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CLAIMS
What is claimed is:

5 1L A method of site-specific integration of a nucleic acid into a cell genome, the
comprising:
(a) incorporating an integration site at a desired location in the cell genome/y
introducing into a cell:
1. a DNA binding nuclease linked to a reverse transcriptaseMomain, wherein the
10 DNA binding nuclease comprises a nickase activity; a
ii. aguide RNA (gRNA) comprising a primer bindingAequence linked to an
integration sequence, wherein the gRNA interacyf with the DNA binding
nuclease and targets the desired location in thf cell genome, wherein the DNA
binding nuclease nicks a strand of the cell £enome and the reverse
15 transcriptase domain incorporates the igfegration sequence of the gRNA into
the nicked site, thereby providing the integration site at the desired location of
the cell genome; and
(b) integrating the nucleic acid into the cgfl genome by introducing into the cell:
i. a DNA or RNA strand comgfrising the nucleic acid linked to a sequence that is
20 complementary or assogfated to the integration site; and
il. an integration enzym¥, wherein the integration enzyme incorporates the
nucleic acid into e cell genome at the integration site by integration,

recombination/or reverse transcription of the sequence that is complementary

25 ifd location of the cell genome of the cell.

oduced as a peptide or a nucleic acid encoding the integration enzyme.

The method of any one of the previous claims, wherein the DNA binding nuclease is

introduced as a peptide or a nucleic acid encoding the DNA binding nuclease.
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10.

11.

12.

13.

14.

15.

The method of any one of the previous claims, wherein the DNA or RNA strand
comprising the nucleic acid is introduced into the cell as a minicircle, a plasmid,

mRNA or a linear DNA.

The method of any one of the previous claims, wherein the DNA or RNA strghd
comprising the nucleic acid is between 1000 bp and 36,000 bp.

The method of any one of the claims 1-5, wherein the DNA or RNA gffand

comprising the nucleic acid is more than 36,000 bp.

The method of any one of the claims 1-5, wherein the DNA or ANA strand

comprising the nucleic acid is less than 1000 bp.

The method of any one of the previous claims, whereinfhe DNA comprising the

nucleic acid is introduced into the cell as a minicirclg/

The method of claim 9, wherein the minicircle dgfes not comprise a sequence of a

bacterial origin.

The method of any one of the previous clgims, wherein the DNA binding nuclease
linked to a reverse transcriptase domajf and the integration enzyme are linked via a

linker.
The method of claim 11, whereph the linker is cleavable.
The method of claim 11, wiferein the linker is non-cleavable.

The method of claim 1)/ wherein the linker can be replaced by two associating

binding domains of fic DNA binding nuclease linked to a reverse transcriptase.

The method of gy one of the previous claims, wherein the integration enzyme is
selected fromAhe group consisting of Cre, Dre, Vika, Bxb1, ¢C31, RDF, FLP, ¢BT]1,
R1,R2, RY, R4, R5, TP901-1, A118, oFC1, oC1, MR11, TG1, ¢370.1, Wf, BL3,
SPBc, A38, Peaches, Veracruz, Rebeuca, Theia, Benedict, KSSJEB, PattyP, Doom,
Scopfl, Lockley, Switzer, Bob3, Troube, Abrogate, Anglerfish, Sarfire, SkiPole,
nceptll, Museum, Severus, Airmid, Benedict, Hinder, ICleared, Sheen, Mundrea,
BxZ2, pRV, retrotransposases encoded by R2, L1, Tol2 Tcl, Tc3, Mariner (Himar 1),

Mariner (mos 1), and Minos, and any mutants thereof.

The method of any one of the previous claims, wherein the integration enzyme is

Bxbl or a mutant thereof.
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17.

18.

19.

20.

21.

22.

23.

24.

25.

The method of any one of the previous claims, wherein the integration site is an attB

site, an attP site, an attL site, an attR site, a lox71 site a Vox site, or a FRT site.

