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I. INTRODUCTION 1 

The evidence is now clear that Zhang received the system recited in Count 1 entirely 2 

from CVC. This is a clear-cut case of derivation. Broad nevertheless claims it invented CVC’s 3 

revolutionary technology because Broad’s laboratory took CVC’s single-molecule guide RNA 4 

(sgRNA) CRISPR-Cas9 system and was allegedly the first to show that it worked for the very 5 

purpose for which it was invented. But the law rewards inventors, such as CVC, not those that 6 

merely reduce to practice using ordinary skill, such as Zhang. CVC invented the sgRNA 7 

CRISPR-Cas9 system and presented their landmark invention to the CRISPR community on 8 

June 21, 2012, at the 5th Annual CRISPR Research Conference at U.C. Berkeley, California.  9 

They detailed for attendees their discovery that Cas9, crRNA, and tracrRNA are the necessary 10 

and sufficient components of the catalytic CRISPR-Cas9 DNA cleavage complex.  And they 11 

presented their design of a sgRNA CRISPR-Cas9 system for use in eukaryotic cells—the precise 12 

content of Count 1. In 2020, in recognition of their ground-breaking accomplishment, the Nobel 13 

Committee awarded two of the CVC inventors the coveted Nobel Prize in Chemistry. 14 

Broad’s priority brief acknowledges for the first time that Zhang first learned of the 15 

sgRNA CRISPR-Cas9 system of Count 1 from his collaborator, Marraffini, who was a peer 16 

reviewer of the confidential Jinek 2012 Science manuscript and an attendee at the U.C. Berkeley 17 

CRISPR Conference. Marraffini’s deposition clarified that Zhang obtained all elements of Count 18 

1 from CVC, including the eukaryotic cell element. Marraffini fully corroborated, for the first 19 

time, the conveyance of all elements of Count 1 from CVC to Zhang. Before June 26, Zhang did 20 

not even know that tracrRNA was a component of the catalytic CRISPR-Cas9 DNA cleavage 21 

complex, and Zhang had no concept of a sgRNA CRISPR-Cas9 system in which tracrRNA is 22 

linked to crRNA. It is indisputable that Marraffini copied CVC’s sgRNA from the draft Jinek 23 

2012 manuscript and gave it to Zhang on June 26, for use in his eukaryotic experiments:  24 
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 1 
See Ex. 4768, 26; Ex. 3713, 29; Ex., 3751, 1; Ex. 3424, ¶124; Ex. 5265, 38:4-10. Marraffini also 2 

testified that he told Zhang that it “would be an important tool for genome editing in eukaryotes 3 

specifically,” consistent with the manuscript’s statement that CVC’s system could be used for 4 

“genome editing in cells of the three kingdoms of life for biotechnological, biomedical and gene-5 

therapeutic purposes.” Ex. 5265, 68:13-21; Ex. 5254, 12. As Marraffini testified, the next steps 6 

of putting CVC’s system into eukaryotic cells would be “pretty straightforward.” Id., 31:8-19.  7 

Recognizing the momentous nature of the advance, and that scientists would race to 8 

publish on the implementation of CVC’s sgRNA CRISPR-Cas9 system, Zhang dropped the 9 

CRISPR RNA processing experiments he was working on and immediately began using CVC’s 10 

system in eukaryotic cells. According to Marraffini, Zhang’s rush was driven primarily by his 11 

wish to be the first one to publish the confirmation that CVC’s invention worked in eukaryotes. 12 

Ex. 5265, 52:10-54:1. After obtaining the invention of Count 1 from CVC through Marraffini, 13 

Zhang simply used ordinary skill and routine techniques to insert CVC’s sgRNA CRISPR-Cas9 14 

components into his lab’s publicly known TALEN gene-editing platform. Nor was Zhang’s lab 15 

the only group to do so; the evidence shows that soon after CVC’s June 28, 2012 Science 16 

publication, other research groups also inserted CVC’s sgRNA CRISPR-Cas9 components into 17 

existing TALEN or ZFN gene-editing platforms using ordinary skill and routine techniques, 18 

prepared manuscripts, and submitted them for publication before Zhang’s Cong 2013 paper 19 

published. CVC also successfully applied its system in eukaryotic cells, within six weeks, by 20 

simply injecting the pre-formed functional CRISPR-Cas9 complex into zebrafish. CVC repeated 21 

that success in October and November in human cells (performed by a first-year grad student), 22 

chimera A 
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both by introducing vectors and by introducing pre-formed complexes. As Barrangou wrote in 1 

September 2012 (after Jinek 2012 published but before Cong 2013 published), the “synthetic 2 

tour de force” – the watershed moment – was CVC’s publication of the sgRNA CRISPR-Cas9 3 

genome editing system. Ex. 4257, 837. The PTAB should recognize what the Nobel Prize 4 

committee and the scientific community at large already recognize: CVC, not Zhang, invented 5 

the sgRNA CRISPR-Cas9 system for genome editing in eukaryotes. As the Chair of the Nobel 6 

Committee for Chemistry explained: “Charpentier and Doudna defined a simple two-component 7 

system that could rapidly be programmed for sequence-specific cleavage of target DNA and 8 

thereby sparked a revolution in genome editing.” Ex. 4301, 10. 9 

Because Zhang learned of the sgRNA CRISPR-Cas9 system from CVC, Broad tries to 10 

salvage its claim of inventorship by rewriting the law of conception. In Broad’s view, inventors 11 

claiming a “biological result” must show “a reasonable expectation of success in achieving that 12 

result” to prove conception. Paper 2118 at 5:12-6:10. But that has never been nor is it now the 13 

law. Rather, conception is “the formation, in the mind of the inventor of a definite and permanent 14 

idea of the complete and operative invention, as it is thereafter to be applied in practice.” 15 

Coleman v. Dines, 754 F.2d 353, 359 (Fed. Cir. 1985). When the inventor’s idea is sufficiently 16 

definite and permanent that “only ordinary skill would be necessary to reduce the invention to 17 

practice,” conception is complete. Burroughs Wellcome Co. v. Barr Labs., Inc., 40 F.3d 1223, 18 

1228 (Fed. Cir. 1994). Notwithstanding Broad’s protestations to the contrary, an inventor need 19 

not “know that his invention will work for conception to be complete.” Id. That is because the 20 

“discovery that an invention actually works is part of its reduction to practice,” not its 21 

conception. Id. Here, the Count recites a sgRNA CRISPR-Cas9 system in a eukaryotic cell. 22 

Conception was thus complete when the CVC inventors possessed a “definite and permanent 23 
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idea” of that sgRNA CRISPR-Cas9 system in a eukaryotic cell, requiring only ordinary skill to 1 

reduce it to practice. See id. CVC had conceived all elements of Count 1—a single-guide RNA 2 

CRISPR-Cas9 system for genome editing in eukaryotic cells—before Marraffini learned of 3 

CVC’s invention, and before Marraffini in turn communicated all elements of Count 1 to Zhang. 4 

These facts and the controlling law compel judgment in CVC’s favor, as this case is 5 

controlled by Applegate v. Scherer, 332 F.2d 571, 573 (C.C.P.A. 1964). In Applegate, the count 6 

recited use of a specific nitrophenol compound to “control” sea lamprey reproduction. Applegate, 7 

332 F.2d at 571. Scherer identified the compound and its use, and disclosed it to another party, 8 

Applegate, to test the compound to see if it worked. See id. at 573. The Court held that the party 9 

that identified the compound—not the one who tested it and showed that it worked—is the 10 

inventor. Id. The Court rejected the argument that the nature of the biological invention 11 

precluded conception until there is proof that it works as intended, noting that “[s]uch 12 

knowledge, necessarily, can rest only on an actual reduction to practice.” Id. A rule that required 13 

such knowledge would be unworkable “as a practical matter,” because it would mean “the one 14 

who does no more than exercise ordinary skill would be rewarded and the innovator would not 15 

be.” Id. Thus, the Board’s finding of derivation was affirmed.  16 

As Burroughs makes clear, an “inventor’s belief that h[er] invention will work ... [is] 17 

irrelevant to conception.” 40 F.3d at 1228. Here, the CVC inventors had already conceived and 18 

made the sgRNA CRISPR-Cas9 system of Count 1, and conceived of a eukaryotic cell 19 

containing that system. All that remained was to introduce it into any eukaryotic cell using 20 

ordinary skill and routine techniques. Broad learned of CVC’s sgRNA CRISPR-Cas9 system and 21 

its applicability for genome editing in eukaryotes from CVC and then confirmed that it works. 22 

Broad is no more entitled to claim ownership than Applegate was.  23 
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Broad may argue that Zhang contributed the eukaryotic aspect of Count 1 and thus did 1 

not derive the entirety of the count from CVC. But even if that were true—which it is not— 2 

Zhang cannot be an inventor of Count 1 because the eukaryotic element is just one of several 3 

features, including the sgRNA feature. See Alexander v. Williams, 342 F.2d 466, 468 (CCPA 4 

1965) (holding that derivation occurred even though the losing party independently conceived of 5 

one portion of the count, because the losing party did not have conception of the entire invention 6 

ahead of the winner). The Alexander Court cites with approval Polye v Uhl, 328 F.2d 893 7 

(CCPA 1964), where the CCPA held that to win an interference a party must have “invented or 8 

suggested the entire invention as embodied in the combination of elements claimed in the counts 9 

in issue.”  The facts here show that Zhang did not invent any of the invention, much less the 10 

entire invention. He derived it from CVC. 11 

The sole case Broad cites for its contrary view, Hitzeman v. Rutter, 243 F.3d 1345 (Fed. 12 

Cir. 2001), involved an inventor who lacked a “definite and permanent” idea of a DNA 13 

expression vector capable of producing a specific, 22nm hepatitis B virus particle in yeast cells. 14 

Id. at 1358. In the biological or chemical arts, conception requires an inventor to have no more 15 

than “a mental picture of the structure of the chemical.” Amgen, Inc. v. Chugai Pharm. Co., 927 16 

F.2d 1200, 1206 (Fed. Cir. 1991). Here, CVC’s knowledge of the structure of its invention as set 17 

forth in Count 1 more than satisfies Hitzeman. While Broad hints, but never expressly argues, 18 

that a simultaneous conception and reduction to practice standard applies here, that rarely applied 19 

exception is inapt. Binding precedent precludes reliance on simultaneous conception and 20 

reduction to practice where derivation is at issue, as it is here, given that Zhang indisputably 21 

obtained the system in Count 1 from CVC through Marraffini. MacMillan v. Moffett, 432 F.2d 22 

1237, 1240 (C.C.P.A. 1970).  23 
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CVC’s complete conception was confirmed by labs across the world shortly after CVC 1 

announced the sgRNA CRISPR system at the June 21 conference and in the June 28 Jinek 2012 2 

Science publication. George Church’s group at Harvard, Keith Joung’s collaboration group, Jin-3 

Soo Kim’s group at ToolGen, and Fuqiang Chen’s group at Sigma-Aldrich each obtained CVC’s 4 

sgRNA CRISPR-Cas9 system from CVC’s public disclosure(s), used that system in their 5 

existing published gene-editing platforms, and reported easily achieving targeted DNA cleavage 6 

in eukaryotic cells within a few months. These successful reports of CVC’s system all employed 7 

prior published platforms for protein and RNA expression, transfection or microinjection, and 8 

DNA analyses, and only further confirm the completeness of CVC’s conception. That Zhang, 9 

too, claims to have quickly and easily applied CVC’s system in eukaryotic cells further confirms 10 

the completeness of the CVC inventors’ conception before Broad’s alleged “conception” date of 11 

June 26, 2012, as Zhang used only ordinary skill, standard reagents, and routine techniques. 12 

In an effort to make it appear that more than ordinary skill was needed to reduce the 13 

invention to practice, Broad fabricates obstacles by pointing to ordinary factors POSAs consider 14 

when any RNA and protein are expressed. The routineness and speed with which multiple 15 

groups successfully implemented CVC’s system demonstrates that no barriers existed. While 16 

Broad has misled the PTAB into thinking that special adaptations were expected, Broad’s own 17 

priority evidence now shows that to be untrue, contradicting Broad’s previous position. 18 

Moreover, Broad ignores that those theoretical hurdles have little bearing when the sgRNA 19 

CRISPR-Cas9 complex is pre-formed outside the cell and then inserted (such as by 20 

microinjection)—the same technique CVC used when microinjecting its sgRNA CRISPR-Cas9 21 

system into zebrafish embryos to demonstrate that the gene editing system worked.  22 

The record shows that Zhang contributed none of the elements of Count 1. See Varian v. 23 



  CVC Opposition 5 
  Interference 106,115 

 - 7 - 

Llewellyn, 178 F.2d 997, 1002 (C.C.P.A. 1949) (rejecting conception based on contribution of 1 

features beyond “what the count requires”). Even if the PTAB were to illogically credit Zhang 2 

with a conception date of June 26, Broad still cannot prevail on priority because CVC has shown 3 

“it was the first to conceive of the invention and that it exercised reasonable diligence in [] 4 

reducing that invention to practice.” Cooper v. Goldfarb, 154 F.3d 1321, 1327 (Fed. Cir. 1998) 5 

(citing pre-AIA 35 U.S.C. § 102(g)). As CVC demonstrated in its own priority motion, CVC had 6 

a complete conception and was well on its way towards an actual reduction to practice in 7 

eukaryotes before June 26: CVC had already designed, constructed, and tested the sgRNA 8 

CRISPR-Cas9 system for targeting and cleaving eukaryotic gene sequences in vitro, described 9 

how to introduce the complex into eukaryotic cells, constructed vectors with the same promoters 10 

later used in its reduction to practice, and reached out to colleagues with established laboratory 11 

setups to test CVC’s system in eukaryotic cells. CVC’s earlier conception coupled with its 12 

reasonably continuous diligence from before Zhang’s alleged June 26 date through CVC’s 13 

multiple reductions to practice render the dates of Broad’s alleged actual reductions to practice 14 

legally irrelevant. Moreover, by asserting a June 26 date, Broad is actually conceding that 15 

simultaneous conception and reduction to practice is not the correct standard to apply. Broad’s 16 

assertion of a June 26 date, before Zhang had even written down which vectors he intended to 17 

use, underscores the lack of relevance of any supposed special adaptions or instructions. 18 

Recognizing that the facts and law compel finding in CVC’s favor, Broad creates a 19 

fallback position that is unmoored from the law. Broad argues that Zhang should be credited with 20 

conception of chimeric RNA (i.e., sgRNA) before March 1, 2012, despite having no evidence of 21 

such conception. Before CVC’s disclosure, the world, including Zhang, did not even know that 22 

tracrRNA was a component of the catalytic DNA-cleavage complex, and Zhang had no concept 23 
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of linking tracrRNA to crRNA to create a functioning single-guide RNA (sgRNA). Numerous 1 

members of the CRISPR community, including Zhang’s collaborator Marraffini and the other 2 

reviewers of the Jinek manuscript, expressed their surprise at these prize-winning discoveries. 3 

Further, Broad concedes that all of Zhang’s attempts to use CRISPR in eukaryotes before he 4 

obtained Count 1 from CVC were attempts to mimic in eukaryotes the natural pre-crRNA 5 

processing that occurs in bacteria—i.e., none of Zhang’s attempts involved a sgRNA CRISPR-6 

Cas9 system—and thus all fell outside the scope of Count 1. The PTAB should reject Broad’s 7 

attempts to skirt the requirements for establishing invention of all elements of the Count. 8 

The PTAB should recognize what the scientific community and the Nobel Committee 9 

have recognized, viz., that the CVC inventors transformed the genome-editing world by 10 

identifying the necessary and sufficient components of the catalytic DNA cleavage complex and 11 

inventing a sgRNA CRISPR-Cas9 system for genome editing in eukaryotes. Awarding priority 12 

to Broad would wrongly reward Zhang for merely implementing someone else’s (CVC’s) 13 

invention, and wrongly punish CVC for sharing its invention after it filed its patent application. 14 

Consistent with the Constitution, the patent system is designed to reward inventors for their 15 

discoveries—in this case, granting the rights to the Nobel Prize winning team that introduced the 16 

sgRNA CRISPR-Cas9 genome-editing system to the world. 17 

II. STATEMENT OF MATERIAL FACTS AND EVIDENCE 18 

Appendix 1 is a list of exhibits cited. Appendix 2 is a Statement of Material Facts. 19 

Appendix 3 is a detailed timeline of events.   20 

III.  FACTUAL BACKGROUND 21 

It is now clear that Zhang did not conceive of the invention of Count 1, but instead 22 

derived it from CVC, via Marraffini. The Marraffini/Zhang collaboration began in January 2012, 23 

when Zhang contacted Marraffini about the possibility of collaborating on a CRISPR project. Ex. 24 
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5265, 15:8-16:14. Marraffini, an assistant professor at Rockefeller University at the time, was an 1 

established leader in the CRISPR field, being “one of the founders of the field.” Id., 14:4-15:7. 2 

Although Zhang had been tinkering with assorted CRISPR-related genes in various combinations 3 

before the collaboration, Zhang struggled with getting any CRISPR system to work in eukaryotes 4 

and sought out Marraffini’s help due to Marraffini’s “expertise in the field.” Id., 17:6-10. Even 5 

with Marraffini’s help, Zhang continued to struggle until June 26, 2012, when Zhang obtained 6 

CVC’s invention from Marraffini. Before June 26, Zhang never knew that processed tracrRNA 7 

was a necessary part of the catalytic DNA-cleavage complex, and he never knew about the 8 

single-guide RNA (sgRNA) CRISPR-Cas9 system of Count 1. MF78-95, 109-111. After 9 

obtaining CVC’s invention on June 26, Zhang pivoted and immediately changed course in a rush 10 

to reduce CVC’s invention to practice using his published TALEN platform and routine 11 

techniques. See e.g., Ex. 5013, ¶¶59-104; MF117-118; see also, Appendix 3.       12 

a. Zhang derived Count 1 in its entirety on June 26, 2012, from the CVC inventors. 13 

The evidence that Broad derived the invention of Count 1 from CVC is now undeniable. 14 

Zhang admits that he “learned about [CVC’s] public presentation” from Marraffini, who “sent 15 

[Zhang] an email sharing a chimeric RNA” from CVC. Ex. 3424, ¶12; Ex. 3713, 27-29; MF112-16 

113. On cross-exam, Zhang conceded that the public presentation was “the presentation from the 17 

Doudna-Charpentier group.” Ex. 5262, 198:14-22; see also, id., 195:7-20. And Marraffini 18 

confirmed he provided Zhang with an image of CVC’s sgRNA extracted from the confidential 19 

draft Jinek 2012 manuscript on which Marraffini was a reviewer. Ex. 5265, 38:4-10. Further, 20 

Marraffini explained that he recognized from his review of the Jinek 2012 manuscript and 21 

attendance at CVC’s June 21 presentation that CVC’s sgRNA CRISPR-Cas9 system “would be 22 

an important tool for genome editing in eukaryotes” and that he communicated this information 23 

to Zhang. Ex. 5265, 66:22-67:7, 68:13-21, 64:9-18, 66:7-21; MF112.   24 
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i. The CVC inventors presented their sgRNA CRISPR-Cas9 system at the 5th 1 
Annual CRISPR Research Conference, which Marraffini attended. 2 

On June 21, 2012, Jinek and Chylinski presented CVC’s groundbreaking work to the 3 

CRISPR community at the 5th Annual CRISPR Research Conference, held at U.C. Berkeley. Ex. 4 

5016, ¶13; Ex. 5018, ¶12; Ex. 4768; Ex. 5266, 179:21-180:10; Ex. 5256, 3; MF96-100. Dr. 5 

Rodolphe Barrangou, a prominent member of the CRISPR community who is credited with 6 

discovering Type II CRISPR systems in bacteria; and Dr. Erik Sontheimer, also a known leader 7 

in the CRISPR research community, each provides fact witness testimony recounting the events 8 

of the 2012 CRISPR Conference. Ex. 5016, ¶¶5-20; Ex. 5018, ¶¶5-21.  9 

At the 2012 conference, Jinek and Chylinski presented CVC’s landmark discovery that 10 

processed tracrRNA, mature crRNA, and Cas9 are the necessary and sufficient components of 11 

the CRISPR-Cas9 DNA-cleavage complex, and further disclosed CVC’s revolutionary sgRNA 12 

CRISPR-Cas9 system for targeted DNA cleavage, including its use for genome editing in 13 

eukaryotes. Ex. 4768, 17-18, 25-28; Ex. 5266, 179:21-180:10, 187:21-188:13; Ex. 5265, 26:5-14 

18, 38:4-10; Ex. 5016, ¶¶11-20; Ex. 5018, ¶¶10-21; MF96-100. Jinek and Chylinski presented 15 

CVC’s data showing that their sgRNA CRISPR-Cas9 system is “robust and versatile,” and 16 

capable of targeting and cleaving eukaryotic gene sequences (e.g., green fluorescent protein 17 

(“GFP”)) in vitro, as evident from slide 27 of their presentation, excerpt copied below:  18 

 

  
Ex. 4768, 27; Ex. 5016, ¶¶13-15; Ex. 5018, ¶¶11-17. Chylinski testified that CVC presented 19 

“CRISPR-Cas9 as a genome-editing tool to be … used for genome engineering in any 20 

Chimeric RNA design is robust and versatile 

GFP1 
GFP2 

GFP3 
TCCCMTT(nGT'TGMTTAGA1WT'GATGnAAT~CAMTTTTCTGTCAGT~GMGG'TGATGCMCATACGGMMCt"fACCCTTA.,V,TI 

~~MTCTACCACT4CMTTACCCGTGTTT~CA,CCTCTCCCACT'TCC.ACT.-.CGTTGTATGCCTTTTGAAT@.u.TTTM -GFP4 GFP 
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environment.” Ex. 5266, 187:21-188:13. Sontheimer testifies that he remembers the Jinek and 1 

Chylinski presentation as disclosing a CRISPR-Cas9 system that would be “revolutionary for 2 

genome editing in eukaryotes.” Ex. 5018, ¶19. Barrangou similarly recalls that CVC’s 3 

presentation of their sgRNA CRISPR-Cas9 system was a “game changer” that made “CRISPR-4 

Cas9-mediated genome editing in eukaryotes simpler and easier.” Ex. 5016, ¶16.      5 

Barrangou and Sontheimer each explain that, before CVC’s presentation, they understood 6 

that natural CRISPR’s cumbersome and complicated RNA processing steps required at least four 7 

components to generate a mature crRNA in bacteria: pre-crRNA, unprocessed tracrRNA, Cas9, 8 

and RNase III. Ex. 5016, ¶¶14, 17; Ex. 5018, ¶¶16, 20; see also, Ex. 5013, ¶¶28-44. CVC’s 9 

presentation changed everything by identifying the necessary and sufficient components of the 10 

catalytic DNA-cleavage complex and presenting the world with a simple, inexpensive, easy to 11 

use system that required just two components – sgRNA and Cas9. MF96-100.  12 

Sontheimer’s contemporaneous notes from the meeting show his surprise and excitement 13 

when he learned from CVC that tracrRNA was a necessary component of the catalytic DNA 14 

cleavage complex and that he could bypass RNA processing to obviate the need for RNase III, as 15 

he wrote “both crRNA + tracrRNA are needed!” and “no Rnc [i.e., RNase III]!” Ex. 5018, ¶¶14-16 

15; Ex. 5277. Sontheimer further showed his amazement over CVC’s sgRNA CRISPR-Cas9 17 

system, as he wrote “cr/tracr hybrid – GAAA tetraloop – works!” Id. Sontheimer was not the 18 

only attendee excited by CVC’s presentation. Barrangou explains that it was like a “Christmas 19 

gift” when CVC presented (i) that tracrRNA is a necessary component in the catalytic DNA-20 

cleavage complex; (ii) they could completely bypass CRISPR’s cumbersome RNA processing 21 

steps; and (iii) they could achieve targeted DNA cleavage using only two components: CVC’s 22 

sgRNA and Cas9. Ex. 5016, ¶16; MF97-100. Marraffini testified that CVC’s presentation “was 23 
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very impressive and very well received.” Ex. 5265, 30:4-20.  1 

From that point, “the race was on” to be the first to publish using the sgRNA CRISPR-2 

Cas9 system for gene editing in eukaryotic cells. Id. The race to invent Count 1 was finished. Ex. 3 

5016, ¶17. Sontheimer explains that after seeing CVC’s presentation, it was clear to him that 4 

applying CVC’s sgRNA CRISPR-Cas9 gene editing system into eukaryotic cells would require 5 

only standard molecular biology techniques and ordinary skill, and thus the field would move 6 

quickly. Ex. 5018, ¶¶19-21. Sontheimer also recognized which research groups were positioned 7 

to quickly apply the system for genome editing to eukaryotic cells: those groups that already had 8 

the equipment and reagents in place due to their work on gene-editing with ZFN and TALEN 9 

systems, thus allowing them to merely swap in sequences encoding CVC’s sgRNA CRISPR-10 

Cas9 system using only ordinary skill and routine methods and reagents. Id.  11 

At the conference, Barrangou discussed with Sontheimer and Doudna “how quickly the 12 

field would be moving from that point forward to apply the simple single-guide CRISPR-Cas9 13 

system in eukaryotes.” Ex. 5016, ¶16; see also, Ex. 5265, 52:17-54:1; Ex. 5018, ¶21. CVC’s 14 

system was revolutionary—the next generation of gene editing technology—with the potential to 15 

be more commercially successful than ZFNs and TALENs. Ex. 5016, ¶¶16-20. This was because 16 

the system was both simple in design, and so easy and inexpensive to reprogram. Unlike ZFN or 17 

