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I. INTRODUCTION 1 

CVC moves to be accorded benefit of the filing date of U.S. Provisional Application 2 

61/652,086 (“P1”), filed May 25, 2012, with respect to Sigma’s Proposed Count 2 (“PC2”), 3 

contingent upon the PTAB granting Sigma’s Substantive Motion 1. Per the December 16, 2021 4 

Order, CVC cross-references its Motion 1 for benefit of Count 1 (Paper No. 476).  5 

II. BACKGROUND 6 

CVC invented methods for editing a target DNA molecule in a eukaryotic cell. Those 7 

methods include introducing into the cell a single-molecule guide RNA (“sgRNA”) CRISPR-8 

Cas9 system for making a double-stranded break in the target DNA, and using the cell’s natural 9 

homology-directed repair (HDR) process to repair the break by using a donor polynucleotide as a 10 

repair template to integrate at the target site. That invention is described, enabled, and claimed in 11 

U.S. Provisional Application 61/652,086 (“P1”), filed on May 25, 2012.  12 

P1 teaches that the sgRNA CRISPR-Cas9 system can be prepared as a pre-assembled 13 

ribonucleoprotein (“RNP”) complex and microinjected with a donor polynucleotide into 14 

embryos, including fish cells (“E4”). P1 teaches that the system can be prepared as expression 15 

vectors and transfected into human cells along with a donor polynucleotide (“E5”). P1 also 16 

teaches that the system can be prepared as sgRNA and Cas9 mRNA and microinjected with a 17 

donor polynucleotide into fruit fly cells (“E6”). P1 describes that HDR would repair breaks, 18 

made by any nuclease, to integrate such donors. CVC should be accorded benefit to P1. 19 

III. STATEMENT OF PRECISE RELIEF REQUESTED 20 

CVC moves to be accorded the benefit of the filing date of U.S. Provisional Application 21 

No. 61/652,086, filed May 25, 2012 (“P1”) (Ex. 2009). In the alternative, CVC moves to be 22 

accorded the benefit of the filing date of 61/716,256, filed October 19, 2012 (“P2”) (Ex. 2010); 23 

61/757,640, filed January 28, 2013 (“P3”) (Ex. 2011); 13/842,859, filed March 15, 2013 (“the 24 
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’859 application”) (Ex. 2015); 14/685,504, filed April 13, 2015 (“the ’504 application”) (Ex. 1 

2006); or 15/138,604, filed April 26, 2016 (“the ’604 application”) (Ex. 2007). 2 

IV. APPLICABLE LEGAL STANDARDS 3 

Priority benefit requires compliance with 35 U.S.C. § 112 “with respect to at least one 4 

embodiment within the scope of the count.” Falkner v. Inglis, 448 F.3d 1357, 1362 (Fed. Cir. 5 

2006). A written description analysis focuses on “an objective inquiry into the four corners of the 6 

specification from the perspective of a person of ordinary skill in the art.” Ariad, 598 F.3d at 7 

1351. A working example is not required to satisfy written description. Id., 1352. Enablement “is 8 

met if the description enables any mode of making and using the invention.” Invitrogen Corp. v. 9 

Clontech Labs., Inc., 429 F.3d 1052, 1071 (Fed. Cir. 2005); In re Wands, 858 F.2d 731, 737 10 

(Fed. Cir. 1988). Neither “actual working examples,” nor a “guarantee that the invention works” 11 

are required. Alcon Research Ltd. v. Barr Labs., Inc., 745 F.3d 1180, 1189 (Fed. Cir. 2014). 12 

V. LEVEL OF ORDINARY SKILL AND STATE OF THE ART 13 

The skilled artisan would possess a strong understanding of molecular biology techniques 14 

used to clone and express proteins and nucleic acids in different systems and/or cell types. Ex. 15 

2612, ¶35. She would also have a strong understanding of techniques for manipulating and 16 

analyzing nucleic acids (RNA and DNA). Id. She would typically have a Ph.D. in the life or 17 

physical sciences and at least five years of experience. Id.; see also, id., ¶¶66-90, 277-297.  18 

A. Prior success with ZFNs and TALENs – including HDR and donor 19 
integration – provided a model to the inventors and the field.  20 

The PTAB’s ’115 decision noted: “Neither [party’s] witness presents a full discussion of 21 

the systems they used as comparisons to CRISPR-Cas systems.” Ex. 2400, 99. The evidence 22 

presented here demonstrates that the relevant comparison is to ZFNs and TALENs. 23 

1. P1 compares CRISPR-Cas9 directly to ZFNs and TALENs, and cites 24 
Beumer for microinjection techniques. 25 
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P1 directly compares CRISPR-Cas9 to ZFNs and TALENs, and their use for gene repair 1 

and transgene insertion, in the very first paragraph. Ex. 2009, [0001]. P1’s Figure 4 also 2 

unmistakably mirrors an HDR/donor integration figure from Urnov 2010, a well-known ZFN 3 

review article. Ex. 2009, Fig. 4; Ex. 2135, Fig. 3; see also, Ex. 2584, Fig. 2 (TALENs); Ex. 2612 4 

¶¶121-123. P1 also cites Beumer, which describes microinjecting ZFN mRNA and “donor 5 

DNA” for genome editing in fruit fly embryos; and P1 discusses target genes (CCR5) previously 6 

edited with ZFNs. Ex. 2009, [00158], [00174]; Ex. 2123, 19822-19823; Ex. 2612, ¶¶86, 94-95, 7 

129, 178-80, 231, 329; see also, Paper 476, 9:1-20.  8 

2. Contemporaneous evidence confirms that the inventors viewed ZFNs 9 
and TALENs as the most analogous systems and as a model. 10 

Before May 25, 2012, Doudna knew that her UC colleague, Drubin, had published using 11 

a ZFN and donor polynucleotide for editing the CLTA locus. Ex. 2544, ¶¶17, 11; Ex. 2114. On 12 

April 14, she emailed Jinek suggesting they model their approach after Drubin’s lab, who “co-13 

transfect[ed] cells with plasmids encoding ZFNs (in their case) and a donor plasmid encoding 14 

RFP with flanking sequences homologous to genes they wanted to tag.” Ex. 2250; Ex. 2544, ¶17. 15 

This same approach of using a donor polynucleotide to insert a fluorescent tag is described in P1. 16 

Ex. 2009, [00159]; Ex. 2612, ¶¶118-124, 152-156; see also, Paper 476, 9:21-10:14.  17 

3. Other patent filings compared CRISPR-Cas9 to ZFNs and TALENs. 18 

Sigma’s involved ’204 application directly compares CRISPR-Cas9 to ZFNs and 19 

TALENs. Ex. 2585, [0003], [0146], [0149]. Similarly, ToolGen’s patent filings directly compare 20 

CRISPR-Cas9 to ZFNs and TALENs. Ex. 2008, Abs., 6-17; see also, Paper 476, 10:15-11:9. 21 

4. The comparison to Group II introns, ribozymes, and riboswitches in 22 
the decision on motions in the ’115 interference is inapposite. 23 

A POSA would not have considered Group II introns, ribozymes, and riboswitches when 24 

forming expectations about whether CRISPR-Cas9 would work in eukaryotes, as these are not 25 
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analogous. Ex. 2542, ¶¶21-25; Ex. 2612, ¶¶329-330. These systems are ribozymes, 6-10 times 1 

larger with complicated folding, in which an RNA is catalytic, not a protein. Ex. 2542, ¶21. In 2 

contrast, CRISPR-Cas9 is akin to ZFNs and TALENs because it is the nuclease (protein) that is 3 

catalytic, not an RNA. Ex. 2542, ¶¶21-25, 34; Ex. 2612, ¶¶82-83, 319, 327-330; Ex. 2150, 3; see 4 

also, Paper 476, 11:10-12:19.  5 

B. Those in the field, including the CVC inventors, rapidly applied the sgRNA 6 
CRISPR-Cas9 system using existing TALEN or ZFN gene-editing platforms. 7 

Conclusive evidence of the level of skill in the art is the fact that six groups, Zhang 8 

(Broad), Church (Harvard), Kim (ToolGen), Joung (Harvard), Chen (Sigma), and CVC, applied 9 

CVC’s sgRNA CRISPR-Cas9 system in eukaryotic cells for gene editing, and published their 10 

resultsonly months after CVC publicly disclosed the system. Each group substituted sgRNA 11 

CRISPR-Cas9 in their known platforms for TALENs or ZFNs (some with donor 12 

polynucleotides), without any special adaptations or conditions. Ex. 2612, ¶¶212-218, 334-360.; 13 

compare Exs. 2306 and 2329 with Ex. 2344 (Zhang); compare Exs. 2306 and 2333 with Ex. 14 

2345 (Church); compare Ex. 2332 with Ex. 2154 (Kim); compare Ex. 2327, with Ex. 2026 15 

(Chen); see also, Paper 476, 12:20-15:11.  16 

VI. SIGMA’S PROPOSED COUNT 2 17 

CVC’s half of PC2 (claim 164 from CVC’s ’680 application) has 10 elements: 18 

156. [1] A method of cleaving or editing a target DNA molecule or modulating 19 
transcription of at least one gene encoded thereon, the method comprising: 20 
contacting [in a eukaryotic cell] … a target DNA molecule … with an 21 
engineered and/or non-naturally-occurring Type II [CRISPR] system 22 
comprising: 23 
[2] a) a single molecule DNA-targeting RNA comprising  24 

[3] i) a targeter-RNA … 25 
[4] ii) an activator-RNA …  26 
[5] wherein the targeter-RNA and the activator-RNA are covalently 27 
linked to one another with intervening nucleotides; and 28 

[6] b) a Cas9 protein, 29 
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[7] wherein the single molecule DNA-targeting RNA forms a complex with 1 
the Cas9 protein, thereby targeting the Cas9 protein to the target DNA 2 
molecule, 3 
[8] whereby said target DNA molecule is cleaved or edited or transcription 4 
of at least one gene encoded by the target DNA molecule is modulated, and 5 
wherein said contacting occurs in a eukaryotic cell. 6 

157.  [9] The method of [Elements [1]-[8]], wherein, prior to the contacting step, 7 
the method comprises: introducing [the sgRNA and the Cas9] into the 8 
eukaryotic cell containing the target DNA molecule … 9 

164.  [10] The method of [Element [9]], wherein the method comprises creation 10 
of a double strand break in the target DNA molecule which is repaired by a 11 
homology-directed repair mechanism which incorporates a sequence of a 12 
donor polynucleotide into the target DNA molecule, thereby editing the 13 
target DNA molecule. 14 

As shown herein and further supported by the Second Declaration of Dr. Doyon (Ex. 15 

2612), P1 describes and enables at least one embodiment within the scope of PC2.    16 

VII. P1 DESCRIBES AND ENABLES AT LEAST ONE EMBODIMENT OF PC2. 17 

PC2 recites a method of cleaving or editing a target DNA molecule in a eukaryotic cell or 18 

modulating transcription of at least one gene encoded thereon ([1]–[8]), comprising introducing 19 

into the eukaryotic cell a sgRNA Type II CRISPR-Cas9 system ([9]), creating a double-strand 20 

break in the target DNA molecule, and incorporating a donor polynucleotide sequence into the 21 

target DNA via HDR ([10]). P1 describes, enables, and claims the method of PC2. Ex. 2612, 22 

¶¶91-252, 264-315; Ex. 2009, claims 77-78, 88-89, 99-100. In light of general knowledge in the 23 

art and the POSA’s high degree of skill, P1 conveys possession of at least one embodiment 24 

within the scope of PC2 and all the detail needed to practice it.  25 

PC2   Embodiment 4 (E4) Embodiment 5 (E5) Embodiment 6 (E6) 

[1] Fish cell method Human cell method Fruit fly cell method 

[2]–[8] S. pyogenes Cas9 and 
chimera A 

S. pyogenes Cas9 and a 3’ 
extended chimera A. 

S. pyogenes Cas9 and a 3’ 
extended chimera A. 

[9] Microinjection Transfection Microinjection 

[10] Donor polynucleotide Donor polynucleotide Donor polynucleotide 

 P1’s Figure 1A illustrates the requisite components of the Type II CRISPR-Cas9 26 

kevin
Sticky Note
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system—Cas9, “targeter-RNA” (crRNA), and “activator-RNA” (tracrRNA). Ex. 2009, Fig. 1A. 1 

Figure 1B illustrates how the targeter-RNA and the activator-RNA can be linked by intervening 2 

nucleotides to form the sgRNA. Id., Fig. 1B. P1 discloses the broad utility of the system, as 3 

illustrated by the “target cells” identified (including fish, human, and fruit fly), and cell types, 4 

including “embryonic” cells, which can come from various organisms. See, e.g., id., [00165], 5 

[00216], [00050]-[00052], [00174]. Example 1 discloses making an RNP complex of sgRNA 6 

and recombinant Cas9 protein that cleaves target DNA in vitro. Id., [00248]-[00251], Fig. 3. P1 7 

discloses established techniques for delivering sgRNA CRISPR-Cas9 into a target cell, including 8 

microinjection and transfection. Id., [0039], [00154], [00165], [00173]-[00175], [00177]. 9 

P1 describes and enables using the sgRNA CRISPR-Cas9 system to induce a double-10 

strand break in a target DNA sequence in a eukaryotic cell, and integrate a donor sequence at the 11 

target site via HDR. Ex. 2009, [0058], [0059], [00157], [00189]-[00193], Fig. 4, claims 77-78, 12 

88-89, 99-100; Ex. 2612, ¶¶ 118-124, 152-156, 325; MF 26-27. As Dr. Doyon explains, HDR 13 

and donor polynucleotide integration occurs when the cell’s own endogenous HDR machinery 14 

repairs DNA cut by any nuclease, whether that cut is made by Cas9, a ZFN, or a TALEN. Id. 15 

Indeed, before May 25, 2012, skilled artisans had been exploiting this natural HDR process to 16 

incorporate donor sequences into DNA after the target DNA had been cleaved by a ZFN or a 17 

TALEN. Ex. 2612, ¶¶118-124, 152-156, 325; Ex. 2135, Fig. 3; MF 26-27. The ease with which a 18 

POSA would have been able to practice the embodiments of PC2 based on P1 and achieve 19 

CRISPR-Cas9-mediated cleavage and donor polynucleotide integration at the target site via 20 

HDR is confirmed by various publications that followed shortly after Jinek 2012. Ex. 2178; Ex. 21 

2157; Ex. 2595; Ex. 2606; Ex. 2572; Ex. 2160; Ex. 2613; Ex. 2612, ¶324. 22 

A. P1 describes and enables the method of PC2 in a fish cell (E4). 23 

P1 describes and enables practicing the method of PC2 in a fish cell. P1 contains a 24 
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working example of assembling a sgRNA CRISPR-Cas9 RNP complex comprising chimera A, 1 

as the single-guide DNA-targeting RNA, and S. pyogenes Cas9 protein that cleaved target DNA 2 

in vitro. The RNP is the “CRISPR-Cas system,” as recited PC2, and this cell and system meet all 3 

of elements [1]–[8] of PC2, as detailed below. Further, a POSA would have known that 4 

microinjecting DNA, RNA and/or protein into the nucleus of cells (element [9]), as described in 5 

P1, was a routine and predictable technique with “high efficiency” and “low cytotoxicity.” Ex. 6 

2136, Abstract; Ex. 2612, ¶¶67-73. P1 also describes coadministering to cells both the CRISPR-7 

Cas9 system and “a donor polynucleotide sequence” to “add, i.e. insert or replace, nucleic acid 8 

material to a target DNA sequence” (element [10]). Ex. 2009, [00159]; Ex. 2612, ¶118.   9 

1. P1 describes the fish cell method. 10 

As detailed below, P1 conveys to a POSA the inventors’ possession of method for editing 11 

target DNA in a fish cell that satisfies elements [1]–[10] of PC2. Ex. 2612, ¶¶97-134; MF 3-8. 12 

Element [1]: P1 describes methods for editing a target DNA in a eukaryotic cell using a 13 

Type II CRISPR-Cas system, where the target cell is “a cell from a vertebrate animal . . . e.g., 14 

fish.” Ex. 2009, [00165]; Ex. 2612, ¶102; MF 7. P1 describes that the “genetically modified host 15 

cell” comprising the CRISPR-Cas system may be “in vivo” and “embryonic.” Ex. 2009, [00216], 16 

[00218], [00050-52], [00174]; Ex. 2612, ¶102. A POSA would understand that zebrafish 17 

embryos (i.e., fish cells) were a model system for testing ZFNs and TALENs. Ex. 2612, ¶102. 18 

Element [2] P1 discloses a sgRNA: “[a] subject single-molecule DNA-targeting RNA 19 

comprises two stretches of nucleotides (a targeter-RNA and an activator-RNA) covalently linked 20 

by intervening nucleotides (‘linkers’ or ‘linker nucleotides’) that are complementary to one 21 

another and hybridize to form the double-stranded RNA duplex (dsRNA duplex) of the protein-22 

binding segment, thus resulting in a stem-loop structure (Figure 1B).” Ex. 2009, [0079], [0004], 23 

[0047], [0077], [00119], [00248], Figs. 1, 3, 9; Ex. 2612, ¶104. P1 also discloses examples of 24 
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targeter-RNA and activator-RNA used in this sgRNA design and that they cleaved target DNA in 1 

Example 1 and Fig. 3. Ex. 2009, [00248]-[00251], Fig. 3A-3B; Ex. 2612, ¶¶104-106. 2 

P1 discloses an exemplary design of this sgRNA in Figs. 9A 3B, each depicting: (i) a 32 3 

nucleotide “targeter-RNA” (crRNA), comprising a 20-nucleotides (“20-nt”) target sequence and 4 

a 3' truncated crRNA repeat sequence GUUUUAGAGCUA; (ii) the “activator-RNA” (tracrRNA), 5 

comprising a 26-nt tracrRNA sequence; and (iii) a linker of “intervening nucleotides” covalently 6 

linking the crRNA and tracrRNA segments (Fig. 3B asGAAA in chimera A). Ex. 2009, [0012], 7 

[0079], [00117], [00119], Figs. 3, 6-9; Ex. 2612, ¶¶104-106. Annotated Figs. 9A and 3B show 8 

the targeter-RNA (red box), activator-RNA (yellow box), and intervening nucleotides (blue box): 9 

  

P1 Figure 9A P1 Figure 3B 

Ex. 2009, Figs. 9A, 3B (labels, boxes added), [00119]; Ex. 2612, ¶¶104-106; MF 3-6. 10 

Element [3] Fig. 9A discloses: “single-molecule DNA-targeting RNA … comprises the 11 

sequence 5'–GUUUUAGAGCUA–linker–UAGCAAGUUAAAAUAAGGCUAGUCCG–3' linked at its 5' 12 

end to a stretch of nucleotides that are complementary to a target DNA.” Ex. 2009, [00119]; Ex. 13 

2612, ¶107; MF 3-5. Fig. 9A shows that the “targeter-RNA” segment of the DNA-targeting RNA 14 

comprises a 20-nt stretch complementary to a sequence in the target DNA molecule and that this 15 

segment of the sgRNA comprises a nucleotide sequence that is “complementary to a sequence in 16 

the target DNA” and, for this reason, “interacts with the target DNA . . . via hybridization.” Ex. 17 

2009, [0074], [0012], [0075], Fig. 1A, 1B, Fig. 3B, Fig. 9A; Ex. 2612, ¶107; MF 3-6. 18 

Element [4] P1 describes that the targeter-RNA and activator-RNA “are complementary 19 

to one another and hybridize to form the double stranded RNA duplex . . . of the protein-binding 20 

segment, thus resulting in a stem loop structure,” satisfying element [4] of PC2. Ex. 2009, [0079] 21 



  Interference No. 106,132 
CVC Responsive Motion 1 

 - 9 - 

(emphasis added), [0087]-[0088], Fig. 1B, Fig. 3B, Fig. 9A; Ex. 2612, ¶108; MF 3-6. Figures 9A 1 

and 3B also depict the crRNA and tracrRNA hybridizing to one another (vertical lines) forming 2 

an RNA duplex. Ex. 2009, Figs. 9A, 3B; Ex. 2612, ¶¶108-109. 3 

Element [5] Fig. 9A shows that the targeter-RNA segment and activator-RNA segment 4 

are “covalently linked by intervening nucleotides.” Ex. 2009, [0079]; Ex. 2612, ¶110; MF 3-6. 5 

Additionally, P1 describes a particular embodiment in which the linker is “4nt” and provides an 6 

example where the sgRNA comprises a GAAA tetraloop covalently linking the targeter-RNA and 7 

activator-RNA. Ex. 2009, [00119], Fig. 3B; Ex. 2612, ¶110; MF 3-6. 8 

Element [6] P1 discloses the Cas9 protein from S. pyogenes. Ex. 2009, [0005], [00248], 9 

Fig. 2; Ex. 2612, ¶111. Fig. 2 “depicts the amino acid sequence of Cas9 from S. pyogenes”. Ex. 10 

2009, [0005], [0006], [0012]-[0015], [0092], [00248], [00251], Fig. 12A; Ex. 2612, ¶ 111. P1 11 

discloses in Example 1 expressing and purifying recombinant S. pyogenes Cas9 protein as part of 12 

producing the described CRISPR-Cas9 system. Ex. 2009, [00248], Fig. 3; Ex. 2612, ¶111. 13 

Element [7] P1 describes a “targeting complex” comprising “a DNA-targeting RNA and 14 

a site-directed modifying polypeptide” [e.g., the Cas9 protein], and that the “DNA-targeting 15 

RNA provides target specificity to the complex by comprising a nucleotide sequence that is 16 

complementary to a sequence of a target DNA.” Ex. 2009, [0048] (emphasis added); see also 17 

id., [0046], [0076], [0089], [00155]-[00156], Fig. 1; Ex. 2612, ¶¶112-114; MF 3-6. Figure 1B 18 

depicts a complex of the sgRNA and Cas9 protein being targeted to the target DNA molecule. 19 

Ex. 2009, Fig. 1B; Ex. 2612, ¶¶112-114. Example 1 describes making and using the complex of 20 

“chimera A” sgRNA and S. pyogenes Cas9 protein. Ex. 2009, [00248]-[00251], Fig. 3; Ex. 2612, 21 

¶¶112-114. A POSA would have understood that this example is a targeting complex 22 

corresponding to the element [7] because, in addition to the disclosures above, Example 1 23 

discloses that the chimera A RNA guided the S. pyogenes Cas9 to a target DNA molecule and 24 
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cleaved the target DNA sequence. Ex. 2009, [00248]-[00251], Fig. 3; Ex. 2612, ¶¶112-114. 1 

Element [8] P1 describes that the targeting complex “modifies a target DNA, leading to, 2 

for example, DNA cleavage ….” Ex. 2009, [00155]-[00156] (emphasis added); id. [00251], Fig. 3 

3; Ex. 2612, ¶¶115-116; MF 6. P1’s Example 1 shows “target DNA cleavage . . . by the 4 

Cas9/Csn1 protein of Streptococcus pyogenes . . . which is directed by a DNA-targeting RNA 5 

[chimera A].” Ex. 2009, [00251]; id., [00249]-[00251], Fig. 3; Ex. 2612, ¶¶115-116; MF 6. 6 

Example 1 describes that the complex cleaves a target DNA. P1 describes that Cas9 “cleaves 7 

target DNA to produce double strand breaks” which “are repaired by the cell in one of two ways: 8 

non-homologous end-joining [NHEJ], and homology-directed repair [HDR].” Ex. 2009, [00157]; 9 

Ex. 2612, ¶¶118-124. Both processes were well-known, naturally-occurring DNA repair 10 

mechanisms that exist in prokaryotes and eukaryotes alike and were also known to modify DNA 11 

cleaved by ZFNs and TALENs. Ex. 2612, ¶122. P1 discloses CRISPR-Cas9 systems can be used 12 

for “gene editing” Ex. 2009, [00159]; Ex. 2612, ¶119. P1 also describes using the system for 13 

“gene replacement, gene tagging, [or] transgene insertion.” Ex. 2009, [00157]; Ex. 2612, ¶119. 14 

Element [9] P1 discloses that the sgRNA CRISPR-Cas9 system can be prepared as a pre-15 

formed RNP complex – i.e., a “single molecule DNA-targeting RNA” and a “Cas9 protein,” as 16 

recited in element [9]. Ex. 2009, [00177]-[00178], [00248]-[00249]; Ex. 2612, ¶117. P1 17 

discloses microinjection as a well-known technique for “introducing” the CRISPR-Cas9 system 18 

into the fish cell. Ex. 2009, [0039], [00154], [00165], [00173]-[00175], [00177]; Ex. 2612, ¶117. 19 

Element [10] P1 claims methods of producing genetically modified vertebrate cells via 20 

HDR (e.g., claim 100, 107); it describes using sgRNA CRISPR-Cas9 to “produce double strand 21 

breaks” at the target site to be repaired “by the cell” via HDR resulting in the “transfer of genetic 22 

information from [a] donor polynucleotide to the target DNA.” Ex. 2009, [00157]; see also, id., 23 

[00158]-[00159], [00188]-[00194], Fig. 4; Ex. 2612, ¶¶118-124. P1 further discloses co-24 
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administering to the eukaryotic cell a “donor polynucleotide sequence” and the sgRNA CRISPR-1 

Cas9 system, and that the donor sequence may be provided to the cell as double- or single-2 

stranded DNA. Ex. 2009, [00159], [00193]; Ex. 2612, ¶¶118-124. P1 also discloses routine 3 

assays for detecting donor integration. Ex. 2009, [00188], [00194]; Ex. 2612, ¶¶118-124.     4 

2. P1 enables the fish cell method. 5 

Methods of making RNAs, proteins, and RNPs for microinjection into fish embryos were 6 

routine by May 25, 2012. Ex. 2009, [0039], [00173]-[00175], [00177], [00178]; Ex. 2612, ¶¶67-7 

73; MF 12. A POSA reading P1 could have used these techniques to practice the fish cell method 8 

of PC2 without undue experimentation. Ex. 2612, ¶¶135-175; MF 12.  9 

a. P1 enables microinjecting RNP complexes.  10 

Cas9 as protein. P1 discloses that Cas9 can be introduced into the cell “as a polypeptide” 11 

(protein) and provides a POSA with the amino acid sequence of S. pyogenes Cas9 (NP_269215) 12 

Ex. 2009, [0005], [0015], Figs. 2, 10, 12A; Ex. 2612, ¶137; MF 9, 11. Example 1 discloses 13 

expressing S. pyogenes Cas9 in E. coli cells, purifying the protein by a “combination of affinity, 14 

ion exchange and gel filtration chromatographic steps,” and provides specific elution and storage 15 

conditions for Cas9. Ex. 2009, [00248]; Ex. 2612, ¶¶138. The general knowledge in the art 16 

included PCR primers and methods for obtaining the S. pyogenes Cas9 gene. Ex. 2029, S-17 

Methods, S-Tables 5 and 10; Ex. 2612, ¶139. Expressing and purifying recombinant proteins 18 

from E. coli was within the routine skill set of a POSA. Ex. 2612, ¶140; Ex. 2199, 16.1-16.2; Ex. 19 

2009, [0039], [0063], [00248]. Accordingly, a POSA would have been able to make and use 20 

recombinant Cas9 without undue experimentation. Ex. 2612, ¶¶137-140; MF 9, 11. 21 

Chimera A. P1 discloses the chimera A nucleotide sequence in Figs. 9A and 3B and 22 

methods of making DNA-targeting RNA, such as chimera A, using in vitro RNA transcription. 23 

Ex. 2009, [00119], [00173], [00248], Figs. 3, 9; Ex. 2612, ¶¶141-144. P1’s working example 24 



  Interference No. 106,132 
CVC Responsive Motion 1 

 - 12 - 

discloses making chimera A “by in vitro transcription using T7 RNA polymerase . . . according 1 

to standard protocols.” Ex. 2009, [00248]; Ex. 2612, ¶¶141-144; MF 8, 11. A POSA would have 2 

been able to readily make the RNA without undue experimentation. Ex. 2612, ¶¶141-144. 3 

P1 discloses making RNP complexes. P1 discloses that Cas9 can be delivered to the cell 4 

“as a polypeptide” (i.e., a protein), and that the sgRNA can be delivered to the cell “directly as 5 