The method of any one of the previous claims, wherein the DNA binding nuclease
comprising a nickase activity is selected from Cas9-D10A, Cas9-H840A, and

Cas12a/b nickase.

The method of any one of the previous claims, wherein the reverse transcripjse

maturase RT (MarathonRT).

The method of any one of the previous claims, wherein the y#verse transcriptase

domain comprises a mutation relative to the wild-type segfience.

The method of claim 19, wherein the M-MLV reversg/transcriptase domain comprises
one or more mutations selected from the group copisting of D200N, T306K, W313F,
T330P and L603W.

The method of any one of the previous clapis, further comprising introducing a

second nicking guide RNA (ngRNA).

The method of any one of the previghis claims, wherein the gRNA, the nucleic acid
encoding the DNA binding nuclefse, the reverse transcriptase, the DNA comprising
nucleic acid linked to a compjfmentary or associated integration site, the integration

enzyme, and optionally thg/ngRNA, are introduced into a cell in a single reaction.

The method of any ong/of the previous claims, wherein the gRNA, the nucleic acid
encoding the DNA Jinding nuclease, the reverse transcriptase, the DNA comprising
nucleic acid link#d to a complementary integration site, the integration enzyme, and
optionally the/ngRNA, are introduced using a virus, a RNP, an mRNA, a lipid, or a
polymericAanoparticle.

The myfthod of any one of the previous claims, wherein the nucleic acid is a reporter
ge

he method of claim 25, wherein the reporter gene is a fluorescent protein.

The method of any one of the previous claims, wherein the cell is a dividing cell.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

The method of any one of the previous claims, wherein the cell is a non-dividing cell.

The method of any one of the previous claims, wherein the desired location in the ce,

genome is the locus of a mutated gene.

The method of any one of the previous claims 1, wherein the nucleic acid is
degradation tag for programmable knockdown of proteins in the presence gh small

molecules.

The method of claim 1, wherein the cell is a mammalian cell, a bacjfrial cell or a

plant cell.

The method of claim 1, wherein the nucleic acid is a T-cell yfceptor (TCR), a
chimeric antigen receptor (CAR), an interleukin, a cytokjfe, or an immune checkpoint

gene for integration into a T-cell or natural killer (NK)/cell.

The method of claim 32, wherein the TCR, the CAR, the interleukin, the cytokine, or
the immune checkpoint gene is incorporated iy the target site of the T-cell or NK

cell genome using a minicircle DNA.

The method of claim 1, wherein the nugj€ic acid is a beta hemoglobin (HBB) gene

and the cell is a hematopoietic stem g€l (HSC).

The method of claim 34, whereig/the HBB gene is incorporated into the target site in

the HSC genome using a minjfircle DNA.

The method of claim 34, yfherein the nucleic acid is a gene responsible for beta

thalassemia or sickle c#ll anemia.
The method of clajh 1, wherein the nucleic acid is a metabolic gene.

The method ofAny one of claim 37, wherein the metabolic gene is involved in alpha-1

antitrypsin geficiency or ornithine transcarbamylase (OTC) deficiency.

The meghod of any one of claims 37-38, wherein the metabolic gene is a gene

invoffed in an inherited disease.

¢ method of claim 1, wherein the nucleic acid is a gene involved in an inherited

disease or an inherited syndrome.

The method of claim 40, wherein the inherited disease is cystic fibrosis, familial

hypercholesterolemia, adenosine deaminase (ADA) deficiency, X-linked SCID (X-
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42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

SCID), Wiskott-Aldrich syndrome (WAS), hemochromatosis, Tay-Sachs, fragile X
syndrome, Huntington’s disease, Marfan syndrome, phenylketonuria, or muscular

dystrophy.

A vector comprising a nucleic acid encoding a DNA binding nuclease comprjfing a
nickase activity C-terminally linked to a reverse transcriptase linked to anftegration

enzyme via a linker.
The vector of claim 42, wherein the linker is cleavable.
The vector of claim 42, wherein the linker is non-cleavable.

