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I. INTRODUCTION

Patent Owner requests that the Petition be denied (1) pursuant to 35 U.S.C. §
325(d) because the Petition relies on the same art and arguments for Ground 1
previously considered by the Office and fails to demonstrate that the Office erred
in a way material to patentability and (2) under 35 U.S.C. § 314(a) because the
Petition fails to establish a reasonable likelihood to prevail on Ground 1 with
respect to claim 1, the sole independent claim in the 794 patent. Because all other
asserted Grounds rely upon prevailing on Ground 1 for claim 1, all other grounds
fail for the same reasons.

Claim 1 requires, in part, creating an input data structure having a specific
combination of features as follows:

(b) creating an input data structure, the input data structure
comprising a window of the nucleotides sequenced in the sample

nucleic acid molecule, wherein the input data structure includes, for
each nucleotide within the window, the properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target
position within the window,

the width of the pulse [PW] corresponding to the
nucleotide, and

the interpulse duration [IPD];
EX1001, claim 1.

Ground 1 includes three of Petitioner’s own references: Flusberg, the 338

patent and the PacBio-BAM. During prosecution, the Office extensively
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considered two of those references, Flusberg and the *338 patent, and allowed
claim 1 over those references. Specifically, the examiner recognized that despite
using the data generated in the normal course of SMRT sequencing (EX1004, 803,
806), Flusberg and the 338 patent do not appear to “measure the widths as a data
point to be combined with interpulse duration, nucleotide identity and position in
determining the presence of a mutation.” EX1004, 217. In other words, neither
reference discloses the combination of features of the “input data structure” in
claim 1.

Here, Petitioner requests that the Board reconsider the Office’s
determination of patentability based upon purportedly new information, the
PacBio-BAM. But, contrary to Petitioner’s assertion, Patent Owner’s infringement
contentions do not allege that the claimed “input data structure” is the PacBio-
BAM. Instead, the contentions allege that the input data structure is created from
the data in the PacBio-BAM. EX1014, 25 (“The HiFi reads in the BAM file are
then used to create the data structure of the claimed element [1.b], i.e., an input
data structure, for claim element [1.c].”).

And, as explained by Petitioner’s own expert, the PacBio-BAM is “the
standard data structure in which PacBio SMRT sequencers store data” (EX1002, 4
81) that is “generated in the normal course of SMRT sequencing” (EX1002, § 52).

As such, the PacBio-BAM is cumulative to Flusberg and the 338 patent, which
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both disclose using the data generated in the normal course of SMRT sequencing.
So, Petitioner’s purportedly new disclosure, the PacBio-BAM, collapses to the
same issue already considered and rejected by the Office, namely, despite having
the data generated in the normal course of SMRT sequencing, claim 1 is patentable
over Flusberg and the *338 patent.

In fact, later publications from some of the same coauthors of both Flusberg
and the *338 patent confirm that Ground 1 does not render the combination of
features in claim 1 obvious. In fact, three years after Flusberg and the *338 patent,
coauthors from both references explained that as of that date, “no statistical
framework has been proposed to identify kinetic variation events from SMRT
sequencing data that can serve as a surrogate for chemical modifications of DNA
or RNA sequences.” EX1010, 130. So, those coauthors explain that “the
modeling presented herein [again, three years after Flusberg and the *338 patent, ]
should be considered as a first step in leveraging the extensive kinetic information
provided by SMRT sequencing....” Id., 138. That first step, however, does not
include the claimed combination of features that Petitioner alleges is obvious over
Flusberg and the ’338 patent, and instead, the coauthors “restrict attention to IPDs
[interpulse duration].” Id., 130.

Finally, objective indicia from Petitioner strongly favors nonobvious. For

example, following publication of the invention, Petitioner’s own president and
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CEO praised the inventors of the 794 patent for their “development of a new
method for highly accurate simultaneous determination of DNA sequence and
CPG methylation in one go[]” that will “help researchers explore the impact of
epigenetic changes in humans and other organisms and has great potential in
clinical research and eventually diagnostics in cancer and other disease areas where
methylation changes are known to be important disease markers.” EX2017, 5.

For the forgoing reasons Patent Owner respectfully requests that the Petition
be denied.

II. THE 794 PATENT

The *794 patent discloses, inter alia, methods for determining nucleotide
modifications, e.g., methylation of DNA nucleotides. Methylation of DNA
nucleotides 1s essential for mammalian development and is involved in a variety of
biological functions and diseases. EX1001, 1:61-2:2.

Claim 1 of the *794 patent relates to the discovery of a method employing a
unique combination of some of the data from SMRT sequencing that could be used
to detect base modifications, and in particular detect methylated cytosine, to a
much higher degree of accuracy than prior art methods. In claim 1, a unique
combination of data is recited in an “input data structure,” which includes a
window of nucleotides around a target nucleotide (the putative modified base) and

for each nucleotide in that window the identity of the nucleotide (A, C, G or T), the
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position of the nucleotide relative to the target, the width of the pulse associated
with the nucleotide (PW), and the interpulse duration (IPD). EX2002, 925. The

measurement window of Figure 4 of the *794 patent illustrates an exemplary input

data structure:

Measurement window 400
402
G A T N A c T
404
3 2 . 0 # +2 3 \
IPD PW IPD PW IPD PW IPD PW IPD PW IPD PW IPD PW
408
0 0N 10 03 BON DN ED 0O 11 08 O 0 0 0

O RON ROS RO EON FON SON NON FO S N0 F23 (0.61 R0 RO f’jié
158 ELTA B0 RON ON B 0N 1000 K124 RO MO N0 RON E0N N0F—
06 RO O RON B1:21 H021 BOM N0 N0 MU ROS 0N 51 0.7 /420

-- O O >

EX2001, FIG. 4.!

The top row of the array identifies the target (N) and the detected
nucleotides, the second row identifies the relative position (+1, +2, etc.) to the
target (0). Each position has two columns that include the pulse width (PW) and

interpulse duration (IPD) values for that position recorded in rows (408, 412, 416,

and 420). EX1001, 23:28-51.

I Citations to the *794 patent are to EX1001, except, citations to the *794

patent figures are to EX2001, which is a color copy of the *794 patent figures.
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Using over 800,000 methylated and unmethylated DNA sequences to train a
model, the inventors investigated the predictive power of the features and feature
combinations. EX2002, 447. “We evaluated the power of each feature (sequence

context, IPD and PW) in predicting the methylation state of C....” EX1001, 32:

18-20.
Training dataset Testing dataset
1.0 1.0
@ 0.8 © 0.8
] ©
14 (14
Qo6 006
w w
& g
g 04 5 0.4
~ —— Seq+IPD+PW (AUC=0.94) ~ —— Seq+IPD+PW (AUC=0.94)
0.2 Seq+IPD (AUC=0.86) 0.2 Seq+IPD (AUC=0.85)
— PW (AUC=0.86) — PW (AUC=0.85)
—— IPD (AUC=0.74) —— IPD (AUC=0.73)
0.0 —— Seq (AUC=0.50) 0.0 — Seq (AUC=0.50)
0.0 0.2 04 06 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate False Positive Rate
FIG. 18A FIG. 18B

EX2001, FIGs. 18A, B.

As shown in Figure 18, identity of the nucleotide and relative position to the
target (together “Seq”), IPD and PW (Seq+IPD+PW) achieved the highest
accuracy (AUC = 0.94) over the identity of the nucleotide and relative position to
the target (together “Seq”) and IPD (Seq+IPD), and PW, IPD, and identity of the

nucleotide and relative position to the target (together “Seq’), respectively.
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Accordingly, FIG. 18 shows the strong predictive power of claim 1 to detect a
modification. EX2002, 9949, 143. In the *794 patent “[s]equence context refers to
the base compositions (A, C, G or T) and the base orders in a stretch of DNA.”
EX1001, 19:60-63. In other words, the *794 patent uses the term “sequence
context” to refer to both the identity of the nucleotide and the position of the
nucleotide relative to a target. EX2022, 31.

The inventors investigated the predictive power of other features including
subread depth, use of Watson and/or Crick strands, window sizes and window
locations. EX2002, 9450-56. The inventors systematically probed the predictive
power of a variety of features to construct an optimal input data structure for a
trainable model that accurately detects base modification. EX2002, 4935, 48. But
the inventors did not stop there. The inventors used the trained model with the
claimed input data structure to detect modifications in a variety of practical
applications including imprint regions in placental tissue (44:50-47:35), maternal
circulating cell free DNA (47:36-48:63), copy number changes in tumor tissue
(49:56-51:14), maternal plasma DNA tissue mapping (51:15-52:32), regional
methylation quantification (52:33-60:17), differential methylation between tumor
normal tissue (60:18-61:60), and viral DNA methylation (61:61-62:48). EX1001,
EX2002 9956. In short, the *794 patent is a tour de force of base modification

detection.
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A. Claim 1 recites a data structure for training a model that has the
same structure as the “input data structure.”

Claim 1 recites “a method for detecting a modification of a nucleotide in a
nucleic acid molecule” including creating an “input data structure” that comprises
“a window of nucleotides” surrounding a target position in the nucleic acid (“a
target position within the window”). EX1001, claim 1(b). Step (d) recites
determining ... whether the modification is present in a nucleotide at the target
position....” For each nucleotide in the window, the “input data structure”
includes “the identity of the nucleotide,” the “position of the nucleotide with
respect to a target position within the window,” the “width of the pulse
corresponding to the nucleotide (PW)” and “the interpulse duration (IPD)”.
EX1001, claim 1(b). EX2002, §36.

