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CLAIMS / 
What is claimed is: / 

1. An isolated endonuclease comprising at least one nuclear localizatioo^ignal, 

at least one nuclease domain, and at least one domain that interaofe with a 
guide RNA to target the endonuclease to a specific nucleotide si^quence for 
cleavage. / 

2. The endonuclease of claim 1, wherein the endonucleas^s derived from a 
Cas9 protein. / 

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

4. The isolated endonuclease of any one of claffms 1 to 3, further comprising a 
cell-penetrating domain, a marker domaij/or both. 

5. The isolated endonuclease of any one of claim 1 to 4, which is part of a 
protein-RNA complex comprising ttfe guide RNA. 

6. The isolated endonuclease ofyelaim 5, wherein the guide RNA is a single 
molecule comprising a 5' region that is complementary to a target site. 

7. An isolated nucleic acirancoding the endonuclease of any one of claims 1 to 
4. / 

8. The isolated nudeic acid of claim 7, wherein the nucleic acid is codon 
optimized for translation in mammalian cells. 

9. The isolated nucleic acid of claim 7, wherein the nucleic acid is codon 
optimized for translation in human cells. 

10. Thansolated 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. The vector of claim 11, further comprising a sequence encoding a guide RNA 

that is operably linked to a promoter control sequence. / 

13. A method for modifying a chromosomal sequence in a eukaryotkc cell or 
embryo, the method comprising: / 

a) introducing into the eukaryotic cell or embryo (i) at larast one RNA-

guided endonuclease comprising at least one nu^ear localization 

signal or nucleic acid encoding at least one RNA-guided endonuclease 

comprising at least one nuclear localizatioruBignal, (ii) at least one 
guide RNA or DNA encoding at least onrouide RNA, and, optionally, 
(iii) at least one donor polynucleotidei^nd 

b) culturing the eukaryotic cell or embjyo such that each guide RNA 

directs an RNA-guided endonucyase to a targeted site in the 
chromosomal sequence wheranhe RNA-guided endonuclease 
introduces a double-strandaG break in the targeted site, and the 

double-stranded break Repaired by a DNA repair process such that 
the chromosomal sec^ence is modified. 

14. The method of claim 13jwherein the RNA-guided endonuclease is derived 

from a Cas9 protein. / 

15. The method of eitjrfer claim 13 or claim 14, wherein the nucleic acid encoding 

the RNA-guidedrendonuclease is mRNA. 

16. The meth<yrof either claim 13 or claim 14, wherein the nucleic acid encoding 

the RNAfguided endonuclease is DNA. 

17. Tlwnethod of claim 16, wherein the DNA is part of a vector that further 
acmprises a sequence encoding the guide RNA. 

18V 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 

65 



WO 2014/089290 PCT/US2013/073307 

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

19. The method of any one of claims 13 to 17, wherein the embryo is a j£>n-
human one cell animal embryo. 

20. A fusion protein comprising a CRISPR/Cas-like protein or fraj(fnent thereof 
and an effector domain. 

21. The fusion protein of claim 20, wherein the CRISPR/C^-like protein is 
derived from a Cas9 protein. 

22. The fusion protein of claim 21, wherein the Ca^fprotein is modified to lack at 
least one functional nuclease domain. 

23. The fusion protein of claim 21, wherein Cas9 protein is modified to lack all 
nuclease activity. 

24. The fusion protein of any one of gl^ims 20 to 23, wherein the effector domain 
is a cleavage domain. 

25. The fusion protein of clainy^4, wherein the cleavage domain is a Fokl 
endonuclease domain o/a modified Fokl cleavage domain. 

26. The fusion protein orclaim 25, wherein the fusion protein forms a dimer with a 
second fusion protein. 

27. The fusion protein of claim 25, wherein the fusion protein forms a heterodimer 

with a zino^inger nuclease comprising a Fokl endonuclease domain or a 
modifieflrFokl cleavage domain. 

28. Thaffusion protein of claim 20, wherein the CRISPR/Cas-like protein is 

irived 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. The fusion protein of any one of claims 20 to 23, wherein the effector domarn 

is chosen from a transcriptional activation domain, a transcriptional repi^resor 

domain, and an epigenetic modification domain. / 

30. 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 arnuclear 
localization signal, a cell-penetrating domain, and a markeNflomain. 