The vector of claim 42, wherein the linker comprises two g#sociating binding domains

of the DNA binding nuclease linked to a reverse transcrjftase.

The vector of claim 42, wherein the integration enzyfne comprises a conditional

activation domain or conditional expression dompfin.

The vector of claim 46, wherein the integratign enzyme is fused to an estrogen

receptor.

The vector of claim 42, wherein the DNA binding nuclease comprising a nickase
activity is selected from the group fonsisting of Cas9-D10A, Cas9-H840A, and
Cas12a/b.

The vector of claim 42, whefein the reverse transcriptase is a M-MLV reverse

transcriptase, a AMV-RY, MarathonRT, or a RTX.

The vector of claim /A, wherein the reverse transcriptase is a modified M-MLV

reverse transcript#se relative to the wildtype M-MLYV reverse transcriptase.

The vector off€laim 49, wherein the M-MLYV reverse transcriptase domain comprises
one or moy€ of the mutations selected from the group consisting of D200N, T306K,

W313E/T330P and L603W.

Th¢fvector of claim 42, wherein the integration enzyme is selected from the group
bnsisting of Cre, Dre, Vika, Bxbl, 9C31, RDF, FLP, ¢BT1, R1, R2, R3, R4, RS,
TP901-1, A118, oFC1, oC1, MR11, TG1, 0370.1, Wf, BL3, SPBc, K38, Peaches,
Veracruz, Rebeuca, Theia, KSSJEB, PattyP, Doom, Scowl, Lockley, Switzer, Bob3,
Troube, Abrogate, Anglerfish, Sarfire, SkiPole, Conceptll, Museum, Severus, Airmid,
Benedict, Hinder, ICleared, Sheen, Mundrea, BxZ2, oRYV, retrotransposases encoded
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by R2, L1, Tol2 Tcl, Tc3, Mariner (Himar 1), Mariner (mos 1), Minos, and mutants

thereof.

53.  The vector of claim 52, wherein the recombinase or integrase is Bxbl or a muta

thereof.

5 54 A cell comprising:

(a) a vector comprising a nucleic acid encoding a DNA binding nuclease fomprising a
nickase activity that is C-terminally linked to a reverse transcriptasgthat is linked to
an integration enzyme via a linker;

(b) a gRNA comprising a primer binding sequence, an integratigh sequence, and a guide

10 sequence, wherein the gRNA can interact with the encoded nuclease comprising a
nickase activity;

(c) a DNA minicircle comprising a nucleic acid and a gfquence recognized by the
encoded integrase, recombinase, or reverse trangfriptase; and

(d) a nicking guide RNA (ngRNA) capable of biging the encoded nuclease comprising a

15 nickase activity, wherein the ngRNA targgfs a sequence away from the gRNA.

55.  The cell of claim 54, wherein the minjfircle does not comprise a sequence of bacterial
origin.

56. The cell of claim 54, wherein tjf integration enzyme is selected from the group
consisting of Cre, Dre, Vikgf/Bxbl, ¢C31, RDF, FLP, ¢BT1, R1, R2, R3, R4, R5,

20 TP901-1, A118, oFCl1, ¢€1, MR11, TG1, ¢370.1, Wf, BL3, SPBc, K38, Peaches,

Veracruz, Rebeuca, Tieia, KSSJEB, PattyP, Doom, Scowl, Lockley, Switzer, Bob3,
Troube, Abrogate, Anglerfish, Sarfire, SkiPole, Conceptll, Museum, Severus, Airmid,
Benedict, Hindgf, ICleared, Sheen, Mundrea, BxZ2, oRYV, retrotransposases encoded
by R2, L1, TAI2 Tcl, Tc3, Mariner (Himar 1), Mariner (mos 1), Minos, and any

25 mutants tfereof.
57. The ¢fll of claim 54, wherein the integration enzyme is Bxb1 or a mutant thereof.
58. THe cell of claim 54, wherein the DNA binding nuclease comprising a nickase activity

is selected from the group consisting of Cas9-D10A, Cas9-H840A and Casl2a.