99 ¢¢

Claim 1 further requires a model that is “trained by” “receiving a plurality of
first data structures” which have the same structure and properties as the “input
data structure” set forth in claim 1(b) as the claim recites “each first data structure
comprising values for the same properties as the input data structure.” These data
structures are used to train the model as the claim explains “storing a plurality of
first training samples, each including one of the first plurality of first data
structures....” and “optimizing, using the plurality of first training samples,

parameters of the model....” EX2002, §37. Both experts agree that a model

should be trained by data structures that match the input data structure used for
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modification detection. EX2002, 438; EX1002 9130.

B. The >794 patent examples disclose a data structure for training a
model that has the same structure as the “input data structure.”

The *794 patent discloses that “[k]inetic features may be obtained for a
measurement window of a certain number of nucleotides upstream and
downstream of the target bases. These features (e.g., at particular locations in the
measurement window) can be used to train a machine learning model.” EX1001,
22:65-23:4.

As illustrated in FIG. 4, the 794 patent discloses an input data structure of a
window of nucleotides (“measurement window 400”), a target position (position 0,
nucleotide identity N), the identity of each nucleotide (row 402), the nucleotide
position relative to target (row 404), the IPD and PW values (rows 408, 412, 416,

and 412). EX1001, 23:28-51, EX2002, 940-43.

Measurement window 400
402
G A T N A c T —
404
3 2 - 0 1 2 3 ~ \
IPD PW IPD PW IPD PW IPD PW IPD PW IPD PW IPD PW
408
0 O 10 03 O EON RO 0O 11 08 O 0 0 0

O3 RON ROS RON EON NON SON FON 0 N0 523 (081 R0 N0 /412
151 K124 ROS BUS RON FON E0.90 F1:28 WO MOS RO RON 0N &0 /4
05 RO RON RON R1:21 F023 ROM N0 N0 MU RS 0N 51 0.7 /42{]

- & O >

“[A]t the relative position of 0, the IPD and PW values were shown in the
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row indicating ‘G’ ... suggesting that a guanine was called in the sequence result at
that position. The other grids in a column that did not correspond to a sequence
base would be coded ‘0.”” EX1001, 23:28-51.

The *794 patent teaches additional input data structures for training a model
created using sequencing data from the Watson strands (FIG. 4), the Crick strand
(FIG. 5), or both Crick and Watson strands (FIGs. 6-8). EX1001, 23:14 to 24:56,
EX2002, 943. The *794 patent describes and illustrates how to train a model and
use the trained model to determine a modification in a nucleic acid using the same
input data structures. EX1001, FIGs. 10, 12, 14 and 16 (testing) and FIG. 9, 11, 13,
and 15 (training). EX1001, 25:57-30:59, EX2002, 944-48.

C. Claim Construction

In an inter partes review proceeding, claims are construed using the same
claim construction standard used in a civil action under 35 U.S.C. 282(b),
including construing the claim in accordance with the ordinary and customary
meaning of such claim as understood by one of ordinary skill in the art and the
prosecution history pertaining to the patent. 37 CFR § 42.100(b). That standard is
applied herein.

D.  Person of Ordinary SKill in the Art

For the purposes of this response, Patent Owner has applied Petitioner’s

definition of a person of ordinary skill in the art (“POSITA”). Petition, 26.
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EX2002, 922.

III. THE BOARD HAS DISCRETION TO DENY INSTITUTION
PURSUANT TO §325(D)

Institution denial under §325(d) is warranted when (1) the Petition relies
upon the same or substantially the same art or the same or substantially the same
arguments previously presented to the Office; and (2) the Petition fails to
demonstrate that the Office erred in a manner material to the patentability of
challenged claims. Advanced Bionics, LLC v. Med-El Elektromedizinische Gerdte
GmbH, 2020 WL 740292 at *3 (PTAB 2020) (precedential).

Within this two-part framework, the Board considers a number of non-
exclusive factors in evaluating whether to exercise its discretion under § 325(d).
See Becton, Dickinson& Co. v. B. Braun Melsungen AG, 2017 WL 6405100 *6
(PTAB 2017). The Becton, Dickinson factors are as follows:

a. the similarities and material differences between the
asserted art and the prior art involved during examination;

b. the cumulative nature of the asserted art and the prior art
evaluated during examination;

C. the extent to which the asserted art was evaluated during
examination, including whether the prior art was the basis for
rejection;

d. the extent of the overlap between the arguments made
during examination and the manner in which petitioner relies on the

prior art or patent owner distinguishes the prior art;
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e. whether petitioner has pointed out sufficiently how the
examiner erred in its evaluation of the asserted prior art; and

f. the extent to which additional evidence and facts
presented in the petition warrant reconsideration of the prior art or
arguments.

Becton, Dickinson, 2017 WL 6405100 at *6. Factors (a), (b), and (d) relate to
whether the art or arguments presented in the Petition are the same or substantially
the same as those previously presented to the Office. Advanced Bionics, 2020 WL
740292 at *4. And, factors (c), (e), and (f) “relate to whether the petitioner has
demonstrated a material error by the Office” in its prior consideration of that art or
arguments. /d.

Here, Ground 1 is the sole proposed ground for independent claim 1, from
which all other claims depend. Because Ground 1 relies upon the same art and
arguments previously presented to the Office, Patent Owner requests that
institution be denied. During prosecution the Examiner allowed claim 1 over
Flusberg and the *338 patent, finding that while “Flusberg displays various widths
of pulses in their sequence data in a window,” Flusberg does not appear to
“measure the widths as a data point to be combined with interpulse duration,
nucleotide identity and position in determining the presence of a mutation.”
EX1004, 217. The examiner references that same conclusion with respect the’338

patent. /d. In other words, while Flusberg and the 338 patent both disclose
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receiving the standard output of SMRT sequencing, claim 1 is patentable over
those references because the references do not disclose using that standard output
of SMRT sequencing to create an “input data structure” having the claimed
combination of features including pulse width, interpulse duration, nucleotide
identify and position to determine the presence of a mutation.

Because Petitioner’s same arguments and references were previously
overcome during prosecution, Petitioner attempts to manufacture a new issue and
reference, namely, that the Office did not consider the PacBio-BAM. But as
Petitioner’s own expert explains, the PacBio-BAM is “the standard data structure
in which PacBio SMRT sequencers store data.” EX1002, 481. That data is
“generated in the normal course of SMRT sequencing.” EX1002, 452. As such
the PacBio-BAM is cumulative to the disclosures of Flusberg and the 338 patent
and adds nothing to the question of whether those references render obvious the
claimed “input data structure” having its claimed combination of features.
EX2002, 931

Petitioner’s argument for why the PacBio-BAM is purportedly new is
premised upon Petitioner’s misrepresentation of Patent Owner’s infringement
contentions in a companion litigation. Petition, 22. In short, Petitioner claims that
Patent Owner admitted that the standard output of PacBio SMRT sequencing, the

PacBio-BAM, is the claimed “input data structure” having the claimed
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combination of features. Nonsense. Patent Owner’s infringement contentions
expressly recite that the PacBio-BAM is “used to create the data structure of the
claimed element [1.b], i.e., an input data structure, for claim element [1.c].”
EX1014, 25. The contentions do not alleged that the PacBio-BAM is the claimed
input data structure.

As set forth below, application of the Becton, Dickson factors favors denying
the Petition.

A.  The Petition presents substantially the same art and arguments
that were previously presented to the Office.

First, Becton, Dickinson factor a—the similarities and material differences
between the asserted art and the prior art involved during examination—favors
denial. The two primary references of Ground 1, Flusberg and the 338 patent,
were expressly relied upon by the examiner to reject the claims under 102 and 103.
EX1004, 803-810. Patentability of claim 1 over those same references was further
discussed in an examiner interview. EX1004, 217. Then, in response to the
rejection, Patent Owner amended claim 1, explaining that claim 1 is patentable
over Flusberg and the *338 patent. EX1004, 206-209. Following Patent Owner’s
amendment and arguments, the examiner allowed claim 1 without further
comment. EX1004, 174-178. As such, Flusberg and the 338 patent were
considered during prosecution with respect to the patentability of claim 1 of the

>794 patent.
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Second, Becton, Dickinson factor b—the cumulative nature of the asserted
art and the prior art evaluated during examination—favors denial. The third
reference in Ground 1, the PacBio-BAM, is cumulative to the disclosure of
Flusberg and the *338 patent and adds nothing to the patentability determination
here. As Petitioner’s own expert explains, “a BAM file is an industry standard file
format” (EX2002, 452), and the PacBio-BAM is simply “the standard data
structure in which PacBio SMRT sequencers store data” (EX1002, §81) that is
“generated in the normal course of SMRT sequencing” (EX1002, 452).

