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CLAIMS 

1. An ex vivo or in vitro method for producing a modified eukaryotic cell, comprising 

introducing into the eukaryotic cell an engineered, non-naturally occurring CRISPR-Cas 

vector system comprising one or more vectors comprising: 

(a) a first regulatory element operably linked to a nucleotide sequence encoding a 5 

Cas9 protein, in which the Cas9 protein comprises one or more nuclear localization 

signal(s) (NLS(s)), and 

(b) a second regulatory element operably linked to a nucleotide sequence encoding a 

CRISPR-Cas system chimeric RNA, in which the chimeric RNA comprises a guide 

sequence capable of hybridizing to a target sequence residing in nucleus of the 10 

eukaryotic cell and directing sequence-specific binding of a CRISPR-Cas complex to 

the target sequence, a tracr mate sequence capable of hybridizing to a tracr sequence, 

and a tracr sequence, in which the tracr sequence is 30 or more nucleotides in length, in 

which the target sequence is adjacent to a protospacer adjacent motif (PAM) in a 

genomic loci, 15 

in which components (a) and (b) are located on same or different vectors of the system, 

thereby obtaining a modified eukaryotic cell comprising an insertion, deletion, or 

substitution of one or more nucleotides in the genomic loci compared to the 

corresponding eukaryotic cell, in which the method does not comprise modifying the 

genetic identity of human germline cells. 20 

2. A method according to Claim 1, in which components (a) and (b) are on the same 

vector. 

3. A method according to Claim 1, in which components (a) and (b) are on different 

vectors. 

4. A method according to Claim 1, 2 or 3, in which the one or more vectors are viral 25 

vectors. 

5. A method according to Claim 4, in which the viral vectors are retroviral, lentiviral, 

adenoviral, adeno-associated or herpes simplex viral vectors. 
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6. An ex vivo or in vitro method for producing a modified eukaryotic cell, comprising 

introducing into a eukaryotic cell an engineered, non-naturally occurring CRISPR-Cas system 

comprising: 

(a) a Cas9 protein comprising one or more NLS(s), or a polynucleotide encoding the 

Cas9 protein, and 5 

(b) a CRISPR-Cas system chimeric RNA, in which the chimeric RNA comprises a 

guide sequence capable of hybridizing to a target sequence residing in nucleus of the 

eukaryotic cell and directing sequence-specific binding of a CRISPR-Cas complex to 

the target sequence, a tracr mate sequence capable of hybridizing to a tracr sequence, 

and a tracr sequence, in which the tracr sequence is 30 or more nucleotides in length, in 10 

which the target sequence is adjacent to a protospacer adjacent motif (PAM) in a 

genomic loci, 

thereby obtaining a modified eukaryotic cell comprising an insertion, deletion, or 

substitution of one or more nucleotides in the genomic loci compared to the 

corresponding eukaryotic cell, in which the method does not comprise modifying the 15 

genetic identity of human germline cells. 

7. A method according to any preceding claim, in which the tracr sequence comprises at 

least 40 nucleotides in length. 

8. A method according to any preceding claim, in which the tracr sequence comprises at 

least 50 nucleotides in length. 20 

9. A method according to any preceding claim, in which the Cas9 protein is mutated with 

respect to a corresponding wild type Cas9 protein such that the mutated protein is a nickase 

that lacks the ability to cleave one strand of a target polynucleotide. 

10. A method according to Claim 9, in which the Cas9 protein comprises one or more 

mutations in the RuvC I, RuvC II or RuvCIII catalytic domains. 25 

11. A method according to Claim 10, in which the Cas9 protein comprises a mutation 

selected from the group consisting of D10A, H840A, N854A and N863A with reference to the 

position numbering of a Streptococcus pyogenes Cas9 (SpCas9) protein. 
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12. A method according to any preceding claim, in which the Cas9 protein comprises two or 

more NLSs. 

13. A method according to Claim 12, in which at least one NLS is at or near amino-terminus 

of the Cas9 protein and/or at least one NLS is at or near carboxy terminus of the Cas9 protein. 

14. A method according to Claim 13, in which at least one NLS is at or near amino-terminus 5 

of the Cas9 protein and at least one NLS is at or near carboxy terminus of the Cas9 protein. 

15. A method according to any preceding claim, in which the nucleotide sequence encoding 

the Cas9 is codon optimized for expression in the eukaryotic cell. 

16.  A method according to any preceding claim, in which the Cas9 is S. pyogenes Cas9, S. 

thermophilus Cas9, or S. aureus Cas9. 10 

17. A method according to any preceding claim, in which the Cas9 protein is fused to at 

least one heterologous protein domain. 

18. A method according to Claim 17, in which the heterologous protein domain has one or 

more of the following activities: methylase activity, demethylase activity, transcription 

activation activity, transcription repression activity, transcription release factor activity, 15 

histone modification activity, RNA cleavage activity and nucleic acid binding activity. 

19. A method according to any of Claims 6 to 18, in which the polynucleotide encoding the 

Cas9 protein is mRNA. 

20. A method according to any preceding claim, in which the eukaryotic cell is a non-

human mammalian cell. 20 

21. A method according to any of Claims 1 to 19, in which the eukaryotic cell is a human 

cell. 

22. A method according to any preceding claim, further comprising producing a genetically-

modified non-human animal or plant from the modified eukaryotic cell. 
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