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CLAIMS
What is claimed is:
1. An isolated endonuclease comprising at least one nuclear localizatiogfsignal,

guide RNA to target the endonuclease to a specific nucleotide sffguence for
cleavage.

2. The endonuclease of ¢claim 1, wherein the endonuclease# derived from a

Cas9 protein.

3. The isolated endonuclease of either claim 1 or claph 2, wherein the
endonuclease is modified to lack at least one fupctional nuclease domain.

4, The isolated endonuclease of any one of clgims 1 to 3, further comprising a

cell-penetrating domain, a marker domaigf, or both.

5. The isolated endonuclease of any o of claim 1 to 4, which is part of a
protein-RNA complex comprising j/ie guide RNA.

6. The isolated endonuciease of £laim 5, wherein the guide RNA is a single
molecule comprising a 5’ redion that is complementary to a target site.

7. An isolated nucleic acigfencoding the endonuclease of any one of claims 1 to
4.
8. The isolated nug€ic acid of claim 7, wherein the nucleic acid is codon

optimized for yanslation in mammalian cells.

9. The isolafd nucleic acid of claim 7, wherein the nucleic acid is codon

10.  Thgfisolated nucleic acid of any one of claims 7 to 9, which is operably linked

a promoter control sequence.

A vector comprising the isolated nucleic acid of claim 10.
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12.

13.

14.

15.

16.

17.

The vector of claim 11, further comprising a sequence encoding a guide R

that is operably linked to a promoter control sequence.

a) introducing into the eukaryotic cell or embryo (i)

b) culturing the eukaryotic cell or embgfo such that each guide RNA
directs an RNA-guided endonuclgase to a targeted site in the
chromosomal sequence whergfthe RNA-guided endonuclease
introduces a double-strandgl break in the targeted site, and the

double-stranded break igffepaired by a DNA repair process such that

the chromosomal se nce is modified.

The method of claim 13, #vherein the RNA-guided endonuclease is derived

from a Cas9 protein.

The method of eigffer claim 13 or claim 14, wherein the nucleic acid encoding

the RNA-guidegl endonuclease is mRNA.

The meth
the RNA#guided endonuclease is DNA.

of either claim 13 or claim 14, wherein the nucleic acid encoding

ThegMmethod of claim 16, wherein the DNA is part of a vector that further

mprises a sequence encoding the guide RNA.

The method of any one of claims 13 to 17, wherein the eukaryotic cell is a

human cell, a non-human mammalian cell, a stem cell, a non-mammalian
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

vertebrate cell, an invertebrate cell, a plant cell, or a single cell eukaryotic

organism.

The method of any one of claims 13 to 17, wherein the embryo is a gon-

human one cell animal embryo.

A fusion protein comprising a CRISPR/Cas-like protein or fragient thereof

and an effector domain.

The fusion protein of claim 20, wherein the CRISPR/C#s-like protein is

derived from a Cas9 protein.

The fusion protein of claim 21, wherein the Cagff protein is modified to lack at

least one functional nuclease domain.

The fusion protein of claim 21, wherein tffe Cas9 protein is modified to lack all

nuclease activity.

The fusion protein of any one of gj&ims 20 to 23, wherein the effector domain

is a cleavage domain.

The fusion protein of claimy4, wherein the cleavage domain is a Fokl

endonuclease domain gf'a modified Fokl cleavage domain.

The fusion protein gfclaim 25, wherein the fusion protein forms a dimer with a

second fusion prghein.

The fusion pgbtein of claim 25, wherein the fusion protein forms a heterodimer
with a zingflinger nuclease comprising a Fokl endonuclease domain or a

modifiegl Fokl cleavage domain.

Theftusion protein of claim 20, wherein the CRISPR/Cas-like protein is
rived from a Cas9 protein modified to lack all nuclease activity, and the
effector domain is a Fokl endonuclease domain or a modified Fokl cleavage

domain.
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29.

30.

31.

32.

33.

34.

35.

36.

The fusion protein of any one of claims 20 to 23, wherein the effector domgfn
is chosen from a transcriptional activation domain, a transcriptional repr

domain, and an epigenetic modification domain.

The fusion protein of any one of claims 20 to 29, wherein the fusj#n protein
further comprises at least one additional domain chosen from gnuclear

localization signal, a cell-penetrating domain, and a marker Aomain.

An isolated nucleic acid encoding the fusion protein of ghy one claims 20 to

30.

A method for modifying a chromosomal sequeng# or regulating expression of

a chromosomal sequence in a cell or embryo Ahe method comprising
introducing into the cell or embryo (a) at leght one fusion protein or nucleic
acid encoding at least one fusion proteingfwherein the fusion protein
comprises a CRISPR/Cas-like proteinglr a fragment thereof and an effector

domain, and (b) at least one guide JANA or DNA encoding at least one guide
guides the CRISPR/Cas-like protein of the

in the chromosomal sequence and the

RNA, wherein the one guide R
fusion protein to a targeted si
effector domain of the fusigh protein modifies the chromosomal sequence or

regulates expression of jhe chromosomal sequence.

The method of clainy/32, wherein the CRISPR/Cas-like protein is derived from

a Cas9 protein.