During prosecution, the examiner recognized that both Flusberg and the 338
patent disclose using data generated in the normal course of SMRT sequencing, in
other words, information cumulative to the PacBio-BAM. Specifically, the
examiner recognized that both Flusberg and the *338 patent disclose “performing
single molecule, real time (SMRT) sequencing of a sample of a nucleic acid
molecule and obtaining data for” the “identify of nucleotide,” the “position of the
nucleotide, the “width of the pulse corresponding to each nucleotide” and the

“interpulse duration (IPD).” as follows:
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Flusberg et al teach detecting modifications of a nucleotide in a nucleic acid
molecule comprising:

(a) performing single-molecule, real-time (SMRT) sequencing of a sample of
nucleic acid molecule and displaying in a window (i.e. a computer screen or piece of

paper) the data for:

identity of the nucleotide T, C, G, and A in a sequence comprising at least
8 consecutive nucleotides (Figure 1);

» the position of the nuclectide;

+ the width of pulse corresponding to each nucleotide;

+ the interpulse duration (IPD) representing a time between the pulse
corresponding to the nucleotide and a pulse corresponding to a

neighboring nucleotide;

EX1004, 803, 806.

The ’338 patent further explains that the data generated in the normal course
of SMRT sequencing is provided in a computer readable data structure like the
PacBio-BAM. For example, the *338 patent recites that “[t]he systems of the
invention also typically include information processors or computers operably
coupled to the detection portions of the systems, in order to store the signal data
obtained from the detector(s) on a computer readable medium....” EX1007, 71:49-
53. The ’338 patent also recites that the “computers also typically include software

that analyzes the raw signal data, identifies signal pulses that are likely associated
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with incorporation events, and identifies bases incorporated during the sequencing
reaction, in order to convert or transform the raw signal data into user interpretable
sequence data (see, e.g., Published U.S. Patent Application No. 2009-0024331, the
full disclosure of which is incorporated herein by reference in its entirety for all
purposes).” Id. 71:62-72:3. As such, the PacBio-BAM adds nothing to the
disclosures of, and is cumulative to, Flusberg and the *338 patent. EX2002, 4131.
The prosecution of the *794 patent further confirms that the PacBio-BAM is
cumulative to Flusberg and the 338 patent. Initially, the examiner rejected
original claim 1 over both Flusberg and the *338 patent, asserting that the claimed
“received” data, which in original claim 1 included the “input data structure,” was
disclosed in both references. EX1004, 803-810. Original claim 1 recited, in part:

kkk

receiving an input data structure, the input data structure
corresponding to a window of nucleotides sequenced in a sample
nucleic acid molecule, wherein the sample nucleic acid molecule is
sequenced by measuring pulses in an optical signal corresponding to
the nucleotides, the input data structure comprising values for the
following properties:
for each nucleotide within the window:
an identity of the nucleotide,
a position of the nucleotide with respect to a target
position within the respective window,

a width of the pulse corresponding to the nucleotide, and
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an interpulse duration representing a time between the
pulse corresponding to the nucleotide and a pulse
corresponding to a neighboring

nucleotide

skokk

EX1004, 1090.

In response, Patent Owner amended original claim 1 to clarify that the
claimed “input data structure” is not simply the data generated in the normal course
of SMRT sequencing, e.g., the PacBio-BAM. Instead, the “input data structure” is
created from “receiving data acquired by,” for example, PacBio’s SMRT
sequencing. Specifically, claim 1 was amended to delete “receiving an input data
structure,” and instead to recite “(a) receiving data acquired by...” and then “(b)
creating an input data structure....” Amended claim 1 recited, in part:

1. (Currently Amended) A method for detecting a modification of a

nucleotide in a nucleic acid molecule, the method comprising:

sequenced-by receiving data acquired by measuring pulses in an

optical signal corresponding to [[the]] nucleotides sequenced in a

sample nucleic acid moleculesthe-nput-data-structure-comprising and

obtaining, from the data, values for the following properties:

for each nucleotide withinthe-window:

an identity of the nucleotide,
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a position of the nucleotide within the sample nucleic

acid molecule with-respeet-to-atargetposttion-within-the
. . ,

a width of the pulse corresponding to the nucleotide, and

an interpulse duration representing a time between the
pulse corresponding to the nucleotide and a pulse
corresponding to a neighboring nucleotide;

(b) creating an input data structure, the input data structure

comprising a window of the nucleotides sequenced in the sample

nucleic acid molecule, wherein the input data structure includes, for

each nucleotide within the window, the properties:

the 1dentity of the nucleotide,

a position of the nucleotide with respect to a target

position within the window:

the width of the pulse corresponding to the nucleotide,

and

the interpulse duration:

(c) inputting the input data structure into a model, the model

trained by:

% %k ok

EX1004, 191-92.

In summary, the amendment confirms that simply having the data generated

by SMRT sequencing, e.g., the PacBio-BAM, does not disclose or render obvious

creating an “input data structure” having the claimed combination of features. Of

course, the sequencing data was available in a computer readable format in both
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Flusberg and the *338 patent. But, as the examiner recognized, the relevant
question is whether Flusberg and the *338 patent disclose or render obvious
receiving that SMRT sequencing data and then creating an input data structure
having claimed attributes, namely:
the input data structure comprising a window of the nucleotides
sequenced in the sample nucleic acid molecule, wherein the input data

structure includes, for each nucleotide within the window, the
properties:

the identity of the nucleotide,

a position of the nucleotide with respect to a target
position within the window,

the width of the pulse corresponding to the nucleotide,
and

the interpulse duration;
EX1001, claim 1.

The examiner determined that Flusberg and the 338 patent do not disclose
or render that combination obvious. Specifically, following an interview
discussing the proposed claim amendments and Flusberg and the *338 patent, the
examiner stated that while “Flusberg displays various widths of pulses in their
sequence window,” Flusberg does not appear to “measure the widths as a data
point to be combined with interpulse duration, nucleotide i1dentity and position in
determining the presence of a mutation.” EX1004, 217. The Examiner referred to
that same reasoning for nonobviousness with respect to the *338 patent. /d. The

full statement is as follows:
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35U.5.C.102

Exarminer stated the method of Flusberg displays varous widths of pulses in their sequence dala in a
window, however it does nol appear that they measure the widths as a data point to be combined with
interpulse duration, nucleotide identity and position in determining the presence of mutations, Examiner
will consider and compare future claim amendments with the prior art.

35U.5.C.103
See comments in 102 above.

EX1004, 217.

Next, Becton, Dickinson factor (d)—the extent of the overlap between the
arguments made during examination and the manner in which petitioner relies on
the prior art or patent owner distinguishes the prior art—favors denial. As
explained above, here Petitioner makes the same arguments considered and
rejected during prosecution, namely whether Flusberg and the *338 patent render
obvious “creating an input data structure” having the claimed combination of
features. During prosecution, the examiner found that Flusberg and the *338 patent
did not disclose those limitations and allowed the claims over those references.

Petitioner attempts to manufacture a new issue for the PacBio-BAM by
misrepresenting Patent Owner’s infringement contentions in a related litigation in
which Patent Owner is suing Petitioner for infringing the *794 patent. Specifically,
Petitioner claims that the infringement contentions purportedly assert that the
PacBio-BAM is the claimed “input data structure.” Petition, 20.

But as explained above, the infringement contentions contain no such

allegation. Instead, the contentions allege that the claimed input data structure is
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created from the data in a PacBio-BAM file, not that it is a PacBio-BAM file.
EX1014, 25 (“The HiFi reads in the BAM file are then used to create the data
structure of the claimed element [1.b], i.e., an input data structure, for claim
element [1.c].”)

Thus, Petitioner’s assertion that the PacBio-BAM is new based on the
infringement contentions is premised on a misrepresentation of the infringement
contentions and should be rejected.

B. The Petition has not demonstrated that the Office erred in a
manner material to the patentability of the challenged claims.

First, Becton, Dickinson factor (¢)}—the extent to which the asserted art was
evaluated during examination, including whether the prior art was the basis for
rejection—favors denial. As set forth above, Flusberg and the *338 patent were
both extensively considered during prosecution. The examiner rejected original
claim 1 over both references (EX1004, 803-810), and Patent Owner amended
claim 1 and explained why claim 1 is patentable over both references, both in
writing (id., 191-210) and during an examiner interview (id., 217).

Second, Becton, Dickinson factor (e)—whether petitioner has pointed out
sufficiently how the examiner erred in its evaluation of the asserted prior art—
favors denial. Petitioner’s first argument that allowance of the *794 patent was
material error is premised on Petitioner’s misrepresentation of the Patent Owner’s

infringement contentions. As explained above, the infringement contentions do
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not admit or assert that the PacBio-BAM is the claimed “input data structure.”
Petitioner’s next argument that the examiner committed an error by
confusing rejections under 102 and 103 for Flusberg and the 338 patent
misunderstands the examiner’s interview summary. In summarizing an interview
in which the examiner and Patent Owner discussed Flusberg and the *338 patent
and possible claim amendments, under the heading “35 U.S.C. 102” the examiner
stated that while “Flusberg displays various widths of pulses in their sequence data
in a window,” Flusberg does not appear to “measure the widths as a data point to
be combined with interpulse duration, nucleotide identity and position in
determining the presence of mutations.” EX1004, 217. And regarding the 103
rejections, under the heading “35 U.S.C. 103” the examiner further stated “see
comments in 102 above.” Id. The examiner’s statements do not suggest, let alone
demonstrate, that the examiner confused application of 102 or 103. To the
contrary, the summary confirms that the examiner recognized the relationship
between Flusberg and the *338 patent and that both include the same deficiency,
namely, neither disclose or render obvious the claimed combination of features for
the “input data structure.” Regardless, as the Board found in LG Electronics v.
Image Processing Tech., though “[s]tandards for anticipation and obviousness are
distinct, [a]dvancing a new statutory basis...does not demonstrate. ..error in prior

consideration [of a reference].” 2023 WL 5030795, *9 (PTAB 2023) (denying
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institution based on § 325(d)).

