RNA (second PEgRNA) that binds to a second target
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sequence on the second strand of the genomic DNA sequence upstream of the target
site;
(c) athird prime editor complex, comprising:
1. athird prime editor comprising a third nucleic acid programmable DNA binding
protein (third napDNAbp) and a third polypeptide comprising an RNA-dependent
DNA polymerase activity; and
il. third prime editing guide RNA (third PEgRNA) that binds to a third target sequence
(d) a fourth piime editor complex, comprising:
1. afourth prime editor comprising a second nucleic acid programmable DNA binding
protein (fouxth napDNAbp) and a fourth polypeptide comprising an RNA-dependent
DNA polymerase activity; and
ii.  a fourth prime edting guide RNA (fourth PEgRNA) that binds to a fourth target
sequence on the second strand of the genomic DNA sequence downstream of the
target site;
wherein the first prime editor complex causes a first nick at the first target sequence and the
subsequent polymerization of a first single-stranded DNA sequence having a 3"-end from the
available 5’-end formed by the first nick;
wherein the second prime editor complex causes a second nick at the second target sequence
and the subsequent polymerization of a second single-sitanded DNA sequence having a 3"-end from
the available 5" -end formed by the second nick;
wherein the third prime editor complex causes a third\nick at the third target sequence and the
subsequent polymerization of a third single-stranded DNA sequence having a 3'-end from the
available 5'-end formed by the third nick;
wherein the fourth prime editor complex causes a fourth nick at the fourth target sequence and
the subsequent polymerization of a fourth single-stranded DNA sequenceNhaving a 3"-end from the
available 5’-end formed by the fourth nick;
wherein the first single-stranded DNA sequence and the second single-stranded DNA
sequence are reverse complements over at least a region of complementarity and a duplex,
wherein the duplex replaces the nicked first and second complementary strands of the\double-stranded
DNA sequence; and
wherein the third single-stranded DNA sequence and the fourth single-stranded D
sequence are reverse complements over at least a region of complementarity and form a duple
wherein the duplex replaces the nicked first and second complementary strands of the double-stranded

DNA sequence.

182.  The method of claim 181, wherein the prime editor of the first prime editor complex, the
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second prime editor complex, the third prime editor complex, and/or the fourth prime editor complex
18\a fusion protein comprising the napDNAbp and the polypeptide having an RNA-dependent DNA

polymerase activity.

183. method of claim 181 or 182, wherein the first prime editor complex, the second prime
editor compley, the third prime editor complex, and the fourth prime editor complex comprise the

same prime edit

184.  The method oRany one of claims 181-183, wherein the first, second, third, and/or fourth

prime editor complex comprise a different prime editor.

185.  The method of any one\of claims 181-184, wherein first, second, third, and/or fourth

napDNADbp is a Cas9 domain or variant thereof.

186.  The method of any one of claimy 181-185, wherein first, second, third, and/or fourth
napDNADbp is a nuclease active Cas9 domaly, a nuclease inactive Cas9 domain, or a Cas9 nickase

domain or variant thereof.

187.  The method of any one of claims 181-184, wherein the first, second, third, and/or fourth
napDNADp is selected from the group consisting of: Cag9, Cas12e, Cas12d, Casl2a, Cas12bl,
Casl3a, Casl2c.

188.  The method of any one of claims 181-187, wherein the first, second, third, and/or fourth
napDNADp has a nickase activity.

189.  The method of any one of claims 181-188, wherein the first, second, third, and/or fourth
napDNADbp comprises an amino acid sequence of any one of SEQ ID NOs: 265, or an amino acid
sequence having at least an 80%, 85%, 90%, 95%, or 99% sequence identity with any one of SEQ ID
NOs: 2-65.

190.  The method of any one of claims 181-189, wherein the first, second, third, and/ox fourth
polypeptide having an RNA-dependent DNA polymerase activity is a reverse transcriptase.

191.  The method of any one of claims 181-190, wherein the first, second, third, and/or fourth
polypeptide having an RNA-dependent DNA polymerase activity comprises an amino acid sequenc
of any one of SEQ ID NOs: 37, 68-79, 82-98, 81, 98, and 110 or an amino acid sequence having at
least an 80%, 85%, 90%, 95%, or 99% sequence identity with any one of SEQ ID NOs: 37, 68-79, 82-
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98,81, 98, and 110.

192\ The method of any one of claims 181-191, wherein
(1) the first prime editor further comprises a linker that joins the first napDNAbp and
thy first polypeptide having the RNA-dependent DNA polymerase activity:
(i1) the second prime editor further comprises a linker that joins the second
napDNADbp and the second polypeptide having the RNA-dependent DNA polymerase

activity;

and the fourth polypeptide having the RNA-dependent DNA polymerase activity.