TALEN technology, which required creating and screening hundreds of different DNA-binding 18 

protein sequences to bind a new target DNA, CVC’s invention could be reprogrammed by 19 

simply synthesizing a new RNA sequence, in a fraction of the time and for a fraction of the cost 20 

of ZFN or TALENs. Id.; Ex. 5013, ¶¶59-104. The excitement over CVC’s sgRNA CRISPR-Cas9 21 

genome editing system was that it could potentially replace ZFNs and TALENs as the next 22 

generation of commercially viable gene editing technology. Barrangou summarized the exciting 23 
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atmosphere of the conference in a September 2012 article published shortly afterward, stating: 1 

“[o]nly the future will tell whether this programmable molecular scalpel [CVC’s sgRNA 2 

CRISPR-Cas9 system] can outcompete ZFN and TALEN DNA scissors for precise genomic 3 

surgery.” Ex. 4257, 838 (emphasis added).     4 

ii. Prior to attending the CRISPR Conference, Marraffini was a reviewer of 5 
the draft Jinek 2012 manuscript, which disclosed using sgRNA CRISPR-6 
Cas9 for genome editing in the “three kingdoms of life.” 7 

Before he attended the 2012 CRISPR Conference, Marraffini had already reviewed 8 

CVC’s draft Jinek 2012 manuscript as one of the peer-review referees for Science. Ex. 3713, 62; 9 

Ex. 5265, 21:13-20, 64:19-22; MF104-105. CVC submitted the draft Jinek 2012 manuscript to 10 

Science by June 8, 2012, just before the conference. Ex. 3202, 821; Ex. 4350, ¶75; Ex. 4348, 11 

¶104; Ex. 4349, ¶135. The draft Jinek 2012 manuscript revealed to Marraffini that processed 12 

tracrRNA, mature crRNA, and Cas9 are the necessary and sufficient components of the catalytic 13 

CRISPR-Cas9 DNA-cleavage complex, the design and use of a functional sgRNA CRISPR-Cas9 14 

system, and also expressly stated that the sgRNA CRISPR-Cas9 system could be used for 15 

“genome editing in cells of the three kingdoms of life for biotechnological, biomedical and gene-16 

therapeutic purposes.” Ex. 5254, 12; Ex. 5265, 23:6-18, 24:17-25:3; MF106.  17 

Marraffini recalls that CVC’s disclosure of tracrRNA as a necessary component in the 18 

catalytic DNA cleavage complex “as well [as] the development of the [sgRNA]” were “the most 19 

important findings that the team made” because, before CVC’s breakthrough, no one knew that 20 

tracrRNA was an active component in the complex. Ex. 5265, 20:19-21:8. Before June 26, 2012, 21 

Zhang had no concept of a sgRNA CRISPR-Cas9 system of Count 1 because he was unaware 22 

that tracrRNA was a necessary component of the catalytic CRISPR-Cas9 DNA-cleavage 23 

complex. See Ex. 5265, 24:17-25:3, 29:20-30:3, 36:17-37:10; Ex. 5014, ¶¶30-80; Ex. 5013, 24 

¶¶28-44; MF108-111. As CVC’s expert Dr. Doyon explains in his tutorial on CRISPR RNA 25 
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processing, the knowledge that tracrRNA was a necessary component in the DNA-cleavage 1 

complex was not in the public domain until CVC’s June 2012 disclosures. Ex. 5013, ¶¶41-44; 2 

see also, Ex. 5018, ¶16; Ex. 5016, ¶14. Prior to June 2012, the art taught that tracrRNA was 3 

merely an intermediate cofactor that RNase III and Cas9 needed for RNA processing to generate 4 

mature crRNA guides from long, unprocessed pre-crRNAs. Ex. 5013, ¶¶33-40; Ex. 5014, ¶¶5, 5 

30-55, 77-80; Ex. 3214, Fig. 4; Ex. 4046, Fig. 1; Ex. 4047, Fig. 4. Publications such as Makarova 6 

and Bhaya reflect the [lack of] understanding in the art at the time, expressly showing that 7 

tracrRNA was absent from the catalytic CRISPR DNA-cleavage complex.1 Ex. 4046, Fig. 1; Ex. 8 

4047, Fig. 4. Marraffini confirmed this, testifying that tracrRNA was only “known … to be 9 

involved in the generation of guide RNAs.” Ex. 5265, 23:6-18; see also, Ex. 5014, ¶¶48-55; Ex. 10 

5013, ¶¶33-40. Marraffini also testified that, before June 26, 2012, he and Zhang only discussed 11 

“the importance of tracr for what we knew at the time was generation of RNA guides,” and that 12 

“the system, as we knew it, required RNase III to generate guides.” Ex. 5265, 24:17-25:3, 37:2-13 

10 (emphasis added); MF108-111.      14 

All three Science reviewers’ comments reflect the magnitude of the CVC inventors’ 15 

discovery that tracrRNA is a necessary component of the DNA-cleavage complex:  16 

Reviewer #1: The authors show that this protein not only requires a crRNA but 17 
also the previously reported tracrRNA to cleave its target DNA.  18 
Reviewer #2 (Marraffini): Interestingly the authors find that the crRNA-19 
target complementarity is not sufficient for cleavage, pairing between the 20 
crRNA and the tracrRNA, a trans-activating RNA that directs crRNA 21 
processing, is also required. 22 
Reviewer #3: Surprisingly however, the guide RNA (tracrRNA) that helps 23 

                                                 
1 As CVC’s expert Dr. Zamore explains, Zhang’s uncorroborated testimony that he 

allegedly “understood [from Deltcheva] that the tracrRNA would not leave the complex after 

maturation” is scientifically unfounded. Ex. 5014, ¶¶56-76; see also, Section IV(b), infra.   
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generate individual crRNA's is an essential component of the complex.   1 

Ex. 5255, 1-3; Ex. 5265, 66:1-5. Marraffini explained further that he remembered this discovery 2 

as “the most important findings that the team made, the fact that the tracrRNA is required for 3 

cleavage of DNA, which was not known at the time. And I thought that was a very important 4 

finding.” Ex. 5265, 20:19-21:8 (emphasis added); MF109. 5 

Marraffini’s review showed that he understood the CVC inventors intended to use their 6 

sgRNA CRISPR-Cas9 system in eukaryotic cells:  7 

Being guided by the crRNA sequence, the dsDNA nuclease activity of 8 
Cas9 could be re-programmed to target essentially any sequence in any 9 
genome with a very high specificity. Perhaps in one of the most exciting 10 
experiments of this work, Jinek et al. show that Cas9 can be ‘loaded’ with 11 
synthetic crRNAs that direct any chosen sequence in a plasmid. As the 12 
authors indicate, this provides a new, invaluable tool for genome editing. 13 

Ex. 5255, 2 (emphasis added); see also, Ex. 5265, 66:1-21; 20:19-21:8. Marraffini’s reviewer 14 

comments comport with his deposition testimony that CVC’s sgRNA was “a fundamental 15 

advance that we could use in our project.” Ex. 5265, 27:4-16 (emphasis added). After reading the 16 

published version of Jinek 2012 in Science, Zhang similarly stated in a June 30, 2012 email to 17 

Marraffini that Jinek 2012 was “a great paper” and made Zhang feel that CVC was “moving in 18 

[the] direction” of eukaryotes because the abstract refers to “genome editing” and the paper 19 

tested eukaryotic target gene (GFP) sequences. Ex. 3713, 31; Ex. 5262, 204:11-205:8. 20 

iii. After the conference, Marraffini communicated to Zhang CVC’s sgRNA 21 
CRISPR-Cas9 system and its use for genome editing in eukaryotes.   22 

Like the other attendees at the June 21 CRISPR Conference, Marraffini knew that he and 23 

his collaborator Zhang were now in a race to be the first to apply CVC’s sgRNA CRISPR-Cas9 24 

system for gene editing in eukaryotic cells and publish the results. Ex. 5265, 52:17-54:1; see 25 

also, Ex. 5016, ¶¶16-17; Ex. 5018, ¶¶19-21. After returning from the conference, Marraffini 26 

promptly emailed Zhang on June 26, requesting a phone call to discuss “a couple of 27 
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presentations” he saw at the conference that were “important” to their project. Ex. 3713, 27-29; 1 

Ex. 5265, 26:5-18; Ex. 5262, 195:7-20; MF107. Marraffini clarified on cross-exam that the 2 

important presentation he had in mind for “gene editing of human cells” was indeed “the 3 

presentation by … Jinek and Chylinski about the single-guide RNA.” Ex. 5265, 26:5-18. 4 

Zhang quickly responded to Marraffini’s email, and the two immediately set up a phone 5 

call to discuss the CVC presentation. Ex. 3713, 27-29; Ex. 5265, 26:5-27:16, 29:9-30:3. On that 6 

call, he and Zhang discussed CVC’s sgRNA CRISPR-Cas9 system and how CVC’s sgRNA was 7 

a “fundamental advance that we could use in our project.” Ex. 5265, 27:4-16 (emphasis added); 8 

see also, id. at 23:19-24:9; MF110-113. In particular, Marraffini testified that he “must have” 9 

told Zhang about the role of tracrRNA in the catalytic DNA-cleavage complex. Ex. 5265, 29:20-10 

30:3; see also, id. at 24:18:25:3 (Marraffini testifying that prior to June 26, his conversations 11 

with Zhang were “only about the importance of tracr for what we knew at the time was 12 

generation of RNA guides.”) Marraffini also communicated to Zhang the intended purpose of 13 

using CVC’s sgRNA CRISPR-Cas9 system in eukaryotic cells: 14 

Q  So you … did you generally convey the view to Dr. Zhang that you thought 15 
the single-guide RNA would be an important tool for genome editing? 16 

A  Yeah. Yes, I -- that's why I sent him the information, yes. 17 

Ex. 5265, 66:22-67:7 (emphasis added; objections omitted); id., 64:9-18; MF113. When asked if 18 

he communicated to Zhang that CVC’s sgRNA CRISPR-Cas9 system would be an important 19 

tool for genome editing in eukaryotes specifically, Marraffini stated unequivocally, “yes”: 20 

Q  [W]hen you first conveyed to Dr. Zhang the single -- single-guide RNA 21 
system described in Jinek 2012, did you convey to him that you thought it 22 
would be an important tool for genome editing in eukaryotes specifically? 23 

A  Yes.   24 

Ex. 5265, 68:13-21 (emphasis added; objections omitted); MF113.  25 

Marraffini also disclosed to Zhang that there was no need to employ the cumbersome 26 
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RNA-processing system with which Zhang had been unsuccessfully tinkering. Ex. 5265, 36:17-1 

37:10. After their June 26 phone conversation, Marraffini sent a follow-up email to Zhang, 2 

stating that he “checked” the Jinek 2012 draft manuscript and “[CVC] provide pre-processed 3 

crRNAs to the in vitro reaction, so there is no need for RNAse III….” Ex. 3713, 29 (emphasis 4 

added); Ex. 5265, 36:17-37:10. Marraffini testified that until that time, “the system, as [he and 5 

Zhang] knew it, required RNase III to generate guides.” Ex. 5265, 37:2-10; MF108-109; see 6 

also, Ex. 5277 (Sontheimer’s notes expressing his surprise over the obviated need for RNase III 7 

(“no Rnc!”)); Ex. 5018. ¶15. Indeed, prior to June 26, all of Zhang’s CRISPR experiments were 8 

failed attempts to mimic pre-crRNA processing, evident from his repeated use of unprocessed 9 

crRNAs, unprocessed tracrRNA, and RNase III in the experiments. Ex. 5013, ¶¶143-158, A1-10 

A78; Ex. 5264, 49:4-8, 51:4-10; Ex. 3424, ¶79; MF78-95. When asked on cross-exam whether 11 

he had ever used pre-processed (mature) crRNA or processed tracrRNA in his experiments 12 

before June 26, Zhang testified that “I don’t have a clear recollection if I have done any 13 

experiments [with mature crRNA]” and “I don't remember if I had done experiment there, with 14 

that [processed tracrRNA].” Ex. 5262, 201:5-18; Ex. 5264, 49:4-8, 51:4-10.  15 

Zhang admits in his declaration that he obtained the sgRNA design from Marraffini, 16 

although he conspicuously omits the fact that the “chimeric RNA” Marraffini shared with him 17 

was CVC’s sgRNA. Ex. 3424, ¶¶12, 114. At deposition, however, Zhang conceded that the 18 

sgRNA structure indeed came from “the Doudna-Charpentier group.” Ex. 5262, 198:14-22; see 19 

also, id. at 195:10-20; MF112-115. Marraffini—who provides third party testimony that was 20 

unchallenged by Broad at deposition—testified that the sgRNA image in his June 26 email was a 21 

direct copy from the then-unpublished Jinek 2012 manuscript he had reviewed:  22 

Q Where did you get that particular image from, Doctor? 23 

A  From the [Jinek 2012] manuscript. But it was the same one that it 24 
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was public from the conference. 1 

Ex. 5265, 38:4-10; see also, id. at 35:16-18; MF01, 103, 114. The sgRNA structure Marraffini 2 

sent to Zhang in his June 26 email is identical to the “chimera A” sgRNA structure Jinek and 3 

Chylinski presented on June 21, which is also identical to the sgRNA Zhang claims he 4 

“designed” on June 27, 2012:  5 

 6 
See Ex. 4768, 26; Ex. 3713, 29; Ex., 3751, 1; Ex. 3424, ¶124; Ex. 5013, ¶¶51-53; MF115-116. 7 

The “Ns” in the sgRNA sequence in Zhang’s June 27 email represent any nucleotide. Ex. 5013, 8 

¶52, n.2; Ex. 5263, 61:7-12. This is the same sgRNA design Zhang purportedly used in his 9 

alleged actual reductions to practice. See e.g., Ex. 3751; Ex. 3537, 3; Ex. 3829; Ex. 3201, Fig. 10 

2B; Ex. 3425, ¶24; Ex. 5013, ¶52; MF116.  Broad does not – and cannot – assert that Zhang ever 11 

knew of the sgRNA CRISPR-Cas9 system of Count 1 before June 26, 2012. Ex. 5265, 23:19-12 

24:9. And Marraffini’s testimony confirms that Marraffini disclosed to Zhang CVC’s sgRNA 13 

design together with the concept of using it for genome editing in eukaryotic cells, based on 14 

Marraffini’s review of the unpublished Jinek 2012 manuscript and his attendance at the CRISPR 15 

conference. Ex. 5265, 64:9-18, 66:1-67:7, 68:13-21. In other words, Zhang derived the entirety 16 

of Count 1 from CVC, via Marraffini. 17 

b. After obtaining CVC’s invention of Count 1, Zhang immediately changed course 18 
and began using CVC’s sgRNA. 19 

Upon obtaining CVC’s invention of Count 1 via Marraffini, Zhang immediately dropped 20 

his pre-crRNA processing experiments and vectors and set out to implement CVC’s invention in 21 

hopes of being the first to publish on the use of CVC’s sgRNA CRISPR-Cas9 system in 22 
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eukaryotic cells. Ex., 3751, 1; Ex. 5265, 52:17-54:1; Ex. 3713, 41; MF117. This was not a race 1 

to invent, as CVC had already invented Count 1; this was a race to publish. Barrangou, 2 

Sontheimer, and Marraffini each testify that CVC’s June 21 conference presentation and later 3 

June 28 Jinek 2012 publication created a competitive urgency in the genome-editing field to be 4 

the first to publish using CVC’s sgRNA CRISPR-Cas9 for genome editing in eukaryotic cells. 5 

Ex. 5016, ¶¶16-20; Ex. 5018, ¶¶19-21; Ex. 5265, 52:17-54:1; Ex. 4257, 837. Zhang voiced his 6 

concerns over the race to publish in a September 2012 email to Marraffini in which Zhang says 7 

he learned from a student in the Charpentier (CVC) lab that CVC had “promising results from 8 

mammalian cells,” and Zhang asked Marraffini “if [they] should submit [a manuscript] right 9 

away.” Ex. 3713, 41 (emphasis added). Zhang also emailed the editor of Science magazine, 10 

noting “enormous competition in the field,” and explaining that “[w]e have learned that our 11 

competitors have already reached an advanced stage and are likely to be completing similar 12 

manuscripts or may even have submitted them.” Ex. 3713, 86 (emphasis added).  13 

Sure enough, after Jinek 2012 published on June 28, 2012, George Church’s research 14 

group at Harvard quickly applied CVC’s sgRNA CRISPR-Cas9 components in eukaryotic cells 15 

using routine methods and reagents from an existing published TALEN gene-editing platform, 16 

and submitted a manuscript for publication on October 26, 2012 (just 3 weeks after Zhang’s 17 

group), which Science published together with Zhang’s Cong 2013 paper in the same January 18 

2013 issue. Ex. 3623, Fig.l A (depicting CVC’s sgRNA design); Ex. 3201; MF119; Ex. 5013, 19 

¶99; see also, Ex. 5259, 42:2-19 (Kosuri testifying that the Church lab was “working on it too” 20 

and “at the same time” as Zhang). Jin-Soo Kim’s group at ToolGen and Keith Joung’s 21 

collaboration involving groups at Harvard and Massachusetts General Hospital did the same, 22 

each group quickly applying CVC’s sgRNA CRISPR-Cas9 system in eukaryotic cells using 23 
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routine methods and reagents from their existing TALEN or ZFN genome-editing platforms 1 

(respectively). Ex. 4076, Fig. 1; and Ex. 4233, Fig. 1 (each depicting CVC’s sgRNA design); 2 

MF120-121; Ex. 5013, ¶¶100-101. The Kim lab and Joung collaboration group submitted their 3 

manuscripts on November 20 and December 18, 2012, respectively, and both manuscripts 4 

published in January 2013. Ex 4076; Ex. 4233. Academics were not the only groups jumping on 5 

CVC’s sgRNA CRISPR-Cas9 genome-editing system. Fuqiang Chen’s group at Sigma-Aldrich 6 

also applied CVC’s sgRNA CRISPR-Cas9 components in eukaryotic cells using routine methods 7 

and reagents from Chen’s existing ZFN genome-editing platform and filed a provisional patent 8 

application on December 6, 2012. Ex. 5020; MF122; Ex. 5013, ¶102.  9 

These groups were followed by many others who applied CVC’s sgRNA CRISPR-Cas9 10 

system in eukaryotic cells, using routine methods and ordinary skill. See e.g., Ex. 4075; Ex. 11 

4079, Ex. 4080; Exs. 4082-4087; Ex. 4089; Ex. 4090; Ex. 4093; Ex. 4106. CVC’s transformative 12 

invention revolutionized not only the field of genome editing, but it has “revolutionized basic 13 

science.” Ex. 4609, 1. The Chair of the Nobel Committee for Chemistry explained, “Charpentier 14 

and Doudna defined a simple two-component system that could rapidly be programmed for 15 

sequence-specific cleavage of target DNA and thereby sparked a revolution in genome editing.” 16 

Ex. 4301, 10. As the Nobel Prize reflects, it was the CVC team that changed the world through 17 

their innovation of the sgRNA CRISPR-Cas 9 system for genome editing, not the myriad groups, 18 

like Zhang’s, who simply implemented CVC’s ground-breaking invention. Ex. 4609; Ex. 4301.                           19 

c. Zhang did not innovate: he used ordinary skill, routine techniques, and well-20 
known reagents to reduce CVC’s sgRNA CRISPR-Cas9 invention to practice, 21 
further confirming CVC’s prior conception was complete. 22 

Marraffini testified that, after he communicated CVC’s sgRNA CRISPR-Cas9 system to 23 

Zhang, the next steps of applying CVC’s system in eukaryotic cells were “pretty 24 

straightforward.” Ex. 5265, 31:8-19. The evidence indeed shows that Zhang used ordinary skill 25 
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and well-known methods and reagents when applying CVC’s system in eukaryotic cells. MF123-1 

128. At deposition, Broad’s expert Breaker identified all the so-called “adaptations” Zhang made 2 

to CVC’s sgRNA CRISPR-Ca9 system to overcome alleged obstacles in eukaryotic cells such as 3 

RNA degradation, localization, complex formation, eukaryotic cellular milieu, and chromatin. 4 

These are listed in the table below, and are essentially (1) strong promoters for RNA expression 5 

and protein expression, (2) NLS, and (3) codon optimization.  No additional adaptations were 6 

needed to address complex formation, eukaryotic cell milieu or chromatin.  As explained below, 7 

none are inventive and none are part of Count 1: 8 

“Obstacles” 
identified by Breaker 

Alleged “Adaptation” to overcome the 
so-called obstacles 

Citation 

RNA degradation 
(Ex. 3444, ¶15) 

Use a “strong promoter” such as U6.  Ex. 5264, 69:8-70:2 
Include additional nucleotides on the 5' 
or 3' end of the RNA transcript.* Ex. 5264, 70:3-11 

Screening tracrRNAs of different 
lengths* or from different species (S. 
thermophilus or S. pyogenes).  

Ex. 5264, 70:12-72:11 

Localization 
(Ex. 344, ¶15) 

Adding nuclear localization signal. Ex. 5264, 77:18-78:15, 
84:21-85:3 

Codon optimization.  Ex. 5264, 77:18-78:15, 
85:4-13 

Choose a “Pol II promoter that is known 
to be highly active.” Ex. 5264, 78:18-79:8 

Adding or removing a green fluorescent 
protein (GFP) tag. Ex. 5264, 79:11-80:2 

Choice of bacterial species of Cas9 (S. 
thermophilus or S. pyogenes). Ex. 5264, 82:17-84:5 

Add a WPRE sequence to 3' end of Cas9 
gene to improve messenger RNA 
stability.   

Ex. 5264, 85:19-86:9 

Complex formation 
(Ex. 344, ¶15) 

“the adaptations I noted earlier for RNA 
expression and protein expression would 
also apply here” and “testing CRISPR 
systems from different species.” 

Ex. 5264, 92:10-93:2 

Eukaryotic 
intracellular milieu 
(Ex. 344, ¶15) 

“almost everything I mentioned to 
address the previous questions on 
overcoming problems also applies for 
this complex milieu challenge” and “one 
can add the screening of CRISPR 

Ex. 5264, 94:9-11 
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“Obstacles” 
identified by Breaker 

Alleged “Adaptation” to overcome the 
so-called obstacles 

Citation 

systems from different species.” 

Chromatin 
(Ex. 5264, 97:10-98:3) 

Design a “series of candidate guide 
sequences that would allow him to test 
for function of DNA cleavage at 
different sites within the genome.” 

Ex. 5264, 97:3-9 

* No evidence of record shows that Zhang added any nucleotides to the 5' end of RNA 
transcripts or that Zhang screened tracrRNAs of different lengths. 

 Zhang made no inventive contribution to Count 1 by selecting the reagents that he did. Ex. 5013, 1 

¶¶64-97. Zhang did not begin using these reagents in his CRISPR experiments until after he 2 

obtained CVC’s chimera A sequence from Marraffini.  Zhang merely took the first reagents 3 

easily available to him – an art-known RNA expression vector that another lab at the Broad had 4 

previously published, and a TALE expression vector that Zhang had previously published, and 5 

used routine methods and protocols to implement CVC’s sgRNA system in eukaryotic cells. All 6 

of Zhang’s so-called adaptations—in isolation or in any combination—were common laboratory 7 

methods and reagents that required no more than ordinary skill, nor are any of these routine 8 

methods recited in Count 1. Ex. 5013, ¶¶64-104; MF123-128. See Varian, 178 F.2d at 1002 9 

(rejecting conception based on contribution of features beyond “what the count requires”).  10 

i. Zhang’s use of one of the two most common promoters for RNA expression 11 
in eukaryotic cells is not an invention, is not in the count, and is not 12 
required for reduction to practice.  13 

According to Breaker, Zhang’s choice to use a “strong promoter” such as the U6 14 

promoter was an “adaptation” to overcome any obstacle with RNA degradation. Ex. 5264, 69:8-15 

70:2. But using a U6 promoter is a routine technique that requires only ordinary skill; it cannot 16 

be characterized as a special or unique adaptation. Zhang’s use of a platform vector already 17 

published in the art by the Broad Institute six years earlier is not an invention, is not in the count, 18 

and is not required for reduction to practice. Ex. 5013, ¶¶68-78; Ex. 5252, Fig. 1; MF123-124.   19 
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The U6 promoter Zhang used was one of the two most common promoters for RNA 1 

expression.  Ex. 5013, ¶68; Ex. 5024, 434. Stewart reported in 2003 that using the U6 promoter 2 

in a lentivirus expression vector would “drive high levels of expression of a small hairpin RNA.” 3 

Ex. 5129, 494; Ex. 5013, ¶68. Broad’s own 2006 publication by Moffat et al. reported that they 4 

modified Stewart’s U6 expression vector to create a vector named pLKO.1 for efficient high 5 

throughput screening of the short hairpin RNAs: “we adapted the Lentihair vector (Stewart et al., 6 

2003) to create pLKO.1, which carries the puromycin-resistance gene and drives shRNA 7 

expression from a human U6 promoter.” Ex. 5252, 1284, Fig. 1; Ex. 5000, 2; Ex. 5013, ¶¶69-70. 8 

Despite this clear disclosure from Moffat, Broad’s expert Ellington shockingly was unwilling to 9 

acknowledge that Moffat disclosed a U6 promoter in the pLKO.1 vector diagram:  10 

Disclosure in Moffat Ellington testimony 

 
Ex. 5252, Fig. 1A. 