The examiner’s interview summary further confirms that the Petition
presents the same issue considered and overcome during prosecution. The
examiner recognized that the standard output of PacBio SMRT sequencing, e.g.,
the PacBio-BAM, includes various data in a structured format. But, the question
for patentability is not was the information available in some structure. The
question is does Flusberg and the *338 patent render obvious creating from the
PacBio-BAM an “input data structure” having the claimed combination of features.
In allowing claim 1, the examiner determined that neither reference discloses or
renders obvious the claimed invention.

Petitioner’s final argument regarding a statement by the examiner in a
different patent application, a continuation of the 794 patent, is not relevant to
evaluating if there was an error material in the *794 patent’s prosecution.
Regardless, the statement for the different patent application cited by Petitioner is
not an error. Petitioner selectively quotes the first portion of the examiner’s
statement, replacing a comma with a period and omitting the remainder of the
sentence. Petition, 25. The examiner’s full statement charactering the closest prior
art of record—three U.S. patents including the 338 patent at issue here—is as
follows:

None of the US Patents demonstrate measuring a pulse width value of
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a specifically identified nucleotide at an identified position to
determine the methylation status, and do not teach or suggest
combining all data measurements of nucleotide identities, nucleotide
positions in the sample nucleic acid, width of the pulse corresponding
to the nucleotides, and IPD, subsequently creating an input data
structure comprising a window of the nucleotides in a sample that lists
the above measurements, and inputting the measurements into a
model configured to utilize the measurements to output a methylation

status for each nucleotide as instantly claimed.

EX1005, 150.

First, just the like the examiner found in allowing the *794 patent claims,
that statement confirms that the *338 patent does not disclose creating an “input
data structure” having the claimed combination of features. And second, that the
’338 patent includes disclosure related to “pulse width,” does not mean that the
’338 patent “teaches measuring a pulse width value of a specifically identified
nucleotide at an identified position to determine the methylation status.”
Petitioner’s citation to excerpts from the *338 patent and Flusberg related to pulse
width does not demonstrate an error material to prosecution.

Finally, Becton, Dickinson factor (fy—the extent to which additional
evidence and facts presented in the petition warrant reconsideration of the prior art
or arguments—favors denial. Petitioner makes no arguments regarding this factor.

Petitioner does reference its expert's declaration and other references as new under
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the first prong above. But, just like the petition, the report uses hindsight to second
guess the precise issues addressed during prosecution. Regardless, this factor
favors denial or is neutral. See Volkswagen Group of America, Inc. v. StatosAudio,
Inc., 2021 WL 6340178 at *6 (PTAB 2021) (finding factor (f) “at most, neutral”
based on newly presented expert testimony and denying institution). Regarding
the additional references cited in Petitioner’s expert declaration and Petition, as the
Board found in Sandoz Inc. v. Acerta Pharma B.V., “Petitioner’s reliance in the
Petition on references that are not part of the prosecution record considered by the
Examiner, and are not even asserted against the claims in Petitioner’s asserted
grounds...fails to demonstrate ‘that the Office erred in a manner material to the
patentability of the challenged claims.”” 2023 WL 5167505 at *8 (PTAB 2023)
(internal quotes omitted).

For the foregoing reasons, Patent Owner requests that the Board exercise its
discretion and deny the Petition.

IV. CLAIM 1 IS NOT OBVIOUS OVER GROUND 1.

The *794 patent has one independent claim, claim 1. Claims 2-19 depend,
either directly or indirectly from claim 1. Because all the claims require the input
data structure of claim 1, all grounds of the Petition are premised on the
combination of the PacBio-BAM, Flusberg and the 338 patent. And because the

combination of PacBio BAM, Flusberg and the *338 patent do not teach or suggest
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the input data structure of claim 1, Grounds 1-4 fail.

The framework for determining obviousness requires consideration of the
scope and content of the prior art, differences between the prior art and the patent
claims, the level of ordinary skill in the art, and any secondary considerations.

KSR Int'l Co. v. Teleflex Inc., 550 U.S. 398, 406 (2007), citing Graham v. John
Deere Co., 383 U.S. 1, 15-17 (1966).

Obviousness must be considered based on the claim as a whole. Ruiz v. A.B.
Chance Co., 357 F.3d 1270, 1275 (Fed. Cir. 2004) (explaining that “[t]he ‘as a
whole’ instruction in title 35 prevents evaluation of the invention part by part....
This form of hindsight reasoning, using the invention as a roadmap to find its prior
art components, would discount the value of combining various existing features or
principles in a new way to achieve a new result—often the very definition of
invention.”).

So, even “in the case of a combination of references that together disclose all
the limitations of the claimed invention,” there must be an “apparent reason to
combine the known elements in the fashion claimed by the patent at issue” and a
“reasonable expectation of success” to a POSITA in pursuing that combination.
Los Angeles Biomedical Rsch. Inst. at Harbor-UCLA Med. Ctr. v. Eli Lilly and
Co., 849 F.3d 1049, 1064 (Fed. Cir. 2017) (cleaned up) (citing KSR, 550 U.S. at

418).
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Moreover, the inventor's own path itself never leads to a conclusion of
obviousness; that is hindsight and expressly made irrelevant to patentability by
statute. Millennium Pharmaceuticals, Inc. v. Sandoz Inc., 862 F.3d 1356, 1367
(Fed. Cir. 2017) (citing 35 U.S.C. § 103(a) (“Patentability shall not be negatived
by the manner in which the invention was made.”).”

Prior art teaches away when “a person of ordinary skill, upon reading the
reference, would be discouraged from following the path set out in the reference,
or would be led in a direction divergent from the path that was taken by the
applicant.” Arctic Cat Inc. v. Bombardier Recreational Products Inc., 876 F.3d
1350, 1360 (Fed. Cir. 2017), citing Allergan, Inc. v. Sandoz Inc., 796 F.3d 1293,
1305 (Fed. Cir. 2015).

Here, the Board should not second guess the Examiner’s determination that
Flusberg and the *338 patent do not disclose “measur[ing] the widths as a data
point to be combined with interpulse duration, nucleotide identity and position in
determining the presence of a mutation” and thus do not render obvious claim 1.
EX1004, 217.

First, the assertion that the PacBio-BAM is an “off the shelf” “input data
structure” as claimed is factually incorrect. EX2002, 126. Patent Owner’s
infringement contentions do not allege that the PacBio-BAM is the “input data

structure.” To the contrary, a POSITA would understand that the PacBio-BAM
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does not include “a target position” and cannot be used as “input data structure” to
train a model because it includes superfluous data and is not a consistent length
necessary to train a model. EX2002, 49127, 130. That the PacBio-BAM
references detecting base modifications, does not suggest to a POSITA how to
create an input data structure or to include the combination of features of the
claimed input data structure. EX2002, 4129.

Second, Flusberg, the *338 patent, and the PacBio-BAM do not render
obvious the claimed “input data structure” including a window of nucleotides” and
“for each nucleotide within the window” the claimed combination of “the identity
of the nucleotide, a position of the nucleotide with respect to a target position
within the window, the width of the pulse corresponding to the nucleotide, and the
interpulse duration.” Both Flusberg and the 338 patent do not disclose and instead
teach away from including “identify of the nucleotide” and both references teach
away from including “the width of the pulse corresponding to the nucleotide” as
explained by several of the same authors of the two references in later publications.
EX2002, 4967, 75, 78. That the underlying data was available in a PacBio-BAM
file, does not render the claimed combination of data obvious.

Petitioner’s argument “the 794 patent simply follows teaching[s] in the
prior art” citing to the *794 patent itself (Petition, 14-17) cannot provide the

required motivation to arrive at the claimed invention. It does not matter whether
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the inventors reached their invention after an exhaustive study of the prior art, or
developed the invention in complete isolation. See Life Techs., Inc. v. Clontech
Labs., Inc., 224 F.3d 1320, 1325 (Fed. Cir. 2000).

Accordingly, because Petitioner has failed to demonstrate that claim 1 is
obvious under Ground 1, Patent Owner requests that the Petition be denied.

A. PacBio-BAM does not disclose or render obvious the “input data
structure” or its combination of features recited in claim 1.

Contrary to Petitioner’s assertion, Patent Owner’s infringement contentions
do not assert that the PacBio-BAM is the claimed “input data structure.” As
explained above, the infringement contentions recite that the “input data structure”
having the claimed combination of features is “created” from the PacBio-BAM. It
is not the PacBio-BAM. Ground 1 fails for that reason alone.

Regardless, contrary to Petitioner’s Expert's assertion that the PacBio-BAM
is an “off the shelf option” for the input data structure (EX1002 9] 82), a POSITA
would understand that while the PacBio-BAM includes information from which
the input data structure could be created, the PacBio-BAM cannot be the claimed
“input data structure” and does not suggest or provide motivation to select various
data included in the PacBio-BAM to create the claimed input data structure.

EX2002, q9126-127, 130-131.
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1. The PacBio-BAM contains extraneous information that
would render training a model inoperable.