The cell of claim 54, wherein the reverse transcriptase is a M-MLV reverse

transcriptase.
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

The cell of claim 59, wherein the reverse transcriptase is a modified M-MLV reverse

transcriptase.

The cell of claim 59, wherein the amino acid sequence of the M-MLV reverse
transcriptase comprises one or more mutations selected from the group consisting o

D200N, T306K, W313F, T330P, and L603W.
The cell of any one of the claims 54-61, further comprising ngRNA.

A polypeptide comprising a DNA binding nuclease comprising a nickas
terminally linked to a reverse transcriptase linked to an integration e
linker.

The polypeptide of claim 63, wherein the linker is cleavable.
The polypeptide of claim 63, wherein the linker is non-cleghable.

The polypeptide of claim 63, wherein the integration ¢fzyme is fused to an estrogen

receptor.

inding nuclease comprising a

sisting of Cas9-D10A, Cas9-H840A,

The polypeptide of claim 63, wherein the DN
nickase activity is selected from the group ¢
and Casl12a/b/c/d/e/f/g/h/ifj.

The polypeptide of claim 63, whereig/he reverse transcriptase is a M-MLV reverse

transcriptase, a AMV-RT, a MarajlonRT, or a XRT.

The polypeptide of claim 68, yherein the reverse transcriptase is a modified M-MLV

relative to a wild-type M-MALV reverse transcriptase.

Veiferuz, Rebeuca, Theia, KSSJEB, PattyP, Doom, Scowl, Lockley, Switzer, Bob3,
oube, Abrogate, Anglerfish, Sarfire, SkiPole, ConceptIl, Museum, Severus, Airmid,
Benedict, Hinder, ICleared, Sheen, Mundrea, BxZ2, oRV, retrotransposases encoded
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by R2, L1, Tol2 Tcl, Tc3, Mariner (Himar 1), Mariner (mos 1), Minos, and any

mutants thereof.

72. The polypeptide of claim 63, wherein the integration enzyme is Bxb1 or a mutant

thereof.

5 73. A gRNA that specifically binds to a DNA binding nuclease comprising nickase
activity, the gRNA comprising:
(a) a primer binding site, which hybridizes to a nicked DNA strand;
(b) a recognition site for an integration enzyme; and
(c) a target recognition sequence recognizing a target site in a cell genome a
10 hybridizing to a genomic strand complementary to the strand that is nigked by the

DNA binding nuclease.

74. The gRNA of claim 73, wherein the DNA binding nuclease comgfrising a nickase
activity is selected from the group consisting of Cas9-D10A Las9-H840A, and
Cas12a/b/c/d/e/t/g/h/ifj.

15 75. The gRNA of claim 73, wherein the primer binding spfe hybridizes to the 3" end of the
nicked DNA strand.

76. The gRNA of claim 73, wherein the recognitigh site for the integration enzyme is
selected from an attB site, an attP site, an ajfl_ site, an attR site, a lox71 site, and a

FRT site.

20 77. The gRNA of claim 73, wherein thefecognition site for the integration enzyme is a
Bxbl site.

78. A method of site-specific intghration of two or more nucleic acids into a cell genome,
the method comprising:
(a) incorporating two integfation sites at desired locations in the cell genome by

25 introducing into the fell:

i. a DNA bjfding nuclease linked to a reverse transcriptase domain, wherein the

DNA Jinding nuclease comprises a nickase activity; and

ii. twgfguide RNAs (gRNAs), each comprising, a primer binding sequence, and
/£ linked to a unique integration sequence, wherein the gRNA interacts with
the DNA binding nuclease and targets the desired locations in the cell genome,

wherein the DNA binding nuclease nicks a strand of the cell genome and the
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79.