The method gf claim 33, wherein the cas9 protein is modified to lack at least

he method of any one of claims 32 to 35, wherein fusion protein further
comprises at least one additional domain chosen from a nuclear localization

signal, a cell-penetrating domain, and a marker domain.
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37.

38.

39.

40.

41.

42.

43.

44,

The method of any one of claims 32 to 36, wherein the effector domain is a

cleavage domain.

The method of claim 37, wherein one fusion protein or nucleic acid gffcoding
one fusion protein and two guide RNAs or DNA encoding two guigé RNAs are

introduced into the cell or embryo.

The method of claim 38, wherein the fusion protein comprig€s a Cas9 protein
or fragment thereof and a Fokl cleavage domain or a mgdified Fokl cleavage

domain.

The method of claim 37, wherein two fusion protes or nucleic acid encoding
two fusion proteins and two guide RNAs or DNA encoding two guide RNAs

are introduced into the cell or embryo.

The method of claim 40, wherein each Jsion protein comprises a different
Cas9 protein or fragment thereof angfor a Fokl cleavage domain or a

modified Fokl cleavage domain.

The method of claim 37, wherfin one fusion protein or nucleic acid encoding
one fusion protein, one guig® RNA or DNA encoding one guide RNA, and one
zinc finger nuclease or rcleic acid encoding one zinc finger nuclease are

introduced into the celff or embryo.

The method of cl 42, wherein the fusion protein comprises a Cas9 protein
or fragment thegfeof and a Fokl cleavage domain or derivative thereof, and the
zinc finger nficlease comprises a Fokl cleavage domain or a modified Fokl

cleavageiomain.

The gethod of any one of claims 37 to 43, further comprising introducing into
thgfcell or embryo at least one donor polynucleotide.
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45.

46.

47.

48.

The method of any one of claims 32 to 36, wherein the effector domain is
chosen from an epigenetic modification domain, a transcriptional activati

domain, or a transcriptional repressor domain.

The method of claim 45, wherein one fusion protein or nucleic acigf encoding
one fusion protein, and one guide RNA or DNA encoding one gdiide RNA are

introduced into the cell or embryo.

The method of any one of claims 32 to 46, wherein the g€ll is a human cell, a
non-human mammalian cell, a stem cell, a non-mamghalian vertebrate cell, an
invertebrate cell, a plant cell, or a single cell eukaryotic organism.

The method of any one of claims 32 to 46, whgfrein the embryo is a non-

human one celi animal embryo.




CLAIMS

What is claimed is:

1.

10.

An isolated endonuclease comprising at least one nuclear localization
signal, at least one nuclease domain, and at least one domain that
interacts with a guide RNA to target the endonuclease to a specific
nucleotide sequence for cleavage, wherein the endonuclease is derived
from a Cas9 protein and comprises a RuvC-like nuclease domain and a

HNH-like nuclease domain.

The isolated endonuclease of claim 1, wherein the endonuclease is

modified to lack one functional nuclease domain.

The isolated endonuclease of any one of claims 1 to 2, further comprising

a marker.

The isolated endonuclease of any one of claim 1 to 3, which is part of a

protein-RNA complex comprising the guide RNA.

The isolated endonuclease of claim 4, wherein the guide RNA is a single

molecule comprising a 5’ region that is complementary to a target site.

An isolated nucleic acid encoding the endonuclease of any one of claims 1
to 3.

The isolated nucleic acid of claim 6, wherein the nucleic acid is codon

optimized for translation in mammalian cells.

The isolated nucleic acid of claim 6, wherein the nucleic acid is codon

optimized for translation in human cells.

The isolated nucleic acid of any one of claims 6 to 8, which is operably

linked to a promoter control sequence.

A vector comprising the isolated nucleic acid of claim 9,
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11.

12.

13.

14.

15.

16.

The vector of claim 10, further comprising a sequence encoding a guide

RNA that is operably linked to a promoter control sequence.

A method for modifying a chromosomal sequence in a eukaryotic cell, the

method comprising:

a) introducing into the eukaryotic cell (i) at least one RNA-guided
endonuclease comprising at least one nuclear localization signal or
nucleic acid encoding at least one RNA-guided endonuclease
comprising at least one nuclear localization signal, wherein the
RNA-guided endonuclease is derived from a Cas9 protein, (ii) at
least one guide RNA or DNA encoding at least one guide RNA, and,
optionally, (iii) at least one donor polynucleotide; and

b) culturing the eukaryotic cell such that each guide RNA directs an
RNA-guided endonuciease to a targeted site in the chromosomal
sequence where the RNA-guided endonuclease introduces a double-
stranded break in the targeted site, and the double-stranded break
is repaired by a DNA repair process such that the chromosomal

sequence is modified.

The method of claim 12, wherein the nucleic acid encoding the RNA-

guided endonuclease is mRNA.

The method of claim 12, wherein the nucleic acid encoding the RNA-

guided endonuclease is DNA.

The method of claim 14, wherein the DNA is part of a vector that further

comprises a sequence encoding the guide RNA.

The method of any one of claims 12 to 15, wherein the eukaryotic cell is a
human cell, a non-human mammalian cell, a stem cell, a non-mammalian
vertebrate cell, an invertebrate cell, a plant cell, or a single cell eukaryotic

organism.
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