First, the PacBio BAM cannot be the “input data structure” of claim 1
because it is in a compressed binary format that cannot be read by a machine
leaning model and comprises text data, not an input data array necessary for
training a model. EX2002, 9126. ; EX1011, 1 (“a binary, compressed, record-
oriented container format for raw or aligned sequence reads.””). The PacBio-BAM
file 1s simply the digital form of the SMRT sequencing data which is “generated in
the normal course of SMRT sequencing.” EX1002, 452. Because the PacBio-
BAM storage format is incompatible as input data structure for training a model, it
is not a “preexisting off-the-shelf option” of an input data structure for a trainable
model. EX2002, 99126-127.

Moreover, the PacBio BAM contains not only base calling data and kinetics
data obtained from SMRT sequencing, but also other numeric and non-numeric
data that must be parsed out to create an “input data structure” to train a model,
including for example, SAM Flags, subread name, context flag, number of passes,
base quality, position end, position start, read quality, signal-to-noise, zmw number
and read group. EX2002, 126. EX1011, 3-7. Indeed, some of that data is labeled

“Mandatory Items” in the PacBio-BAM as shown below:
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Mandatory items:

Key Value spec Value example

READTYPE One of ZMW, HOREGION, SUBREAD, CCS, SUBREAD
SCRAP, or UNKNOWN

BINDINGKIT Binding kit part number 100236500

SEQUENCINGKIT Sequencing kit part number 001558034

BASECALLERVERSION Basecaller version number 21

FRAMERATEHZ Frame rate in Hz 100

CONTROL TRUE if reads are classified as spike-in controls, TRUE

otherwise CONTROL key is absent

EXI1011, 4.

2. The PacBio-BAM does not include a “target position.”

Second, the PacBio-BAM includes no “target position within a window” let
alone “a position of the nucleotide with respect to a target position within the
window” as required by claim 1.

Claim 1 recites that the “input data structure” requires a “position of the
nucleotide with respect to a target position within the window.” Claim 1 further
recites “(d) determining, using the model, whether the modification is present in a
nucleotide at the target position within the window in the input data structure.” As
such, the “target position within the window” of claim 1 is the nucleotide being
interrogated for modification in step (d). Because the PacBio-BAM is the standard
output of SMRT sequencing that can be used for many purposes, it does not
include or identify a “target position within a window” or a “a position of the

nucleotide with respect to a target position within the window” as required by
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claim 1. It is simply the sequence data. EX2002, 4130

Petitioner plucks the word “target” from the PacBio-BAM to allege that the
“target position” is disclosed. Petition, 41-42. But contrary to Petitioner’s
assertion, a POSITA would understand that the PacBio-BAM’s recitation of the
word “target” in sequence alignment is unrelated to and does not disclose the
claimed “target position within the window.” EX2002, §130. Instead the term
“target” in the PacB10o-BAM refers to the reference sequence, i.e., “target
sequence” to which the SMRT sequence read is aligned to generate an aligned
BAM file. It is not a target position for base modification detection, and does not
suggest creating an “input data structure” having “a position of the nucleotide with
respect to a target position within the window” as claimed. EX2002, 4130.

3. The PacBio-BAM cannot be used to train a model.

The PacBio-BAM cannot be the claimed “input data structure” because as

29 <6

set forth above, claim 1 further requires in step (c), a “model trained by” “receiving
a first plurality of first data structures” where “each first data structure comprising
values for the same properties as the input data structure.” As such, a POSITA
would understand that the “input data structure” must have the same structure as
the “first plurality of first data structures” used to train the model. EX2002, 938;
EX1002, 4130. But, sequence data in the format of the PacBio-BAM is of varying

lengths, and thus cannot be used to train a model as required by claim 1. EX2002,
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q128.

Specifically, a PacBio chip for SMRT sequencing has tens of thousands to
millions of wells in which tens of thousands to millions of nucleic acid molecules
are sequenced. In 2011, the PacBio chip had 45,000-75,000 wells. EX1026, 128.
A recent PacBio high density chip has 25 million wells. EX2027, q128. Whether
the chip has millions or tens of thousands of wells, DNA sequences of various
sizes are sequenced and stored in the PacBio-BAM file. The size of each sequence
in each well is random; most will be of different lengths. EX2002, §128. Because
the PacBio-BAM file includes all the sequence data from the PacBio chip, the
PacBio-BAM file will have tens of thousands to millions of sequences of varying
lengths. Even assuming that the extraneous data was first parsed and “a position of
the nucleotide with respect to a target position within the window” was added to
the PacBio-BAM, the stored sequences cannot be used to train a model because
they have varying lengths. EX2002, 4128.

Petitioner’s citation to the PacBio-BAM’s recitation that its file format
“IpJrovides a substantial disk-space savings without affecting important production
use cases (base modification detection)” does not mean that the PacBio-BAM is
the claimed “input data structure” or suggest to a POSITA what combination
features in the PacBi10o-BAM should be used to create an input data structure.

EX2002, 4129. Instead, that sentence indicates that data is preserved in the BAM
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from which modification can be detected. EX2002, 4129. In other words, just like
in Flusberg, the standard output of SMRT sequencing is preserved, such that a
POSITA must then figure out what to include in an “input data structure” to detect
base modification Because the PacBio-BAM is the standard output of SMRT
sequencing, a POSITA must look elsewhere for motivation to select a particular
combination of features to include in an “input data structure” for base
modification detection.

B.  Flusberg and the *338 patent do not disclose or render obvious the

“input data structure” or its combination of features recited in
claim 1.

1.  Flusberg does not disclose an “input data structure”
including the “identity of a nucleotide” and teaches away
from including pulse width.

The claimed “input data structure” requires “for each nucleotide within the
window: the nucleotide identity, nucleotide position with respect to a target
position within the window, the nucleotide PW, and the IPD.” Flusberg does not
disclose or render obvious that claimed “input data structure” at least because
Flusberg does not disclose, and instead teaches away from including, “identity of
the nucleotide.” EX2002, 478. Flusberg also teaches away from using pulse
width. EX2002, 967, 75.

First, Petitioner’s own expert admits that Flusberg avoids using the identity

of the nucleotide as a feature for an input data structure as follows: “Flusberg’s
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specific example avoids using sequence context as an express input variable
because it is held constant — Flusberg’s principal component analysis model is
trained on a particular sequence that is varied in methylation state, but not in
nucleotide sequence.” EX1002, 107. In other words, a POSITA would
understand that Flusberg not only does not use nucleotide identity, but teaches
away from using nucleotide identity in an “input data structure” because Flusberg’s
method expressly avoids its use as an input data. EX2002, 978. Flusberg does not
use nucleotide identity as a feature for an input data structure because nucleotide
identity is a constant in the Flusberg experiments, not a variable. EX2002, §78.
Because identity of the nucleotide was a constant in Flusberg, Flusberg uses
the term “sequence context” to refer to a window of nucleotides around a known
methylated nucleotide, or as a hindsight observation that methylation affected
polymerase kinetics of other nucleotides around the base. EX2002, 4963, 66. For
example, when describing the design of synthetic DNA templates for kinetic data
analysis having identical primary sequence with different methylation sites, mA,
mC, and hmC, Flusberg discloses “[i]n all cases, mA was located in a GATC
sequence context, and mC and hmC were located in C-G context.” EX1006, 462.
The term “sequence context” does not refer to an input data. EX2002, 463.
Another example of Flusberg’s use of “context” refers to GATC “context,”

which showed a higher IPD ratio associated with “expected” adenine methylation
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in GATC “context.” EX1006, Figure 5, Table 1, Supplementary Figure 5; EX2002,

477. Again, that “context” does not refer to an input data. EX2002, 77.

Table 1 | IPD ratios for each fosmid GATC motif

Position Sequence IPD ratio F value

273 TGCCATGATCTAGATC 5.28 2.84 = 10-18
279 GATCTAGATCATCGTG 4.32 4.41 = 10716
720 TTCTATGATCAGGGAG 6.12 7.00 » 1072
1015 GCETGGGATCTETATG 1.46 6.25 = 1013
1229 TATCACGATCTCATTA 3.78 2.35 = 10712
1668 TAGTTGGATCAAGAGA 3.13 2,61« 1078
2256 CTTTTGGATCAGATCC 5.22 1.70 = 10010
2261 GGATCAGATCCAATTA 5.56 1.43 = 10722
2409 CAGATGGATCAATCAA 2.43 444 » 1077
2533 ATTTTTGATCTAGTTT 4.65 2.00 = 10?1
2887 ATTCGCGATCTCCACA 446 1.57 = 1071
3402 CCTCAAGATCATCATC 4.24 2.04 « 10715
3619 GCCAGCGATCATATTT 4.13 2.05 = 1000

EX1006, 464.

