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Petition for Inter Partes Review of U.S. 11,542,554

I. INTRODUCTION

Nanostring Technologies, Inc. (“Petitioner”) requests review of claims 3670
of United States Patent No. 11,542,554 B2 (“the ’554 patent”) (EX1001), which
issued on January 3, 2023, and is assigned to President and Fellows of Harvard
College (“Patent Owner”). The 554 patent i1s exclusively licensed to 10x
Genomics, Inc.

The 554 patent is entitled “Method and Apparatus for Volumetric Imaging,”
and pertains to methods for imaging nucleic acids, such as DNA and RNA, in
biological samples. Claim 36, the sole challenged independent claim, is lengthy
and detailed. But length and detail should not be mistaken for inventiveness,
particularly in this case.

Claim 36 of the ’554 patent can be viewed as having two basic parts, wherein
the first part consists of recited elements (a)-(¢) and the second part consists of
software instructions associated with element (e), which refers to a “computing
system.” These two parts—whether considered individually or together—are not
meaningfully distinct from the prior art.

Elements (a)-(e) recite nothing more than standard, well-known components
for optical imaging of biological samples, such as a microscope stage, sample holder,
temperature control system, light source, objective lens, and computing system.

Nothing about any of these components is inventive or new, nor is there anything
1
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novel in how the recited components are arranged in the claims. The ’554 patent
acknowledges this, stating the “practice of the methods disclosed herein may employ
conventional biology methods, software, computers and computer systems.”
EX1001 at 29:36-38. Likewise, during prosecution, Patent Owner did not dispute
that the prior art disclosed an imaging system with the components set forth in
elements (a)-(e).

To the extent any point of novelty was identified during prosecution, it had
nothing to do with the conventional imaging components recited in elements (a)-(e),
but rather the software instructions supplied to the “computing system” in
element (¢). These software steps, however, involve little more than imaging the
sample multiple times to generate a collection of signals from the analytes in the
sample, and then decoding the images to determine the identity and position of the
analytes. This exact process, however, had previously been achieved through use
of the very imaging components set forth in the claims of the *554 patent.

Specifically, well before the alleged invention of the 554 patent, the Zhuang
research group had published an approach known as “Multiplexed Error-Robust
Fluorescence in Situ Hybridization,” or MERFISH for short. As set forth in the
Zhuang reference relied upon in this Petition, MERFISH is a “single-molecule
imaging approach that allows the copy numbers and spatial localizations of

thousands of RNA species to be determined in single cells.” EX1003.002.
2
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To this end, Zhuang teaches a system based on the use of an Olympus 1X-71
microscope. Just like the alleged invention set forth and claimed in the *554 patent,
Zhuang’s MERFISH system involved repeatedly introducing to a sample
fluorescently labeled probes that can be attached to target analytes in the sample.
Targets “can be simultaneously imaged in single cells” during multiple “rounds of
hybridization and imaging.” EX1003.002-.003. This is depicted in Figure SA of
Zhuang, which shows the multiple targets within a cell being imaged in multiple

rounds:

Image 1

EX1003 at Fig. IA. In each cycle, an image of the sample is received, and code
“1” represents detection of a signal and “0” represents no signal. The sequence of
codes is then used to determine which targets are present at which position.

As proven herein and in the accompanying declaration of Dr. Kirk Czymmek,
Zhuang in combination with other references renders claims 36-70 obvious.
Unfortunately, during prosecution, the Examiner gave Zhuang no consideration and

Cai no meaningful consideration, and the ’554 patent erroneously issued. The
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combinations of asserted references set forth renders claims 36-70 obvious. The
Board should now take this opportunity to correct this error and cancel claims 36-70
of the ’554 patent.

II. TECHNOLOGY BACKGROUND

As detailed by Dr. Kirk Czymmek, the technology underlying the alleged
invention of the ’554 patent was not new, but rather constituted well-known
conventional approaches to biological imaging. EX1002 99 44-67.