RNA,” and further discloses that this system can be assembled outside of a eukaryotic cell by 6 

“incubating the [Cas9] together with the DNA-targeting RNA.” Ex. 2009, [00177], [00178], 7 

[00248]-[00249], Figs. 2, 3; claim 99; MF 9, 11. P1’s working example describes making a pre-8 

assembled RNP complex of chimera A sgRNA and recombinant Cas9 protein that cleaved target 9 

DNA cell-free in vitro. Ex. 2009, [00248]-[00251], Fig. 3; Ex. 2612, ¶145; MF 9, 11, 13. 10 

Donor polynucleotide. P1 discloses that “the donor sequence comprises a non-11 

homologous sequence flanked by two regions of homology, such that homology-directed repair 12 

between the target DNA region and the two flanking sequences results in insertion of the non-13 

homologous sequence at the target region.” Ex. 2009, [00191]. P1 discloses the degrees of 14 

sufficient homology for the regions flanking the target site, the number of bases the homolgous 15 

region can be from the target site, and lengths of donor polynucleotides. Id., [00191]; Ex. 2612, 16 

¶¶152-156.  P1 discloses that the donor polynucleotide can be double- or single-stranded DNA. 17 

Ex. 2009, [00193]; Ex. 2612, ¶¶152-156. P1 also discloses examples of sequences commonly 18 

integrated with donor polynucleotides, including sequences for fluorescent proteins and other 19 

tags. Ex. 2009, [00159]. P1 describes amounts, conditions, and timing of coadministering donor 20 

polynucleotide. Id., [00188]-[00189]. P1 also discloses methods of confirming donor integration, 21 

such as PCR, Southern hybridization, or FACS. Ex. 2009, [00188], [00194]; Ex. 2612, ¶155.    22 

P1 discloses microinjection methods. P1 discloses “microinjection” as one of the “well 23 

known techniques” for delivering biomolecules to eukaryotic cells, including a fish cell. Ex. 24 
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2009, [0039], [00154], [00165], [00173]-[00175], [00177]; Ex. 2612, ¶¶146-151; MF 12-13. 1 

Amount of direction and guidance provided. P1 provides significant direction on 2 

making and using the system and delivering it into a cell as a pre-assembled RNP, along with a 3 

donor sequence, using “well known” microinjection techniques that were commonly used to 4 

introduce ZFN/TALENs into fish embryos. Supra §V; Ex. 2612, ¶¶67-73; MF 9, 11-13. 5 

State of the art, predictability or unpredictability of the art, and relative skill in the 6 

art. The state of the art and relative skill in the art were high by May 25, 2012. Supra §V. The 7 

sequence of the S. pyogenes Cas9 gene, and methods for obtaining it, were in the art. Ex. 2612, 8 

¶¶160-161; Ex. 2029, S-Table 5; MF 8. Methods for in vitro transcription of RNA and making 9 

recombinant proteins were also known. Ex. 2612, ¶¶160-161; MF 8. The PTAB has 10 

acknowledged that “direct injection” was “routine and known to be useful in achieving activity 11 

of prokaryotic proteins in eukaryotic cells.” Ex. 2335, 35:3-7; see also, Ex. 2612, ¶¶67-73, 146-12 

151; Ex. 2151, 125-131; MF 13. This included routine microinjection of DNA, RNA or protein 13 

into zebrafish embryos and injection of nucleases to facilitate transgene integration. Id.; Ex. 14 

2307; Ex. 2440. Because of such prior successes using microinjection in fish cells, the POSA 15 

would have expected the CRISPR-Cas9 system to cleave target DNA in the fish cell and the 16 

cell’s natural HDR process to integrate a donor sequence. Ex. 2612, ¶¶150-151. 17 

Presence or absence of working examples. P1 provides a working example describing a 18 

chimera A/S. pyogenes Cas9 CRISPR-Cas system that cleaves a target DNA molecule in vitro. 19 

Ex. 2612, ¶¶162-165; MF 11. A POSA would have understood the predictive value of the in 20 

vitro results in P1. Ex. 2612, ¶¶114, 163. Demonstration of targeted DNA cleavage by sgRNA 21 

CRISPR-Cas9 outside of its natural prokaryotic environment shows that the system functions 22 

independent of its environment, and thus provided a POSA with reason to expect the 23 

microinjected CRISPR-Cas9 system to cleave target DNA in a fish cell. Id. As discussed above, 24 
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a POSA would have known that donor sequence integration occurs when the cell’s natural HDR 1 

process repairs DNA cut by any nuclease—Cas9, ZFN, or TALEN. Ex. 2612, ¶322.  2 

When CVC first presented its biochemical work in June of 2012, those in the field had 3 

the same expectation as the inventors, that the sgRNA CRISPR-Cas9 system could be introduced 4 

and would be able to modify target DNA in other environments, including in eukaryotic cells. 5 

Id., ¶¶112, 153; infra §VIII. The law recognizes that in vitro studies have “predictive” value as to 6 

broader applicability. Cross v. Iizuka, 753 F.2d 1040, 1050-51 (Fed. Cir. 1985) (recognizing that 7 

in vitro testing can be “generally predictive of in vivo test results, i.e., there is a reasonable 8 

correlation therebetween”); Fujikawa v. Wattanasin, 93 F.3d 1559, 1566 (Fed. Cir. 1996). 9 

Quantity of experimentation necessary. The teachings in P1 in view of the general 10 

knowledge in the art would have enabled a POSA to practice E4 with, at most, minimal 11 

experimentation. Ex. 2612, ¶¶164-165; MF 9, 11-13. No further instructions are needed and none 12 

of the concerns alleged in the ’115 interference apply. Supra §V.B and infra §VII.A.4. 13 

3. Post-filing evidence confirms enablement. 14 

Independent researchers later microinjected pre-assembled RNPs and donor 15 

polynucleotides into fish cells and demonstrated CRISPR-Cas9-mediated gene editing, 16 

confirming that P1’s disclosure is enabling. Ex. 2612, ¶¶166-175; Ex. 2160. Gagnon disclosed 17 

that “[e]mbryos were injected … with a mix of Cas9 protein/sgRNA complex and 1 mM 18 

oligonucleotide [i.e., donor polynucleotide].” Ex. 2160, 5. Gagnon reported using a donor 19 

polynucleotide “insertional strategy” to “generate an in-frame stop codon to terminate translation 20 

of the coding region.” Ex. 2160, 7; Ex. 2612, ¶167. Gagnon used a sgRNA based on the same 21 

sgRNA design taught in P1, as described above. Ex. 2612, ¶¶166-175. Such post-priority date 22 

evidence shows “that practicing the invention did not require undue experimentation.” Amgen, 23 

Inc. v. Sanofi, 872 F.3d 1367, 1379 (Fed. Cir. 2017); see also Wands, 858 F.2d at 739. 24 
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4. Concerns alleged in the ’115 interference are unfounded. 1 

Microinjecting a pre-assembled RNP and donor polynucleotide into a fish embryo 2 

obviates the concerns alleged in the ’115 inteference and was not previously addressed in the 3 

PTAB’s ’115 decision on motions. Ex. 2612, ¶¶125-134; Ex. 2542, ¶¶39-42. 4 

RNA Degradation: A POSA would have understood that RNA degradation is not a 5 

concern when microinjecting a pre-assembled RNP complex of sgRNA/Cas9, because the Cas9 6 

protects the RNA guide from RNAses and any other factors in the environment, particularly 7 

when the RNP is injected directly into the nucleus. Ex. 2612, ¶126; Ex. 2542, ¶¶39-42. 8 

Co-localization: A POSA would have understood that co-localization and assembly are 9 

irrelevant if the system is delivered as a pre-assembled RNP complex, as complex pre-assembly 10 

obviates any concern about expression and association of the components. Ex. 2612, ¶127. 11 

Cellular Conditions: A POSA would have understood that the temperature, pH, and ion 12 

concentrations in a fish embryo, e.g., a zebrafish embryo, are not materially different from the 13 

conditions in S. pyogenes, which is the Cas9 of E1. Ex. 2612, ¶128. Moreover, a pre-formed 14 

RNP complex is already properly folded and would be expected to retain its folding. Id. 15 

Nuclear Localization: A POSA would have understood that nuclear localization would 16 

not be a concern when the RNP complex and donor DNA is directly injected into the nucleus. 17 

Ex. 2612, ¶¶129-130. Alternatively, a POSA would expect an RNP complex injected into the 18 

cytoplasm to end up in the nucleus as a result of breakdown of the nuclear envelope during cell 19 

division. Id., ¶129; Ex. 2123, 19824. Moreover, P1 also discloses how to add NLSs to facilitate 20 

traversing the nuclear membrane. Ex. 2009, [00115]; Ex. 2612, ¶¶129-130, 295-302; Ex. 2192, 21 

10446, 10448, Fig. 4; MF 19. 22 

Codon Optimization: A POSA would have understood that codon optimization is not 23 

relevant when injecting an RNP complex into a cell. Ex. 2612, ¶131. The cell would not be 24 
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translating anything into protein and consequently there would be no codons to optimize. Id. 1 

Chromatin: A POSA would have understood that chromatin is not a concern for rapidly 2 

dividing cells, including fish embryos, because DNA replication in dividing cells requires an 3 

open chromatin conformation. Ex. 2612, ¶132; Ex. 2545, ¶¶10-15; Ex. 2544, ¶¶28-30. P1 4 

recognizes that chromatin is dynamic and that “structural changes in the surrounding DNA” can 5 

control “the accessibility of … DNA to interacting factors.” Ex. 2009, [00164]. Even 6 

Mastroianni 2008, a Group II intron reference that the PTAB cited in its ’115 decision, states that 7 

“DNA replication can mitigate effects of chromatinization.” Ex. 2150, Abstract; Ex. 2612, ¶132. 8 

Toxicity: A POSA would have been aware that “[t]he advantages of microinjection 9 

include … high efficiency of transduction as well as low cytotoxicity.” Ex. 2136, Abstract. A 10 

POSA would not have been concerned with toxicity because many different RNAs and proteins 11 

from prokaryotes had been introduced into zebrafish embryos without significant toxicity. Ex. 12 

2612, ¶133; Ex. 2542, ¶¶33-35. Additionally, P1 explains that the specificity of the CRISPR-13 

Cas9 system minimizes off-target toxicity. Ex. 2009, [0002], [00156]; Ex. 2612, ¶133. 14 

B. P1 describes and enables a human cell method (E5) 15 

P1 claims producing a genetically modified human cell by HDR (e.g., claim 100, 109); it 16 

describes methods for editing a target DNA in a human cell comprising introducing into the cell 17 

a Type II CRISPR-Cas system comprising (i) S. pyogenes Cas9 and (ii) a sgRNA that retains 18 

more wild-type tracrRNA (“3'-extended chimera A”), along with a donor polynucleotide. Ex. 19 

2009, [00117], [00165], [00190]-[00193], [00248]-[00251], Figs. 2-4; Ex. 2612, ¶¶176-230. P1 20 

states that the human “[c]ells may be from established cell lines.” Ex. 2009, [00165]; Ex. 2612, 21 

¶177; MF 7. References such as Ausubel and Doyle, cited in P1, demonstrate general knowledge 22 

of established human cell lines. Ex. 2009, [0063], [0068], [0039]; Ex. 2124, 9-5; Ex. 2184, 5-15, 23 

Table 1.2.1; Ex. 2612, ¶177. As of P1, and in view of the knowledge in the art, a POSA would 24 
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have understood how to select a human cell line, make a sgRNA CRISPR-Cas9 system wherein 1 

the sgRNA is a 3'-extended chimera A, and then apply well-known techniques, including 2 

transfection with a donor polynucleotide, in order to achieve donor integration at the target site. 3 

Ex. 2009, [0005], [00248], Fig. 2; Ex. 2612, ¶¶176-230; MF 14-15. 4 

1. P1 describes the human cell method. 5 

The same disclosures identified above for E4 apply to this embodiment. P1 also describes 6 

a 3'-extended chimera A comprising: (i) a 32-nucleotide “targeter-RNA” (crRNA) comprising (a) 7 

a 20-nt targeter sequence and (b) the crRNA repeat sequence, 5'-GUUUUAGAGCUA-3', of chimera 8 

A; (ii) the GAAA linker of chimera A; and (iii) an “activator-RNA,” which is the 67-nucleotide 9 

tracrRNA sequence of “RNA 2 (23-89)” in Fig. 3B (“RNA2” in Fig. 3C); Ex. 2009, Fig. 3A-3C; 10 

Ex. 2612, ¶¶177-186; MF 4. P1 conveys to a POSA that the inventors had possession of the 3'- 11 

extended chimera A (which is the same as chimera A except for the activator RNA) because it 12 

includes the same crRNA and tracrRNA sequences as the working examples. Ex. 2009, [0012], 13 

[0074-75], [0079], [0087-88], [00117], Figs. 3, 9; Ex. 2612, ¶¶177-186; MF 4. 14 

2. P1 enables the human cell method. 15 

P1 enables the method of PC2 in a human cell using the sgRNA CRISPR-Cas9 system 16 

with 3'-extended chimera A and transfection techniques that were routine to transfer molecules 17 

into human cells. Ex. 2612, ¶¶207-208, 202-221; Ex. 2124, 9.3-9.4; MF 4, 9, 14-15. P1 discloses 18 

transfection techniques including “electroporation” and “liposome-mediated transfection.” Ex. 19 

2009, [00129]; see also id., [0039], [00154], [00173]-[00175], [00177]; Ex. 2612, ¶¶74, 207.  20 

Transfecting nucleic acids, proteins, or RNPs into eukaryotic cells using electroporation 21 

or liposomes required only ordinary skill. Ex. 2612, ¶¶207-208; MF 14-15; supra §V. There are 22 

many examples of applying these techniques in eukaryotic cells: transfecting RNA by 23 

electroporation (Ex. 2143, S-Methods; Ex. 2167, 5563) or liposomes (Ex. 2168, 2; Ex. 2169, 24 
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497); transfecting protein by electroporation (Ex. 2170, 65; Ex. 2171, 8367) or liposomes (Ex. 1 

2172, 10189-10190; Ex. 2173, 2026); transfecting RNPs by DEAE-dextran (Ex. 2174, 2862) or 2 

liposomes (Ex. 2175, 3974). Ex. 2612, ¶¶207-208; MF 4, 9, 14.  3 

A POSA reading P1 in view of general knowledge in the art would have been able use 4 

routine transfection methods to implement the 3'-extended chimera A CRISPR-Cas system and 5 

donor polynucleotide into a human cell line culture to practice E5 without undue 6 

experimentation. Ex. 2612, ¶¶207-208; Ex. 2009, [00039], [00129], [00154], [00173], [00175], 7 

[00190]-[00193]. P1 describes delivering the system as an RNP, or using expression vectors, or 8 

introducing both the sgRNA and the Cas9 as RNA. Ex. 2009, [00126-127], [00169-171], [00175-9 

176]; MF 9. P1 describes delivering the donor polynucletide as double- or single-stranded DNA. 10 

Ex. 2009, [00193]. And P1 discloses routine methods for confirming donor integration. Ex. 11 

2009, [00188], [00194]; Ex. 2612, ¶¶152-156. Adjustments to protocols to optimize expression 12 

or efficiency were within the ordinary skills of a POSA. Supra §V. 13 

3. Post-filing evidence confirms enablement. 14 

Numerous others in the field used the same techniques taught in P1. Ex. 2612, ¶¶222-15 

230. For example, Jinek 2013, Cho 2013, and Cong 2013 disclose using materially the same 16 

methods from P1 to make vectors encoding a chimera A and Cas9 protein, deliver the vectors 17 

(and in Cong, donor polynucleotide) to mammalian cell lines via electroporation or lipofection 18 

(or in Cho, deliver chimera A RNA and a vector encoding Cas9), and reported editing a target 19 

DNA. Ex. 2033, 7 and Fig. 1E; Ex. 2154, Fig 1a; Ex. 2030, Fig. 2B; Ex. 2612, ¶¶222-230.  20 

Kim discloses transfecting human cells with a donor polynucleoide and an RNP 21 

comprising Cas9 and a sgRNA having the same 3'-extended chimera A design described in P1, 22 

and using materially the same methods taught in P1. Ex. 2178, 1013, 1017-1018, Fig. 1, S-Table 23 

2; Ex. 2612, ¶¶223-226; Ex. 2009, Fig. 3B, [00117], [00173]-[00178], [00248]. Kim transfected 24 
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the RNPs and donor polynucleotides into a human cell line using “nucleofection” (i.e., 1 

electroporation). Id.; Ex. 2176; Ex. 2177; Ex. 2136, 507. Kim reported that codelivery of the 2 

RNP and donor polynucleotide “gave rise to targeted genome modification in K562 cells at a 3 

frequency of 15% measured by XbaI digestion.” Ex. 2178, 1014; Ex. 2612, ¶¶223-226. 4 

Zuris also discloses using the same methods taught in P1 to deliver sgRNA/Cas9 RNPs 5 

and donor polynucleotides to mammalian cell lines via liposome transfection, and editing a target 6 

DNA sequence. Ex. 2157, 5-8, 11-12; Ex. 2612, ¶227. Zuris disclosed “combin[ing] Cas9 and 7 

EGFP-targeting sgRNA,” mixing the RNP complex with “varying concentrations of single-8 

stranded DNA oligonucleotide (ssODN) donor template,” and then “deliver[ing] the 9 

Cas9:sgRNA + ssODN mixture using Lipofectamine 2000.” Ex. 2157, 7. Zuris concluded that 10 

“Cas9:sgRNA delivery achieved EGFP HDR frequencies of ~8–11%....” Id.; Ex. 2612, ¶227.  11 

4. Concerns alleged in the ’115 interference are unfounded. 12 

The alleged concerns raised in the ’115 interference with respect to RNA degradation, co-13 

localization, cellular conditions, nuclear localization, codon optimization, chromatin, and toxicity 14 

pertain to mere optimizations. Each “concern” is addressed in P1 and could have been easily 15 

mitigated using techniques well within the skill and knowledge of a POSA: RNA Degradation 16 

(see e.g., Ex. 2009, [00107], [00204]; Ex. 2236, 5638; Ex. 2456, 69:8-70:2; Ex. 2612, ¶¶190, 17 

289-294; Ex. 2542, ¶¶33-35; Ex. 2542, ¶¶33-35); Co-localization (see e.g., Ex. 2009, [00204], ; 18 

Ex. 2612, ¶191; Ex. 2542, ¶36-38; MF 5, 10, 15); Cellular Conditions (see e.g., Ex. 2009, 19 

[00184], [00189], [00248]-[00252], Fig. 3; MF 11; Ex. 2612, ¶¶192-193); Nuclear Localization 20 

(see e.g., Ex. 2009, [00115], [00179]; Ex. 2612, ¶¶194-197; Ex. 2192, 1733, 1736, Fig. 1A; Ex. 21 

2182, 186; Ex. 2237, 1158; MF 19; Ex. 2335, 35:3-7; Ex. 2542, ¶¶36-38); Codon optimization 22 

(see e.g., Ex. 2009, [0033]; Ex. 2612, ¶198; Ex. 2156, Fig. S7; Ex. 2163, 4985; Ex. 2076, Fig. 2; 23 

Ex. 2335, 35:3-7); Chromatin (see e.g., Ex. 2009, [00121], [00158]; [00164], [00174]; [00187], 24 
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[00202]; Ex. 2612, ¶¶199-200, 280-288, 331-333; Ex. 2542, ¶¶26-32; Ex. 2545, ¶¶10-15; Ex. 1 

2123, 19824; Ex. 2544, ¶¶28-30); Toxicity (see e.g. Ex. 2009, [00048], Fig. 3C; Ex. 2543, 2 

¶¶201, 288; Ex. 2542, ¶33-35). See also, Paper 476, 32:4-36:14. 3 

C. P1 describes and enables a fruit fly cell method (E6). 4 

P1’s description of a method of editing a target DNA molecule in a fruit fly cell (E6) 5 

comprising introducing a donor polynucleotide and a Type II CRISPR-Cas system that 6 

comprises (i) S. pyogenes Cas9 and (ii) a 3'-extended chimera A sgRNA further supports CVC’s 7 

entitlement to the benefit of P1. Ex. 2009, [00165], [00190]-[00193], [00248]-[00251], Figs. 2-4; 8 

Ex. 2612, ¶¶231-249; MF 4, 7-10, 12-13. A POSA would have recognized that Beumer, cited in 9 

P1, provides instructions specific to implementing the method of PC2 in fruit fly cells (embryos). 10 

Id. P1 describes and enables the method of E6 because the Type II CRISPR system of E6 11 

comprises the same S. pyogenes Cas9 and same 3'-extended chimera A design from E5, with 12 

routine microinjection (codelivered with a donor polynucleotide) into a fruit fly cell. See e.g., Ex. 13 

2009, [0005], [0012], [0068], [0074]-[0075], [0079], [0087]-[0088], [00117], [00154], [00165], 14 

[00173]-[00174], [00177], [00193], [00248], Fig. 2, 3, 9; Ex. 2612, ¶¶66-73, 231-249; MF 4, 5, 15 

7, 8, 10, 12-13; Ex. 2123, 19821, 19825; see also, Paper 476, 36:15-38:1. Others in the field 16 

immediately began practicing the fruit fly embodiment using the same techniques disclosed in 17 

P1, confirming P1’s enabling disclosures. Ex. 2612, ¶¶242-249; Ex. 2165; Ex. 2164; Ex. 2613. 18 

D. P1 discloses a proto-spacer adjacent motif (“PAM”) adjacent to the target. 19 

P1 describes and enables selecting a target DNA sequence located adjacent to a PAM, 20 

including in the case of a non-natural target (“Target A”). A POSA would have immediately 21 

recognized the “NGG” PAM adjacent each target. Ex. 2009, Fig. 3C; Ex. 2612, ¶¶55-65, 267-22 

277; MF 16-17, 25; Ex. 2548, ¶¶13-19; Ex. 2127, 736, Fig. 1; see also, Paper 476, 38:2-16. 23 
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E. In the alternative, P2 and P3 are a CRTP of PC2. 1 

The same disclosures in P1 are carried forward in P2 and P3. Ex. 2166; Ex. 2234; Ex. 2 

2612, ¶¶253-255; MF 20. For at least the same reasons shown above for P1, each of P2 and P3 3 

provides a CRTP of the fish cell (E4), human cell (E5), and fruit fly cell (E6) methods of PC2 as 4 

of the filing date of P2 and P3, respectively. Ex. 2010, [0005], [0006], [0015], [00154], [00156], 5 

[00195]-[00197], [00203], [00212], [00214], [00229]-[00232], [00255], [00316-317], [00353]-6 

[00356], Figs. 2-4; Ex. 2011, [0030], [0031], [0040], [00133], [0194], [00196], [00237]-[00239], 7 

[00251], [00260], [00262], [00276]-[00280], [00364]-[00365], [00401]-[00404], Figs. 2-4; Ex. 8 

2612, ¶¶253-255, 316-326; MF 28. 9 

P2 discusses PAMs, and also cites Sapranauskas (Ex. 2132), Deveau (Ex. 2125), Mojica 10 

(Ex. 2127), Makarova (Ex. 2130), and Wiedenheft (Ex. 2134), which discuss PAMs. Ex. 2010, 11 

[00350]; Ex. 2612, ¶¶55-65, 267-277; Ex. 2548, ¶¶13-19; MF 21. P3’s Example 2 provides an 12 

actual reduction to practice of a human cell embodiment meeting all of elements of [1]-[9] of 13 

PC2. Ex. 2011, [00416]-[00423]; Ex. 2612, ¶¶256-259; MF29. The donor integration element 14 

[10] of PC2 is also taught in P3. Ex. 2011, [00133], [00237]-[00239], [00275]-[00281]; Ex. 15 

2612, ¶¶256-259. P3 also describes cell growth conditions for HDR, and details regarding the 16 

donor polynucleotide length, format, % homology with flanking sequences, and methods of 17 

detecting integration. Ex. 2011, [00275]-[00281]; Ex. 2612, ¶¶256-259. In view of the above, P2/ 18 

P3 provides a CRTP of PC2. Ex. 2612, ¶¶253-259; MF 28. 19 

F. In the alternative, the ’859, ’504, and ’604 applications are a CRTP of PC2.  20 

As a matter of law, CVC is entitled to the benefit of its earliest application sharing an 21 

identical specification with its involved applications—the ’859 application filed on March 15, 22 

2013. CVC’s involved U.S. Application No. 15/947,680 is a continuation application that 23 

describes and enables its claim 164—CVC’s half of PC2—and is properly entitled to benefit of 24 
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the earlier ’859 application under 35 U.S.C. § 120. See Transco Prod. Inc. v. Performance 1 

Contracting, Inc., 38 F.3d 551, 556–57 (Fed. Cir. 1994); see also, Dreyfus v. Lilienfeld, 49 F.2d 2 

1062, 1064 (C.C.P.A. 1931); Ex. 2612, ¶¶260-263; MF20, 22-24; Appx. 6-8. Further, the CRTP 3 

in each of P1-P3 has been continuously disclosed and carried forward through a continuing chain 4 

of applications including CVC’s involved applications. Ex. 2612, ¶¶260-263; MF 22-24.   5 

VIII. ALTHOUGH NOT REQUIRED, THOSE IN THE FIELD, INCLUDING THE 6 
INVENTORS, EXPECTED CRISPR-CAS9 TO WORK IN EUKARYOTES. 7 

CVC provides testimony from researchers who witnessed CVC’s groundbreaking 8 

presentation at the Fifth Annual CRISPR Research Conference, and how they expected CRISPR-9 

Cas9 to work eukaryotes. Testimony from Luciano Marraffini, Erik Sontheimer, Rodolphe 10 

Barrangou, Dana Carroll, Samuel Sternberg, and Jennifer Doudna confirms that artisans and 11 

experts alike expected CRISPR-Cas9 to function in eukaryotic cells, and they based those 12 

expectations on comparisons with the analogous ZFNs and TALENs systems, which they knew 13 

facilitated HDR. Ex. 2612, ¶¶8-12; Ex. 2455, 68:13-21, 31:8-19; Ex. 2546, ¶¶10-22; Ex. 2547, 14 

¶¶16-18; Ex. 2215, 838; Ex. 2339, Fig. 1; Ex. 2545, ¶¶4-15; Ex. 2548, ¶¶8-11; Ex. 2544, ¶¶41-15 

50; see also, Paper 476, 39:9-42:17.  16 

IX. THERE IS A CONTINUOUS CHAIN TO CVC’S INVOLVED APPLICATIONS. 17 

Each involved application and each priority application was timely filed during the 18 

pendency of its parent case, and each application makes specific reference to its respective 19 

parents and P1-P3. MF 20, 22-24; Ex. 2034, 2; Ex. 2035, 3; Ex. 2036, 376; Ex. 2037, 377; Ex. 20 

2038, 2; Ex. 2039, 2; Ex. 2040, 3; Ex. 2041, 3; Ex. 2042, 379; Ex. 2043, 25; Ex. 2044, 26; Ex. 21 

2045, 25; Ex. 2046, 26; Ex. 2047, 379; Ex. 2015, 136; Ex. 2006, 371; Ex. 2007, 580. Each 22 

priority application lists the same inventors as P1 and P2. Ex. 2009, 195; Ex. 2010, 277; Ex. 23 

2011, 377; Ex. 2015, 2-4; Ex. 2006, 1-3; Ex. 2007, 353-355; MF 1-2. 24 
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X. MANDATORY CERTIFICATION 1 

CVC certifies that copies the priority applications were served on Senior Party. CVC is 2 

not precluded from bringing this motion. Ex. 2557, 2-3.  3 

Respectfully submitted, 4 

 5 
By  

/Eldora L. Ellison/  
Eldora L. Ellison, Ph.D., Esq. 
Lead Attorney for UC and UV 
Registration No. 39,967 
STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C. 
1100 New York Avenue, NW 
Washington, D.C. 20005 

 
Date: December 17, 2021 

 
By  /Li-Hsien Rin-Laures/  

Li-Hsien Rin-Laures, M.D., Esq. 
Lead Attorney for EC 
Registration No. 33,547 
RINLAURES LLC 
321 N. Clark Street, 5th floor 
Chicago, IL 60654 

 
Date: December 17, 2021 

 6 
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XI. APPENDIX 1 – LIST OF EXHIBITS  

Exhibit No. Description 

2006 U.S. Appl. No. 14/685,504, filed April 13, 2015 
2007 U.S. Appl. No. 15/138,604, filed April 16, 2016 
2008 Prov. Appl. No. 61/717,324 
2009 Prov. Appl. No. 61/652,086, filed May 25, 2012 
2010 Prov. Appl. No. 61/716,256, filed October 19, 2012 
2011 Prov. Appl. No. 61/757,640, filed January 28, 2013 
2015 U.S. Appl. No. 13/842,859, filed March 15, 2013 
2026 Prov. Appl. No. 61/734,256, filed December 6, 2012 

2029 
Deltcheva, E., et al., “CRISPR RNA maturation by trans-encoded small RNA 
and host factor RNase III,” Nature, 471:602-609, Supplementary Information 
(2011) 

2030 Cong, L., et al., Multiplex Genome Engineering Using CRISPR/Cas Systems, 
339(6121) Science 819-823 (2013) with Supplemental Material. 