Q:        So looking at figure 1-A of the Moffat paper, do 
you see a U6 promoter in the pLKO.1 vector 
shown there? 

A:        No. 
Q:        Is it your testimony you do not see a U6 promoter 

in the vector that's shown in figure 1A? 
A:        Yes. 
 
 
Ex. 5263, 107:20-108:5. 

See also, Ex. 5263, 95:7-15 (refusing to acknowledge that Moffat discloses driving shRNA 11 

expression from a U6 promoter). Ellington’s obstinacy aside, the record is clear that the pLKO.1 12 

vector was a widely known vector in 2012 and was, in fact, Zhang’s source of the U6 promoter. 13 

Ex. 3424, ¶135; Ex. 5013, ¶71; MF123-124. Zhang himself stated in a June 30, 2012 email that 14 

he “got plenty of pLKO.1 from the RNAi folks.” Ex. 3762, 3; see also, Ex. 5262, 220:6-8.     15 

Zhang claims he added four uridines (U’s) to the 3' end of the sgRNA, but adding such 16 

uridines was well known to be an inevitable consequence of using the U6 promoter for RNA 17 

(Y) Psi 
RSV/5' LTR 

1 ampR 
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expression. Ex. 5013, ¶¶74-76. Zhang admits this, stating that the common U6 promoter “adds 1 

the 4 U’s to the 3' end.” Ex. 3424, ¶181. Adding four U’s to the 3' end of an RNA transcribed 2 

from the U6 promoter occurs because Pol III promoters (i.e., the U6 promoter), require a poly-T 3 

termination signal which results in the transcription of poly-U’s at the 3’ end of the transcribed 4 

RNA. Ex. 5129, 494; Ex. 5013, ¶74; see also, Ex. 5252, Fig. 1A. Further, contemporaneous 5 

evidence shows that Zhang did not consider the 3' U’s to be required for a functional sgRNA 6 

CRISPR-Cas9 system as Zhang repeatedly referred to the sgRNA sequences without any 7 

mention of adding U’s to the 3' end. See e.g., Ex. 3751; Ex. 3537, 3; Ex. 3829; Ex. 3201, Fig. 8 

2B; Ex. 3425, ¶24; Ex. 5013, ¶75. Moreover, Breaker admitted that the U6 promoter and adding 9 

nucleotides to the 5' or 3' ends of the RNA are simply “tool[s] in the toolbox that a researcher can 10 

use,” and that neither so-called adaptation is required to overcome any RNA degradation. Ex. 11 

5264, 73:1-13, 74:16-20; Ex. 5013, ¶76. Thus, Zhang made no inventive contribution to Count 1 12 

by using the U6 promoter. Ex. 5013, ¶¶68-78; MF123-124.      13 

ii. Zhang’s use of the same vector for protein expression he had previously 14 
published for his TALE research is not an invention, is not in the count, 15 
and is not required for reduction to practice.   16 

Breaker testified that Zhang “used a Pol II promoter that is known to be highly active so 17 

that he would express abundantly the message [sic] RNA for the Cas9 protein” and “a viral 18 

sequence … to improve mRNA stability” as “adaptations” to overcome any obstacles associated 19 

with localization. Ex. 5264, 78:18-79:8, 85:19-86:9. However, both of these elements were the 20 

same ones present in Zhang’s previously published platform vector for expressing TALEs and 21 

TALENs, which requied only ordinary skill to implement. This cannot be characterized as a 22 

special or unique adaptation. Zhang’s use of a platform protein expression vector he had 23 

previously published is not an invention, is not in the count, and is not required for reduction to 24 

practice. Ex. 5013, ¶¶79-83; MF125-126.  25 
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The “Pol II promoter” Zhang used, EF-1α, was well known and had been used for 1 

decades to express proteins in eukaryotic cells. Ex. 5253, 5322 (describing a “powerful 2 

mammalian expression vector … using the promoter of human EF-1α chromosomal gene.”); Ex. 3 

5257, 3393 (describing a lentiviral expression vector comprising an EF-1α promoter); Ex. 5013, 4 

¶80; MF125. Likewise, the “viral sequence” Zhang used, WPRE, was a known element in 5 

lentiviral expression vectors. Ex. 5214, Abstract (“[i]nsertion of the WPRE in the 3' untranslated 6 

region of coding sequences carried by … lentiviral vectors substantially increased their levels of 7 

expression.”); Ex. 5257, 3393; Ex. 5013, ¶80; MF126. The pLenti-EF1a-WPRE vectors Zhang 8 

purportedly used in his July and August 2012 CRISPR experiments were also publicly known. 9 

Ex. 3770, 128; Ex. 3544, 1; Ex. 5262, 220:6-14, 222:3-10; Ex. 4620; Ex. 5013, ¶¶81-82.  10 

Zhang’s January 2011 Nature Biotechnology article reported expressing TALEN proteins 11 

from an EF1α lentivirus vector named “pLenti-EF1a-TALE(0.5 NI)-WPRE.” Ex. 4620, 6; Ex. 12 

5013, ¶83. When expressing CVC’s sgRNA CRISPR-Cas9 system, Zhang simply replaced the 13 

“TALE(0.5 NI)” gene insert with the sgRNA and Cas9 inserts using routine cloning techniques, 14 

after which he renamed the vector “pLenti2-[sgRNA]-EFla-[Cas9]-WPRE” or “pLenti3-15 

[sgRNA]-EF1a-[Cas9]-WPRE.” Ex. 3770, 127-128; Ex. 3544, 1; Ex. 5013, ¶83. Again, Zhang’s 16 

activities here were not inventive; they were routine and required only ordinary skill. Ex. 5013, 17 

¶¶79-83. He used the same reagents and experimental approach that he previously published in 18 

his TALEN research, and merely replaced the TALEN components with sgRNA/Cas9 19 

components using standard laboratory techniques. Id. Thus, Zhang made no inventive 20 

contribution to Count 1 by using a previously published TALE platform vector, with its known 21 

promoter and known WPRE stability element. Ex. 5013, ¶¶79-83; MF125-126.  22 

iii. Protein expression from a codon-optimized gene sequence is not an 23 
invention, is not in the count, and is not required for reduction to practice.  24 
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According to Breaker, Zhang used “codon optimization with the possibility that codon 1 

optimization would yield a higher expression of the Cas9 protein” to overcome any alleged 2 

obstacles associated with localization. Ex. 5264, 77:18-78:15. Zhang’s use of codon optimization 3 

— a technique so routine that a POSA could use website tools, commercially available software, 4 

or commercial vendors—for expression of a known protein sequence is not an invention, is not 5 

in the count, and is not required for reduction to practice. Ex. 5013, ¶¶84-88. 6 

By 2012, codon optimization was a routine method commonly used to optimize a 7 

protein’s expression in eukaryotic cells. Ex. 5013, ¶¶84-88; Ex. 4110, Abstract, Table 1; Ex. 8 

4111, 115, 122; Ex. 4112, 796-798; MF128. Although Broad repeatedly refers to “humanized 9 

Cas9,” to be clear, codon optimization does not change the amino acid sequence of the codon-10 

optimized gene product, such as Cas9. Zhang admits as much. Ex. 5262, 163:15-164:11. Rather, 11 

codon optimization changes the nucleic acid sequence, while still encoding the same amino 12 

acids. Moreover, this common and ordinary technique has no impact when using a Cas9 protein 13 

that is made outside of the eukaryotic cell because there is no need for Cas9 gene expression in 14 

the eukaryotic cell. Ex. 5013, ¶85. As Breaker conceded, “if the protein is pre-made, then codon 15 

optimization would have no effect on those methods.” Ex. 5264, 88:15-89:1; MF129. Thus, 16 

delivering the sgRNA CRISPR-Cas9 system in the form of a ribonucleoprotein (RNP) complex 17 

(a recombinant Cas9 protein and a sgRNA)—the same format CVC used when reducing the 18 

invention to practice in zebrafish on August 9, 2012—avoids any purported need for codon 19 

optimization. Id.; Ex. 5013, ¶85. Even when expressing Cas9 from a nucleic acid sequence, 20 

codon optimization is not required to achieve targeted DNA cleavage. Ex. 5013, ¶86; Ex. 4093, 2 21 

and Fig. 2; Ex. 4233; Ex. 4087, 4985. Breaker did not dispute this on cross-exam, testifying only 22 

that “I haven't examined the question of whether codon optimization is necessary.” Ex. 5264, 23 
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87:21-88:7. 1 

The record shows that Zhang’s codon optimization methods were routine, and Broad’s 2 

evidence fails to show otherwise. Breaker testified that codon optimization could be done using 3 

“tools … for example, websites or commercial vendors -- that will codon optimize coding 4 

regions for a user,” although he somehow was “not aware” if those tools were available in 2012. 5 

Ex. 5264, 87:4-12. Sanjana, however, confirmed that codon optimization was routinely done in 6 

the Zhang lab using publicly available “web-based tools or downloadable tools.” Ex. 5258, 71:3-7 

74:1. Broad’s own evidence shows that POSAs could readily obtain codon-optimized sequences. 8 

For example, in a February 2011 email to commercial vendor DNA 2.0, Zhang requested “[c]an 9 

you help me optimize the following 8 genes for human expression” and then “can you also 10 

optimize these sequences?” Ex. 3701; Ex. 5013, ¶¶87-88. Broad provided no evidence that 11 

Zhang, rather than vendor DNA 2.0, designed the codon-optimized sequence or used any codon 12 

optimization method other than routine methods readily available in the art. Thus, as above with 13 

Zhang’s expression vectors, his codon optimization activities were routine and required nothing 14 

more than ordinary skill. Zhang made no inventive contribution to Count 1 by codon optimizing 15 

his Cas9 DNA sequence. Ex. 5013, ¶¶84-88; MF128-129.  16 

iv. Adding an NLS is not an invention, is not in the count, and is not required 17 
for reduction to practice.  18 

Breaker also testified that Zhang “made adaptations such as adding nuclear localization 19 

signals to the protein to direct the protein into the nucleus” to overcome any obstacles associated 20 

with localization. Ex. 5264, 77:18-78:15. As with codon optimization, however, adding one or 21 

more NLSs to proteins was a well-known, routine technique in the art by 2012 for enhancing 22 

localization to the nucleus – the same purpose for which Zhang used it. Ex. 5013, ¶¶89-92; Ex. 23 

4114, 5495-5496; Ex. 4078, 148-153; Ex. 4077, 1787-1788; Ex. 4113, 186; MF127. This is not a 24 
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special or unique adaptation—POSAs could even buy vectors with multiple NLSs from 1 

commercial sources. Ex. 3260, 42189; Ex. 3261, 24391. Zhang’s use of an NLS is not an 2 

invention, is not in the count, and is not required for reduction to practice. Ex. 5013, ¶¶89-92.   3 

The NLS sequences Zhang used had been published decades earlier. Ex. 4620, 6; Ex. 4 

5013, ¶92; see also, Ex. 3260, 42189; Ex. 3261, 24391. Moreover, adding an NLS to a protein is 5 

simply an optimization technique and is not required for a functional sgRNA CRISPR-Cas9 6 

system. Numerous examples – including Broad’s own ’445 patent – show that an NLS is not 7 

required on Cas9 for a functional sgRNA CRISPR-Cas9 system. Ex. 5013, ¶¶90-91; Ex. 4079, 8 

Fig. S7; Ex. 4094, Example 14. Breaker only testified on cross-exam that “I haven’t examined 9 

the question of whether a nuclear localization signal is essential.” Ex. 5264, 90:19-91:4. 10 

v. Zhang’s other “adaptations” are not an invention, are not in the count, and 11 
are not required for reduction to practice.  12 

Zhang’s remaining “adaptations” were also common, routine techniques that are not an 13 

invention, are not in the count, and are not required for reduction to practice. According to 14 

Breaker, Zhang’s choice of using Cas9 from two different bacteria species (S. thermophilus and 15 

S. pyogenes) was an adaptation. Ex. 5264, 82:17-84:5. But Zhang’s choice to copy CVC’s S. 16 

pyogenes CRISPR-Cas9 system cannot be an invention of his. Moreover, these two bacterial 17 

systems were already used by others as model CRISPR-Cas9 systems and already presented by 18 

CVC in its 2012 CRISPR conference presentation. Ex. 5013, ¶¶93-94; Ex. 3214; Ex. 4045.  19 

Breaker also testified that a GFP tag used to visualize Cas9 inside a cell “was either 20 

added or removed” from Cas9 to “affect the localization and abundance of the protein.” Ex. 21 

5264, 79:11-80:2. Zhang’s removal of a GFP tag from Cas9—the same GFP tag he had added to 22 

Cas9 in the first place—is just an optional feature for optimization, not innovation. Ex. 3789; Ex. 23 

5264, 92:5-9; Ex. 5013, ¶95.   24 
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Breaker further testified that Zhang used tracrRNAs of different lengths and/or from 1 

different bacterial species to overcome the alleged obstacle of RNA degradation. Ex. 5264, 2 

70:12-72:11. However, this flies in the face of the fact that Zhang used exactly the same chimera 3 

A sgRNA design that he obtained from CVC, and did not need to vary this design to achieve 4 

what he claims was success. Ex. 5013, ¶96; MF116. Finally, Breaker alleges that Zhang 5 

“designed a series of candidate guide sequences” to “test for function of DNA cleavage at 6 

different sites within the genome” in order to overcome alleged obstacles associated with 7 

chromatin. Ex. 5264, 97:3-98:3. As Doyon explains, designing a “series of candidate guides” 8 

was standard, routine practice in the genome-editing field with ZFNs and TALENs, to identify 9 

target sites that were more accessible than others, performed with ordinary skill. Ex. 5013, ¶97.              10 

vi. Zhang’s use of the same previously published transfection and detection 11 
techniques is not an invention, is not in the count, and is not required for 12 
reduction to practice.  13 

The table below shows that Zhang’s use of CVC’s sgRNA CRISPR-Cas9 system in 14 

eukaryotic cells utilized nothing more than the same previously published reagents and methods 15 

he had already been using with his TALE work. Zhang’s use of these published, routine reagents 16 

and methods is not an invention, is not in the count, and is not required for reduction to practice.  17 

Routine 
technique or 
reagent 

Zhang’s previously 
published work 
(TALEs and TALENs) 

Cong 2013 
manuscript 
(CRISPR-Cas9) 

Zhang’s alleged 
ARTP in August 2012 
(CRISPR-Cas9) 

Vector EF1α lentiviral vector 
(pLenti-EF1α-WPRE) 
(Ex. 4620, 6) 

Cas9: EF1α promoter 
sgRNA: U6 promoter 
(Ex. 3564, Fig. S3B) 

EF1α lentiviral vector 
(pLenti3-EF1α-WPRE) 
(Ex. 3544, 1) 

Cell line HEK 293FT 
(Ex. 4620, 6) 

HEK 293FT 
(Ex. 3564, 20) 

HEK 293FT 
(Ex. 3424, ¶203) 

Delivery method Lipofectamine 2000 
(Ex. 4620, 6) 

Lipofectamine 2000 
(Ex. 3564, 20) 

Not disclosed  
(Ex. 3552, 2) 

Genomic DNA 
extraction kit 

“QuickExtract” 
(Ex. 5130, 177, 187) 

“QuickExtract”  
(Ex. 3564, 20) 

Not disclosed 
(Ex. 3552, 2) 

PCR amplicon 
purification kit 

“QiaQuick Column” 
(Ex. 5130, 177, 180) 

“QiaQuick Column” 
(Ex. 3564, 20) 

Not disclosed 
(Ex. 3552, 2)  
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Surveyor assay 
kit 

Transgenomics 
(Ex. 5130, 177)  

Transgenomics  
(Ex. 3564, 20) 

Not disclosed 
(Ex. 3552, 2)   

 See Ex. 5013, ¶98.   1 

Thus, after Zhang learned of the sgRNA CRISPR-Cas9 system of Count 1 from CVC, he 2 

made no inventive additions to use it in eukaryotic cells because doing so required only ordinary 3 

skill and routine techniques. MF123-129. Zhang’s work using CVC’s sgRNA CRISPR-Cas9 4 

system is no different from the work of the other research groups who quickly applied CVC’s 5 

sgRNA CRISPR-Cas9 system in eukaryotic cells using previously published routine methods 6 

and reagents. Church (Harvard), Kim (ToolGen), Joung collaboration, and Chen (Sigma-Aldrich) 7 

each used the same vectors, eukaryotic cells, transfection reagents, and routine methods that they 8 

previously published for their respective TALEN or ZFN gene-editing platforms, and merely 9 

inserted the sgRNA and Cas9 components in place of ZFN or TALE components. Compare Ex. 10 

4620 and Ex. 5281 with Ex. 3623; Ex. 3274 with Ex. 4076; Ex. 5236 with Ex. 4233; Ex. 5022 11 

with Ex. 5020; see also, Ex. 5013, ¶¶99-104; MF119-122. The ability of these groups to quickly 12 

apply CVC’s sgRNA CRISPR-Cas9 system in eukaryotic cells using known, published reagents 13 

and methods further confirms the completeness of the CVC inventors’ conception well before 14 

June 26, 2012. See Burroughs, 40 F.3d at 1228; see also, Section IV(a)(i)(1), infra.       15 

IV.  ARGUMENT 16 

a. Broad’s primary argument fails under derivation law and under priority of 17 
invention law. 18 

i. Broad cannot prevail on priority because Zhang never invented Count 1: he 19 
derived the entirety of Count 1 from CVC on June 26, 2012. 20 

Broad argues that, “by June 26, 2012, Dr. Zhang conceived of the subject matter of Count 21 

1…” Paper 2118, 42:9-10. The response is that Zhang did not invent the subject matter of Count 22 

1 at all. A person is not entitled to a patent if “he did not himself invent the subject matter sought 23 
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to be patented.” 35 U.S.C. § 102(f) (emphasis added). As already shown above, the facts of the 1 

case show that Zhang made no inventive contribution and instead derived the totality of Count 1 2 

from CVC through Marraffini. To prove derivation, an inventor must show “prior, complete 3 

conception of the claimed subject matter” and “communication of the subject matter” sufficient 4 

to “enable one of ordinary skill in the art to construct and successfully operate the invention.” 5 

Mead v. McKirnan, 585 F.2d 504, 507 (C.C.P.A. 1978). Both parts of the derivation test are 6 

easily met here. This is not a question of whether Zhang was first or second to invent Count 1, 7 

because he is not an inventor of Count 1, period. See Applegate, 332 F.2d at 573-574. 8 

1. CVC had a complete conception of Count 1 before June 26, 2012. 9 

The CVC inventors conceived of the invention of Count 1 well before June 26, 2012—10 

the date Zhang learned of CVC’s invention via Marraffini. Conception is “the formation, in the 11 

mind of the inventor of a definite and permanent idea of the complete and operative invention, as 12 

it is thereafter to be applied in practice.” Coleman, 754 F.2d at 359. Conception is complete 13 

when “the inventor had an idea that was definite and permanent enough that one skilled in the art 14 

could understand the invention,” such that “the idea is so clearly defined in the inventor’s mind 15 

that only ordinary skill would be necessary to reduce the invention to practice, without extensive 16 

research or experimentation.” Burroughs, 40 F.3d at 1228; see also, Rey-Bellet v. Engelhardt, 17 

493 F.2d 1380, 1387 (CCPA 1974) (conception is complete when “no more than routine skill 18 

would be required” to reduce the invention to practice).  19 

CVC’s priority motion provided more than enough evidence showing that the CVC 20 

inventors had a “definite and permanent” idea of all of the elements of Count 1 well before June 21 

26, 2012. By June 26, the CVC inventors had not only filed CVC’s first provisional application, 22 

but were well on their way towards an actual reduction to practice in eukaryotes, having already 23 

documented all of the “adaptations” Breaker mentions which were used in CVC’s actual 24 
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reduction to practice experiments: (1) strong promoters for expressing chimera A sgRNA and S. 1 

pyogenes cas9 (U6 for RNA and CMV for protein), (2) NLS, and (3) codon optimization: 2 

• determined the necessary and sufficient components of the CRISPR-Cas9 DNA cleavage 3 

system (see e.g., Paper 1579, 5:22-7:16; Ex. 4381, 23-25; Ex. 4345, ¶42); 4 

• described in detail the structure of the sgRNA CRISPR-Cas9 system for use in eukaryotic 5 

cells as evinced in e.g., Jinek’s laboratory notebook entries:   6 

 7 
(see e.g., Paper 1579, 7:17-14:1; Ex. 4381, 63-65; Ex. 4345, ¶61); 8 

• constructed a working sgRNA CRISPR-Cas9 system and confirmed that it cleaved 9 

eukaryotic target DNA sequences in vitro, and described the use of NLS and eukaryotic 10 

expression vectors with reference to prior publications using TALENs and ZFNs in 11 

zebrafish and mammalian cells, e.g., in CVC’s invention disclosure form (see e.g., Paper 12 

1579, 14:2-17:10; Ex. 4382, 7; Ex. 4349, ¶¶124-128; Ex. 4603; Ex. 5105, 16-29);  13 

• constructed the sgRNAs and U6-driven sgRNA expression vector used successfully to 14 

cleave the eukaryotic CLTA gene (see e.g., Paper 1579, 17:11-19:9; Ex. 4382, 4-7; Ex. 15 

4349, ¶¶124-128; Ex. 4603; Ex. 4345, ¶¶167-172); 16 

• constructed the Cas9 CMV-driven expression vector with an NLS, expressed it in human 17 

HEK293T cells to visualize nuclear localization of the Cas9 protein, and were codon-18 

optimizing the gene (see, e.g., Paper 1579, 18:17-19:4; Ex. 4349, ¶155; Ex. 4444; Ex. 19 

4484; Ex. 4536; Ex. 4345, ¶173); and 20 

• contacted colleagues Drubin and Cheng at U.C., and agreed to contact Raible at U.V. to 21 

microinject CVC’s sgRNA CRISPR-Cas9 system in zebrafish (see e.g., Paper 1579, 22 

<i.' 
!;,' 
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27:20-28:17; Ex. 4475; Ex. 4775; Ex. 4776; Ex. 4350, ¶62; Ex. 4349, ¶¶75, 78; Ex. 4352, 1 

¶12; Ex. 4799; Ex. 4348, ¶115; Ex. 4351, ¶¶56-58; Ex. 4294, ¶¶9-14).  2 

See also, Ex. 5013, ¶¶45-47; MF130-136.  3 

As discussed in Section III(c), the completeness of CVC’s conception before June 26 is 4 

further confirmed by the fact that Zhang claims to have quickly and easily applied CVC’s 5 

sgRNA CRISPR-Cas9 system in eukaryotic cells, once he learned of CVC’s invention from 6 

Marraffini. Zhang’s use of routine, ordinary techniques to apply CVC’s sgRNA CRISPR-Cas9 7 

system in eukaryotic cells does not make him an innovator of Count 1. In Applegate, it was 8 

Scherer who “had the thought” and was the inventor 332 F.2d at 574. Applegate, who “merely 9 

made the test” using ordinary skill, was not the inventor; rather, Applegate’s reduction to 10 

practice inured to Scherer’s benefit. Id. at 573-574. 11 

2. CVC communicated its complete conception to Zhang, via 12 
Marraffini, and that communication was enabling. 13 

The CVC inventors communicated all the elements of Count 1 to Zhang via Marraffini 14 

through their draft Jinek 2012 manuscript and their June 21 presentation at the 5th Annual 15 

CRISPR Research Conference. There is a one-to-one correspondence between the invention of 16 

Count 1, CVC’s communication to Marraffini, and Marraffini’s communication to Zhang:  17 

Aspects of Count 1 CVC communicated to Zhang  
via Marraffini 

Eukaryotic cell comprising a target DNA molecule  
Type II CRISPR-Cas system comprising:  
• Cas9  
• sgRNA comprising a crRNA covalently linked to a 

tracrRNA with intervening nucleotides  
• System is capable of cleaving or editing a target 

DNA molecule or modulating transcription of a gene 
encoded by the target DNA molecule.  