193, The method of claim 192, wherein the linker comprises an amino acid sequence of any one of
SEQ ID NOs: 119-128, or an amino acid\sequence having at least an 80%, 85%, 90%, 95%., or 99%
sequence identity with any one of SEQ ID NOs: 119-128.

194, The method of claim 192 or 193, whereimthe linkeris 1,2,3,4,5,6,7,8,9,10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 38, 38, 39, 40,
41,42, 43,44, 45,46, 47, 48, 49, or 50 amino acids in length.

195.  The method of any one of claims 192-194, wherein first, second, third, and/or fourth
PEgRNA comprises a nucleotide sequence of any one of SEQ ID NOs: 192-203, or a nucleotide
sequence having at least an 80%, 85%., 90%, 95%, or 99% sequency identity with any one of SEQ ID
NOs: 192-203.

196.  The method of any one of claims 192-195, wherein the first spacer sgquence of the first prime
editor complex binds to a first binding site on a first strand of the double-stranded DNA sequence

upstream from the target site to be edited.

197.  The method of any one of claims 192-196, wherein the second spacer sequence &f the second
prime editor complex binds to a second binding site on a second strand of the double-stranded DNA

sequence downstream from the target site to be edited.

198.  The method of any one of claims 192-197, wherein the third spacer sequence of the third
prime editor complex binds to a third binding site on a first strand of the double-stranded DNA

sequence upstream from the target site to be edited.
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The method of any one of claims 192-198, wherein the fourth spacer sequence of the fourth
prim¢ editor complex binds to a fourth binding site on a second strand of the double-stranded DNA

sequende downstream from the target site to be edited.

by the napDNAbps of'each first and second prime editor complex.

201.  The method of claim, 200, wherein the binding of the third and fourth spacer sequences of the
third and fourth prime editor complexes in the presence of a PAM sequence results in the nicking of
the first and second strands, respectively, at a nick site proximal to the PAM sequence on each strand

by the napDNAbps of each third and Yourth prime editor complex.

202.  The method of claim 200 or 201, wherein the first and second binding sites, and/or the third
and fourth binding sites, define two ends of a dontiguous region of double-stranded DNA comprising

the target site to be edited.

203.  The method of claim 202, wherein the contiguouys region between the first and second binding
sites, and/or the contiguous region between the third and fourth binding sites, is least 10 nucleobase
pairs, at least 11 nucleobase pairs, at least 12 nucleobase pairy, at least 13 nucleobase pairs, at least 14
nucleobase pairs, at least 15 nucleobase pairs, at least 16 nucleobase pairs, at least 17 nucleobase
pairs, at least 18 nucleobase pairs, at least 19 nucleobase pairs, at least 20 nucleobase pairs, at least 21
nucleobase pairs, at least 22 nucleobase pairs, at least 23 nucleobase pairs, at least 24 nucleobase
pairs, at least 25 nucleobase pairs, at least 26 nucleobase pairs, at least 2Nnucleobase pairs, at least 28
nucleobase pairs, at least 29 nucleobase pairs, at least 30 nucleobase pairs, atleast 31 nucleobase
pairs, at least 32 nucleobase pairs, at least 33 nucleobase pairs, at least 34 nuclegbase pairs, at least 35
nucleobase pairs, at least 36 nucleobase pairs, at least 37 nucleobase pairs, at least\37 nucleobase
pairs, at least 38 nucleobase pairs, at least 39 nucleobase pairs, or at least 40 nucleobase pairs, at least
41 nucleotides, at least 42 nucleotides, at least 43 nucleotides, at least 44 nucleotides, at Yeast 45
nucleotides, at least 46 nucleotides, at least 47 nucleotides, at least 48 nucleotides, at least
nucleotides, at least 50 nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53
nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least 56 nucleotides, at least 57
nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61
nucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65

nucleotides, at least 66 nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69
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nucleotides, at least 70 nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73
mucleotides, at least 74 nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77
nucleotides, at least 78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81
nucleotides, at least 82 nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85
nucleotidey, at least 86 nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89
nucleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93
nucleotides, at Idast 94 nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97
nucleotides, at leasth\98 nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101
nucleotides, at least 102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105
nucleotides, at least 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109

nucleotides, or at least 110 nycleotides in length.