2033 Jinek, M., et al., “RNA-programmed genome editing in human cells,” eLife, 
2:e00471, pp. 1-9 (2013) 

2034 U.S. Appl. No. 15/947,680, filed April 6, 2018   
2035 U.S. Appl. No. 15/981,807, filed May 16, 2018 
2036 U.S. Appl. No. 16/136,168, filed September 19, 2018 
2037 U.S. Appl. No. 16/136,175, filed September 19, 2018 
2038 U.S. Appl. No. 15/947,700, filed April 6, 2018  
2039 U.S. Appl. No. 15/947,718, filed April 6, 2018 
2040 U.S. Appl. No. 15/981,808, filed May 16, 2018 
2041 U.S. Appl. No. 15/981,809, filed May 16, 2018 
2042 U.S. Appl. No. 16/136,159, filed September 19, 2018 
2043 U.S. Appl. No. 16/276,361, filed February 14, 2019  
2044 U.S. Appl. No. 16/276,365, filed February 14, 2019 
2045 U.S. Appl. No. 16/276,368, filed February 14, 2019 
2046 U.S. Appl. No. 16/276,374, filed Ferbruary 14, 2019 
2047 U.S. Appl. No. 16/136,165, filed September 19, 2018 

2076 Nakayama, T., et al., “Simple and efficient CRISPR/Cas9-mediated targeted 
mutagenesis in Xenopus tropicalis,” Genesis 51(12): 835–843 (2013) 

2123 
Beumer, K.J., et al., “Efficient gene targeting in Drosophila by direct embryo 
injection with zinc-finger nucleases,” Proc. Natl. Acad. Sci., 105(50):19821-
19826 (2008) 

2124 
Ausubel, F.M., et al., Eds., Chapter 9: Introduction of DNA into Mammalian 
Cells, Short Protocols in Molecular Biology, pp. 9-1 – 9-57, Third Edition, 
John Wiley & Sons, Inc., United States (1995) 

2125 Deveau, H., et al., “Phage Response to CRISPR-Encoded Resistance in 
Streptococcus thermophilus,” J. Bacteriol., 190(4):1390-1400 (2008) 

2127 Mojica, F.J.M., et al., “Short motif sequences determine the targets of the 
prokaryotic CRISPR defence system,” Microbiology, 155:733-740 (2009) 
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2130 Makarova, K.S., et al., “Evolution and classification of the CRISPR-Cas 
systems,” Nature Reviews Microbiology, 9:467-477 (2011) 

2132 
Sapranauskas, R., et al., “The Streptococcus thermophilus CRISPR/Cas system 
provides immunity in Escherichia coli,” Nucl. Acids Res., 39(21):9275-9282, 
Supplementary Figures (2011) 

2134 Wiedenheft, B., et al., “RNA-guided genetic silencing systems in bacteria and 
archaea,” Nature, 482:331-338 (2012) 

2135 Urnov, F.D., et al., “Genome editing with engineered zinc finger nucleases,” 
Nat Rev Genet 11:636-646 (2010) 

2136 Zhang, Y. and Yu, L-C., “Microinjection as a tool of mechanical delivery,” 
Curr. Opin. Biotechnol., 19:506-510 (2008) 

2143 
Tesson, L., et al., “Knockout rats generated by embryo microinjection of 
TALENs,” Nat. Biotechnol., 29(8):695-696, Supplementary Information 
(2011) 

2150 Mastroianni, M., et al., “Group II Intron-Based Gene Targeting Reactions in 
Eukaryotes,” PloS ONE, 3(9):e3121, pp. 1-15 (2008) 

2151 

Xu, Q., Chapter 11: Microinjection into Zebrafish Embryos, Methods in 
Molecular Biology: Molecular Methods in Developmental Biology Xenopus 
and Zebrafish, Vol.127, pp. 125-132, Ed. Guille, M., Humana Press Inc., 
United States  (1999) 

2154 
Cho, S.W., et al., “Targeted genome engineering in human cells with the Cas9 
RNA-guided endonuclease,” Nature Biotechnol., 31(3):230-232, 
Supplementary Information (2013) 

2156 
Shen, B., et al., “Generation of gene-modified mice via Cas9/RNA-mediated 
gene targeting,” Cell Research, 23:720-723, Supplementary Information 
(2013) 

2157 Zuris, J.A., et al., “Efficient Delivery of Genome-Editing Proteins In Vitro and 
In Vivo,” Nat. Biotechnol., 33(1):73-80, pp. 1-26 (2015) 

2160 
Gagnon, J.A., et al., “Efficient Mutagenesis by Cas9 Protein-Mediated 
Oligonucleotide Insertion and Large-Scale Assessment of Single-Guide 
RNAs,” PLOS ONE, 9(5):e98186, pp. 1-8, Supplementary Information (2014) 

2163 
Hruscha, A., et al., “Efficient CRISPR/Cas9 genome editing with low off-
target effects in zebrafish,” Development, 140:4982-4987, Supplementary 
Information (2013) 

2164 
Bassett, A., et al., “Highly Efficient Targeted Mutagenesis of Drosophila with 
the CRISPR/Cas9 System,” Cell Reports, 4:220-228, Supplementary 
Information (2013) 

2165 
Yu, Z., et al., “Highly Efficient Genome Modifications Mediated by 
CRISPR/Cas9 in Drosophila,” Genetics, 195:289-291, Supplementary 
Information (2013) 

2166 Redline Comparison of Provisional Application No. 61/652,086 and 
Provisional Application No. 61/716,256 

2167 
Zou, J., et al., “Oxidase-deficient neutrophils from X-linked chronic 
granulomatous disease iPS cells: functional correction by zinc finger nuclease-
mediated safe harbor targeting,” Blood, 117(21):5561-5572 (2011)  
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2168 
Donze, O. and Picard, D., “RNA interference in mammalian cells using 
siRNAs synthesized with T7 RNA polymerase,” Nucl. Acids Res., 30(10): e46, 
pp. 1-4 (2002) 

2169 Elbashir, S.M., et al., “Duplexes of 21-nucleotide RNAs mediate RNA 
interference in cultured mammalian cells,” Nature, 411:494-498 (2001) 

2170 Berglund, D.L. and Starkey, J.R., “Introduction of Antibody Into Viable Cells 
Using Electroporation,” Cytometry, 12:64-67 (1991) 

2171 Koken, S.E.C., et al., “Intracellular Analysis of in Vitro Modified HIV Tat 
Protein,” J. Biol. Chem., 269(11):8366-8375 (1994) 

2172 
Debs, R.J., et al., “Regulation of Gene Expression in Vivo by Liposome-
mediated Delivery of a Purified Transcription Factor,” J. Biol. Chem., 
265(18):10189-10192 (1990) 

2173 Baubonis, W. and Sauer, B., “Genomic targeting with purified Cre 
recombinase,” Nucl. Acids Res., 21(9):2025-2029 (1993) 

2174 
Luo, G., et al., “The Polyadenylation Signal of Influenza Virus RNA Involves 
a Stretch of Uridines Followed by the RNA Duplex of the Panhandle 
Structure,” J. Virol., 65(6):2861-2867 (1991) 

2175 
Lopez, N., et al., “The L Protein of Rift Valley Fever Virus Can Rescue Viral 
Ribonucleoproteins and Transcribe Synthetic Genome-Like RNA Molecules,” 
J. Virol., 69(7):3972-3979 (1995) 

2176 Han, S.Y., et al., “Nucleofection is a highly effective gene transfer technique 
for human melanoma cell lines,” Exp. Dermatol., 17:405-411 (2008) 

2177 Distler, J.H.W., et al., “Nucleofection: a new, highly efficient transfection 
method for primary human keratinocytes,” Exp. Dermatol., 14:315-320 (2005) 

2178 
Kim, S., et al., “Highly efficient RNA-guided genome editing in human cells 
via delivery of purified Cas9 ribonucleoproteins,” Genome Res., 24:1012-
1019, Supplementary Information (2014)  

2182 Chugh, A., et al., “Cell-Penetrating Peptides: Nanocarrier for Macromolecule 
Delivery in Living Cells,” IUBMB Life, 62(3):183-193 (2010) 

2184 
Doyle, A. and Griffiths, B.J., Eds., Chapters 1.1 and 1.2: The Cell: Selection 
and Standardization, Cell and Tissue Culture: Laboratory Procedures in 
Biotechnology, pp. 3-17, John Wiley & Sons Ltd., England (1998) 

2192 
Noguchi, H., et al., “PDX-1 Protein Containing Its Own Antennapedia-Like 
Protein Transduction Domain Can Transduce Pancreatic Duct and Islet Cells,” 
Diabetes, 52:1732-1737 (2003) 

2199 
Ausubel, F.M., et al., Eds., Chapter 16: Protein Expression, Short Protocols in 
Molecular Biology, pp. 16-1 – 16-62, Third Edition, John Wiley & Sons, Inc., 
United States (1995) 

2215 Barrangou, R., “RNA-mediated programmable DNA cleavage,” Nature 
Biotechology, 30(9):836-838 (2012) 

2234 Redline Comparison of Provisional Application No. 61/652,086 and 
Provisional Application No. 61/757,640 

2236 Wahlestedt, C., et al., “Potent and nontoxic antisense oligonucleotides 
containing locked nucleic acids,” PNAS 97(10): 5633–5638 (2000) 

2237 Uemura, S., et al., “Short Polymers of Arginine Rapidly Translocate 
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Into Vascular Cells - Effects on Nitric Oxide Synthesis,” Circ J 66: 1155 –
1160 (2002) 

2250 Email from Jennifer Doudna to Martin Jinek, dated April 14, 2012, with 
attachments, 33 pages 

2306 
Zhang, F., et al., “Efficient construction of sequence-specific TAL effectors for 
modulating mammalian transcription,” Nat Biotechnol., 29(2):149-153, 
Supplementary Information (2011) 

2327 
Chen, F., et al., “High-frequency genome editing using ssDNA 
oligonucleotides with zinc-finger nucleases,” Nature Methods, 8(9):753-755 
with Supplementary Information (2011) 

2332 Kim, E., et al., “Precision genome engineering with programmable DNA-
nicking enzymes,” Genome Res. 22:1327-1333 (2012) 

2333 
Briggs, A.W., et al., “Iterative capped assembly: rapid and scalable synthesis 
of repeat-module DNA such as TAL effectors from individual monomers,” 
Nucleic Acids Research, 40(15):e117, pp. 1-10 (2012) 

2335 
Decision on Motions 37 C.F.R. § 41.125(a), The Broad Institute, Inc. v. The 
Regents of the University of California, Patent Interference 106,048, Paper 893 
(February 15, 2017) 

2339 Carroll, D., “A CRISPR Approach to Gene Targeting”, Molec. Therapy 
20:1658 (2012) (Ex. 1152) 

2344 Cong, L., et al., October 5, 2012 Manuscript, CRISPR-Assisted Mammalian 
Genome Engineering 

2345 Mali, P. et al., “RNA-Guided Human Genome Engineering via Cas9,”  Science 
339(6121): 823-826 

2399 Email from Jennifer Doudna to Emmanuelle Charpentier, dated June 28, 2012, 
4 pages 

2400 
Decision on Motions 37 C.F.R. § 41.125(a), The Regents of the University of 
California v. The Broad Institute, Inc., Patent Interference No. 106,115, Paper 
877, (September 10, 2020) 

2455 
Deposition transcript of Luciano Marraffini, Ph.D., The Regents of the 
University of California v. The Broad Institute, Inc., Patent Interference 
No.106,115 (March 11, 2021) 

2456 
Deposition transcript of Ronald Breaker, Ph.D., The Regents of the University 
of California v. The Broad Institute, Inc., Patent Interference No.106,115 
(March 5, 2021) 

2542 Declaration of Philip Zamore, Ph.D. 
2543 Declaration of Yannick Doyon, Ph.D. 
2544 Declaration of Jennifer Doudna, Ph.D. 
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Kim, K., et al., “Genome surgery using Cas9 ribonucleoprotiens for the 
treatment of age-related macular degeneration,” Genome Research 27:419-426 
(2017) 

2584 Joung, J.K. and Sander, J.D., “TALENs: a widely applicable technology for 
targeted genome editing,” Nat Rev Mol Cell Biol. 14(1): 49–55 (2013) 

2585 U.S. Appl. No. 15/456,204 with current claims appended 

2595 Lin, S., et al., “Enhanced homology-directed human genome engineering by 
controlled timing of CRISPR/Cas9 delivery,” eLife 3:e04766 (2014) 

2606 
Woo, J.W., et al., “DNA-free genome editing in plants with preassem bled 
CRISPR-Cas9 ribonucleoproteins,” Nature Biotechnol 33(11): 1162-1164 
(2015) 
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XII. APPENDIX 2 – STATEMENT OF MATERIAL FACTS 1 

1. P1 lists Jinek, Doudna, Charpentier, and Chylinski as co-inventors. Ex. 2009, 195.  2 

2. P2 lists Jinek, Doudna, Charpentier, Chylinski, and Cate as co-inventors. Ex. 2010, 277.  3 

3. P1 describes CRISPR-Cas systems comprising a) a Cas9 protein and b) a single molecule 4 

DNA-targeting RNA. Ex. 2009, [00248]-[00251], Figs. 1-3; Ex. 2612, ¶¶91-252, Appx3.  5 

4. P1 describes a sgRNA comprising i) a targeter RNA that hybridizes with a target 6 

sequence and ii) an activator-RNA that hybridizes with the targeter RNA to form a double-7 

stranded duplex, wherein (i) and (ii) are covalently linked to one another with intervening 8 

nucleotides. Ex. 2009, [0079], [00119], [00248], Figs. 1, 3, 9; Ex. 2612, ¶¶91-96, 103-110, 181-9 

184, 232, Appx3.  10 

5. P1 describes a sgRNA that forms a complex with Cas9 and targets the Cas9 protein to the 11 

target DNA molecule. Ex. 2009, [0046], [0048], [0076], [0089], [00155]-[00156], [00248]-12 

[00251], Figs. 1, 3; Ex. 2612, ¶¶91-96, 112-114, 185, 232, Appx3. 13 

6. P1 describes CRISPR-Cas9 systems that cleave or edit target DNA or modulate 14 

transcription of at least one gene encoded by the target DNA. Ex. 2009, [00155]-[00159], 15 

[00248]-[00251], Figs. 3, 4; Ex. 2612, ¶¶91-96, 115-116, 185, 232, Appx3. 16 

7. P1 describes target cells including a fish, a human, and a fruit fly cell, and that a target 17 

cell may be “embryonic.” Ex. 2009, [00165], [00216], [00218], [00050]-[00052], [00174]. 18 

8. P1 describes making and using a single-molecule DNA-targeting RNA and a Cas9 RNA. 19 

Ex. 2009, [00173], [00248]; Ex. 2612, ¶¶91-96, 102, 177-180, 231, Appx3. 20 

9. P1 describes that Cas9 can be delivered into a eukaryotic cell as “a polypeptide,” as a 21 

nucleic acid encoding Cas9, or in a pre-formed RNP complex. Ex. 2009, [00120], [00126]-22 

[00128], [00167]-[00172], [00177]-[00178]; Ex. 2612, ¶¶93, 97-101, 137-140, 145, Appx3. 23 

10. P1 describes that the sgRNA can be delivered into a eukaryotic cell “directly as RNA” or 24 
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as a nucleic acid “comprising a nucleotide sequence encoding a subject DNA-targeting RNA.” 1 

Ex. 2009, [00120], [00167], [00170]-[00173], [00177]; Ex. 2612, ¶¶93, 97-101, 142-145, Appx3.   2 

11. P1’s Example 1 describes incubating a Cas9 protein with the sgRNA to make an RNP to 3 

cleave a target DNA. Ex. 2009, [00248]-[00251]; Ex. 2612, ¶¶93, 97-101, 142-145, Appx3. 4 

12. P1 describes microinjection as a method of delivering Type II CRISPR-Cas9 into a cell. 5 

Ex. 2009, [0039], [00154], [00173]-[00175]; Ex. 2612, ¶¶146-151, 234, Appx3. 6 

13. By May 25, 2012, microinjecting protein, RNA, or RNPs into eukaryotic cells were well-7 

known, routine laboratory techniques. Ex. 2009, [00173]; Ex. 2612, ¶¶67-73. 8 

14. P1 describes transfection as a method for delivering Type II CRISPR-Cas9 systems into a 9 

cell. Ex. 2009, [00129], [0039], [00154], [00173-175], [00177]; Ex. 2612, ¶¶207-208, Appx3. 10 

15. By May 25, 2012, transfecting proteins, RNA, and RNPs into human cell lines were well-11 

known, routine laboratory techniques. Ex. 2009, [00173]; Ex. 2612, ¶¶74-83. 12 

16. By May 25, 2012, the art disclosed that a PAM must be adjacent to the target sequence 13 

for Type II CRISPR-Cas9 systems to cleave target DNA. Ex. 2612, ¶¶55-65, 267-277. 14 

17. P1 discloses a PAM sequence adjacent to the target in Target DNA A (“GGG”), Target 15 

DNA B (“GGG”), and Target DNA C (“TGG”). Ex. 2009, Fig. 3C; Ex. 2612, ¶¶267-277. 16 

18. P1 describes “replac[ing] a codon with a codon encoding the same amino acid.” Ex. 17 

2009, [0033]; Ex. 2612, ¶¶198, 303-307. 18 

19. P1 describes peptides that can be added to Cas9, including a polypeptide that facilitates 19 

traversing an organelle membrane. Ex. 2009, [00115]; Ex. 2612, ¶¶129-130, 295-302.  20 

20. All of the disclosures in P1 are in P2 and P3. Ex. 2009-2011; Ex. 2612, ¶¶253-259. 21 

21. P2 describes PAMs and cites references that discuss PAMs. Ex. 2010, [00103], [00350]-22 

[00352], [00359]; Ex. 2132; Ex. 2125; Ex. 2127; Ex. 2130; Ex. 2134; Ex. 2612, ¶¶253-255.  23 

22. CVC’s ’859 application was filed within 12 months of the filing dates of P1-P3, and 24 
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makes specific reference to P1, P2, and P3 applications. Ex. 2015, 5. 1 

23. CVC’s ’504 application was filed during the ’859 application’s pendency and makes 2 

specific reference to the ’859, P1, P2, and P3 applications. Ex. 2006, 4-5.  3 

24. CVC’s ’604 application was filed during the ’504 application’s pendency and makes 4 

specific reference to the ’504, ’859, P1, P2, and P3 applications. Ex. 2007, 356-360. 5 

25. Target DNA A, disclosed in Figure 3C of P1 and P2, is a non-natural target and P1 6 

discloses Target DNA A as including a PAM. Ex. 2009, Fig. 3C; Ex. 2612, ¶¶267-277. 7 

26. P1 describes and enables modification of a target DNA molecule in a eukaryotic cell by 8 

integrating a donor sequence, which occurs when the cell’s own HDR process repairs DNA cut 9 

by a nuclease, whether Cas9, ZFN, or TALEN. Ex. 2009, [0058], [0059], [00157], [00189]-10 

[00193], Fig. 4, claims 77-78, 88-89, 99-100; Ex. 2612, ¶¶118-124. 11 

27. It was known that a donor sequence could be incorporated at the target site by a cell’s 12 

natural HDR process after target cleavage by any nuclease. Ex. 2612, ¶¶118-124, 152-156, 324. 13 

28. P3’s Example 2 provides an actual reduction to practice of a human cell embodiment 14 

meeting all of elements of [1]-[9] of PC2, and P3 discloses codelivering a donor polynucleotide 15 

to integrate at the target site via HDR (element [10]). Ex. 2011, [00133], [00237]-[00239], 16 

[00275]-[00281], [00416]-[00423]; Ex. 2612, ¶¶256-259. 17 



   Interference No. 106,132 
CVC Responsive Motion 1 

3-1 

XIII. APPENDIX 3 – EXEMPLARY EVIDENCE OF CONSTRUCTIVE REDUCTION 
TO PRACTICE OF PROPOSED COUNT 2 IN THE P1 ’086 APPLICATION 

Elements of  
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[1] A method of cleaving or 
editing a target DNA molecule 
or modulating transcription of 
at least one gene encoded 
thereon, the method 
comprising: contacting a target 
DNA molecule having a target 
sequence with  
 
an engineered and/or non-
naturally occurring Type II 
Clustered Regularly 
Interspaced Short Palindromic 
Repeats (CRISPR)—CRISPR 
associated (Cas) (CRISPR-
Cas) system comprising:  

“In some of the above applications, the subject methods 
may be employed to induce DNA cleavage and DNA 
modification in mitotic or post-mitotic cells in vitro and/or 
ex vivo and/or in vitro (e.g., to produce genetically modified 
cells that can be reintroduced into an individual). Because 
the DNA-targeting RNA provide specificity by hybridizing 
to target DNA, a mitotic and/or post-mitotic cell of interest 
in the disclosed methods may include a cell from any 
organism (e.g. a bacterial cell, an archaeal cell, a cell of a 
single-cell eukaryotic organism, a plant cell, an animal 
cell, a cell from an invertebrate animal (e.g. fruit fly, 
cnidarian, echinoderm, nematode, etc.), a cell from a 
vertebrate animal (e.g., fish, amphibian, reptile, bird, 
mammal), a cell from a mammal, a cell from a rodent, a 
cell from a human, etc.). Any type of cell may be of 
interest (e.g. a stem cell, e.g. an embryonic stem (ES) cell, 
an induced pluripotent stem (iPS) cell, a germ cell; a somatic 
cell, e.g. a fibroblast, a hematopoietic cell, a neuron, a 
muscle cell, a bone cell, a hepatocyte, a pancreatic cell etc.). 
Cells may be from established cell lines.” Ex. 2009, ¶ 
[00165]. 
 
“The present disclosure provides genetically modified host 
cells, including isolated genetically modified host cells, 
where a subject genetically modified host cell comprises 
(has been genetically modified with): 1) an exogenous 
DNA-targeting RNA; 2) an exogenous nucleic acid 
comprising a nucleotide sequence encoding a DNA targeting 
RNA; 3) an exogenous site-directed modifying 
polypeptide; 4) an exogenous nucleic acid comprising a 
nucleotide sequence encoding a site-directed modifying 
polypeptide; or 5) any combination of the above.” Ex. 
2009, ¶ [00215]. 
 
“In some embodiments a cell comprising a target DNA is in 
vitro. In some embodiments a cell comprising a target 
DNA is in vivo.” Ex. 2009, ¶ [00121]. 
 
“In some embodiments, a subject genetically modified host 
cell is in vitro. In some embodiments, a subject genetically 
modified host cell is in vivo … In some embodiments, a 
subject genetically modified host cell is a eukaryotic cell or 
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is derived from a eukaryotic cell. In some embodiments, a 
subject genetically modified host cell is a plant cell or is 
derived from a plant cell. In some embodiments, a subject 
genetically modified host cell is an animal cell or is derived 
from an animal cell. In some embodiments, a subject 
genetically modified host cell is an invertebrate cell or is 
derived from an invertebrate cell. In some embodiments, a 
subject genetically modified host cell is a vertebrate cell or 
is derived from a vertebrate cell. In some embodiments, a 
subject genetically modified host cell is a mammalian cell 
or is derived from a mammalian cell. In some embodiments, 
a subject genetically modified host cell is a rodent cell or is 
derived from a rodent cell. In some embodiments, a subject 
genetically modified host cell is a human cell or is derived 
from a human cell.” Ex. 2009, ¶ [00216]. 
 
“The CRISPR loci belong to the TYPE II (Nmeni/CASS4) 
CRISPR/Cas system.” Ex. 2009, ¶ [0011]. 
 
See also, Ex. 2009, ¶¶ [0006], [0039], [0092], [00154], 
[00173]-[00174], [00177], [00248]-[--251], Fig. 2, Fig. 12, 
claims 61-69, 93-96, 102-109.  
 

  
[2] a) a single molecule DNA-
targeting RNA comprising  
 

“In other embodiments, the subject DNA targeting RNA is 
a single RNA molecule (single RNA polynucleotide) and is 
referred to herein as a ‘single-molecule DNA-targeting 
RNA.’” Ex. 2009, ¶ [0047]. 
 
“In some embodiments, a DNA-targeting RNA may be 
provided directly as RNA. In such cases, the DNA-
targeting RNA may be produced by direct chemical 
synthesis or may be transcribed in vitro from a DNA 
encoding the DNA-targeting RNA. Methods of synthesizing 
RNA from a DNA template are well known in the art. In 
some cases, the DNA-targeting RNA will be synthesized in 
vitro using an RNA polymerase enzyme (e.g., T7 
polymerase, T3 polymerase, SP6 polymerase, etc.).” Ex. 
2009, ¶ [00173]. 
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Ex. 2009, Fig. 3B. 

 
See also, Ex. 2009, ¶¶ [0004], [0077], [0079], [00119], 
[00248], Figs. 1, 3, 9. 

[3] i) a targeter-RNA that 
hybridizes with the target 
sequence, and 

“A site-directed modifying polypeptide as described herein 
is targeted to a specific DNA sequence by the RNA 
molecule to which it is bound. The RNA molecule 
comprises a sequence that is complementary to a target 
sequence within the target DNA, thus targeting the bound 
polypeptide to a specific location within the target DNA (the 
target sequence).” Ex. 2009, ¶ [0041]. 
 
“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening nucleotides 
(‘linkers’ or ‘linker nucleotides’) that are complementary to 
one another and hybridize to form the double stranded RNA 
duplex (dsRNA duplex) of the protein-binding segment, thus 
resulting in a stem-loop structure (Figure 1B).” Ex. 2009, ¶ 
[0079]. 
 
“The DNA-targeting segment of a subject DNA-targeting 
RNA comprises a nucleotide sequence that is 
complementary to a sequence in a target DNA. In other 
words, the DNA-targeting segment of a subject DNA-
targeting RNA interacts with a target DNA in a sequence-
specific manner via hybridization (i.e., base pairing).” Ex. 
2009, ¶ [0074]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 
5' -GUUUUAGAGCUA-linker- 
UAGCAAGUUAAAAUAAGGCUAGUCCG-3' linked at its 5' 
end to a stretch of nucleotides that are complementary to 
a target DNA (where ‘linker’ denotes any a linker 
nucleotide sequence that can comprise any nucleotide 
sequence).” Ex. 2009, ¶ [00119]. 
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Ex. 2009, Fig. 1B. 

 
See also, Ex. 2009, ¶¶ [0046], [0047], [0073]-[0076], 
[0084]-[0088], [00119]. 

[4] ii) an activator-RNA that 
hybridizes with the targeter-
RNA to form a double-
stranded RNA duplex of a 
protein-binding segment, 

“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening 
nucleotides (‘linkers’ or ‘linker nucleotides’) that are 
complementary to one another and hybridize to form the 
double stranded RNA duplex (dsRNA duplex) of the 
protein-binding segment, thus resulting in a stem-loop 
structure (Figure 1B).” Ex. 2009, ¶ [0079]. 
 

 
Ex. 2009, Fig. 1B. 
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Ex. 2009, Fig. 3B. 
 

See also, Ex. 2009, ¶¶ [0046], [0047], [0073]-[0076], 
[0084]-[0088]. 