That experiment used a C. elegans fosmid subsection isolated from a DNA
adenine methyltransferase—positive (dam™") E. coli strain was used for the
methylated sample. The same fosmid subsection was subjected to whole-genome
amplification (WGA) to create unmethylated control samples. EX1006, 464. The
samples were sequenced and the IPD values plotted GATC motifs (solid square);
non-GATC motifs (open circle). EX1006, Figure 5(b)&(c). GATC motifs in the
methylated samples had significantly higher IPD values (~1.5 s) than GATC motifs
in the control samples (<~0.5 s). EX1006, Figures 5(b)&(c). Non-GATC motifs

in both samples registered IPD values (red arrows) comparable to the methylated
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GATC motifs. By dividing the IPD values of methylated samples (dam™, Figure
5(b)) over control (WGA, Figure 5(c)), the resulting IPD ratios improved the

separation of methylated GATC motifs over non-GATC motifs. EX2002, §74.
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EX1006, 464 (annotated).
As some of Flusberg’s co-authors later explained, IPD ratios “[t]o eliminate
the context-dependent fluctuation of the IPD values, we calculated the IPD ratio

(IPDR) on each genomic position as previously described (Flusberg et al., 2010).

EX2005, 2912, citing EX1006. As such, Flusberg teaches away from including
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identity of the nucleotide in the input data structure because IPD ratios eliminate
any reason to do so. EX2002, q75. In other words, because Flusberg discloses
using IPD ratios, a POSITA would understand that identity of the nucleotides is
not needed. /d.

Second, other co-authors further explained that Flusberg teaches away from
including in an “input data structure” including “the width of the pulse
corresponding to the nucleotide [i.e., PW]” as claimed, as follows:

Given the high degree of regulation involved in the base incorporation
process, PW is not as sensitive to shifts in sequence context induced
by modifications as IPD (Flusberg et al. 2010). Therefore, for the
purposes of developing an initial model of kinetic variation, we
restrict attention to IPDs.

EX1010, 130.

Accordingly, the coauthors of Flusberg confirm that Flusberg does not
disclose or motivate a POSITA to include “identity of the nucleotide” and pulse
width in an input data structure.

2. The 338 patent does not disclose an “input data structure”

including the “identity of a nucleotide” and teaches away
from including pulse width.

First, like Flusberg, the *338 patent uses sequence or local “context” to refer
to the positions before and after a modified base, recognizing that polymerase
kinetics are affected by the surrounding positions. EX2002, 4982, 102, 105-116.

As such, the ’338 patent does not include “identity of the nucleotide” as a feature
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for an “input data structure.” EX2002, 4982, 102, 105-116.

Petitioner cites to a passage from the *338 patent as disclosing use of
“identity of the nucleotide.” Petition, 29. But the passage does not include
“identity of the nucleotide” and instead confirms that the term “context” means
positions before and after a modification, not the identity of the nucleotide at those
positions. EX2002, 4105. The full citation reads as follows:

In certain aspects, the invention provides a general-purpose approach
to discriminating between Me+ and Me- using features in a real-time
sequencing-by-synthesis trace comprising signals emitted during the
incorporation of optically detectable nucleotides into a nascent strand
by a polymerase enzyme.... A first stage of this approach includes
the development of a classifier for distinguishing methylated from
unmethylated cytosines in a nucleic acid template. A set of features is
measured for every pulse (discrete event or signal) in the trace. For
example, a set of measurable features might be {pulse width, pulse
duration, pulse height, pulse amplitude variability}. Call the values of
these features fi!, ..., fil, for pulse i. For each cytosine pulse in the
methylated and unmethylated template data sets (which may or may
not be restricted to CpG), tabulation is performed for the local pulse

features

.f z{flf_35f21_35 Tt afkl_laflla.f2za LR afkla e 7f11+37
.f23+35 e asz_-?’}'

In this example, a local context extending 3 pulses to the left and right

of the pulse of interest is assumed, but this context size is flexible and,
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in certain embodiments, can be application-specific.

EX1007, 66:46-67:4.

While the above passage recites a “set of features,” those features do not
include, let alone suggest including, “identity of the nucleotide” as claimed.
EX2002, q105. Instead, the passage refers to a “local context” that is “extending 3
pulses to the left and right of the pulse of interest is assumed, but this context size
is flexible....” EX1007, 67:1-3. That passage makes clear that “local context”
means relative position, not identity of the nucleotide at that position.” EX2002,
q105.

Moreover, the “set of features” includes a laundry list of possible features
reciting that “[f]or example, a set of measurable features might be {pulse width,
pulse duration, pulse height, pulse amplitude variability}.” EX2002, 4105. Again,
while the *338 patent leaves to POSITA to figure out what features to include,
“identity of the nucleotide” is not one of those features. EX2002, q105.

Neither the Petitioner, nor its expert, point to any disclosure in the *338
patent that nucleotide identity is used for detecting base modification, let alone as a
feature to be included in an input for modification determination. EX2002, §9105-
116. To the contrary, as the co-inventors explained six months after the issuance
of the 338 patent, IPD ratios “eliminate the context-dependent fluctuation of the

IPD values.” Id., EX2016, 2912 (citing EX1006).
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Regarding the other features, the 338 patent does not teach a POSITA to
use the combination of IPD and PW together with the other claimed features in an
“input data structure.” EX2002, 44105, 117-124. A POSITA would understand
that the selection of features to combine in a data structure is a fundamental
problem in training a model. EX2002, 926. Because some data carry redundant
information and other data does not have any predictive information, these features
can introduce excess noise, the selection of the appropriate features as data inputs
for a trainable model is unpredictable. EX2002, 426. To select appropriate
features, the predictive power of the features needs to be assessed in combination
with the training data, model choice, and the task. EX2002, 426. None of that was
shown in the *338 patent. EX2002, q105.

Like Flusberg, all the working examples in the *338 patent are simple
idealized experiments using nucleic sequences with contrived patterns of modified
and unmodified bases along with control sequences having the same primary
sequence but without any modification. EX2002, q102. Every experiment
compares the IPD ratios between a known modified nucleic acid sequence and an
unmodified nucleic acid sequence with identical nucleotide sequence. EX2002,
1982-87. EX1007, 75:32-76:64 (5-methylcytosine), EX2002, q988-89, 76:65-
77:62 (N°®-methyladenosine), EX2002, §990-92, 77:63-78:17 (5-

hydroxymethylcytosine), EX2002, 4993-95, 78:18-43 (8-oxoguanosine), EX2002,
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1496-97, 78:42-79:19 (Ribonucleosides within DNA), EX2002, 4498-99, 79:19-46
(Glucose-Modified 5-hydroxymethylcytosine), EX2002, 49100-101, 79:47-80:35
(Modified Bases in RNA Templates). While a few new base modifications are
tested, the data is largely duplicative of Flusberg showing that IPD is strongly
associated with base modifications. EX2002, 479. The ’338 patent does not
include a single experiment with de novo detection of DNA modification, i.e., an
unknown modified base. EX2002, 4102, 134.

And, like Flusberg there is scant data in the *338 patent on the effect of PW
on base modifications. Only two of the eight experiments measure PW ratios.
EX2002, 991, 94. The first is the 5-hydroxymethylcytosine experiment, which
appears to be the same Flusberg data, just plotted at a different scale?, (see Y axis).

EX1006, 462, EX1007, 77:63-78:17; EX2002, 992.

2 Notably, the 5-methylcytosine PW data and the principal component
analysis experiments including Fig.3 of Flusberg are omitted from the *338 patent,
which was filed a continuation-in-part application November 12, 2010, about six
months after the Flusberg on-line publication of May 9, 2010. EX1006, 461,

EX1007, face page.
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Figure 17

The other experiment to measure PW ratios was 8-oxoguanosine. Like 5-
methylcytosine, IPD ratios were strongly correlated with base modification. (“8-
oxoG altered IPD significantly” “[sJome positions saw an increase in IPD by a
factor of as much as 6.5X.”). EX1007, 78:30-33, EX2002, 494. Yet, for PW the
correlation was not strong, the PW ratios at and around the modified base had a
low dynamic range compared to the IPD which had a substantially higher signal-
to-noise ratio. EX2002, 994. As the 338 patent’s coinventors later explained, a
person of skill in the art reviewing the *338 patent data would conclude “PW is not
as sensitive to shifts in sequence context induced by modifications as IPD.”
Schadt, EX1010, 130. And, based on those teachings, just like Schadt, the
motivation would be to “restrict attention to IPDs.” Id.

Lastly, Petitioner points to a now issued continuation of the 338 patent as
recognition by the Office that the’338 patent discloses the “input data structure

having the combination of features in claim 1. Petition, 28. But, the prosecution

_44 —



PTAB Case No. IPR2024-00028

of a continuation of the *338 patent including different claims and terms is not
relevant to determining if Ground 1 renders claim 1 of the 794 patent obvious
here. For the reasons set forth above it does not.

C. Petitioner provides no motivation to combine Flusberg in the
three-reference combination of Ground 1.

Ground 1 is also fatally deficient because Petitioner fails to provide
motivation to combine Flusberg with the other two references of Ground 1 to
arrive at the claimed invention. Petitioner first alleges that Flusberg, in its entirety,
is purportedly “incorporated by reference” in the 338 patent. Petition, 11. Then
Petitioner treats Flusberg and the 338 patent as a single reference for the obvious
combination of Ground 1, referencing the “Flusberg Publications” and arguing that
the collective “Flusberg Publications” would be combined with the PacBio-BAM.
Petition, 29. Petitioner makes no argument for why Flusberg and the *338 patent
would be combined, let alone why a POSITA would selectively combine various
aspects of each reference and include features not used in either reference to arrive
at claim 1. The Petition should be denied for that reason alone.

