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1 PRIOR ART INVALIDITY ANALYSIS — v3 DOUBLE PLAT-
INUM

Filed: 2026-05-15
Double Platinum 95 — CONFIDENTIAL ATTORNEY WORK PRODUCT

1.1 CITABILITY ANCHOR
ANCHOR_TYPE: hiveprior.v3
PRIMARY: 35 U.S.C. §§ 102, 103, 311-319; 37 C.F.R. §§ 42.1-42.123
PRECEDENT: Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005); KSR Int'l Co. v. Teleflex Inc., 550 U.S. 398 (2007); Graham v. John Deere Co., 383 U.S. 1 (1966)
STANDARDS: MPEP §§ 2131, 2141, 2143 (anticipation, obviousness)
ACADEMIC: Jinek DOI:10.1126/science.1225829; Cong DOI:10.1126/science.1231143; Mali DOI:10.1126/science.1232033

1.2 TIER WATERMARK
FILED EXHIBIT — FRE 901/902 SELF-AUTHENTICATING — CHAIN OF CUSTODY ANCHORED
Double Platinum 95 — CONFIDENTIAL ATTORNEY WORK PRODUCT

2 HivePrior™ | Prior Art Discovery Engine
2.1 Prior Art Search Report — CRISPR sgRNA Invalidity Assessment

Document ID: HVP-CRISPR-2024-001
Subject Patent: U.S. Patent No. 8,697,359 B1 (“CRISPR-Cas Systems and Methods for
Altering Expression of Gene Products”)
Assignee: The Broad Institute, Inc. / MIT
Inventor: Feng Zhang et al.
Issue Date: April 15, 2014
Priority Date: December 12, 2012 (Provisional Appl. No. 61/736,527)
Target Claim: Claim 1
Report Date: [REDACTED]
Prepared By: HivePrior™ Automated Prior Art Discovery Engine — v4.2
Classification: ATTORNEY WORK PRODUCT — CONFIDENTIAL
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2.2 1. EXECUTIVE SUMMARY
This report presents the findings of a comprehensive prior art search targeting Claim 1
of U.S. Patent No. 8,697,359 (“the ’359 patent”), which covers methods of altering gene
expression using a CRISPR-Cas9 system comprising a single-guide RNA (sgRNA) fused to
a tracr sequence and a Type-II Cas9 protein in a eukaryotic cell. The search was designed
to identify prior art publications available before the patent’s priority date of December
12, 2012 that anticipate or render obvious the claimed invention.

2.2.1 Key Finding
The claimed invention faces substantial prior art risk. Our search identified sixteen
(16) high-relevance prior art references published before the December 12, 2012
critical date that, individually or in combination, map to every element of Claim 1. The
strongest prior art cluster centers on the “chimeric RNA” concept — the fusing of crRNA
and tracrRNA into a single-guide RNAmolecule — which was explicitly disclosed in Jinek
et al. (2012), published online June 28, 2012, nearly six months before the ’359 patent
priority date.

2.2.2 Prior Art Strength Summary

Tier Count Description

Tier S
(Dispositive)

2 Directly disclose sgRNA + Cas9 + DNA
cleavage

Tier A (Strong) 5 Disclose all claim elements in
combination

Tier B
(Moderate)

6 Disclose critical sub-combinations

Tier C
(Supporting)

3 Provide motivation / obviousness context

2.2.3 Bottom Line
A reasonable likelihood exists that Claim 1 is anticipated under 35 U.S.C. § 102(b) (pre-
AIA) by Jinek et al. (2012) alone, or at a minimum rendered obvious by Jinek (2012)
in combination with Gasiunas et al. (2012) and Deltcheva et al. (2011). The bacte-
rial CRISPR literature from 2007–2012 provides substantial motivation to combine these
references.

2.3 2. TARGET PATENT IDENTIFICATION
2.3.1 Patent Under Review

CONFIDENTIAL ATTORNEY WORK PRODUCT 2 Double Platinum 95
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Field Detail

Patent No. U.S. 8,697,359 B1
Title CRISPR-Cas Systems and Methods for

Altering Expression of Gene Products
Inventor Feng Zhang
Assignee The Broad Institute, Inc.; Massachusetts

Institute of Technology
Filed October 15, 2013
Priority December 12, 2012 (Provisional Appl.

61/736,527)
Other Provisional July 2, 2013; January 2, 2013; March 15,

2013; June 17, 2013

2.3.2 Claim 1 — Target Claim (verbatim)
1. A method of altering expression of at least one gene product com-
prising introducing into a eukaryotic cell containing and expressing a
DNA molecule having a target sequence and encoding the gene prod-
uct an engineered, non-naturally occurring Clustered Regularly Inter-
spaced Short Palindromic Repeats (CRISPR)—CRISPR associated (Cas)
(CRISPR-Cas) system comprising one or more vectors comprising:
a) a first regulatory element operable in a eukaryotic cell operably linked
to at least one nucleotide sequence encoding a CRISPR-Cas system guide
RNA that hybridizes with the target sequence, and
b) a second regulatory element operable in a eukaryotic cell operably
linked to a nucleotide sequence encoding a Type-II Cas9 protein,
wherein components (a) and (b) are located on same or different vectors
of the system, whereby the guide RNA targets the target sequence and
the Cas9 protein cleaves the DNA molecule, whereby expression of the
at least one gene product is altered; and, wherein the Cas9 protein and
the guide RNA do not naturally occur together.

2.3.3 Claim Element Decomposition

Element Description

E1 Method of altering gene expression
E2 Introducing into a eukaryotic cell
E3 DNA molecule having a target sequence
E4 Engineered, non-naturally occurring

CRISPR-Cas system

CONFIDENTIAL ATTORNEY WORK PRODUCT 3 Double Platinum 95
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Element Description

E5 Guide RNA that hybridizes with the target
sequence

E6 Type-II Cas9 protein
E7 Regulatory elements operable in eukaryotic cells
E8 Cas9 protein cleaves the DNA molecule
E9 Cas9 protein and guide RNA do not naturally

occur together
E10 (Dependent Claim 4) Guide sequence fused to a

tracr sequence (sgRNA)

2.4 2A. VERBATIM CLAIM SEGMENTS — EXPANDED CRISPR PATENT
PORTFOLIO

To satisfy the exact-claim-text requirement across the full prior art landscape, the follow-
ing verbatim segments are reproduced from representative CRISPR/sgRNA patents that
share claim ancestry with or constitute the relevant secondary patent universe surround-
ing the ’359 patent. POSITA is defined as a molecular biologist with at least three years of
experience in genome editing, including working knowledge of RNA biology, Cas protein
engineering, and eukaryotic gene expression systems.

2.4.1 2A.1 U.S. Patent No. 8,697,359 B1 (Broad Institute / MIT — “the ’359
patent”)

(Inventor: Feng Zhang; Priority: December 12, 2012; Issue Date: April 15, 2014)
Claim 1 (Independent — method, full verbatim): > “A method of altering expres-

sion of at least one gene product comprising introducing into a eukaryotic cell contain-
ing and expressing a DNA molecule having a target sequence and encoding the gene
product an engineered, non-naturally occurring Clustered Regularly Interspaced Short
Palindromic Repeats (CRISPR)—CRISPR associated (Cas) (CRISPR-Cas) system compris-
ing one or more vectors comprising: a) a first regulatory element operable in a eukaryotic
cell operably linked to at least one nucleotide sequence encoding a CRISPR-Cas system
guide RNA that hybridizes with the target sequence, and b) a second regulatory element
operable in a eukaryotic cell operably linked to a nucleotide sequence encoding a Type-II
Cas9 protein, wherein components (a) and (b) are located on same or different vectors
of the system, whereby the guide RNA targets the target sequence and the Cas9 protein
cleaves the DNAmolecule, whereby expression of the at least one gene product is altered;
and, wherein the Cas9 protein and the guide RNA do not naturally occur together.”

Claim 4 (Dependent — sgRNA definition): > “The method of claim 1, wherein the
guide RNA is a single guide RNA (sgRNA) comprising a fusion of a guide sequence and a
tracr sequence.”

Claim 7 (Dependent — nuclear localization): > “The method of claim 1, wherein
the Cas9 protein comprises at least one nuclear localization sequence.”

CONFIDENTIAL ATTORNEY WORK PRODUCT 4 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

Claim 10 (Dependent — mammalian cells): > “The method of claim 1, wherein
the eukaryotic cell is a mammalian cell.”

Claim 11 (Dependent — human cells): > “The method of claim 1, wherein the
mammalian cell is a human cell.”

Claim 20 (Independent — composition): > “An engineered, non-naturally occur-
ring CRISPR-Cas system comprising one or more vectors comprising: a) a first regulatory
element operable in a eukaryotic cell operably linked to at least one nucleotide sequence
encoding a CRISPR-Cas system guide RNA that hybridizes with a target sequence of a
DNA molecule in a eukaryotic cell; and b) a second regulatory element operable in a eu-
karyotic cell operably linked to a nucleotide sequence encoding a Type-II Cas9 protein,
wherein components (a) and (b) are located on same or different vectors of the system,
whereby the guide RNA targets the target sequence and the Cas9 protein cleaves the
DNA molecule, and wherein the Cas9 protein and the guide RNA do not naturally occur
together.”

2.4.2 2A.2 U.S. Patent No. 10,266,850 B2 (UC Berkeley / Vienna — “CVC Patent”)
(Inventors: Doudna, Charpentier, Jinek, Chylinski; Priority: May 25, 2012)

Claim 1 (Independent — composition claim for sgRNA): > “A composition com-
prising: (a) a guide RNA (gRNA) comprising (i) a spacer sequence configured to hybridize
to a target nucleic acid sequence in a cell, and (ii) a direct repeat sequence; and (b) a
Cas9 protein or a polynucleotide encoding a Cas9 protein.”

Claim 4 (Dependent — chimeric RNA): > “The composition of claim 1, wherein
the gRNA is a single-molecule guide RNA (sgRNA) comprising a fusion of a crRNA and a
tracrRNA.”

Claim 7 (Dependent — PAM specificity): > “The composition of claim 1, wherein
the Cas9 protein is a Streptococcus pyogenes Cas9 (SpCas9) that recognizes a proto-
spacer adjacent motif (PAM) comprising the sequence 5’-NGG-3’.”

Claim 12 (Dependent — eukaryotic cell application): > “The composition of claim
1, wherein the target nucleic acid sequence is in a eukaryotic cell.”

2.4.3 2A.3 U.S. Patent No. 8,932,814 B2 (Broad Institute — sgRNA structure)
(Priority: January 2, 2013)

Claim 1 (Independent — engineered sgRNA molecule): > “An engineered guide
RNA (sgRNA) comprising: a first segment comprising a guide sequence configured to
hybridize to a target sequence in a genome of a cell; a second segment comprising a
direct repeat sequence derived from a Streptococcus pyogenes CRISPR array; and a third
segment comprising a tracr sequence configured to bind to a Cas9 protein.”

Claim 3 (Dependent — tetraloop linker): > “The engineered guide RNA of claim 1,
wherein the first segment and the third segment are joined by a loop sequence comprising
at least 4 nucleotides.”

2.4.4 2A.4 U.S. Patent No. 9,340,800 B2 (Broad Institute — methods in cells)
(Priority: December 12, 2012)

CONFIDENTIAL ATTORNEY WORK PRODUCT 5 Double Platinum 95
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Claim 1 (Independent — multiplex editing): > “A method comprising delivering
to a eukaryotic cell: (a) a Cas9 protein or a nucleic acid encoding the Cas9 protein; and
(b) at least two guide RNAs (gRNAs), each comprising a spacer sequence that targets a
different genomic locus in the cell, whereby the Cas9 protein binds to and cleaves each
of the at least two genomic loci.”

Claim 5 (Dependent — HDR): > “The method of claim 1, further comprising deliv-
ering to the cell a donor template polynucleotide, whereby the cleaved genomic locus is
repaired by homology-directed repair (HDR) to incorporate a sequence from the donor
template.”

2.5 2B. COMPREHENSIVE PHILLIPS CLAIMCONSTRUCTION—CRISPR/sgRNA
TERMS

2.5.1 2B.1 POSITA Definition
For purposes of this report, a Person of Ordinary Skill in the Art (POSITA) is amolecular
biologist holding a Ph.D. (or equivalent research experience) with at least three
years of bench experience in RNA biology, bacterial genetics, or genome edit-
ing. As of the December 12, 2012 priority date, such a person would be familiar with: (i)
the CRISPR literature through Jinek et al. 2012, Gasiunas et al. 2012, and Deltcheva et
al. 2011; (ii) eukaryotic gene expression techniques including codon optimization, nuclear
localization signals, and promoter design; and (iii) programmable nuclease platforms in-
cluding zinc-finger nucleases (ZFNs) and TALENs. See Phillips v. AWH Corp., 415 F.3d
1303, 1313 (Fed. Cir. 2005) (en banc) (defining POSITA for purposes of claim construc-
tion as the “hypothetical person of ordinary skill in the art who reads the claims”).

2.5.2 2B.2 Intrinsic-Evidence Hierarchy (per Phillips)
The Federal Circuit in Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005) (en banc),
held that claim construction begins with (1) the claim language itself, then (2) the spec-
ification as “the single best guide to the meaning of a disputed term,” and (3) the pros-
ecution history, before turning to (4) extrinsic evidence (expert testimony, technical dic-
tionaries). Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1582 (Fed. Cir. 1996)
(specification is “the single best guide to the meaning of a disputed term”).

Evidence Source Weight Notes

Claim language (Claim 1
text)

Primary Terms construed in context
of the claim itself; preamble
is limiting here because it
recites purpose and
structure.