[5] wherein the targeter-RNA 
and the activator-RNA are 
covalently linked to one 
another with intervening 
nucleotides; and 

“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening 
nucleotides (‘linkers’ or ‘linker nucleotides’) that are 
complementary to one another and hybridize to form the 
double stranded RNA duplex (dsRNA duplex) of the 
protein-binding segment, thus resulting in a stem-loop 
structure (Figure 1B).” Ex. 2009, ¶ [0079]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 
5' -GUUUUAGAGCUA-linker- 
UAGCAAGUUAAAAUAAGGCUAGUCCG-3' linked at its 5' end 
to a stretch of nucleotides that are complementary to a target 
DNA (where ‘linker’ denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence).” Ex. 
2009, ¶ [00119]. 
 
See also, Ex. 2009, ¶¶ [0004], [0006], [0080], [00119], Fig. 
1B, Fig. 3B.  

[6] b) a Cas9 protein, “Figure 2 depicts the amino acid sequence of a Cas9/Csn1 
protein from Streptococcus pyogenes. Domains 1 and 2 are 
conserved to varying degrees among the Cas9/Csn1 proteins 
of many different species….” Ex. 2009, ¶ [0005]. 
 
“Figures 12 A-V provide amino acid sequences of the 
Cas9/Csn1 proteins from various species (e.g., 
Streptococcus pyogenes….” Ex. 2009, ¶ [0015].  
 
“A subject DNA-targeting RNA and/or a site-directed 
modifying polypeptide and/or a chimeric site-directed 
modifying polypeptide may instead be used to contact DNA 
or introduced into cells as RNA.” Ex. 2009, ¶ [00177]. 
 
“A subject site-directed modifying polypeptide may 
instead be provided to cells as a polypeptide.” Ex. 2009, ¶ 
[00178]. 
 
“A recombinant DNA-targeting polypeptide based on the 
sequence of Streptococcus pyogenes Cas9/Csn1 
endonuclease was heterologously expressed in Escherichia 
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coli and purified by a combination of affinity, ion exchange 
and gel filtration chromatographic steps according to 
standard procedures in the art.” Ex. 2009, ¶ [00248]. 
 
See also, Ex. 2009, ¶¶ [00015], [0027] [0092], [0096], 
[00144], Figs. 2, 12, claims 5, 15, 38, 72. 

[7] wherein the single molecule 
DNA-targeting RNA forms a 
complex with the Cas9 protein, 
thereby targeting the Cas9 
protein to the target DNA 
molecule, 

“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide form a complex (i.e., bind via non-
covalent interactions). The DNA-targeting RNA provides 
target specificity to the complex by comprising a 
nucleotide sequence that is complementary to a sequence of 
a target DNA.” Ex. 2009, ¶ [0048].  
 
“Generally, a subject method involves contacting a target 
DNA with a complex (a ‘targeting complex’), which 
complex comprises a DNA-targeting RNA and a site-
directed modifying polypeptide.” Ex. 2009, ¶ [00155]. 
 
“As discussed above, a subject DNA-targeting RNA and a 
subject site-directed modifying polypeptide form a 
complex.” Ex. 2009, ¶ [00156]. 
 
“A site-directed modifying polypeptide as described herein 
is targeted to a specific DNA sequence by the RNA 
molecule to which it is bound. The RNA molecule 
comprises a sequence that is complementary to a target 
sequence within the target DNA, thus targeting the bound 
polypeptide to a specific location within the target DNA 
(the target sequence).” Ex. 2009, ¶ [0041]. 
 
See also, Ex. 2009, ¶¶ [0076], [0089], Fig. 1. 

[8] whereby said target DNA 
molecule is cleaved or edited 
or transcription of at least one 
gene encoded by the target 
DNA molecule is modulated, 
and wherein said contacting 
occurs in a eukaryotic cell. 

“Exemplary naturally-occurring site-directed modifying 
polypeptides are provided in Figure 12 as a non-limiting and 
non-exhaustive list of naturally occurring Cas9/Csnl 
endonucleases. These naturally occurring polypeptides, as 
disclosed herein, bind a DNA-targeting RNA, are thereby 
directed to a specific sequence within a target DNA, and 
cleave the target DNA to generate a double strand break.” 
Ex. 2009, ¶ [0092]. 
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Ex. 2009, Fig. 3A. 

 
“In some embodiments, a subject complex modifies a target 
DNA, leading to, for example, DNA cleavage, DNA 
methylation, DNA damage, DNA repair, etc.” Ex. 2009, ¶ 
[00156]. 
 
“In some of the above applications, the subject methods may 
be employed to induce DNA cleavage and DNA 
modification in mitotic or post-mitotic cells….” Ex. 2009, ¶ 
[00165].  
 
“As such, a complex comprising a DNA-targeting RNA and 
a site-directed modifying polypeptide is useful in any in 
vitro or in vivo application in which it is desirable to modify 
DNA in a site-specific, i.e. ‘targeted’, way, for example gene 
knock-out, gene knock-in, gene editing, gene tagging, etc., 
as used in, for example, gene therapy, e.g. to treat a disease 
or as an antiviral, antipathogenic, or anticancer therapeutic, 
the production of genetically modified organisms in 
agriculture, the large scale production of proteins by cells for 
therapeutic, diagnostic, or research purposes, the induction 
of iPS cells, biological research, the targeting of genes of 
pathogens for deletion or replacement, etc.” Ex. 2009, ¶ 
[00159].  
 
“In some cases, the site-directed modifying polypeptide has 
activity that modulates the transcription of target DNA.” 
Ex. 2009, ¶ [00163]. 
 
See also, Ex. 2009, ¶¶ [0006], [0042], [0090],[0093], 
[00130], [00131], [00137], [00140], [00155]-[00160], 
[00163], [00186], [00190], [00194], [00230]-[00232], 
[00240], [00242], [00249]-[00251], Fig. 3. 
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[9] The method of [Elements 
[1]-[8]], wherein, prior to the 
contacting step, the method 
comprises: introducing into the 
eukaryotic cell containing the 
target DNA molecule: 
 
1) the single molecule DNA-
targeting RNA, or a DNA 
molecule comprising a 
nucleotide sequence that (i) 
encodes the single molecule 
DNA-targeting RNA and (ii) is 
operably linked to a regulatory 
element operable in said 
eukaryotic cell; and 
 
2) the Cas9 protein, an RNA 
molecule comprising a 
nucleotide sequence encoding 
the Cas9 protein, or a DNA 
molecule comprising a 
nucleotide sequence that (i) 
encodes the Cas9 protein and 
(ii) is operably linked to a 
regulatory element operable in 
said eukaryotic cell. 

 “In some embodiments, a DNA-targeting RNA may be 
provided directly as RNA … Once synthesized, the RNA 
may directly contact a target DNA or may be introduced 
into a cell by any of the well-known techniques for 
introducing nucleic acids into cells (e.g., microinjection, 
electroporation, transfection, etc).” Ex. 2009, ¶ [00173] 
 
“A subject site-directed modifying polypeptide may instead 
be provided to cells as a polypeptide.” Ex. 2009, ¶ 
[00178]. 
  
“Nucleotides encoding a DNA-targeting RNA and/or a 
site-directed modifying polypeptide and/or a donor 
polynucleotide may be provided to the cells using well-
developed transfection techniques; see, e.g. Angel and Yanik 
(2010) PLoS ONE 5(7): e11756, and the commercially 
available TransMessenger® reagents from Qiagen, 
Stemfect™ RNA Transfection Kit from Stemgent, and 
TransIT®-mRNA Transfection Kit from Mirus Bio LLC.” 
Ex. 2009, ¶ [00174] 
 
“Suitable methods of genetic modification (also referred to 
as "transformation") include viral infection, transfection, 
conjugation, protoplast fusion, electroporation, particle gun 
technology, calcium phosphate precipitation, direct micro 
injection, and the like.” Ex. 2009, ¶ [0039] 
 
“The donor sequence may be provided to the cell as 
single-stranded DNA, single-strandedRNA, double-stranded 
DNA, or double-stranded RNA. It may be introduced into a 
cell in linear or circular form … A donor sequence can be 
introduced into a cell as part of a vector molecule having 
additional sequences such as, for example, replication 
origins, promoters and genes encoding antibiotic resistance. 
Moreover, donor sequences can be introduced as naked 
nucleic acid, as nucleic acid complexed with an agent such 
as a liposome or poloxamer, or can be delivered by viruses 
(e.g., adenovirus, AAV), as described above for nucleic 
acids encoding a DNA-targeting RNA and/or site-directed 
modifying polypeptide and/or donor polynucleotide.” Ex. 
2009, ¶ [00193]. 
 
“Numerous suitable expression vectors are known to those 
of skill in the art, and many are commercially available … 
Depending on the host/vector system utilized, any of a 
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number of suitable transcription and translation control 
elements, including constitutive and inducible promoters, 
transcription enhancer elements, transcription terminators, 
etc. may be used in the expression vector.” Ex. 2009, ¶¶ 
[00124]-[00125]. 
 
See also, Ex. 2009, ¶¶ [0028]-[0029], [0039], [00129], 
[00173], [00175]-[00177]. 

[10] The method of [Element 
[9], wherein the method 
comprises creation of a double 
strand break in the target DNA 
molecule which is repaired by 
a homology-directed repair 
mechanism which incorporates 
a sequence of a donor 
polynucleotide into the target 
DNA molecule, thereby editing 
the target DNA molecule. 

“As used herein, ‘homology-directed repair (HDR)’ refers 
to the specialized form DNA repair that takes place, for 
example, during repair of double-strand breaks in cells. This 
process requires nucleotide sequence homology, uses a 
‘donor’ molecule to template repair of a ‘target’ molecule 
(i.e., the one that experienced the double-strand break), and 
leads to the transfer of genetic information from the donor to 
the target. Homology-directed repair may result in an 
alteration of the sequence of the target molecule (e.g., 
insertion, deletion, mutation), if the donor polynucleotide 
differs from the target molecule and part or all of the 
sequence of the donor polynucleotide is incorporated into 
the target DNA.” Ex. 2009, ¶ [0058]. 
 
“The nuclease activity cleaves target DNA to produce 
double strand breaks. These breaks are then repaired by the 
cell in one of two ways: nonhomologous end joining, and 
homology-directed repair (Figure 4)…In homology-
directed repair, a donor polynucleotide with homology to 
the cleaved target DNA sequence is used as a template 
for repair of the cleaved target DNA sequence, resulting 
in the transfer of genetic information from the donor 
polynucleotide to the target DNA. As such, new nucleic 
acid material may be inserted/copied into the site. In some 
cases, a target DNA is contacted with a subject donor 
polynucleotide. In some cases, a subject donor 
polynucleotide is introduced into a subject cell. The 
modifications of the target DNA due to…homology-
directed repair lead to, for example, gene correction, 
gene replacement, gene tagging, transgene insertion, 
nucleotide deletion, gene disruption, gene mutation, etc.” 
Ex. 2009, ¶ [00157]. 
 
“Alternatively, if a DNA-targeting RNA and a site-
directed modifying polypeptide are coadministered to 
cells with a donor polynucleotide sequence comprising 
homology to the target DNA sequence, the subject methods 
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may be used to add, i.e. insert or replace, nucleic acid 
material to a target DNA sequence (e.g. to "knock in" a 
nucleic acid that encodes for a protein, an siRNA, an 
miRNA, etc.), to add a tag (e.g., 6xHis, a fluorescent protein 
(e.g., a green fluorescent protein; a yellow fluorescent 
protein, etc.), hemagglutinin (HA), FLAG, etc.), or to add a 
regulatory sequence to a gene (e.g. promoter, 
polyadenylation signal, internal ribosome entry sequence 
(IRES), 2A peptide, start codon, stop codon, splice signal, 
localization signal, etc.).” Ex. 2009, ¶ [00159]. 
 
“In applications in which it is desirable to insert a 
polynucleotide sequence into a target DNA sequence, a 
polynucleotide comprising a donor sequence to be inserted is 
also provided to the cell. By a ‘donor sequence’ or ‘donor 
polynucleotide’ it is meant a nucleic acid sequence to be 
inserted at the cleavage site induced by a site-directed 
modifying polypeptide….” Ex. 2009, ¶ [00190]. 
 
 “The donor sequence may be provided to the cell as 
single-stranded DNA, single-strandedRNA, double-
stranded DNA, or double-stranded RNA. It may be 
introduced into a cell in linear or circular form. If introduced 
in linear form, the ends of the donor sequence may be 
protected (e.g., from exonucleolytic degradation) by 
methods known to those of skill in the art…A donor 
sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by 
viruses (e.g., adenovirus, AAV), as described above for 
nucleic acids encoding a DNA-targeting RNA and/or site-
directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2009, ¶ [00193]. 
 
See also, Ex. 2009, [00188]-[00194], Fig. 4, claims 77-78, 
88-89, 99-100.  
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[1] A method of cleaving or 
editing a target DNA molecule 
or modulating transcription of 
at least one gene encoded 
thereon, the method 
comprising: contacting a target 
DNA molecule having a target 
sequence with  
 
an engineered and/or non-
naturally-occurring Type II 
Clustered Regularly 
Interspaced Short Palindromic 
Repeats (CRISPR)—CRISPR 
associated (Cas) (CRISPR-
Cas) system comprising: 

“In some of the above applications, the subject methods 
may be employed to induce DNA cleavage and DNA 
modification in mitotic or post-mitotic cells in vivo and/or 
ex vivo and/or in vitro (e.g., to produce genetically modified 
cells that can be reintroduced into an individual). Because 
the DNA-targeting RNA provide specificity by hybridizing 
to target DNA, a mitotic and/or post-mitotic cell of interest 
in the disclosed methods may include a cell from any 
organism (e.g. a bacterial cell, an archaeal cell, a cell of a 
single-cell eukaryotic organism, a plant cell, an algal cell, 
… a fungal cell, an animal cell, a cell from an 
invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate 
animal (e.g., fish, amphibian, reptile, bird, mammal), a 
cell from a mammal, a cell from a rodent, a cell from a 
human, etc.).” Ex. 2010, ¶ [00203]. 
 
“Any type of cell may be of interest (e.g. a stem cell, e.g. an 
embryonic stem (ES) cell, an induced pluripotent stem 
(iPS) cell, a germ cell; a somatic cell, e.g. a fibroblast, a 
hematopoietic cell, a neuron, a muscle cell, a bone cell, a 
hepatocyte, a pancreatic cell; an in vitro or in vivo 
embryonic cell of an embryo at any stage, e.g., a 1-cell, 2-
cell, 4-cell, 8-cell, etc. stage zebrafish embryo; etc.). Cells 
may be from established cell lines or they may be primary 
cells….” Ex. 2010, ¶ [00204]. 
 
“In some embodiments a cell comprising a target DNA is in 
vitro. In some embodiments a cell comprising a target 
DNA is in vivo.” Ex. 2010, ¶ [00158]. 
 
“The present disclosure provides genetically modified host 
cells, including isolated genetically modified host cells, 
where a subject genetically modified host cell comprises 
(has been genetically modified with: 1) an exogenous DNA-
targeting RNA; 2) an exogenous nucleic acid comprising a 
nucleotide sequence encoding a DNA-targeting RNA; 3) an 
exogenous site-directed modifying polypeptide (e.g., a 
naturally occurring Cas9; a modified, i.e., mutated or 
variant, Cas9; a chimeric Cas9; etc.); 4) an exogenous 
nucleic acid comprising a nucleotide sequence encoding a 
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site-directed modifying polypeptide; or 5) any combination 
of the above.” Ex. 2010, ¶ [00254].  
 
“All cells suitable to be a target cell are also suitable to be a 
genetically modified host cell. For example, a genetically 
modified host cells of interest can be a cell from any 
organism (e.g. a bacterial cell, an archaeal cell, a cell of a 
single-cell eukaryotic organism, a plant cell, an algal cell 
… a fungal cell, an animal cell, a cell from an 
invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate 
animal (e.g., fish, amphibian, reptile, bird, mammal), a 
cell from a mammal (e.g., a pig, a cow, a goat, a sheep, a 
rodent, a rat, a mouse, a non-human primate, a human, 
etc.), 
etc.” Ex. 2010, ¶ [00255].  
 
“In some embodiments, a subject genetically modified host 
cell is in vitro. In some embodiments, a subject genetically 
modified host cell is in vivo … In some embodiments, a 
subject genetically modified host cell is a eukaryotic cell or 
is derived from a eukaryotic cell. In some embodiments, a 
subject genetically modified host cell is a plant cell or is 
derived from a plant cell. In some embodiments, a subject 
genetically modified host cell is an animal cell or is derived 
from an animal cell. In some embodiments, a subject 
genetically modified host cell is an invertebrate cell or is 
derived from an invertebrate cell. In some embodiments, a 
subject genetically modified host cell is a vertebrate cell or 
is derived from a vertebrate cell. In some embodiments, a 
subject genetically modified host cell is a mammalian cell 
or is derived from a mammalian cell. In some embodiments, 
a subject genetically modified host cell is a rodent cell or is 
derived from a rodent cell. In some embodiments, a subject 
genetically modified host cell is a human cell or is derived 
from a human cell.” Ex. 2010, ¶ [00257]. 
 
“The CRISPR loci belong to the Type II (Nmeni/CASS4) 
CRISPR/Cas system.” Ex. 2010, ¶ [0011]. 
 
See also, Ex. 2010, ¶¶ [0006], [0072], [00129], [00165], 
[00191], [00212]-[00213], [00216], [00256], [00289]-
[00310], [00312]-[00358], Figs. 2, 12, claims 36, 38, 66, 91, 
97, 100.   
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[2] a) a single molecule DNA-
targeting RNA comprising 

“In other embodiments, the subject DNA targeting RNA is 
a single RNA molecule (single RNA polynucleotide) and is 
referred to herein as a ‘single-molecule DNA-targeting 
RNA.’” Ex. 2010, ¶ [0081]. 
 
“In some embodiments, a DNA-targeting RNA may be 
provided directly as RNA. In such cases, the DNA-
targeting RNA may be produced by direct chemical 
synthesis or may be transcribed in vitro from a DNA 
encoding the DNA-targeting RNA. Methods of synthesizing 
RNA from a DNA template are well known in the art. In 
some cases, the DNA-targeting RNA will be synthesized in 
vitro using an RNA polymerase enzyme (e.g., T7 
polymerase, T3 polymerase, SP6 polymerase, etc.).” Ex. 
2010, ¶ [00212]. 
 

 
Ex. 2010, Fig. 3B 

 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5' end followed by a 
hairpin structure retaining the base-pairing interactions that 
occur between the tracrRNA and the crRNA (Figure 17 A). 
This single transcript effectively fuses the 3' end of crRNA 
to the 5' end of tracrRNA, thereby mimicking the dual-
RNA structure required to guide site-specific DNA cleavage 
by Cas9.” Ex. 2010, ¶ [00353].  
 

 
Ex. 2010, Fig. 17A. 

See also, Ex. 2010, ¶¶ [0004], [00114], [00116], [00156], 
[00353]-[00357], Figs. 1, 3, 9, 17, 31, 32.  

[3] i) a targeter-RNA that 
hybridizes with the target 
sequence, and 

“A site-directed modifying polypeptide as described herein 
is targeted to a specific DNA sequence by the RNA 
molecule to which it is bound. The RNA molecule 
comprises a sequence that is complementary to a target 
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sequence within the target DNA, thus targeting the bound 
polypeptide to a specific location within the target DNA (the 
target sequence).” Ex. 2010, ¶ [0075]. 
 
“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening nucleotides 
(‘linkers’ or ‘linker nucleotides’) that are complementary to 
one another and hybridize to form the double stranded RNA 
duplex (dsRNA duplex) of the protein-binding segment, thus 
resulting in a stem-loop structure (Figure 1B).” Ex. 2010, 
¶ [00116]. 
 
“The DNA-targeting segment of a subject DNA-targeting 
RNA comprises a nucleotide sequence that is 
complementary to a sequence in a target DNA. In other 
words, the DNA-targeting segment of a subject DNA-
targeting RNA interacts with a target DNA in a sequence-
specific manner via hybridization (i.e., base pairing).” Ex. 
2010, ¶ [00110]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 
5' -GUUUUAGAGCUA-linker- 
UAGCAAGUUAAAAUAAGGCUAGUCCG-3' linked at its 5' 
end to a stretch of nucleotides that are complementary to 
a target DNA (where ‘linker’ denotes any a linker 
nucleotide sequence that can comprise any nucleotide 
sequence).” Ex. 2010, ¶ [00156]. 
 

 
Ex. 2010, Fig. 1B. 

 
See also, Ex. 2010, ¶¶ [0080], [0081], [00109]-[00113], 
[00121]-[00125].   
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[4] ii) an activator-RNA that 
hybridizes with the targeter-
RNA to form a double-
stranded RNA duplex of a 
protein-binding segment, 

“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening 
nucleotides (‘linkers’ or ‘linker nucleotides’) that are 
complementary to one another and hybridize to form the 
double stranded RNA duplex (dsRNA duplex) of the 
protein-binding segment, thus resulting in a stem-loop 
structure (Figure 1B).” Ex. 2010, ¶ [00116]. 
 

 
Ex. 2010, Fig. 1B. 

 
 

 
Ex. 2010, Fig. 3B 

 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5' end followed by a 
hairpin structure retaining the base-pairing interactions 
that occur between the tracrRNA and the crRNA (Figure 
17 A). This single transcript effectively fuses the 3' end of 
crRNA to the 5' end of tracrRNA, thereby mimicking the 
dual-RNA structure required to guide site-specific DNA 
cleavage by Cas9.” Ex. 2010, ¶ [00353].  
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Ex. 2010, Fig. 17A 

 
See also, Ex. 2010, ¶¶ [0080], [0081], [00109]-[00113], 
[00121]-[00125], Figs. 31, 32.  

[5] wherein the targeter-RNA 
and the activator-RNA are 
covalently linked to one 
another with intervening 
nucleotides; and 

“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening 
nucleotides (‘linkers’ or ‘linker nucleotides’) that are 
complementary to one another and hybridize to form the 
double stranded RNA duplex (dsRNA duplex) of the 
protein-binding segment, thus resulting in a stem-loop 
structure (Figure 1B).” Ex. 2010, ¶ [00116]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 
5' -GUUUUAGAGCUA-linker- 
UAGCAAGUUAAAAUAAGGCUAGUCCG-3' linked at its 5' end 
to a stretch of nucleotides that are complementary to a target 
DNA (where ‘linker’ denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence).” Ex. 
2010, ¶ [00156]. 
 
See also, Ex. 2010, ¶¶ [00117], [00156], [00354], Fig. 1B, 
Figs. 3B, 17A, 31, 32.  

[6] b) a Cas9 protein, “Figure 2 depicts the amino acid sequence of a Cas9/Csn1 
protein from Streptococcus pyogenes. Domains 1 and 2 are 
conserved to varying degrees among the Cas9/Csn1 proteins 
of many different species….” Ex. 2010, ¶ [0005]. 
 
“Figures 12A-V provide amino acid sequences of the 
Cas9/Csn1 proteins from various species (e.g., 
Streptococcus pyogenes….” Ex. 2010, ¶ [0015].  
 
“A subject DNA-targeting RNA and/or a site-directed 
modifying polypeptide and/or a chimeric site-directed 
modifying polypeptide may instead be used to contact DNA 
or introduced into cells as RNA.” Ex. 2010, ¶ [00216]. 
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“A subject site-directed modifying polypeptide may 
instead be provided to cells as a polypeptide.” Ex. 2010, 
¶ [00217]. 
 
“The sequence encoding Cas9 (residues 1-1368) was PCR[-
]amplified from the genomic DNA of S. pyogenes SF370 
and inserted into a custom pET -based expression vector 
using ligation-independent cloning (LIC).” Ex. 2010, ¶ 
[00316].  
 
See also, Ex. 2010, ¶¶ [0015], [0051], [00129], [00133], 
[00181], Figs. 2, 12, claims 5, 15, 35, 38, 44, 69, 99. 

[7] wherein the single molecule 
DNA-targeting RNA forms a 
complex with the Cas9 protein, 
thereby targeting the Cas9 
protein to the target DNA 
molecule, 

“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide form a complex (i.e., bind via non-
covalent interactions). The DNA-targeting RNA provides 
target specificity to the complex by comprising a 
nucleotide sequence that is complementary to a sequence of 
a target DNA.” Ex. 2010, ¶ [0082].   
 
“Generally, a subject method involves contacting a target 
DNA with a complex (a ‘targeting complex’), which 
complex comprises a DNA-targeting RNA and a site-
directed modifying polypeptide.” Ex. 2010, ¶ [00192]. 
 
“As discussed above, a subject DNA-targeting RNA and a 
subject site-directed modifying polypeptide form a 
complex.”  Ex. 2010, ¶ [00193]. 
 
“A site-directed modifying polypeptide as described herein 
is targeted to a specific DNA sequence by the RNA 
molecule to which it is bound. The RNA molecule 
comprises a sequence that is complementary to a target 
sequence within the target DNA, thus targeting the bound 
polypeptide to a specific location within the target DNA 
(the target sequence).” Ex. 2010, ¶ [0075]. 
 
See also, Ex. 2010, ¶¶ [00113], [00126], Fig. 1.   

[8] whereby said target DNA 
molecule is cleaved or edited 
or transcription of at least one 
gene encoded by the target 
DNA molecule is modulated, 
and wherein said contacting 
occurs in a eukaryotic cell. 

“Exemplary naturally-occurring site-directed modifying 
polypeptides are provided in Figure 12 as a non-limiting and 
non-exhaustive list of naturally occurring Cas9/Csnl 
endonucleases. These naturally occurring polypeptides, as 
disclosed herein, bind a DNA-targeting RNA, are thereby 
directed to a specific sequence within a target DNA, and 
cleave the target DNA to generate a double strand break.” 
Ex. 2010, ¶ [00129]. 
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Ex. 2010, Fig. 3A. 

 
“In some embodiments, a subject complex modifies a target 
DNA, leading to, for example, DNA cleavage, DNA 
methylation, DNA damage, DNA repair, etc.” Ex. 2010, 
¶ [00193]. 
 
“In some of the above applications, the subject methods may 
be employed to induce DNA cleavage and DNA 
modification in mitotic or post-mitotic cells….” Ex. 2010, 
¶ [00203].  
 
“As such, a complex comprising a DNA-targeting RNA and 
a site-directed modifying polypeptide is useful in any in 
vitro or in vivo application in which it is desirable to modify 
DNA in a site-specific, i.e. ‘targeted’, way, for example 
gene knock-out, gene knock-in, gene editing, gene 
tagging, etc., as used in, for example, gene therapy, e.g. to 
treat a disease or as an antiviral, antipathogenic, or 
anticancer therapeutic, the production of genetically 
modified organisms in agriculture, the large scale production 
of proteins by cells for therapeutic, diagnostic, or research 
purposes, the induction of iPS cells, biological research, the 
targeting of genes of pathogens for deletion or replacement, 
etc.” Ex. 2010, ¶ [00197]. 
 
“In some cases, the site-directed modifying polypeptide has 
activity that modulates the transcription of target DNA.” 
Ex. 2010, ¶ [00201]. 
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Ex. 2010, Fig. 17A. 

 
See also, Ex. 2010, ¶¶ [0006], [0076], [00166], [00167], 
[00192]-[00198], [00225], [00229], [00233], [00353]-
[00357], Figs. 3, 17, 31, 32.   

[9] The method of [Elements 
[1]-[8]], wherein, prior to the 
contacting step, the method 
comprises: introducing into the 
eukaryotic cell containing the 
target DNA molecule: 
 
1) the single molecule DNA-
targeting RNA, or a DNA 
molecule comprising a 
nucleotide sequence that (i) 
encodes the single molecule 
DNA-targeting RNA and (ii) is 
operably linked to a regulatory 
element operable in said 
eukaryotic cell; and 
 
2) the Cas9 protein, an RNA 
molecule comprising a 
nucleotide sequence encoding 
the Cas9 protein, or a DNA 
molecule comprising a 
nucleotide sequence that (i) 
encodes the Cas9 protein and 

“In some embodiments, a DNA-targeting RNA may be 
provided directly as RNA … Once synthesized, the RNA 
may directly contact a target DNA or may be introduced 
into a cell by any of the well-known techniques for 
introducing nucleic acids into cells (e.g., microinjection, 
electroporation, transfection, etc).” Ex. 2010, ¶ [00212]. 
 