204.  The method of claim 202 &r 203, wherein the contiguous region becomes replaced by the
duplex.

205.  The method of any one of claims 181-204, wherein the first, second, third, and/or fourth DNA
synthesis template is at least 1 nucleotide, at 1éast 2 nucleotides, at least 3 nucleotides, at least 4
nucleotides, at least 5 nucleotides, at least 6 nuclegtides, at least 7 nucleotides, at least 8§ nucleotides,
at least 9 nucleotides, at least 10 nucleotides, at least\l 1 nucleotides, at least 12 nucleotides, at least 13
nucleotides, at least 14 nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17
nucleotides, at least 18 nucleotides, at least 19 nucleotides)at least 20 nucleotides, at least 21
nucleotides, at least 22 nucleotides, at least 23 nucleotides, atNeast 24 nucleotides, at least 25
nucleotides, at least 26 nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29
nucleotides, at least 30 nucleotides, at least 31 nucleotides, at least 32 nucleotides, at least 33
nucleotides, at least 34 nucleotides, at least 35 nucleotides, at least 36 hucleotides, at least 37

nucleotides, at least 38 nucleotides, at least 39 nucleotides, at least 40 nudleotides, at least 41

nucleotides, at least 54 nucleotides, at least 55 nucleotides, at least 56 nucleotides, at east 57
nucleotides, at least 58 nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61
nucleotides, at least 62 nucleotides, at least 63 nucleotides, at least 64 nucleotides, at least

nucleotides, at least 66 nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69
nucleotides, at least 70 nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73
nucleotides, at least 74 nucleotides, at least 75 nucleotides, at least 76 nucleotides, at least 77
nucleotides, at least 78 nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81

nucleotides, at least 82 nucleotides, at least 83 nucleotides, at least 84 nucleotides, at least 85
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nucleotides, at least 86 nucleotides, at least 87 nucleotides, at least 88 nucleotides, at least 89
mucleotides, at least 90 nucleotides, at least 91 nucleotides, at least 92 nucleotides, at least 93
nucleotides, at least 94 nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97
nucleotides, at least 98 nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101
nucleotidey, at least 102 nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105
nucleotides, at least 106 nucleotides, at least 107 nucleotides, at least 108 nucleotides, at least 109

nucleotides, or atleast 110 nucleotides in length.

206.  The method oRany one of claims 181-205, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence, and/or the third single-stranded-DNA sequence and
the fourth single-stranded DNA sequence, have the same lengths.

207.  The method of any one of\¢laims 181-206, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence, and/or the third single-stranded-DNA sequence and
the fourth single-stranded DNA sequencg, have different lengths.

208.  The method of any one of claims 181207, wherein the region of complementarity is at least
99%, at least 95%, at least 90%, at least 85%, at Neast 80%, at least 75%, at least 70%, at least 65%, at
least 60%, at least 55%, at least 50%., at least 45%, at least 40%, at least 35%, at least 30%, at least
25%, at least 20%, at least 15%, or at least 10% of the tatal length of the first single-stranded DNA
sequence and the second single-stranded DNA sequence, of the third single-stranded DNA sequence
and the fourth single-stranded DNA sequence.

209.  The method of any one of claims 181-208, wherein the region of complementarity is at least 5
nucleotides, at least 6 nucleotides, at least 7 nucleotides, at least 8 nucleotides, at least 9 nucleotides,
at least 10 nucleotides, at least 11 nucleotides, at least 12 nucleotides, at Isast 13 nucleotides, at least

14 nucleotides, at least 15 nucleotides, at least 16 nucleotides, at least 17 nudleotides, at least 18

nucleotides, at least 27 nucleotides, at least 28 nucleotides, at least 29 nucleotides, at keast 30
nucleotides, at least 31 nucleotides, at least 32 nucleotides, at least 33 nucleotides, at least 34
nucleotides, at least 35 nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least

nucleotides, at least 39 nucleotides, at least 40 nucleotides, at least 41 nucleotides, at least 42
nucleotides, at least 43 nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least 46
nucleotides, at least 47 nucleotides, at least 48 nuclectides, at least 49 nucleotides, at least 50
nucleotides, at least 51 nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54

nucleotides, at least 55 nucleotides, at least 36 nucleotides, at least 57 nucleotides, at least 58
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nucleotides, at least 59 nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62
mucleotides, at least 63 nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66
nucleotides, at least 67 nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70
nucleotides, at least 71 nucleotides, at least 72 nucleotides, at least 73 nucleotides, at least 74
nucleotidey, at least 75 nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78
nucleotides, at least 79 nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82
nucleotides, at Idast 83 nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86
nucleotides, at least\87 nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90
nucleotides, at least 9 Nnucleotides, at least 92 nucleotides, at least 93 nucleotides, at least 94
nucleotide at least 95 nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98
nucleotides, at least 99 nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least 102
nucleotides, at least 103 nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least 106
nucleotides, at least 107 nucleotidas, at least 108 nucleotides, at least 109 nucleotides, or at least 110

nucleotides in length.

