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CLAIMS 
  
1. A method of modifying a target DNA, the method comprising contacting the target 
DNA with a complex comprising: 

(a) a Cas9 polypeptide and  
(b) a single-molecule DNA-targeting RNA comprising: 

(i) a DNA-targeting segment comprising a nucleotide sequence that is 
complementary to a sequence in the target DNA, and 

(ii) a protein-binding segment that interacts with said Cas9 polypeptide, wherein 
the protein-binding segment comprises two complementary stretches of nucleotides that 
hybridize to form a double stranded RNA (dsRNA) duplex, wherein said dsRNA duplex 
comprises complementary nucleotides of a tracrRNA and a CRISPR RNA (crRNA), 

wherein said two complementary stretches of nucleotides are covalently linked 
by intervening nucleotides, 

wherein said contacting is in vitro or in a cell ex vivo; and 
wherein said modifying is cleavage of the target DNA. 

 
2. The method of claim 1, wherein said dsRNA duplex has a length of from 8 base pairs 
(bp) to 30 bp. 
 
3. The method of claim 1 or 2, wherein the percent complementarity between the  
nucleotides that hybridize to form the dsRNA duplex of the protein-binding segment is greater 
than 70%. 
 
4. The method of claim 1, 2 or 3, wherein the target DNA is present in a bacterial cell, an 
archaeal cell, a single-cell eukaryotic organism, a plant cell, a cell from an invertebrate animal, 
or a cell from a vertebrate animal. 
 
5.  The method of claim 1, 2 or 3, wherein the target DNA is chromosomal DNA.  
 
6. The method of any one of the preceding claims wherein the contacting comprises 
introducing into a cell (a) said Cas9 polypeptide, or a polynucleotide encoding said Cas9 
polypeptide, and (b) said DNA-targeting RNA, or a DNA polynucleotide encoding said DNA-
targeting RNA. 
 
7. The method of claim 6 wherein the method further comprises introducing into the cell a 
donor polynucleotide.  
 
8. The method according to any one of the preceding claims wherein a protein 
transduction domain is covalently linked to the amino terminus of the Cas9 polypeptide, 
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wherein said protein transduction domain facilitates the traversal of the Cas9 polypeptide from 
the cytosol to within an organelle of a cell. 
 
9. The method according to any one of claims 1-7 wherein a protein transduction domain 
is covalently linked to the carboxyl terminus of the Cas9 polypeptide, wherein said protein 
transduction domain facilitates the traversal of the Cas9 polypeptide from the cytosol to within 
an organelle of a cell. 
 
10. A composition comprising: 

(a) a Cas9 polypeptide, or a polynucleotide encoding said Cas9 polypeptide, and  
(b) a single-molecule DNA-targeting RNA, or a DNA polynucleotide encoding said 

DNA-targeting RNA, wherein said single-molecule DNA-targeting RNA comprises: 
(i) a DNA-targeting segment comprising a nucleotide sequence that is 

complementary to a sequence in a target DNA, and 
(ii) a protein-binding segment that interacts with said Cas9 polypeptide, wherein 

the protein-binding segment comprises two complementary stretches of nucleotides that 
hybridize to form a double stranded RNA (dsRNA) duplex, wherein said dsRNA duplex 
comprises complementary nucleotides of a tracrRNA and a CRISPR RNA (crRNA), 
and 

wherein said two complementary stretches of nucleotides are covalently linked by intervening 
nucleotides. 
 
11. The composition of claim 10, wherein said dsRNA duplex has a length of from 8 base 
pairs (bp) to 30 bp. 
 
12. The composition of claim 10 or 11, wherein the percent complementarity between the 
nucleotides that hybridize to form the dsRNA duplex of the protein-binding segment is greater 
than 70%. 
 
13. The composition of claim 10, 11 or 12, wherein the target DNA is present in a bacterial 
cell, an archaeal cell, a single-cell eukaryotic organism, a plant cell, a cell from an invertebrate 
animal, or a cell from a vertebrate animal. 
 
14. The composition of claim 10, 11 or 12, wherein the target DNA is chromosomal DNA. 
 
15. The composition of any one of claims 10-14, wherein a protein transduction domain is 
covalently linked to the amino terminus of the Cas9 polypeptide, wherein said protein 
transduction domain facilitates the traversal of the Cas9 polypeptide from the cytosol to within 
an organelle of a cell. 
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16. The composition of any one of claims 10-14, wherein a protein transduction domain is 
covalently linked to the carboxyl terminus of the Cas9 polypeptide, wherein said protein 
transduction domain facilitates the traversal of the Cas9 polypeptide from the cytosol to within 
an organelle of a cell. 
 
17. The composition of any one of claims 10-16, wherein the Cas9 polypeptide and the 
single-molecule DNA-targeting RNA are in a cell in vitro or ex vivo. 
 