A subject site-directed modifying polypeptide may instead 
be provided to cells as a polypeptide.” Ex. 2010, ¶ 
[00217]. 
 
“Nucleotides encoding a DNA-targeting RNA and/or a 
site-directed modifying polypeptide and/or a donor 
polynucleotide may be provided to the cells using well-
developed transfection techniques; see, e.g. Angel and Yanik 
(2010) PLoS ONE 5(7): e11756, and the commercially 
available TransMessenger® reagents from Qiagen, 
Stemfect™ RNA Transfection Kit from Stemgent, and 
TransIT®-mRNA Transfection Kit from Mirus Bio LLC.” 
Ex. 2010, ¶ [00213]. 
 
“Suitable methods of genetic modification (also referred to 
as "transformation") include e.g., viral or bacteriophage 
infection, transfection, conjugation, protoplast fusion, 
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(ii) is operably linked to a 
regulatory element operable in 
said eukaryotic cell. 

lipofection, electroporation, calcium phosphate 
precipitation, polyethyleneimine (PEI)-mediated 
transfection, DEAE-dextran mediated transfection, 
liposome-mediated transfection, particle gun technology, 
calcium phosphate precipitation, direct micro injection, 
nonparticle-mediated nucleic acid delivery…and the like.” 
Ex. 2010, ¶ [0072]. 
 
“The donor sequence may be provided to the cell as 
single-stranded DNA, single-strandedRNA, double-
stranded DNA, or double-stranded RNA. It may be 
introduced into a cell in linear or circular form. If 
introduced in linear form, the ends of the donor sequence 
may be protected (e.g., from exonucleolytic degradation) by 
methods known to those of skill in the art…A donor 
sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by 
viruses (e.g., adenovirus, AAV), as described above for 
nucleic acids encoding a DNA-targeting RNA and/or site-
directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2010, ¶ [00232]. 
 
“Numerous suitable expression vectors are known to those 
of skill in the art, and many are commercially available … 
Depending on the host/vector system utilized, any of a 
number of suitable transcription and translation control 
elements, including constitutive and inducible promoters, 
transcription enhancer elements, transcription terminators, 
etc. may be used in the expression vector.” Ex. 2010, ¶¶ 
[00161]-[00162]. 
 
See also, Ex. 2010, ¶¶ [0052]-[0062], [00165], [00191], 
[00214], [00216].   
 

[10] The method of [Element 
[9], wherein the method 
comprises creation of a double 
strand break in the target DNA 
molecule which is repaired by 
a homology-directed repair 
mechanism which incorporates 

“As used herein, ‘homology-directed repair (HDR)’ refers 
to the specialized form DNA repair that takes place, for 
example, during repair of double-strand breaks in cells. This 
process requires nucleotide sequence homology, uses a 
‘donor’ molecule to template repair of a ‘target’ molecule 
(i.e., the one that experienced the double-strand break), and 
leads to the transfer of genetic information from the donor to 
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a sequence of a donor 
polynucleotide into the target 
DNA molecule, thereby editing 
the target DNA molecule. 

the target. Homology-directed repair may result in an 
alteration of the sequence of the target molecule (e.g., 
insertion, deletion, mutation), if the donor polynucleotide 
differs from the target molecule and part or all of the 
sequence of the donor polynucleotide is incorporated into 
the target DNA.” Ex. 2010, ¶ [0094]. 
 
“The nuclease activity cleaves target DNA to produce 
double strand breaks. These breaks are then repaired by the 
cell in one of two ways: nonhomologous end joining, and 
homology-directed repair (Figure 4)…In homology-
directed repair, a donor polynucleotide with homology to 
the cleaved target DNA sequence is used as a template 
for repair of the cleaved target DNA sequence, resulting 
in the transfer of genetic information from the donor 
polynucleotide to the target DNA. As such, new nucleic 
acid material may be inserted/copied into the site. In some 
cases, a target DNA is contacted with a subject donor 
polynucleotide. In some cases, a subject donor 
polynucleotide is introduced into a subject cell. The 
modifications of the target DNA due to…homology-
directed repair lead to, for example, gene correction, 
gene replacement, gene tagging, transgene insertion, 
nucleotide deletion, gene disruption, gene mutation, etc.” 
Ex. 2010, ¶ [00195]. 
 
“Alternatively, if a DNA-targeting RNA and a site-
directed modifying polypeptide are coadministered to 
cells with a donor polynucleotide sequence comprising 
homology to the target DNA sequence, the subject methods 
may be used to add, i.e. insert or replace, nucleic acid 
material to a target DNA sequence (e.g. to "knock in" a 
nucleic acid that encodes for a protein, an siRNA, an 
miRNA, etc.), to add a tag (e.g., 6xHis, a fluorescent protein 
(e.g., a green fluorescent protein; a yellow fluorescent 
protein, etc.), hemagglutinin (HA), FLAG, etc.), to add a 
regulatory sequence to a gene (e.g. promoter, 
polyadenylation signal, internal ribosome entry sequence 
(IRES), 2A peptide, start codon, stop codon, splice signal, 
localization signal, etc.), to modify a nucleic acid sequence 
(e.g., introduce a mutation), and the like.” Ex. 2010, ¶ 
[00197]. 
 
In applications in which it is desirable to insert a 
polynucleotide sequence into a target DNA sequence, a 
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polynucleotide comprising a donor sequence to be inserted is 
also provided to the cell. By a ‘donor sequence’ or ‘donor 
polynucleotide’ it is meant a nucleic acid sequence to be 
inserted at the cleavage site induced by a site-directed 
modifying polypeptide….” 2010, ¶ [00229]. 
 
“The donor sequence may be provided to the cell as 
single-stranded DNA, single-strandedRNA, double-
stranded DNA, or double-stranded RNA. It may be 
introduced into a cell in linear or circular form. If introduced 
in linear form, the ends of the donor sequence may be 
protected (e.g., from exonucleolytic degradation) by 
methods known to those of skill in the art…A donor 
sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by 
viruses (e.g., adenovirus, AAV), as described above for 
nucleic acids encoding a DNA-targeting RNA and/or site-
directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2010, ¶ [00232]. 
 
See also, Ex. 2010, ¶¶ [00227]-[00233], Fig. 4, claims 74-
75, 88-89, 94-95. 
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[1] A method of cleaving or 
editing a target DNA molecule 
or modulating transcription of 
at least one gene encoded 
thereon, the method 
comprising: contacting a target 
DNA molecule having a target 
sequence with  
 
an engineered and/or non-
naturally-occurring Type II 
Clustered Regularly 
Interspaced Short Palindromic 
Repeats (CRISPR)—CRISPR 
associated (Cas) (CRISPR-Cas) 
system comprising:  

“In some of the above applications, the subject methods 
may be employed to induce DNA cleavage, DNA 
modification, and/or transcriptional modulation in 
mitotic or post-mitotic cells in vivo and/or ex vivo and/or 
in vitro (e.g., to produce genetically modified cells that can 
be reintroduced into an individual). Because the DNA-
targeting RNA provide specificity by hybridizing to target 
DNA, a mitotic and/or post-mitotic cell of interest in the 
disclosed methods may include a cell from any organism 
(e.g. a bacterial cell, an archaeal cell, a cell of a single-cell 
eukaryotic organism, a plant cell, an algal cell … a 
fungal cell (e.g., a yeast cell), an animal cell, a cell from 
an invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate 
animal (e.g., fish, amphibian, reptile, bird, mammal), a 
cell from a mammal, a cell from a rodent, a cell from a 
human, etc.). Ex. 2011, ¶ [00251]. 
 
“Any type of cell may be of interest (e.g. a stem cell, e.g. an 
embryonic stem (ES) cell, an induced pluripotent stem 
(iPS) cell, a germ cell; a somatic cell, e.g. a fibroblast, a 
hematopoietic cell, a neuron, a muscle cell, a bone cell, a 
hepatocyte, a pancreatic cell; an in vitro or in vivo 
embryonic cell of an embryo at any stage, e.g., a 1-cell, 2-
cell, 4-cell, 8-cell, etc. stage zebrafish embryo; etc.). Cells 
may be from established cell lines or they may be primary 
cells….” Ex. 2011, ¶ [00252]. 
 
“In some embodiments a cell comprising a target DNA is in 
vitro. In some embodiments a cell comprising a target 
DNA is in vivo.” Ex. 2011, ¶ [00198] 
 
“In other aspects of the invention, the DNA-targeting RNA 
and/or site-directed modifying polypeptide and/or donor 
polynucleotide are employed to modify cellular DNA in 
vivo, again for purposes such as gene therapy, e.g. to treat 
a disease or as an antiviral, antipathogenic, or anticancer 
therapeutic, for the production of genetically modified 
organisms in agriculture, or for biological research.” Ex. 
2011, ¶ [00287]. 
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“The present disclosure provides genetically modified host 
cells, including isolated genetically modified host cells, 
where a subject genetically modified host cell comprises 
(has been genetically modified with: 1) an exogenous DNA-
targeting RNA; 2) an exogenous nucleic acid comprising a 
nucleotide sequence encoding a DNA-targeting RNA; 3) an 
exogenous site-directed modifying polypeptide (e.g., a 
naturally occurring Cas9; a modified, i.e., mutated or 
variant, Cas9; a chimeric Cas9; etc.); 4) an exogenous 
nucleic acid comprising a nucleotide sequence encoding a 
site-directed modifying polypeptide; or 5) any combination 
of the above.” Ex. 2011, ¶ [00301].  
 
All cells suitable to be a target cell are also suitable to be a 
genetically modified host cell. For example, a genetically 
modified host cells of interest can be a cell from any 
organism (e.g. a bacterial cell, an archaeal cell, a cell of a 
single-cell eukaryotic organism, a plant cell, an algal cell 
… a fungal cell, an animal cell, a cell from an 
invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate 
animal (e.g., fish, amphibian, reptile, bird, mammal), a 
cell from a mammal (e.g., a pig, a cow, a goat, a sheep, a 
rodent, a rat, a mouse, a non-human primate, a human, 
etc.), 
etc.” Ex. 2011, ¶ [00302]. 
 
“In some embodiments, a subject genetically modified host 
cell is in vitro. In some embodiments, a subject genetically 
modified host cell is in vivo … In some embodiments, a 
subject genetically modified host cell is a eukaryotic cell 
or is derived from a eukaryotic cell. In some embodiments, a 
subject genetically modified host cell is a plant cell or is 
derived from a plant cell. In some embodiments, a subject 
genetically modified host cell is an animal cell or is derived 
from an animal cell. In some embodiments, a subject 
genetically modified host cell is an invertebrate cell or is 
derived from an invertebrate cell. In some embodiments, a 
subject genetically modified host cell is a vertebrate cell or 
is derived from a vertebrate cell. In some embodiments, a 
subject genetically modified host cell is a mammalian cell 
or is derived from a mammalian cell. In some embodiments, 
a subject genetically modified host cell is a rodent cell or is 
derived from a rodent cell. In some embodiments, a subject 
genetically modified host cell is a human cell or is derived 
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from a human cell.” Ex. 2011, ¶ [00304].  
 
“The CRISPR loci belong to the Type II (Nmeni/CASS4) 
CRISPR/Cas system.” Ex. 2011, ¶ [0036]. 
 
“Figure 18 depicts the type II RNA-mediated 
CRISPR/Cas immune pathway.” Ex. 2011, ¶ [00381].  
 
“Data provided below demonstrate that Cas9 can be 
expressed and localized to the nucleus of human cells, 
and that it assembles with single-guide RNA (‘sgRNA’; 
encompassing the features required for both Cas9 binding 
and DNA target site recognition) in a human cell.” Ex. 
2011, ¶ [00408].  
 
See also, Ex. 2011, ¶¶ [0031], [00108], [00169], [00205]-
[00206], [00232], [00260]-[00261], [00264], [00303], 
[00337]-[00358], [00360]-[00406] (Example 1), [00408]-
[00451] (Example 2), Figs. 2, 12, 36, 38, claims 40, 70, 95, 
101, 104.   

[2] a) a single molecule DNA-
targeting RNA comprising 

“In other embodiments, the subject DNA targeting RNA is 
a single RNA molecule (single RNA polynucleotide) and is 
referred to herein as a ‘single-molecule DNA-targeting 
RNA.’” Ex. 2011, ¶ [00118].  
 
“In some embodiments, a DNA-targeting RNA and/or a 
site-directed modifying polypeptide can be provided as 
RNA. In such cases, the DNA-targeting RNA and/or the 
RNA encoding the site-directed modifying polypeptide can 
be produced by direct chemical synthesis or may be 
transcribed in vitro from a DNA encoding the DNA-
targeting RNA. Methods of synthesizing RNA from a DNA 
template are well known in the art. In some cases, the DNA-
targeting RNA and/or the RNA encoding the site-directed 
modifying polypeptide will be synthesized in vitro using an 
RNA polymerase enzyme (e.g., T7 polymerase, T3 
polymerase, SP6 polymerase, etc.).” Ex. 2011, ¶ [00260]. 
 

 
Ex. 2011, Fig. 3B 
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“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5' end followed by a 
hairpin structure retaining the base-pairing interactions that 
occur between the tracrRNA and the crRNA (Figure 17 A). 
This single transcript effectively fuses the 3' end of crRNA 
to the 5' end of tracrRNA, thereby mimicking the dual-
RNA structure required to guide site-specific DNA cleavage 
by Cas9.” Ex. 2011, ¶ [00401]. 
 

 
Ex. 2011, Fig. 17A 

 
See also, Ex. 2011, ¶¶ [0029], [00154], [00156], [00401]-
[00405], Figs. 1, 3, 9, 17, 31, 32, 36, 38.  

[3] i) a targeter-RNA that 
hybridizes with the target 
sequence, and 

“A site-directed modifying polypeptide as described herein 
is targeted to a specific DNA sequence by the RNA 
molecule to which it is bound. The RNA molecule 
comprises a sequence that is complementary to a target 
sequence within the target DNA, thus targeting the bound 
polypeptide to a specific location within the target DNA (the 
target sequence).” Ex. 2011, ¶ [00111]. 
 
“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening nucleotides 
(‘linkers’ or ‘linker nucleotides’) that are complementary to 
one another and hybridize to form the double stranded RNA 
duplex (dsRNA duplex) of the protein-binding segment, thus 
resulting in a stem loop structure (Figure 1B).” Ex. 2011, ¶ 
[00156]. 
 
“The DNA-targeting segment of a subject DNA-targeting 
RNA comprises a nucleotide sequence that is 
complementary to a sequence in a target DNA. In other 
words, the DNA-targeting segment of a subject DNA-
targeting RNA interacts with a target DNA in a sequence-
specific manner via hybridization (i.e., base pairing).” Ex. 
2011, ¶ [00149]. 
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“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 
5' -GUUUUAGAGCUA-linker- 
UAGCAAGUUAAAAUAAGGCUAGUCCG-3' linked at its 5' 
end to a stretch of nucleotides that are complementary to 
a target DNA (where ‘linker’ denotes any a linker 
nucleotide sequence that can comprise any nucleotide 
sequence).” Ex. 2011, ¶ [00195]. 
 

 
Ex. 2011, Fig. 1B 

 
See also, Ex. 2011, ¶¶ [00116]-[00118], [00148]-[00153], 
[00161]-[00165].  

[4] ii) an activator-RNA that 
hybridizes with the targeter-
RNA to form a double-stranded 
RNA duplex of a protein-
binding segment, 

“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening 
nucleotides (‘linkers’ or ‘linker nucleotides’) that are 
complementary to one another and hybridize to form the 
double stranded RNA duplex (dsRNA duplex) of the 
protein-binding segment, thus resulting in a stem loop 
structure (Figure 1B).” Ex. 2011, ¶ [00156]. 
 

 
Ex. 2011, Fig. 1B 
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Ex. 2011, Fig. 3B 
 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5' end followed by a 
hairpin structure retaining the base-pairing interactions that 
occur between the tracrRNA and the crRNA (Figure 17 A). 
This single transcript effectively fuses the 3' end of crRNA 
to the 5' end of tracrRNA, thereby mimicking the dual-
RNA structure required to guide site-specific DNA cleavage 
by Cas9.” Ex. 2011, ¶ [00401]. 
 

 
Ex. 2011, Fig. 17A 
 
See also, Ex. 2011, ¶¶ [00116]-[00118], [00148]-[00153], 
[00161]-[00165], Figs. 31, 32, 36, 38.  

[5] wherein the targeter-RNA 
and the activator-RNA are 
covalently linked to one 
another with intervening 
nucleotides; and 

“A subject single-molecule DNA-targeting RNA comprises 
two stretches of nucleotides (a targeter-RNA and an 
activator-RNA) covalently linked by intervening 
nucleotides (‘linkers’ or ‘linker nucleotides’) that are 
complementary to one another and hybridize to form the 
double stranded RNA duplex (dsRNA duplex) of the 
protein-binding segment, thus resulting in a stem loop 
structure (Figure 1B).” Ex. 2011, ¶ [00156]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 
5' -GUUUUAGAGCUA-linker- 
UAGCAAGUUAAAAUAAGGCUAGUCCG-3' linked at its 5' end 
to a stretch of nucleotides that are complementary to a target 
DNA (where ‘linker’ denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence).” Ex. 
2011, ¶ [00195]. 
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See also, Ex. 2011, ¶¶ [00157], [00402], Figs. 1B, 3B, 17A, 
31, 32, 36, 38.  

[6] b) a Cas9 protein, “Figure 2 depicts the amino acid sequence of a Cas9/Csn1 
protein from Streptococcus pyogenes. Domains 1 and 2 are 
conserved to varying degrees among the Cas9/Csn1 proteins 
of many different species….” Ex. 2011, ¶ [0030]. 
 
“Figures 12A-I provide amino acid sequences of the 
Cas9/Csn1 proteins from various species (e.g., 
Streptococcus pyogenes….” Ex. 2011, ¶ [0040].  
 
“A subject DNA-targeting RNA and/or a site-directed 
modifying polypeptide and/or a chimeric site-directed 
modifying polypeptide may instead be used to contact DNA 
or introduced into cells as RNA.” Ex. 2011, ¶[00264]. 
 
“A subject site-directed modifying polypeptide may 
instead be provided to cells as a polypeptide.” Ex. 2011, ¶ 
[00265]. 
 
“The sequence encoding Cas9 (residues 1-1368) was PCR-
amplified from the genomic DNA of S. pyogenes SF370 
and inserted into a custom pET -based expression vector 
using ligation-independent cloning (LIC).” Ex. 2011, 
¶[00364] 
 
“The sequence encoding Streptococcus pyogenes Cas9 
(residues 1-1368) fused to an HA epitope … a nuclear 
localization signal … was codon optimized for human 
expression and synthesized by GeneArt.” Ex. 2011, ¶ 
[00409].  
  
See also, Ex. 2011, ¶¶ [0087], [00169], [00173], [00222], 
Figs. 2, 12, 36, 38, claims ,5, 15-17, 39, 42, 48, 73, 103. 

[7] wherein the single molecule 
DNA-targeting RNA forms a 
complex with the Cas9 protein, 
thereby targeting the Cas9 
protein to the target DNA 
molecule, 

“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide form a complex (i.e., bind via non-
covalent interactions). The DNA-targeting RNA provides 
target specificity to the complex by comprising a 
nucleotide sequence that is complementary to a sequence of 
a target DNA.” Ex. 2011, ¶ [00121]. 
 
“Generally, a subject method involves contacting a target 
DNA with a complex (a “targeting complex”), which 
complex comprises a DNA-targeting RNA and a site-
directed modifying polypeptide.” Ex. 2011, ¶ [00233]. 
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“As discussed above, a subject DNA-targeting RNA and a 
subject site-directed modifying polypeptide form a 
complex.”  Ex. 2011, ¶ [00234]. 
 
“A site-directed modifying polypeptide as described herein 
is targeted to a specific DNA sequence by the RNA 
molecule to which it is bound. The RNA molecule 
comprises a sequence that is complementary to a target 
sequence within the target DNA, thus targeting the bound 
polypeptide to a specific location within the target DNA 
(the target sequence).” Ex. 2011, ¶ [00111]. 
 
“To test whether Cas9 could be programmed to cleave 
genomic DNA in living cells, Cas9 was co-expressed 
together with an sgRNA designed to target the human 
clathrin light chain (CLTA) gene. The CLTA genomic 
locus has previously been targeted and edited using ZFNs. 
We first tested the expression of a human-codon-optimized 
version of the Streptococcus pyogenes Cas9 protein and 
sgRNA in human HEK293T cells.”  
 
See also, Ex. 2011, ¶¶ [00166], [00274], Fig. 1.  

[8] whereby said target DNA 
molecule is cleaved or edited or 
transcription of at least one 
gene encoded by the target 
DNA molecule is modulated, 
and wherein said contacting 
occurs in a eukaryotic cell. 

“Exemplary naturally-occurring site-directed modifying 
polypeptides are provided in Figure 12 as a non-limiting and 
non-exhaustive list of naturally occurring Cas9/Csnl 
endonucleases. These naturally occurring polypeptides, as 
disclosed herein, bind a DNA-targeting RNA, are thereby 
directed to a specific sequence within a target DNA, and 
cleave the target DNA to generate a double strand break.” 
Ex. 2011, ¶ [00169]. 
 

 
Ex. 2011, Fig. 3A. 
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“In some embodiments, a subject complex modifies a target 
DNA, leading to, for example, DNA cleavage, DNA 
methylation, DNA damage, DNA repair, etc.” Ex. 2011, ¶ 
[00234].  
 
“In some of the above applications, the subject methods may 
be employed to induce DNA cleavage, DNA modification, 
and/or transcriptional modulation in mitotic or post-
mitotic cells….” Ex. 2011, ¶ [00251].  
 
“As such, a complex comprising a DNA-targeting RNA and 
a site-directed modifying polypeptide is useful in any in 
vitro or in vivo application in which it is desirable to modify 
DNA in a site-specific, i.e. ‘targeted’, way, for example 
gene knock-out, gene knock-in, gene editing, gene 
tagging, etc., as used in, for example, gene therapy, e.g. to 
treat a disease or as an antiviral, antipathogenic, or 
anticancer therapeutic, the production of genetically 
modified organisms in agriculture, the large scale production 
of proteins by cells for therapeutic, diagnostic, or research 
purposes, the induction of iPS cells, biological research, the 
targeting of genes of pathogens for deletion or replacement, 
etc.” Ex. 2011, ¶ [00239].  
 
“In some cases, the site-directed modifying polypeptide has 
activity that modulates the transcription of target DNA 
(e.g., in the case of a chimeric site-directed modifying 
polypeptide, etc.).” Ex. 2011, ¶ [00228].  
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Ex. 2011, Fig. 17A.  
 
“Figure 36 demonstrates that co-expression of Cas9 and 
guide RNA in human cells generates double-strand DNA 
breaks at the target locus.” Ex. 2011, ¶ [00417].  

 

 
Ex. 2011, Fig. 36E. 

 
See also, Ex. 2011, ¶¶ [0031], [00112], [00167], [00207], 
[00208], [00233]-[00245], [00273], [00277], [00401]-
[00405], [00417]-[00423], Fig. 38. 

[9] The method of [Elements 
[1]-[8]], wherein, prior to the 
contacting step, the method 
comprises: introducing into the 
eukaryotic cell containing the 
target DNA molecule: 
1) the single molecule DNA-
targeting RNA, or a DNA 
molecule comprising a 
nucleotide sequence that  

(i) encodes the single 
molecule DNA-
targeting RNA and  
(ii) is operably linked to 
a regulatory element 
operable in said 
eukaryotic cell; and 

2) the Cas9 protein, an RNA 
molecule comprising a 
nucleotide sequence encoding 
the Cas9 protein, or a DNA 

“In some embodiments, a DNA-targeting RNA may be 
provided directly as RNA … Once synthesized, the RNA 
may directly contact a target DNA or may be introduced 
into a cell by any of the well-known techniques for 
introducing nucleic acids into cells (e.g., microinjection, 
electroporation, transfection, etc).” Ex. 2011, ¶ [00260]. 
 
A subject site-directed modifying polypeptide may instead 
be provided to cells as a polypeptide.” Ex. 2011, ¶ 
[00265]. 
 
“Nucleotides encoding a DNA-targeting RNA and/or a 
site-directed modifying polypeptide and/or a donor 
polynucleotide may be provided to the cells using well-
developed transfection techniques; see, e.g. Angel and 
Yanik (2010) PLoS ONE 5(7): e11756, and the 
commercially available TransMessenger® reagents from 
Qiagen, Stemfect™ RNA Transfection Kit from Stemgent, 
and TransIT®-mRNA Transfection Kit from Mirus Bio 
LLC.” Ex. 2011, ¶ [00261]. 
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molecule comprising a 
nucleotide sequence that  

(i) encodes the Cas9 
protein and  

(ii) is operably linked to a 
regulatory element operable in 
said eukaryotic cell. 

“Suitable methods of genetic modification (also referred to 
as "transformation") include e.g., viral or bacteriophage 
infection, transfection, conjugation, protoplast fusion, 
lipofection, electroporation, calcium phosphate 
precipitation, polyethyleneimine (PEI)-mediated 
transfection, DEAE-dextran mediated transfection, 
liposome-mediated transfection, particle gun technology, 
calcium phosphate precipitation, direct micro injection, 
nonparticle-mediated nucleic acid delivery…and the like.” 
Ex. 2011, ¶ [00108]. 
 
“The donor sequence may be provided to the cell as 
single-stranded DNA, single-strandedRNA, double-
stranded DNA, or double-stranded RNA. It may be 
introduced into a cell in linear or circular form. If 
introduced in linear form, the ends of the donor sequence 
may be protected (e.g., from exonucleolytic degradation) by 
methods known to those of skill in the art…A donor 
sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by 
viruses (e.g., adenovirus, AAV), as described above for 
nucleic acids encoding a DNA-targeting RNA and/or site-
directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2011, ¶ [00280]. 
 
“Numerous suitable expression vectors are known to 
those of skill in the art, and many are commercially 
available … Depending on the host/vector system utilized, 
any of a number of suitable transcription and translation 
control elements, including constitutive and inducible 
promoters, transcription enhancer elements, transcription 
terminators, etc. may be used in the expression vector.” Ex. 
2011, ¶ [00227]-[00228]. 
 
See also, Ex. 2011, ¶¶ [0088]-[0098], [00251]-[00253], 
[00232], [00262]-[00264], [00408]-[00423], Figs. 36, 38.   
 

[10] The method of [Element 
[9]], wherein the method 
comprises creation of a double 
strand break in the target DNA 

“As used herein, ‘homology-directed repair (HDR)’ refers 
to the specialized form DNA repair that takes place, for 
example, during repair of double-strand breaks in cells. This 
process requires nucleotide sequence homology, uses a 
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molecule which is repaired by a 
homology-directed repair 
mechanism which incorporates 
a sequence of a donor 
polynucleotide into the target 
DNA molecule, thereby editing 
the target DNA molecule. 

‘donor’ molecule to template repair of a ‘target’ molecule 
(i.e., the one that experienced the double-strand break), and 
leads to the transfer of genetic information from the donor to 
the target. Homology-directed repair may result in an 
alteration of the sequence of the target molecule (e.g., 
insertion, deletion, mutation), if the donor polynucleotide 
differs from the target molecule and part or all of the 
sequence of the donor polynucleotide is incorporated into 
the target DNA.” Ex. 2011, ¶ [00133]. 
 
“The nuclease activity cleaves target DNA to produce 
double strand breaks. These breaks are then repaired by the 
cell in one of two ways: nonhomologous end joining, and 
homology-directed repair (Figure 4)…In homology-
directed repair, a donor polynucleotide with homology to 
the cleaved target DNA sequence is used as a template 
for repair of the cleaved target DNA sequence, resulting 
in the transfer of genetic information from the donor 
polynucleotide to the target DNA. As such, new nucleic 
acid material may be inserted/copied into the site. In some 
cases, a target DNA is contacted with a subject donor 
polynucleotide. In some cases, a subject donor 
polynucleotide is introduced into a subject cell. The 
modifications of the target DNA due to…homology-
directed repair lead to, for example, gene correction, 
gene replacement, gene tagging, transgene insertion, 
nucleotide deletion, gene disruption, gene mutation, etc.” 
Ex. 2011, ¶ [00237]. 
 