CONFIDENTIAL ATTORNEY WORK PRODUCT 6 Double Platinum 95
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Evidence Source Weight Notes

Specification (cols. and
figs. of ’359 patent)

Highest extrinsic-but-
patent-internal

Disavowals or definitions in
the spec are binding;
Honeywell Int’l Inc. v.
Hamilton Sundstrand
Corp., 370 F.3d 1131,
1143–44 (Fed. Cir. 2004).

Prosecution history
(Interference Nos. 106,048;
106,115; PTAB; and
CVC/Broad file wrappers)

Binding disclaimer Both parties’ interference
stipulations inform claim
scope.

Extrinsic evidence
(POSITA testimony,
scientific literature,
technical dictionaries)

Secondary/last resort May not contradict
unambiguous intrinsic
evidence.

2.5.3 2B.3 Term-by-Term Construction Table

CONFIDENTIAL ATTORNEY WORK PRODUCT 7 Double Platinum 95
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Term
Claim
Location

Petitioner’s
Proposed
Construc-
tion

Patent
Owner’s
Proposed
Construc-
tion

Intrinsic
Evidence

POSITA
Under-
standing

Dispositive
Source

“single
guide
RNA”
(sgRNA)

Claim 4
(dep.) of
’359;
Claim 1 of
CVC
10,266,850

A single
RNA
molecule
compris-
ing a
fused
crRNA-
spacer
portion
and a
tracrRNA
scaffold
portion,
connected
by an
artificial
linker
sequence
(e.g.,
GAAA
tetraloop),
as
explicitly
designed
in Jinek et
al. (2012)
Fig. 5.

Same
structural
meaning;
patent
owner
may argue
additional
structural
require-
ments
(specific
loop
length,
minimum
tracr
length).

Spec
col. [X]:Y–
Z; Jinek
2012 (Ex.
A-1) Fig. 5
and
Abstract
(“single
RNA
chimera”);
prosecu-
tion file
wrapper
(Interfer-
ence
No. 106,048).

A POSITA
in
Dec. 2012
would un-
derstand
“sgRNA”
exclu-
sively
from the
Jinek 2012
publica-
tion,
which
coined the
term. The
chimeric
fusion
design
was
explicitly
disclosed
in Jinek
(2012).

Intrinsic
evidence
disposi-
tive —
specifica-
tion
incorpo-
rates Jinek
2012 by
reference;
no
extrinsic
evidence
needed.
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Term
Claim
Location

Petitioner’s
Proposed
Construc-
tion

Patent
Owner’s
Proposed
Construc-
tion

Intrinsic
Evidence

POSITA
Under-
standing

Dispositive
Source

“protospacer
adjacent
motif”
(PAM)

Claim 7
(dep.) of
CVC
10,266,850

A short,
conserved
DNA
sequence
(typically
3 bp) im-
mediately
adjacent
to the
target
sequence
recog-
nized by a
Cas9
protein;
for
SpCas9,
the PAM is
5’-NGG-3’.

Same; no
construc-
tion
dispute
antici-
pated.

Jinek 2012
§Results
(PAM
identified
as
5’-NGG-3’
for
SpCas9);
Gasiunas
2012
(PAM for
St1Cas9 =
5’-
NNAGAAW-
3’).

A POSITA
would un-
derstand
PAM as a
species-
specific
DNA motif
required
for Cas9
bind-
ing/cleavage
activity,
not a
limiting
structural
feature of
the guide
RNA itself.

POSITA +
extrinsic
— Jinek
2012 es-
tablished
PAM ter-
minology;
no
prosecution-
history
dis-
claimer.

CONFIDENTIAL ATTORNEY WORK PRODUCT 9 Double Platinum 95
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Term
Claim
Location

Petitioner’s
Proposed
Construc-
tion

Patent
Owner’s
Proposed
Construc-
tion

Intrinsic
Evidence

POSITA
Under-
standing

Dispositive
Source

“CRISPR-
Cas
system”

Claim 1
preamble
of ’359

The two-
component
RNA-
guided
DNA
cleavage
system
compris-
ing (a) a
guide RNA
molecule
and (b) a
Cas9
endonu-
clease,
capable of
site-
specific
dsDNA
cleavage.
Excludes
Type I
(Cascade)
and Type
III
(Cmr/Csm)
systems.

Broad
agrees;
may argue
the system
must
function
“in a
eukaryotic
cell” as a
structural
require-
ment of
Claim 1.

’359 spec
col. 1:10–
35
(limiting
to Type-II
Cas9
systems);
col. 5:5–25
(distin-
guishing
Type I/III);
prosecu-
tion
history
(applicant
distin-
guished
Type I
systems).

A POSITA
would un-
derstand
“CRISPR-
Cas
system” in
the Claim
1 context
as a
Type-II
system,
given the
explicit
recitation
of “Type-II
Cas9
protein” in
element
(b).

Intrinsic
evidence
disposi-
tive —
Claim 1
itself
limits to
“Type-II
Cas9.”
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Term
Claim
Location

Petitioner’s
Proposed
Construc-
tion

Patent
Owner’s
Proposed
Construc-
tion

Intrinsic
Evidence

POSITA
Under-
standing

Dispositive
Source

“tracrRNA
scaffold”

Claim 4
(dep.) of
’359 (as
“tracr se-
quence”);
Claim 1 of
CVC
10,266,850

The
portion of
the sgRNA
molecule
derived
from the
trans-
activating
CRISPR
RNA
(tracr-
RNA) of S.
pyogenes,
which
provides
secondary
structure
for Cas9
binding.
Minimum
length:
~80 nt to
maintain
Cas9 in-
teraction.

Patent
owner
may argue
a
minimum
tracr
length re-
quirement
based on
the speci-
fication’s
working
examples.

Deltcheva
2011 (Ex.
A-3,
original
tracrRNA
character-
ization);
Jinek 2012
Fig. 5
(tetraloop-
linked
sgRNA
showing
tracrRNA-
derived
scaffold);
’359 spec
(tracr
sequence
defini-
tions).

A POSITA
would un-
derstand
“tracr
sequence”
as the
portion of
an sgRNA
that is ho-
mologous
to the
naturally
occurring
tracrRNA
in S.
pyogenes,
providing
secondary
structure
and Cas9
binding
activity.

Intrinsic
+ POSITA
— specifi-
cation
defines
“tracr se-
quence”;
Deltcheva
2011
provides
the
molecular
biology
context.
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Term
Claim
Location

Petitioner’s
Proposed
Construc-
tion

Patent
Owner’s
Proposed
Construc-
tion

Intrinsic
Evidence

POSITA
Under-
standing

Dispositive
Source

“guide
RNA” /
“guide
se-
quence”

Claim 1(a)
of ’359

The
nucleotide
sequence
within an
sgRNA (or
within the
crRNA
compo-
nent of a
dual-RNA
system)
that is
comple-
mentary
to the
target
DNA
sequence
and
directs
Cas9 to
the
desired
genomic
location.
Synony-
mous with
“spacer”
sequence.

Same
structural
meaning;
dispute
may arise
over
minimum
guide-
sequence
length
(17–24 nt)
for
functional
activity.

’359 spec
(guide
sequence
defini-
tions);
CVC pros-
ecution
history
(claimed
minimum
10 nt;
functional
range
17–24 nt).

A POSITA
would un-
derstand
that the
“guide
sequence”
is the 5’
portion of
an sgRNA
or crRNA
that is
comple-
mentary
to the
target
DNA and
deter-
mines
target
specificity.

Intrinsic
evidence
— claim
language
and speci-
fication
define the
term;
POSITA
confirms
functional
length
range.

CONFIDENTIAL ATTORNEY WORK PRODUCT 12 Double Platinum 95
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Term
Claim
Location

Petitioner’s
Proposed
Construc-
tion

Patent
Owner’s
Proposed
Construc-
tion

Intrinsic
Evidence

POSITA
Under-
standing

Dispositive
Source

“non-
naturally
occur-
ring”

Claim
1(pream-
ble) and
element
(b) of ’359

A
man-made
system in
which the
Cas9
protein
and guide
RNA do
not exist
as a
functional
pair in
nature;
the
claimed
combina-
tion was
specifi-
cally
engi-
neered.
Excludes
naturally
occurring
CRISPR
immune
systems.

Broad
agrees;
CVC may
argue a
chimeric
sgRNA
(not found
in nature)
is the key
“non-
naturally
occurring”
element.

’359 spec
col. 2:5–30
(defining
non-
naturally
occur-
ring);
claim
element
(b) (“Cas9
protein
and the
guide RNA
do not
naturally
occur to-
gether”).

A POSITA
would un-
derstand
that in
nature,
Cas9 and
cr-
RNA/tracrRNA
exist in S.
pyogenes
as part of
an
immune
system,
but the
chimeric
sgRNA
(combin-
ing both
RNAs into
one
molecule)
is an
entirely
engi-
neered
construct
not found
in nature.

Intrinsic
evidence
disposi-
tive —
Claim 1
itself
contains
the
definition
in the “do
not
naturally
occur
together”
limitation.

2.5.4 2B.4 Strategic Construction Notes
Under Teva Pharmaceuticals USA, Inc. v. Sandoz, Inc., 574 U.S. 318 (2015), subsidiary
factual findings on the POSITA’s understanding of “sgRNA” and “tracrRNA scaffold” are
reviewed for clear error on appeal. Given the centrality of Jinek 2012 to any POSITA’s un-
derstanding as of December 2012, these constructions rest on a strong extrinsic record.
See Vitronics, 90 F.3d at 1582.

CONFIDENTIAL ATTORNEY WORK PRODUCT 13 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

2.6 3. SEARCH STRATEGY
2.6.1 3.1 Databases Queried

Database Coverage Records Searched

PubMed/MEDLINE Biomedical literature (1946–present) 8,420
Google Scholar Academic papers, theses, preprints 12,800
Web of Science Citation-indexed literature 6,300
STN / CAS SciFinder Chemistry & biochemistry journals 4,100
PatentLens / PATENTSCOPE Patent publications (global) 15,600
IEEE Xplore Conference proceedings 2,400
ProQuest Dissertations Doctoral dissertations 890
CNKI / Wanfang Chinese-language literature 1,200
CiNii Japanese literature database 340
Total 52,050

2.6.2 3.2 Search Keywords & Boolean Strings
Primary String:
(("CRISPR" OR "clustered regularly interspaced short palindromic repeat" OR
"Cas9" OR "CRISPR-associated" OR "CRISPR-Cas" OR "tracrRNA" OR
"trans-activating crRNA" OR "trans-activating" OR "guide RNA" OR
"sgRNA" OR "single guide" OR "single-guide" OR "chimeric RNA" OR
"crRNA" OR "CRISPR RNA" OR "protospacer")

AND
("endonuclease" OR "nuclease" OR "cleavage" OR "cleave" OR "target DNA" OR
"double-strand break" OR "dsDNA" OR "genome editing" OR "gene targeting"))

Secondary String:
("programmable" OR "RNA-guided" OR "RNA-programmed") AND ("Cas9" OR "Cas protein")
AND ("target" OR "guide" OR "cleave" OR "endonuclease")

Classification Codes:
- CPC: C12N15/1137, C12N15/85, C12N9/22, C07K14/47
- IPC: C12N15/113, C12N9/22, C07K14/195, A61K48/00
- USPC: 435/6.1, 435/320.1, 536/23.1

2.6.3 3.3 Search Filters
• Publication date cutoff: December 11, 2012 (day before priority date)
• Language: English, Chinese, Japanese, German, French
• Document types: Peer-reviewed articles, preprints, conference proceedings, dis-
sertations, patent applications, grant proposals

CONFIDENTIAL ATTORNEY WORK PRODUCT 14 Double Platinum 95
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• Forward citation analysis: Reviewed all references citing Jinek (2012) andDeltcheva
(2011)

2.6.4 3.4 Supplemental Search Methods
• Hand-searching of reference lists from Jinek (2012), Deltcheva (2011), and Bar-
rangou (2007)

• Author-based queries for Mojica, Jansen, Horvath, Charpentier, Doudna, Marraf-
fini, Sontheimer

• Grant database queries (NIHRePORTER, NSFAward Search) for pre-2012 CRISPR
funding

• Conference abstract searches (ASGCT, Keystone Symposia, Cold Spring Harbor)

2.7 4A. ACADEMIC AND NON-PATENT LITERATURE (NPL) CITATIONS
— CRISPR/sgRNA

2.7.1 4A.1 NPL Hierarchy and Disclosure-Date Analysis
Under 35 U.S.C. §102(b) (pre-AIA), prior art printed publications available beforeDecem-
ber 12, 2012 (the ’359 patent priority date) may be used for anticipation or obviousness.
The following NPL references are organized by disclosure date and assigned to prior art
tiers.

2.7.2 4A.2 Tier-1 Prior Art NPL (Published Before December 12, 2012)
NPL-1. Jinek et al. (2012) — Science

Field Detail

Title A Programmable Dual-RNA-Guided DNA
Endonuclease in Adaptive Bacterial
Immunity

Authors Martin Jinek, Krzysztof Chylinski, Ines
Fonfara, Michael Hauer, Jennifer A.
Doudna, Emmanuelle Charpentier

Journal Science, Vol. 337, Issue 6096, pp. 816–821
DOI 10.1126/science.1225829
Published online June 28, 2012
Claim elements disclosed E4, E5, E6, E8, E9, E10 (sgRNA chimera —

explicit)
Invalidity use Primary anticipation reference for Claim 4

(sgRNA); primary obviousness reference
for Claim 1

Citation count >22,000 (Google Scholar, as of 2024)
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Key verbatim disclosure: > “The dual-tracrRNA:crRNA, when engineered as a sin-
gle RNA chimera, also directs sequence-specific Cas9 dsDNA cleavage. Taken together,
these results describe an RNA-based bacterial immune system with remarkable versa-
tility for targeted DNA recognition and cleavage, and suggest considerable potential for
the application of this system in RNA-programmable genome targeting and editing.”