210.  The method of any one of claims 188-209, wherein the region of complementarity of the first
single-stranded DNA sequence and the second\single-stranded DNA sequence, and/or the third single-
stranded-DNA sequence and the fourth single-stranded DNA sequence, form the duplex.

211.  The method of any one of claims 188-210, whetein the first single-stranded DNA sequence
and the second single-stranded DNA sequence, and/or the third single-stranded-DNA sequence and
the fourth single-stranded DNA sequence, are each single-strinded DNA strands having 3’ ends.

212.  The method of claim 204, wherein the replacement of the centiguous region by the duplex
comprising the edited portion results in an insertion, deletion, or repladement of DNA at the target

site.

213.  The method of any one of claims 181-212, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence are on ends of a target DNA sequenge, and wherein the
third single-stranded DNA sequence and the fourth single-stranded DNA sequence arg on opposite

ends of the same target DNA sequence.

214.  The method of claim 213, wherein the target DNA sequence is inverted.

215.  The method of any one of claims 181-214 further comprising providing a circular DNA

donor.
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216.  The method of claim 215, wherein the first single-stranded DNA sequence and the third
sipgle-stranded DNA sequence are on opposite ends of the target DNA sequence, and wherein the

second single-stranded DNA sequence and the fourth single-stranded DNA sequence are on the

single-stranded RNA sequence and the fourth single-stranded DNA sequence replaces the target
sequence between the first single-stranded DNA sequence and the third single-stranded DNA
sequence.
218.  The method of any one of claims 181-217, wherein the first single-stranded DNA sequence
and the third single-stranded DNA sequence are on a first nucleic acid molecule, and wherein the

second single-stranded DNA sequince and the fourth single-stranded DNA sequence are on a second

nucleic acid molecule.

219.  The method of claim 218, wherein g portion of the first nucleic acid molecule between the
first single-stranded DNA sequence and the third single-stranded DNA sequence is incorporated into
the second nucleic acid molecule, and wherein a portion of the second nucleic acid molecule between
the second single-stranded DNA sequence and the fourth single-stranded DNA sequence is

incorporated into the first nucleic acid molecule.

220.  The method of claim 218 or 219, wherein the first nusleic acid molecule is a first

221. A set of PEgRNAS for use in multi-flap prime editing, whereinthe PEgRNAs comprise:

first single-stranded DNA sequence;
(b) a second prime editing guide RNA (second PEgRNA) that binds to a se¢ond binding

site on a second strand of the double-stranded DNA sequence upstream of the target site to be
edited, wherein the second PEgRNA comprises a second spacer sequence, second g
core, a second DNA synthesis template, and a second primer binding site, wherein the sesond
DNA synthesis template encodes a second single-stranded DNA sequence comprising the

edited portion, wherein the second single-stranded DNA sequence is complementary to the

first single-stranded DNA sequence.
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(©) a third prime editing guide RNA (third PEgRNA) that binds to a third binding site on
a first strand of a double-stranded DNA sequence downstream of a target site to be edited,
wherein the third PEgRNA comprises a third spacer sequence, third gRNA core, a third DNA
ynthesis template, and a third primer binding site, wherein the third DNA synthesis template
encodes a third single-stranded DNA sequence;
(d) a fourth prime editing guide RNA (fourth PEgRNA) that binds to a fourth binding
site on a\second strand of the double-stranded DNA sequence downstream of the target site to
be edited, wherein the fourth PEgRNA comprises a fourth spacer sequence, fourth gRNA
core, a fourth YNA synthesis template, and a fourth primer binding site, wherein the fourth

222, The set of PEgRNAs of claim\221, wherein
the first PEgRNA comprises the\structure:
5'-[first gRNA spacer sequence]-[tigst gRNA core]-[first DNA synthesis template]-[first
primer binding site]-3";
the second PEgRNA comprises the structyre:
5’-[second gRNA spacer sequence]-[second\gRNA core]-[second DNA synthesis template |-
[second primer binding site]-3";
the third PEgRNA comprises the structure:
5’-[third gRNA spacer sequence]-[third gRNA core]-{third DNA synthesis template]-[third
primer binding site]-3"; and
the fourth PEgRNA comprises the structure:
5’-[fourth gRNA spacer sequence]-[fourth gRNA core]-[fourth DNA synthesis template]-
[fourth primer binding site]-3".

223.  The set of PEgRNAS of claim 221 or 222, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence, and/or the third single-stranded DNA sequence and
the fourth single-straded DNA sequence, form a duplex that becomes integrated into the double-

stranded DNA sequence at the target site to be edited.