“Alternatively, if a DNA-targeting RNA and a site-
directed modifying polypeptide are coadministered to 
cells with a donor polynucleotide sequence comprising 
homology to the target DNA sequence, the subject methods 
may be used to add, i.e. insert or replace, nucleic acid 
material to a target DNA sequence (e.g. to "knock in" a 
nucleic acid that encodes for a protein, an siRNA, an 
miRNA, etc.), to add a tag (e.g., 6xHis, a fluorescent protein 
(e.g., a green fluorescent protein; a yellow fluorescent 
protein, etc.), hemagglutinin (HA), FLAG, etc.), to add a 
regulatory sequence to a gene (e.g. promoter, 
polyadenylation signal, internal ribosome entry sequence 
(IRES), 2A peptide, start codon, stop codon, splice signal, 
localization signal, etc.), to modify a nucleic acid sequence 
(e.g., introduce a mutation), and the like.” Ex. 2011, ¶ 
[00239]. 
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In applications in which it is desirable to insert a 
polynucleotide sequence into a target DNA sequence, a 
polynucleotide comprising a donor sequence to be inserted 
is also provided to the cell. By a ‘donor sequence’ or ‘donor 
polynucleotide’ it is meant a nucleic acid sequence to be 
inserted at the cleavage site induced by a site-directed 
modifying polypeptide….” 2011, ¶ [00277]. 
 
“The donor sequence may be provided to the cell as 
single-stranded DNA, single-strandedRNA, double-
stranded DNA, or double-stranded RNA. It may be 
introduced into a cell in linear or circular form. If introduced 
in linear form, the ends of the donor sequence may be 
protected (e.g., from exonucleolytic degradation) by 
methods known to those of skill in the art…A donor 
sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by 
viruses (e.g., adenovirus, AAV), as described above for 
nucleic acids encoding a DNA-targeting RNA and/or site-
directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2011, ¶ [00280]. 
 
See also, Ex. 2011, ¶¶ [00275]-[00281], Fig. 4, claims 78-79, 
92-93, 98-99. 
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[1] A method of cleaving or 
editing a target DNA 
molecule or modulating 
transcription of at least one 
gene encoded thereon, the 
method comprising: 
contacting a target DNA 
molecule having a target 
sequence with  
 
an engineered and/or non-
naturally-occurring Type II 
Clustered Regularly 
Interspaced Short 
Palindromic Repeats 
(CRISPR)—CRISPR 
associated (Cas) (CRISPR-
Cas) system comprising: 

“In some of the above applications, the subject methods may 
be employed to induce DNA cleavage, DNA modification, 
and/or transcriptional modulation in mitotic or post-mitotic 
cells in vivo and/or ex vivo and/or in vitro (e.g., to produce 
genetically modified cells that can be reintroduced into an 
individual). Because the DNA-targeting RNA provide 
specificity by hybridizing to target DNA, a mitotic and/or post-
mitotic cell of interest in the disclosed methods may include a 
cell from any organism (e.g. a bacterial cell, an archaeal cell, a 
cell of a single-cell eukaryotic organism, a plant cell, an algal 
cell … a fungal cell (e.g., a yeast cell), an animal cell, a cell 
from an invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate animal 
(e.g., fish, amphibian, reptile, bird, mammal), a cell from a 
mammal, a cell from a rodent, a cell from a human, etc.). Ex. 
2015, ¶ [00274]. 
 
“Any type of cell may be of interest (e.g. a stem cell, e.g. an 
embryonic stem (ES) cell, an induced pluripotent stem (iPS) 
cell, a germ cell; a somatic cell, e.g. a fibroblast, a 
hematopoietic cell, a neuron, a muscle cell, a bone cell, a 
hepatocyte, a pancreatic cell; an in vitro or in vivo embryonic 
cell of an embryo at any stage, e.g., a 1-cell, 2-cell, 4-cell, 8-
cell, etc. stage zebrafish embryo; etc.). Cells may be from 
established cell lines or they may be primary cells….” Ex. 
2015, ¶ [00275]. 
 
“In some embodiments a cell comprising a target DNA is in 
vitro. In some embodiments a cell comprising a target DNA is 
in vivo.” Ex. 2015, ¶ [00217]. 
 
“In other aspects of the invention, the DNA-targeting RNA 
and/or site-directed modifying polypeptide and/or donor 
polynucleotide are employed to modify cellular DNA in vivo, 
again for purposes such as gene therapy, e.g. to treat a disease 
or as an antiviral, antipathogenic, or anticancer therapeutic, 
for the production of genetically modified organisms in 
agriculture, or for biological research.” Ex. 2015, ¶ [00307]. 
 
“The present disclosure provides genetically modified host 
cells, including isolated genetically modified host cells, where a 
subject genetically modified host cell comprises (has been 
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genetically modified with: 1) an exogenous DNA-targeting 
RNA; 2) an exogenous nucleic acid comprising a nucleotide 
sequence encoding a DNA-targeting RNA; 3) an exogenous 
site-directed modifying polypeptide (e.g., a naturally 
occurring Cas9; a modified, i.e., mutated or variant, Cas9; a 
chimeric Cas9; etc.); 4) an exogenous nucleic acid comprising 
a nucleotide sequence encoding a site-directed modifying 
polypeptide; or 5) any combination of the above.” Ex. 2015, ¶ 
[000324]. 
 
All cells suitable to be a target cell are also suitable to be a 
genetically modified host cell. For example, a genetically 
modified host cells of interest can be a cell from any organism 
(e.g. a bacterial cell, an archaeal cell, a cell of a single-cell 
eukaryotic organism, a plant cell, an algal cell … a fungal 
cell, an animal cell, a cell from an invertebrate animal (e.g. 
fruit fly, cnidarian, echinoderm, nematode, etc.), a cell from 
a vertebrate animal (e.g., fish, amphibian, reptile, bird, 
mammal), a cell from a mammal (e.g., a pig, a cow, a goat, a 
sheep, a rodent, a rat, a mouse, a non-human primate, a 
human, etc.), etc.” Ex. 2015, ¶ [00325]. 
 
“In some embodiments, a subject genetically modified host cell 
is in vitro. In some embodiments, a subject genetically 
modified host cell is in vivo … In some embodiments, a 
subject genetically modified host cell is a eukaryotic cell or is 
derived from a eukaryotic cell. In some embodiments, a subject 
genetically modified host cell is a plant cell or is derived from a 
plant cell. In some embodiments, a subject genetically modified 
host cell is an animal cell or is derived from an animal cell. In 
some embodiments, a subject genetically modified host cell is 
an invertebrate cell or is derived from an invertebrate cell. In 
some embodiments, a subject genetically modified host cell is a 
vertebrate cell or is derived from a vertebrate cell. In some 
embodiments, a subject genetically modified host cell is a 
mammalian cell or is derived from a mammalian cell. In some 
embodiments, a subject genetically modified host cell is a 
rodent cell or is derived from a rodent cell. In some 
embodiments, a subject genetically modified host cell is a 
human cell or is derived from a human cell.” Ex. 2015, ¶ 
[00327]. 
 
“The CRISPR loci belong to the Type II (Nmeni/CASS4) 
CRISPR/Cas system.” Ex. 2015, ¶ [0040]. 
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“Figure 15 depicts the type II RNA-mediated CRISPR/Cas 
immune pathway.” Ex. 2015, ¶ [00535].  
 
“Data provided below demonstrate that Cas9 can be expressed 
and localized to the nucleus of human cells, and that it 
assembles with single-guide RNA (‘sgRNA’; encompassing 
the features required for both Cas9 binding and DNA target site 
recognition) in a human cell.” Ex. 2015, ¶ [00562]. 
 
See also, Ex. 2015, ¶¶ [00123], [00188], [00224]-[00225], 
[00253], [00283]-[00284], [00287], [00326], [00360]-[00381], 
[00504]-[00560] (Example 1), [00562]-[00577] (Example 2), 
Figs. 3, 29, 31, claims 40, 70, 95, 101, 104.   

[2] a) a single molecule 
DNA-targeting RNA 
comprising 

“In other embodiments, the subject DNA-targeting RNA is a 
single RNA molecule (single RNA polynucleotide) and is 
referred to herein as a ‘single-molecule DNA-targeting RNA,’ 
a ‘single-guide RNA,’ or an ‘sgRNA.’” Ex. 2015, ¶ [00136].    
 
“In some embodiments, a DNA-targeting RNA and/or a site-
directed modifying polypeptide can be provided as RNA. In 
such cases, the DNA-targeting RNA and/or the RNA encoding 
the site-directed modifying polypeptide can be produced by 
direct chemical synthesis or may be transcribed in vitro from a 
DNA encoding the DNA-targeting RNA. Methods of 
synthesizing RNA from a DNA template are well known in the 
art. In some cases, the DNA-targeting RNA and/or the RNA 
encoding the site-directed modifying polypeptide will be 
synthesized in vitro using an RNA polymerase enzyme (e.g., 
T7 polymerase, T3 polymerase, SP6 polymerase, etc.). Once 
synthesized, the RNA may directly contact a target DNA or may 
be introduced into a cell by any of the well-known techniques 
for introducing nucleic acids into cells (e.g., microinjection, 
electroporation, transfection, etc).” Ex. 2015, ¶ [00283].    
 

 
Ex. 2015, Fig. 14A.    

 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5′ end followed by a hairpin 
structure retaining the base-pairing interactions that occur 
between the tracrRNA and the crRNA (Figure 14A). This single 
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transcript effectively fuses the 3′ end of crRNA to the 5′ end 
of tracrRNA, thereby mimicking the dual-RNA structure 
required to guide site-specific DNA cleavage by Cas9.” Ex. 
2015, ¶ [00555].    
 
See also, Ex. 2015,  ¶¶ [0033], [00136], [00177], [00215], 
[00389], [00391], [00515], [00517], [00555]-[00559], Figs. 1, 9, 
14, 27, 28, 29, 31. 

[3] i) a targeter-RNA that 
hybridizes with the target 
sequence, and 
 

“A site-directed modifying polypeptide as described herein is 
targeted to a specific DNA sequence by the RNA molecule to 
which it is bound. The RNA molecule comprises a sequence 
that is complementary to a target sequence within the target 
DNA, thus targeting the bound polypeptide to a specific location 
within the target DNA (the target sequence).” Ex. 2015, ¶ 
[00126]. 
 
“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide (i.e., site-directed polypeptide) form a 
complex (i.e., bind via non-covalent interactions). The DNA-
targeting RNA provides target specificity to the complex by 
comprising a nucleotide sequence that is complementary to a 
sequence of a target DNA. The site-directed modifying 
polypeptide of the complex provides the site-specific activity.” 
Ex. 2015, ¶ [00135]. 
 
“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-
RNA) that are complementary to one another, are covalently 
linked by intervening nucleotides (“linkers” or “linker 
nucleotides”), and hybridize to form the double stranded RNA 
duplex (dsRNA duplex) of the protein-binding segment, thus 
resulting in a stem-loop structure (Figure 1B).” Ex. 2015, ¶ 
[00177]. 
 
“The DNA-targeting segment of a subject DNA-targeting RNA 
comprises a nucleotide sequence that is complementary to a 
sequence in a target DNA. In other words, the DNA-targeting 
segment of a subject DNA-targeting RNA interacts with a 
target DNA in a sequence-specific manner via hybridization 
(i.e., base pairing).” Ex. 2015, ¶ [00165]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 5’-
GUUUUAGAGCUA-linker-
UAGCAAGUUAAAAUAAGGCUAGUCCG-3’ linked at its 
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5’ end to a stretch of nucleotides that are complementary to 
a target DNA (where “linker” denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence) (SEQ ID 
NO://). Other exemplary single-molecule DNA-targeting RNAs 
include those set forth in SEQ ID NOs: 680-682.” Ex. 2015, ¶ 
[00215]. 
 

 
Ex. 2015, Fig. 1B. 

 
See also, Ex. 2015, ¶¶ [00131]-[00132], [00136], [00138], 
[00164]-[00169], [00171]-[00172], [00179]-[00180], [00185], 
[00255], [00385], [00391], [00393], [00215].   
 

[4] ii) an activator-RNA 
that hybridizes with the 
targeter-RNA to form a 
double-stranded RNA 
duplex of a protein-binding 
segment,  

“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-
RNA) that are complementary to one another, are covalently 
linked by intervening nucleotides (“linkers” or “linker 
nucleotides”), and hybridize to form the double stranded 
RNA duplex (dsRNA duplex) of the protein-binding 
segment, thus resulting in a stem-loop structure (Figure 1B).” 
Ex. 2015, ¶ [00177]. 
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Ex. 2015, Fig. 1B. 
 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5′ end followed by a hairpin 
structure retaining the base-pairing interactions that occur 
between the tracrRNA and the crRNA (Figure 14A). This single 
transcript effectively fuses the 3′ end of crRNA to the 5′ end 
of tracrRNA, thereby mimicking the dual-RNA structure 
required to guide site-specific DNA cleavage by Cas9.” Ex. 
2015, ¶ [00555].    
 

 
Ex. 2015, Fig. 14A.    

 
See also, Ex. 2015, ¶¶ [00131]-[00132], [00136], [00138], 
[00164]-[00169], [00171]-[00172], [00179]-[00180], [00393], 
[00434], [00435], Figs. 1, 9, 14, 27, 28, 29, 31.   
 

[5] wherein the targeter-
RNA and the activator-
RNA are covalently linked 
to one another with 
intervening nucleotides; 
and 

“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-RNA) 
that are complementary to one another, are covalently linked 
by intervening nucleotides (“linkers” or “linker nucleotides”), 
and hybridize to form the double stranded RNA duplex (dsRNA 
duplex) of the protein-binding segment, thus resulting in a stem-
loop structure (Figure 1B).” Ex. 2015, ¶ [00177]. 
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“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 5’-
GUUUUAGAGCUA-linker-
UAGCAAGUUAAAAUAAGGCUAGUCCG-3’ linked at its 
5’ end to a stretch of nucleotides that are complementary to 
a target DNA (where “linker” denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence) (SEQ ID 
NO://). Other exemplary single-molecule DNA-targeting RNAs 
include those set forth in SEQ ID NOs: 680-682.” Ex. 2015, ¶ 
[00215]. 
 
See also, Ex. 2015, ¶¶ [0033], [0041], [0046], [0061], [0063], 
[00178], [00215], [00556], Figs. 1, 9, 14, 27, 28, 29, 31.     
 

[6] b) a Cas9 protein, “Figures 3A-B depict the amino acid sequence of a Cas9/Csn1 
protein from Streptococcus pyogenes (SEQ ID NO:8). Cas9 has 
domains homologous to both HNH and RuvC endonucleases....” 
Ex. 2015, ¶ [0035]. 

“Figures 4A-B depict the percent identity between the 
Cas9/Csn1 proteins from multiple species. (A) Sequence 
identity relative to Streptococcus pyogenes.” Ex. 2015, ¶ [0036]. 

Exemplary naturally-occurring site-directed modifying 
polypeptides are set forth in SEQ ID NOs:1-255 as a non-
limiting and non-exhaustive list of naturally occurring 
Cas9/Csn1 endonucleases….” Ex. 2015, ¶ [00188]  

 “A subject DNA-targeting RNA and/or a site-directed 
modifying polypeptide and/or a chimeric site-directed 
modifying polypeptide may instead be used to contact DNA or 
introduced into cells as RNA.” Ex. 2015, ¶[00287]. 

“A subject site-directed modifying polypeptide may instead be 
provided to cells as a polypeptide.” Ex. 2015, ¶ [00288]. 

“The site-directed modifying polypeptides may be prepared by 
in vitro synthesis, using conventional methods as known in the 
art.” Ex. 2015, ¶ [00293]. 

“The site-directed modifying polypeptides may also be 
isolated and purified in accordance with conventional methods 
of recombinant synthesis.  A lysate may be prepared of the 
expression host and the lysate purified using HPLC, exclusion 
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chromatography, gel electrophoresis, affinity chromatography, 
or other purification technique.” Ex. 2015, ¶ [00295]. 

“The sequence encoding Cas9 (residues 1-1368) was 
PCRamplified from the genomic DNA of S. pyogenes SF370 
and inserted into a custom pET-based expression vector using 
ligation-independent cloning (LIC).” Ex. 2015, ¶ [00518]. 

“The sequence encoding Streptococcus pyogenes Cas9 
(residues 1-1368) fused to an HA epitope … a nuclear 
localization signal … was codon optimized for human 
expression and synthesized by GeneArt.” Ex. 2015, ¶ [00563]. 

See also Ex. 2015, ¶¶ [0037], [00102], [00192], [00242], 
[00283], [00451], Figs. 3, 4, 5, 29, 31, Example 1 ([00518]), 
claims 5, 15-17, 19, 39, 42, 48, 73, 103. 

[7] wherein the single 
molecule DNA-targeting 
RNA forms a complex with 
the Cas9 protein, thereby 
targeting the Cas9 protein 
to the target DNA 
molecule, 

“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide (i.e., site-directed polypeptide) form a 
complex (i.e., bind via non-covalent interactions). The DNA-
targeting RNA provides target specificity to the complex by 
comprising a nucleotide sequence that is complementary to a 
sequence of a target DNA.” Ex. 2015, ¶ [00135]. 
 
“Generally, a subject method involves contacting a target 
DNA with a complex (a “targeting complex”), which complex 
comprises a DNA-targeting RNA and a site-directed modifying 
polypeptide.” Ex. 2015, ¶ [00254]. 
 
“As discussed above, a subject DNA-targeting RNA and a 
subject site-directed modifying polypeptide form a complex. 
The DNA-targeting RNA provides target specificity to the 
complex by comprising a nucleotide sequence that is 
complementary to a sequence of a target DNA.” Ex. 2015, ¶ 
[00255]. 
 
“A site-directed polypeptide as described herein is targeted to a 
specific DNA sequence by the RNA molecule to which it is 
bound. The RNA molecule comprises a sequence that is 
complementary to a target sequence within the target DNA, thus 
targeting the bound polypeptide to a specific location within 
the target DNA (the target sequence).” Ex. 2015, ¶ [00385]. 
 
“To test whether Cas9 could be programmed to cleave genomic 
DNA in living cells, Cas9 was co-expressed together with an 
sgRNA designed to target the human clathrin light chain 
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(CLTA) gene. The CLTA genomic locus has previously been 
targeted and edited using ZFNs [10]. We first tested the 
expression of a human-codon-optimized version of the 
Streptococcus pyogenes Cas9 protein and sgRNA in human 
HEK293T cells.” Ex. 2015, ¶ [00570]. 
 
See also,Ex. 2015, ¶¶ [00169], [00185], [00255], [00297], 
[00388], [00423], [00449], Fig. 1. 
 

[8] whereby said target 
DNA molecule is cleaved 
or edited or transcription of 
at least one gene encoded 
by the target DNA 
molecule is modulated, and 
wherein said contacting 
occurs in a eukaryotic cell. 

“Exemplary naturally-occurring site-directed modifying 
polypeptides are set forth in SEQ ID NOs:1-255 as a non-
limiting and non-exhaustive list of naturally occurring 
Cas9/Csn1 endonucleases. These naturally occurring 
polypeptides, as disclosed herein, bind a DNA-targeting 
RNA, are thereby directed to a specific sequence within a target 
DNA, and cleave the target DNA to generate a double strand 
break.” Ex. 2015, ¶ [00188]. 
 

 
Ex. 2015, Fig. 27B. 

 
 
“In some embodiments, a subject complex modifies a target 
DNA, leading to, for example, DNA cleavage, DNA 
methylation, DNA damage, DNA repair, etc.” Ex. 2015, ¶ 
[00255]. 
 
“In some of the above applications, the subject methods may be 
employed to induce DNA cleavage, DNA modification, and/or 
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transcriptional modulation in mitotic or post-mitotic cells….” 
Ex. 2015, ¶ [00274]. 
 
“As such, a complex comprising a DNA-targeting RNA and a 
site-directed modifying polypeptide is useful in any in vitro or 
in vivo application in which it is desirable to modify DNA in a 
site-specific, i.e. “targeted”, way, for example gene knock-out, 
gene knock-in, gene editing, gene tagging, etc., as used in, for 
example, gene therapy, e.g. to treat a disease or as an antiviral, 
antipathogenic, or anticancer therapeutic, the production of 
genetically modified organisms in agriculture, the large scale 
production of proteins by cells for therapeutic, diagnostic, or 
research purposes, the induction of iPS cells, biological 
research, the targeting of genes of pathogens for deletion or 
replacement, etc.” Ex. 2015, ¶ [00261]. 
 
“In some cases, the site-directed modifying polypeptide has 
activity that modulates the transcription of target DNA (e.g., 
in the case of a chimeric site-directed modifying polypeptide, 
etc.).” Ex. 2015, ¶ [00270]. 
 

 
Ex. 2015, Fig. 14A. 

 
“Figure 29 demonstrates that co-expression of Cas9 and guide 
RNA in human cells generates double-strand DNA breaks at the 
target locus.” Ex. 2015, ¶ [00571]. 
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Ex. 2015, Fig. 29.E. 

 
See also, Ex. 2015, ¶¶ [0046], [0059], [0061], [00127], [00186], 
[00189], [00226], [00227], [00231], [00254]-[00268], [00270], 
[00296], [00298], [00300], [00304], [00342]-[00344], [00352], 
[00354], [00555]-[00559], [00571]-[00577], Fig. 14, 27, 29, 31. 
 

[9] The method of 
[Elements [1]-[8]], 
wherein, prior to the 
contacting step, the method 
comprises: introducing into 
the eukaryotic cell 
containing the target DNA 
molecule: 
1) the single molecule 
DNA-targeting RNA, or a 
DNA molecule comprising 
a nucleotide sequence that  

(i) encodes the 
single molecule 
DNA-targeting 
RNA and  
(ii) is operably 
linked to a 
regulatory element 
operable in said 
eukaryotic cell; and 

“In some embodiments, a DNA-targeting RNA and/or a site 
directed modifying polypeptide can be provided as RNA … 
Once synthesized, the RNA may directly contact a target DNA 
or may be introduced into a cell by any of the well-known 
techniques for introducing nucleic acids into cells (e.g., 
microinjection, electroporation, transfection, etc)..” Ex. 
2015, ¶ [00283]. 
 
A subject site-directed modifying polypeptide may instead be 
provided to cells as a polypeptide.” Ex. 2015, ¶ [00288]. 
 
“Nucleotides encoding a DNA-targeting RNA and/or a site-
directed modifying polypeptide and/or a donor polynucleotide 
may be provided to the cells using well-developed transfection 
techniques; see, e.g. Angel and Yanik (2010) PLoS ONE 5(7): 
e11756, and the commercially available TransMessenger® 
reagents from Qiagen, Stemfect™ RNA Transfection Kit from 
Stemgent, and TransIT®-mRNA Transfection Kit from Mirus 
Bio LLC.” Ex. 2015, ¶ [00284]. 
 
“Suitable methods of genetic modification (also referred to as 
"transformation") include e.g., viral or bacteriophage infection, 



   Interference No. 106,132 
CVC Responsive Motion 1 

6-12 

Elements of  
Proposed Count 2 

Exemplary evidence of constructive reduction to practice in 
the ’859 Application (Ex. 2015) 

2) the Cas9 protein, an 
RNA molecule comprising 
a nucleotide sequence 
encoding the Cas9 protein, 
or a DNA molecule 
comprising a nucleotide 
sequence that  

(i) encodes the Cas9 
protein and  

(ii) is operably linked to a 
regulatory element operable 
in said eukaryotic cell. 

transfection, conjugation, protoplast fusion, lipofection, 
electroporation, calcium phosphate precipitation, 
polyethyleneimine (PEI)-mediated transfection, DEAE-dextran 
mediated transfection, liposome-mediated transfection, 
particle gun technology, calcium phosphate precipitation, direct 
micro injection, nonparticle-mediated nucleic acid 
delivery…and the like.” Ex. 2015, ¶ [00123]. 
 
“The donor sequence may be provided to the cell as single-
stranded DNA, single-strandedRNA, double-stranded DNA, or 
double-stranded RNA. It may be introduced into a cell in 
linear or circular form. If introduced in linear form, the ends 
of the donor sequence may be protected (e.g., from 
exonucleolytic degradation) by methods known to those of skill 
in the art…A donor sequence can be introduced into a cell as 
part of a vector molecule having additional sequences such as, 
for example, replication origins, promoters and genes encoding 
antibiotic resistance. Moreover, donor sequences can be 
introduced as naked nucleic acid, as nucleic acid complexed 
with an agent such as a liposome or poloxamer, or can be 
delivered by viruses (e.g., adenovirus, AAV), as described 
above for nucleic acids encoding a DNA-targeting RNA and/or 
site-directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2015, ¶ [00303]. 
 
“Numerous suitable expression vectors are known to those of 
skill in the art, and many are commercially available … 
Depending on the host/vector system utilized, any of a number 
of suitable transcription and translation control elements, 
including constitutive and inducible promoters, transcription 
enhancer elements, transcription terminators, etc. may be used 
in the expression vector.” Ex. 2015, ¶¶ [00248]-[00249]. 
 
See also, Ex. 2015, ¶¶ [00103]-[00113], [00274]-[00276], 
[00253], [00285]-[00286], [00562]-[00577], [00646]-[00657], 
Figs. 36, 38, 45, 52, 55, 56.   
 

[10] The method of 
[Element [9]], wherein the 
method comprises creation 
of a double strand break in 
the target DNA molecule 
which is repaired by a 
homology-directed repair 
mechanism which 

“As used herein, ‘homology-directed repair (HDR)’ refers to 
the specialized form DNA repair that takes place, for example, 
during repair of double-strand breaks in cells. This process 
requires nucleotide sequence homology, uses a ‘donor’ 
molecule to template repair of a ‘target’ molecule (i.e., the one 
that experienced the double-strand break), and leads to the 
transfer of genetic information from the donor to the target. 
Homology-directed repair may result in an alteration of the 
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incorporates a sequence of 
a donor polynucleotide into 
the target DNA molecule, 
thereby editing the target 
DNA molecule. 

sequence of the target molecule (e.g., insertion, deletion, 
mutation), if the donor polynucleotide differs from the target 
molecule and part or all of the sequence of the donor 
polynucleotide is incorporated into the target DNA.” Ex. 2015, ¶ 
[00150]. 
 
“The nuclease activity cleaves target DNA to produce double 
strand breaks. These breaks are then repaired by the cell in one 
of two ways: nonhomologous end joining, and homology-
directed repair (Figure 2)…In homology-directed repair, a 
donor polynucleotide with homology to the cleaved target 
DNA sequence is used as a template for repair of the cleaved 
target DNA sequence, resulting in the transfer of genetic 
information from the donor polynucleotide to the target 
DNA. As such, new nucleic acid material may be 
inserted/copied into the site. In some cases, a target DNA is 
contacted with a subject donor polynucleotide. In some cases, a 
subject donor polynucleotide is introduced into a subject cell. 
The modifications of the target DNA due to…homology-
directed repair lead to, for example, gene correction, gene 
replacement, gene tagging, transgene insertion, nucleotide 
deletion, gene disruption, gene mutation, etc.” Ex. 2015, ¶ 
[00259]. 
 
“Alternatively, if a DNA-targeting RNA and a site-directed 
modifying polypeptide are coadministered to cells with a 
donor polynucleotide sequence comprising homology to the 
target DNA sequence, the subject methods may be used to add, 
i.e. insert or replace, nucleic acid material to a target DNA 
sequence (e.g. to "knock in" a nucleic acid that encodes for a 
protein, an siRNA, an miRNA, etc.), to add a tag (e.g., 6xHis, a 
fluorescent protein (e.g., a green fluorescent protein; a yellow 
fluorescent protein, etc.), hemagglutinin (HA), FLAG, etc.), to 
add a regulatory sequence to a gene (e.g. promoter, 
polyadenylation signal, internal ribosome entry sequence 
(IRES), 2A peptide, start codon, stop codon, splice signal, 
localization signal, etc.), to modify a nucleic acid sequence (e.g., 
introduce a mutation), and the like.” Ex. 2015, ¶ [00261]. 
 