A.  Cellular Imaging

Microscopes have long been sophisticated instruments for scientific research,
including for three-dimensional imaging of fixed and live cells. EX1002 g9 44-55.
The Olympus [X-71 microscope from early 2000s is exemplary, comprising various
standard components—a movable stage for holding the sample, a light source for
illumination, and optical equipment for visualization. /Id. 99 46-49. By 2015,
microscope systems had evolved to include computing for automated imaging and
data analysis, and to include various other modifications, such as temperature control
and fluidics systems. [Id. 9 51-52. Zhuang, as detailed below, used a modified
version of the Olympus [X-71 microscope for MERFISH imaging.

Before 2015, live-cell imaging utilized numerous microscopy techniques,
including confocal and super-resolution approaches, with some relying on imaging

using fluorescent probes, thus also allowing detection and localization of target

4
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molecules or structures. EX1002 9 44; EX1018.002. These well-established
techniques included three-dimensional cellular imaging, providing a picture in three
dimensions of the distribution of analytes within samples, such as structured
illumination microscopy, STORM, PALM, spinning disk confocal microscopy, and
light sheet fluorescence, which rely on illuminating labels and capturing cross-
sectional images at multiple focal planes within samples. EX1018.008;
EX1019.003-.007. Using a “stack”, these cross-sectional images provide a three-
dimensional image of the biological sample. EX1002 9] 45.

B.  Microscopy Techniques for Imaging Nucleic Acids in Cells

Before 2015, numerous fluorescent probe-based microscopy techniques had
been developed for nucleic acid (DNA and RNA) imaging. EX1002 99 56-60.
Such techniques were of importance to researchers because locations of nucleic
acids encoding proteins in cells and tissues provide useful information for biological
research and medical diagnostics. Fluorescence in situ hybridization (“FISH”),
sequential fluorescence in situ hybridization (“seqFISH”), and multiplexed error
robust fluorescence in situ hybridization (“MERFISH”) are three such related
techniques, each discussed briefly below.

The following image illustrates the basic concept underlying FISH:
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EX1017 at Fig. 1; EX1002 q 58.

FISH uses labeled nucleic acid probes complementary to target nucleic acids
in the cell(s) or tissue that hybridizes, either directly to the target nucleic acid (as
shown above), or indirectly (by hybridizing to a nucleic acid that is hybridized to the
target nucleic acid), thus revealing the target’s presence and location in cell(s)/tissue
upon detection of the label. EX1017.001; EX1004 at 14:27-31. FISH is “widely
known and practiced by persons having ordinary skill in the art.” Id. at 14:27-29.

seqFISH, a variant of FISH, employs fluorescently-labeled nucleic acid

probes like FISH, but uses sequential rounds of probe hybridization and fluorescence

6
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imaging to capture three-dimensional images of cells or tissues. EX1020.002-.003;
EX1002 9 59. Sequential hybridization and imaging, with detection of
fluorescence signal at different locations, provides a series of signals for each
location where hybridization occurs, providing a series of signals (“barcodes”) that
are then used to distinguish among different target nucleic acid molecules in the
sample, providing three-dimensional spatial information about the target mRNA or
DNA in the cell or tissue. EX1020.003-.004.

MERFISH follows similar principles to seqFISH but is multiplexed, i.e.,
it uses simultaneous sequential hybridization with numerous labeled probes,
enabling imaging and identification of thousands of RNA species simultaneously,
while similarly providing spatial context. EX1003.001; EX1021 at Abstract, .003-
.005, .018; EX1002 9 60.

C. Automation of Imaging Systems

Automated microscopic imaging systems were common and commercially
available before 2015, and included automation of the system for capturing images
and for image analysis, increasing efficiency by minimizing labor and enhancing
experimentation. EX1002 99 61, 64-66; EX1022.001-.002; EX1018.006. This
automation encompassed image capture, microscope apparatus, and image analysis.
EX1002 9§ 61. Automation for capturing images includes maintaining focus, i.e.,

autofocus, during imaging. [Id. 9 62-64; EX1032.001-.003. Automation also
7
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includes automated image processing using software to process image data for
analysis and visualization of data, including data as to the identity and 3D location
of nucleic acids of interest, allowing analysis to construct three-dimensional
representations, with such software including commercial and open-source
programs prior to 2015. EX1002 99 65-67; EX1022.005.