 



  CVC Opposition 5 
  Interference 106,115 

 - 34 - 

See Ex. 5013, ¶¶48-55; Ex. 5254, 2, 12; Ex. 4768, 27; Ex. 5016, ¶¶11-15; Ex. 5018, ¶¶10-18; Ex. 1 

5266, 187:21-188:13; Ex. 5265, 23:19-24:9, 24:18-25:3, 27:4-16, 29:20-30:3, 64:9-18, 66:7-2 

67:7, 68:13-21; Ex. 5255, 2; Ex. 3713, 27-29; MF96-100, 112-116.  3 

Marraffini’s testimony—unchallenged by Broad—speaks volumes: Marraffini testified 4 

that he “sent [Zhang] the information” because Marraffini knew CVC’s sgRNA CRISPR-Cas9 5 

“would be an important tool for genome editing.” Ex. 5265, 66:7-67:7; MF103, 113. Marraffini 6 

testified unequivocally that he not only conveyed the “single-guide RNA system described in 7 

Jinek 2012” to Zhang, but also conveyed that “it would be an important tool for genome editing 8 

in eukaryotes, specifically.” Ex. 5265, 68:13-21; MF113. Thus, Zhang received the sgRNA 9 

CRISPR-Cas9 system and the idea of using that for genome editing in eukaryotes from CVC.        10 

Moreover, CVC’s communication of Count 1 to Zhang was sufficient to allow 11 

practitioners of “ordinary skill in the art to construct and successfully operate the invention.” 12 

Meade, 585 F.2d at 507. Once Zhang learned CVC’s sgRNA CRISPR-Cas9 system, he quickly 13 

and easily applied it in eukaryotic cells without undue experimentation, using the published 14 

reagents and methods and allegedly achieving “complete ARTP three weeks later.” Paper 2118, 15 

42:9-10. Ex. 5013, ¶¶56-58. Further, other research groups used their same platforms to quickly 16 

and easily apply CVC’s system in eukaryotes, providing additional objective proof that CVC’s 17 

disclosure of its sgRNA system was enabling. Ex. 3623; Ex. 4233; Ex. 5214; Ex. 5020; MF119-18 

122; see also, In re Hogan, 559 F.2d 595, 605 (CCPA 1977).   19 

3. Binding precedent in Applegate controls here.  20 

Binding precedent holds that when one party communicates an invention to another who 21 

reduces it to practice using ordinary skill, the inventor is the party who “had the thought,” not the 22 

party “who merely made the test.” Applegate, 332 F.2d at 574. Applegate v. Scherer is 23 

instructive. In Applegate (written by Judge Rich), Scherer disclosed the subject matter of the 24 
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count (use of a specific nitrophenol compound for controlling the sea lamprey population) to 1 

Applegate in a written letter. Id. at 572. Applegate was unaware of Scherer’s nitrophenol 2 

compound until he learned of it from Scherer’s letter. Id. Applegate then obtained the compound 3 

from Scherer and reduced the method of the count to practice before Scherer. Id. Applegate 4 

argued that Scherer’s letter was not a complete conception because Scherer had not yet reduced 5 

the invention to practice at the time of the letter – i.e., that conception could not be complete 6 

without a reduction to practice. Id. at 573. The CCPA rejected Applegate’s argument, stating that 7 

“to adopt this proposition would mean, as a practical matter, that one could never communicate 8 

an invention thought up by him to another who is to try it out, for, when the tester succeeds, the 9 

one who does no more than exercise ordinary skill would be rewarded and the innovator would 10 

not be.” Id. The court concluded, “clearly it was Scherer who had the thought and now 11 

Applegate who merely made the test.” Id. at 574.     12 

The same holds true here. Just as Scherer disclosed the nitrophenol compound of the 13 

count to Applegate, CVC disclosed every element of Count 1 to Zhang, via Marraffini. Ex. 5254, 14 

2, 12; Ex. 4768, 27; Ex. 5016, ¶¶11-15; Ex. 5018, ¶¶10-18; Ex. 5266, 187:21-188:13; Ex. 5265, 15 

64:9-18, 66:7-2167:7; Ex. 5255, 2; Ex. 5013, ¶¶48-55. And just as Applegate was unaware of the 16 

nitrophenol compound until he learned of it from Scherer, Zhang was unaware of the invention 17 

of Count 1 until he learned of it from Marraffini. Ex. 3713, 27-29; Ex. 5265, 23:19-24:9, 18 

24:18:25:3, 27:4-16, 29:20-30:3, 64:9-18, 66:7-67:7. Applegate applied Scherer’s nitrophenol 19 

compound using routine techniques, just as Zhang applied CVC’s sgRNA system in eukaryotic 20 

cells using published, well-known laboratory reagents and routine techniques. Ex. 5013, ¶¶56-21 

104. Just as the CCPA held that Applegate derived the invention of the count from Scherer, the 22 

PTAB should find that Zhang derived Count 1 from CVC. Applegate, 332 F.2d at 573-574.  23 
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ii. Broad cannot prevail, even if Zhang is wrongly credited with adding the 1 
eukaryotic cell element of Count 1. 2 

The facts conclusively establish Zhang derived the entirety of Count 1 via Marraffini –3 

Marraffini testified that he communicated not only CVC’s single-guide CRISPR-Cas9 invention 4 

to Zhang but also that it was “an important tool for genome editing in eukaryotes specifically” 5 

Ex. 5265, 68:13-21. Broad may nevertheless argue that Zhang independently added the 6 

eukaryotic aspect of Count 1, and that Applegate should not apply. But any such argument 7 

should fail, because even a party who independently added an element of the count cannot 8 

prevail if he derived a significant portion of the count from another. The CCPA made this clear 9 

in Alexander v. Williams, 342 F.2d 466 (CCPA 1965), where the court held that derivation 10 

occurred when Williams did not have conception of the entire invention ahead of Alexander. Id. 11 

at 471. In Alexander, junior party Alexander communicated to senior party Williams a patentably 12 

significant portion of the count. Id. at 469. Williams then supplied a “subsequent, independently 13 

conceived improvement” (i.e., the missing element of the count). Id., at 470. The CCPA 14 

determined that the missing element supplied by Williams represented only “one of several 15 

features” of the count, the remainder of which were communicated to Williams by Alexander. Id. 16 

The CCPA, thus concluded that Williams derived the invention from Alexander even though 17 

Alexander did not communicate all the elements of the count to Williams. Alexander, 342 F.2d at 18 

470-471; see also, Hedgewick v. Akers, 497 F.2d 905, n.4 (CCPA 1974) (“showing a prior, 19 

complete conception and communication thereof is not the only way to establish derivation” 20 

(citing Alexander)); Polye v Uhl, 328 F.2d 893 (CCPA 1964) (cited by Alexander, winner must 21 

have “invented or suggested the entire invention as embodied in the combination of elements 22 

claimed in the counts in issue”).   23 

Broad’s argument cannot prevail under Alexander because even if Zhang independently 24 
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added the “eukaryotic” aspect of Count 1 and even if that somehow represented a patentably 1 

significant feature over the art, the eukaryotic aspect is but “one of several features” of Count 1. 2 

Alexander, 342 F.2d at 471. The sgRNA aspect of the count is a patentably significant feature of 3 

Count 1. CVC’s sgRNA guide and sgRNA CRISPR-Cas9 systems are the subject of numerous 4 

issued patents to CVC, including U.S. Patent No. 10,266,850 that issued from the ’048 5 

interference. Charpentier and Doudna were awarded the 2020 Nobel Prize in Chemistry “for the 6 

development of a method for genome editing” with a “chimeric sgRNA molecule together with 7 

Cas9.” Ex. 4301, 1, 10. If Applegate’s facts concerned classic derivation, Alexander concerned 8 

lack of originality, i.e., the derived patentably significant feature did not originate with the losing 9 

party. See Alexander, 342 F.2d at 471. Thus, even if Zhang insists that he independently 10 

contributed the eukaryotic element of Count 1—which is not true—Zhang did not conceive of 11 

those other inventive elements, and cannot use his purported independent contribution to 12 

“appropriate to himself” the fruits of CVC’s “ingenuity and toil.” Id. 13 

iii. Contrary to Broad’s arguments, conception does not require a reasonable 14 
expectation of success that an invention will work. 15 

Unable to dispute the facts and apt interference law, Broad turns to arguing a mistaken 16 

notion that conception requires a reasonable expectation of success. Paper 2118, 5:12-6:10. The 17 

response is that Broad’s unsupported argument is foreclosed by decades of precedent. Discussed 18 

above, the standard for conception has always been “the formation, in the mind of the inventor of 19 

a definite and permanent idea of the complete and operative invention, as it is thereafter to be 20 

applied in practice.” Coleman, 754 F.2d at 359. The Federal Circuit has repeatedly held that 21 

conception does not require an inventor to “know that his invention will work for conception to 22 

be complete.” Burroughs, 40 F.3d at 1228. That is because “the discovery that an invention 23 

actually works is part of its reduction to practice,” not its conception. Id.; see also Dana-Farber 24 
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Cancer Inst., Inc. v. Ono Pharm. Co., 964 F.3d 1365, 1372 (“verification that an invention 1 

actually works is part of its reduction to practice.”).  2 

Binding precedent makes clear that an inventor does not need to know or even expect his 3 

invention will work to have a complete conception. In Applegate, the appellants proposed that 4 

there could not be conception without “knowledge that the invention will work” – i.e., an actual 5 

reduction to practice. Applegate, 332 F.2d at 573. The court rejected that view: “To adopt this 6 

proposition would mean, as a practical matter, that one could never communicate an invention 7 

thought up by him to another who is to try it out, for, when the tester succeeds, the one who does 8 

no more than exercise ordinary skill would be rewarded and the innovator would not be.” Id. 9 

Conception and reduction to practice have long since been understood as distinct. Conception 10 

occurs when an inventor has a “definite and permanent” idea of her invention, and actual 11 

reduction to practice occurs when she proves that idea works. Dana-Farber, 964 F.3d at 1372.  12 

 Burroughs confirms that Applegate remains foundational conception law. The Court in 13 

Burroughs explained that conception occurs when an inventor mentally possesses the recited 14 

compound and recognizes its potential utility—even absent a reasonable expectation that the 15 

invention will work for its intended purpose. 40 F.3d at 1226-31. Burroughs claimed a method of 16 

treating a human with AIDS, comprising administering “an effective … treatment amount” of the 17 

drug, AZT. Id. at 1225 n.3. Although Burroughs had “selected” AZT “for testing,” Burroughs 18 

had not “confirmed [its] operability” against AIDS. Id. at 1226, 1230. Indeed, “the science 19 

surrounding HIV and AIDS was unpredictable and highly experimental at the time”—the height 20 

of the AIDS epidemic—and there was purported evidence that the inventor “had no reasonable 21 

belief that the inventions would actually work.” Id. at 1227. But the court held that Burroughs 22 

conceived its claimed invention—treating AIDS with an effective amount of AZT—when the 23 



  CVC Opposition 5 
  Interference 106,115 

 - 39 - 

inventors knew the structure of the compound, how to make it, and had a plan to test its efficacy.  1 

Id. at 1230. Conception did not require, the court held, the inventors to “reasonably believe[ ] that 2 

the inventions would work.” Id. at 1231. As in Applegate, that was “irrelevant.” Id.   3 

Broad’s attempt at rewriting conception law is grounded in an effort to have the outcome 4 

of the present interference be dictated by the PTAB’s decision of no interference-in-fact in the 5 

prior ’048 interference. Paper 2118, 5:3-7. This is a desperate attempt by Broad to salvage its 6 

unsalvageable case. Zhang cannot escape from the facts of derivation, so, Broad attempts to 7 

obfuscate the law of conception by introducing an expectation of success from obviousness law 8 

that has no place in conception. The prior interference-in-fact inquiry was an obviousness inquiry 9 

concerning the parties’ claims, was based on a much more limited evidentiary record, and did not 10 

involve conception. See Ex. 3110, 47:15-17 (“[t]he parties’ claims are the prior art to be 11 

considered in an interference-in-fact inquiry”) (emphasis added); see also, Regents of Univ. 12 

Calif. v. Broad Inst., 903 F.3d 1286, 1296 (Fed. Cir. 2018) (“this case is about the scope of two 13 

sets of applied for claims, and whether those claims are patentably distinct”) (emphasis added).    14 

Unable to reconcile its purported invention story with the decades-old principles and 15 

controlling cases on conception law, Broad is left to argue an exception purportedly announced 16 

by Hitzeman v. Rutter, 243 F.3d 1345 (Fed. Cir. 2001). Broad asserts that Hitzeman requires 17 

inventors claiming a “biological result” to “show a reasonable expectation of success in 18 

achieving that result.” Paper 2118 at 5:19-6:10. That rule is impossible to reconcile with 19 

Burroughs and Applegate, which claimed biological results (treating AIDS in humans and 20 

controlling reproduction in lampreys). And it is nowhere in Hitzeman. 21 

The count in Hitzeman recited a DNA expression vector capable of producing a specific 22 

form of “22 nm hepatitis surface antigen particles” in yeast. Id. at 1352. In the biological or 23 
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chemical arts, conception requires an inventor to have no more than “a mental picture of the 1 

structure of the chemical, or [be] able to define it by its method of preparation, its physical or 2 

chemical properties, or whatever characteristics sufficiently distinguish it.” Amgen, Inc. v. 3 

Chugai Pharm. Co., 927 F.2d 1200, 1206 (Fed. Cir. 1991). Here, CVC’s knowledge of the 4 

structure of the composition as set forth in Count 1, which is a system or a eukaryotic cell 5 

comprising that system, amply satisfies Hitzeman. CVC had already written out the specific 6 

sequence of the chimera A sgRNA design – the same chimera A design that Marraffini provided 7 

to Zhang, and Zhang copied for a reduction to practice of CVC’s sgRNA CRISPR-Cas9 system. 8 

And CVC had already detailed eukaryotic cells comprising that sgRNA and Cas9 for achieving 9 

targeted DNA cleavage. See e.g., Ex. 4381, 63-65; Ex. 5105.  10 

Hitzeman thus provides no support to Broad’s purported rule that inventors who claim a 11 

“biological result” must “show a reasonable expectation of success in achieving that result.”  12 

Paper 2118 at 5:19-6:10. To the contrary, Hitzeman explains that it merely follows the basic rule 13 

of Burroughs and Applegate, which both also concerned claims reciting a biological result. As 14 

Hitzeman explains, Burroughs awarded conception to an inventor who could produce the 15 

claimed composition, but arguably did not have “a reasonable expectation that the device or 16 

composition, once completed, would work for its intended purpose.” 243 F.3d at 1358.  Thus, 17 

conception does not require “a reasonable expectation that the device or composition, once 18 

completed, would work for its intended purpose.” Id. (emphasis added). 19 

Broad hints at simultaneous conception and reduction to practice, but never invokes the 20 

doctrine expressly. There is reason for that. That narrow doctrine cannot be stretched to fit this 21 

case. Conception is simultaneous with reduction to practice only in the rarest of cases—where 22 

successful implementation is necessary to “finally reveal[ ] th[e] structure” of the invention.  23 
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Burroughs, 40 F.3d at 1229. That was the case in Hitzeman, 243 F.3d at 1356, and the case in 1 

Amgen, where the inventor had defined the gene “solely by its principal biological property … 2 

because an alleged conception having no more specificity than that is simply a wish to know the 3 

identity of any material with that biological property.” 927 F.2d at 1206. Conception was 4 

complete, however, once the inventors in those cases knew the structure of their inventions. Id.; 5 

Hitzeman, 243 F.3d at 1356; see also Fiers v. Revel, 984 F.2d 1164, 1169 (Fed. Cir. 1993) 6 

(conception requires recited structure). Here, the CVC inventors knew the structure—each 7 

element of Count 1—and even had made and successfully tested the sgRNA CRISPR-Cas9 8 

system of Count 1 on eukaryotic target gene sequences in vitro—all before Zhang obtained 9 

CVC’s invention via Marraffini. All that needed to be done was to introduce the composition 10 

into a eukaryotic cell, e.g., by microinjection.     11 

Moreover, precedent precludes applying a simultaneity theory in cases where derivation 12 

is at issue, as it is here. The CCPA provided this guidance in MacMillan v. Moffett, 432 F.2d 13 

1237 (CCPA 1970), explaining why and when Applegate controls relative to a rare case of a 14 

simultaneous conception and reduction to practice. MacMillan expressly stated that simultaneous 15 

conception and actual reduction to practice does not apply where derivation is the issue:  16 

[T]his court's decision in Applegate v. Scherer, 332 F.2d 571, 51 CCPA 17 
1416 (1964), made it abundantly clear that [the doctrine of simultaneous 18 
conception and reduction to practice] does not apply in cases where the 19 
issue is originality or derivation. This is such a case. 20 

MacMillan at 1240 (emphasis added). This is indeed such a case because derivation is squarely 21 

at issue here. Ex. 5013, ¶¶48-58; Ex. 5254, 2, 12; Ex. 4768, 27; Ex. 5016, ¶¶11-20; Ex. 5018, 22 

¶¶10-21; Ex. 5266, 187:21-188:13; Ex. 5265, 23:19-24:9, 24:18:25:3, 27:4-16, 29:20-30:3, 64:9-23 

18, 66:7-67:7, 68:13-21; Ex. 5255, 2; Ex. 3713, 27-29; MF96-118.  24 

iv. Under priority of invention law, Broad cannot prevail because CVC has the 25 
earlier conception date, coupled with reasonably continuous diligence 26 
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through CVC’s multiple reductions to practice. 1 

Broad argues that Zhang conceived of Count 1 on June 26, 2012. Paper 2118, 42:9-10. 2 

The response is that (i) Zhang did not conceive of Count 1 because he derived it from CVC (see 3 

Section IV(a)(i)-(ii), supra); and (ii) even if Zhang were credited with a June 26 conception date, 4 

Broad cannot prevail because CVC has the earlier conception, coupled with reasonably 5 

continuous diligence from before June 26 through CVC’s multiple actual reductions to practice. 6 

The figure below summarizes the timeline of events precluding Broad from an award of priority 7 

(see also Appendix 3): 8 

 9 

As discussed above and explained in CVC’s priority motion, CVC had a complete 10 

conception of the invention of Count 1 well before Zhang’s alleged June 26 date. See e.g., Paper 11 

Broad 

June 26, 2012 
Marraffini informs Zhang: ' [CVC] provide pre

processed crRNAs ... no need for RN Ase Ill"; 
provides Zhang wrth CVC's sgRNA design; 

1,· ~ GU-:; I ' """ " 
July-August 2012 

Zhang uses existing reagents in his lab and 
routine methods to apply CVC's sgRNA 

CRISPR-Cas9 system in eukaryotic cells 

2012 eve 
By March 1 2012 

1 .. CVC inventors had diagrammed and detailed their 
M,~.r . .. ········ sgRNA CRISPR-Cas9 system for eukaryotic cells. 

By April 11 2012 
. CVC inventors had described techniques for introducing 

A pril .... ···· sgRNA CRISPR-Cas9 complex into eukaryotic cells 
l ········ crting articles published for ZFN and TALENs, that 

included delivery by microinjection into zebrafish 

By May 28 2012 May 
I 

June 

CVC inventors had successfully tested eukaryotic targeted 
sgRNA CRISPR-Cas9 in vrtro (GFP); designed and synthesized 

.I.. ..... ········ CL TA targeted sgRNAs; and filed P1 patent application detailing 
use of their sgRNA CRISPR-Cas9 system in eukaryotic cells. 

June 21. 2012 
.. ...- CVC inventors contact Drubin/Cheng at UC and agree to contact 

_./ Raible at UV to use CVC's sgRNA system in eukaryotic cells 

_.( ..... .... June 21. 2012 

.. ···•···•······· 

July 
I 
I 

{: } 

CVC hosts CRISPR conference and discloses role of tracrRNA 
in CRISPR-Cas9 DNA-cleavage complex and sgRNA design for 
genome edrting in eukaryotes. Marraffini attends conference . 

Ex. 4768, 26 

August-October 2012 
CVC performs multiple actual 
reductions to practice of Count 1. 
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1579, 7:17-20:23; see also, Ex. 4381, 63-65; Ex. 4382, 4-7; Ex. 4349, ¶¶75, 78, 124-128; Ex. 1 

4603; Ex. 5105, 16-29; Ex. 4475; Ex. 4350, ¶62; Ex. 4352, ¶12; Ex. 4799; Ex. 4348, ¶115; Ex. 2 

4351, ¶¶57-58; Ex. 4294, ¶¶9-14; Ex. 3002; Ex. 5013, ¶¶45-47; MF130-136. CVC’s priority 3 

motion also shows that the CVC inventors exercised reasonably continuous diligence from 4 

before June 26 through CVC’s reductions to practice, such as contacting colleagues Drubin and 5 

Cheng at U.C. and agreeing to contact Raible at U.V. about implementing CVC’s sgRNA 6 

CRISPR-Cas9 system in zebrafish. See e.g., Paper 1579, 27:20-28:17, 43:22-49:13; Ex. 4555; 7 

Ex. 4775; Ex. 4776; Ex. 4351, ¶¶56-58. In view of CVC’s earlier conception coupled with 8 

diligence during the critical period through its actual and constructive reductions to practice, 9 

Broad’s alleged conception on June 26 and alleged actual reductions to practice in July and 10 

August are irrelevant under decades of interference law. See e.g., Cooper, 154 F.3d at 1327; see 11 

also, Paulik v. Rizkalla, 760 F.2d 1270, 1276-1286 (1985) (J. Rich, concurring and discussing 12 

the history of § 102(g)). Thus, even under quintessential priority of invention law, priority must 13 

be awarded to CVC, who were first to conceive the invention and who showed reasonable 14 

diligence during the critical period in reducing their invention to practice.           15 

v. If the PTAB were to apply a simultaneity standard here—which it should 16 
not do—Broad still cannot prevail. 17 

The PTAB need not even reach Broad’s proffered evidence of reduction to practice for 18 

two reasons. First, the law of derivation precludes Zhang from being an inventor of Count 1. 19 

Applegate, 332 F.2d at 573-574; Alexander, 342 F.2d at 471. Second, even under priority of 20 

invention law, CVC was first to conceive, with reasonable diligence until it reduced the 21 

invention to practice. Cooper, 154 F.3d at 1327. But, if the PTAB were to erroneously apply an 22 

incorrect legal standard of simultaneous conception and reduction to practice despite 23 

MacMillan’s clear prohibition, Broad still fails to meet its burden of proof. Broad’s motion fails 24 
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to demonstrate that Zhang’s July 20, 31, and August 31, 2012 experiments are actual reductions 1 

to practice of Count 1. Ex. 5013, ¶¶105-142. Given that Broad’s alleged reductions to practice on 2 

August 31 and by October 5, 2012 are well after CVC’s August 9, 2012 zebrafish reduction to 3 

practice, this leaves Broad, at best, second to reduce Count 1 to practice. Id. 4 

1. Broad’s alleged ARTPs all lack corroboration. 5 

Broad’s alleged ARTPs are all plagued with a recurring, fatal infirmity: failure of 6 

corroboration. Inventor testimony must be corroborated under a rule of reason. See Coleman, 754 7 

F.2d at 360. The rule of reason for corroboration requires “evaluation of all the pertinent 8 

evidence,” but “does not dispense with the requirement for some evidence of independent 9 

corroboration.” Discussed in more detail below, Broad’s purported contemporaneous 10 

documentary evidence contains large gaps that Broad attempts to fill in with post-hoc and 11 

uncorroborated inventor opinions and analyses, including a hindsight reconstruction of the 12 

contents in the gels, and an apparent re-sequencing of clones. Ex. 5013, ¶¶105-142. In the face of 13 

weak corroborative documentary evidence, Broad seeks to rely on four fact witnesses:  14 

Broad’s experiments Broad’s alleged corroborators Citation 
2011 pre-crRNA processing  Sanjana Paper 2118, 47:22-24 
July 20, 2012 Cong  Paper 2118, 47:11-12 
July 31, 2012 Cong; Cox; Kosuri Paper 2118, 47:17-19 
August 31, 2012 Cong; Cox Paper 2118. 48:3-4 

But both Cong and Sanjana are listed inventors on Broad’s involved patents and 15 

application, and therefore cannot serve as corroborators for Zhang or each other. Paper 23, 5:35, 16 

7:22, 8:8, 9:9, 9:15-10:9, 11:8; Ex. 3001, 1; MF137-138. As named inventors, Cong and Sanjana 17 

necessarily have an interest in obtaining or maintaining the patents. See Chen v. Bouchard, 347 18 

F.3d 1299, 1309 (Fed. Cir. 2003) (explaining that the rule prohibiting the use of one co-19 

inventor’s testimony to help corroborate the testimony of another guards against “the concern 20 

that a party claiming inventorship might be tempted to describe his actions in an unjustifiably 21 
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self-serving manner in order to obtain a patent or to maintain an existing patent”). And as co-1 

inventors with Zhang, they are expressly precluded from corroborating Zhang’s testimony. See, 2 

e.g., Medichem, S.A. v. Rolabo, S.L., 437 F.3d 1157, 1170-71 (Fed. Cir. 2006) (stating that the 3 

“testimony of one co-inventor cannot be used to help corroborate the testimony of another”).  4 

After removing Cong and Sanjana as corroborators, Broad is left with only Cox and 5 

Kosuri, who only provide testimony regarding Broad’s July 31 and August 31 experiments. See 6 

Paper 2118, 47:17-22; Ex. 3426; Ex. 3432. Cox, however, is listed as an inventor on Broad’s 7 

earliest priority application, making him an interested party, much like Zhang, Cong, and 8 

Sanjana. Ex. 3001, 318; MF139. Cox admitted on cross-exam that, as a result of being listed as 9 

an inventor, he is “likely” to receive financial gain as a result of being a listed inventor and that 10 

this proceeding would likely affect his future royalties payments “in some way.” Ex. 5261, 11 

123:2-6, 127:22-128:8. Indeed, Cox testified that he received approximately $295,000 in patent 12 

royalties from MIT in 2020 and approximately $70,000 in patent royalties in 2019. Ex. 5261, 13 

123:12-18, 127:19-21. The PTAB should find no corroborative value in Cox’s testimony.   14 

The remaining witness, Kosuri, fails to corroborate Zhang’s story. See Ex. 3432, ¶¶3-4; 15 

MF140. Kosuri testifies that Zhang emailed him on July 31, 2012, stating, “[w]e have this 16 

system working in mammalian cells….” Ex. 3432, ¶4; Ex. 3848. But Kosuri admitted he had no 17 

direct knowledge of what Zhang meant by “this system” in his July 31 email. Ex. 5259, 38:9-18 