18. A single-molecule DNA-targeting RNA, or a DNA polynucleotide encoding said DNA-
targeting RNA, wherein the single-molecule DNA-targeting RNA comprises: 
      (a) a DNA-targeting segment comprising a nucleotide sequence that is complementary 
to a target sequence in a target DNA, and 

(b) a protein-binding segment that interacts with a Cas9 protein, wherein the protein-
binding segment comprises two complementary stretches of nucleotides that hybridize to form 
a double stranded RNA (dsRNA) duplex, wherein said dsRNA duplex comprises 
complementary nucleotides of a tracrRNA and a CRISPR RNA (crRNA), and wherein said two 
complementary stretches of nucleotides are covalently linked by intervening nucleotides.   
 
19. The single-molecule DNA-targeting RNA of claim 18 wherein said dsRNA duplex has 
a length of from 8 base pairs (bp) to 30 bp. 
 
20. The single-molecule DNA-targeting RNA of claim 18 or 19, wherein the percent 
complementarity between the nucleotides that hybridize to form the dsRNA duplex of the 
protein-binding segment is greater than 70%. 
 
21. The single-molecule DNA-targeting RNA of claim 18, 19 or 20, wherein the target 
DNA is present in a bacterial cell, an archaeal cell, a single-cell eukaryotic organism, a plant 
cell, a cell from an invertebrate animal, or a cell from a vertebrate animal. 
 
22.  The single-molecule DNA-targeting RNA of claim 18, 19 or 20, wherein the target 
DNA is chromosomal DNA.  
 
23. One or more nucleic acids comprising: 

(a) a first nucleotide sequence encoding a single-molecule DNA-targeting RNA 
comprising: 

(i) a DNA-targeting segment comprising a nucleotide sequence that is 
complementary to a target sequence in a target DNA, and 

(ii) a protein-binding segment that interacts with a Cas9 polypeptide, 
wherein the protein-binding segment comprises two complementary stretches of 
nucleotides that hybridize to form a double stranded RNA (dsRNA) duplex, 
wherein said dsRNA duplex comprises complementary nucleotides of a 
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tracrRNA and a CRISPR RNA (crRNA), and wherein said two complementary 
stretches of nucleotides are covalently linked by intervening nucleotides; 

wherein the first nucleotide sequence encoding said DNA-targeting RNA is operably 
linked to a promoter; and, optionally, 

(b) a second nucleotide sequence encoding a Cas9 polypeptide, wherein the nucleotide 
sequence encoding said Cas9 polypeptide is operably linked to a promoter. 
 
24. The one or more nucleic acids of claim 23, wherein said nucleic acids are one or more 
recombinant expression vectors. 
 
25. The one or more nucleic acids of claim 23 or 24, wherein said dsRNA duplex has a 
length of from 8 base pairs (bp) to 30 bp. 
 
26. The one or more nucleic acids of claim 23, 24 or 25, wherein the percent 
complementarity between the nucleotides that hybridize to form the dsRNA duplex of the 
protein-binding segment is greater than 70%. 
 
27. The one or more nucleic acids of any one of claims 23-26, wherein the target DNA is 
present in a bacterial cell, an archaeal cell, a single-cell eukaryotic organism, a plant cell, a cell 
from an invertebrate animal, or a cell from a vertebrate animal. 
 
28.  The one or more nucleic acids of any one of claims 23-26, wherein the target DNA is 
chromosomal DNA.  
 
29. A kit comprising  

(a) a Cas9 polypeptide, or a nucleic acid comprising a nucleotide sequence encoding 
said Cas9 polypeptide; and  

(b) a single-molecule DNA-targeting RNA, or a nucleic acid comprising a nucleotide 
sequence encoding said single-molecule DNA-targeting RNA, wherein the single-molecule 
DNA-targeting RNA comprises: 

(i) a DNA-targeting segment comprising a nucleotide sequence that is 
complementary to a sequence in a target DNA, and 

(ii) a protein-binding segment that interacts with said Cas9 polypeptide, wherein 
the protein-binding segment comprises two complementary stretches of nucleotides that 
hybridize to form a double stranded RNA (dsRNA) duplex, wherein said dsRNA duplex 
comprises complementary nucleotides of a tracrRNA and a CRISPR RNA (crRNA), 
and, 

wherein said two complementary stretches of nucleotides are covalently linked 
by intervening nucleotides, and 

wherein (a) and (b) are in the same or separate containers. 
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30. The kit of claim 29, wherein the target DNA is present in a bacterial cell, an archaeal 
cell, a single-cell eukaryotic organism, a plant cell, a cell from an invertebrate animal, or a cell 
from a vertebrate animal. 
 
31. The kit of claim 29, wherein the target DNA is chromosomal DNA.  
 
32. The composition of any one of claims 10-17, or the single-molecule DNA-targeting 
RNA of any one of claims 18-22, or the one or more nucleic acids of any one of claims 23-28, 
for use in a method of therapeutic treatment of a patient. 
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