“In applications in which it is desirable to insert a 
polynucleotide sequence into a target DNA sequence, a 
polynucleotide comprising a donor sequence to be inserted is 
also provided to the cell. By a ‘donor sequence’ or ‘donor 
polynucleotide’ it is meant a nucleic acid sequence to be 
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inserted at the cleavage site induced by a site-directed 
modifying polypeptide….” Ex. 2015, ¶ [00300]. 
 
“The donor sequence may be provided to the cell as single-
stranded DNA, single-strandedRNA, double-stranded DNA, or 
double-stranded RNA. It may be introduced into a cell in linear 
or circular form. If introduced in linear form, the ends of the 
donor sequence may be protected (e.g., from exonucleolytic 
degradation) by methods known to those of skill in the art…A 
donor sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by viruses 
(e.g., adenovirus, AAV), as described above for nucleic acids 
encoding a DNA-targeting RNA and/or site-directed modifying 
polypeptide and/or donor polynucleotide.” Ex. 2015, ¶ [00303]. 
 
See also, Ex. 2015, ¶ [00298]-[00304], Fig. 2, claims 78-79, 92-
93, 98-99. 
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[1] A method of cleaving or 
editing a target DNA 
molecule or modulating 
transcription of at least one 
gene encoded thereon, the 
method comprising: 
contacting a target DNA 
molecule having a target 
sequence with  
 
an engineered and/or non-
naturally-occurring Type II 
Clustered Regularly 
Interspaced Short 
Palindromic Repeats 
(CRISPR)—CRISPR 
associated (Cas) (CRISPR-
Cas) system comprising:  

“In some of the above applications, the subject methods may 
be employed to induce DNA cleavage, DNA modification, 
and/or transcriptional modulation in mitotic or post-mitotic 
cells in vivo and/or ex vivo and/or in vitro (e.g., to produce 
genetically modified cells that can be reintroduced into an 
individual). Because the DNA-targeting RNA provide 
specificity by hybridizing to target DNA, a mitotic and/or post-
mitotic cell of interest in the disclosed methods may include a 
cell from any organism (e.g. a bacterial cell, an archaeal cell, a 
cell of a single-cell eukaryotic organism, a plant cell, an algal 
cell … a fungal cell (e.g., a yeast cell), an animal cell, a cell 
from an invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate animal 
(e.g., fish, amphibian, reptile, bird, mammal), a cell from a 
mammal, a cell from a rodent, a cell from a human, etc.). Ex. 
2006, ¶ [00274]. 
 
“Any type of cell may be of interest (e.g. a stem cell, e.g. an 
embryonic stem (ES) cell, an induced pluripotent stem (iPS) 
cell, a germ cell; a somatic cell, e.g. a fibroblast, a 
hematopoietic cell, a neuron, a muscle cell, a bone cell, a 
hepatocyte, a pancreatic cell; an in vitro or in vivo embryonic 
cell of an embryo at any stage, e.g., a 1-cell, 2-cell, 4-cell, 8-
cell, etc. stage zebrafish embryo; etc.). Cells may be from 
established cell lines or they may be primary cells….” Ex. 
2006, ¶ [00275]. 
 
“In some embodiments a cell comprising a target DNA is in 
vitro. In some embodiments a cell comprising a target DNA is 
in vivo.” Ex. 2006, ¶ [00217]. 
 
“In other aspects of the invention, the DNA-targeting RNA 
and/or site-directed modifying polypeptide and/or donor 
polynucleotide are employed to modify cellular DNA in vivo, 
again for purposes such as gene therapy, e.g. to treat a disease 
or as an antiviral, antipathogenic, or anticancer therapeutic, 
for the production of genetically modified organisms in 
agriculture, or for biological research.” Ex. 2006, ¶ [00307]. 
 
“The present disclosure provides genetically modified host 
cells, including isolated genetically modified host cells, where a 
subject genetically modified host cell comprises (has been 
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genetically modified with: 1) an exogenous DNA-targeting 
RNA; 2) an exogenous nucleic acid comprising a nucleotide 
sequence encoding a DNA-targeting RNA; 3) an exogenous 
site-directed modifying polypeptide (e.g., a naturally 
occurring Cas9; a modified, i.e., mutated or variant, Cas9; a 
chimeric Cas9; etc.); 4) an exogenous nucleic acid comprising 
a nucleotide sequence encoding a site-directed modifying 
polypeptide; or 5) any combination of the above.” Ex. 2006, ¶ 
[000324]. 
 
All cells suitable to be a target cell are also suitable to be a 
genetically modified host cell. For example, a genetically 
modified host cells of interest can be a cell from any organism 
(e.g. a bacterial cell, an archaeal cell, a cell of a single-cell 
eukaryotic organism, a plant cell, an algal cell … a fungal 
cell, an animal cell, a cell from an invertebrate animal (e.g. 
fruit fly, cnidarian, echinoderm, nematode, etc.), a cell from 
a vertebrate animal (e.g., fish, amphibian, reptile, bird, 
mammal), a cell from a mammal (e.g., a pig, a cow, a goat, a 
sheep, a rodent, a rat, a mouse, a non-human primate, a 
human, etc.), etc.” Ex. 2006, ¶ [00325]. 
 
“In some embodiments, a subject genetically modified host cell 
is in vitro. In some embodiments, a subject genetically 
modified host cell is in vivo … In some embodiments, a 
subject genetically modified host cell is a eukaryotic cell or is 
derived from a eukaryotic cell. In some embodiments, a subject 
genetically modified host cell is a plant cell or is derived from a 
plant cell. In some embodiments, a subject genetically modified 
host cell is an animal cell or is derived from an animal cell. In 
some embodiments, a subject genetically modified host cell is 
an invertebrate cell or is derived from an invertebrate cell. In 
some embodiments, a subject genetically modified host cell is a 
vertebrate cell or is derived from a vertebrate cell. In some 
embodiments, a subject genetically modified host cell is a 
mammalian cell or is derived from a mammalian cell. In some 
embodiments, a subject genetically modified host cell is a 
rodent cell or is derived from a rodent cell. In some 
embodiments, a subject genetically modified host cell is a 
human cell or is derived from a human cell.” Ex. 2006, ¶ 
[00327]. 
 
“The CRISPR loci belong to the Type II (Nmeni/CASS4) 
CRISPR/Cas system.” Ex. 2006, ¶ [0040]. 
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“Figure 15 depicts the type II RNA-mediated CRISPR/Cas 
immune pathway.” Ex. 2006, ¶ [00535].  
 
“Data provided below demonstrate that Cas9 can be expressed 
and localized to the nucleus of human cells, and that it 
assembles with single-guide RNA (‘sgRNA’; encompassing 
the features required for both Cas9 binding and DNA target site 
recognition) in a human cell.” Ex. 2006, ¶ [00562]. 
 
See also, Ex. 2006, ¶¶ [00123], [00188], [00224]-[00225], 
[00253], [00283]-[00284], [00287], [00326], [00360]-[00381], 
[00504]-[00560] (Example 1), [00562]-[00577] (Example 2), 
Figs. 3, 29, 31, claims 40, 70, 95, 101, 104.   

[2] a) a single molecule 
DNA-targeting RNA 
comprising 

“In other embodiments, the subject DNA-targeting RNA is a 
single RNA molecule (single RNA polynucleotide) and is 
referred to herein as a ‘single-molecule DNA-targeting RNA,’ 
a ‘single-guide RNA,’ or an ‘sgRNA.’” Ex. 2006, ¶ [00136].    
 
“In some embodiments, a DNA-targeting RNA and/or a site-
directed modifying polypeptide can be provided as RNA. In 
such cases, the DNA-targeting RNA and/or the RNA encoding 
the site-directed modifying polypeptide can be produced by 
direct chemical synthesis or may be transcribed in vitro from a 
DNA encoding the DNA-targeting RNA. Methods of 
synthesizing RNA from a DNA template are well known in the 
art. In some cases, the DNA-targeting RNA and/or the RNA 
encoding the site-directed modifying polypeptide will be 
synthesized in vitro using an RNA polymerase enzyme (e.g., 
T7 polymerase, T3 polymerase, SP6 polymerase, etc.). Once 
synthesized, the RNA may directly contact a target DNA or may 
be introduced into a cell by any of the well-known techniques 
for introducing nucleic acids into cells (e.g., microinjection, 
electroporation, transfection, etc).” Ex. 2006, ¶ [00283].    
 

 
Ex. 2006, Fig. 14A.    

 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5′ end followed by a hairpin 
structure retaining the base-pairing interactions that occur 
between the tracrRNA and the crRNA (Figure 14A). This single 
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transcript effectively fuses the 3′ end of crRNA to the 5′ end 
of tracrRNA, thereby mimicking the dual-RNA structure 
required to guide site-specific DNA cleavage by Cas9.” Ex. 
2006, ¶ [00555].    
 
See also, Ex. 2006, ¶¶ [0033], [00136], [00177], [00215], 
[00389], [00391], [00515], [00517], [00555]-[00559], Figs. 1, 9, 
14, 27, 28, 29, 31. 

[3] i) a targeter-RNA that 
hybridizes with the target 
sequence, and 
 

“A site-directed modifying polypeptide as described herein is 
targeted to a specific DNA sequence by the RNA molecule to 
which it is bound. The RNA molecule comprises a sequence 
that is complementary to a target sequence within the target 
DNA, thus targeting the bound polypeptide to a specific location 
within the target DNA (the target sequence).” Ex. 2006, ¶ 
[00126]. 
 
“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide (i.e., site-directed polypeptide) form a 
complex (i.e., bind via non-covalent interactions). The DNA-
targeting RNA provides target specificity to the complex by 
comprising a nucleotide sequence that is complementary to a 
sequence of a target DNA. The site-directed modifying 
polypeptide of the complex provides the site-specific activity.” 
Ex. 2006, ¶ [00135]. 
 
“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-
RNA) that are complementary to one another, are covalently 
linked by intervening nucleotides (“linkers” or “linker 
nucleotides”), and hybridize to form the double stranded RNA 
duplex (dsRNA duplex) of the protein-binding segment, thus 
resulting in a stem-loop structure (Figure 1B).” Ex. 2006, ¶ 
[00177]. 
 
“The DNA-targeting segment of a subject DNA-targeting RNA 
comprises a nucleotide sequence that is complementary to a 
sequence in a target DNA. In other words, the DNA-targeting 
segment of a subject DNA-targeting RNA interacts with a 
target DNA in a sequence-specific manner via hybridization 
(i.e., base pairing).” Ex. 2006, ¶ [00165]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 5’-
GUUUUAGAGCUA-linker-
UAGCAAGUUAAAAUAAGGCUAGUCCG-3’ linked at its 
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5’ end to a stretch of nucleotides that are complementary to 
a target DNA (where “linker” denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence) (SEQ ID 
NO://). Other exemplary single-molecule DNA-targeting RNAs 
include those set forth in SEQ ID NOs: 680-682.” Ex. 2006, ¶ 
[00215]. 
 

 
Ex. 2006, Fig. 1B. 

 
See also, Ex. 2006, ¶¶ [00131]-[00132], [00136], [00138], 
[00164]-[00169], [00171]-[00172], [00179]-[00180], [00185], 
[00255], [00385], [00391], [00393], [00215].   
 

[4] ii) an activator-RNA 
that hybridizes with the 
targeter-RNA to form a 
double-stranded RNA 
duplex of a protein-binding 
segment,  
 

“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-
RNA) that are complementary to one another, are covalently 
linked by intervening nucleotides (“linkers” or “linker 
nucleotides”), and hybridize to form the double stranded 
RNA duplex (dsRNA duplex) of the protein-binding 
segment, thus resulting in a stem-loop structure (Figure 1B).” 
Ex. 2006, ¶ [00177]. 
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Ex. 2006, Fig. 1B. 
 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5′ end followed by a hairpin 
structure retaining the base-pairing interactions that occur 
between the tracrRNA and the crRNA (Figure 14A). This single 
transcript effectively fuses the 3′ end of crRNA to the 5′ end 
of tracrRNA, thereby mimicking the dual-RNA structure 
required to guide site-specific DNA cleavage by Cas9.” Ex. 
2006, ¶ [00555].    
 

 
Ex. 2006, Fig. 14A.    

 
See also, Ex. 2006, ¶¶ [00131]-[00132], [00136], [00138], 
[00164]-[00169], [00171]-[00172], [00179]-[00180], [00393], 
[00434], [00435], Figs. 1, 9, 14, 27, 28, 29, 31.   
 

[5] wherein the targeter-
RNA and the activator-
RNA are covalently linked 
to one another with 
intervening nucleotides; 
and 

“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-RNA) 
that are complementary to one another, are covalently linked 
by intervening nucleotides (“linkers” or “linker nucleotides”), 
and hybridize to form the double stranded RNA duplex (dsRNA 
duplex) of the protein-binding segment, thus resulting in a stem-
loop structure (Figure 1B).” Ex. 2006, ¶ [00177]. 
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“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 5’-
GUUUUAGAGCUA-linker-
UAGCAAGUUAAAAUAAGGCUAGUCCG-3’ linked at its 
5’ end to a stretch of nucleotides that are complementary to 
a target DNA (where “linker” denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence) (SEQ ID 
NO://). Other exemplary single-molecule DNA-targeting RNAs 
include those set forth in SEQ ID NOs: 680-682.” Ex. 2006, ¶ 
[00215]. 
 
See also, Ex. 2006, ¶¶ [0033], [0041], [0046], [0061], [0063], 
[00178], [00215], [00556], Figs. 1, 9, 14, 27, 28, 29, 31.     
 

[6] b) a Cas9 protein, “Figures 3A-B depict the amino acid sequence of a Cas9/Csn1 
protein from Streptococcus pyogenes (SEQ ID NO:8). Cas9 has 
domains homologous to both HNH and RuvC endonucleases....” 
Ex. 2006, ¶ [0035]. 

“Figures 4A-B depict the percent identity between the 
Cas9/Csn1 proteins from multiple species. (A) Sequence 
identity relative to Streptococcus pyogenes.” Ex. 2006, ¶ [0036]. 

Exemplary naturally-occurring site-directed modifying 
polypeptides are set forth in SEQ ID NOs:1-255 as a non-
limiting and non-exhaustive list of naturally occurring 
Cas9/Csn1 endonucleases….” Ex. 2006, ¶ [00188]  

 “A subject DNA-targeting RNA and/or a site-directed 
modifying polypeptide and/or a chimeric site-directed 
modifying polypeptide may instead be used to contact DNA or 
introduced into cells as RNA.” Ex. 2006, ¶ [00287]. 

“A subject site-directed modifying polypeptide may instead be 
provided to cells as a polypeptide.” Ex. 2006, ¶ [00288]. 

“The site-directed modifying polypeptides may be prepared by 
in vitro synthesis, using conventional methods as known in the 
art.” Ex. 2006, ¶ [00293]. 

“The site-directed modifying polypeptides may also be 
isolated and purified in accordance with conventional methods 
of recombinant synthesis.  A lysate may be prepared of the 
expression host and the lysate purified using HPLC, exclusion 
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chromatography, gel electrophoresis, affinity chromatography, 
or other purification technique.” Ex. 2006, ¶ [00295]. 

“The sequence encoding Cas9 (residues 1-1368) was 
PCRamplified from the genomic DNA of S. pyogenes SF370 
and inserted into a custom pET-based expression vector using 
ligation-independent cloning (LIC).” Ex. 2006, ¶ [00518]. 

“The sequence encoding Streptococcus pyogenes Cas9 
(residues 1-1368) fused to an HA epitope … a nuclear 
localization signal … was codon optimized for human 
expression and synthesized by GeneArt.” Ex. 2006, ¶ [00563]. 

See also Ex. 2006, ¶¶ [0037], [00102], [00192], [00242], 
[00283], [00451], Figs. 3, 4, 5, 29, 31, Example 1 ([00518]), 
claims 5, 15-17, 19, 39, 42, 48, 73, 103. 

[7] wherein the single 
molecule DNA-targeting 
RNA forms a complex with 
the Cas9 protein, thereby 
targeting the Cas9 protein 
to the target DNA 
molecule, 

“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide (i.e., site-directed polypeptide) form a 
complex (i.e., bind via non-covalent interactions). The DNA-
targeting RNA provides target specificity to the complex by 
comprising a nucleotide sequence that is complementary to a 
sequence of a target DNA.” Ex. 2006, ¶[ 00135]. 
 
“Generally, a subject method involves contacting a target 
DNA with a complex (a “targeting complex”), which complex 
comprises a DNA-targeting RNA and a site-directed modifying 
polypeptide.” Ex. 2006, ¶ [00254]. 
 
“As discussed above, a subject DNA-targeting RNA and a 
subject site-directed modifying polypeptide form a complex. 
The DNA-targeting RNA provides target specificity to the 
complex by comprising a nucleotide sequence that is 
complementary to a sequence of a target DNA.” Ex. 2006, ¶ 
[00255]. 
 
“A site-directed polypeptide as described herein is targeted to a 
specific DNA sequence by the RNA molecule to which it is 
bound. The RNA molecule comprises a sequence that is 
complementary to a target sequence within the target DNA, thus 
targeting the bound polypeptide to a specific location within 
the target DNA (the target sequence).” Ex. 2006, ¶ [00385]. 
 
“To test whether Cas9 could be programmed to cleave genomic 
DNA in living cells, Cas9 was co-expressed together with an 
sgRNA designed to target the human clathrin light chain 
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(CLTA) gene. The CLTA genomic locus has previously been 
targeted and edited using ZFNs [10]. We first tested the 
expression of a human-codon-optimized version of the 
Streptococcus pyogenes Cas9 protein and sgRNA in human 
HEK293T cells.” Ex. 2006, ¶ [00570]. 
 
See also, Ex. 2006, ¶¶ [00169], [00185], [00255], [00297], 
[00388], [00423], [00449], Fig. 1. 
 

[8] whereby said target 
DNA molecule is cleaved 
or edited or transcription of 
at least one gene encoded 
by the target DNA 
molecule is modulated, and 
wherein said contacting 
occurs in a eukaryotic cell. 

“Exemplary naturally-occurring site-directed modifying 
polypeptides are set forth in SEQ ID NOs:1-255 as a non-
limiting and non-exhaustive list of naturally occurring 
Cas9/Csn1 endonucleases. These naturally occurring 
polypeptides, as disclosed herein, bind a DNA-targeting 
RNA, are thereby directed to a specific sequence within a target 
DNA, and cleave the target DNA to generate a double strand 
break.” Ex. 2006, ¶ [00188]. 
 

 
Ex. 2006, Fig. 27B. 

 
 
“In some embodiments, a subject complex modifies a target 
DNA, leading to, for example, DNA cleavage, DNA 
methylation, DNA damage, DNA repair, etc.” Ex. 2006, ¶ 
[00255]. 
 
“In some of the above applications, the subject methods may be 
employed to induce DNA cleavage, DNA modification, and/or 
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transcriptional modulation in mitotic or post-mitotic cells….” 
Ex. 2006, ¶ [00274]. 
 
“As such, a complex comprising a DNA-targeting RNA and a 
site-directed modifying polypeptide is useful in any in vitro or 
in vivo application in which it is desirable to modify DNA in a 
site-specific, i.e. “targeted”, way, for example gene knock-out, 
gene knock-in, gene editing, gene tagging, etc., as used in, for 
example, gene therapy, e.g. to treat a disease or as an antiviral, 
antipathogenic, or anticancer therapeutic, the production of 
genetically modified organisms in agriculture, the large scale 
production of proteins by cells for therapeutic, diagnostic, or 
research purposes, the induction of iPS cells, biological 
research, the targeting of genes of pathogens for deletion or 
replacement, etc.” Ex. 2006, ¶ [00261]. 
 
“In some cases, the site-directed modifying polypeptide has 
activity that modulates the transcription of target DNA (e.g., 
in the case of a chimeric site-directed modifying polypeptide, 
etc.).” Ex. 2006, ¶ [00270]. 
 

 
Ex. 2006, Fig. 14A. 

 
“Figure 29 demonstrates that co-expression of Cas9 and guide 
RNA in human cells generates double-strand DNA breaks at the 
target locus.” Ex. 2006, ¶ [00571]. 
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Ex. 2006, Fig. 29.E. 

 
See also,Ex. 2006,  ¶¶ [0046], [0059], [0061], [00127], [00186], 
[00189], [00226], [00227], [00231], [00254]-[00268], [00270], 
[00296], [00298], [00300], [00304], [00342]-[00344], [00352], 
[00354], [00555]-[00559], [00571]-[00577], Fig. 14, 27, 29, 31. 
 

[9] The method of 
[Elements [1]-[8]], 
wherein, prior to the 
contacting step, the method 
comprises: introducing into 
the eukaryotic cell 
containing the target DNA 
molecule: 
1) the single molecule 
DNA-targeting RNA, or a 
DNA molecule comprising 
a nucleotide sequence that  

(i) encodes the 
single molecule 
DNA-targeting 
RNA and  
(ii) is operably 
linked to a 
regulatory element 
operable in said 
eukaryotic cell; and 

“In some embodiments, a DNA-targeting RNA and/or a site 
directed modifying polypeptide can be provided as RNA … 
Once synthesized, the RNA may directly contact a target DNA 
or may be introduced into a cell by any of the well-known 
techniques for introducing nucleic acids into cells (e.g., 
microinjection, electroporation, transfection, etc)..” Ex. 
2006, ¶ [00283]. 
 
A subject site-directed modifying polypeptide may instead be 
provided to cells as a polypeptide.” Ex. 2006, ¶ [00288]. 
 
“Nucleotides encoding a DNA-targeting RNA and/or a site-
directed modifying polypeptide and/or a donor polynucleotide 
may be provided to the cells using well-developed transfection 
techniques; see, e.g. Angel and Yanik (2010) PLoS ONE 5(7): 
e11756, and the commercially available TransMessenger® 
reagents from Qiagen, Stemfect™ RNA Transfection Kit from 
Stemgent, and TransIT®-mRNA Transfection Kit from Mirus 
Bio LLC.” Ex. 2006, ¶ [00284]. 
 
“Suitable methods of genetic modification (also referred to as 
"transformation") include e.g., viral or bacteriophage infection, 
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2) the Cas9 protein, an 
RNA molecule comprising 
a nucleotide sequence 
encoding the Cas9 protein, 
or a DNA molecule 
comprising a nucleotide 
sequence that  

(i) encodes the Cas9 
protein and  

(ii) is operably linked to a 
regulatory element operable 
in said eukaryotic cell. 

transfection, conjugation, protoplast fusion, lipofection, 
electroporation, calcium phosphate precipitation, 
polyethyleneimine (PEI)-mediated transfection, DEAE-dextran 
mediated transfection, liposome-mediated transfection, 
particle gun technology, calcium phosphate precipitation, direct 
micro injection, nonparticle-mediated nucleic acid 
delivery…and the like.” Ex. 2006, ¶ [00123]. 
 
“The donor sequence may be provided to the cell as single-
stranded DNA, single-strandedRNA, double-stranded DNA, or 
double-stranded RNA. It may be introduced into a cell in 
linear or circular form. If introduced in linear form, the ends 
of the donor sequence may be protected (e.g., from 
exonucleolytic degradation) by methods known to those of skill 
in the art…A donor sequence can be introduced into a cell as 
part of a vector molecule having additional sequences such as, 
for example, replication origins, promoters and genes encoding 
antibiotic resistance. Moreover, donor sequences can be 
introduced as naked nucleic acid, as nucleic acid complexed 
with an agent such as a liposome or poloxamer, or can be 
delivered by viruses (e.g., adenovirus, AAV), as described 
above for nucleic acids encoding a DNA-targeting RNA and/or 
site-directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2006, ¶ [00303]. 
 
“Numerous suitable expression vectors are known to those of 
skill in the art, and many are commercially available … 
Depending on the host/vector system utilized, any of a number 
of suitable transcription and translation control elements, 
including constitutive and inducible promoters, transcription 
enhancer elements, transcription terminators, etc. may be used 
in the expression vector.” Ex. 2006, ¶ [00248]-[00249]. 
 
See also, Ex. 2006, ¶¶ [00103]-[00113], [00274]-[00276], 
[00253], [00285]-[00286], [00562]-[00577], [00646]-[00657], 
Figs. 36, 38, 45, 52, 55, 56.   
 

[10] The method of 
[Element [9]], wherein the 
method comprises creation 
of a double strand break in 
the target DNA molecule 
which is repaired by a 
homology-directed repair 
mechanism which 

“As used herein, ‘homology-directed repair (HDR)’ refers to 
the specialized form DNA repair that takes place, for example, 
during repair of double-strand breaks in cells. This process 
requires nucleotide sequence homology, uses a ‘donor’ 
molecule to template repair of a ‘target’ molecule (i.e., the one 
that experienced the double-strand break), and leads to the 
transfer of genetic information from the donor to the target. 
Homology-directed repair may result in an alteration of the 
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incorporates a sequence of 
a donor polynucleotide into 
the target DNA molecule, 
thereby editing the target 
DNA molecule. 

sequence of the target molecule (e.g., insertion, deletion, 
mutation), if the donor polynucleotide differs from the target 
molecule and part or all of the sequence of the donor 
polynucleotide is incorporated into the target DNA.” Ex. 2006, ¶ 
[00150]. 
 
“The nuclease activity cleaves target DNA to produce double 
strand breaks. These breaks are then repaired by the cell in one 
of two ways: nonhomologous end joining, and homology-
directed repair (Figure 2)…In homology-directed repair, a 
donor polynucleotide with homology to the cleaved target 
DNA sequence is used as a template for repair of the cleaved 
target DNA sequence, resulting in the transfer of genetic 
information from the donor polynucleotide to the target 
DNA. As such, new nucleic acid material may be 
inserted/copied into the site. In some cases, a target DNA is 
contacted with a subject donor polynucleotide. In some cases, a 
subject donor polynucleotide is introduced into a subject cell. 
The modifications of the target DNA due to…homology-
directed repair lead to, for example, gene correction, gene 
replacement, gene tagging, transgene insertion, nucleotide 
deletion, gene disruption, gene mutation, etc.” Ex. 2006, ¶ 
[00259]. 
 
“Alternatively, if a DNA-targeting RNA and a site-directed 
modifying polypeptide are coadministered to cells with a 
donor polynucleotide sequence comprising homology to the 
target DNA sequence, the subject methods may be used to add, 
i.e. insert or replace, nucleic acid material to a target DNA 
sequence (e.g. to "knock in" a nucleic acid that encodes for a 
protein, an siRNA, an miRNA, etc.), to add a tag (e.g., 6xHis, a 
fluorescent protein (e.g., a green fluorescent protein; a yellow 
fluorescent protein, etc.), hemagglutinin (HA), FLAG, etc.), to 
add a regulatory sequence to a gene (e.g. promoter, 
polyadenylation signal, internal ribosome entry sequence 
(IRES), 2A peptide, start codon, stop codon, splice signal, 
localization signal, etc.), to modify a nucleic acid sequence (e.g., 
introduce a mutation), and the like.” Ex. 2006, ¶ [00261]. 
 
“In applications in which it is desirable to insert a 
polynucleotide sequence into a target DNA sequence, a 
polynucleotide comprising a donor sequence to be inserted is 
also provided to the cell. By a ‘donor sequence’ or ‘donor 
polynucleotide’ it is meant a nucleic acid sequence to be 



   Interference No. 106,132 
CVC Responsive Motion 1 

7-14 

Elements of  
Proposed Count 2 

Exemplary evidence of constructive reduction to practice in 
the ’504 Application (Ex. 2006) 
inserted at the cleavage site induced by a site-directed 
modifying polypeptide….” 2006, ¶ [00300]. 
 
“The donor sequence may be provided to the cell as single-
stranded DNA, single-strandedRNA, double-stranded DNA, or 
double-stranded RNA. It may be introduced into a cell in linear 
or circular form. If introduced in linear form, the ends of the 
donor sequence may be protected (e.g., from exonucleolytic 
degradation) by methods known to those of skill in the art…A 
donor sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by viruses 
(e.g., adenovirus, AAV), as described above for nucleic acids 
encoding a DNA-targeting RNA and/or site-directed modifying 
polypeptide and/or donor polynucleotide.” Ex. 2006, ¶ [00303]. 
 