39:2. Kosuri cannot fill in the gaps to show that any experiment was actually performed on the 19 

date alleged. He testified that he did not recall what “this system” meant, and further admitted 20 

that “I don't think [Zhang] ever explained to me what he meant by ‘this system’ in this e-mail.” 21 

Id. Nor did Kosuri have any direct knowledge of the actual data from the July 28 or July 31 22 

experiments. Id., 39:19-40:1; MF140. Thus, Kosuri lacks foundation to corroborate Zhang’s 23 
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testimony because he relies on no information that is independent from Zhang. Ex. 3432, ¶¶3-5; 1 

Ex. 3847; Ex. 3848. Under a rule of reason, none of Zhang’s testimony is corroborated. See 2 

Coleman, 754 F.2d at 360; Chen, 347 F.3d at 1309; Medichem, 437 F.3d at 1170-71. This 3 

deficiency alone is enough for the PTAB to reject all of Broad’s proofs. Id. As discussed below, 4 

Broad further fails to show ARTP due to abject failure of proof and lack of contemporaneous 5 

inventor recognition.        6 

2. Broad fails to establish that Zhang’s July 20, 2012 experiment was 7 
an actual reduction to practice of Count 1. 8 

Failure of proof. Broad carries the burden of production and the burden of persuasion to 9 

show entitlement to an invention date earlier than its accorded benefit date. Broad’s motion 10 

barely addresses Zhang’s July 20, 2012, experiment, let alone provides sufficient evidence to 11 

establish by a preponderance of the evidence that it is an actual reduction to practice of Count 1. 12 

Paper 2118, 13:14-18 (dedicating only 5 lines of text to July 20) and 24:13-22 (referring only to 13 

July 31 when discussing the “July 2012” ARTPs). Further, Broad provides no contemporaneous 14 

evidence of the experimental design, protocol, conditions, or other details for this experiment. 15 

Ex. 5013, ¶¶105-117. The electronic lab notes document attributed to Cong (Zhang’s co-inventor 16 

on multiple involved patents) purportedly from the July 2012 time-period has no record of the 17 

experiment. Ex. 3582; Ex. 5013, ¶¶105-110. For that matter, Cong’s electronic notes document 18 

has no metadata associated with it at all. See Ex. 3582; Ex. 3429 (exhibit C at 15). Unlike notes 19 

handwritten in ink on pages with fixed page numbers, Cong’s electronic notes were capable of 20 

being easily edited whenever he saw fit, and he admitted there is no time stamp evident on the 21 

document. Ex. 5260, 247:7-249:7. Exhibit 3582 is completely unreliable evidence.   22 

Broad’s witnesses could offer nothing beyond vague recollections or no memory at all. 23 

At deposition, Zhang testified 175 times that he no longer recalled the events in past years. See 24 
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Ex. 5262. Not to be outdone, Cong testified 215 times that he could not recall the details from his 1 

experiments. Ex. 5260. For example, when asked about details of the July 20 experiment, such as 2 

who performed the experiment, how it was performed, and how it was documented, Cong could 3 

not answer. Ex. 5260, 229:9-231:4 (repeatedly testifying that it is “difficult to recall,” that he 4 

“cannot recall in specific detail,” and it is “difficult to recollect specifics”). Cong was unable to 5 

answer questions as simple as whether the experiment included a negative control. Ex. 5260, 6 

234:5-9 (“it’s difficult to recall … it’s difficult to answer the question”). Even when Cong 7 

backtracked and suggested in hindsight there was “probably” a negative control, he was unable 8 

to identify which lane in the July 20 gel was a negative control, rendering his entire analysis of 9 

the evidence unreliable. Ex. 5260, 235:8-19. Ellington conceded on cross-exam that the 10 

experiment did not include any control that lacked DNA in the transfection experiment, i.e., a 11 

negative control. Ex. 5263, 185:13-18. As Doyon explains, having the proper positive and 12 

negative controls are crucial for experimental interpretation, because without them, the 13 

researcher is unable to conclude if the experiment was successful. Ex. 5013, ¶¶111-112; Ex. 14 

3276, 2297. Attempting to cure this critical experimental infirmity, Ellington astonishingly 15 

contended at deposition that “there is no better control” than an experimental test sample that 16 

failed to work. Ex. 5263, 184:10-187:13. Yet, Ellington could provide no evidence supporting 17 

his dubious testimony. Id.; Ex. 5013, ¶¶111-112. Doyon explains that a failed test sample is not a 18 

“negative control,” because control samples have a known, expected outcome (i.e., positive or 19 

negative); experimental test samples do not—that is why they are experimental. Ex. 5013, ¶111.   20 

Even without control samples, the so-called results of the July 20 experiment show no 21 

signs of success. At deposition, Cong was unable to identify any purported DNA cleavage 22 

products in the July 20 Surveyor assay gel image that Broad produced as an exhibit in this 23 
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interference. Ex. 5260, 224:21-229:7; Ex. 3922. Cox also testified that he “couldn’t tell” if there 1 

were DNA cleavage bands in the gel image. Ex. 5261, 76:15-19; Ex. 3922. Unable to find any 2 

evidence of DNA cleavage in the contemporaneous gel image, Cong resorts to a post hoc gel 3 

image (Ex. 3901) that he prepared for this proceeding. Cong admitted that he created a gel 4 

image file that he manipulated by inverting the color, enhancing the contrast, and 5 

cropping/zooming in – all for the purposes of this litigation. See Ex. 5260, 221:10-222:17; Ex. 6 

3425, ¶30; Ex. 3901. Broad’s expert Ellington provides only conclusory testimony about the July 7 

20 experiment (9 lines of text), and Breaker relies entirely on the image that was created and 8 

manipulated for this litigation (Ex. 3901). Ex. 3430, ¶¶37-38; Ex. 3444, ¶¶28-29. Broad’s lack of 9 

contemporaneous evidence on experimental design, conditions, and whether the experiment 10 

included positive and negative controls, coupled with ambiguous results and vague, conclusory 11 

witness testimony renders this July 20 experiment inconclusive at best. Ex. 5013, ¶¶105-117.  12 

No contemporaneous evidence of inventor recognition. An actual reduction to practice 13 

requires that the inventor determine the invention worked for its intended purpose. Cooper at 14 

1327. Broad fails to prove that Zhang believed the July 20 experiment worked. In fact, the sparse 15 

evidence Broad put in the record shows the opposite. In a July 20 email to Cong, Zhang wrote 16 

that he was “not sure how to interpret this gel,” and in a July 21 email, Cong stated that “[t]he 17 

first gel looks very promising … but … it’s hard to tell.” Ex. 3772 (emphasis added); Ex. 3773; 18 

Ex. 5013, ¶¶118-119. At no point in the contemporaneous evidence of record did Zhang ever 19 

refer to the July 20 results as anything more than “promising,” at best. See e.g., Ex. 3775 20 

(“promising”); Ex. 3858 (“promising”); Ex. 5013, ¶¶118-119. And as already discussed above, 21 

the high-resolution gel images in Ex. 3922 fail to show any evidence of DNA cleavage products. 22 

Ex. 5260, 224:21-229:7; Ex. 5261, 76:15-19; Ex. 3922; Ex. 5013, ¶¶113-117. Thus, there is no 23 
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evidence that Zhang appreciated in 2012 that the embodiment worked for its intended purpose.  1 

Failure to corroborate. The only proffered corroborator for the July 20 experiment is 2 

Cong, but as discussed above, Cong is a co-inventor and cannot corroborate Zhang’s testimony. 3 

Coleman, 754 F.2d at 360; Chen, 347 F.3d at 1309; Medichem, 437 F.3d at 1170-71; MF137. 4 

3. Broad fails to establish that Zhang’s July 28 and July 31, 2012 5 
experiment was an actual reduction to practice of Count 1. 6 

Failure of proof. According to Cong, he performed a second Surveyor assay on July 28, 7 

2012, followed by a DNA sequencing result on July 31. Ex. 3424, ¶¶42-43, 47. Broad’s motion 8 

fails to show either experiment amounts to an actual reduction to practice of Count 1. First, 9 

Cong’s unsubstantiated electronic notes document is once again the only purported 10 

contemporaneous record of the materials, methods, experimental design, sample descriptions, 11 

and presence or absence of positive and/or negative controls in the July 28 Surveyor assay. Ex. 12 

3425, ¶¶35, 41; Ex. 3582, 24. As discussed above, however, Cong is a co-inventor with Zhang 13 

on Broad’s involved patents and Exhibit 3582 – which is not independent of the inventors – 14 

cannot corroborate Zhang’s or Cong’s testimony. Coleman, 754 F.2d at 360; Chen, 347 F.3d at 15 

1309; Medichem, 437 F.3d at 1170-71. Moreover, Cong’s electronic notes document has no 16 

metadata associated with it, was capable of being edited at will, and is unreliable evidence. Ex. 17 

3582; Ex. 3429 (exhibit C at 15); Ex. 5260, 247:7-249:7.  18 

Like the July 20 Surveyor gel, Cong’s July 28 Surveyor gel is equally uninformative and 19 

inconclusive. Ex. 5013, ¶¶120-128; Ex. 3582, 24; Ex. 3566. Zhang alleges that sample #8 in lane 20 

5 showed positive DNA cleavage bands, but there is no evidence of the necessary negative 21 

control in the assay to make such a conclusion. Ex. 3424, ¶162; Ex. 3425, ¶¶41-43; Ex. 3566; 22 

Ex. 5013, ¶¶123-127. Even Broad’s expert Ellington’s post-hoc reconstruction of the alleged 23 

samples in each lane in the July 28 Surveyor gel confirms the experiment did not include a 24 
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proper negative control: untransfected or otherwise unmodified cells. Ex. 3430, ¶¶41-42; Ex. 1 

5013, ¶¶123-127.    2 

As Doyon explains, without proper controls—especially a proper negative control—a 3 

Surveyor assay is unreliable because the researcher cannot determine if DNA bands on the gel 4 

are due to specific (desired) DNA cleavage or a result of non-specific DNA cleavage. Id. Zhang 5 

himself published a Nature Protocols article explaining that in Surveyor assays, it is critical to 6 

include a negative control of untransfected cells: “CRITICAL STEP … because SURVEYOR 7 

cleavage results can detect naturally occurring single-nucleotide polymorphisms, it is important 8 

to run negative control samples of untransfected or otherwise unmodified cells.” Ex. 3276, 2297; 9 

Ex. 5013, ¶¶109, 125-127. No such control is present in Cong’s July 28 Surveyor assay.   10 

Further, Broad’s evidence indicates that Cong had contamination problems with his PCR 11 

products he used to perform the July 28 Surveyor assay. Ex. 5013, ¶128. Cong’s July 31 email to 12 

Zhang is telling, because Cong notes that half of their DNA sequencing results “are still 13 

homopolymer/repetitive.” Ex. 3782; Ex. 5013, ¶128. Doyon explains that this means Cong’s 14 

PCR products in the Surveyor assay were contaminated, which means any so-called “cleavage 15 

bands” in the Surveyor gel cannot be interpreted as specific cleavage products. Ex. 5013, ¶128; 16 

Ex. 5130, 187; Ex. 4413.  17 

Broad’s alleged sequencing results from July 31 also fail to show evidence of an actual 18 

reduction to practice of Count 1. Ex. 5013, ¶¶129-133. Neither Cong nor Zhang provide any 19 

explanation or evidence to show how the sequencing experiment was performed or even what 20 

sequencing primers were used. Ex. 3424, ¶164; Ex. 3425, ¶44; Ex. 5013, ¶¶129-133. And as 21 

discussed below, there is no contemporaneous evidence that Zhang appreciated the experiment 22 

worked. On this record, Broad has failed to meet its burden of proof.  23 
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No contemporaneous evidence of inventor recognition. Broad fails to show that Zhang 1 

recognized that the July 31 embodiment worked for its intended purpose. Cooper at 1327. Zhang 2 

testifies that he emailed Cong on July 31, stating that the data “is very promising. There are two 3 

clones that had modifications.” Ex. 3784, 1; Ex. 3424, ¶165. But Broad did not provide any 4 

evidence that Zhang appreciated that the so-called sequence “modifications” were the result of 5 

CRISPR-Cas9 targeted cleavage. Ex. 5013, ¶¶131-132. Attempting to supplement the glaring 6 

lack of contemporaneous evidence, Cong again resorts to recreations of the alleged analyses 7 

from 2012, this time using software that was not even available in 2012. Ex. 5260, 258:9-259:16, 8 

271:16-272:10; Ex. 3567; Ex. 3568; Ex. 5013, ¶¶131-132. Cong likewise admitted that the DNA 9 

sequence analyses he presents in Exhibits 3939 and 3940 “were performed for the proceeding” 10 

and “to the best of my recollection, I performed these analyses in 2020.” Ex. 5260, 260:13-11 

261:5; Ex. 3939; Ex. 3940. Finally, Cong admitted that the TIDE DNA sequence analysis 12 

software tool he used did not even exist in 2012. Ex. 5260, 271:16-272:10. When asked if he 13 

could have performed the same DNA sequence analysis in 2012, Cong ultimately concluded that 14 

the “software tool … I believe, was not available back in 2012.” Id.  15 

Failure to corroborate. The only proffered corroborators for the July 31 experiment are 16 

Cong, Cox, and Kosuri. Discussed above, neither Cong nor Cox can corroborate Zhang’s 17 

testimony as they are interested parties. Ex. 3001, 1, 318; Ex. 5261, 123:2-6, 127:22-128:8. Also 18 

discussed above, Kosuri lacks foundation to corroborate Zhang. Ex. 5259, 38:9-39:2; Coleman, 19 

754 F.2d at 360; Chen, 347 F.3d at 1309; Medichem, 437 F.3d at 1170-71; MF137-140.  20 

4. Broad’s August 2012 experiment occurred after CVC’s actual 21 
reduction to practice in zebrafish on August 9, 2012.  22 

Broad’s priority motion alleges only that Zhang “achieved further ARTPs” in “August 23 

2012,” but fails to proffer any specific date. See Paper 2118, 31:7-36:10 (referring to “August 24 
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2012” experiments 16 times without ever providing a specific date). Thus, the PTAB should 1 

construe the ambiguous term “August 2012” against Broad and interpret it to mean the last date 2 

in that range: August 31. See Oka v. Youssefyeh, 849 F.2d 581 (Fed. Cir. 1988). Broad’s 3 

proffered Surveyor gels and sequencing data are all dated after August 9—i.e., after CVC’s 4 

successful actual reduction to practice of Count 1 in zebrafish—so Zhang is, at best, second to 5 

reduce to practice in view of Broad’s evidentiary failures discussed above for the July 6 

experiments. Moreover, the timing of Zhang’s reduction to practice is ultimately irrelevant to the 7 

PTAB’s priority decision here because (i) Zhang did not conceive of Count 1 at all – he derived 8 

it from CVC; (ii) even if Zhang were credited with a June 26 conception, CVC prevails because 9 

CVC has the earlier conception, coupled with reasonably continuous diligence through CVC’s 10 

reduction to practice; and (iii) Zhang is at best second to reduce Count 1 to practice in view of 11 

Broad’s failures and evidentiary infirmities discussed above for the July experiments.  12 

Failure of proof. Although the PTAB need not reach Broad’s August 31 experiment 13 

because it occurred after CVC’s August 9 ARTP, Broad’s motion nevertheless fails to establish 14 

the experiment was an ARTP of Count 1. Broad provides no contemporaneous evidence that 15 

Zhang perceived the August 2012 sequencing data as a positive result. Ex. 3424, ¶193. Zhang 16 

testifies only that he reviewed Cong’s declaration testimony and evidence. Id. Nowhere does 17 

Zhang or Cong show that Zhang appreciated the same sequencing data in August 2012. Further, 18 

Doyon explains that Cong’s DNA chromatograms are inconsistent, unreliable, and inconclusive. 19 

Ex. 5013, ¶¶134-142; Ex. 3545-3550; Ex. 3425, ¶79. Exhibit 3545 contains no EMX1 sequences 20 

at all; Exhibits 3546 and 3547 show no insertions or deletions; and Exhibits 3548-3550 appear 21 

to be sequences from an entirely different and undated experiment. Ex. 5013, ¶¶136-140.  22 

Broad’s August 2012 Surveyor assay data is also unreliable. Ex. 5013, ¶¶134-135. Cong 23 
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relies on an electronic notes document (Exhibit 3552) as a purported record of the experiment. 1 

Ex. 3425, ¶¶83-85. Again, Cong is a listed co-inventor with Zhang on Broad’s involved patents 2 

so neither Cong nor Exhibit 3552 can corroborate Zhang’s testimony. Moreover, Exhibit 3552 3 

fails to provide any experimental details, protocols, and information necessary to draw any 4 

scientific conclusions. Ex. 5013, ¶¶134-135; Ex. 3552. And the face page of Exhibit 3552 5 

indicates it was created on September 9, 2012 and updated June 24, 2013—clearly not a 6 

contemporaneous document for an August 2012 experiment. Ex. 3552, 1; Ex. 5013, ¶135. 7 

Exhibit 3552 has no metadata associated with it to prove otherwise. See Ex. 3429 (exhibit C, 14).  8 

Failure to corroborate. Broad’s only corroborators for the August 31 experiment are 9 

Cong and Cox. But both Cong and Cox are interested parties and neither can corroborate 10 

Zhang’s testimony here. Ex. 3001, 1, 318; Ex. 5261, 123:2-6, 127:22-128:8; Coleman, 754 F.2d 11 

at 360; Chen, 347 F.3d at 1309; Medichem, 437 F.3d at 1170-71; MF137, 139. 12 

vi. Broad’s primary argument fails on the facts and law. 13 

In sum, Broad’s argument that Zhang conceived Count 1 on June 26, 2012 fails on at 14 

least three levels. First, derivation law compels the PTAB to award priority to CVC because 15 

Zhang derived the entirety of Count 1 from CVC, via Marraffini. See Applegate. Second, even if 16 

Zhang purportedly contributed the eukaryotic element of Count 1, derivation law still compels 17 

the PTAB to award priority to CVC under Alexander. Third, should the PTAB improperly credit 18 

Zhang with a June 26 conception, Broad cannot prevail because CVC has the earlier conception 19 

date couple with diligence during the critical period through CVC’s reduction to practice. 20 

b. Broad’s fallback argument that Zhang should be credited with conception of 21 
chimeric RNA before March 1, 2012 lacks any credible basis in law or fact. 22 

i. Broad’s fallback position is unmoored from the law. 23 

Recognizing that the facts and law compel awarding priority to CVC, Broad creates a 24 
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fallback position unmoored from the law. According to Broad, if the PTAB were to “give 1 

weight” to a CVC conception date earlier than Broad’s asserted June 26 date, Broad argues at 2 

page 46, lines 18-22, that Zhang should be credited with conception of a chimeric RNA on some 3 

unspecified date “before March 1, 2012,” based on Zhang’s work that admittedly did not involve 4 

a single-molecule guide RNA. Paper 2118, 46:18-22. The response is that Broad’s argument 5 

lacks any credible basis in law or fact. None of Broad’s evidence from prior to June 26, 2012 6 

meets all the limitations of Count 1. Ex. 5013, ¶¶143-158, A1-A78; MF78-95.   7 

The law of conception unambiguously requires showing every element of the count. 8 

Coleman, 754 F.2d at 359. Broad tellingly provides no law or other authority supporting its 9 

attempt to skirt this requirement. As the movant, Broad bears the burden to show conception of 10 

every element of the Count 1. But it is undisputed that Zhang’s pre-crRNA processing 11 

experiments and all of the contemporaneous evidence from before June 26, 2012 glaringly 12 

lacked an element of Count 1: sgRNA—the same feature the Nobel Prize committee highlighted 13 

in recognizing Charpentier and Doudna’s ground-breaking technological advance. See e.g., Ex. 14 

3424, ¶89; Ex. 3401, ¶7.11; Ex. 4301; Ex. 4609; Ex. 5013, ¶¶143, A1-A78. Because Zhang’s 15 

pre-June 26 efforts plainly do not meet all the elements of Count 1, the PTAB should summarily 16 

reject Broad’s attempts to circumvent the law. Moreover, even if the PTAB were to consider 17 

Broad’s fallback argument, the evidence shows it fails on the merits. Ex. 5013, ¶¶A1-A78.   18 

ii. Before June 26, 2012, Zhang’s CRISPR experiments were all misguided, 19 
failed  attempts to mimic pre-crRNA processing, not comport with Count 1.  20 

From March 2011 through late June 2012, Zhang’s CRISPR research consisted solely of 21 

attempting to replicate in eukaryotes the natural bacterial pre-crRNA processing in hopes of 22 

achieving target DNA cleavage. See e.g., Ex. 5264, 48:19-49:3; Ex. 5265, 23:6-18, 24:17-25:3, 23 

29:20-30:3, 36:17-37:10; Ex. 5013, ¶143. Such a system does not use a sgRNA. Ex. 5013, ¶¶A1-24 
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A78; MF78-95. Although Broad touts such early work as successes, the contemporaneous 1 

evidence shows the opposite. As shown in the Appendix 3 timeline, the Zhang group’s lab 2 

notebooks, emails, and lab presentations all consistently document Zhang’s failed attempts to 3 

mimic in eukaryotic cells the cumbersome bacterial pre-crRNA processing pathway. Ex. 5013, 4 

¶¶A1-A78; Ex. 5264, 48:19-49:8, 51:4-10; Ex. 5265, 23:6-18, 24:17-25:3, 29:20-30:3, 36:17-5 

37:10; Ex. 5262, 78:12-17, 228:2-8, 229:21-230:7; Ex. 3777; Ex. 3424, ¶¶70-71, 79; Ex. 3716, 6. 6 

Zhang’s CRISPR experiments before June 26, 2012 did not work, because he never understood 7 

how to assemble a functional catalytic DNA-cleavage complex in eukaryotic cells. Ex. 5013, 8 

¶¶A1-A78. In particular, Zhang did not know that tracrRNA was a necessary component of the 9 

catalytic DNA-cleavage complex until he learned that information from CVC through Marraffini 10 

on June 26. Marraffini testified that, prior to June 26, his conversations with Zhang regarding 11 

tracrRNA were “only about the importance of tracr for what we knew at the time was generation 12 

of RNA guides” and that on June 26, Marraffini “must have” told Zhang “about the role of tracr 13 

in the cutting complex in a CRISPR-Cas9 system” because he told Zhang about sgRNA. Ex. 14 

5265, 24:18-25:3, 29:20-30:3. Marraffini also confirmed that “the first time” Zhang ever saw 15 

“cleavage and gene editing in … human cells” was after June 26, 2012, when he used CVC’s 16 

sgRNA system. Ex. 5265, 67:13-68:9; MF80, 108-111.   17 

Zhang’s present day contention that he “understood that the tracrRNA would not leave 18 

the complex after maturation,” is not supported by contemporaneous evidence from 2011-2012. 19 

Broad’s expert Ellington admitted he did not review any evidence from the Zhang lab dated on 20 

or before June 26, 2012. Ex. 5263, 32:6-20. Dr. Zamore explains that statements from Broad’s 21 

expert Breaker, and from Zhang himself, are incorrect and scientifically indefensible.  As Doyon 22 

and Zamore explain,  before CVC’s disclosure in June 2012, the art taught that tracrRNA was 23 
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only required for upstream pre-crRNA processing (along with RNase III and Cas9), but was not 1 

present in the catalytic CRISPR DNA-cleavage complex. Ex. 5013, ¶¶28-40; Ex. 3214, Fig. 4; 2 

Ex. 4046, Fig. 1; Ex. 4047, Fig. 4; see also Ex. 5014, ¶¶30-55.  3 

Broad’s only proffered contemporaneous evidence of Zhang’s “knowledge” of the 4 

CRISPR DNA cleavage complex is an October 2011 email in which Zhang refers to a pre-5 

crRNA array being “loaded” onto Cas9 “as duplex with the tracrRNA.” Ex. 3710; Ex. 5014, 6 

¶¶77-80.  As Zamore explains, Zhang’s email is clearly a reference to loading pre-crRNA onto 7 

Cas9 for RNA processing. Id. Nowhere in Zhang’s October 2011 email does he state that 8 

tracrRNA is part of the CRISPR-Cas9 DNA-cleavage complex. Id. Nor did Deltcheva or other 9 

art suggest as much. Ex. 3214; Ex. 4046, Fig. 1; Ex. 4047, Fig. 4; Ex. 5014, ¶¶30-55. 10 

Marraffini’s testimony undermines Zhang’s litigation-inspired memory, as Marraffini explains 11 

that he and Zhang did not know tracrRNA was a component of the DNA cleavage complex. Ex. 12 

5265, 23:6-18, 24:17-25:3, 29:20-30:3. Barrangou and Sontheimer also testified that, like the rest 13 

of the CRISPR field, they did not know that tracrRNA was a component of the catalytic DNA 14 

cleavage complex until they saw CVC’s presentation on June 21. Ex. 5018, ¶16; Ex. 5016, ¶14. 15 

Shown below, none of Broad’s pre-June 26 evidence shows conception of sgRNA.   16 

iii. Zhang’s pre-crRNA processing work fails to show conception of all the 17 
elements of Count 1.     18 

The March 2011 luciferase experiment fails to show conception of all the elements of 19 

Count 1. Zhang’s March 2011experiment did not contain a tracrRNA element at all, let alone a 20 

crRNA covalently linked to a tracrRNA with intervening nucleotides. Ex. 5013, ¶¶A7-A38; Ex. 21 