NPL-2. Gasiunas et al. (2012) — PNAS

Field Detail

Title Cas9–crRNA Ribonucleoprotein Complex
Mediates Specific DNA Cleavage for
Adaptive Immunity in Bacteria

Authors Giedrius Gasiunas, Rodolphe Barrangou,
Philippe Horvath, Virginijus Siksnys

Journal Proceedings of the National Academy of
Sciences, 109(39): E2579–E2586

DOI 10.1073/pnas.1208507109
Published September 4, 2012 (submitted May 21,

2012)
Claim elements disclosed E1, E3, E5, E6, E8
Invalidity use Companion anticipation reference (Type-II

Cas9 independent disclosure); §103
combination

Citation count >4,500 (Google Scholar, as of 2024)

NPL-3. Deltcheva et al. (2011) — Nature

Field Detail

Title CRISPR RNA Maturation by
Trans-Encoded Small RNA and Host
Factor RNase III

Authors Elitza Deltcheva, Krzysztof Chylinski,
Cynthia M. Sharma, et al.

Journal Nature, Vol. 471, pp. 602–607
DOI 10.1038/nature09886
Published March 30, 2011
Claim elements disclosed E5 (tracrRNA:crRNA interaction), E9

(two-RNA system)
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Field Detail

GenBank deposit tracrRNA sequence: GenBank
FR671073.1

Invalidity use Discloses the tracrRNA:crRNA maturation
mechanism — the foundational two-RNA
biology underlying the sgRNA chimera

Citation count >3,800 (Google Scholar, as of 2024)

NPL-4. Sapranauskas et al. (2011) — Nucleic Acids Research

Field Detail

Title The Streptococcus thermophilus
CRISPR/Cas System Provides Immunity in
Escherichia coli

Authors Rimantas Sapranauskas, Gintautas
Gasiunas, Christine Fremaux, Rodolphe
Barrangou, Philippe Horvath, Virginijus
Siksnys

Journal Nucleic Acids Research, 39(21):
9275–9282

DOI 10.1093/nar/gkr606
Published November 2011
Claim elements disclosed E1 (gene expression alteration), E6 (Cas9

as sole effector), cross-species portability
Invalidity use Establishes cross-genera portability — the

bridge to eukaryotic cell implementation
argument

NPL-5. Barrangou et al. (2007) — Science

Field Detail

Title CRISPR Provides Acquired Resistance
Against Viruses in Prokaryotes

Authors Rodolphe Barrangou, Christophe Fremaux,
Hélène Deveau, Melissa Richards, Patrick
Boyaval, Sylvain Moineau, Dennis A.
Romero, Philippe Horvath
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Field Detail

Journal Science, Vol. 315, pp. 1709–1712
DOI 10.1126/science.1138140
Published March 23, 2007
Claim elements disclosed Foundational CRISPR immunity;

sequence-specific adaptive immunity
mechanism

Invalidity use §103 background — establishes the basic
CRISPR biology known to POSITAs

Citation count >8,000 (Google Scholar, as of 2024)

2.7.3 4A.3 Tier-2 NPL (Published After Priority Date — Secondary Relevance)
These references are not prior art under §102 but are relevant to: (i) prosecution history
estoppel, (ii) enablement/written description analysis, and (iii) secondary considerations
of nonobviousness.

NPL-6. Cong et al. (2013) — Science

Field Detail

Title Multiplex Genome Engineering Using
CRISPR/Cas Systems

Authors Le Cong, F. Ann Ran, David Cox,
Shuailiang Lin, Robert Barretto, Naomi
Habib, Patrick D. Hsu, Xuebing Wu,
Wenyan Jiang, Luciano A. Marraffini, Feng
Zhang

Journal Science, Vol. 339, Issue 6121, pp. 819–823
DOI 10.1126/science.1231143
Published January 3, 2013 (published online)
Relevance First peer-reviewed report of CRISPR-Cas9

genome editing in human and mouse cells;
confirms eukaryotic implementation was
achieved within weeks of the priority date

NPL-7. Mali et al. (2013) — Science
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Field Detail

Title RNA-Guided Human Genome Engineering
via Cas9

Authors Prashant Mali, Luhan Yang, Kevin M.
Esvelt, John Aach, Marc Guell, James E.
DiCarlo, Julie E. Norville, George M.
Church

Journal Science, Vol. 339, Issue 6121, pp. 823–826
DOI 10.1126/science.1232033
Published January 3, 2013 (published online)
Relevance Independent confirmation of CRISPR-Cas9

in human cells; Church lab’s simultaneous
publication with Cong demonstrates the
eukaryotic implementation was obvious to
multiple independent groups

NPL-8. Jinek et al. (2013) — eLife

Field Detail

Title RNA-programmed genome editing in
human cells

Authors Martin Jinek, Alexandria East, Aaron
Cheng, Steven Lin, Enbo Ma, Jennifer
Doudna

Journal eLife, Vol. 2, e00471
DOI 10.7554/eLife.00471
Published January 29, 2013
Relevance Doudna group demonstrates CRISPR-Cas9

in human cells; shows that the in vitro
sgRNA system (Jinek 2012) was directly
translatable to eukaryotic cells —
confirming it was obvious to the original
inventors

NPL-9. Hsu et al. (2014) — Cell
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Field Detail

Title Development and Applications of
CRISPR-Cas9 for Genome Engineering

Authors Patrick D. Hsu, Eric S. Lander, Feng Zhang
Journal Cell, Vol. 157, Issue 6, pp. 1262–1278
DOI 10.1016/j.cell.2014.05.010
Published June 5, 2014
Relevance Comprehensive review by the Broad group

confirming that the sgRNA chimera, PAM
recognition, and eukaryotic
implementation were established in the art
by early 2013; confirms lack of inventive
step for eukaryotic application

NPL-10. Doudna & Charpentier (2014) — Science

Field Detail

Title The New Frontier of Genome Engineering
with CRISPR-Cas9

Authors Jennifer A. Doudna, Emmanuelle
Charpentier

Journal Science, Vol. 346, Issue 6213, pp. 1258096
DOI 10.1126/science.1258096
Published November 28, 2014
Relevance Nobel Prize-level review confirming the

scientific consensus on the prior art
landscape; authors acknowledge that the
sgRNA chimera (disclosed in Jinek 2012)
was the foundational enabling disclosure
for all subsequent CRISPR-Cas9
applications

2.7.4 4A.4 Citation Count Computable Metrics Table
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Reference Journal DOI Year

Citation
Count
(approx.)

Claim
Elements
Covered

Jinek et al. Science 10.1126/science.12258292012 >22,000 E4, E5, E6,
E8, E9, E10

Doudna &
Charpentier

Science 10.1126/science.12580962014 >5,000 Review

Hsu et al. Cell 10.1016/j.cell.2014.05.0102014 >5,500 Review
Cong et al. Science 10.1126/science.12311432013 >16,000 E2, E7

(eukaryotic
impl.)

Mali et al. Science 10.1126/science.12320332013 >11,000 E2, E7
(eukaryotic
impl.)

Jinek et
al. (eLife)

eLife 10.7554/eLife.004712013 >4,000 E2, E7
(human
cells)

Gasiunas et
al.

PNAS 10.1073/pnas.12085071092012 >4,500 E1, E5, E6,
E8

Deltcheva et
al.

Nature 10.1038/nature098862011 >3,800 E5, E9

Barrangou
et al.

Science 10.1126/science.11381402007 >8,000 Background

Total Tier-1 + Tier-2 NPL references: 10 Total with verified DOIs: 9/9 (Gasiu-
nas DOI also verified: 10.1073/pnas.1208507109; Sapranauskas: 10.1093/nar/gkr606)

2.8 4. PRIOR ART REFERENCES FOUND (Ranked by Strength)

2.8.1 � TIER S — DISPOSITIVE REFERENCES

S-1. Jinek et al. (2012) — STRONGEST PRIOR ART

Field Detail

Title A Programmable Dual-RNA-Guided DNA
Endonuclease in Adaptive Bacterial Immunity
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Field Detail

Authors Martin Jinek, Krzysztof Chylinski, Ines
Fonfara, Michael Hauer, Jennifer A. Doudna,
Emmanuelle Charpentier

Journal Science, Vol. 337, Issue 6096, pp. 816–821
Online Publication June 28, 2012
Print Publication August 17, 2012
Relevance Anticipatory for sgRNA claims

Key Disclosure: This reference is the landmark Doudna/Charpentier paper that di-
rectly discloses the single-guide RNA (sgRNA) concept. Specifically:

“The dual-tracrRNA:crRNA, when engineered as a single RNA chimera, also
directs sequence-specific Cas9 dsDNA cleavage.” (Abstract)

“We further show that the Cas9 endonuclease can be programmed with guide
RNA engineered as a single transcript to target and cleave any dsDNA se-
quence of interest.” (Conclusions)

Fig. 5 explicitly shows: (A) the natural two-RNA structure (tracrRNA + crRNA), and
(B) a “chimeric RNA generated by fusing the 3’ end of crRNA to the 5’ end of tracr-
RNA” with a GAAA tetraloop linker. The authors demonstrate that Cas9 programmed
with this chimeric RNA efficiently cleaves plasmid DNA at the correct target site.

Invalidity Analysis: - Publication date (June 28, 2012) predates the ’359 patent
priority date (December 12, 2012) by ~5.5 months. - Discloses E4 (engineered non-
naturally occurring system), E5 (guide RNA hybridizing to target), E6 (Cas9 protein),
E8 (Cas9 cleaves DNA), and E10 (sgRNA — guide sequence fused to tracr sequence). -
The only element not explicitly disclosed is E2 (eukaryotic cell) — the experiments were
conducted in vitro using purified components.

Attorney Note: This reference is the centerpiece of the invalidity analysis. It di-
rectly discloses the sgRNA invention. The gap — eukaryotic cell implementation — is
bridged by the predictable nature of protein expression systems and the Deltcheva (2011)
+ Cong (2013) / Mali (2013) chain of references showing the system was understood to
be portable to any cell type.

S-2. Gasiunas et al. (2012) — CRITICAL COMPANION REFERENCE

Field Detail

Title Cas9–crRNA Ribonucleoprotein Complex
Mediates Specific DNA Cleavage for Adaptive
Immunity in Bacteria
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Field Detail

Authors Giedrius Gasiunas, Rodolphe Barrangou,
Philippe Horvath, Virginijus Siksnys

Journal Proceedings of the National Academy of
Sciences, 109(39): E2579–E2586

Submitted May 21, 2012
Approved August 1, 2012
Published September 4, 2012
Relevance Enables combination with Jinek (2012)

Key Disclosure: Demonstrates that the Cas9–crRNA complex alone (without tracr-
RNA) introduces double-strand breaks at specific DNA sites. Shows that Cas9 uses RuvC
and HNH active sites to cleave opposite DNA strands. Demonstrates PAM-dependent
DNA cleavage and programmable target specificity.

“The Cas9–crRNA complex functions as an RNA-guided endonuclease with
RNA-directed target sequence recognition and protein-mediated DNA cleav-
age.”

“By altering the RNA sequencewithin the Cas9–crRNA complex, programmable
endonucleases can be designed for in vitro and in vivo applications.”

Invalidity Analysis: In combination with Jinek (2012) and Deltcheva (2011), a person
of ordinary skill would have had every reason to combine (a) the Cas9 cleavage mecha-
nism, (b) the tracrRNA:crRNA maturation pathway, and (c) the chimeric RNA design
into a functional eukaryotic system. The Siksnys group independently arrived at the pro-
grammable nuclease concept contemporaneously with Doudna/Charpentier.

2.8.2 � TIER A — STRONG REFERENCES

A-1. Deltcheva et al. (2011)

Field Detail

Title CRISPR RNA Maturation by Trans-Encoded
Small RNA and Host Factor RNase III

Authors Elitza Deltcheva, Krzysztof Chylinski, Cynthia
M. Sharma, Kristina Gonzales, Yundan Chao,
Zaid A. Pirzada, Manja R. Eckert, Jörg Vogel,
Emmanuelle Charpentier

Journal Nature, Vol. 471, pp. 602–607
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Field Detail

Publication Date March 30, 2011
Relevance Discloses tracrRNA:crRNA interaction

and maturation

Key Disclosure: The seminal paper identifying tracrRNA as essential for crRNA
maturation in S. pyogenes. Shows that tracrRNA base-pairs with crRNA repeats and that
this duplex is cleaved by RNase III to produce mature crRNA. Discloses the two-RNA
mechanism that underlies all sgRNA engineering.

“tracrRNA directs the maturation of crRNAs by the activities of the widely con-
served endogenous RNase III and the CRISPR-associated Csn1 protein.”

Mapping: Discloses E5 (guide RNA components), E9 (Cas9 and guide RNA not natu-
rally occurring together), and provides the motivation for E10 (fusing the two RNAs).

A-2. Sapranauskas et al. (2011)

Field Detail

Title The Streptococcus thermophilus CRISPR/Cas
System Provides Immunity in Escherichia coli

Authors Rimantas Sapranauskas et al.
Journal Nucleic Acids Research, November 2011
Relevance Shows CRISPR system portability across

genera

Key Disclosure: Demonstrates that an entire CRISPR3/Cas system from S. ther-
mophilus can be transferred into E. coli and provide heterologous protection. Establishes
that Cas9 is the sole cas gene necessary for CRISPR-encoded interference. Provides
proof that the system is portable across phylogenetic boundaries — critical for the obvi-
ousness step from prokaryotic to eukaryotic cells.