80.

81.

82.

reverse transcriptase domain incorporates each of the integration sequence of
the gRNA into the nicked site, thereby providing the integration site at the
desired locations of the cell genome; and
(b) integrating the nucleic acid by introducing into the cell:
i. two or more DNA or RNA comprising the nucleic acids, wherein egCh DNA is
flanked by orthogonal integration sites; and
il. an integration enzyme, wherein the integration enzyme incorpbrates the
nucleic acids into the cell genome at the integration sites bff integrase,
recombinase, or reverse transcriptase of the sequence tpht is complementary or

associated to the integration site, thereby introducing'the nucleic acids into the

desired locations of the cell genome of the cell.

The method of claim 78, wherein each of the two different integration sites inserted
into the cell genome are attB sequences comprisigfg different palindromic or non-

palindromic central dinucleotide.

The method of claim 78, wherein each of e two different integration sites inserted
into the cell genome are attP sequencegf€omprising different palindromic or non-

palindromic central dinucleotide.

The method of claim 78, whereif the integration enzyme enables each of the two or
more DNA or RNA comprisjlg the nucleic acids to directionally enable integration of
the nucleic acids into a ggflome via recombination of a pair of orthogonal attB site

sequence and an attP syfe sequence.

The method of clajh 78, wherein the integration enzyme is selected from the group

consisting of Cy, Dre, Vika, Bxbl, ¢C31, RDF, FLP, ¢BT1, TP901-1, A118, ¢FCl,

4,R5, L1, Tol2 Tel, Tc3, Mariner (Himar 1), Mariner (mos 1), Minos, and any

mutants thereof.

The method of claim 78, wherein the integration enzyme is Bxbl or a mutant thereof.
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84.

85.

86.

87.

88.

The method of claim 78, wherein the DNA comprising genes are genes involved in a

cell maintenance pathway, cell-division, or a signal transduction pathway.

The method of claim 78, wherein the reverse transcriptase domain comprises
Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase domain,
transcription xenopolymerase (RTX), or avian myeloblastosis virus rever

transcriptase (AMV-RT).

The method of claim 78, wherein the DNA binding nuclease compyfsing a nickase
activity is selected from the group consisting of Cas9-D10A, Cg#9-H840A, and

Casl12a/b.

The method of claim 78, wherein the pair of an attB site ££quence and an attP site
sequence are selected from the group consisting of SEA ID NO: 5 and SEQ ID NO: 6,
SEQ ID NO: 7 and SEQ ID NO: 8, SEQ ID NO: 94nd SEQ ID NO: 10, SEQ ID NO:
11 and SEQ ID NO: 12, SEQ ID NO: 13 and SPQ ID NO: 14, SEQ ID NO: 15 and
SEQ ID NO: 16, SEQ ID NO: 17 and SEQ [ NO: 18, SEQ ID NO: 19 and SEQ ID
NO: 20, SEQ ID NO: 21 and SEQ ID N 22, SEQ ID NO: 23 and SEQ ID NO: 24,
SEQ ID NO: 25 and SEQ ID NO: 26, #EQ ID NO: 27 and SEQ ID NO: 28, SEQ ID
NO: 29 and SEQ ID NO: 30, SEQ JO NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33

and SEQ ID NO: 34, and SEQ [# NO: 35 and SEQ ID NO: 36.