5262, 78:12-17; Ex. 3424, ¶¶70-71; MF81-85. Thus, this evidence cannot possibly show 22 

conception of every feature recited in the count. Coleman, 754 F.2d at 359. And as Dr. Doyon 23 

explains, the data fail to show CRISPR-Cas9 mediated target DNA cleavage because (i) there is 24 
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no tracrRNA present and (ii) if anything, the data indicate that Cas1—not Cas9—has an effect on 1 

luciferase expression. Ex. 5013, ¶¶A7-A38; Ex. 3424, Appx. A, exhibit 7; Ex. 3902.   2 

The November 2011 Surveyor assay fails to show conception of all the elements of 3 

Count 1. Zhang’s November 2011 experiment attempted to induce pre-crRNA processing by 4 

combining unprocessed pre-crRNA arrays with RNase III. Ex. 3424, ¶79; Ex. 5013, ¶¶A39-A59; 5 

MF86-89. While contradicting statements Broad advanced during prosecution, Broad’s witnesses 6 

now state that Zhang’s pre-crRNA processing arrays were “dual-molecule RNA” systems.” 7 

Thus, these experiments cannot show conception of the sgRNA CRISPR-Cas9 system of Count 8 

1. See Ex. 3427, ¶4; Ex. 3401, ¶7.11. Further, Broad’s only proffered corroborator, Sanjana, is a 9 

named inventor who cannot corroborate. Paper 23, 9:15-10:9; MF138; see e.g., Coleman, 754 10 

F.2d at 360; Chen, 347 F.3d at 1309; Medichem, 437 F.3d at 1170-71.   11 

Zhang’s January 2012 NIH Grant proposal fails to show conception of all the 12 

elements of Count 1. Zhang’s NIH grant proposal –which contains no CRISPR data – fails to 13 

show conception of all the elements of Count 1 because the CRISPR design presented in the 14 

grant is yet another pre-crRNA processing array. Ex. 3716, 6; Ex. 5013, ¶¶A60-A64; MF90-94. 15 

Zhang characterizes his schematic CRISPR cartoon as a “dual-molecule RNA system,” admitting 16 

that this design cannot meet the sgRNA CRISPR-Cas9 elements of Count 1. Ex. 3424, ¶89. 17 

Broad again relies on Sanjana to corroborate Zhang’s story about the NIH grant, but as discussed 18 

above Sanjana cannot serve as a corroborator in this proceeding. Paper 2118, 47:22-24; MF138; 19 

Coleman, 754 F.2d at 360; Chen, 347 F.3d at 1309; Medichem, 437 F.3d at 1170-71.   20 

Zhang’s April 2012 “CRISPR reporter” experiment fails to show conception of all 21 

the elements of Count 1. Zhang alleges to have performed a “CRISPR reporter” experiment in 22 

April 2012, yet he provides no corroboration and provides no information about the CRISPR 23 
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components or system he purportedly tested, and does not show the fluorescence level of a 1 

negative control, required to interpret the experiment. Ex. 3424, ¶¶107-108; Ex. 5013, ¶¶A65-2 

A70; Coleman, 754 F.2d at 360. Instead, he describes only the GFP reporter system (target 3 

DNA). Id. Broad’s evidence fails to show possession of all the elements of Count 1. MF95.  4 

Zhang’s work through June 2012 failed to show conception of all the elements of 5 

Count 1. On May 8, 2012, Zhang lamented to Marraffini, “[w]e have done a pretty thorough 6 

round of testing for S pyogenes CRISPR activity but have not been able to detect any genome 7 

modification.” Ex. 3713, 25.  Through June 2012, Zhang struggled with pre-crRNA processing 8 

experiments. Zhang’s graduate student Lin reported “CRISPR 2.0 fail to induce genome 9 

modification … [W]e tried several methods … but all failed”; “[m]aybe other factors need to be 10 

identified in Type II CRISPR.” Ex. 3427, Appx. A (exhibit 14 at 000244-245); Ex. 5013, ¶¶A71-11 

A77. Zhang admits that he never attempted to correct Lin’s understanding or Lin’s report before 12 

sharing it with others. Ex. 5262, 169:8-12, 172:7-9. The record also shows that after Zhang 13 

learned from CVC of tracrRNA’s critical role in the DNA-cleavage complex, he retooled his 14 

earlier failed experiments with new pre-crRNA constructs; new, processed tracrRNAs; and new 15 

target genes. Ex. 3427, Appx. A, exhibits 5 and 14; Ex. 3201. It is those post-June 26, 2012 16 

processing experiments that are included in the Cong 2013 paper. Ex. 5262, 228:2-8, 229:21-17 

230:7; Ex. 3564; Ex. 3201; Ex. 3777; Ex. 3580; Ex. 3752, 2; Ex. 5013, ¶A75; MF118.  18 

In sum, none of Zhang’s pre-crRNA processing work shows “every feature recited in the 19 

count.” Coleman, 754 F.2d at 359. Even if it would have been obvious to make a sgRNA—20 

which it was not—that still cannot establish an earlier conception. See e.g., Goeddel v. Sugano, 21 

617 F.3d 1350, 1356 (2010) (no possession of mature form of fibroblast DNA of the count, even 22 

if it might have been obvious to a POSA). Broad’s fallback argument fails on both the merits and 23 
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the law; Broad cannot evade long-standing precedents, such as Coleman and Goeddel.   1 

iv. Broad’s fallback argument fails on the merits for failure to show diligence. 2 

If the PTAB were to somehow give any weight to Broad’s untenable fallback theory, 3 

Broad’s motion still fails to meet its burden of proof. Broad alleges that Zhang has an earlier 4 

conception than CVC, but Broad does not even attempt to show diligence from just before 5 

CVC’s conception through Broad’s alleged actual reductions to practice. See Paper 2118, 44:15-6 

47:2; see also, Cooper, 154 F.3d at 1327. Again, Broad’s argument fails.   7 

c. Broad’s evidence confirms that Broad’s “unique conditions or specific 8 
instructions” argument from the Motions Phase was a sham. 9 

Broad fabricated an argument during the motions phase of this proceeding that a POSA 10 

would have needed to see “unique conditions and specific instructions relevant to CRISPR-11 

Cas9” to understand that the inventors had possession of an embodiment of Count 1. Paper 596, 12 

35:20-37:22. The record evidence proves—as CVC has argued all along—that Broad’s “unique 13 

conditions or specific instructions” argument lacked candor and was a sham. Broad’s evidence 14 

reveals that Zhang’s group did not need any “unique conditions or specific instructions” to 15 

implement CVC’s system in eukaryotic cells. All of the so-called “adaptations” were routine, 16 

ordinary, published techniques. Ex. 5013, ¶¶64-104; MF123-129. And there is no evidence that 17 

Zhang’s group expected to need unique conditions or specific instructions to use sgRNA 18 

CRISPR-Cas9 in eukaryotic cells, or that they were surprised when none were necessary.   19 

V. CONCLUSION 20 

The PTAB should deny Broad’s motion, because doing otherwise would wrongly reward 21 

a party that derived the invention rather than the party that conceived the invention. And it would 22 

contravene the Constitution, Burroughs, Applegate, Alexander, and MacMillan.   23 

Respectfully submitted, 24 
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APPENDIX 1: LIST OF EXHIBITS 

Exhibit 
No. Description 

3001 U.S. Application 61/736,527, Zhang et al., December 12, 2012 
3002 U.S. Application 61/652,086, Jinek et al., May 25, 2012 
3110 Paper 893, Decision on Motions 37 C.F.R. § 41.125(a), Interference 106,048, 

February 15, 2017 
3201 Cong et al., Multiplex Genome Engineering Using CRISPR/Cas Systems, 

339(6121) SCIENCE 819-823 (2013) with Supplemental Material 
3202 Jinek et al., A programmable dual-RNA-guided DNA endonuclease in adaptive 

bacterial immunity, 337(6096) SCIENCE 816-821 (2012) with Supplemental 
Material 

3260 Planey, S.L., et al., Inhibition of Glucocorticoid-induced Apoptosis in 697 Pre-B 
Lymphocytes by the Mineralocorticoid Receptor N-terminal Domain, J. Biol. 
Chem. 277(44): 42188-42196 (2002) (Ex. 1319) 

3261 Yan-Shan Dai, et al., The Transcription Factors GATA4 and dHAND Physically 
Interact to Synergistically Activate Cardiac Gene Expression through ap300-
dependent Mechanism, J. Biol. Chem. 277(27): 4390 –24398 (2002) (Ex. 1029) 

3274 Kim et al., Precision Genome Engineering with Programmable DNA-Nicking 
Enzymes, 22 GENOME RES. 1327-1333 (2012) 

3276 Ran, F.A., et al. Genome engineering using the CRISPR-Cas9 system, Nature 
Protoc. 8(11):2281-2308 (2013) 

3424 Declaration of Feng Zhang, dated December 17, 2020 
3425 Declaration of Le Cong, dated December 17, 2020 
3426 Declaration of David Cox, dated December 16, 2020 
3429 Declaration of Lars Schou [Epiq] 
3430 Declaration of Andrew Ellington, dated December 18, 2020 
3432 Declaration of Sriram Kosuri, dated December 14, 2020 
3444 Second Declaration of Ronald Breaker, dated December 18, 2020 
3522 Grant Proposal to the National Institutes for Health, January 12, 2012 
3537 Evernote File "CRS notes (FZ)", created June 28, 2012 
3544 Plasmid Map pX079 - pLenti3-U6-hEmx1-CT3-EF1a-NLS-hSpCsn1-GFP-NLS-

WPRE (1) 
3545 EMXCT3-A1-M13R.ab1 
3546 EMXCT3-C6-M13R.ab1 
3547 EMXCT3-D5-M13R.ab1 
3548 EMXCT3-E10-M13R.ab1 
3549 EMXCT3-G12-M13R.ab1 
3550 EMXCT3-H3-M13R.ab1 
3552 CRISPR & TALE Labnote 201208-201209 
3564 Cong et al., October 5, 2012 Manuscript, CRISPR-Assisted Mammalian 

Genome Engineering 
3566 Image of Gel 
3567 mTH bacterial colony sequencing alignment, dated October 29, 2020, 1 page 
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3568 mTH bacterial colony sequencing alignment v2, dated October 29, 2020, 1 page 
3580 Sync Up Meeting Notes 201200821 
3582 Le Cong Electronic Notebook 
3623 Mali et al., RNA-Guided Human Genome Engineering via Cas9, 339 (6121) 

SCIENCE 823-826 
3701 Email from Feng Zhang to Greg Fujii, dated February 5, 2011, 8 pages 
3710 Email from Feng Zhang to Shuailiang Lin, dated October 24, 2011, 1 page 
3713 String of emails between Feng Zhang and Luciano Marraffini in 2012 
3716 Email from Feng Zhang to Kiran Musunuru, David Altshuler, Chad Cowan, and 

Jennifer Hyne, dated January 7, 2012, with 32 page attachment, 33 pages total 
3751 Email from Feng Zhang to Le Cong, dated June 27, 2012, 1 page 
3752 Email from Christina Kelly to Feng Zhang and Kristen Pearse, dated March 14, 

2012, 1 page 
3762 Email from Feng Zhang to Le Cong, dated July 1, 2012, 4 pages 
3770 Email from Feng Zhang to Le Cong and Grace Gao, dated July 17, 2012, with 

167 page attachment, 168 pages total 
3772 Email from Feng Zhang to Le Cong, dated July 20, 2012, with 2 page 

attachment, 3 pages total 
3773 Email from Le Cong to Feng Zhang, dated July 21, 2012, 2 pages 
3775 Email from Le Cong to Feng Zhang, dated July 22, 2012, 2 pages 
3777 Email from Feng Zhang to Le Cong, dated July 23, 2012, 1 page 
3782 Email from dnaseq@genewiz.com to Le Cong, dated July 30, 2012, 2 pages 
3784 Email from Feng Zhang to Le Cong, dated July 31, 2012, with 1 page 

attachment, 3 pages total   
3789 Email from Feng Zhang to Le Cong, dated August 28, 2012, 1 page 
3829 Email from Le Cong to David Cox, dated July 25, 2012, 2 pages 
3858 Email from Le Cong to David Cox and Feng Zhang, dated July 25, 2012, 2 

pages 
3902 Graphs of results from luciferase experiments in human cells with CRISPR-

hSt1Cas9 system 
3922 Gel Image 2012-07-20 22hr 21 min.scn 
3939 Analysis of mixed colony - mTH1_D10 
3940 Analysis of mixed colony - mTH1_D10_R 
4036 Declaration of Randall T. Peterson, Ph.D. 
4045 Garneau, J.E., et al., “The CRISPR/Cas bacterial immune system cleaves 

bacteriophage and plasmid DNA,” Nature, 468:67-72 (2010) 
4046 Makarova, K.S., et al., “Evolution and classification of the CRISPR-Cas 

systems,” Nature Reviews Microbiology, 9:467-477 (2011) 
4047 Bhaya, D., et al., “CRISPR-Cas Systems in Bacteria and Archaea: Versatile 

Small RNAs for Adaptive Defense and Regulation,” Annu. Rev. Genet., 45:273-
297 (2011) 

4075 Cho, S.W., et al., “Heritable Gene Knockout in Caenorhabditis elegans by 
Direct Injection of Cas9-sgRNA Ribonucleoproteins,” Genetics, 195:1177-1180, 
Supplementary Information (2013) 
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4076 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) 

4077 Fieck, A., et al., “Modifications of the E.coli Lac repressor for expression in 
eukaryotic cells: effects of nuclear signal sequences on protein activity and 
nuclear accumulation,” Nucl. Acids Res., 20(7):1785-1791 (1992) 

4079 Shen, B., et al., “Generation of gene-modified mice via Cas9/RNA-mediated 
gene targeting,” Cell Research, 23:720-723, Supplementary Information (2013) 

4080 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) 

4082 Sung, Y.H., et al., “Highly efficient gene knockout in mice and zebrafish with 
RNA-guided endonucleases,” Genome Res., 24:125-131, Supplementary 
Information (2014) 

4083 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) 

4084 Hwang, W.Y., et al., “Efficient In Vivo Genome Editing Using RNA-Guided 
Nucleases,” Nat. Biotechnol., 31(3):227-229, pp 1-12 (2013) 

4085 Hwang, W.Y., et al., “Heritable and Precise Zebrafish Genome Editing Using a 
CRISPR-Cas System,” PLOS ONE, 8(7):e68708, pp. 1-9, Supplementary 
Information (2013) 

4086 Chang, N., et al., “Genome editing with RNA-guided Cas9 nuclease in Zebrafish 
embryos,” Cell Research, 23:465-472 (2013) 

4087 Hruscha, A., et al., “Efficient CRISPR/Cas9 genome editing with low off-target 
effects in zebrafish,” Development, 140:4982-4987, Supplementary Information 
(2013) 

4089 Bassett, A., et al., “Highly Efficient Targeted Mutagenesis of Drosophila with 
the CRISPR/Cas9 System,” Cell Reports, 4:220-228, Supplementary 
Information (2013) 

4090 Yu, Z., et al., “Highly Efficient Genome Modifications Mediated by 
CRISPR/Cas9 in Drosophila,” Genetics, 195:289-291, Supplementary 
Information (2013) 

4093 Nakayama, T., et al., “Simple and efficient CRISPR/Cas9-mediated targeted 
mutagenesis in Xenopus tropicalis,” Genesis, 51(12):1-15 (2013) 

4106 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) 

4110 Gustafsson, C., et al., “Codon bias and heterologous protein expression,” Trends 
Biotechnol., 22(7):346-353 (2004) 

4111 Patterson, S.S., et al., “Codon optimization of bacterial luciferase (lux) for 
expression in mammalian cells,” J. Ind. Microbiol. Biotechnol., 32:115-123 
(2005) 

4112 Ill, C.R. and Chiou, H.C., “Gene Therapy Progress and Prospects: Recent 
progress in transgene and RNAi expression cassettes,” Gene Ther., 12:795-802 
(2005) 
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4113 Chugh, A., et al., “Cell-Penetrating Peptides: Nanocarrier for Macromolecule 
Delivery in Living Cells,” IUBMB Life, 62(3):183-193 (2010) 

4114 Fischer-Fantuzzi, L. and Vesco, C., “Cell-dependent efficiency of reiterated 
nuclear signals in a mutant simian virus 40 oncoprotein targeted to the nucleus,” 
Mol. Cell Biol., 8(12):5495-5503 (1988) 

4233 Hwang, W.Y., et al., “Efficient genome editing in zebrafish using a CRISPR-
Cas system,” Nature Biotechnology, 31(3):227-229, Supplementary Information 
(2013) 

4257 Barrangou, R., “RNA-mediated programmable DNA cleavage,” Nature 
Biotechology, 30(9):836-838 (2012) 

4294 Declaration of Florian Raible 
4301 The Royal Swedish Academy of Science, Scientific background on the Nobel 

Prize in Chemistry 2020 “A Tool for Genome Editing,” 14 page (Octobr 7, 
2020) 

4345 Declaration of Yannick Doyon, Ph.D. 
4348 Declaration of Krzyzstof Chylinski, Ph.D. 
4349 Declaration of Martin Jinek, Ph.D. 
4350 Declaration of Jennifer A. Doudna, Ph.D. 
4351 Declaration of Emmanuelle Charpentier 
4352 Declaration of Aaron Cheng, Ph.D. 
4381 Martin Jinek, Ph.D., laboratory notebook  
4382 Martin Jinek, Ph.D., second laboratory notebook 
4475 Email from Aaron Cheng to Jennifer Doudna, Jamie Cate and D. Rubin, dated 

April 16, 2012, 1 page 
4555 REDACTED Email from Martin Jinek to Aaron Cheng, dated May 28, 2012, 2 

pages 
4603 Email from Martin Jinek to himself, dated May 28, 2012, with attachment – 

Exp. 40, 2 pages 
4609 The Nobel Prize in Chemistry 2020 Press Release, The Royal Swedish Academy 

of Sciences, 1 page, October 7, 2020 
4620 Zhang, F., et al., “Efficient construction of sequence-specific TAL effectors for 

modulating mammalian transcription,” Nat Biotechnol., 29(2):149-153, 
Supplementary Information (2011) 

4768 Powerpoint presentation by Krzysztof Chylinski and Martine Jinek entitled, “A 
programmable dual RNA-guided DNA endonuclease in a Type II CRISPR 
system,” 32 pages 

4775 Email from David Drubin to Jennifer Dounda, Aaron Cheng and Martin Jinek, 
dated June 21, 2012, 2 pages 

4776 Email from Aaron Cheng to Jennifer Dounda, David Drubin and Martin Jinek, 
dated June 22, 2012, 2 pages 

4799 Email from Martin Jinek to Lauren Kmec, Jennifer Doudna and Emannuelle 
Charpentier, dated June 22, 2012, with attachments, 43 pages 

5000 Addgene, pLKO.1 – TRC Cloning Vector, Addgene Plasmid 10878. Protocol 
Version 1.0., pp. 1-9, December 2006 

5013 Second Declaration of Yannick Doyon, Ph.D. 
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5014 Declaration of Philip D. Zamore, Ph.D. 
5016 Declaration of Rodolphe Barrangou, Ph.D. 
5018 Declaration of Erik J. Sontheimer, Ph.D. 
5020 Chen, F., et al., “Methods and Reagents for Modifying Genomes Using RNA-

Guided Enonucleases,” U.S. Provisional Application No. 61/734,256 (filed 
December 6, 2012) 

5022 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) 

5105 Email from Martin Jinek to Jennifer Doudna, dated April 11, 2012, with 
attachment, 33 pages 

5129 Stewart, S.A., et al., “Lentivirus-delivered stable gene silencing by RNAi in 
primary cells,” RNA, 9:493-501 (2003) 

5214 Zufferey, R., et al., “Woodchuck Hepatatis Virus Posttranscriptional Regulatory 
Element Enhances Expression of Transgenes Delivered by Retroviral Vectors,” 
Journal of Virology, 73(4):2886-892 (1999) 

5236 Sander, J.D., et al., “Targeted gene disruption in somatic zebrafish cells using 
engineered TALENs,” Nature Biotechnology, 29(8):697-698 with 
Supplementary Information (2011) 

5252 Moffat, J., et al., “A Lentiviral RNAi Library for Human and Mouse Genes 
Applied to an Arrayed Vial High-Content Screen,” Cell, 124:1283-1298 (2006) 

5253 Mizushima, S. and Nagata, S., “pEF-BOS, a powerful mammalian expression 
vector,” Nucleic Acids Research, 18(17):5322 (1990) 

5254 Jinek, M., et al., “Programmable dual-RNA guided DNA endonucleases in 
adaptive bacterial immunity," pp. 1-24 with Supplementary Information (2012 
Manuscript) 

5255 MSID 1225829, Jinek, M., “Programmable dual-RNA guided DNA 
endonucleases in adaptive bacterial immunity,” Reviewer Comments, 3 pages   

5256 Program and Conference Logistics provided to the attendees of the 
CRISPR 2012: 5th Annual CRISPR Research Meeting held at the 
University of California, Berkeley, CA (June 2012), 5 pages. 

5257 Salmon, P., et al., “High-level transgene expression in human hematopoietic 
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lentiviral vectors,” Blood, 96:3392-3398 (2000) 
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APPENDIX 2: STATEMENT OF MATERIAL FACTS 

Broad’s Facts 1–77: 

1. On February 4, 2011, at a Board of Scientific Counselors meeting, Dr. Zhang heard a talk by 

Dr. Michael Gilmore, a Harvard microbiologist in which the speaker mentioned the bacterial 

CRISPR nuclease immune system. Zhang (Ex. 3424) ¶48.  

Response: Unable to admit or deny.  

2. After the talk, Dr. Zhang wrote his graduate student Le Cong, reporting his plan “to test 

[CRISPR] out in mammalian system” and said “Let’s keep this confidential. I have a feeling 

this could work very well in mammalian systems and completely replace any kind of FokI 

systems.” Zhang (Ex. 3424) ¶50; Ex. 3832. 

Response: Admitted that the partial quotations appear in Ex. 3832; otherwise denied.  

3. In February-April 2011, Dr. Zhang conducted proof-of-concept experiments using his 

engineered CRISPR systems. Zhang (Ex. 3424) ¶¶ 59-65; Exhibit 3523 at 3; Exhibits 3701-

03, 3822-23; Exhibit 3902; Appendix E at 5.1. 

Response: Denied. 

4. In February-April 2011, Dr. Zhang used what is referred to as a luciferase reporter to test 

whether his engineered system was operable in eukaryotic cells to cut target DNA. Id. 

Response: Denied.  

5. Dr. Zhang’s luciferase experiments showed a successful proof of concept that Type II 

CRISPR-Cas9 systems could be engineered to alter the expression of a gene product in a 

eukaryotic cell. Id. 

Response: Denied. 

6. By April 2011, Dr. Zhang recognized the three components of the CRISPR system – Cas9, 

crRNA, and tracrRNA. Zhang (Ex. 3424) ¶¶ 65-77; Ex. 3526. 
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Response: Denied.  

7. By April 2011, Dr. Zhang also recognized by April 2011 from the 2011 Deltcheva 

publication that during the CRISPR maturation process, the crRNA hybridized with a second 

RNA molecule called the tracrRNA. Zhang (Ex. 3424) ¶¶ 6-7, 66-79; Ex. 3214 (Deltcheva). 

Response: Denied. 

8. Before June 2012, Dr. Zhang understood the RNA guide loaded onto the Cas9 as a RNA 

duplex consisting of hybridized crRNA and tracrRNA and that the RNA duplex persisted in 

the cutting complex with Cas9. Ex. 3710, 3845; Zhang (Ex. 3424) ¶¶ 75-79; Sanjana (Ex. 

3427) ¶¶5-6; Ex. 3526. Exs. 3526, 3214, 3716 at 30, 3051 Ex. 3716 at 30; Ex. 3051 

Response: Denied.  

9. Dr. Zhang shared his realization that the RNA guide loaded onto the Cas9 as a RNA duplex 

consisting of hybridized crRNA and tracrRNA and that the RNA duplex persisted in the 

cutting complex with Cas9 with his student. Ex. 3710, 3845; Zhang (Ex. 3424) ¶¶ 75-79; 

Sanjana (Ex. 3427) ¶¶ 5-6. 

Response: Denied. 

10. A file dated April 5, 2011 (Ex. 3526) shows that Dr. Zhang had completed a vector design 

with the separate tracrRNA component in his engineered system, to express the three 

components, Cas9, crRNA, and tracrRNA. Zhang Decl. ¶ 71. 

Response: Denied.  

11. In August 2011, Dr. Zhang ordered a single vector to express the RNA components by fusing 

the sequences encoding the tracrRNA and the pre-crRNA array on the vector. Ex. 3708; 

Zhang (Ex. 3424) ¶¶ 78-79. 

Response: Denied.   



  CVC Opposition 5 
  Interference 106,115 

 2- 3- 

12. The single vector ordered by Dr. Zhang in August 2011 was used to target, cleave, and edit 

an endogenous “NTF3” genomic target in eukaryotic (human) cells. Id. 

Response: Denied.  

13. Dr. Zhang contemporaneously recognized the success of the experiment targeting the NTF3 

gene in human cells.  Zhang (Ex. 3424) ¶¶ 70-82; Sanjana (Ex. 3427) ¶¶ 3-10. 

Response: Denied.  