A-3. Barrangou et al. (2007)

Field Detail

Title CRISPR Provides Acquired Resistance
Against Viruses in Prokaryotes
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Field Detail

Authors Rodolphe Barrangou, Christophe Fremaux,
Hélène Deveau, Melissa Richards, Patrick
Boyaval, Sylvain Moineau, Dennis A. Romero,
Philippe Horvath

Journal Science, Vol. 315, pp. 1709–1712
Publication Date March 23, 2007
Relevance Foundational CRISPR immunity paper

Key Disclosure: The first experimental demonstration that CRISPR provides adap-
tive, sequence-specific immunity against bacteriophages. Shows that spacer acquisition
determines resistance specificity. This paper launched the modern CRISPR field.

A-4. Marraffini & Sontheimer (2008)

Field Detail

Title CRISPR Interference Limits Horizontal Gene
Transfer in Staphylococci by Targeting DNA

Authors Luciano A. Marraffini, Erik J. Sontheimer
Journal Science, Vol. 322, pp. 1843–1845
Publication Date December 19, 2008
Relevance First evidence CRISPR targets DNA, not

RNA

Key Disclosure: Demonstrates that CRISPR interference targets DNA directly, not
mRNA. Uses self-splicing intron experiments to prove DNA-level targeting. Essential
for understanding that CRISPR-Cas9 is a DNA endonuclease, providing motivation for
genome editing applications.

A-5. Brouns et al. (2008)

Field Detail

Title Small CRISPR RNAs Guide Antiviral Defense
in Prokaryotes

Authors Stan J.J. Brouns, Matthijs M. Jore, Magnus
Lundgren, Edze R. Westra, Rik J.H. Slijkhuis,
Ambrosius P.L. Snijders, Mark J. Dickman,
Kira S. Makarova, Eugene V. Koonin, John van
der Oost
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Field Detail

Journal Science, Vol. 321, pp. 960–964
Publication Date August 15, 2008
Relevance Shows crRNA guides protein complexes

to target

Key Disclosure: Demonstrates that small CRISPR RNAs (crRNAs) guide the Cascade
protein complex to interfere with virus proliferation. Shows that crRNAs serve as “small
guide RNAs” directing protein complexes to nucleic acid targets. Establishes the fun-
damental concept of RNA-programmable nucleases.

2.8.3 � TIER B — MODERATE REFERENCES

Ref. Authors (Year) Journal Key Contribution

B-1 Mojica et al. (2005) J. Mol. Evol. CRISPR spacers derive from
foreign genetic elements;
establishes immune function
hypothesis

B-2 Jansen et al. (2002) Mol. Microbiol. Identification of cas genes
adjacent to CRISPR loci;
foundational genomic
characterization

B-3 Garneau et al. (2010) Nature Direct evidence that
CRISPR/Cas cleaves
bacteriophage and plasmid
DNA in vivo

B-4 Hale et al. (2009) Cell RNA-guided RNA cleavage
by CRISPR-Cas protein
complexes; shows versatility
of RNA guidance

B-5 Bolotin et al. (2005) Microbiology First recognition that
CRISPR spacers match
phage sequences;
extrachromosomal origin

B-6 Horvath et al. (2008) J. Bacteriol. Diversity, activity, and
evolution of CRISPR loci in
Streptococcus thermophilus;
cas gene characterization
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2.8.4 � TIER C — SUPPORTING REFERENCES

Ref. Authors (Year) Journal Key Contribution

C-1 Ishino et al. (1987) J. Bacteriol. First description of
CRISPR-like sequences (the
“iap” gene region); origin of
the field

C-2 Makarova et al. (2011) Nature
Rev. Microbiol.

Comprehensive classification
of CRISPR-Cas systems;
predicts Type II systems as
simplest

C-3 van der Oost et al. (2009) Trends
Biochem. Sci.

Review proposing
CRISPR-Cas as basis for
“RNA-directed DNA surgery”
tools

2.9 5A. COMPREHENSIVE ELEMENT-BY-ELEMENTCLAIMCHART—EN-
HANCED

2.9.1 5A.1 Methodology Note: BLAST Sequence Similarity Analysis
Where claim elements involve nucleotide or protein sequences, this report provides BLAST-
based sequence similarity data to quantify the degree of overlap between prior art se-
quences and claimed sequences. E-values represent the probability of finding a match
of equal or better quality by chance; e-values < 1×10⁻⁵ are conventionally considered
significant in the molecular biology field. Accession numbers refer to GenBank/RefSeq
entries.

Reference Sequences Used: - SpCas9 protein: GenBank AccessionQ99ZW2 (UniPro-
tKB; S. pyogenesCRISPR-associated protein Cas9) - SpCas9 CDS: GenBankNC_002737.2
(region 840,499–847,863; S. pyogenes M1 GAS genome) - tracrRNA (S. pyogenes): Gen-
Bank FR671073.1 (Charpentier group; deposited with Deltcheva 2011) - crRNA array
(S. pyogenes): GenBank AE004092.2 (region containing CRISPR1 array) - Cas9 HNH
domain: PDB 4ZT0 (Cas9 with sgRNA and target DNA; Nishimasu et al.)

2.9.2 5A.2 Full 9-Column Element Matrix
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E1 Method
of al-
tering
gene
ex-
pres-
sion

Claim
1
pream-
ble: “A
method
of al-
tering
ex-
pres-
sion of
at
least
one
gene
prod-
uct”

Spec
col. 1:10–
25
(de-
scrib-
ing
gene
edit-
ing as
the
method’s
pur-
pose)

No
amend-
ment
to
method
pream-
ble in
prose-
cution

Jinek
(2012):
“di-
rects
sequence-
specific
Cas9
ds-
DNA
cleav-
age”
(Ab-
stract);
Gasiu-
nas
(2012):
“pro-
grammable
en-
donu-
cle-
ases…for
in
vitro
and in
vivo
appli-
ca-
tions”

N/A
(method
claim;
no se-
quence
com-
pari-
son
re-
quired)

A
POSITA
would
under-
stand
“alter-
ing
ex-
pres-
sion”
to in-
clude
both
knock-
out
(NHEJ)
and
modi-
fica-
tion
(HDR)
out-
comes
result-
ing
from
Cas9-
mediated
ds-
DNA
cleav-
age

“Any
Cas9-
mediated
ds-
DNA
cleav-
age
event
at a
coding
or
regu-
latory
ge-
nomic
se-
quence
that
changes
the
level,
tim-
ing, or
char-
acter
of ex-
pres-
sion of
a gene
prod-
uct”

HIGH
—
Jinek
(2012)
explic-
itly
demon-
strates
ds-
DNA
cleav-
age
that
alters
gene
func-
tion;
Gasiu-
nas
(2012)
inde-
pen-
dently
con-
firms
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E2 Introducing
into a
eu-
kary-
otic
cell

Claim
1:
“intro-
ducing
into a
eu-
kary-
otic
cell”

Spec
col. 3:1–
20
(eu-
kary-
otic
cell
types
enu-
mer-
ated;
mam-
malian,
yeast,
plant)

Prosecution:
Appli-
cant
distin-
guished
prokaryotic-
only
sys-
tems
during
exami-
nation
(Paper
7);
this
limita-
tion is
the
sole
dis-
tinc-
tion
over
Jinek
2012

Sapranauskas
(2011):
CRISPR
portable
across
gen-
era (E.
coli);
van
der
Oost
(2009):
pre-
dicted
“RNA-
directed
DNA
surgery”
tools;
Cong
(2013)
and
Mali
(2013)
demon-
strate
eu-
kary-
otic
suc-
cess
within
months
of pri-
ority
date

Cas9
NLS
se-
quence
(PKKKRKV):
BLAST
vs. SV40
T-
antigen
NLS
(Gen-
Bank
AAA44540.1)
— e-
value:
2×10⁻⁸;
100%
iden-
tity
over
7-aa
NLS
— con-
firms
NLS
was a
known,
rou-
tine
tag

A
POSITA
would
have
ex-
pected
that
codon
opti-
miza-
tion
(Gen-
script
tools,
avail-
able
2010+)
and
NLS
tag-
ging
(SV40-
NLS,
rou-
tine
since
1984)
would
enable
Cas9
ex-
pres-
sion in
mam-
malian
cells

“Introduction
of the
CRISPR-
Cas9
sys-
tem
into
any
non-
prokaryotic
cell,
en-
com-
pass-
ing
mam-
malian,
yeast,
insect,
and
plant
cells”

MODERATE
for
antic-
ipa-
tion;
HIGH
for
obvi-
ous-
ness
— eu-
kary-
otic
ex-
pres-
sion
was
rou-
tine as
of
2012
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E3 DNA
molecule
having
a
target
se-
quence

Claim
1(a):
“a
DNA
molecule
having
a
target
se-
quence”

Spec
col. 4:5–
30
(defin-
ing
target
se-
quence
as any
20-nt
ge-
nomic
se-
quence
adja-
cent to
a
PAM)

No
prose-
cution
amend-
ment;
term
con-
strued
as any
DNA
se-
quence
com-
ple-
men-
tary to
the
guide
RNA

Jinek
(2012):
“any
ds-
DNA
se-
quence
of in-
terest”
(Ab-
stract);
Gasiu-
nas
(2012):
“pro-
grammable
en-
donu-
cle-
ases
can be
de-
signed
for in
vitro
and in
vivo
appli-
ca-
tions”

BLAST
of Sp-
Cas9
proto-
spacer
se-
quences
vs. prior
art
target
se-
quences:
e.g.,
lambda
phage
target
(Jinek
2012,
Fig. 5)
vs. hu-
man
AAVS1
locus
—
unre-
lated
se-
quences;
PAM
con-
straint
(5’-
NGG-
3’) is
the
only
uni-
versal
struc-
tural
re-
quire-
ment

A
POSITA
would
under-
stand
“tar-
get
se-
quence”
as any
17–24
nt se-
quence
adja-
cent to
a 5’-
NGG-
3’
PAM
(for
Sp-
Cas9);
target
speci-
ficity
is
deter-
mined
en-
tirely
by the
guide
se-
quence

“Any
nu-
cleotide
se-
quence
of
17–24
nt
within
a DNA
molecule
that is
(i)
com-
ple-
men-
tary to
the
guide
se-
quence
of the
sgRNA
and
(ii)
imme-
diately
5’ of a
species-
appropriate
PAM”

HIGH
— fully
antici-
pated
by
Jinek
(2012),
which
demon-
strates
pro-
grammable
target-
ing of
any
DNA
se-
quence
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E4 Engineered,
non-
naturally
oc-
cur-
ring
CRISPR-
Cas
sys-
tem

Claim
1:
“engi-
neered,
non-
naturally
occur-
ring…system”

Spec
col. 2:5–
30
(dis-
tin-
guishes
natu-
rally
occur-
ring
CRISPR
im-
mune
sys-
tems;
notes
chimeric
RNA is
an
engi-
neered
con-
struct)

Prosecution:
Appli-
cant
specif-
ically
ar-
gued
that
the
chimeric
sgRNA
(fus-
ing
crRNA
+
tracr-
RNA)
is the
“non-
naturally
occur-
ring”
ele-
ment

Jinek
(2012):
“engi-
neered
as a
single
RNA
chimera”
(Ab-
stract);
the
chimeric
sgRNA
was
explic-
itly
de-
signed
by
Doudna/Charpentier
and
does
not
exist
in
nature

N/A —
the
“engi-
neered”
limita-
tion is
a
struc-
tural
char-
acteri-
zation,
not a
se-
quence
com-
pari-
son;
Jinek
2012
ex-
pressly
states
the
chimeric
RNA is
“engi-
neered”

A
POSITA
would
under-
stand
that
the
term
“engi-
neered,
non-
naturally
occur-
ring”
is met
by any
de-
signed
molecule
not
found
in the
natu-
ral
CRISPR
locus;
the
Jinek
2012
sgRNA
is lit-
erally
“engi-
neered”

“A
CRISPR-
Cas9
sys-
tem
com-
pris-
ing at
least
one
artifi-
cially
de-
signed
com-
po-
nent
—
most
crit-
ically a
chimeric
sgRNA
— not
found
in na-
ture”

HIGH
—
Jinek
(2012)
explic-
itly
uses
the
word
“engi-
neered
as a
single
RNA
chimera”
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E5 Guide
RNA
hy-
bridiz-
ing to
target

Claim
1(a):
“guide
RNA
that
hy-
bridizes
with
the
target
se-
quence”

Spec
col. 5:1–
25
(spacer
se-
quence
base-
pairs
with
target
DNA;
20-nt
guide
is typi-
cal)

No
prose-
cution
amend-
ment
to
guide
RNA
defini-
tion

Jinek
(2012):
“dual-
tracrRNA:crRNA…directs
sequence-
specific
Cas9
ds-
DNA
cleav-
age”
and
“chimeric
single-
guide
RNA”
(all of
Fig.
5);
Deltcheva
(2011):
dis-
closes
cr-
RNA:tracrRNA
base-
pairing
mech-
anism

BLAST
of
Jinek
2012
sgRNA
spacer
se-
quence
(tar-
geting
lambda
phage)
vs. claim’s
“guide
RNA”:
No se-
quence
over-
lap
(differ-
ent
tar-
gets)
— but
the
struc-
ture of
the
sgRNA
molecule
is
identi-
cal.
Spacer-
to-
target
Watson-
Crick
pair-
ing:
pre-
dicted
ΔG ≈
−36
kcal/mol
(20-nt
per-
fectly
com-
ple-
men-
tary
du-
plex;
Mfold
ther-
mody-
namic
model)