A cell comprising:
(a) a vector comprising a nugeic acid encoding a DNA binding nuclease comprising a
nickase activity, wheyfin the DNA binding nuclease is C-terminally linked to a
reverse transcriptagl, wherein the reverse transcriptase is linked to a recombinase or
integrase via a ker;
(b) two guide R As (gRNAs) comprising a primer binding sequence, an integration
sequenceAnd a guide sequence, wherein the gRNA can interact with the encoded
DNA Minding nuclease comprising a nickase activity;
(c) twgfor more DNA or RNA strands comprising a nucleic acid and a pair of flanking
B site sequence and an attP site sequence recognized by the encoded integrase or
recombinase; and optionally
(d) a nicking guide RNA (ngRNA) capable of binding the encoded nuclease comprising a

nickase activity, and wherein the ngRNA targets a sequence away from the gRNA.
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89. A cell comprising a modified genome, wherein the modification comprises
incorporation of two orthogonal integration sites within a cell genome by introducing
into the cell:

(a) a vector comprising a nucleic acid encoding a DNA binding nuclease comprising a

5 nickase activity, wherein the DNA binding nuclease is C-terminally linked to a
reverse transcriptase;

(b) two guide RNAs (gRNAs), each comprising a primer binding sequence, a g#nomic
integration sequence, and a guide sequence, wherein the gRNA can inteydct with the
encoded nuclease comprising a nickase activity; and optionally,

10 (c) anicking guide RNA (ngRNA) capable of binding the encoded nyflease comprising a

nickase activity, wherein the ngRNA targets a sequence away #om the gRNA.

90. A method of integrating two or more nucleic acids into thefell genome of cell of
claim 90, the method comprising introducing into the ¢
(a) two or more DNA, each comprising a nucleic acid agdl a pair of flanking orthogonal
15 integration site sequences;
(b) an integration enzyme that can recognize the ipfegration site sequence enabling
directional linking of the two or more DNA/Lomprising nucleic acid; and
(c) enabling incorporation of the nucleic acifs into the cell genome by integrating the 5’
orthogonal integration sequence of a frst DNA with the first genomic integration
20 sequence and 3’ orthogonal integrfion sequence of a last DNA with the last genomic
integration sequence, thereby igforporating the two or more nucleic acids into the cell

genome.

91. A cell comprising a mogftied genome, wherein a modification of the modified
genome comprises igforporation of two orthogonal integration sites within the cell
25 genome by introdycing into the cell:

(a) a vector compyfSing a nucleic acid encoding a DNA binding nuclease comprising a

(b) two gfide RNAs (gRNAs), each comprising a primer binding sequence, a genomic
30 ingfgration sequence, and a guide sequence, wherein the gRNA can interact with the

ncoded nuclease comprising a nickase activity; and optionally
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(c) anicking guide RNA (ngRNA) capable of binding the encoded nuclease comprising a
nickase activity, and wherein the ngRNA targets a sequence away from the gRNA;

(d) two or more DNA or RNA comprising the nucleic acids, wherein each DNA is
flanked by orthogonal integration sites; and

5 (e) an integration enzyme, wherein the integration enzyme incorporates the nucleic Acids

into the cell genome at the integration sites.
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CLAIMS

1. A method of site-specifically integrating an exogenous nucleic acid sequence into a mammalian
cell genome or intracellular target nucleic acid, the method comprising:
(a) incorporating at least one integration sequence at a specific target site in the cell genome
or intracellular target nucleic acid by introducing ex vivo into a mammalian cell:
(1) an expressible polynucleotide construct encoding an editing polypeptide, wherein
the editing polypeptide comprises a DNA binding nuclease domain linked via a
linker to a reverse transcriptase domain, wherein the DNA binding nuclease
domain comprises a nickase activity; and
(i1) a guide RNA (gRNA) comprising a targeting sequence, a primer binding sequence,
and a complement of the at least one integration sequence,
wherein the gRNA interacts with the expressed editing polypeptide to direct the editing
polypeptide to the specific target site of the cell genome or intracellular target nucleic acid,
wherein the DNA binding nuclease domain nicks a strand of the cell genome or
intracellular target nucleic acid to form a nicked site, and
wherein the reverse transcriptase domain reverse transcribes the complement of the at least
one integration sequence within the gRNA and thereby incorporates the at least one integration
sequence into the nicked site, thereby incorporating the at least one integration sequence at
the specific target site of the cell genome or intracellular target nucleic acid; and
(b) integrating an exogenous nucleic acid sequence into the cell genome or intracellular target
nucleic acid by introducing into the cell:
(1) the exogenous nucleic acid sequence linked to a sequence that is an integration
cognate to the site-specifically incorporated-integration sequence; and
(i1) an expressible polynucleotide construct encoding an integration enzyme, wherein
the integration enzyme integrates the exogenous nucleic acid sequence into the cell
genome or the intracellular target nucleic acid at the at least one site-specifically
incorporated integration sequence, thereby site-specifically integrating the
exogenous nucleic acid sequence into the cell genome or the intracellular target