“To incorporate material by reference, the host document must identify with
detailed particularity what specific material it incorporates and clearly indicate
where that material is found in the various documents.” Zenon Environ. v. Filter
Corp., 506 F.3d 1370, 1379 (Fed. Cir. 2008) (plain language “indicating that the

disclosures are not incorporated in their entity.”) In Nautilus, Inc. v. Icon Health &
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Fitness Inc., the PTAB followed Zenon and rejected an assertion that “the use of
the phrase ‘in its entirety’ indicates full rather than partial incorporation.” 2018
WL 6321395 at *18-*19 (PTAB 2018). In Nautilus, the application recited that
“one example of...is set forth in U.S. Patent Application..., the disclosure of which
is incorporated by reference herein in its entirety.” Id. The Board determined the
phrase “the disclosure of which is incorporated by reference herein in its entirety”
refers to the “one example,” not the entirety of referenced patent application.

Like in Nautilus, Flusberg is not incorporated in its entirety into the *338
patent. Instead, the *338 patent makes clear that only a few specific disclosures of
Flusberg are incorporated in their entirety. In one passage, the *338 patent
incorporates Flusberg’s disclosure of the observed relationship of IPD and
modifications as follows: “interpulse duration (IPD) was clearly lengthened by the
presence of N®-MeA,” and “[fJurther details on the detection of N®-MeA, as well as
other modifications..., are provided in Flusberg..., incorporated herein by
reference in its entirety for all purposes.” EX1007, 77:26-34. In another passage,
the 338 patent incorporates Flusberg’s disclosure that “[c]losed circular DNA
templates were constructed...using methods described elsewhere herein and in
Flusberg..., incorporated herein by reference in its entirety for all purposes.”
EX1007, 78:58-66. Both passages incorporate aspects of Flusberg, not the entirety

of the reference. Indeed, incorporating the entirety of Flusberg in two separate
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passages would be redundant and unnecessary, further confirming that the *338
patent intended to only incorporate those specific portions of Flusberg.

Regardless, even if the *338 patent incorporates the entirety of Flusberg—it
does not—Petitioner still provides no motivation combine the various aspects of
each reference to arrive at the claimed combination, which is insufficient as a
matter of law. See Los Angeles Biomedical Rsch. Inst., 849 F.3d at 1064.

D. Modification detection using the claimed input data structure

provided unexpected results with higher accuracy compared to
the cited prior art.

Nonobviousness may be established when an invention yielded more than
predictable results. Millennium Pharmaceuticals, Inc., 862 F.3d at 1368. “[W]hen
unexpected results are used as evidence of nonobviousness, the results must be
shown to be unexpected compared with the closest prior art.” Id. Unexpected results
must have a “nexus” to the claims, i.e., a legally and factually sufficient connection
between the evidence and the patented invention. Amgen Inc. v. Sandoz Inc., 66
F.4th 952, 964 (Fed. Cir. 2023).

Flusberg and the *338 patent were cited by the examiner as the closest art of
record. EX1004, 217. Based upon the disclosure of Flusberg and the 338 patent, a
person of ordinary skill in the art would expect that IPD would have more predictive
power than PW in detecting base modifications as confirmed by the coauthors in

Schadt. EX1010, 130 (“restrict attention to IPDs.”); EX2002, q143.
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An unexpected finding in the *794 patent is that the predictive power of PW
is greater than IPD. EX2002, q143. And, the significantly improved predictive
power from the combination of features that make up the input data structure of
claim 1, identity of the nucleotide and relative position to the target (“Seq”), IPD,
and PW is unexpected over the closest prior art. EX1001, 32:18-27. The 794

patent, FIG. 18 illustrates that result. EX2002, q143.
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EX2001, Fig. 18.

E.  Objective indicia strongly favors nonobviousness of claim 1.

“Objective evidence of nonobviousness includes: (1) commercial success,
(2) copying, (3) industry praise, (4) skepticism, (5) long-felt but unsolved need,
and (6) failure of others.” Volvo Penta of the Americas, LLC v. Brunswick Corp.,

81 F.4" 1202, 1215 (Fed. Cir 2023) (vacating and remanding because “the Board
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failed to properly consider the evidence of objective indicia of nonobviousness.”).
For objective indicia to be relevant, “there must be a nexus between the merits of
the claimed invention and the objective evidence.” Id. at 1210 (citations omitted).
That nexus can be satisfied by “by showing that the evidence of secondary
considerations is the ‘direct result of the unique characteristics of the claimed
invention.’” Id. (citations omitted).

Here, objective indicia strongly favor nonobviousness of claim 1. First,
Petitioner’s own art relied upon in Ground 1 demonstrate a long felt and unsolved
need for an improved and more accurate method of “detecting a modification of a
nucleotide in a nucleic acid molecule,” as recited in claim 1.

Then, when Patent Owner’s invention in the *794 patent was disclosed in an
article published in a scientific journal, Tse et al., “Genome-wide Detection of
Cytosine Methylation by Single Molecule Real-time Sequencing,” Proceedings of
the National Academy of Sciences, 118(5) (2021) (“Tse”) (EX1030), Petitioner
recognized and praised the Patent Owner’s invention. Specifically, Petitioner’s
own president and CEO congratulated the inventors of the 794 patent for their
“development of a new method for highly accurate simultaneous determination of
DNA sequence and CPG methylation in one go[]” that will “help researchers
explore the impact of epigenetic changes in humans and other organisms and has

great potential in clinical research and eventually diagnostics in cancer and other
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disease areas where methylation changes are known to be important disease
markers.” EX2017, 5.

Petitioner then proceeded to copy the claimed invention. Petitioner’s
infringement of the *794 patent claim 1 is currently being litigated in a related case
pending in the Norther District of California. EX2016.

Accordingly, Petitioner’s own actions attempting to solve the issue
addressed in the *794 patent, praising Patent Owner’s solution to Petitioner’s
investors and the scientific community, and then copying that solution by
infringing the *794 patent are strong evidence of nonobviousness that should be
accorded substantial weight. As such, Petitioner’s assertion in Ground 1 that claim
1 is obvious over Petitioner’s own prior art is outweighed by the objective indicia.

1.  Petitioner’s long felt but unsolved need

The *794 patent, which claims priority to August 2019, explains that “DNA
methylation is essential for mammalian development and has notable roles” in
many biological processes. EX1001, 1:52-58. The ’794 patent continued, “many
human diseases have been found to be associated with aberrations of DNA
methylation....” Id., 1:61-63. As such, the 794 patent recognizes that “there is a
need to determine the modification of bases of nucleic acids, without” the

drawbacks of prior art techniques, “e.g., bisulfite conversion.” Id., 2:28-31.
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That same need was previously recognized by Petitioner several years earlier
in the two primary references of Ground 1 namely, Flusberg and the 338 patent.
First, Flusberg, on its face was generated by PacBio, and the *338 patent is
assigned to PacBio. Compare EX1006, 461 with EX1007, cover page. The two
references include several common authors/inventors. /d. Flusberg notes that
“IbJecause of its key role in human health and disease, cytosine methylation is the
most widely studied of the DNA modifications....” EX1006,461. Flusberg
further criticized “bisulfate treatment” and explained that “no high-throughput
method has been demonstrated that allows the determination of primary sequence
at the same time as methylation status.” Id. Like Flusberg the *338 patent further
explains that “[r]esearch efforts aimed at increasing our understanding of the
human methylome would benefit greatly from the development of a new
methylation profiling technology that does not suffer from the limitations
described above. Accordingly, there exists a need for improved techniques for
detection of modifications in nucleic acid sequences, and particularly nucleic acid
methylation.” EX1007, 3:7-13.

The failure of Flusberg and the *338 patent to meet that need was confirmed
by several coauthors of both references a few years later. Both Flusberg and the
’338 patent share several coauthors with Schadt (EX1010). Schadt recites that

Flusberg discloses “the possibility of directly observing chemical modification or
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damage events to nucleotides, and even discriminating between such events as a
routine part of the SMRT DNA sequencing process.” EX1010, 130 (citations
omitted). But, Schadt continues, “no statistical framework has been proposed to
identify kinetic variation events from SMRT sequencing data that can serve as a
surrogate for chemical modifications of DNA or RNA sequences.” EX1010, 130.
In other words, according to some of the same authors of Flusberg and the 338
patent, Flusberg discloses that it might be possible to detect modifications, but
three years after Flusberg and the *338 patent?, no actual method of doing so had
been proposed. As set forth herein, Petitioner’s Ground 1 does not rely upon
Schadt or any one of several other publications by Petitioner attempting to solve
the issue because Flusberg and the 338 patent directed a POSITA down a different
path, focusing on IPD as opposed to PW or identity of the nucleotide as a feature
for an input data structure. EX2002, 4967, 75, 78. Indeed, PacBio researchers and

collaborators followed that path. EX2002, 99123, 124.

3 Note the parent application to the *338 patent, which includes substantially
the same disclosure as the *338 patent, published in September 2010. EX2029,

cover page.
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2. Petitioner’s praise for the claimed invention.

The nonobviousness of the *794 patent is further confirmed by Petitioner’s
praise for the invention of the *794 patent as described in Tse (EX 1030).
Specifically, representatives of Petitioner praised the invention of the *794 patent
both when presenting to Petitioner’s investors and to the scientific community.