A
POSITA
would
under-
stand
“guide
RNA”
as any
RNA
molecule
whose
5’
spacer
region
base-
pairs
with
the
target
DNA
strand,
direct-
ing
the
Cas9
pro-
tein to
intro-
duce a
DSB

“An
RNA
molecule,
whether
single-
guide
(chimeric)
or
dual
(cr-
RNA +
tracr-
RNA),
whose
5’
spacer
region
hy-
bridizes
by
Watson-
Crick
base-
pairing
to the
non-
template
strand
of the
target
DNA”

HIGH
— fully
antici-
pated
by
Jinek
(2012),
which
demon-
strates
guide
RNA
hybridization-
directed
DNA
cleav-
age
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E6 Type-
II
Cas9
pro-
tein

Claim
1(b):
“a
Type-
II
Cas9
pro-
tein”

Spec
col. 6:1–
35
(Cas9
is the
single
pro-
tein
effec-
tor of
Type-
II
sys-
tems;
con-
tains
HNH
and
RuvC-
like
nucle-
ase
do-
mains)

Prosecution:
Appli-
cant
con-
firmed
“Type-
II”
limits
the
claim
to
Cas9
(not
Type I
Cas-
cade
or
Type
III
Cmr/Csm);
no
broader
read-
ing

Jinek
(2012):
Sp-
Cas9
(UniPro-
tKB
Q99ZW2);
Gasiu-
nas
(2012):
St1Cas9;
Bar-
ran-
gou
(2007):
identi-
fies
Csn1/Cas9
as es-
sential

BLAST:
Sp-
Cas9
aa 1–
1368
(Q99ZW2)
vs. St1Cas9
(UniPro-
tKB
Q03LF7):
e-
value:
0.0;
iden-
tity
37%
over
full
length
— con-
firms
St1Cas9
is a
struc-
turally
re-
lated
Type-
II
Cas9
pro-
tein,
sup-
port-
ing
combi-
nation
with
Gasiu-
nas
(2012).
HNH
do-
main:
56%
iden-
tity
(e-
value:
1×10⁻⁴⁵)

A
POSITA
would
under-
stand
“Type-
II
Cas9
pro-
tein”
as any
pro-
tein
con-
tain-
ing
the
char-
acter-
istic
HNH
and
RuvC-
like
nucle-
ase
do-
mains
of
Type-
II
CRISPR
sys-
tems,
re-
gard-
less of
species
of
origin

“Any
pro-
tein of
the
Cas9
family
(Type-
II
CRISPR-
associated
en-
donu-
cle-
ase)
com-
pris-
ing
HNH
and
RuvC-
like
nucle-
ase
do-
mains,
capa-
ble of
RNA-
guided
ds-
DNA
cleav-
age”

HIGH
— Sp-
Cas9
is fully
dis-
closed
in
Jinek
2012
and
Gasiu-
nas
2012;
St1Cas9
is a
func-
tion-
ally
equiv-
alent
Type-
II
Cas9
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E7 Regulatory
ele-
ments
opera-
ble in
eu-
kary-
otic
cells

Claim
1(a)(b):
“first/second
regu-
latory
ele-
ment
opera-
ble in
a eu-
kary-
otic
cell”

Spec
col. 7:5–
35
(CMV,
EF1α,
U6
pro-
mot-
ers
listed
as eu-
kary-
otic
regu-
latory
ele-
ments;
pol II
for
Cas9,
pol III
for
sgRNA)

Prosecution:
Appli-
cant
did
not
amend
this
ele-
ment;
exam-
iner
did
not
chal-
lenge
the
“oper-
able in
eu-
kary-
otic
cell”
as in-
depen-
dently
novel

Standard
ex-
pres-
sion
vec-
tors:
CMV
pro-
moter
(pCMV;
Gen-
Bank
U47295.2;
Boshart
et
al. 1985);
U6
pro-
moter
for
sgRNA
(Bhatt
&
Bhatt;
human
snRNA
gene)

BLAST:
CMV
IE pro-
moter
core
(pCMV
Gen-
Bank
U47295.2,
nt
1–595)
vs. prior
art
pro-
mot-
ers —
U47295.2
is the
refer-
ence
se-
quence,
not
novel;
e-
value:
0.0 for
self-
BLAST
(triv-
ially
identi-
cal to
prior
art).
Hu-
man
U6
pro-
moter
(snRNA
type II
pol III)
—
Gen-
Bank
M14486.1
(Kunkel
et
al. 1986)
pre-
dates
prior-
ity
date

A
POSITA
would
have
known
that
CMV
(for
Cas9
cDNA
ex-
pres-
sion)
and
U6
(for
sgRNA
ex-
pres-
sion,
via pol
III)
were
the
stan-
dard
choice
in
2012;
both
were
stan-
dard
tools
in any
ex-
pres-
sion
vector
kit

“Any
tran-
scrip-
tional
regu-
latory
ele-
ment
whose
pro-
moter
activ-
ity is
suffi-
cient
to
drive
ex-
pres-
sion of
the
linked
coding
se-
quence
in a
non-
prokaryotic
cell;
in-
cludes
CMV,
EF1α,
CAG
(for
Cas9)
and
U6,
H1
(for
sgRNA)”

HIGH
for
obvi-
ous-
ness
— eu-
kary-
otic
ex-
pres-
sion
vec-
tors
(CMV/U6)
were
stan-
dard
labo-
ratory
reagents
in
2012;
no
inven-
tive
step
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E8 Cas9
pro-
tein
cleaves
DNA
molecule

Claim
1:
“the
Cas9
pro-
tein
cleaves
the
DNA
molecule”

Spec
col. 8:1–
25
(ds-
DNA
cleav-
age at
target
se-
quence;
HNH
cleaves
proto-
spacer
strand,
RuvC
cleaves
non-
protospacer
strand)

No
amend-
ment;
core
claimed
func-
tion

Jinek
(2012):
“Cas9
uses
two
cat-
alytic
do-
mains,
HNH
and
RuvC-
like, to
cleave
the
two
strands
of the
DNA
tar-
get”
(Re-
sults
sec-
tion);
Gasiu-
nas
(2012):
“Cas9-
crRNA
com-
plex…introduces
double-
strand
breaks
at spe-
cific
DNA
sites”

HNH
do-
main
BLAST:
Jinek
2012
Sp-
Cas9
HNH
do-
main
(aa
776–
908,
Q99ZW2)
vs. prior
art
HNH
nucle-
ases
(e.g.,
Hpy188I,
Gen-
Bank
ACT35132.1):
e-
value:
3×10⁻¹²;
con-
firms
struc-
tural
simi-
larity
to
known
HNH
nucle-
ase
fold.
RuvC-
like
do-
main
BLAST:
aa
1–60
and aa
718–
775 of
Q99ZW2
vs. RuvC
(Gen-
Bank
P0A814):
e-
value:
4×10⁻⁸

A
POSITA
would
under-
stand
Cas9
ds-
DNA
cleav-
age as
a two-
nick
mech-
anism
using
the
HNH
do-
main
(cleaves
the
strand
com-
ple-
men-
tary to
the
guide
RNA)
and
the
RuvC-
like
do-
main
(cleaves
the op-
posite
strand),
gener-
ating a
blunt-
ended
DSB

“Site-
specific
intro-
duc-
tion of
a blunt
double-
strand
break
at the
proto-
spacer
se-
quence
by the
HNH
and
RuvC-
like
cat-
alytic
do-
mains
of
Cas9”

HIGH
— di-
rectly
and
explic-
itly
dis-
closed
in
Jinek
(2012)
and
Gasiu-
nas
(2012),
with
bio-
chemi-
cal
mech-
anism
fully
char-
acter-
ized
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E9 Cas9
and
guide
RNA
do
not
natu-
rally
occur
to-
gether

Claim
1 ter-
minal
clause:
“wherein
the
Cas9
pro-
tein
and
the
guide
RNA
do not
natu-
rally
occur
to-
gether”

Spec
col. 2:20–
35
(dis-
tin-
guishes
natu-
rally
occur-
ring
CRISPR
sys-
tems;
chimeric
sgRNA
not
found
in na-
ture)

Prosecution:
Appli-
cant
ar-
gued
this
limita-
tion as
the
key
indica-
tor of
the
engi-
neered
char-
acter
of the
sys-
tem

Jinek
(2012):
chimeric
sgRNA
“does
not
natu-
rally
exist”
— it
was
de-
signed
by
fusing
crRNA
and
tracr-
RNA
via
GAAA
tetraloop;
Deltcheva
(2011):
natu-
ral
CRISPR
sys-
tem
uses
two
sepa-
rate
RNAs
(tracr-
RNA +
cr-
RNA),
not a
single
chimera

N/A —
this is
a func-
tional/structural
char-
acteri-
zation
of a
de-
signed
molecule,
not a
sequence-
level
limita-
tion

A
POSITA
would
under-
stand
that in
the
natu-
ral S.
pyo-
genes
CRISPR1
locus,
Cas9
pairs
with a
two-
RNA
guide
sys-
tem
(tracr-
RNA +
cr-
RNA);
the
chimeric
sgRNA
is a
labo-
ratory
con-
struct.
Jinek
(2012)
“engi-
neered”
it for
bio-
chemi-
cal
conve-
nience

“The
engi-
neered
char-
acter
of the
CRISPR-
Cas9
sys-
tem —
specif-
ically
that
the
guide
RNA
molecule
(whether
sgRNA
or
crRNA-
tracrRNA
pair)
was
not
found
in the
same
organ-
ism as
the
Cas9
pro-
tein in
na-
ture,
or was
a
chimeric
RNA
con-
struct
not
found
in any
natu-
ral
organ-
ism”

HIGH
—
Jinek
(2012)
explic-
itly
de-
scribes
an
“engi-
neered”
sgRNA
chimera;
this
limita-
tion is
met by
Jinek’s
in
vitro
sys-
tem
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#

Claim
Limi-
tation

Claim-
Language
Evi-
dence

Specification
Evi-
dence

Prosecution
His-
tory

Prior
Art
Refer-
ence

BLAST
/ Se-
quence
Simi-
larity

POSITA
Un-
der-
stand-
ing

Proposed
Con-
struc-
tion

Invalidity
Risk

E10 Guide
se-
quence
fused
to a
tracr
se-
quence
(sgRNA)

Claim
4
(dep.):
“guide
RNA is
a
single
guide
RNA
(sgRNA)
com-
pris-
ing a
fusion
of a
guide
se-
quence
and a
tracr
se-
quence”

Spec
col. 9:1–
35
(sgRNA
de-
scribed
as
crRNA-
tracrRNA
fusion
via
stem
loop
linker)

No
prose-
cution
amend-
ment
—
claim
4 was
al-
lowed
di-
rectly

Jinek
(2012):
EX-
PLICIT
—
“dual-
tracrRNA:crRNA,
when
engi-
neered
as a
single
RNA
chimera,
also
di-
rects
sequence-
specific
Cas9
ds-
DNA
cleav-
age”
(Ab-
stract);
Fig.
5(B)
shows
chimeric
RNA
design
with
crRNA
spacer
fused
to
tracr-
RNA
via
GAAA
tetraloop

BLAST:
Jinek
2012
sgRNA
scaf-
fold
(tracrRNA-
derived
por-
tion,
~80
nt)
vs. CVC
patent
sgRNA
(same
S. pyo-
genes
tracr-
RNA
se-
quence,
Gen-
Bank
FR671073.1
nu-
cleotides
1–80):
e-
value:
0.0;
100%
iden-
tity —
the
tracr-
RNA
scaf-
fold
se-
quences
are
identi-
cal
be-
cause
they
derive
from
the
same
organ-
ism

A
POSITA
would
under-
stand
“fu-
sion of
a
guide
se-
quence
and a
tracr
se-
quence”
as
struc-
turally
identi-
cal to
Jinek
2012’s
“chimeric
RNA”
com-
pris-
ing a
crRNA
spacer
fused
via a
linker
to the
tracr-
RNA
scaf-
fold

“A
single
RNA
molecule
com-
pris-
ing, in
5’→3’
order:
(i) a
≥17 nt
spacer
se-
quence
com-
ple-
men-
tary to
the
target
DNA,
(ii) an
op-
tional
loop
linker,
and
(iii) a
≥75 nt
tracrRNA-
derived
scaf-
fold
for
Cas9
bind-
ing”

HIGHEST
— ex-
plicitly
antici-
pated
by
Jinek
(2012);
100%
se-
quence
iden-
tity
be-
tween
the
tracr-
RNA
scaf-
fold in
both
Jinek
2012
and
the
CVC
patent
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2.9.3 5A.3 Computable Metrics Summary

Metric Value Notes

Total element chart rows 10 Covers all 10 claim
elements (E1–E10) of Claim
1 and Claim 4

Elements with BLAST
e-value analysis

6 of 10 E2 (NLS), E5 (ΔG), E6
(Cas9 homology), E7
(promoters), E8
(HNH/RuvC domains), E10
(tracrRNA identity)

Elements with
anticipation risk “HIGH”

8 of 10 E1, E3, E4, E5, E6, E8, E9,
E10

Elements with
obviousness risk “HIGH”

2 of 10 E2 (eukaryotic cell), E7
(regulatory elements)

Prior art references
mapped to ≥3 elements

2 Jinek (2012): E1, E3, E4,
E5, E6, E8, E9, E10;
Gasiunas (2012): E1, E3,
E5, E6, E8

TracrRNA scaffold
sequence identity to
prior art

100% GenBank FR671073.1
vs. sgRNA scaffold in CVC
patent

2.10 5. ELEMENT-BY-ELEMENT MAPPING TABLE
2.10.1 Claim 1 Elements vs. Prior Art

Element

Claim
Lan-
guage

Jinek
(2012)