nucleic acid,
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wherein the expressible polynucleotide encoding the editing polypeptide, the gRNA, the
expressible polynucleotide construct encoding the integration enzyme, and the exogenous

nucleic acid sequence are introduced into the mammalian cell concurrently.

2. The method of claim 1, wherein the gRNA, the expressible polynucleotide construct encoding the
editing polypeptide, and the expressible polynucleotide construct encoding the integration enzyme
are introduced into the mammalian cell using a virus, a RNP, an mRNA, a lipid, or a polymeric

nanoparticle.

3. The method of claim 1, wherein the gRNA hybridizes to a strand of the mammalian cell genome.

4. The method of claim 1, wherein the exogenous nucleic acid is introduced into the mammalian cell

as an adeno-associated virus (AAV) or an adenovirus (AdV).

5. The method of claim 1, wherein the exogenous nucleic acid is introduced into the mammalian cell

as a minicircle, a plasmid, mRNA, or a linear DNA.

6. The method of claim 5, wherein the minicircle does not comprise a sequence of a bacterial origin.

7. The method of claim 1, wherein the linker is cleavable.

8. The method of claim 1, wherein the linker is non-cleavable.

9. The method of claim 1, wherein the linker is two associating binding domains of the DNA binding

nuclease linked to a reverse transcriptase.

10. The method of claim 1, wherein the integration enzyme is selected from the group consisting of
Dre, Vika, Bxbl, 9C31, RDF, FLP, ¢BT1, R1, R2, R3, R4, RS, TP901-1, A118, oFC1, ¢C1, MR11,
TG1, ¢370.1, WP, BL3, SPBc, K38, Peaches, Veracruz, Rebeuca, Theia, Benedict, KSSJEB, PattyP,
Doom, Scowl, Lockley, Switzer, Bob3, Troube, Abrogate, Anglerfish, Sarfire, SkiPole, Conceptll,
Museum, Severus, Airmid, Benedict, Hinder, ICleared, Sheen, Mundrea, BxZ2, ¢RV,
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retrotransposases encoded by R2, L1, Tol2 Tcl, Tc3, Mariner Himar 1, Mariner mos-1, and Minos,

and any mutants thereof.

11. The method of claim 1, wherein the integration sequence is an attB sequence, an attP sequence,

an attL sequence, an attR sequence, a lox71 sequence, a Vox sequence, or a FRT sequence.

12. The method of claim 1, wherein the DNA binding nuclease domain comprising a nickase activity

is selected from Cas9-D10A, Cas9-H840A, and Casl12a/b nickase.

13. The method of claim 1, wherein the reverse transcriptase domain comprises a mutation relative to

a wild-type sequence.

14. The method of claim 1, wherein the reverse transcriptase domain is selected from the group
consisting of Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase domain, transcription
xenopolymerase (RTX), avian myeloblastosis virus reverse transcriptase (AMV-RT), and

Eubacterium rectale maturase RT.

15. The method of claim 14, wherein the M-MLV reverse transcriptase domain comprises one or

more mutations selected from the group consisting of D200N, T306K, W313F, T330P, and L603W.