224.  The set of PEgRNAS of any one of claims 221-223, wherein the integration of the duplex

results in an insertion, deletion, or replacement of DNA at the target site.

225.  The set of PEgRNAS of claim 224, wherein the insertion is at least 1 nucleotide, at least 2

nucleotides, at least 3 nucleotides, at least 4 nucleotides, at least 5 nucleotides, at least 6 nucleotides,
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at least 7 nucleotides, at least 8 nucleotides, at least 9 nucleotides, at least 10 nucleotides, at least 11
mucleotides, at least 12 nucleotides, at least 13 nucleotides, at least 14 nucleotides, at least 15
nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least 19
nucleotidesis, at least 20 nucleotides, at least 21 nucleotides, at least 22 nucleotides, at least 23
nucleotidey, at least 24 nucleotides, at least 25 nucleotides, at least 26 nucleotides, at least 27
nucleotides, at least 28 nucleotides, at least 29 nucleotides, at least 30 nucleotides, at least 31
nucleotides, at Idast 32 nucleotides, at least 33 nucleotides, at least 34 nucleotides, at least 35
nucleotides, at least\36 nucleotides, at least 37 nucleotides, at least 38 nucleotides, at least 39
nucleotides, at least 40\nucleotides, at least 41 nucleotides, at least 42 nucleotides, at least 43
nucleotides, at least 44 nmicleotides, at least 45 nucleotides, at least 46 nucleotides, at least 47
nucleotides, at least 48 nuclegtides, at least 49 nucleotides, at least 50 nucleotides, at least 51
nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54 nucleotides, at least 55
nucleotides, at least 56 nucleotides\ at least 57 nucleotides, at least 58 nucleotides, at least 59
nucleotides, at least 60 nucleotides, atleast 61 nucleotides, at least 62 nucleotides, at least 63
nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66 nucleotides, at least 67
nucleotides, at least 68 nucleotides, at least\69 nucleotides, at least 70 nucleotides, at least 71
nucleotides, at least 72 nucleotides, at least 73\ucleotides, at least 74 nucleotides, at least 75
nucleotides, at least 76 nucleotides, at least 77 nusleotides, at least 78 nucleotides, at least 79
nucleotides, at least 80 nucleotides, at least 81 nuclestides, at least 82 nucleotides, at least 83
nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86 nucleotides, at least 87
nucleotides, at least 88 nucleotides, at least 89 nucleotides)at least 90 nucleotides, at least 91
nucleotides, at least 92 nucleotides, at least 93 nucleotides, at\Neast 94 nucleotide at least 95
nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98 nucleotides, at least 99
nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least 102 nucleotides, at least 103
nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least N)6 nucleotides, at least 107

nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least N0 nucleotides in length.

226.  The set of PEgRNASs of claim 224, wherein the deletion is at least 1 nutleotide, at least 2

nucleotides, at least 3 nucleotides, at least 4 nucleotides, at least 5 nucleotides, at Isast 6 nucleotides,
at least 7 nucleotides, at least 8 nucleotides, at least 9 nucleotides, at least 10 nucleotides, at least 11
nucleotides, at least 12 nucleotides, at least 13 nucleotides, at least 14 nucleotides, at least 15
nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18 nucleotides, at least

nucleotides 1s at least 20 nucleotides, at least 21 nucleotides, at least 22 nucleotides, at least 2
nucleotides, at least 24 nucleotides, at least 25 nucleotides, at least 26 nucleotides, at least 27
nucleotides, at least 28 nucleotides, at least 29 nucleotides, at least 30 nucleotides, at least 31
nucleotides, at least 32 nucleotides, at least 33 nucleotides, at least 34 nucleotides, at least 35

nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least 38 nucleotides, at least 39
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nucleotides, at least 40 nucleotides, at least 41 nucleotides, at least 42 nucleotides, at least 43
mucleotides, at least 44 nucleotides, at least 45 nucleotides, at least 46 nucleotides, at least 47
nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50 nucleotides, at least 51
nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54 nucleotides, at least 55
nucleotidey, at least 56 nucleotides, at least 57 nucleotides, at least 58 nucleotides, at least 59
nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62 nucleotides, at least 63
nucleotides, at Idast 64 nucleotides, at least 65 nucleotides, at least 66 nucleotides, at least 67
nucleotides, at least\68 nucleotides, at least 69 nucleotides, at least 70 nucleotides, at least 71
nucleotides, at least 7Anucleotides, at least 73 nucleotides, at least 74 nucleotides, at least 75
nucleotides, at least 76 micleotides, at least 77 nucleotides, at least 78 nucleotides, at least 79
nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82 nucleotides, at least 83
nucleotides, at least 84 nucleotides, at least 85 nucleotides, at least 86 nucleotides, at least 87
nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90 nucleotides, at least 91
nucleotides, at least 92 nucleotides, atleast 93 nucleotides, at least 94 nucleotide at least 95
nucleotides, at least 96 nucleotides, at least 97 nucleotides, at least 98 nucleotides, at least 99
nucleotides, at least 100 nucleotides, at least 101 nucleotides, at least 102 nucleotides, at least 103
nucleotides, at least 104 nucleotides, at least 195 nucleotides, at least 106 nucleotides, at least 107
nucleotides, at least 108 nucleotides, at least 109 qucleotides, or at least 110 nucleotides, or more in