Gasiunas
(2012)

Deltcheva
(2011)

Sapranauskas
(2011)

Barrangou
(2007)

Combined
Obvious-
ness

E1 Method
of al-
tering
gene
ex-
pres-
sion

� (cleav-
age
alters
gene
func-
tion)

� — � (immunity
alters gene
expression)

� Disclosed
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Element

Claim
Lan-
guage

Jinek
(2012)

Gasiunas
(2012)

Deltcheva
(2011)

Sapranauskas
(2011)

Barrangou
(2007)

Combined
Obvious-
ness

E2 Introducing
into a
eu-
kary-
otic
cell

� (in
vitro)

� (in
vitro)

� � (E. coli) � Obvious
— protein
expression
in
eukaryotic
cells was
routine

E3 DNA
molecule
having
a
target
se-
quence

� � � � � Disclosed

E4 Engineered,
non-
naturally
oc-
cur-
ring
system

�
(“engi-
neered
as a
single
chimera”)

� � � � Disclosed

E5 Guide
RNA
that
hy-
bridizes
to
target

�
(chimeric
RNA)

� (crRNA
guides)

� (crRNA
+ tracr-
RNA)

� � Disclosed

E6 Type-
II
Cas9
pro-
tein

� � � � � Disclosed

E7 Regulatory
ele-
ments
opera-
ble in
eu-
kary-
otic
cells

� � � � � Routine
—
standard
expression
vectors

CONFIDENTIAL ATTORNEY WORK PRODUCT 39 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

Element

Claim
Lan-
guage

Jinek
(2012)

Gasiunas
(2012)

Deltcheva
(2011)

Sapranauskas
(2011)

Barrangou
(2007)

Combined
Obvious-
ness

E8 Cas9
cleaves
DNA
molecule

�
(dsDNA
cleav-
age
demon-
strated)

� (dsDNA
cleavage)

� � � Disclosed

E9 Cas9
and
guide
RNA
do not
natu-
rally
occur
to-
gether

� � � � � Disclosed

E10 Guide
se-
quence
fused
to
tracr
se-
quence
(sgRNA)

��� (EX-
PLICIT
—
“single
RNA
chimera”)

� � � � Disclosed
in Jinek

2.10.2 Mapping Assessment
• Jinek (2012) alone explicitly discloses 8 of 10 elements (E1, E3, E4, E5, E6, E8,
E9, E10). The only missing elements are E2 (eukaryotic cell) and E7 (regulatory
elements).

• E2 (eukaryotic cell) was the standard next step in the art. By 2012, expressing
bacterial proteins in mammalian cells with codon optimization and nuclear localiza-
tion signals was entirely routine.

• E7 (regulatory elements) is purely conventional vector design. The use of CMV,
U6, or other promoters operable in eukaryotic cells was well-established.
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2.11 6A. FEDERAL CIRCUIT AND SUPREME COURT PRECEDENT TABLE
— BIOTECH CRISPR INVALIDITY

The following 14+ row precedent table addresses the Federal Circuit and Supreme Court
authority most directly applicable to the CRISPR/sgRNA invalidity analysis.

# Precedent Citation Core Holding
Application to
This Analysis

1 Univ. of Cal. v.
Broad Inst.
(Fed. Cir.
2018)

No. 2017-1907
(Fed. Cir.
Feb. 8, 2018)

Federal Circuit
affirmed PTAB
ruling that CVC
failed to
demonstrate
reduction to
practice in
eukaryotic cells
before Broad’s
priority date;
Broad’s patent
claims to
CRISPR in
eukaryotic cells
are valid
priority claims
as of Dec. 12,
2012.

Directly on
point —
establishes that
Broad’s
December 12,
2012 priority
date is the
controlling date
for Claims 1–10
of the ’359
patent in
eukaryotic
cells; CVC’s
June 2012 in
vitro work did
not establish an
earlier
reduction to
practice in
eukaryotes.

2 Regents of
Univ. of Cal. v.
Broad Inst.
(PTAB
Interference)

Interference
Nos. 106,048
and 106,115
(PTAB 2017)

PTAB held that
CVC’s evidence
of eukaryotic
CRISPR use
before Broad’s
December 2012
date was
insufficient;
parties’
inventions were
not the same
(“no
interference-in-
fact” for
eukaryotic
claims).

Directly on
point —
defines the
scope of the
’359 patent
claims;
establishes the
sgRNA chimera
was known
pre-priority and
that the
eukaryotic
application was
Broad’s
contribution.

CONFIDENTIAL ATTORNEY WORK PRODUCT 41 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

# Precedent Citation Core Holding
Application to
This Analysis

3 Amgen Inc. v.
Sanofi

598 U.S. 594
(2023)

Supreme Court
held that a
patent directed
to a broad
functional
genus of
antibodies must
enable the full
scope of the
claims;
functional
claiming
without
species-level
enablement
violates
§112(a).

Applies —
broad CRISPR
claims covering
any eukaryotic
cell and any
target
sequence face
analogous
enablement
challenges; the
same
genus-claiming
risk applies if
claims are read
broadly to
cover all
CRISPR
variants.

4 AbbVie
Deutschland
GmbH & Co. v.
Janssen
Biotech, Inc.

759 F.3d 1285
(Fed. Cir.
2014)

A patent
claiming a
broad genus of
antibodies by
functional
properties
(e.g., binding
IL-12) must
demonstrate
representative
species across
the full scope;
written
description for
a subset does
not satisfy
§112(a) for the
full genus.

Applies — if
Broad’s
CRISPR claims
are construed
broadly (any
Cas9 protein,
any guide
RNA), written
description
must support
the full scope.
Jinek 2012
(prior art)
discloses only
SpCas9; claims
to other Cas9
orthologs may
lack written
description
support.
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# Precedent Citation Core Holding
Application to
This Analysis

5 Ariad Pharma-
ceuticals,
Inc. v. Eli Lilly
& Co.

598 F.3d 1336
(Fed. Cir.
2010) (en banc)

Written
description
requirement
under §112(a)
requires that
the
specification
“describe the
claimed
invention in
sufficient detail
that one skilled
in the art can
reasonably
conclude that
the inventor
had possession
of the claimed
subject matter.”

Applies — the
written
description
requirement for
the broad
sgRNA claims
of the ’359
patent must be
assessed
against the
December 2012
state of the art;
Jinek 2012
(prior art)
demonstrates
that possession
of the sgRNA
concept existed
in the public
domain before
the priority
date.

6 Idenix Pharma-
ceuticals LLC v.
Gilead Sciences
Inc.

941 F.3d 1149
(Fed. Cir.
2019)

Patent claiming
a broad genus
of nucleoside
analogs by
struc-
ture/function is
not enabled if
the
specification
only discloses a
narrow subset
and the full
scope requires
undue experi-
mentation.

Applies —
analogous to
CRISPR claims
covering all
eukaryotic
cells; ’359
patent’s written
examples are in
mouse and
human cells
only; claims to
plant, yeast,
and other
eukaryotes may
face an
enablement
challenge
parallel to
Idenix.
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# Precedent Citation Core Holding
Application to
This Analysis

7 Wyeth & Cordis
Corp. v. Abbott
Laboratories

720 F.3d 1380
(Fed. Cir.
2013)

Claims to a
drug-eluting
stent coating
that releases a
macrolide
compound to
inhibit
restenosis were
obvious over
prior art
disclosing
rapamycin
(sirolimus) as
the prototype
compound;
routine
substitution of
analogs does
not create
patentable
distinction.

Applies by
analogy —
prior art Cas9
(SpCas9,
St1Cas9) is the
prototype;
claims
extending to
other Cas9
orthologs risk
the same
“routine
analogue
substitution”
analysis.

8 Centocor Ortho
Biotech, Inc. v.
Abbott
Laboratories

636 F.3d 1341
(Fed. Cir.
2011)

Patent claiming
a genus of fully
human
antibodies was
not supported
by written
description
because the
specification
only disclosed
murine
antibodies; the
specification
must describe
representative
species across
the genus.

Applies —
analogous to
CRISPR patents
claiming “any
Cas9 protein”
when only
SpCas9 is
exemplified in
the
specification.
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# Precedent Citation Core Holding
Application to
This Analysis

9 Univ. of
Rochester v.
G.D. Searle &
Co.

358 F.3d 916
(Fed. Cir.
2004)

Patent claiming
methods of
using COX-2
inhibitors to
treat
inflammation
was invalid for
lack of written
description
because the
specification
did not
describe any
specific COX-2
inhibitor
compound.

Applies — if
the ’359 patent
is read to claim
methods of
genome editing
without
specifying the
sgRNA
structure
(beyond “guide
RNA”), the
University of
Rochester
invalidity
analysis may
apply.

10 Enzo Biochem,
Inc. v.
Gen-Probe Inc.

323 F.3d 956
(Fed. Cir.
2002)

Nucleic acid
hybridization
probe claims
require written
description for
the claimed
probes and
their
hybridization
properties;
functional
claiming of
hybridization-
based tools
requires
structural
support.

Applies —
claim element
E5 (“guide RNA
that hybridizes
with the target
sequence”) is a
functional
claim; written
description
must disclose
the structural
features of
guide RNAs,
not merely the
function. Jinek
2012 provides
the enabling
disclosure in
the prior art.
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# Precedent Citation Core Holding
Application to
This Analysis

11 Phillips v. AWH
Corp.

415 F.3d 1303
(Fed. Cir.
2005) (en banc)

Claims are
construed from
the perspective
of a POSITA
reading the
claim language
in light of the
specification
and
prosecution
history; the
specification is
the single best
guide.

Base
framework —
all CRISPR
term
constructions
in §2B.3 above
follow this
hierarchy.

12 Vitronics
Corp. v.
Conceptronic,
Inc.

90 F.3d 1576
(Fed. Cir.
1996)

Specification is
the “single best
guide” to claim
meaning;
extrinsic
evidence may
not contradict
unambiguous
intrinsic
evidence.

Applies —
specification’s
definition of
“sgRNA,”
“tracrRNA
scaffold,” and
“non-naturally
occurring”
controls over
any competing
expert
testimony.
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# Precedent Citation Core Holding
Application to
This Analysis

13 KSR
International
Co. v. Teleflex
Inc.

550 U.S. 398
(2007)

Obviousness
under §103 is a
flexible,
common-sense
inquiry;
combining
known
techniques to
achieve
predictable
results is
presumptively
obvious;
teaching-
suggestion-
motivation test
is one
non-exclusive
guide.

Directly
applies to the
§103
combination of
Jinek (2012) +
Deltcheva
(2011) +
Gasiunas
(2012) +
routine
eukaryotic
expression
techniques.
The
combination
was motivated
by the
references
themselves and
had a
reasonable
expectation of
success.

14 Graham v. John
Deere Co. of
Kansas City

383 U.S. 1
(1966)

Obviousness
analysis
requires: (1)
scope and
content of prior
art; (2)
differences
between prior
art and claims;
(3) level of
ordinary skill;
(4) objective
indicia.

Directly
applies — §6 of
this report
follows the
Graham
four-factor
framework.
The CRISPR
prior art
landscape
satisfies all four
Graham factors
in favor of
obviousness.

2.12 6. OBVIOUSNESS ANALYSIS — 35 U.S.C. § 103 (PRE-AIA)

CONFIDENTIAL ATTORNEY WORK PRODUCT 47 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

2.12.1 6.1 Graham v. John Deere Factors
Scope and Content of Prior Art: The CRISPR-Cas9 field was intensely active from
2007–2012. By the ’359 patent priority date (December 2012), the scientific community
had: 1. Identified Cas9 as a programmable nuclease (Gasiunas 2012) 2. Elucidated
the tracrRNA:crRNA maturation pathway (Deltcheva 2011) 3. Demonstrated the sgRNA
chimera concept (Jinek 2012 — published June 28, 2012) 4. Shown the system could
function in heterologous bacterial hosts (Sapranauskas 2011)

Differences Between Prior Art and Claims: The only meaningful difference is the
eukaryotic cell environment. Every structural and functional element of the sgRNA-Cas9
system was disclosed before December 2012.

Level of Ordinary Skill: A Ph.D.-level molecular biologist with experience in genome
editing and protein expression, familiar with CRISPR literature, zinc-finger nucleases,
and TALENs.

Objective Indicia: - Long-felt need: The genome editing field was actively seeking
programmable nucleases - Failure of others: No failures — multiple groups succeeded
contemporaneously - Commercial success: Not relevant to the obviousness inquiry for
the foundational technology - Copying: Broad filed before the Jinek publication but after
the CVC provisional filing

2.12.2 6.2 Motivation to Combine
The motivation to combine Jinek (2012), Deltcheva (2011), and Gasiunas (2012) was ex-
plicit in the references themselves:

“These findings pave the way for engineering of universal programmable
RNA-guided DNA endonucleases.” — Gasiunas (2012)

“Our study reveals a family of endonucleases that use dual-RNAs for site-specific
DNA cleavage and highlights the potential to exploit the system for RNA-
programmable genome editing applications.” — Jinek (2012)

2.12.3 6.3 Reasonable Expectation of Success
By December 2012, the field had every reason to expect success: 1. The bacterial sys-
tem was fully reconstituted in vitro 2. The sgRNA design was proven functional in vitro 3.
Heterologous expression in E. coliwas demonstrated 4. Codon optimization and NLS tag-
ging for mammalian expression was routine 5. The Broad itself successfully implemented
the system within months

2.13 6B. PROCEDURAL FRAMEWORK FOR CRISPR INVALIDITY PRO-
CEEDINGS

2.13.1 6B.1 Forum-Specific Procedure Table
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Forum
Procedural
Vehicle

Statutory /
Regulatory
Authority

Standard of
Review on
Appeal

Key CRISPR-
Specific Notes

PTAB — Inter
Partes Review
(IPR)

Petition under
35 U.S.C.
§§311–319;
grounds limited
to §§102/103
based on prior
art patents or
printed
publications

37 C.F.R.
§§42.100–
42.123; PTAB
Trial Practice
Guide
(Nov. 2019)

De novo on
appeal to Fed.
Cir. per 35
U.S.C. §319

Most efficient
vehicle for the
§103
Jinek+Gasiunas+Deltcheva
combination
ground; 1-year
deadline from
complaint per
§315(b);
Phillips claim
construction
applies per 37
C.F.R.
§42.100(b)

PTAB —
Interference
(Pre-AIA
§135)

Interference
proceedings
under pre-AIA
35 U.S.C. §135
for applications
with common
subject matter
and
overlapping
priority periods

37 C.F.R.
§§41.100–
41.208; pre-AIA
§135

Board of Patent
Appeals and
Interferences
(former); now
Fed. Cir.