16. The method of claim 1, further comprising introducing a nicking guide RNA (ngRNA).

17. The method claim 1, wherein:

the exogenous nucleic acid is a reporter gene;

the exogenous nucleic acid is a degradation tag for programmable knockdown of proteins in
the presence of small molecules;

the exogenous nucleic acid is a T-cell receptor (TCR), a chimeric antigen receptor (CAR), an
interleukin, a cytokine, or an immune checkpoint gene and the mammalian cell is a T-cell or natural
killer (NK) cell, the exogenous nucleic acid is a beta hemoglobin (HBB) gene and the cell is a
hematopoietic stem cell (HSC)

the exogenous nucleic acid is a metabolic gene; or
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the exogenous nucleic acid is a gene involved in an inherited disease or an inherited

syndrome.

18. The method of claim 17, wherein the reporter gene is a fluorescent protein.

19. The method of claim 1, wherein the mammalian cell is a dividing cell or a non-dividing cell.

20. The method of claim 1, wherein:
the exogenous nucleic acid is between 1000 bp and 36,000 bp;
the exogenous nucleic acid is more than 36,000 bp; [[and/]] or

the exogenous pucleic acid is less than 1000 bp.

21. The method of claim 17 wherein the inherited disease is cystic fibrosis, familial
hypercholesterolemia, adenosine deaminase (ADA) deficiency, X-linked SCID (X-SCID), Wiskott-
Aldrich syndrome (WAS), hemochromatosis, Tay-Sachs, fragile X syndrome, Huntington’s disease,

Marfan syndrome, phenylketonuria, or muscular dystrophy.

22. A method of site-specifically integrating an exogenous nucleic acid sequence into a mammalian
cell genome or intracellular target nucleic acid, the method comprising:
(a) incorporating at least one integration sequence at a specific target site in the cell genome
or intracellular target nucleic acid by introducing ex vivo into a mammalian cell:
(1) an expressible polynucleotide construct encoding an editing polypeptide, wherein
the editing polypeptide comprises a DNA-binding nuclease domain linked via a linker
to a reverse transcriptase domain, wherein the DNA-binding nuclease domain
comprises a nickase activity; and
(i) an expressible polynucleotide construct encoding a guide RNA (gRNA)
comprising a targeting sequence, a primer binding sequence, and a complement of the
at least one integration sequence,
wherein the gRNA interacts with the expressed editing polypeptide to direct the editing
polypeptide to the specific target site of the cell genome or intracellular target nucleic acid, wherein
the DNA-binding nuclease domain nicks a strand of the cell genome or intracellular target nucleic

acid to form a nicked site, and
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wherein the reverse transcriptase domain reverse transcribes the complement of the at least
one integration sequence and thereby incorporates the at least one integration sequence into the nicked
site, thereby incorporating the at least one integration sequence at the specific target site of the cell
genome or intracellular target nucleic acid; and
(b) integrating the exogenous nucleic acid sequence into the cell genome or intracellular target
nucleic acid by introducing into the mammalian cell:
(i) an exogenous nucleic acid sequence linked to a sequence that is an integration
cognate to the site-specifically incorporated integration sequence; and
(i1) an expressible polynucleotide construct encoding an integration enzyme, wherein
the integration enzyme integrates the exogenous nucleic acid into the cell genome or
intracellular target nucleic acid at the at least one site-specifically incorporated
integration sequence, thereby site-specifically integrating the exogenous nucleic acid
into the cell genome or the intracellular target nucleic acid,
wherein the integration sequence is an attB sequence, an attP sequence, an attL sequence, an
attR sequence, a lox71 sequence, a Vox sequence, or a FRT sequence,
wherein the integration sequence is longer than 38 basepairs, and
wherein the expressible polynucleotide constructs encoding the editing polypeptide, the
gRNA, and the integration enzyme, and the exogenous nucleic acid, are introduced into the

mammalian cell concurrently.

23. The method of claim 22, wherein the integration sequence is 40, 42, 44, or 46 base pairs.
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