In 2021, an article (“Tse”) authored by several inventors of the 794 patent
published that included an embodiment of claim 1 for direct determination of SmC.
See EX1030. Following publication, Patent Owner sent the article to Petitioner to
negotiate a collaboration or licensing agreement related to the *794 patent’s
invention. EX2016, q15.

Petitioner then praised the invention. Specifically, Petitioner provided a link
to the PNAS article on its own website. EX2016, §15; EX2019, 29. Then on
February 10, 2021, Petitioner’s president and chief executive officer, Christian
Henry, praised the invention in a public earnings call stating that he would “like to
share some customer highlights that really demonstrate the power and potential of
PacBio HiFi sequencing technology.” Mr. Henry continued, “we’d like to
congratulate Dr. Dennis Lo and his colleagues at the Chinese University of Hong
Kong[, the inventors of the *794 patent,] on the development of a new method for
highly accurate simultaneous determination of DNA sequence and CPG

methylation in one go, published in the PNAS Journal in January.” EX2017,5. In
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Mr. Henry’s own words, “this new method will help researchers explore the impact
of epigenetic changes in humans and other organisms and has great potential in
clinical research and eventually diagnostics in cancer and other disease areas where
methylation changes are known to be important disease markers.” EX2017, 5.
Petitioner’s praise of the invention did not end with its president and CEO.
In October 2021, at the 2021 annual meeting of the American Society of Human
Genetics (2021 ASHG annual meeting), Petitioner’s president of segment
marketing, Jennifer Stone, highlighted “the great work coming out of Dennis Lo’s
lab at the Chinese University of Hong Kong earlier this year.” EX2020 (video)
and EX2023 (transcript). Ms. Stone continued, “[t]he team developed a
methodology to directly examine 5-methyl-C at the whole genome level using the
kinetic information from real-time HiFi sequencing without the need for bisulfite
or enzymatic conversions. In the PNAS paper, Dr. Lo and his team described the
development of algorithms that leverage HiFi sequencing information from both
DNA strands to improve the detection of 5-methyl-C. The paper describes its
application to human whole-genome sequencing and the benefits of characterizing
the epigenome with long accurate reads. It allows epigenetic phasing and allelic
differential methylation. So just like the phasing of genetic variants, the ability to
detect the methylation status genome-wide with long HiFi reads also allows for

long-range epigenetic phasing information.” /d.
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3. Petitioner copied the claimed invention as set forth in Tse.

Following Patent Owner sending Tse to Petitioner, Petitioner then copied the
invention of the 794 patent. During same 2021 ASHG annual meeting in which
Petitioner’s president of segment marketing praised the invention of the 794
patent, PacBio’s Associate Director of Product Marketing, Dr. Aaron Wenger,
gave a presentation in which he stated that PacBio intended to make improvements
to its sequencing platform that included the same benefits as the 794 patent.
EX2024 (video) and EX2026 (transcript). Specifically, Dr. Wenger described the
improvement as including “models that integrate kinetic information over multiple
bases and passes of a molecule” that “can provide high precision and recall for
5mC from PacBio HiFi reads.” Id., 15:46—15:56. Dr. Wenger further explained
that “there are tools available to call SmC that are under development at PacBio
and available to early access collaborators.” Id., 16:10-16:17.

And sure enough, in April 2022 Petitioner released a new version of its
SMRT Analysis Software suite—SMRT Link v11.0—including the new feature
“New data utility to perform SmC CpG Detection.” EX2028, 2.

A detailed explanation of how Petitioner’s SMRT Link v11.0 software

infringes the *794 patent is found in EX2016, 9 34-63 and EX1014, 5-50.
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4. Nexus between Tse and claim 1.

Petition’s praise for and copying of Tse is the direct result of the unique

characteristics of the claimed invention such that there 1s a nexus between the

praise and copying and the objective indicia of nonobviousness.

Tse includes a statement that a patent application was filed on the

technology described in the article. EX1030, 1. And Tse discloses an embodiment

of claim 1 of the’794 patent as set forth the following table. EX2002, 960.

Claim 1 of the 794 patent
EX1001

Disclosure in Tse (EX1030)

1. A method for detecting a
modification of a nucleotide in a
nucleic acid molecule, the method

comprising:

“Detection of Cytosine Methylation”
EX1030, Title.

a) receiving data acquired by
measuring pulses in an optical
signal corresponding to nucleotides
sequenced in a sample nucleic acid
molecule and obtaining, from the
data, values for the following

properties:
for each nucleotide:

an identity of the nucleotide,

Native DNA molecules

)'\7_/
L S
Single molecule ' (C pircular DNA template
real-time sequencing D / /
a A
L

Crick

fm IPD
g /e //K A Mﬁl
& Time

£ IPD 1

é«/,;u,, ) fﬂMAj,\-u c

. Time
O

EX1030, Fig. 1 (portion).
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Claim 1 of the 794 patent
EX1001

Disclosure in Tse (EX1030)

a position of the nucleotide
within the sample nucleic acid

molecule,

a width of the pulse
corresponding to the nucleotide,

and

an interpulse duration
representing a time between the
pulse corresponding to the
nucleotide and a pulse
corresponding to a neighboring

nucleotide;

(b) creating an input data structure,
the input data structure comprising
a window of the nucleotides
sequenced in the sample nucleic
acid molecule, wherein the input
data structure includes, for each
nucleotide within the window, the

properties:

the identity of the nucleotide,

Measurement window

:::::

Measurement window

DNA template
«

190 PW 18D PW 1PD PW

Ao
Watson strand (r 00 0
data G 08 08 o0
T oo o o

Crick strand
data

EX1030, Fig. 1 (portion).
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Claim 1 of the 794 patent
EX1001

Disclosure in Tse (EX1030)

a position of the nucleotide with
respect to a target position within

the window,

the width of the pulse
corresponding to the nucleotide,

and

the interpulse duration;

(c) inputting the input data
structure into a model, the model

trained by:

receiving a first plurality of first
data structures, each first data
structure of the first plurality of
data structures corresponding to a
respective window of nucleotides
sequenced in a respective nucleic
acid molecule of a plurality of first
nucleic acid molecules, wherein
each of the first nucleic acid
molecules is sequenced by
measuring pulses in the optical
signal corresponding to the
nucleotides, wherein the

modification has a known first

Convolutional neural network (CNN) based
methylation profiling

O L
Measurement / T j e\ Probability of methylation
windows ] \ \L .\L ( (i.e. methylation score)

, Probability of unmethylation
@, (i.e. 1 — methylation score)
Input Convolutional Output
layer layers layer

EX1030, Fig. 1 (portion).

“We used amplified DNA (unmethylated)
and M.Sssl-treated DNA (methylated)
(M.Sssl being a CpG methyltransferase) to
train a convolutional neural network.”
EX1030 1.

“The measurement windows associated
with methylated CpG sites (the M.Sssl-
treated DNA dataset) and those associated
with unmethylated CpG sites (the WGA
DNA dataset) were used for training the
HK model through CNN. Data within each
measurement window flanking a cytosine
within a CpG context, including the
sequence context, mean IPDs, and PWs
originating from subreads across individual
nucleotides, were entered into the HK
model. Each target output (i.e., analogous
to a dependent variable value) for a CpG
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Claim 1 of the 794 patent Disclosure in Tse (EX1030)
EX1001
state in a nucleotide at a target site in M.Sssl-treated DNA datasets was

assigned as “1” while each target output for
a CpG site in WGA DNA datasets was

first nucleic acid molecule, each assigned as “0.” The patterns present in the
measurement windows of methylated and
unmethylated CpG sites were used for
values for the same properties as training CNN to determine the parameters
(often called weights) of the HK model.”
EX1030 10.

position in each window of each

first data structure comprising

the input data structure,

storing a plurality of first training “The HK model was applicable to data

samples, each including one of the | produced by different sequencing kits and
sequencers as long as the training and
testing processes were based on the same
and a first label indicating the first | experimental conditions.” EX1030 4.

first plurality of first data structures

state of the nucleotide at the target

position, and

optimizing, using the plurality of
first training samples, parameters
of the model based on outputs of
the model matching or not
matching corresponding labels of
the first labels when the first
plurality of first data structures is
input to the model, wherein an
output of the model specifies
whether the nucleotide at the target
position in the respective window

has the modification,
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Claim 1 of the 794 patent
EX1001

Disclosure in Tse (EX1030)

(d) determining, using the model,
whether the modification is present
in a nucleotide at the target
position within the window in the

input data structure.

Convolutional neural network (CNN) based
methylahon profllmg

Measurement j Probability of methylation
windows (i.e. methylation score)
= F'robab\llly of unmelhylatlon
(i.e. 1 — methylation score)
Input Convolutional Output
layer layers layer

EX1030, Fig. 1 (portion).

Also see EX1030, Fig. 2D showing
accuracy characterized by AUC to be
above 9.3.

D Tasting dataset
1.0 I
2 o8,
& I
e ¥
= 0.6)
0w
(=]
(=N
o 0.4
=
=
[l y
0.2 L —— Sequel | kit 3.0 (AUC: 0.57)
3 Sequel Il kit 1.0 (AUC: 0.96)
Saquel Il e 2.0 (AUC: 0.93F)

%% 02 oa os o8 10
False positive rate

EX1030, Fig. 2 (portion).

V. CONCLUSION

For the foregoing reasons, Patent Owner requests that the Petition be denied.
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