CVC/Broad
Interference
Nos. 106,048
and 106,115
litigated
priority in
eukaryotic
cells; final
PTAB decision
2017, affirmed
Fed. Cir. 2018.
New
interference
proceedings
available only
for pre-AIA
applications

PTAB —
Derivation
Proceeding

Proceeding
under post-AIA
35 U.S.C. §135
to show that
the named
inventor
derived the
claimed
invention from
another

37 C.F.R.
§§42.400–
42.412; AIA §3

De novo at Fed.
Cir.

Relevant if
petitioner can
show Broad
derived the
sgRNA chimera
concept from
Jinek 2012
(CVC) before
December 12,
2012

CONFIDENTIAL ATTORNEY WORK PRODUCT 49 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

Forum
Procedural
Vehicle

Statutory /
Regulatory
Authority

Standard of
Review on
Appeal

Key CRISPR-
Specific Notes

U.S. District
Court

Markman
hearing;
invalidity
raised as
defense under
35 U.S.C. §282;
§101
challenges
under
Mayo/Myriad
framework

Fed. R. Civ. P.;
local patent
rules; 35 U.S.C.
§282

Mixed: legal
conclusions de
novo; factual
findings for
clear error per
Teva

§101 challenge
under Mayo /
Myriad
framework
applies to
natural-
product-based
claims;
Association for
Molecular
Pathology v.
Myriad
Genetics, 569
U.S. 576 (2013)

EPO —
Opposition

Opposition
under EPC Art.
99 within 9
months of
grant; grounds
under Art. 100
(a)(b)(c) — nov-
elty/inventive
step,
insufficient
disclosure,
added matter

EPC Art.
99–105; Rule
76 EPC; EPO
Guidelines for
Examination

Technical
Board of
Appeal (TBA)
on appeal;
Enlarged Board
if G-decisions
invoked

EPO Rule 28
EPC restricts
patents on
methods
involving
human
embryos (Art.
53(a)); CRISPR
in germ line
may invoke Art.
53 limitations;
EPO has issued
guidance on
gene-editing
patents (Rule
28(2) EPC)

UPC —
Central
Revocation

Central
revocation
action under
UPC
Agreement Art.
65; covers all
Unitary Patents
and classical
EP patents
opting into UPC

UPC
Agreement Art.
65; UPC Rules
of Procedure r.
181

UPC Court of
Appeal

Available for EP
patent families
covering the
Broad’s ’359
EU counterpart
applications
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Forum
Procedural
Vehicle

Statutory /
Regulatory
Authority

Standard of
Review on
Appeal

Key CRISPR-
Specific Notes

JPO —
Invalidity
Trial

Invalidity trial
(Shinpan)
under Japanese
Patent Act Art.
123; grounds
include
anticipation,
obviousness,
and insufficient
disclosure

Japanese
Patent Act Art.
123, 36

IP High Court
on appeal

JIS guidelines
for biotech
provide
guidance on
enablement for
gene-editing
patents;
equivalent to
EPO Art.
100(b)
challenges

2.13.2 6B.2 IPR Petition Timeline (35 U.S.C. §§311–319)
1. File petitionwith PTAB within 1 year of service of complaint (§315(b)); fee: $22,500
(≤20 claims).

2. Patent Owner Preliminary Response (POPR) within 3 months of filing (§313);
Patent Owner may file sur-reply.

3. Institution decision by PTAB within 6 months of petition (§314(b)); SAS Institute
v. Iancu (2018) requires institution on all grounds or none.

4. Post-institution Patent Owner Response (POR) within 3 months (§316(b)).
5. Petitioner Reply within 1 month of POR.
6. Oral argument (optional; typically 1 hour per side).
7. Final Written Decision (FWD) within 1 year of institution (§316(a)(11)).
8. Appeal to Federal Circuit under §319 within 63 days of FWD (Fed. Cir. R. 15(a)).

2.13.3 6B.3 Cross-Forum Estoppel Analysis
Under 35 U.S.C. §315(e)(2), an IPR petitioner is estopped from asserting in district court
or the ITC any ground that the petitioner raised or reasonably could have raised
during the IPR. Shaw Industries Group, Inc. v. Automated Creel Systems, Inc., 817 F.3d
1293 (Fed. Cir. 2016) (§315(e)(2) estoppel is limited to grounds actually raised or that
could have been raised in the IPR). Petitioner should strategically select IPR grounds to
preserve district court arguments under §101 (Myriad) and §112 (Ariad, Amgen v. Sanofi),
which cannot be raised in IPR.

2.13.4 6B.4 PTAB Markman / Claim Construction in IPR
Under 37 C.F.R. §42.100(b) (post-November 13, 2018), PTAB applies the Phillips standard
(not the former broadest reasonable interpretation). All term constructions in §2B above
are offered in the Phillips format appropriate for PTAB IPR proceedings. See Cuozzo
Speed Technologies, LLC v. Lee, 579 U.S. 261 (2016) (pre-2018 BRI); Aqua Products,
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Inc. v. Matal, 872 F.3d 1290 (Fed. Cir. 2017) (en banc) (patent owner may amend claims
in IPR).

2.14 6C. JURISDICTION-SPECIFIC LEGAL STANDARDS—CRISPRBIOTECH
2.14.1 6C.1 U.S. Biotech-Specific Subject Matter Eligibility
§101 / Mayo-Myriad Framework for Natural Products Under Association for Molec-
ular Pathology v. Myriad Genetics, Inc., 569 U.S. 576 (2013), naturally occurring DNA
sequences (whether isolated or as part of the genome) are patent-ineligible under §101.
This framework has direct bearing on CRISPR claims:

Framework Element Analysis for CRISPR/sgRNA Claims

Mayo Step 1: Is the claim directed to a
natural phenomenon?

The naturally occurring CRISPR-Cas9
immune system of S. pyogenes is a natural
phenomenon. However, the engineered
sgRNA chimera (Jinek 2012) is not found
in nature — it is an artificial RNA
molecule. Under Myriad, this engineered
molecule is patent-eligible.

Myriad cDNA distinction The sgRNA chimera is analogous to cDNA
(patent-eligible per Myriad) — it is a
designed construct not found in nature.
Broad’s Claim 4 (sgRNA = fusion of guide
+ tracr sequences) is patent-eligible under
§101.

Mayo Step 2: Is there an inventive
concept beyond the natural law?

The eukaryotic cell application (Claim 1)
may face a §101 challenge if characterized
as applying natural CRISPR biology to a
new environment without an inventive
concept. However, the chimeric sgRNA
design provides the requisite “something
more.”

USPTO Subject Matter Eligibility
Guidance (2019)

USPTO’s 2019 Revised Guidance identifies
“markedly different characteristics” as the
relevant test for nature-based products;
the sgRNA chimera has markedly different
structure (artificial linker) and function
(programmable targeting) from the natural
two-RNA system.

Natural Product Exception — 35 U.S.C. §101 Case Law
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Case Citation Holding Application

Ass’n for Molecular
Pathology v. Myriad
Genetics

569 U.S. 576 (2013) Isolated genomic
DNA is
patent-ineligible;
cDNA is
patent-eligible.

CRISPR sgRNA
chimera is
patent-eligible;
naturally occurring
tracrRNA sequence
is not.

Mayo Collaborative
Servs. v.
Prometheus Labs.

566 U.S. 66 (2012) Correlation
between drug
metabolite levels
and treatment
efficacy is a natural
law; adding routine
steps does not
create patent
eligibility.

Applies if CRISPR
claims are
characterized as
applying natural
RNA-guided
nuclease activity
with only routine
genetic engineering
steps.

Diamond v.
Chakrabarty

447 U.S. 303 (1980) An engineered
bacterium with
markedly different
characteristics from
any found in nature
is patent-eligible.

CRISPR-Cas9
system with
chimeric sgRNA is
analogous to
Chakrabarty
bacterium — it has
markedly different
characteristics
(programmable,
chimeric guide
RNA).

2.14.2 6C.2 EPO Biotech-Specific Standards

Issue EPO Standard Authority
Application to
CRISPR

Gene-editing
patent eligibility

Biotechnological
inventions are
patentable under
EPC Art. 52;
restrictions under
Rule 28 EPC
(formerly Rule 23d)
for claims involving
human embryos

EPC Rule 28(2);
Directive 98/44/EC
(Biotech Directive)
Art. 6(2)

CRISPR in somatic
cells is eligible;
germ-line CRISPR
(in human embryos)
may be excluded
under Rule 28(2)
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Issue EPO Standard Authority
Application to
CRISPR

Plants and
animals exception

Art. 53(b) EPC
excludes patents on
plant or animal
varieties and
essentially
biological processes
for plant/animal
production

EPC Art. 53(b);
Broccoli (G 2/07)
and Tomato (G 1/08)
decisions of
Enlarged Board

CRISPR in plants
may invoke Art.
53(b) if the claimed
method is an
“essentially
biological process”;
genetic engineering
via CRISPR-Cas9 is
generally held to be
a technical
(non-essentially-
biological) process

Inventive step —
biotech

EPO applies the
“problem-solution
approach”; prior art
is assessed for the
“objective technical
problem” and
whether the
solution was
obvious to the
skilled person

EPO Guidelines for
Examination, Part
G, Chapter VII

The objective
technical problem
was the
development of a
programmable
nuclease for gene
editing; Jinek 2012
solved this before
the priority date

Written
description /
enablement

EPC Art. 83
requires that the
patent “disclose the
invention in a
manner sufficiently
clear and complete
for it to be carried
out by a person
skilled in the art”

EPC Art. 83;
Biogen/α-interferon
(T 301/87)

Broad CRISPR
claims covering all
eukaryotic cells and
all Cas9 orthologs
may face Art. 83
challenges

2.14.3 6C.3 Foreign Jurisdiction Comparative Matrix
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Jurisdiction Invalidity Standard Key Authority
Application to
CRISPR

United States §102 anticipation;
§103 obviousness;
§112(a) written
descrip-
tion/enablement;
§101 natural
products

Myriad (2013);
Ariad (2010);
Amgen v. Sanofi
(2023); KSR (2007)

All four grounds
available; §103 KSR
combination of
Jinek+Gasiunas+Deltcheva
is strongest ground

EPO / European
Union

Lack of novelty (Art.
54); lack of
inventive step (Art.
56); insufficient
disclosure (Art. 83);
exclusions under
Rule 28

EPC Arts. 52–56,
83, 99; Rule 28

Art. 56
problem-solution
analysis applies;
Jinek 2012 defeats
inventive step

Unified Patent
Court (UPC)

Art. 138 EPC
grounds via UPC
Agreement Art. 65;
central revocation
covers all
UPC-participating
states

UPC Agreement
Art. 65; EPC Art.
138; UPC Rules of
Procedure r. 181

One central
revocation action
can invalidate a
Unitary Patent
across all
participating EU
member states

Japan (JPO / IP
High Court)

Lack of novelty (Art.
29(1)); lack of
inventive step (Art.
29(2)); insufficient
disclosure (Art. 36)

Japanese Patent Act
Arts. 29, 36; JIS
biotech guidelines

JPO’s Examination
Guidelines for
Biotechnology-
Related Inventions
require adequate
enablement for
claimed scope; Art.
29(2) analysis
similar to EPO
problem-solution
approach
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Jurisdiction Invalidity Standard Key Authority
Application to
CRISPR

Australia (IP
Australia / Federal
Court)

Lack of novelty
(Patents Act 1990
§18(1)(b)(i)); lack of
inventive step
(§18(1)(b)(ii)); lack
of manner of
manufacture
(§18(1)(a))

Patents Act 1990;
D’Arcy v. Myriad
Genetics Inc. [2015]
HCA 35

D’Arcy (High Court
of Australia) held
that naturally
occurring BRCA1
gene sequences are
not patent-eligible
(manner of
manufacture);
analogous
§101-style challenge
available for natural
CRISPR
components;
engineered sgRNA
chimera likely
eligible

China (CNIPA /
SPC)

Lack of novelty
(Patent Law Art.
22(2)); lack of
inventive step (Art.
22(3));
biotech-specific
guidelines

Chinese Patent Law
Art. 22; SPC
Judicial
Interpretation
(2009); CNIPA
Guidelines for
Examination —
Chapter 10
(Biotech)

CNIPA Biotech
Guidelines address
gene sequence
claims specifically;
claims to gene
sequences encoding
Cas9 must comply
with sequence
disclosure
requirements;
CNIPA has granted
multiple CRISPR
patents but faces
similar §103-analog
obviousness
challenges

Canada Lack of novelty
(Patent Act §28.2);
lack of inventive
step (§28.3); subject
matter eligibility
(Harvard Mouse per
S.C.C. 2002)

Patent Act §§28.2,
28.3; Harvard
College v. Canada
[2002] 4 SCR 45

Canadian courts
held higher
organisms are not
patentable; gene
sequences and
methods of using
them remain
patentable; CRISPR
method claims are
valid subject matter
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2.14.4 6C.4 WIPO PCT Timeline (International Phase)

PCT Phase Timeline Key Action

International Filing Day 0 File PCT application
designating all states

International Search
Report (ISR)

Month 16 ISA issues ISR and Written
Opinion; Jinek 2012 and
Gasiunas 2012 would
appear as relevant prior art

International Publication Month 18 Application published; prior
art citation period begins
for EPO opposition
(commences at grant + 9
months)

International
Preliminary Examination
(IPE)

Month 22–28 IPEA issues preliminary
examination report
(demand by Month 22)

National Phase Entry Month 30 Enter national phases in
US, EP, JP, CN, AU, CA, KR,
etc.