III. OVERVIEW OF THE ’554 PATENT

The 554 patent is directed to an apparatus for imaging nucleic acids within a
cell. EX1001 at Abstract. The general approach set forth and claimed in the 554
patent is no different from the prior art relying on sequential hybridization and
imaging as in MERFISH and seqFISH.

The ’554 patent describes the use of fluorescently labeled oligonucleotides
that are introduced to cells and sequentially hybridized to target nucleic acids in the
cell, allowing imaging of the target nucleic acids. /Id. at 12:23-30 (“[T]he nucleic
acids, which may represent bits of information, are readily accessed by
oligonucleotides, such as labeled oligonucleotide probes” and the matrix used in
sample preparation ‘“has optical properties suitable for...deep three dimensional
imaging”), 15:64-67 (“[N]ucleic acids within the matrix can be interrogated using
methods known to those of skill in the art including fluorescently labeled

oligonucleotide/DNA/RNA hybridization.”), 16:25-27 (“The automated...three-
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dimensional imaging device may be used for detecting optical signals by
fluorescence microscopy.”).

The fluorophores on the oligonucleotides may have one of a number of
different colors, and each target is labeled with one or more oligonucleotides. The
colors are detected in serial or in parallel, with serial detection including rounds of
detection once new probes are hybridized. Id. at 9:42-45 (“[T]he
automated. . .three-dimensional imaging device described herein comprises a color
multiplexer for detection of one or more distinct colors of light.”), 9:61-63 (“[T]he
automated...three-dimensional imaging device...is used to detect two or more
colors of light in serial or parallel.”).

The ’554 Patent further describes automation of imaging systems. [Id. at
8:19-20, 12:41-44, 21:22-31, 23:60-63. This can include automation of reagent
delivery and imaging devices, such as computerized systems for “controlling and
coordinating the timing of fluidic, optical, and motion-related events.” Id. at 12:41-
44, 23:60-63. Automated imaging systems in the ’554 patent may include use of
computational algorithmic methods of processing digital image data and use of
image-based software programs. /Id. at 8:19-20, 21:22-31.

A.  Challenged Claims

Claims 36-70 of the *554 patent are challenged in this Petition. Briefly, the

challenged claims are directed to standard systems for determining the three-
9
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dimensional positional information for nucleic acid molecules within a sample
volume that include an optical detection system and a computing system.
Independent claim 36 is reproduced below, and a full listing of claims 36-70 is
submitted herewith as an Appendix.

36. A system comprising:
(a) a stage comprising:

(1) a sample holder configured to receive a substrate

comprising a sample having a volume;

(11) a temperature control apparatus operatively coupled to

said sample holder; and

(ii1) an XY motion control system;

(b) a fluidics system comprising:

(1) one or more reservoirs configured to contain one or

more fluid reagents; and

(i1) a fluid dispenser operationally coupled to a pump,

which pump is configured to provide said one or more
fluid reagents from said one or more reservoirs to said
sample holder; and

(c) an optical system comprising:

(1) an objective;

(11) two or more light sources, wherein each light source of
said two or more light sources is configured to deliver
light to said volume, wherein said two or more light
sources are configured to emit two or more colors of

light; and
10



Petition for Inter Partes Review of U.S. 11,542,554

(i11) one or more detectors configured to receive light
signals from said volume;
(d) a Z-axis motion control system configured for Z-motion of
an objective focal plane through said volume; and
(e) a computing system comprising at least one computer
readable storage medium having program instructions
stored thereon, which program instructions are executable
by at least one processor of said computing system to cause
said at least one processor to perform a method comprising:
receiving a plurality of images of at least a portion of
said volume from a plurality of read-out cycles,
wherein said plurality of images comprises a
plurality of light signals received from said volume
during said plurality of readout cycles, wherein said
plurality of light signals is associated with one or
more nucleic acid molecules within said volume,
wherein each light signal of said plurality of light
signals has a three-dimensional spatial position
within said volume;
determining a plurality of optically-encoded signals
from said plurality of light signals obtained from
said plurality of read-out cycles, wherein each
optically-encoded signal is associated with a nucleic
acid molecule of said one or more nucleic acid
molecules, wherein said plurality of optically-

encoded signals comprises said two or more colors

11
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of light detected by said one or more detectors in
series; identifying said one or more nucleic acid
molecules based on said plurality of optically-
encoded signals; and

determining three-dimensional positional information

of said one or more nucleic acid molecules.