31. An isolated nucleic acid encoding the fusion protein of ariy one claims 20 to 
30. / 

32. A method for modifying a chromosomal sequence or regulating expression of 
a chromosomal sequence in a cell or embryo^ne method comprising 

introducing into the cell or embryo (a) at least one fusion protein or nucleic 
acid encoding at least one fusion proteiranvherein the fusion protein 
comprises a CRISPR/Cas-like proteiror a fragment thereof and an effector 
domain, and (b) at least one guide^NA or DNA encoding at least one guide 

RNA, wherein the one guide RMTguides the CRISPR/Cas-like protein of the 

fusion protein to a targeted stoein the chromosomal sequence and the 

effector domain of the fusion protein modifies the chromosomal sequence or 

regulates expression of line chromosomal sequence. 

33. The method of claim^S2, wherein the CRISPR/Cas-like protein is derived from 
a Cas9 protein. / 

34. The method of claim 33, wherein the cas9 protein is modified to lack at least 
one functional nuclease domain. 

35. The n^thod of claim 33, wherein the cas9 protein is modified to lack all 
nudease activity. 

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

cleavage domain. / 

38. The method of claim 37, wherein one fusion protein or nucleic acid eroding 
one fusion protein and two guide RNAs or DNA encoding two guide RNAs are 
introduced into the cell or embryo. / 

39. The method of claim 38, wherein the fusion protein comprises a Cas9 protein 

or fragment thereof and a Fokl cleavage domain or a moflified Fokl cleavage 
domain. / 

40. The method of claim 37, wherein two fusion protaris or nucleic acid encoding 

two fusion proteins and two guide RNAs or DM^ encoding two guide RNAs 

are introduced into the cell or embryo. / 

41. The method of claim 40, wherein each vision protein comprises a different 
Cas9 protein or fragment thereof anc^r a Fokl cleavage domain or a 
modified Fokl cleavage domain. / 

42. The method of claim 37, wherpn one fusion protein or nucleic acid encoding 
one fusion protein, one guide RNA or DNA encoding one guide RNA, and one 
zinc finger nuclease or n/ffcleic acid encoding one zinc finger nuclease are 
introduced into the ce|ror embryo. 

43. The method of claffm 42, wherein the fusion protein comprises a Cas9 protein 
or fragment thareof and a Fokl cleavage domain or derivative thereof, and the 
zinc finger nuclease comprises a Fokl cleavage domain or a modified Fokl 

cleavag^flomain. 

44. The onethod of any one of claims 37 to 43, further comprising introducing into 

tharcell or embryo at least one donor polynucleotide. 
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45. The method of any one of claims 32 to 36, wherein the effector domain is 

chosen from an epigenetic modification domain, a transcriptional activate 

domain, or a transcriptional repressor domain. 

46. The method of claim 45, wherein one fusion protein or nucleic aci^fencoding 
one fusion protein, and one guide RNA or DNA encoding one guide RNA are 
introduced into the cell or embryo. 

47. The method of any one of claims 32 to 46, wherein the o€\\ is a human cell, a 
non-human mammalian cell, a stem cell, a non-mamonalian vertebrate cell, an 
invertebrate cell, a plant cell, or a single cell eukai^tic organism. 

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

human one cell animal embryo. 
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CLAIMS 

What is claimed is: 

1. 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. 

2. The isolated endonuclease of claim 1, wherein the endonuclease is 

modified to lack one functional nuclease domain. 

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

a marker. 

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

protein-RNA complex comprising the guide RNA. 

5. 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. 

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

to 3. 

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

optimized for translation in mammalian cells. 

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

optimized for translation in human cells. 

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

linked to a promoter control sequence. 

10. A vector comprising the isolated nucleic acid of claim 9. 
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11. The vector of claim 10, further comprising a sequence encoding a guide 

RNA that is operably linked to a promoter control sequence. 

12. 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 endonuclease 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. 

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

guided endonuclease is mRNA. 

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

guided endonuclease is DNA. 

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

comprises a sequence encoding the guide RNA. 

16. 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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