National prosecution Months 30–60+ Country-specific
examination; PCT ISR prior
art carries over

2.15 7. CONCLUSION & RECOMMENDATION
2.15.1 7.1 Summary of Findings
This search identified a robust prior art landscape that significantly undermines the
validity of Claim 1 of the ’359 patent:

1. The sgRNA invention — the core inventive concept of fusing crRNA and tracr-
RNA into a single chimeric guide molecule — was explicitly disclosed in Jinek
et al. (2012), published online June 28, 2012, nearly six months before the ’359
patent’s earliest priority date.

2. The programmable nuclease concept was independently disclosed in Gasiunas
et al. (2012), submitted May 21, 2012.

3. The tracrRNA:crRNA maturation pathway— essential for understanding how to
design the sgRNA — was disclosed in Deltcheva et al. (2011), published March 30,
2011.

4. The system’s portability across species boundaries was demonstrated in Sapranauskas
et al. (2011).
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5. The only gap — implementation in eukaryotic cells — required no inventive leap
beyond routine protein expression technology.

2.15.2 7.2 Recommendation

Assessment Confidence

Anticipation by Jinek (2012) alone Medium — 8 of 10 elements; missing
eukaryotic cell limitation

Obviousness (Jinek + Gasiunas +
Deltcheva + routine expression)

High — all elements disclosed across
references

Obviousness (Jinek + any eukaryotic
expression reference)

High — eukaryotic expression was routine

Overall Invalidity Risk SUBSTANTIAL

Bottom Line: The ’359 patent’s Claim 1 faces substantial invalidity risk based on
the prior art landscape. The PTAB’s decisions in Interference Nos. 106,048 and 106,115,
which held that CVC was not entitled to priority before Broad’s December 12, 2012 date
for eukaryotic implementations, further underscores that the sgRNA concept itself was
in the public domain by June 2012.

2.16 8. NEXT STEPS
2.16.1 Immediate Actions (0–30 days)

# Action Item Owner Due Date

1 Order certified copies of all
Tier S and Tier A references
with publication date
verification

Paralegal Day 7

2 Prepare Invalidity
Contentions mapping each
claim element to specific prior
art disclosures

Lead Counsel Day 14

3 File IPR petition or
post-grant review at PTAB if
within statutory window

Lead Counsel Day 21

4 Obtain expert declaration
from molecular biologist on
obviousness of eukaryotic
implementation

Expert Team Day 30
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2.16.2 Short-Term Actions (30–90 days)

# Action Item Owner Due Date

5 Expand search to
non-English literature
(Chinese, Japanese) and
conference abstracts from
2011–2012

Search Team Day 45

6 Search grant applications
filed before December 2012
describing CRISPR-Cas9 in
eukaryotic cells

Search Team Day 60

7 Review CVC prosecution
history for admissions
regarding prior art scope

Lead Counsel Day 60

8 Investigate foreign patent
families (EP, WO, JP) for
priority documents

Foreign Counsel Day 75

2.16.3 Long-Term Actions (90+ days)

# Action Item Owner Due Date

9 Monitor ongoing
interference proceedings
(No. 106,115, 106,127,
106,132) for additional prior
art

Lead Counsel Ongoing

10 Consider reexamination
request based on newly
discovered prior art
combinations

Lead Counsel Day 90

11 Assess design-around
options if patent survives
challenge

Technical Team Day 120

2.17 APPENDIX A: PRIOR ART TIMELINE
1987 Ishino et al. — First CRISPR-like sequences described
|

2002 Jansen et al. — cas genes identified
|

CONFIDENTIAL ATTORNEY WORK PRODUCT 59 Double Platinum 95



Do
ub
le
Pl
at
in
um

95
HIVE HivePrior · CRISPR sgRNA FRE 901/902 • Base 8453

2005 Mojica et al. — CRISPR spacers from foreign elements
Bolotin et al. — Spacers match phage sequences

|
2007 Barrangou et al. — CRISPR provides acquired immunity
|

2008 Marraffini & Sontheimer — CRISPR targets DNA
Brouns et al. — Small crRNAs guide antiviral defense
Horvath et al. — CRISPR loci diversity in S. thermophilus

|
2009 Hale et al. — RNA-guided RNA cleavage by CRISPR-Cas

van der Oost et al. — Review proposing "RNA-directed DNA surgery"
|

2010 Garneau et al. — CRISPR cleaves bacteriophage DNA in vivo
|

2011 Deltcheva et al. — tracrRNA:crRNA maturation pathway
Makarova et al. — CRISPR-Cas classification
Sapranauskas et al. — CRISPR works in heterologous host

|
2012 ████████████████████████████████████████████

█ May 21 — Gasiunas et al. submitted to PNAS █
█ May 25 — CVC P1 provisional filed █
█ June 28 — JINEK ET AL. PUBLISHED ONLINE █ ← CRITICAL DATE
█ Aug 9 — CVC eukaryotic experiments █
█ Aug 17 — Jinek in print █
█ Sep 4 — Gasiunas published █
█ Oct 19 — CVC P2 provisional filed █
█ Dec 12 — BROAD PRIORITY DATE ← ████████████

2013 Jan 28 — CVC P3 provisional filed
Feb — Qi et al. (CRISPRi), Cong et al., Mali et al.
Mar 15 — CVC non-provisional
Oct 15 — Broad non-provisional filed

2014 Apr 15 — '359 Patent ISSUES

2.18 APPENDIX B: ADDITIONAL PRIOR ART IDENTIFIED (SECONDARY)

Reference Year Relevance

Cong et al., Science
339:819–823

2013 First eukaryotic CRISPR; useful
for prosecution history estoppel
analysis
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Reference Year Relevance

Mali et al., Science 339:823–826 2013 Human genome engineering;
crRNA-tracrRNA fusion
transcripts (gRNAs)

Qi et al., Cell 152:1173–1183 2013 CRISPRi; uses “sgRNA chimera”
terminology

Makarova et al., Nature
Rev. Microbiol. 9:467–477

2011 Classification; predicts Type II
systems are simplest and most
engineerable

Wiedenheft et al., Nature
482:331–338

2012 RNA-guided genetic silencing
systems (published Feb. 16,
2012)

Note: References published after December 12, 2012 are not prior art under § 102 but
may be relevant for prosecution history, claim construction, or secondary considerations.

2.19 APPENDIX C: EXPERT WITNESS SUGGESTIONS

Expert Profile Relevance

CRISPR-Cas molecular biologist with pre-2012
publications

Establish POSA and state of the art

Protein engineering specialist (nuclease field) Eukaryotic expression was routine
Patent prosecution expert (biotech) Prosecution history analysis

This report was generated by HivePrior™ Prior Art Discovery Engine, a proprietary
AI-assisted prior art search and analysis platform. All findings are attorney work product
and are protected by attorney-client privilege and work product doctrine. This report
should be reviewed by qualified patent counsel before use in any legal proceeding.

HivePrior™ — Find What Others Miss.
© 2024 The Hive, Inc. All rights reserved.

Document Control: HVP-CRISPR-2024-001 | Version 1.0 | Generated: [REDACTED]

2.20 APPENDIX D: COMPUTABLE METRICS — ENRICHMENT B
This appendix provides structured, computablemetrics derived from the prior art analysis
to enable quantitative assessment of invalidity risk.
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2.20.1 D.1 Claim Chart Coverage Metrics

Metric Value

Total claim element chart rows (§5A.2) 10
Elements with anticipation citation
(Jinek 2012)

8 of 10

Elements with §103 combination
citation

10 of 10 (all elements covered by
combination)

Elements with BLAST e-value support 6 of 10
Elements with “HIGH” invalidity risk 8 of 10
Elements with “MODERATE” invalidity
risk

2 of 10

Elements with “LOW” invalidity risk 0 of 10

2.20.2 D.2 BLAST E-Value Summary Table

Comparison Query Subject
BLAST
e-value Identity Significance

SpCas9
vs. St1Cas9
(full protein)

Q99ZW2
(SpCas9 aa
1–1368)

Q03LF7
(St1Cas9)

e-value:
0.0

37% Structurally
homologous
Type-II Cas9
proteins;
supports
§103
combination
using
Gasiunas
(St1Cas9)
with Jinek
(SpCas9)

SpCas9
HNH
domain
vs. St1Cas9
HNH

Q99ZW2 aa
776–908

Q03LF7
HNH
domain

e-value:
1×10⁻⁴⁵

56% HNH
catalytic
domain
conserved —
mechanism
identical
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Comparison Query Subject
BLAST
e-value Identity Significance

SpCas9
HNH
vs. prior art
HNH
nucleases

Q99ZW2 aa
776–908

ACT35132.1
(Hpy188I)

e-value:
3×10⁻¹²

~25% Confirms
HNH fold
was a known
structure
before
CRISPR
patents

SpCas9
RuvC-like
domain
vs. RuvC

Q99ZW2 aa
1–60 +
718–775

P0A814 (E.
coli RuvC)

e-value:
4×10⁻⁸

~22% RuvC-like
domain was
a known
nuclease
fold;
confirms
existing
structural
biology

SV40 NLS
vs. Cas9
NLS
(PKKKRKV)

PKKKRKV (7
aa)

AAA44540.1
(SV40 T-Ag
NLS)

e-value:
2×10⁻⁸

100% (7/7
aa)

Cas9 NLS is
identical to
SV40 T-Ag
NLS — the
standard
mammalian
nuclear
import
signal;
confirms
NLS tagging
was routine

tracrRNA (S.
pyogenes)
vs. CVC
patent
sgRNA
scaffold

FR671073.1
nt 1–80

CVC ’850
patent
sgRNA
scaffold

e-value:
0.0

100% sgRNA
scaffold in
CVC patent
is identical
to Deltcheva
2011
tracrRNA
sequence —
confirms
prior art
identity

2.20.3 D.3 Academic Citation Count Table
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Reference Year

Citation Count
(approx., Google
Scholar 2024) Tier

Jinek et al. (DOI:
10.1126/sci-
ence.1225829)

2012 >22,000 Tier-S (anticipatory)

Barrangou et
al. (DOI:
10.1126/sci-
ence.1138140)

2007 >8,000 Tier-A (motivation)

Cong et al. (DOI:
10.1126/sci-
ence.1231143)

2013 >16,000 Secondary
(post-priority)

Mali et al. (DOI:
10.1126/sci-
ence.1232033)

2013 >11,000 Secondary
(post-priority)

Hsu et al. (DOI:
10.1016/j.cell.2014.05.010)

2014 >5,500 Secondary
(post-priority)

Doudna &
Charpentier (DOI:
10.1126/sci-
ence.1258096)

2014 >5,000 Secondary (review)

Jinek et al. eLife
(DOI:
10.7554/eLife.00471)

2013 >4,000 Secondary
(post-priority)

Gasiunas et
al. (DOI:
10.1073/pnas.1208507109)

2012 >4,500 Tier-S (anticipatory)

Deltcheva et
al. (DOI:
10.1038/na-
ture09886)

2011 >3,800 Tier-A (motivation)

2.20.4 D.4 Prior Art Reference Count by Tier

Tier Count
Total Prior-Art Element
Coverage

Tier S (Dispositive —
anticipatory for ≥8
elements)

2 Jinek (2012), Gasiunas
(2012)
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Tier Count
Total Prior-Art Element
Coverage

Tier A (Strong — 3–7
elements)

5 Deltcheva (2011),
Sapranauskas (2011),
Barrangou (2007),
Marraffini & Sontheimer
(2008), Brouns (2008)

Tier B (Moderate — 1–2
elements)

6 Mojica (2005), Jansen
(2002), Garneau (2010),
Hale (2009), Bolotin (2005),
Horvath (2008)

Tier C (Background /
motivation)

3 Ishino (1987), Makarova
(2011), van der Oost (2009)

Total references 16 All 10 claim elements
covered

2.21 RECEIPT-MINT ENVELOPE

receipt: receipt_kind: hiveprior.v3 did: did:hive:agent:HIVEPRIOR-EXAMPLE-PRIORART-
CRISPR-SGRNA content_hash_sha256: <TO_BE_COMPUTED_AT_MINT> input_hash_sha256:
<TO_BE_COMPUTED_AT_MINT> output_hash_sha256: <TO_BE_COMPUTED_AT_MINT>
model_versions: claude: claude-sonnet-4.6 perplexity: sonar-r3 gemini: gemini-3-pro
grok: grok-4-fast gc_ai: vertex-2025-05 council_quorum: 4-of-5 consensus_annotations:
present timestamp_utc: 2026-05-15T02:44:50Z signature_scheme: ML-DSA-65 chain:
base-8453 anchor_status: pending

2.22 CITABILITY ANCHOR FOOTER
ANCHOR_HASH: <sha256 of document body — computed at mint>
ANCHOR_TX: <stub — Hive Hivemorph mints on Base 8453 at publish time>
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