The system set forth above in elements (a)-(e) is wholly conventional.
EX1002925. The stage, fluidics system, optical system, and Z-axis motion control
system are wholly conventional. [Id. 9 25-26. The computing system is also
wholly conventional and is simply configured to perform a method of detecting,
identifying, and determining the location of nucleic acids using the optical detection
system that was also known. Id. 99 26-28.

Dependent claims 37-70 add limitations to particular types of apparatus that
are likewise wholly conventional and were well-known in the prior art.  See infra
Appendix A.

B.  Prosecution History

The ’554 patent issued from U.S. Application No. 17/395,534 filed August 6,
2021. It was subject to a single Non-Final Rejection where then-pending claims 9-
38 were rejected on the grounds of nonstatutory obviousness-type double patenting
and for obviousness in view of Keller (US 2015/0098126) (EX1042) and Callahan

(US 2011/0216953) (EX1041). EX1035.009-.021; EX1002 9 30.
12
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The Applicant amended the rejected pending claims, and added new claims
39-45, where claim 9 (issued claim 1) and claim 45 (issued claim 36) each recite a
computing system and program instructions. EX1038; EX1001 at claims 1, 36.
The amended claims were allowed over Keller because the Examiner found that
Keller “is silent with regards to a computing system” configured as it was in
Claim 36 (in effect as the rejection was not applied to new claim 45), and other
references that allegedly failed to “teach[] the systems as currently claimed,
including the computing system configured for determining three-dimensional
positional information of the one or more nucleic acid molecules using a plurality of
optically-encoded signals.”  EX1002 99 33-39; EX1001 at claims 1, 36;
EX1035.009-.011, .014-.015; EX1036.006-.007; EX1038.002, .005-.013. The
components of the microscope system were found as all taught by the cited prior art.
EX1002 99 37-39; EX1036.006-.007; EX1035.009-.011, .014-.015.

Neither Zhuang nor Shen were before the Examiner. EX1002 99 40-41.
Cai was submitted in an IDS, but the Examiner gave Cai no substantive
consideration. Id. 9] 40.

IV. LEVEL OF ORDINARY SKILL IN THE ART OF THE ’554 PATENT

A person having ordinary skill in the art (“POSA”) relevant to the *554 patent
as of November 3, 2015, would have had a Ph.D. in Molecular, Cellular, or

Developmental Biology and/or Biophysics, Bioengineering, Biochemistry, or a
13
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related discipline with 2 years of experience in the field of fluorescence imaging of
biological materials, including cells and tissues. EX1002 9 68-70.

A POSA would have understood the following technologies and techniques:
fluorescence imaging technologies; the use of microscopes to collect and record
images; and the processing of images and data to obtain 2D or 3D spatial information
relating to cells or tissues. [Id. 9§ 69. A POSA would also have had some
familiarity with gene amplification and sequencing technologies. Id. 9 70.

V. THE CITED PRIOR ART
A.  Primary Combination Relied Upon Herein

This Petition relies on the combination of Zhuang, Cai, and Shen in Ground 1
challenging independent claim 36 and dependent claims 37-39, 43, 44, 46, 47, 54,
56, 59, 60, and 63-69.

1. Zhuang
Zhuang was published in April 2015. EX1003; EX1002 4 72. Zhuang is

therefore prior art to the *554 patent under post-AIA 35 U.S.C. § 102(a)(1).