length.

227.  The set of PEgRNAS of claim 224, wherein the réplacement is at least 1 nucleotide, at least 2
nucleotides, at least 3 nucleotides, at least 4 nucleotides, at 1oast 5 nucleotides, at least 6 nucleotides,
at least 7 nucleotides, at least 8 nucleotides, at least 9 nucleotidds, at least 10 nucleotides, at least 11
nucleotides, at least 12 nucleotides, at least 13 nucleotides, at least\l4 nucleotides, at least 15
nucleotides, at least 16 nucleotides, at least 17 nucleotides, at least 18\aucleotides, at least 19
nucleotidesis at least 20 nucleotides, at least 21 nucleotides, at least 22 nucleotides, at least 23
nucleotides, at least 24 nucleotides, at least 25 nucleotides, at least 26 nuclestides, at least 27
nucleotides, at least 28 nucleotides, at least 29 nucleotides, at least 30 nucleotides, at least 31
nucleotides, at least 32 nucleotides, at least 33 nucleotides, at least 34 nucleotides\at least 35
nucleotides, at least 36 nucleotides, at least 37 nucleotides, at least 38 nucleotides, atNeast 39
nucleotides, at least 40 nucleotides, at least 41 nucleotides, at least 42 nucleotides, at least 43
nucleotides, at least 44 nucleotides, at least 45 nucleotides, at least 46 nucleotides, at least %7
nucleotides, at least 48 nucleotides, at least 49 nucleotides, at least 50 nucleotides, at least 51
nucleotides, at least 52 nucleotides, at least 53 nucleotides, at least 54 nucleotides, at least 55
nucleotides, at least 56 nucleotides, at least 57 nucleotides, at least 58 nucleotides, at least 59
nucleotides, at least 60 nucleotides, at least 61 nucleotides, at least 62 nucleotides, at least 63

nucleotides, at least 64 nucleotides, at least 65 nucleotides, at least 66 nucleotides, at least 67
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nucleotides, at least 68 nucleotides, at least 69 nucleotides, at least 70 nucleotides, at least 71
mucleotides, at least 72 nucleotides, at least 73 nucleotides, at least 74 nucleotides, at least 75
nucleotides, at least 76 nucleotides, at least 77 nucleotides, at least 78 nucleotides, at least 79
nucleotides, at least 80 nucleotides, at least 81 nucleotides, at least 82 nucleotides, at least 83
nucleotidey, at least 84 nucleotides, at least 85 nucleotides, at least 86 nucleotides, at least 87
nucleotides, at least 88 nucleotides, at least 89 nucleotides, at least 90 nucleotides, at least 91
nucleotides, at Idast 92 nucleotides, at least 93 nucleotides, at least 94 nucleotide at least 95
nucleotides, at least\96 nucleotides, at least 97 nucleotides, at least 98 nucleotides, at least 99
nucleotides, at least 100Q nucleotides, at least 101 nucleotides, at least 102 nucleotides, at least 103
nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least 106 nucleotides, at least 107
nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least 110 nucleotides, or more in

length.

228. A polynucleotide encoding a'set of PEgRNAs of any of claims 221-227.

229. A vector comprising the polynucleatide of claim 228 for expressing the plurality of PEgRNAs

in acell.

230. A cell comprising the vector of claim 229.

231. A pharmaceutical composition comprising the plurality of PEgRNAs of any one of claims

221-227, a vector of claim 229, or a cell of claim 230, and a pharmaceutical excipient.