14. In October 2011, Dr. Zhang began to explore in silico other orthologs of Cas9, including 

SpCas9 with a more flexible PAM allowing more targets to be addressed. Zhang (Ex. 3424) 

¶83. 

Response: Denied.  

15. Dr. Zhang included in a grant proposal submitted on January 12, 2012 to the National 

Institutes of Health the CRISPR-Cas9 system as a site-directed nuclease for use in eukaryotic 

cells.  Ex. 3716 at 30; Ex. 3051; Zhang (Ex. 3424) ¶¶ 87-90. 

Response: Denied.  

16. By January 2012 the Broad Management Committee authorized pursuit of patent rights for 

Dr. Zhang’s CRISPR work. Ex. 3904 at 3; Zhang (Ex. 3424) ¶¶ 90-91. 

Response: Denied.  

17. Before March 1, 2012, Dr. Zhang understood that the SpCa9 ortholog was not behaving in 

the same way as his hSt1Cas9 system did in 2011. Zhang (Ex. 3424) ¶¶ 92-99. 

Response: Denied.  

18. On March 1, 2012, Dr. Zhang created a design for a human-codon-optimized version of 

SpCas9. Exs. 3533 and 3734; Zhang Decl. ¶92-99; Cong (Ex. 3425) ¶¶ 5-6. 

Response: Denied.  



  CVC Opposition 5 
  Interference 106,115 

 2- 4- 

19. Dr. Zhang had substantial prior successful experience with codon-optimizing proteins from 

naturally occurring non-mammalian systems for use in mammalian cells. Id. 

Response: Denied.  

20. Dr. Zhang designed an hSpCas9 and, before March 3, 2012, ordered it from 

LifeTechnologies. Exhibits 3533 and 3734, respectively, see also Zhang Decl. ¶ 99-101. 

Response: Denied. 

21. To ensure that his hSpCas9 design worked as expected and intended, Dr. Zhang designed a 

frame-shift CRISPR reporter. Exs. 3534-36; Zhang (Ex. 3424) ¶¶ 106-108. 

Response: Denied. 

22. For this reporter test, Dr. Zhang introduced the reporter vector, including a target and the 

CRISPR system, into the cell. Id. 

Response: Denied. 

23. Dr. Zhang’s reporter experiment was successful, and confirming this success gel images 

dated April 26, 2012 show a green fluorescent signal indicating successful function of the 

hSpCas9 system in a eukaryotic cell. Exs. 3534-36, Zhang (Ex. 3424) ¶¶ 106-108. 

Response: Denied. 

24. After the April 2012 reporter experiment, Dr. Zhang proceeded to configure the new 

hSpCas9 with various NLS and GFP additions, appreciating that if he could improve 

localization and accumulation in the nucleus of eukaryotic (mammalian) cells, the hSpCas9 

system could cut genomic targets as he had done previously with the hSt1Cas9 system. 

Zhang (Ex. 3424) ¶¶110-113. 

Response: Denied. 

25. In June 2012, Dr. Zhang continued planning experiments using hSpCas9 in mammalian cells. 
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Id.; Exs. 3824-25, 3748. 

Response: Denied.  

26. The constructs and vectors of Dr. Zhang’s June 2012 plans were based on the three- 

component system design with dual-molecule RNA (where the crRNA and the tracrRNA are 

separate molecules that hybridize to form an RNA duplex). Id. ¶¶ 110-113; Ex. 3824-25, 

3748. 

Response: Denied.  

27. Dr. Zhang worked diligently throughout June 2012 and into July preparing various 

configurations of the components of the hSpCas9 system for expression in eukaryotic 

(human and mouse) cells. Id. ¶¶ 110-143; Ex. 3824-25, 3748. 

Response: Denied.  

28. On June 26, 2012, Dr. Zhang received an email from Dr. Luciano Marraffini of Rockefeller 

University sharing the design of a chimeric RNA that Dr. Marraffini heard about at a public 

conference.  Ex. 3713 at 29; Zhang (Ex. 3424) ¶¶ 12-29, 114-122. 

Response: Admitted to the extent that Marraffini shared the design of a chimeric RNA 

that Dr. Marraffini copied from CVC’s unpublished manuscript.  

29. The chimeric RNA that Dr. Marraffini informed Dr. Zhang about had 26 nucleotides of the 

longer natural tracrRNA sequence for S. Pyogenes. Zhang (Ex. 3424) ¶114 

Response: Admitted.  

30. After receiving this information, Dr. Zhang designed additional experiments to use hSpCas9 

with chimeric RNA as part of his broader plans to research and optimize the hSpCas9 system 

in eukaryotic (human and mouse) cells. Ex. 3751, 3770, 3755, 3537, 3762; Zhang (Ex. 3424) 

¶¶ 20-23; Cong (Ex. 3425) ¶¶ 14-25; see also Zhang (Ex. 3424) ¶¶110-113; Exs. 3824-25, 
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3748. 

Response: Admitted that Zhang used CVC’s chimeric RNA design (i.e., sgRNA); 

otherwise denied.  

31. Because Dr. Zhang had already engineered CRISPR-Cas9 systems with the analogous dual-

molecule RNA CRISPR-Cas9 system to function in eukaryotic cells, he expected on June 26, 

2012 when he received the email from Dr. Marraffini that he could successfully implement a 

chimeric RNA system with his engineered CRISPR-hSpCas9 system for use in eukaryotic 

cells, if the tracrRNA was of sufficient length, e.g., the natural tracrRNA length. Id. at ¶¶ 

115, 12-19, 66-108, 114-123. 

Response: Denied. 

32. As of June 26, Dr. Zhang understood how to implement a chimeric RNA CRISPR-Cas9 

systems in eukaryotic cells given his prior dual-molecule systems that included all the 

components. Id. at ¶¶ 116-118. 

Response: Denied.  

33. As of June 26, Dr. Zhang also understood how to implement a covalent GAAA internal 

linker between the crRNA and tracrRNA. Zhang (Ex. 3424) ¶¶ 114-127; Exhibit 3643 at Fig. 

1B (Plavec 2008); Exhibit 4241 (Ma 2004 – siRNA); Exhibit 3645 (Siolas 2005 – shRNAs); 

Exhibit 3646 (Ke 2004 – GAAA linker); see generally Breaker Decl. ¶¶ 6-13. 

Response: Admitted.  

34. On June 27, 2012, Dr. Zhang sent Le Cong an email with his parameters for designing 

chimeric guides asking him to select two guides apiece for each of human targets AAVS1, 

hTH, and hPV and for mouse targets mTH and mPVALB, which were being studied in 

connection with studies of neuronal and brain function in mammalian cells. Zhang (Ex. 
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3424) ¶124; Cong (Ex. 3425) ¶¶ 14-19, 123-139; Ex. 3751. 

Response: Denied.  

35. The chimeric RNA described in June of 2012 for use with hSpCas9 in the CRISPR system 

had a GAAA linker between the tracr mate sequence and the tracrRNA. Ex. 3751, 3770. 

Response: Admitted that Ex. 3751 shows a GAAA linker; otherwise denied.  

36. Dr. Zhang in June 2012 also planned to use a vector to express hSpCas9 and chimeric RNA 

to target and cleave genomic DNA of interest to him—specifically mTH and mouse N2A 

cells—as part of the ongoing CRISPR program for mammalian cells. Ex. 3751; Zhang (Ex. 

3424) ¶¶ 123-125, 129, 133139-; Ex. 3537, 3762, 3839, 3764, 3766-3770; Cong (Ex. 3425) 

¶¶ 14-25; Exs. 3751. 

Response: Denied.  

37. Dr. Zhang’s email to Le Cong set forth key details, i.e., Dr. Zhang identified the SpCas9 

ortholog and a PAM sequence as TGG and set out for Le Cong that the chimeric RNA for the 

experiment started on the left with a crRNA segment (having a guide sequence shown by the 

repeating N’s followed by a tracr mate segment), a GAAA linker, and a tracrRNA segment 

having the nucleotides shown.  Zhang (Ex. 3424) ¶125; Cong (Ex. 3425) ¶¶ 14-25; 

Response: This statement does not cite a specific email exhibit, so denied.  

38. By July 20, 2012, Dr. Zhang’s engineered hSpCas9 and chimeric RNA system had been used 

to successfully cleave a genomic target (mTh gene target) in eukaryotic (mouse) cells, as 

confirmed by a Surveyor assay, thereby reducing to practice an embodiment within the scope 

of Count 1.  Zhang (Ex. 3424) ¶¶ 140-149; Cong (Ex. 3425) ¶¶ 14-30; Exs. 3771-73, 3563, 

3581-82, 3922. 

Response: Denied. 
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39. After receiving the promising Surveyor results on July 20, 2012, Dr. Zhang recognized and 

appreciated the cleavage product as indicating success, and immediately directed Le Cong to 

repeat this experiment. Zhang (Ex. 3424) ¶¶ 145-169 (gel), 163-169 (sequencing); Cong (Ex. 

3425) ¶¶ 31-57; Exs. 3566, 3582 at 20 and 24 (gel and notebook entry); Ex. 3784 (email with 

sequencing results); Exs. 3781, 3784, 3830, 3775, 3777, 3565-66, 3842. 

Response: Denied.  

40. After the system had been used a second time in another set of mouse cells, again to cleave 

the DNA target, a second Surveyor assay was conducted. Zhang (Ex. 3424) ¶¶ 145-169 (gel), 

163-169 (sequencing); Cong (Ex. 3425) ¶¶ 31-57; Exs. 3566, 3582 at 20 and 24 (gel and 

notebook entry); Ex. 3784 (email with sequencing results); Exs. 3781, 3784, 3830, 3775, 

3777, 3565-66, 3842. 

Response: Denied.  

41. The resulting gel from the repeat experiment against mTH targets is shown in Exhibit 3566, 

and also in Le Cong’s electronic notebook.  Zhang (Ex. 3424) ¶¶ 150-162; Cong (Ex. 3425) 

¶¶ 41-43; Exhibit 3582 at 24. 

Response: Admitted that Ex. 3566 appears to be a gel image; otherwise denied.  

42. The gel regarding the mTH experiments shows a successful result using DNA from the cells 

from the well of the plate used in lane five—a lane for the mTH1 target—with annotations 

that Le Cong added shortly thereafter in July 2012 to indicate that the cleavage bands 

appeared in the locations that were expected for the mTH1 target. Zhang (Ex. 3424) ¶¶ 161-

162; Cong (Ex. 3425) ¶¶ 41-43. 

Response: Denied. 

43. The repeat July experiment constitutes an actual reduction to practice meeting all of the 



  CVC Opposition 5 
  Interference 106,115 

 2- 9- 

elements of the Count. See Ellington Decl. ¶¶ 44-50.  

Response: Denied.  

44. By July 28, 2012, Le Cong also submitted the colonies (containing the genomic DNA 

fragments of the mTH target from lane 5) from this result for genome sequencing, which 

allows precise confirmation of the exact location of any changes to the DNA the samples. 

Zhang (Ex. 3424) ¶¶ 164-169; Cong (Ex. 3425) ¶¶ 44-58; Exs. 3784, 3781-82, 3830. 

Response: Admitted that Exs. 3784, 3781-82, and 3830 refer to sequencing; otherwise 

denied.  

45. The results of the sequencing analysis of the DNA from the cells of the repeat experiment 

arrived in the morning of July 31, 2012, and Dr. Zhang analyzed the alignment of the 

sequencing results. Ex. 3784; 

Response: Admitted that Ex. 3784 refers to sequencing; otherwise denied.   

46. Dr. Zhang recognized on July 2012 that two colonies showed deletions at the modification 

site expected from CRISPR-Cas9 targeting and cleavage of the mTH1 target. Zhang (Ex. 

3424) ¶¶ 164-169; Cong (Ex. 3425) ¶¶ 44-58; Cox (Ex. 3426) ¶¶ 18-24; Exs. 3784, 3566-68, 

3830, 3842, 3582, 3784, 3847-48, 3713 at 31. 

Response: Denied.  

47. Dr. Zhang emailed Le Cong on July 31, 2012 reporting that “there are two clones that had 

modification” with a screenshot of the results identifying the indels, noting that these results 

were “very promising.” Ex. 3784; Zhang (Ex. 3424) ¶¶ 164-169; Cong (Ex. 3425) ¶¶ 44-58. 

Response: Admitted that Ex. 3784 includes the partially quoted text; otherwise denied.  

48. Dr. Zhang also attached to the email of Exhibit 3784 a screen shot of the sequencing results 

showing the location of the deletion in two clones that had modifications. Id. 



  CVC Opposition 5 
  Interference 106,115 

 2- 10- 

Response: Denied.  

49. Later on July 31, 2012, Le Cong replied by email to Dr. Zhang stating that “There is a better 

example in plate 3.”  Exs. 3830, 3850; Cong (Ex. 3425) ¶¶ 49, 54; Cox (Ex. 3426) ¶ 15-16; 

Zhang (Ex. 3424) ¶166-175. 

Response: Admitted that Ex. 3830 includes the partially quoted text; otherwise denied.   

50. Le Cong’s July 31, 2012 email stated that he was “looking at the sequencing results with 

David [Cox] :).” Exs. 3830, 3850; Cong (Ex. 3425) ¶¶ 49, 54; Cox (Ex. 3426) ¶ 15-16; 

Zhang (Ex. 3424) ¶166-175. 

Response: Admitted that Ex. 3820 includes the partially quoted text; otherwise denied.  

51. Both Le Cong and David Cox have corroborated these successful results and Dr. Zhang’s 

contemporaneous recognition that these experiments with hSpCas9 system with a chimeric 

RNA performed in the Zhang Lab in July 2012 successfully targeted, cleaved, and edited 

mTH1. Cong (Ex. 3425) ¶¶ 48-55; Cox (Ex. 3426) ¶¶ 6-17 (generally); id. at ¶ 9 (“On July 

24, [2012] I emailed Dr. Zhang and Le Cong and asked for the target sequences for the 

hSpCas9 system that had been successfully used to cleave genomic DNA in mouse cells”); 

Exs. 3858, 3829 (July 24- 25, 2012 emails between David Cox and Le Cong (Feng Zhang 

cc’d)) identifying successful target and chimeric RNA sequence) 

Response: Denied.  

52. On July 31, 2012, Dr. Zhang shared his success with the hSpCas9 system with Dr. Sriram 

Kosuri, a former Harvard colleague, noting “We have this system working in mammalian 

cells and now trying to put together a paper. Don’t tell anyone yet tho. ;).” Ex. 3783; Kosuri 

(Ex. 3432) ¶¶ 3-5; Zhang (Ex. 3424) ¶¶ 170-172. 

Response: Admitted that Ex. 3783 includes the partially quoted text; otherwise denied.  
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53. Dr. Zhang also reported his successful results with his hSpCas9 system in the October 5, 

2012 Manuscript submitted to Science. Exhibit 3564 at 16; Ex. 3564 at 16; Zhang (Ex. 3424) 

¶¶ 31-35, 173-179; Cong (Ex. 3425) ¶¶ 8-13, 56-57, 106-113. 

Response: Denied.  

54. In Figure 2A in that manuscript, Dr. Zhang reproduced his hSpCas9 system with chimeric 

RNA, showing the same design as initially provided to Le Cong by email (Ex. 3751) and 

further memorialized in the vector map for the vector used in the July experiments (Ex. 3770 

at 128 (map for mTH target), 131 (chimeric RNA sequence)). 

Response: Denied.  

55. In the October 5, 2012 Manuscript reports successful targeting and cleavage of an mTH 

target with 0.75% indels.  Ex. 3564 at Fig. 2, 12 (Figure Legends, Fig. 2); Zhang (Ex. 3424) 

¶¶ 173-175; Cong (Ex. 3425) ¶¶ 23-25. 

Response: Admitted that the text “0.75%” appears in Exhibit 3564 Fig.2, otherwise 

denied.  

56. By no later than August 31, 2012, Dr. Zhang also actually reduced the subject matter of 

Count 1 to practice in human cells (HEK293FT) by targeting the EMX1 gene with his 

hSpCas9 system with chimeric RNA in successful experiments. Zhang (Ex. 3424) ¶¶ 180-

203; Cong Decl. ¶¶ 66-96; Cox (Ex. 3426) ¶¶ 18-24; see also hang Decl. ¶¶ 198-203; Cong 

(Ex. 3425) ¶¶ 59-98; Cox (Ex. 3426) ¶¶ 24. 

Response: Denied.  

57. The August experiments targeting hEMX1 were concluded no later than August 31, 2012. 

Ex. 3545-50; Zhang (Ex. 3424) ¶¶ 180-193; Cong (Ex. 3425) ¶¶ 66-80; Exs. 3850, 3544-50, 

3587; 
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Response: Denied.  

58. The initial success for the August 2012 experiments targeting hEMX1 was achieved and 

verified by sequencing by August 20, 2012. Ex. 3545-50; Zhang (Ex. 3424) ¶¶ 180-193; 

Cong (Ex. 3425) ¶¶ 66-80; Exs. 3850, 3544-50, 3587 

Response: Denied.  

59. Dr. Zhang directed Le Cong to test various configurations of Dr. Zhang’s hSpCas9 system 

with chimeric RNA in August 2012. Ex. 3850; Zhang (Ex. 3424) ¶¶ 194-203; Cong Decl. ¶¶ 

81-94; Ex. 3580. 

Response: Denied.  

60. Le Cong tested various configurations of Dr. Zhang’s hSpCas9 system with chimeric RNA 

from August 25-27, 2012. Ex. 3850; Zhang (Ex. 3424) ¶¶ 194-203; Cong Decl. ¶¶ 81-94; Ex. 

3580. 

Response: Denied. 

61. Le Cong reported in an August 27, 2012 email to Dr. Zhang that the best configurations of 

Dr. Zhang’s hSpCas9 system with chimeric RNA “help[ed] quite significantly with 

cleavage… about [a] 2~3 fold increase…” when compared to configurations using a green 

fluorescent protein. Id; Exhibit 3791. 

Response: Admitted that Ex. 3791 includes the partially quoted text; otherwise denied.  

62. By August 29, 2012, Dr. Zhang directed Le Cong to share with David Cox, among others, 

the “key data we obtained” by these experiments using Dr. Zhang’s hSpCas9 system with 

chimeric RNA. Ex. 3793 at 1, 6-9; Zhang (Ex. 3424) ¶¶ 198-203; Cong Decl. ¶¶ 90-94; Cox 

(Ex. 3426) ¶¶ 24.  

Response: Admitted that Ex. 3793 includes the partially quoted text; otherwise denied.  
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63. On August 29, 2012, Le Cong shared a presentation via email with David Cox and others 

with Surveyor results with annotated bands showing successful cleavage. Ex. 3793 at 1, 6-9. 

Response: Denied.  

64. By August 28, 2012, Dr. Zhang successfully actually reduced to practice an embodiment of 

his hSpCas9 system with chimeric RNA, this time targeting the hEXM1.3 target in a human 

cell (HEK293FT), as Le Cong and David Cox corroborated. Zhang (Ex. 3424) ¶¶ 198-203; 

Cong (Ex. 3425) ¶¶ 59-98; Cox (Ex. 3426) ¶¶ 24; Ex. 3793; Ex. 3545-50; Ex. 3554-55. 

Response: Denied.  

65. As shown in Figure 2B of the October 5, 2012 Manuscript, an embodiment of Dr. Zhang’s 

hSpCas9 system with chimeric RNA targeting the hEMX1 gene in eukaryotic human cells 

(HEK293FT) produced an indel percentage of 4.7% (bottom left target label).  Exhibit 3564; 

Exhibit 3564 at Fig. 2B; Zhang (Ex. 3424) ¶¶ 180-183; Cong (Ex. 3425) ¶¶ 60-65, 95-96. 

Response: Admitted that the text “4.7%” appears in Exhibit 3564 Fig. 2, otherwise 

denied.  

66. By October 5, 2012, the Zhang Lab obtained results for publication in Science demonstrating 

success of an engineered CRISPR-Cas9 systems with chimeric RNA SpCas9 system in 

mouse cells against mTH targets.  Zhang (Ex. 3424) ¶¶ 176-179; 31-35, 173-175 (mTH); 

Cong (Ex. 3425) ¶¶ 56-58 and 106-113 (mTH). 

Response: Denied.  

67. By October 5, 2012, the Zhang Lab obtained results for publication in Science demonstrating 

success of an engineered CRISPR-Cas9 systems with chimeric RNA SpCas9 system in 

human cells against hEMX1 targets. Zhang (Ex. 3424) ¶¶ 180-183 (hEMX1); Cong (Ex. 

3425) ¶¶ 60-65 and 95-96 (hEMX1). 
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Response: Denied. 

68. By October 5, 2012, the Zhang Lab obtained results for publication in Science demonstrating 

success of an engineered CRISPR-Cas9 systems with dual-molecule SpCas9 systems in 

human cells against an hEMX1 target. Zhang (Ex. 3424) ¶¶ 204-207 (dual SpCas9); Cong 

(Ex. 3425) ¶¶ 97-101 (dual SpCas9). 

Response: Denied. 

69. By October 5, 2012, the Zhang Lab obtained results for publication in Science demonstrating 

success of an engineered CRISPR-Cas9 systems with dual-molecule hSt1Cas9 systems in 

human cells against hEMX1 targets. Zhang (Ex. 3424) ¶¶ 208-211 (dual St1Cas9); Cong (Ex. 

3425) ¶¶ 102-105 (dual St1Cas9), 

Response: Denied. 

70. On November 19, 2012 Dr. Zhang received the Science reviewers’ comments to the October 

5, 2012 Manuscript. Ex. 3836; Zhang (Ex. 3424) ¶¶ 33-35 

Response: Unable to admit or deny.  

71. The reviewers of the October 5, 2012 Manuscript were impartial scientists who were experts 

the field. Ex. 3836; Zhang (Ex. 3424) ¶¶ 33-35. 

Response: Unable to admit or deny. 

72. One reviewer of the October 5, 2012 Manuscript stated that the “results show compellingly 

and thoroughly that the system they developed based on Cas9, crRNA and tracrRNA, or on 

Cas9 and chimeric RNA is functional and efficient in vivo, for cleavage and inducing 

mutations at the target site.” Ex. 3836 at 3. 

Response: Admitted that Ex. 3826 includes the partially quoted text; otherwise denied.  

73. Science accepted the October 5 manuscript, and published the work online on January 3, 
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2013. Ex. 3201. 

Response: Denied.  

74. Cong 2013 reported Dr. Zhang’s discovery that cleavage efficiencies in the Cas9 system with 

the chimeric RNA configuration using a 30-nt tracrRNA segment were inferior to systems 

using the dual-molecule RNA configuration from expression of the about 89-nt natural 

tracrRNA length in the eukaryotic cell, as was matured to be about 75-nt in the cell and as in 

the complex. Ex. 3201 at 2C; Zhang (Ex. 3424) ¶¶ 37-38, 212-214. 

Response: Denied.  

75. The Zhang Lab is one of more than 350 academic labs depositing vectors described in their 

articles with the non-profit organization Addgene to make them available for academic 

research. Exhibit 3516; Zhang (Ex. 3424) ¶¶ 40-42. 

Response: Unable to admit or deny.  

76. Of Addgene’s top 15 most requested vectors, seven are CRISPR constructs and all seven 

were designed by Dr. Zhang. Exhibit 3516 (https://blog.addgene.org/15-years-of-addgene-

the-top-15-vectors). Id. 

Response: Denied.  

77. CVC does not allege that the CVC inventors conducted any successful experiments in 

eukaryotic cells prior to August 9, 2012. CVC Motion 2. 

Response: Denied. 
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CVC Additional Facts 78 - 141. 

78. Prior to June 26, 2012, all of Zhang’s CRISPR experiments with eukaryotic cells involved 

unprocessed crRNA. Ex. 5264, 48:19-49:8, 51:4-10; Ex. 5265, 23:6-18, 24:17-25:3, 29:20-

30:3, 36:17-37:10; Ex. 5262, 78:12-17, 228:2-8, 229:21-230:7; Ex. 3777; Ex. 3424, ¶¶70-71, 

79; Ex. 3716, 6; Ex. 5013, ¶¶143-158, A1-A78. 

79. Prior to June 26, 2012, none of Zhang’s CRISPR experiments with eukaryotic cells involved 

a sgRNA CRISPR-Cas9 system as recited in Count 1. Paper 271, 16:6-9; Ex. 3401, ¶¶7.7-

7.13;  Ex. 5262, 78:12-17; Ex. 3427, ¶4; Ex. 3424, ¶¶70-71, 79;  

80. Prior to June 26, 2012, Zhang did not know the necessary and sufficient components of the 

CRISPR-Cas9 catalytic DNA-cleavage complex. Ex. 5264, 48:19-49:3; Ex. 5265, 23:6-18, 

24:17-25:3, 29:20-30:3, 36:17-37:10; Ex. 5262, 78:12-17, 228:2-8, 229:21-230:7; Ex. 3777; 

Ex. 3424, ¶¶70-71, 79; Ex. 3716, 6; Ex. 5013, ¶¶143-158, A1-A78.   

81. Zhang’s March 2011 luciferase experiment did not include a tracrRNA. Ex. 5262, 78:12-17; 

Ex. 3424, ¶¶70-71; Ex. 5013, ¶¶A7-A38. 

82. Zhang’s March 2011 luciferase experiment included an unprocessed pre-crRNA array that 

included a leader sequence, and two, three, or four different Cas genes. Ex. 5013, ¶¶A7-A38; 

Ex. 5264, 49:4-8, 51:4-10; Ex. 3424, ¶79; Ex. 3424, Appx A, exhibit 7. 