Zhuang teaches MERFISH, a multiplexed method of spatial determination of
nucleic acids, utilizing fluorescent probes. EX1003.002 (Abstract), .003; EX1002
4 73-74. Zhuang teaches an automated system based on a modified version of the

Olympus IX-71 microscope that includes fluidics and optical systems to carry out
the MERFISH imaging method. EX1003.003, .011; EX1002 99 75-76. Zhuang

14
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discloses using fluid reagents comprising fluorescently labeled probes, and
successive imaging rounds that capture the light signals emitted by the probes in
each round. EX1003 at Fig. 1, .011; EX1002 q 76. Zhuang further discloses
using a computing system to control the imaging and to analyze the average number
of light signals so as to reveal information on the identity and location of the nucleic
acid species in the sample. EX1003.011; EX1002 9 76-77. As Zhuang explains,
the “entire system was fully automated, so that imaging and fluid handling were
performed for the entire experiment without user intervention.” EX1003.011;
EX1002 9 78.

2. Cai
Cai 1ssued as U.S. Patent No. 10,457,980, from Application No. 14/435,735,

the national phase of PCT/US2014/036258, that was filed on April 30, 2014.
EX1004; EX1002 9 79. Cai is therefore prior art under 35 U.S.C. § 102(a)(2).

Cai teaches seqFISH, described above. See supra Section I1.B.; EX1002
99 80-85. Cai discloses the use of oligonucleotide probes with a detectable label
that are able to diffuse into a sample and hybridize with nucleic acid molecules of
interest, allowing imaging. EX1004 at 47:57-61; EX1002 qq 81-84. Detectable
labels can be a fluorophore or fluorescent dye, such that the “detectable signal is a
certain color.” EX1004 at 4:40-45, 15:33-45; 16:26-37; EX1002 9 84. Signals

generated by sequential rounds of hybridization and imaging can be used to identify
15



Petition for Inter Partes Review of U.S. 11,542,554

targets, where a sequence of color signals obtained represents a “barcode” unique to
each target. EX1002 99 85, 171; EX1004 at 9:28-48, 15:23-32; EX1002 q 85.

Cai describes various exemplary systems for seqFISH, including automated
systems. EX1002 99 86-87; EX1004 at 45:32-62, 42:20-21, 44:28-33, 45:57-62,
46:34-48. These exemplary systems provide sequential 2D (X-Y axis) scans along
the Z-axis, i.e., scanning the sample by moving objective in Z-axis, as depicted in

Figure 17, providing three-dimensional imaging.

== == e " YA
= HLL Mirror Scanning Sampie 2 direction

— I, Cyilindrical A ; — i
N <Al iy Lens e e iﬂ%;;:‘ I
7 : T T
e 3 e | Cod ! H |
A 2 v
2 v " = N Objective
— ! : ?:11 20x
[ . _—
Qiympus ),(8/1ﬁ.' ) Y =3
Ve WA
\E 9 .%

Cai (EX1004) at Fig. 17 (annotated), 47:30-47, 47:43-45 (“the objective is moving

synchronically with the illumination sheet, allowing scanning the sample along z-
axis”); EX1002 99 87-88. These exemplify three-dimensional scanning and
imaging of three-dimensional samples in the provided hybridization chamber.

EX1004 at 47:43-47; EX1002 99 87-88.
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Cai discloses a computing system with software for automating imaging and
for data processing. EX1002 99 89-90. EXI1004 at 46:4-33 (“[S]oftware
packages for data analysis in Python and Matlab” provide automated software
capable of image analysis for three-dimensional cellular imaging), 45:22-31
(teaching, in “Automation,” that software automation tools “can be applied to
efficiently scale up, for example, to map 100 genes and/or reduce human labor and/or
errors,” and that “integrated analysis can be independently and optionally combined
with fast hybridization cycle time and imaging time”), 45:63-46:3 (teaching use of
software to automate “fluidics, image acquisition, and/or integrated analysis [that]
can be independently and optionally combined with fast hybridization cycle time
and imaging time,” including control of ““valves, stages, light sources, camera, and/or
microscopes”); EX1002 99 75-76.

3. Shen

Shen published in 2006. EX1002 9 91; EX1032.001. Shen is therefore
prior art under 35 U.S.C. § 102(a)(1).

Shen teaches an automated autofocus mechanism that functions by providing
automated z-axis motion for use in microscope imaging systems. EX1002 99 92-
95; EX1032.001-.002. Shen discloses use of its system with an Olympus IX71
microscope, a motorized stage, and the necessary software to control stage

movement and control. EX1002 9992-93, 95; EX1032.002-.003 Fig. 1. Shen
17
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also discloses that linear encoders and stepper motors can be used in such

apparatuses to provide z-axis motion in implementing microscope autofocusing.