232. A method for modifying a genome in a cell, comprising;
(1) contacting a genome with a dual-flap prime editing system, said system comprising a
first prime editor/pegRNA complex capable of installing a first X nucleic acid flap at a first
nick sitc on a first strand of a target site and a second prime editor/pggRNA complex capable

of installing a second 3" nucleic acid flap at a second nick site on a second strand of a target

site,
wherein the first 3" nucleic acid flap and the second 3" nucleic acid flap are
reverse complement sequences that form a duplex, and
wherein the duplex comprises a first recombinase site, and
wherein the cell installs the duplex comprising the first recombinase Site at
the target site in place of an endogenous duplex positioned between the first an
second nick sites;
(1) contacting the first recombinase site with a donor nucleic acid comprising a second

recombinase site; and
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(i)  contacting the genome with a recombinase capable recombination between the first
and second recombinase sites, thereby integrating the donor nucleic acid at the target site in

the genome.
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CLAIMS

1. A system for simultaneously editing both strands of a double-stranded DNA sequence
at a target site to be edited, said system comprising:

(a) a prime editor comprising a nucleic acid programmable DNA binding
protein (napDNAbp) and a polypeptide comprising an RNA-dependent DNA
polymerase activity;

(b) a first prime editing guide RNA (first PEgGRNA) that comprises

(1) a first spacer sequence that binds to a first binding site on a first
strand of the double-stranded DNA sequence upstream of the target site
relative to the second strand,

(i1) a first gRNA core that is capable of complexing with the prime
editor, and

(ii1) a first DNA synthesis template that encodes a first single-stranded
DNA sequence,

and
(c) a second prime editing guide RNA (second PEgRNA) that comprises

(1) a second spacer sequence that binds to a second binding site on a
second strand of the double-stranded DNA sequence downstream of the target
site relative to the second strand;

(i1) a second gRNA core that is capable of complexing with the prime
editor, and

(ii1) a second DNA synthesis template that encodes a second single-
stranded DNA sequence,

wherein the prime editor is capable of cleaving the first strand at a first cut site
when complexed with the second PEgRNA and cleaving the second strand at a second
cut site when complexed with the first PEgRNA, and

wherein the first single-stranded DNA sequence comprises a first edit
compared to the second strand of the target site that starts at a position no more than 3

nucleotides from the first cut site.
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2. The system of claim 1, wherein the second single-stranded DNA sequence comprises
a second edit compared to the first strand of the target site that starts at a position no more

than 3 nucleotides from the second cut site.

3. The system of any one of claims 1 or 2, wherein the first PEGRNA comprises a first
primer binding site complementary to a region of the second strand upstream of the first cut

site.

4. The system of any one of claims 1-3, wherein the second PEgRNA comprises a
second primer binding site complementary to a region of the first strand upstream of the

second cut site.

5. The system of any one of claims 1-4, wherein the first single-stranded DNA sequence
and the second single-stranded DNA sequence are reverse complements over at least a region

of complementarity.

6. The system of claim 5, wherein the region of complementarity is at least 5 nucleotides

in length.

7. The system of claim 5, wherein a portion of 3’ ends of the first and second single-

stranded DNA sequence are reverse complements of each other.

8. The system of claim 5, wherein the first single-stranded DNA sequence is the reverse

complement of the second single-stranded DNA sequence.

9. The system of any one of claims 5-8, wherein the region of complementarity of the
first single-stranded DNA sequence and the second single-stranded DNA sequence forms a

duplex comprising the first edit and the second edit.
10. The system of any one of claims 5-9, wherein the region of complementarity is at

least 99%, at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70%, at
least 65%, at least 60%, at least 55%, at least 50%, at least 45%, at least 40%, at least 35%, at
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least 30%, at least 25%, at least 20%, at least 15%, or at least 10% of the total length of the

first single-stranded DNA sequence or the second single-stranded DNA sequence.

11. The system of any one of claims 1-10, wherein the distance between the first and
second binding sites is at least 41 nucleotides, at least 42 nucleotides, at least 43 nucleotides,
at least 44 nucleotides, at least 45 nucleotides, at least 46 nucleotides, at least 47 nucleotides,
at least 48 nucleotides, at least 49 nucleotides, at least 50 nucleotides, at least 51 nucleotides,
at least 52 nucleotides, at least 53 nucleotides, at least 54 nucleotides, at least 55 nucleotides,
at least 56 nucleotides, at least 57 nucleotides, at least 58 nucleotides, at least 59 nucleotides,
at least 60 nucleotides, at least 61 nucleotides, at least 62 nucleotides, at least 63 nucleotides,
at least 64 nucleotides, at least 65 nucleotides, at least 66 nucleotides, at least 67 nucleotides,
at least 68 nucleotides, at least 69 nucleotides, at least 70 nucleotides, at least 71 nucleotides,
at least 72 nucleotides, at least 73 nucleotides, at least 74 nucleotides, at least 75 nucleotides,
at least 76 nucleotides, at least 77 nucleotides, at least 78 nucleotides, at least 79 nucleotides,
at least 80 nucleotides, at least 81 nucleotides, at least 82 nucleotides, at least 83 nucleotides,
at least 84 nucleotides, at least 85 nucleotides, at least 86 nucleotides, at least 87 nucleotides,
at least 88 nucleotides, at least 89 nucleotides, at least 90 nucleotides, at least 91 nucleotides,
at least 92 nucleotides, at least 93 nucleotides, at least 94 nucleotide at least 95 nucleotides, at
least 96 nucleotides, at least 97 nucleotides, at least 98 nucleotides, at least 99 nucleotides, at
least 100 nucleotides, at least 101 nucleotides, at least 102 nucleotides, at least 103
nucleotides, at least 104 nucleotides, at least 105 nucleotides, at least 106 nucleotides, at least
107 nucleotides, at least 108 nucleotides, at least 109 nucleotides, or at least 110 nucleotides