83. Zhang’s March 2011 luciferase experiment was an attempt to induce pre-crRNA processing. 

Ex. 5013, ¶¶A7-A38; Ex. 3424, ¶¶62-64; Ex. 3424, Appx A, exhibit 7. 

84. Zhang’s March 2011 luciferase experiment did not include a sgRNA CRISPR-Cas9 system 

as recited in Count 1. Ex. 5262, 78:12-17; Ex. 3424, ¶¶70-71; Ex. 5013, ¶¶A7-A38; Ex. 

3424, Appx A, exhibit 7. 

85. Zhang’s March 2011 luciferase experiment failed to show CRISPR-Cas9-mediated targeted 

DNA cleavage. Ex. 5013, ¶¶A7-A38; Ex. 3424, Appx A, exhibit 7. 
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86. Zhang’s November 2011 “triple target” Surveyor experiment did not include a sgRNA 

CRISPR-Cas9 system as recited in Count 1. Ex. 3424, ¶79; Paper 271, 16:6-9; Ex. 3401, 

¶¶7.7-7.13; Ex. 3427, ¶4; Ex. 3427, Appx. A, exhibit 5; Ex. 5013, ¶¶A39-A59. 

87. Zhang’s November 2011 “triple target” Surveyor experiment included an unprocessed pre-

crRNA array that included a leader sequence, an unprocessed tracrRNA nucleotides, Cas9, 

and RNase III. Ex. 3427, Appx. A, exhibit 5; Ex. 5013, ¶¶A39-A59.  

88. Zhang’s November 2011 “triple target” Surveyor experiment was an attempt to induce pre-

crRNA processing. Ex. 3424, ¶79; Ex. 3427, Appx. A, exhibit 5; Ex. 5262, 137:5-13; Ex. 

5013, ¶¶A39-A59.  

89. Zhang’s November 2011 “triple target” Surveyor experiment failed to show CRISPR-Cas9-

mediated targeted DNA cleavage. Ex. 3427, Appx. A, exhibits 3, 4, 13, 14; Ex. 5262, 

165:17-166:10; Ex. 5013, ¶¶A39-A59.  

90. Zhang’s January 2012 NIH grant proposal proposed a CRISPR system to induce pre-crRNA 

processing.  Ex. 3427, Appx. A, exhibit 22; Ex. 3716, 6; Ex. 3424, ¶89; Ex. 5013, ¶¶A60-

A64. 

91. Zhang’s January 2012 NIH grant proposal did not include a sgRNA CRISPR-Cas9 system as 

recited in Count 1. Ex. 3424, ¶89; Ex. 3716, 6; Ex. 3427, Appx. A, exhibit 22; Ex. 5258, 

310:15-311:19; Ex. 5013, ¶¶A60-A64.  

92. Zhang’s January 2012 NIH grant proposal proposed to include a tracrRNA “to facilitate the 

processing of guide RNAs.” Ex. 3427, Appx. A, exhibit 22; Ex. 3716, 6; Ex. 5013, ¶¶A60-

A64.    

93. Zhang’s January 2012 NIH grant proposal proposed that “We will: (a) identify the minimal 

set of genes and RNA elements that will effectively reconstitute a functional CRISPR system 
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in mammalian cells.” Ex. 3427, Appx. A, exhibit 22; Ex. 3716, 6; Ex. 5013, ¶¶A60-A64.  

94. Zhang’s January 2012 NIH grant proposal does not include any of Zhang’s data related to 

testing CRISPR in eukaryotic cells. Ex. 3427, Appx. A, exhibit 22; Ex. 3716, 6; Ex. 5262, 

178:2-6, 179:4-8; Ex. 5013, ¶¶A60-A64.  

95. Zhang’s April 2012 “CRISPR reporter” experiment did not include a sgRNA CRISPR-Cas9 

system as recited in Count 1. Ex. 3424, ¶¶106-108; Ex. 5013, ¶¶A65-A70. 

96. U.C. hosted the 5th Annual CRISPR Research Conference at U.C. Berkeley from June 20–22, 

2012. Ex. 4350, ¶82; Ex. 4351, ¶¶53-54; Ex. 4348, ¶¶112-113; Ex. 4349, ¶¶147-148; Ex. 

4768; Ex. 5266, 179:21-180:10; Ex. 5256.   

97. On June 21, 2012, at the 5th Annual CRISPR Research Conference, Jinek and Chylinski 

presented CVC’s discovery that Cas9, crRNA, and tracrRNA are the necessary and sufficient 

components of the Type II CRISPR-Cas9 DNA-cleavage complex. Ex. 4350, ¶82; Ex. 4351, 

¶¶53-54; Ex. 4348, ¶¶112-113; Ex. 4349, ¶¶147-148; Ex. 4768, 17, 29; Ex. 5266, 179:21-

180:10; Ex. 5016, ¶¶11-13; Ex. 5018, ¶¶10-15; Ex. 5265, 23:6-18, 24:17-25:3, 29:20-30:3. 

98. On June 21, 2012, at the 5th Annual CRISPR Research Conference, Jinek and Chylinski 

presented CVC’s design of a sgRNA CRISPR-Cas9 system. Ex. 4350, ¶82; Ex. 4351, ¶¶53-

54; Ex. 4348, ¶¶112-113; Ex. 4349, ¶¶147-148; Ex. 4768, 25-26; Ex. 5266, 179:21-180:10; 

Ex. 5016, ¶15; Ex. 5018, ¶17-18; Ex. 5265, 23:19-24:9. 

99. Jinek and Chylinski disclosed at the 5th Annual CRISPR Research Conference that CVC’s 

sgRNA CRISPR-Cas9 system could be used as a “genome editing tool” for “genome 

engineering in any environment.” Ex. 5266, 187:21-188:13; Ex. 4768, 27; Ex. 5016, ¶¶15-20; 

Ex. 5018, ¶¶17-21. 

100. Jinek and Chylinski disclosed at the 5th Annual CRISPR Research Conference that 
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CVC’s sgRNA CRISPR-Cas9 system is “robust and versatile” and further showed that the 

system could target and cleave eukaryotic gene sequences in vitro. Ex. 4768, 27; Ex. 5016, 

¶¶15-20; Ex. 5018, ¶¶17-21.    

101. Luciano Marraffini is a third party not involved in this patent interference proceeding. 

Ex. 5240.  

102. Marraffini and Zhang worked together as collaborators on applying CRISPR in 

prokaryotes and eukaryotes beginning in January 2012 and ending in 2013. Ex. 5265, 15:8-

15, 17:11-17; Ex. 5262, 179:10-22.    

103. Broad had the opportunity to, but did not cross-examine or otherwise challenge 

Marraffini’s deposition testimony in this proceeding. Ex. 5265, 72:4-9.  

104. Marraffini attended the 5th Annual CRISPR Research Conference at UC Berkeley, 

including Jinek and Chylinski’s presentation on June 21, 2012. Ex. 5256, 4; Ex. 5266, 

179:21-180:10; Ex. 3713, pp. 27-29; Ex. 5265, 18:20-19:3.  

105. Marraffini served as a reviewer for Science on CVC’s Jinek 2012 draft manuscript (Ex. 

5254). Ex. 3713, 62; Ex. 5265, 21:13-20, 64:19-22; Ex. 5255, 2. 

106. The draft Jinek 2012 manuscript that CVC submitted to Science and that Marraffini 

reviewed included the following statement: “This study describes an alternative methodology 

based on RNA-programmed Cas9 that could offer considerable potential for genome editing 

in cells of the three kingdoms of life for biotechnological, biomedical and gene-therapeutic 

purposes.” Ex. 5254, 12; Ex. 5265, 21:13-20, 64:19-22; Ex. 5255, 2.   

107. On June 26, 2012, after the 5th Annual CRISPR Research Conference at U.C. Berkeley, 

Marraffini contacted Zhang and informed him that CVC’s presentation was “important to our 

project.” Ex. 5265, 26:5-14; Ex. 3713, 27. 
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108. Marraffini testified that, prior to June 26, 2012, he never had “any communications with 

Dr. Zhang about whether tracr was part of the DNA cutting complex in a CRISPR-Cas9 

system.” Ex. 5265, 24:17-25:3, 23:6-18, 29:20-30:3, 36:17-37:10; Ex. 3713, 27-29.  

109. Marraffini testified that, prior to June 26, 2012, he and Zhang had only discussed “the 

importance of tracr for what [they] knew at the time was generation of RNA guides.” Ex. 

5265, 24:17-25:3, 23:6-18, 29:20-30:3, 36:17-37:10; Ex. 3713, 27-29. 

110. Marraffini testified that, on June 26, 2012, he told Zhang “about the role of tracr in the 

[DNA] cutting complex in a CRISPR-Cas9 system.” Ex. 5265, 29:20-30:3; Ex. 3713, 27-29.  

111. Marraffini testified that, prior to June 26, 2012, he “never had any communications with 

Dr. Zhang about single-guide RNA in a CRISPR-Cas9 system.” Ex. 5265, 23:19-24:8; Ex. 

3713, 27-29.  

112. On June 26, Marraffini communicated to Zhang CVC’s design of a single molecule guide 

RNA (sgRNA) for CRISPR-Cas9. Ex. 5265, 64:9-18, 66:7-67:7, 68:13-21; Ex. 3713, 27-29.  

113. Marraffini testified that, on June 26, 2012, he informed Zhang that CVC’s sgRNA design 

“would be an important tool for genome editing in eukaryotes specifically.” Ex. 5265, 68:13-

21.     

114. Marraffini testified that the image of the sgRNA design Marraffini communicated to 

Zhang via email on June 26, 2012 came from CVC’s Jinek 2012 manuscript Ex. 5265, 38:4-

10, 35:16-18; Ex. 3713, 29; Ex. 5013, ¶¶48-53. 

115. The image of the sgRNA design Marraffini communicated to Zhang via email on June 

26, 2012 is the same sgRNA design that Jinek and Chylinski presented on June 21, 2012, at 

the 5th Annual CRISPR Research Conference. Ex. 5265, 38:4-10, 35:16-18; Ex. 3713, 29; 

Ex. 4768, 27; Ex. 5013, ¶52.   



  CVC Opposition 5 
  Interference 106,115 

 2- 21- 

116. The sgRNA design Zhang emailed to Cong on June 27, 2012, is the same sgRNA design 

Jinek and Chylinski presented at the CRISPR Conference on June 21, 2012. Ex. 5265, 38:4-

10, 35:16-18; Ex. 3713, 29; Ex. 4768, 26; Ex., 3751, 1; Ex. 3424, ¶124; Ex. 5013, ¶52.   

117. After learning of CVC’s sgRNA CRISPR-Cas9 system from Marraffini, Zhang applied 

CVC’s sgRNA CRISPR-Cas9 system in his own experiments in July and August, 2012. Ex. 

4768, 26; Ex. 3713, 29; Ex., 3751, 1; Ex. 3424, ¶124; Ex. 5013, ¶¶59-63. Ex. 3537, 3; Ex. 

3829; Ex. 3201, Fig. 2B; Ex. 3425, ¶24.   

118. All of the experimental data reported in the Cong 2013 paper were obtained from 

experiments performed after June 26, 2012. Ex. 5262, 228:2-8, 229:21-230:7; Ex. 3564; Ex. 

3201; Ex. 5013, ¶A75. Ex. 3777; Ex. 3580; Ex. 3577; Ex. 3752, 2. 

119. The Mali 2013 manuscript was submitted to Science before Cong 2013 published in 

January 2013. Ex. 3623, 826. 

120. The Hwang 2013 manuscript was submitted to Nature Biotechnology before Cong 2013 

published in January 2013. Ex. 4233, 227.   

121. The Cho 2013 manuscript was submitted to Nature Biotechnology before Cong 2013 

published in January 2013. Ex. 4076, 230. 

122. The Chen provisional application no. 61/734,256 was filed before Cong 2013 published 

in January 2013. Ex. 5020. 

123. Makinen disclosed in 2006 that the U6 promoter was one of the two “most commonly 

used [promoters] to drive the expression of shRNAs.” Ex. 5024, 434; Ex. 5252, 1284, Fig. 

1A; Ex. 5129, 494, Fig. 1A; Ex. 5013, ¶¶68-78. 

124. By June 26, 2012, the pLKO.1 vector containing a U6 promoter was a publicly known 

vector in the art. Ex. 5024, 434; Ex. 5252, 1284, Fig. 1A; Ex. 5129, 494, Fig. 1A; Ex. 5013, 
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¶¶68-78.   

125. By June 26, 2012, the EF1α promoter was a publicly known Pol II promoter used to 

drive expression of proteins in eukaryotic cells. Ex. 5253, 5322; Ex. 4620, 6; Ex. 5257, 3393; 

Ex. 5013, ¶¶79-83. 

126. By June 26, 2012, the viral element, WPRE, was publicly known to have been included 

in lentiviral expression vectors to increase protein expression.  Ex. 5214, Abstract, 2888; Ex. 

5257, 3393; Ex. 4620, 6; Ex. 5013, ¶¶79-83.  

127. By June 26, 2012, adding one or more nuclear localization sequences (NLS) to a protein 

was a known, conventional optimization technique for optimizing protein localization to the 

nucleus of eukaryotic cells. Ex. 4078; Ex. 4077; Ex. 4113; Ex. 4665, 763; Ex. 4312, 

methods; Ex. 4384; Ex. 4424; Ex. 5013, ¶¶89-92. 

128. By June 26, 2012, codon optimization was a known, conventional technique for 

optimizing protein expression in eukaryotic cells. Ex. 5258, 71:3-74:1; Ex. 3701; Ex. 4396, 

20476; Ex. 4397, 9270; Ex. 4110, Abstract, Table 1; Ex. 4111, 115, 122; Ex. 4112, 796-798; 

Ex. 5013, ¶¶84-88.  

129. Breaker testified that, if making recombinant protein outside of a eukaryotic cell (“pre-

made” protein), “then codon optimization would have no effect on those methods.” Ex. 5264, 

88:15-89:1. 

130. By June 26, 2012, the CVC inventors had identified the necessary and sufficient 

components of the CRISPR-Cas9 DNA cleavage complex (Cas9, crRNA, and tracrRNA). 

Paper 1579, 5:22-7:16; Ex. 4381, 23-25; Ex. 4345, ¶42; Ex. 5013, ¶¶45-47. 

131. By June 26, 2012, the CVC inventors had described in detail the structure of the sgRNA 

CRISPR-Cas9 system for use in eukaryotic cells as evinced in e.g., Jinek’s laboratory 
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notebook entries. Paper 1579, 7:17-14:1; Ex. 4381, 63-65; Ex. 4345, ¶61; Ex. 5013, ¶¶45-47. 

132. By June 26, 2012, the CVC inventors had constructed a working sgRNA CRISPR-Cas9 

system and confirmed that it cleaved eukaryotic target DNA sequences in vitro, and 

described the use of NLS and eukaryotic expression vectors with reference to prior 

publications using TALENs and ZFNs in zebrafish and mammalian cells, e.g., in CVC’s 

invention disclosure form. Paper 1579, 14:2-17:10; Ex. 4382, 7; Ex. 4349, ¶¶124-128; Ex. 

4603; Ex. 5105, 16-29; Ex. 5013, ¶¶45-47. 

133. By June 26, 2012, the CVC inventors had designed and constructed sgRNAs and sgRNA 

expression vectors for targeting eukaryotic gene sequences (e.g., CLTA, GFP targets). Paper 

1579, 17:11-19:9; Ex. 4382, 4-7; Ex. 4349, ¶¶124-128; Ex. 4603; Ex. 4345, ¶¶167-172; Ex. 

5013, ¶¶45-47. 

134. By June 26, 2012, the CVC inventors had constructed a Cas9 expression vector with an 

NLS and expressed it human HEK293T cells to visualize nuclear localization of the Cas9 

protein. Paper 1579, 18:17-19:4; Ex. 4536; Ex. 4345, ¶173; Ex. 5013, ¶¶45-47.  

135. By June 26, 2012, the CVC inventors had contacted colleagues Drubin and Cheng at U.C. 

and agreed to contact Raible at U.V. to microinject CVC’s sgRNA CRISPR-Cas9 system 

into zebrafish (see e.g., Paper 1579, 27:20-28:17; Ex. 4475; Ex. 4775; Ex. 4776; Ex. 4350, 

¶62; Ex. 4349, ¶¶75, 78; Ex. 4352, ¶12; Ex. 4799; Ex. 4348, ¶115; Ex. 4351, ¶¶56-58; Ex. 

4294, ¶¶9-14; Ex. 5013, ¶¶45-47.) 

136. By June 26, 2012, the CVC inventors had filed CVC’s first provisional application, 

disclosing how to make and use a sgRNA CRISPR-Cas9 system in eukaryotic cells. Paper 

1579, 17:12-15; Ex. 3002; Ex. 4036, ¶¶82-194; Ex. 4345, ¶5; Ex. 5013, ¶¶45-47. 

137. Cong is a named inventor on multiple of Broad’s involved patents in this proceeding. 
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Paper 23, 5:35, 7:22, 8:8, 9:9, 9:15-10:9, 11:8; Ex. 3001, 1. 

138. Sanjana is a named inventor on multiple of Broad’s involved patents in this proceeding. 

Paper 23, 5:35, 7:22, 8:8, 9:9, 9:15-10:9, 11:8; Ex. 3001, 1. 

139.  Cong and Cox are both named inventors on Broad’s earliest priority application. Ex. 

3001, 1, 318. 

140. Zhang did not show Kosuri any data that Zhang successfully used a sgRNA CRISPR-

Cas9 system for genome editing in eukaryotic cells. Ex. 5259, 39:19-40:1. 

141. Appendix 3 depicts a timeline of events. See Appendix 3.   
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APPENDIX 3: TIMELINE OF EVENTS 

 

2011 
Ex. 3424. 

Appx. A 

March 201 1 Mar 
Zhang's first pre-crRNA processing f .............. . 

experiments did not include .................. . 
tra crRNA and failed to demonstrate 

target DNA cleavage. .. .. .... 

Ar·········· ... 

Ex. 3427. Lin lab notebook: 24h and 48 h, 
Oct.10 201 1 Mlay 

Appx. A. 00035 CRISPR both fail.\ 

Oct 11 201 l \ June 
Ex. 3427. Lin lab not ebook: "CRISPR do \ , .. ....... ,,,,,,,,. 

Appx. A. 00035 not work on CCR5 ... and also , \ 

MeCP2 ::: ~:F:1 ;· \ \ July 

Annx.~:-~J4 Lin lab notebook: "CRISPRCCRS ·. \ \ I 
,.,,., do not work." :. :. : 

Oct 242011 \ \ \ Aug 
Ex. 

3710 
Zhang emails Lin regarding "loading" .. \ \ \ I 

unprocessed crRNA onto Cas9. \ \ :. \ 

MarchZ-11 2011 
Charpentier and Doudna meet at 
conference in Puerto Rico: CVC 
collaboration begins. 

March 31 201 1: Deltcheva 
Deltcheva discloses that 
unprocessed tracrRNA facilitates 
processing of pre-crRNA: discloses 
mature crRNA wi thout tracrRNA. 

.AJne 2011 · Makarova 
Makarova discloses ONA
cleavage complex without 
tracrRNA. 

Ex. 4046 

Ooom,Ho '"'~ • ., .,~.~~..;,~~~ \~·:_:.1.:_:·;·.'.;,. Sr 
negative controls ·show the same bands ·: \ O t By November 29 2011 

- -....,. 
Ex. 4052 

Ex. 3427. 
Appx. A. 

000135 
sequenced PCR products "do not contain ·. \::: le CVC invent ors had already performed 

\ ·.:::..... numerous successful dual guide RNA 
mutation· and plans to ''figure our how the \ ...... \.·.:_:.:.:.:.: CRISPR-Cas9 tests in vitro and identified 

pre-crRNA is "processe d into mature crRNA.· tracrRNA as a necessary co"1)onent in the 

Nov. 29 2011 \ Nov . CRISPR-Cas9 DNA cleavage complex 

Ex 3530 Lin's Surveyor assay gel, fai ls to ... ·, .... . I _/ [iJ 
-· demonstrate DNA cleavage. ··,.. / - ·· ~.:. 

Jlf,:.::= Dec 
19 2011 

·· ......... D .. e,,c ... ./ December2011 . ::-
___ -- -- - Bhaya discloses DNA-

San1ana slide presentation depicting Makarova's I .... ···· cleavage complex without 1 

diagram (DNA cleavage compl~;a;r::~ ······ ·····:."'···· · ...... . ····· tracrRNA. v _ .... 

.. · E 4047 
Ex. 3531. 16 Dec. 19 2011 .. / Jan 2012 ByJa_nuary23 2012 x. 

Lin slide presentation disclosing "strange _./ ...... 

1 
... CVC inventors had complete_d successful 

E 3 27 surveyor" results and "no modification· _/ _ .. -· ···· crRN':' and tracrRNA truncation 

0019t."&J;~~ CRIS~ee~:~:i~a~~~~:~:d~~~~~hr~: ,../ ,,,,,,.. ~~~';::~~~~:;edt:xi~~~~l~::~-

mammalian CRISPR function." / Feb By March 1 2012 
Jan. 12 2012 _./ J / CVC inventors had diagrammed and detail~dtheir 

Zhang NIH Grant proposing to "identify ·· ./ sgRNA_ CRISPR-Cas9 system for eukaryot,c ce lls. CJ 
Ex. 4381 

the minimal set of genes and RNA _,... ..... _./ By April 11 . 2012 
elements· and include tracrRNA "to / Mar _.· . CVC ,nvent,on disclosure: preassembled sgRNA CRISPR-Cas9 

faci litate processing of guide RNAs." _/ ,........ / complex functional in vitro , techniques for introducing complex into Ex. 5105 
Ex. 3716. 6 

Feb 
28 2012 

__ ./ _../ eukaryotic ce lls including delivery by microinjection into zebrafish. 

Cox states in his lab notebook,"Type II CRISPR-Cas · . / By May 28 2012 . 
Ex. 3576, 4 systems require expression of a tracrRNA in order Arni / eve ,mentors had successfully tested eukaryot,c I= -n·h'i'_,"'""_-. 1 

to generate matu re CRISPR based transcripts ....... / ,.- targeted sgRNA CRISPR-Cas9 RNP m vitro (GFP); 
A -126 2012 / designed and synthesized CLTAtargeted sgRNAs; 

, . . pn -:-- - - .................. / and filed P1 patent application detailing use of their 
Ex. 3536 Zhang s allege.d dual-gu,de experiment usmg GFP / sgRNA CRISPR-Cas9 system in eukaryotic cells. Ex. 4382 

re:i:rt~;~: :r::~:: : t~:n~~:1:c::.:nf:::~~~i~~~~ .. Mr /,../ .. ~~ti~Ve
8
nt~;~ubmit J nek 2012 manuscript Ex 3713 62 

genome modrfication" and Mmaybe other factors ·· i ... .. : ... / to Science; Marraffini is reviewer. ' 
need to be identified in Type II CRISPR." ··.•.. June .. / ,.\me 21 2012 

Ex. 3427. Appx A. 00235, 00236. 00243-00245 ··. ,,,,,,,, .: " ·" · ··· CVC inventors host CRISPR conference 
_ • I and disclose role oftracrRNA m CRISPR- I I 
:..... ... Cas9 DNA-cleavage complex and s9RNA E 

768 26 ............. July \ -.. ·····... design. Marraffini attends conference x 4 

June 26 2012 ,: I \\ ·· .. June 21 2012 

I I 
Marraffim mforms Zhang ·1cvCJ provide pre. / ..... .. \\.. CV~ invent ors final ize strategy to contac~ colleagues for Ex. 4351, 1(56; 

, : processe d crRNAs no needlor RNAse Ill '. ! ,: ': \ testing cvc·s sgRNAsystem,n eukaryot,cce lls Ex. 4775 
-=-~=~-=·~ proV1des Zhang with cvc·s sgRNA design. / / Aug \ \ .. June 28 2012 
Ex 3713, 29 Zhang allegedly conceives Count 1 / / t \ CVC invento!s and Raible confirm details for~rst 

June 
30 2012

' -' ..... .. ,.. ': test of eves sgRNA CRISPR-Cas9 system m fish Ex. 4799 

Zhang emai l to Cong about testing sgRNA and dgRNA / ,,.... \.. \ June 28 2012 
CRISPR: "They will give us a good sense of whether / _,./ Sept \... CVC inventors publish Jinek 2012 Ex. 3202 

Ex. 3762 the system is functiona l in eukaryotic ce ll s. M : · / I \ paper m Science. 
!/ ··.~ 

July-August 2012 ·'./ CVCARTP using rx3 sgRNA Ex. 4913-4915 
Zhang uses new knowfedge of tracrRNA's ro le _.. CRISPR-Cas9 in zebrafish. 
and cvc·s sgRNA design in alleged attempts Oct 

to reduce Count 1 to practice using routine I 
methods and previously published reagent s 

··················· 
Nov , ... ,, .... ,, .. ,,,,,, 

Oct 31 2012 
eve additional ARTP s using CLTA 
sgRNA CRISPR-Cas9 in HEK293 ce lls. Ex. 4488 

Nov 1 5 & 18 2012 
CVC additional ARTPs (Cl TA sgRNA 
CRISPR-Cas9 in HEK293 ce lls). 
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