EX1002 99 92-93; EX1032.004.

B. Secondary References Relied Upon Herein

While this Petition relies principally on the combination of Zhuang, Cai, and

Shen, the following references are utilized herein in challenging the remaining

claims—claims 40-42, 45, 48-53, 55, 57, 58, 61, 62, and 70—not subject to

Ground 1:

Xiao: published in 2009. EX1027; EX1002 496. Xiao is therefore

prior art to the *554 patent under post-AIA q 102(a)(1).

Ehrlicher: published in 2007. EX1028; EX1002998. Ehrlicheris
therefore prior art to the 554 patent under post-AIA 35 U.S.C.
§ 102(a)(1).

Tirichine: published in 2009. EX1049; EX1002 4 100. Tirichine
is therefore prior art to the ’554 patent under post-AIA 35 U.S.C.
§ 102(a)(1).

Brileya: published in 2014. EX1039; EX1002 9 102. Brileya is
therefore prior art to the ’554 patent under post-AlIA 35 U.S.C.

§ 102(a)(1).
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Fang-Yen: publishedin2011. EX1029; EX10029104. Fang-Yen

is therefore prior art to the ’554 patent under post-AIA 35 U.S.C.
§ 102(a)(1).

Richard: published 2010. EX1030; EX1002 q 106. Richard is

thus prior art to the *554 patent under post-AIA 35 U.S.C. § 102(a)(1).

Nikon: published no later than August 10, 2015, as it was a publicly-
accessible webpage as of that date. EX1043; EX1002 9 108.
Nikon is therefore prior art to the ’554 patent under post-AIA

35U.S.C. § 102(a)(1).

Skafte-Pedersen: published in 2011. EX1048; EX1002 9 110.
Skafte-Pedersen is therefore prior art to the 554 patent under post-

AIA 35 U.S.C. § 102(a)(1).

Sands: published in 2005. EX1046; EX1002 q 112. Sands is

therefore prior art to the 554 patent under post-AIA 35 U.S.C.
§ 102(a)(1).

Brooker: published 2011. EX1040; EX1002 9 114. Brooker is

therefore prior art to the ’554 patent under post-AIA 35 U.S.C.

§ 102(a)(1).
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Niman: published 2013. EX1044; EX1002 9 116. Niman is
therefore prior art to the ’554 patent under post-AIA 35 U.S.C.
§ 102(a)(1).

Wessels: published in 2012. EX1050; EX1002 q 118. Wessels is
therefore prior art to the 554 patent under post-AIA 35 U.S.C.
§ 102(a)(1).

Winer: published in 2014. EX1051; EX1002 9 120. Winer is
therefore prior art to the 554 patent under post-AIA 35 U.S.C.

§ 102(a)(1).

MANDATORY NOTICES

Real Party-in-Interest

The Real Party-in-Interest is NanoString Technologies, Inc.

Related Matters

As of the filing date of this Petition, the 11,542,554 Patent is involved in

litigation in 10X Genomics, Inc. v. NanoString Technologies, Inc., 1-22-cv-00261

(D. Del. Filed Feb. 28, 2022) (“Related Matter™).
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C. Lead and Back-Up Counsel and Service Information

Petitioner provides the following designation of Lead and Back-Up Counsel.

Lead Counsel

Back-Up Counsel

Derek C. Walter
Registration No. 74,656
(derek.walter@weil.com)

Weil, Gotshal & Manges LLP
201 Redwood Shores Parkway
Redwood Shores, CA 94065

Adrian C. Percer
Reg. No. 46,986
(adrian.percer@weil.com)

Weil, Gotshal & Manges LLP
201 Redwood Shores Parkway
Redwood Shores, CA 94065

T: 650-802-3934 F: 650-802-3100 T: 650-802-3124; F: 650-802-3100

VII. GROUNDS FOR STANDING

Petitioner certifies that the 554 patent is available for inter partes review and
that Petitioner is not barred or estopped from requesting inter partes review
challenging the patent claims on the grounds identified in this Petition.