See also, Ex. 2006, ¶¶ [00298]-[00304], Fig. 2, claims 78-79, 
92-93, 98-99. 
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[1] A method of cleaving or 
editing a target DNA 
molecule or modulating 
transcription of at least one 
gene encoded thereon, the 
method comprising: 
contacting a target DNA 
molecule having a target 
sequence with  
 
an engineered and/or non-
naturally-occurring Type II 
Clustered Regularly 
Interspaced Short 
Palindromic Repeats 
(CRISPR)—CRISPR 
associated (Cas) (CRISPR-
Cas) system comprising:  

“In some of the above applications, the subject methods may 
be employed to induce DNA cleavage, DNA modification, 
and/or transcriptional modulation in mitotic or post-mitotic 
cells in vivo and/or ex vivo and/or in vitro (e.g., to produce 
genetically modified cells that can be reintroduced into an 
individual). Because the DNA-targeting RNA provide 
specificity by hybridizing to target DNA, a mitotic and/or post-
mitotic cell of interest in the disclosed methods may include a 
cell from any organism (e.g. a bacterial cell, an archaeal cell, a 
cell of a single-cell eukaryotic organism, a plant cell, an algal 
cell … a fungal cell (e.g., a yeast cell), an animal cell, a cell 
from an invertebrate animal (e.g. fruit fly, cnidarian, 
echinoderm, nematode, etc.), a cell from a vertebrate animal 
(e.g., fish, amphibian, reptile, bird, mammal), a cell from a 
mammal, a cell from a rodent, a cell from a human, etc.). Ex. 
2007, ¶ [00274]. 
 
“Any type of cell may be of interest (e.g. a stem cell, e.g. an 
embryonic stem (ES) cell, an induced pluripotent stem (iPS) 
cell, a germ cell; a somatic cell, e.g. a fibroblast, a 
hematopoietic cell, a neuron, a muscle cell, a bone cell, a 
hepatocyte, a pancreatic cell; an in vitro or in vivo embryonic 
cell of an embryo at any stage, e.g., a 1-cell, 2-cell, 4-cell, 8-
cell, etc. stage zebrafish embryo; etc.). Cells may be from 
established cell lines or they may be primary cells….” Ex. 
2007, ¶ [00275]. 
 
“In some embodiments a cell comprising a target DNA is in 
vitro. In some embodiments a cell comprising a target DNA is 
in vivo.” Ex. 2007, ¶ [00217]. 
 
“In other aspects of the invention, the DNA-targeting RNA 
and/or site-directed modifying polypeptide and/or donor 
polynucleotide are employed to modify cellular DNA in vivo, 
again for purposes such as gene therapy, e.g. to treat a disease 
or as an antiviral, antipathogenic, or anticancer therapeutic, 
for the production of genetically modified organisms in 
agriculture, or for biological research.” Ex. 2007, ¶ [00307]. 
 
“The present disclosure provides genetically modified host 
cells, including isolated genetically modified host cells, where a 
subject genetically modified host cell comprises (has been 
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genetically modified with: 1) an exogenous DNA-targeting 
RNA; 2) an exogenous nucleic acid comprising a nucleotide 
sequence encoding a DNA-targeting RNA; 3) an exogenous 
site-directed modifying polypeptide (e.g., a naturally 
occurring Cas9; a modified, i.e., mutated or variant, Cas9; a 
chimeric Cas9; etc.); 4) an exogenous nucleic acid comprising 
a nucleotide sequence encoding a site-directed modifying 
polypeptide; or 5) any combination of the above.” Ex. 2007, ¶ 
[00324]. 
 
All cells suitable to be a target cell are also suitable to be a 
genetically modified host cell. For example, a genetically 
modified host cells of interest can be a cell from any organism 
(e.g. a bacterial cell, an archaeal cell, a cell of a single-cell 
eukaryotic organism, a plant cell, an algal cell … a fungal 
cell, an animal cell, a cell from an invertebrate animal (e.g. 
fruit fly, cnidarian, echinoderm, nematode, etc.), a cell from 
a vertebrate animal (e.g., fish, amphibian, reptile, bird, 
mammal), a cell from a mammal (e.g., a pig, a cow, a goat, a 
sheep, a rodent, a rat, a mouse, a non-human primate, a 
human, etc.), etc.” Ex. 2007, ¶ [00325]. 
 
“In some embodiments, a subject genetically modified host cell 
is in vitro. In some embodiments, a subject genetically 
modified host cell is in vivo … In some embodiments, a 
subject genetically modified host cell is a eukaryotic cell or is 
derived from a eukaryotic cell. In some embodiments, a subject 
genetically modified host cell is a plant cell or is derived from a 
plant cell. In some embodiments, a subject genetically modified 
host cell is an animal cell or is derived from an animal cell. In 
some embodiments, a subject genetically modified host cell is 
an invertebrate cell or is derived from an invertebrate cell. In 
some embodiments, a subject genetically modified host cell is a 
vertebrate cell or is derived from a vertebrate cell. In some 
embodiments, a subject genetically modified host cell is a 
mammalian cell or is derived from a mammalian cell. In some 
embodiments, a subject genetically modified host cell is a 
rodent cell or is derived from a rodent cell. In some 
embodiments, a subject genetically modified host cell is a 
human cell or is derived from a human cell.” Ex. 2007, ¶ 
[00327]. 
 
“The CRISPR loci belong to the Type II (Nmeni/CASS4) 
CRISPR/Cas system.” Ex. 2007, ¶ [0040]. 
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“Figure 15 depicts the type II RNA-mediated CRISPR/Cas 
immune pathway.” Ex. 2007, ¶ [00535].  
 
“Data provided below demonstrate that Cas9 can be expressed 
and localized to the nucleus of human cells, and that it 
assembles with single-guide RNA (‘sgRNA’; encompassing 
the features required for both Cas9 binding and DNA target site 
recognition) in a human cell.” Ex. 2007, ¶ [00562]. 
 
See also, Ex. 2007, ¶¶ [00123], [00188], [00224]-[00225], 
[00253], [00283]-[00284], [00287], [00326], [00360]-[00381], 
[00504]-[00560] (Example 1), [00562]-[00577] (Example 2), 
Figs. 3, 29, 31, claims 40, 70, 95, 101, 104. 

[2] a) a single molecule 
DNA-targeting RNA 
comprising 

“In other embodiments, the subject DNA-targeting RNA is a 
single RNA molecule (single RNA polynucleotide) and is 
referred to herein as a ‘single-molecule DNA-targeting RNA,’ 
a ‘single-guide RNA,’ or an ‘sgRNA.’” Ex. 2007, ¶ [00136].    
 
“In some embodiments, a DNA-targeting RNA and/or a site-
directed modifying polypeptide can be provided as RNA. In 
such cases, the DNA-targeting RNA and/or the RNA encoding 
the site-directed modifying polypeptide can be produced by 
direct chemical synthesis or may be transcribed in vitro from a 
DNA encoding the DNA-targeting RNA. Methods of 
synthesizing RNA from a DNA template are well known in the 
art. In some cases, the DNA-targeting RNA and/or the RNA 
encoding the site-directed modifying polypeptide will be 
synthesized in vitro using an RNA polymerase enzyme (e.g., 
T7 polymerase, T3 polymerase, SP6 polymerase, etc.). Once 
synthesized, the RNA may directly contact a target DNA or may 
be introduced into a cell by any of the well-known techniques 
for introducing nucleic acids into cells (e.g., microinjection, 
electroporation, transfection, etc).” Ex. 2007, ¶ [00283]. 
 

 
Ex. 2007, Fig. 14A.    

 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5′ end followed by a hairpin 
structure retaining the base-pairing interactions that occur 
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between the tracrRNA and the crRNA (Figure 14A). This single 
transcript effectively fuses the 3′ end of crRNA to the 5′ end 
of tracrRNA, thereby mimicking the dual-RNA structure 
required to guide site-specific DNA cleavage by Cas9.” Ex. 
2007, ¶ [00555].    
 
See also, Ex. 2007, ¶¶[0033], [00136], [00177], [00215], 
[00389], [00391], [00515], [00517], [00555]-[00559], Figs. 1, 9, 
14, 27, 28, 29, 31. 

[3] i) a targeter-RNA that 
hybridizes with the target 
sequence, and 
 

“A site-directed modifying polypeptide as described herein is 
targeted to a specific DNA sequence by the RNA molecule to 
which it is bound. The RNA molecule comprises a sequence 
that is complementary to a target sequence within the target 
DNA, thus targeting the bound polypeptide to a specific location 
within the target DNA (the target sequence).” Ex. 2007, ¶ 
[00126]. 
 
“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide (i.e., site-directed polypeptide) form a 
complex (i.e., bind via non-covalent interactions). The DNA-
targeting RNA provides target specificity to the complex by 
comprising a nucleotide sequence that is complementary to a 
sequence of a target DNA. The site-directed modifying 
polypeptide of the complex provides the site-specific activity.” 
Ex. 2007, ¶ [00135]. 
 
“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-
RNA) that are complementary to one another, are covalently 
linked by intervening nucleotides (“linkers” or “linker 
nucleotides”), and hybridize to form the double stranded RNA 
duplex (dsRNA duplex) of the protein-binding segment, thus 
resulting in a stem-loop structure (Figure 1B).” Ex. 2007, ¶ 
[00177]. 
 
“The DNA-targeting segment of a subject DNA-targeting RNA 
comprises a nucleotide sequence that is complementary to a 
sequence in a target DNA. In other words, the DNA-targeting 
segment of a subject DNA-targeting RNA interacts with a 
target DNA in a sequence-specific manner via hybridization 
(i.e., base pairing).” Ex. 2007, ¶ [00165]. 
 
“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 5’-
GUUUUAGAGCUA-linker-
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UAGCAAGUUAAAAUAAGGCUAGUCCG-3’ linked at its 
5’ end to a stretch of nucleotides that are complementary to 
a target DNA (where “linker” denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence) (SEQ ID 
NO://). Other exemplary single-molecule DNA-targeting RNAs 
include those set forth in SEQ ID NOs: 680-682.” Ex. 2007, ¶ 
[00215]. 
 

 
Ex. 2007, Fig. 1B. 

 
See also, Ex. 2007, ¶¶ [00131]-[00132], [00136], [00138], 
[00164]-[00169], [00171]-[00172], [00179]-[00180], [00185], 
[00255], [00385], [00391], [00393], [00215]. 

[4] ii) an activator-RNA 
that hybridizes with the 
targeter-RNA to form a 
double-stranded RNA 
duplex of a protein-binding 
segment,  
 

“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-
RNA) that are complementary to one another, are covalently 
linked by intervening nucleotides (“linkers” or “linker 
nucleotides”), and hybridize to form the double stranded 
RNA duplex (dsRNA duplex) of the protein-binding 
segment, thus resulting in a stem-loop structure (Figure 1B).” 
Ex. 2007, ¶ [00177]. 
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Ex. 2007, Fig. 1B. 
 
“We designed two versions of a chimeric RNA containing a 
target recognition sequence at the 5′ end followed by a hairpin 
structure retaining the base-pairing interactions that occur 
between the tracrRNA and the crRNA (Figure 14A). This single 
transcript effectively fuses the 3′ end of crRNA to the 5′ end 
of tracrRNA, thereby mimicking the dual-RNA structure 
required to guide site-specific DNA cleavage by Cas9.” Ex. 
2007, ¶ [00555].    
 

 
Ex. 2007, Fig. 14A.    

 
See also, Ex. 2007, ¶¶ [00131]-[00132], [00136], [00138], 
[00164]-[00169], [00171]-[00172], [00179]-[00180], [00393], 
[00434], [00435], Figs. 1, 9, 14, 27, 28, 29, 31. 

[5] wherein the targeter-
RNA and the activator-
RNA are covalently linked 
to one another with 
intervening nucleotides; 
and 

“A subject single-molecule DNA-targeting RNA comprises two 
stretches of nucleotides (a targeter-RNA and an activator-RNA) 
that are complementary to one another, are covalently linked 
by intervening nucleotides (“linkers” or “linker nucleotides”), 
and hybridize to form the double stranded RNA duplex (dsRNA 
duplex) of the protein-binding segment, thus resulting in a stem-
loop structure (Figure 1B).” Ex. 2007, ¶ [00177]. 
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“In some embodiments, the DNA-targeting RNA is a single-
molecule DNA-targeting RNA and comprises the sequence 5’-
GUUUUAGAGCUA-linker-
UAGCAAGUUAAAAUAAGGCUAGUCCG-3’ linked at its 
5’ end to a stretch of nucleotides that are complementary to 
a target DNA (where “linker” denotes any a linker nucleotide 
sequence that can comprise any nucleotide sequence) (SEQ ID 
NO://). Other exemplary single-molecule DNA-targeting RNAs 
include those set forth in SEQ ID NOs: 680-682.” Ex. 2007, ¶ 
[00215]. 
 
See also, Ex. 2007, ¶¶ [0033], [0041], [0046], [0061], [0063], 
[00178], [00215], [00556], Figs. 1, 9, 14, 27, 28, 29, 31. 

[6] b) a Cas9 protein, “Figures 3A-B depict the amino acid sequence of a Cas9/Csn1 
protein from Streptococcus pyogenes (SEQ ID NO:8). Cas9 has 
domains homologous to both HNH and RuvC endonucleases....” 
Ex. 2007, ¶ [0035]. 

“Figures 4A-B depict the percent identity between the 
Cas9/Csn1 proteins from multiple species. (A) Sequence 
identity relative to Streptococcus pyogenes.” Ex. 2007, ¶ [0036]. 

Exemplary naturally-occurring site-directed modifying 
polypeptides are set forth in SEQ ID NOs:1-255 as a non-
limiting and non-exhaustive list of naturally occurring 
Cas9/Csn1 endonucleases….” Ex. 2007, ¶ [00188].  

 “A subject DNA-targeting RNA and/or a site-directed 
modifying polypeptide and/or a chimeric site-directed 
modifying polypeptide may instead be used to contact DNA or 
introduced into cells as RNA.” Ex. 2007, ¶ [00287]. 

“A subject site-directed modifying polypeptide may instead be 
provided to cells as a polypeptide.” Ex. 2007, ¶ [00288]. 

“The site-directed modifying polypeptides may be prepared by 
in vitro synthesis, using conventional methods as known in the 
art.” Ex. 2007, ¶ [00293]. 

“The site-directed modifying polypeptides may also be 
isolated and purified in accordance with conventional methods 
of recombinant synthesis.  A lysate may be prepared of the 
expression host and the lysate purified using HPLC, exclusion 
chromatography, gel electrophoresis, affinity chromatography, 
or other purification technique.” Ex. 2007, ¶ [00295]. 
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“The sequence encoding Cas9 (residues 1-1368) was 
PCRamplified from the genomic DNA of S. pyogenes SF370 
and inserted into a custom pET-based expression vector using 
ligation-independent cloning (LIC).” Ex. 2007, ¶ [00518]. 

“The sequence encoding Streptococcus pyogenes Cas9 
(residues 1-1368) fused to an HA epitope … a nuclear 
localization signal … was codon optimized for human 
expression and synthesized by GeneArt.” Ex. 2007, ¶ [00563]. 

See also, Ex. 2007, ¶¶ [0037], [00102], [00192], [00242], 
[00283], [00451], Figs. 3, 4, 5, 29, 31, Example 1 ([00518]), 
claims 5, 15-17, 19, 39, 42, 48, 73, 103. 

[7] wherein the single 
molecule DNA-targeting 
RNA forms a complex with 
the Cas9 protein, thereby 
targeting the Cas9 protein 
to the target DNA 
molecule, 

“A subject DNA-targeting RNA and a subject site-directed 
modifying polypeptide (i.e., site-directed polypeptide) form a 
complex (i.e., bind via non-covalent interactions). The DNA-
targeting RNA provides target specificity to the complex by 
comprising a nucleotide sequence that is complementary to a 
sequence of a target DNA.” Ex. 2007, ¶ [00135]. 
 
“Generally, a subject method involves contacting a target 
DNA with a complex (a “targeting complex”), which complex 
comprises a DNA-targeting RNA and a site-directed modifying 
polypeptide.” Ex. 2007, ¶ [00254]. 
 
“As discussed above, a subject DNA-targeting RNA and a 
subject site-directed modifying polypeptide form a complex. 
The DNA-targeting RNA provides target specificity to the 
complex by comprising a nucleotide sequence that is 
complementary to a sequence of a target DNA.” Ex. 2007, ¶ 
[00255]. 
 
“A site-directed polypeptide as described herein is targeted to a 
specific DNA sequence by the RNA molecule to which it is 
bound. The RNA molecule comprises a sequence that is 
complementary to a target sequence within the target DNA, thus 
targeting the bound polypeptide to a specific location within 
the target DNA (the target sequence).” Ex. 2007, ¶ [00385]. 
 
“To test whether Cas9 could be programmed to cleave genomic 
DNA in living cells, Cas9 was co-expressed together with an 
sgRNA designed to target the human clathrin light chain 
(CLTA) gene. The CLTA genomic locus has previously been 
targeted and edited using ZFNs [10]. We first tested the 
expression of a human-codon-optimized version of the 
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Streptococcus pyogenes Cas9 protein and sgRNA in human 
HEK293T cells.” Ex. 2007, ¶ [00570]. 
 
See also, Ex. 2007, ¶¶[00169], [00185], [00255], [00297], 
[00388], [00423],  [00449], Fig. 1. 

[8] whereby said target 
DNA molecule is cleaved 
or edited or transcription of 
at least one gene encoded 
by the target DNA 
molecule is modulated, and 
wherein said contacting 
occurs in a eukaryotic cell. 

“Exemplary naturally-occurring site-directed modifying 
polypeptides are set forth in SEQ ID NOs:1-255 as a non-
limiting and non-exhaustive list of naturally occurring 
Cas9/Csn1 endonucleases. These naturally occurring 
polypeptides, as disclosed herein, bind a DNA-targeting 
RNA, are thereby directed to a specific sequence within a target 
DNA, and cleave the target DNA to generate a double strand 
break.” Ex. 2007, ¶ [00188]. 
 

 
Ex. 2007, Fig. 27B. 

 
 
“In some embodiments, a subject complex modifies a target 
DNA, leading to, for example, DNA cleavage, DNA 
methylation, DNA damage, DNA repair, etc.” Ex. 2007, ¶ 
[00255]. 
 
“In some of the above applications, the subject methods may be 
employed to induce DNA cleavage, DNA modification, and/or 
transcriptional modulation in mitotic or post-mitotic cells….” 
Ex. 2007, ¶[00274]. 
 
“As such, a complex comprising a DNA-targeting RNA and a 
site-directed modifying polypeptide is useful in any in vitro or 
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in vivo application in which it is desirable to modify DNA in a 
site-specific, i.e. “targeted”, way, for example gene knock-out, 
gene knock-in, gene editing, gene tagging, etc., as used in, for 
example, gene therapy, e.g. to treat a disease or as an antiviral, 
antipathogenic, or anticancer therapeutic, the production of 
genetically modified organisms in agriculture, the large scale 
production of proteins by cells for therapeutic, diagnostic, or 
research purposes, the induction of iPS cells, biological 
research, the targeting of genes of pathogens for deletion or 
replacement, etc.” Ex. 2007, ¶ [00261]. 
 
“In some cases, the site-directed modifying polypeptide has 
activity that modulates the transcription of target DNA (e.g., 
in the case of a chimeric site-directed modifying polypeptide, 
etc.).” Ex. 2007, ¶ [00270]. 
 

 
Ex. 2007, Fig. 14A. 

 
“Figure 29 demonstrates that co-expression of Cas9 and guide 
RNA in human cells generates double-strand DNA breaks at the 
target locus.” Ex. 2007, ¶ [00571]. 
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Ex. 2007, Fig. 29.E. 

 
See also, Ex. 2007,  ¶¶ [0046], [0059], [0061], [00127], [00186], 
[00189], [00226], [00227], [00231], [00254]-[00268], [00270], 
[00296], [00298], [00300], [00304], [00342]-[00344], [00352], 
[00354], [00555]-[00559], [00571]-[00577], Fig. 14, 27, 29, 31. 

[9] The method of 
[Elements [1]-[8]], 
wherein, prior to the 
contacting step, the method 
comprises: introducing into 
the eukaryotic cell 
containing the target DNA 
molecule: 
1) the single molecule 
DNA-targeting RNA, or a 
DNA molecule comprising 
a nucleotide sequence that  

(i) encodes the 
single molecule 
DNA-targeting 
RNA and  
(ii) is operably 
linked to a 
regulatory element 
operable in said 
eukaryotic cell; and 

2) the Cas9 protein, an 
RNA molecule comprising 
a nucleotide sequence 

“In some embodiments, a DNA-targeting RNA and/or a site 
directed modifying polypeptide can be provided as RNA … 
Once synthesized, the RNA may directly contact a target DNA 
or may be introduced into a cell by any of the well-known 
techniques for introducing nucleic acids into cells (e.g., 
microinjection, electroporation, transfection, etc)..” Ex. 
2007, [00283]. 
 
A subject site-directed modifying polypeptide may instead be 
provided to cells as a polypeptide.” Ex. 2007, ¶ [00288]. 
 
“Nucleotides encoding a DNA-targeting RNA and/or a site-
directed modifying polypeptide and/or a donor polynucleotide 
may be provided to the cells using well-developed transfection 
techniques; see, e.g. Angel and Yanik (2010) PLoS ONE 5(7): 
e11756, and the commercially available TransMessenger® 
reagents from Qiagen, Stemfect™ RNA Transfection Kit from 
Stemgent, and TransIT®-mRNA Transfection Kit from Mirus 
Bio LLC.” Ex. 2007, ¶ [00284]. 
 
“Suitable methods of genetic modification (also referred to as 
"transformation") include e.g., viral or bacteriophage infection, 
transfection, conjugation, protoplast fusion, lipofection, 
electroporation, calcium phosphate precipitation, 
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encoding the Cas9 protein, 
or a DNA molecule 
comprising a nucleotide 
sequence that  

(i) encodes the Cas9 
protein and  

(ii) is operably linked to a 
regulatory element operable 
in said eukaryotic cell. 

polyethyleneimine (PEI)-mediated transfection, DEAE-dextran 
mediated transfection, liposome-mediated transfection, 
particle gun technology, calcium phosphate precipitation, direct 
micro injection, nonparticle-mediated nucleic acid 
delivery…and the like.” Ex. 2007, ¶ [00123]. 
 
“The donor sequence may be provided to the cell as single-
stranded DNA, single-strandedRNA, double-stranded DNA, or 
double-stranded RNA. It may be introduced into a cell in 
linear or circular form. If introduced in linear form, the ends 
of the donor sequence may be protected (e.g., from 
exonucleolytic degradation) by methods known to those of skill 
in the art…A donor sequence can be introduced into a cell as 
part of a vector molecule having additional sequences such as, 
for example, replication origins, promoters and genes encoding 
antibiotic resistance. Moreover, donor sequences can be 
introduced as naked nucleic acid, as nucleic acid complexed 
with an agent such as a liposome or poloxamer, or can be 
delivered by viruses (e.g., adenovirus, AAV), as described 
above for nucleic acids encoding a DNA-targeting RNA and/or 
site-directed modifying polypeptide and/or donor 
polynucleotide.” Ex. 2007, ¶ [00303]. 
 
“Numerous suitable expression vectors are known to those of 
skill in the art, and many are commercially available … 
Depending on the host/vector system utilized, any of a number 
of suitable transcription and translation control elements, 
including constitutive and inducible promoters, transcription 
enhancer elements, transcription terminators, etc. may be used 
in the expression vector.” Ex. 2007, ¶¶ [00248]-[00249]. 
 
See also, Ex. 2007, ¶¶ [00103]-[00113], [00274]-[00276], 
[00253], [00285]-[00286], [00562]-[00577], [00646]-[00657], 
Figs. 36, 38, 45, 52, 55, 56.   
 

[10] The method of 
[Element [9]], wherein the 
method comprises creation 
of a double strand break in 
the target DNA molecule 
which is repaired by a 
homology-directed repair 
mechanism which 
incorporates a sequence of 
a donor polynucleotide into 

“As used herein, ‘homology-directed repair (HDR)’ refers to 
the specialized form DNA repair that takes place, for example, 
during repair of double-strand breaks in cells. This process 
requires nucleotide sequence homology, uses a ‘donor’ 
molecule to template repair of a ‘target’ molecule (i.e., the one 
that experienced the double-strand break), and leads to the 
transfer of genetic information from the donor to the target. 
Homology-directed repair may result in an alteration of the 
sequence of the target molecule (e.g., insertion, deletion, 
mutation), if the donor polynucleotide differs from the target 
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the target DNA molecule, 
thereby editing the target 
DNA molecule. 

molecule and part or all of the sequence of the donor 
polynucleotide is incorporated into the target DNA.” Ex. 2007, ¶ 
[00150]. 
 
“The nuclease activity cleaves target DNA to produce double 
strand breaks. These breaks are then repaired by the cell in one 
of two ways: nonhomologous end joining, and homology-
directed repair (Figure 2)…In homology-directed repair, a 
donor polynucleotide with homology to the cleaved target 
DNA sequence is used as a template for repair of the cleaved 
target DNA sequence, resulting in the transfer of genetic 
information from the donor polynucleotide to the target 
DNA. As such, new nucleic acid material may be 
inserted/copied into the site. In some cases, a target DNA is 
contacted with a subject donor polynucleotide. In some cases, a 
subject donor polynucleotide is introduced into a subject cell. 
The modifications of the target DNA due to…homology-
directed repair lead to, for example, gene correction, gene 
replacement, gene tagging, transgene insertion, nucleotide 
deletion, gene disruption, gene mutation, etc.” Ex. 2007, ¶ 
[00259]. 
 
“Alternatively, if a DNA-targeting RNA and a site-directed 
modifying polypeptide are coadministered to cells with a 
donor polynucleotide sequence comprising homology to the 
target DNA sequence, the subject methods may be used to add, 
i.e. insert or replace, nucleic acid material to a target DNA 
sequence (e.g. to "knock in" a nucleic acid that encodes for a 
protein, an siRNA, an miRNA, etc.), to add a tag (e.g., 6xHis, a 
fluorescent protein (e.g., a green fluorescent protein; a yellow 
fluorescent protein, etc.), hemagglutinin (HA), FLAG, etc.), to 
add a regulatory sequence to a gene (e.g. promoter, 
polyadenylation signal, internal ribosome entry sequence 
(IRES), 2A peptide, start codon, stop codon, splice signal, 
localization signal, etc.), to modify a nucleic acid sequence (e.g., 
introduce a mutation), and the like.” Ex. 2007, ¶ [00261]. 
 
“In applications in which it is desirable to insert a 
polynucleotide sequence into a target DNA sequence, a 
polynucleotide comprising a donor sequence to be inserted is 
also provided to the cell. By a ‘donor sequence’ or ‘donor 
polynucleotide’ it is meant a nucleic acid sequence to be 
inserted at the cleavage site induced by a site-directed 
modifying polypeptide….” Ex. 2007, ¶ [00300]. 
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“The donor sequence may be provided to the cell as single-
stranded DNA, single-strandedRNA, double-stranded DNA, or 
double-stranded RNA. It may be introduced into a cell in linear 
or circular form. If introduced in linear form, the ends of the 
donor sequence may be protected (e.g., from exonucleolytic 
degradation) by methods known to those of skill in the art…A 
donor sequence can be introduced into a cell as part of a vector 
molecule having additional sequences such as, for example, 
replication origins, promoters and genes encoding antibiotic 
resistance. Moreover, donor sequences can be introduced as 
naked nucleic acid, as nucleic acid complexed with an agent 
such as a liposome or poloxamer, or can be delivered by viruses 
(e.g., adenovirus, AAV), as described above for nucleic acids 
encoding a DNA-targeting RNA and/or site-directed modifying 
polypeptide and/or donor polynucleotide.” Ex. 2007, ¶ [00303]. 
 
See also, Ex. 2007, ¶¶ [00298]-[00304], Fig. 2, claims 78-79, 
92-93, 98-99. 
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