in length.

12. The system of any one of claims 1-11, wherein the first edit comprises an insertion, a

deletion, a substitution, or a combination thereof.

13. The system of any one of claims 1-12, wherein the second edit comprises an insertion,

a deletion, a substitution, or a combination thereof.

14.  The system of any one of claims 1-13, wherein the first single-stranded DNA

sequence and the second single-stranded DNA sequence have the same lengths.
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15. The system of any one of claims 1-14, wherein the first single-stranded DNA

sequence and the second single-stranded DNA sequence have different lengths.

16. The system of any one of claims 1-15, wherein the first or second edit comprises one

or more recombinase sites.

17. The system of claim 16, further comprising a recombinase.

18.  The system of claim 17, wherein the recombinase is a serine recombinase.

19. The system of claim 18, wherein the recombinase is Bxbl.

20. The system of any one of claims 1-19, wherein the first edit starts at a position no

more than 2 nucleotides from the first cut site.

21. The system of any one of claims 1-20, wherein the second edit starts at a position no

more than 2 nucleotides from the second cut site.

22.  The system of any one of claims 1-21, wherein the first edit starts at a position that is

0 nucleotides from the first cut site.

23. The system of any one of claims 1-22, wherein the second edit starts at a position that

is 0 nucleotides from the first cut site.

24, The system of any one of claims 1-23, wherein the first single-stranded DNA
sequence and/or the second single-stranded DNA sequence does not comprise sequence

homology as compared to the DNA sequence at the target site.

25. The system of any one of claims 1-24, wherein the napDNADbp has a nickase activity.

26.  The system of any one of claims 1-22, wherein the napDNAbp comprises an amino
acid sequence of any one of SEQ ID NOs: 18-88, or an amino acid sequence having at least

80%, 85%, 90%, 95%, or 99% sequence identity with any one of SEQ ID NOs: 18-88.
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217. The system of any one of claims 1-26, wherein the polypeptide comprising the RNA-

dependent DNA polymerase activity is a reverse transcriptase.

28. The system of any one of claims 1-27, wherein the polypeptide comprising the RNA-
dependent DNA polymerase activity comprises an amino acid sequence of any one of SEQ
ID NOs: 89-100, 105-122, 128-129, 132, 139, 143, 149, 154, 159, and 700-766, or an amino
acid sequence having at least 80%, 85%, 90%, 95%, or 99% sequence identity with any one
of SEQ ID NOs: 8§9-100, 105-122, 128-129, and 132.

29. One or more polynucleotides encoding the system of any one of claims 1-28.

30.  Anin vitro method for simultaneously editing both strands of a double-stranded DNA
sequence at a target site comprising contacting the double-stranded DNA sequence with the

system of any one of claims 1-28.

31. The system of any one of claims 1-28, or the one or more polynucleotides of claim 29,

for use as a medicament.

32. Use of the system of any one of claims 1-28, or the one or more polynucleotides of
claim 29, in the manufacture of a pharmaceutical composition for treating a disease or a
disorder selected from the group consisting of adenosine deaminase (ADA) deficiency, alpha-
1 antitrypsin deficiency, cystic fibrosis, Duchenne muscular dystrophy, galactosemia,
hemochromatosis, Huntington’s disease, maple syrup urine disease, Marfan syndrome,
neurofibromatosis type 1, pachyonychia congenital, phenylketonuria, severe combined
immunodeficiency, sickle cell dsease, Smith-Lemli-Opitz syndrome, and Tay-Sachs disease,
heart disease, high blood pressure, Alzheimer’s disease, arthritis, diabetes, cancer, obesity,
prion disease, trinucleotide repeat expansion disease, and cyclin-dependent kinase-like

(CDKL) 5 deficiency disorder.
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