VIII. STATUTORY GROUNDS FOR THE CHALLENGES

Ground 35 U.S.C. Section Claims References
(post-AIA)
1 § 103 36-39, 43, 44, Zhuang, Cai, Shen
46, 47, 54, 56,
59, 60, 63-69
2 § 103 40 Zhuang, Cai, Shen,
Xiao, Ehrlicher
3 § 103 41,70 Zhuang, Cai, Shen,
Tirichine
4 § 103 42,70 Zhuang, Cai, Shen,
Brileya
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5 § 103 45 Zhuang, Cai, Shen,
Fang-Yen
6 § 103 48 Zhuang, Cai, Shen,
Richard
7 § 103 49 Zhuang, Cai, Shen,
Nikon
8 § 103 50, 51 Zhuang, Cai, Shen,
Nikon, Skafte-Petersen
9 § 103 52 Zhuang, Cai, Shen,
Sands
10 § 103 53 Zhuang, Cai, Shen,
Sands, Brooker
11 § 103 55, 57, 58 Zhuang, Cai, Shen,
Wessels
12 § 103 61 Zhuang, Cai, Shen,
knowledge of POSA
13 § 103 62 Zhuang, Cai, Shen,
Niman, and/or Winer

IX. CLAIM CONSTRUCTION

For purposes of this Petition, Petitioner does not believe that any claims
require construction in view of the prior art being presented. To the extent Patent
Owner identifies terms for construction, Petitioner reserves the right to respond.

X. GROUND 1: OBVIOUSNESS IN VIEW OF ZHUANG, CAI, AND SHEN
A. Claim 36
1. A system comprising:

To the extent the preamble is limiting, Zhuang discloses a complete system
for MERFISH imaging that includes optics, fluid handling, and data analysis.

EX1003; EX1002 99 124-131. As Zhuang explains, the “entire system was fully
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automated, so that imaging and fluid handling were performed for the entire
experiment without user intervention.” EX1003.011; EX1002 99 124-131.

a. (a) a stage comprising:

Zhuang explains that the “sample was imaged on a home-built microscope
constructed around an Olympus IX-71 body....” EX1003.011. This microscope
system, like all microscope systems, includes a stage. EX1002 99 132-135.
Indeed, such a stage is necessary to act as a platform for the sample so that it can be
imaged using the optics system. [Id. § 135. As documented immediately below,
Zhuang further discloses or renders obvious in combination with Cai the specific
components that are recited in the claims as being part of the “stage.”

i. (a)(i) a sample holder configured to receive a
substrate comprising a sample having a volume;

Zhuang discloses a “Bioptech’s [sic] FCS2 flow chamber” designed to hold a
sample having a volume. EX1003.011. This Bioptechs flow cell included within
it a substrate, a sample coverslip with deposited sample cells. Id. (“Cells were
plated on...coverslips (Bioptechs, 0420-0323-2)....); id. (“The sample coverslip was
assembled into a Bioptech’s [sic] FCS2 flow chamber....”).

Zhuang further discloses the sample having a volume. Specifically, Zhuang
discloses cellular samples. Such samples consisting of cells have a “volume.”

EX1003.012 (explaining that “cells [were optically sectioned] by collecting stacks
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of images at different focal depths through the entire depth of the cells”); EX1002
9 139. Indeed, the 554 patent describes individual “cells” as a sample type that
can be interrogated in “3D.” EXI1001 at 4:44-50, Fig. 1. Moreover, Zhuang
explains that using optical sectioning “allow[s] the imaging of RNAs in thicker cells
or tissues.” EX1003.012 (emphasis added). Referring to imaging in “thicker”
samples, Zhuang contemplates samples that have a “volume.” EX1002 9 140.

ii. (a)(ii) a temperature control apparatus
operatively coupled to said sample holder; and

As noted above, Zhuang discloses that its stage includes a Bioptechs FCS2
flow chamber, which is a system that includes temperature control capability.
EX1002 99 142-143; EX1003.011. This 1is taught, for instance, in
Sivaramakrishnan, published in 2009 and addressing similar types of experiments
with the Bioptechs technology. EX1002 9 142; EX1007.004 (“The Bioptechs
FCS2 chamber maintains the cells and media at 37°C.”).

Zhuang further discloses that its optical system makes use of an oil immersion
objective “heated to 37°C with a Bioptechs objective heater.” EX1003.011;
EX1002 9 143. A skilled artisan would understand that an oil immersion objective
is used in a system wherein oil is applied to the specimen on the microscope stage,
and the stage is raised, immersing the objective in oil. EX1002 9 144. As such,

the objective is in thermal contact with the stage holding the sample, such that the
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objective heater is an additional temperature control system that becomes coupled
to the stage and sample holder. /d.

As Dr. Czymmek explains, a skilled artisan would understand from Zhuang’s
use of a Bioptechs FCS2 flow cell and objective heater that it is providing
comprehensive temperature control to the sample holder on the stage so that the
experiments can be carried out at 37°C. Id.

ili.  (a)(iii) An XY motion control system;

Zhuang describes a system that is “fully automated so that imaging and fluid
handling were performed for the entire experiment without user intervention” and
that was built upon on “Olympus IX-71" microscope ‘“‘configured for oblique
incidence excitation.” EX1003.011. As Dr. Czymmek explains, the Olympus
IX-71 is an inverted microscope comprising a stage that is configured for X-Y
positioning of the sample. EX1002 99 145-146.

To the extent the Board finds, or Patent Owner argues, that Zhuang does not
disclose an XY motion control system, it would have been obvious to a POSA to
include such a system. EX1002 9 147. Systems to automate X-Y movement of
the stage of the Olympus IX-71 microscope were well-known as early as 2006, long
before the priority date of the 554 Patent. EX1002 9 148. Shen, for example,
teaches an automated microscope system using the Olympus IX-71 with a

“motorized x-y stage with linear encoding feedback,” which a POSA would have
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understood is an X-Y motion control system. EX1032.002; EX1002 99 148-150.
Given Zhuang’s teaching of a “fully automated” system, a POSA would have been
motivated to look to Shen to find ways to automate the Olympus IX-71 Zhuang uses
for MERFISH. EX1002 99 151-152. A POSA would have had a reasonable
expectation of success in applying Shen’s teachings to Zhuang’s system, given that
Shen automates the type of microscope that Zhuang uses for the same goal, e.g.,
fluorescent imaging. /Id. q 153.

b. (b) a fluidics system comprising:

Zhuang expressly discloses that its automated platform comprises a “fluidics
system.” EX1003.011. This fluidics system includes not just the Bioptechs flow
chamber, but also “three computer controlled eight-way valves...and a computer-
controlled peristaltic pump....” Id. Zhuang teaches its fluidics system is fully
automated and does not require any human intervention. /Id.; EX1002 9 155. As
documented below, Zhuang teaches specific components set forth in the claims are
part of the “fluidics system.” See also EX1002 9 154-156.

i. (b)(i) one or more reservoirs configured to
contain one or more fluid reagents; and

Zhuang discloses fluid reagents for use with its system, including solutions of

labeled readout probe, readout wash buffer, imaging buffer, and photobleaching

buffer:
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One milliliter of...fluorescently labeled readout probe in readout
hybridization buffer...was flown across the sample, flow was stopped,
and the sample was incubated....Then...readout wash buffer... was
flown across the sample, flow was stopped, and the sample was
incubated.... Two milliliters of imaging buffer...was flown across the

sample (50)....

After imaging, the fluorescence of the readout probes was extinguished
via photobleaching. The sample was washed with...photobleaching
buffer...and each imaged region of the sample was exposed to 200 mW

of 641-nm light for 3 s.

EX1003.011 (emphasis added). Zhuang explains these reagents are applied to the

sample in “multiple successive rounds” of “[s]equential hybridization, imaging, and

bleaching.” Id. Given that fluid reagents are repeatedly introduced to the sample

in the flow chamber, Zhuang teaches the fluidic system includes reservoirs for
holding these fluids. EX1002 99 158-159.

il (b)(ii) a fluid dispenser operationally coupled to

a pump, which pump is configured to provide

said one or more fluid reagents from said one or
more reservoirs to said sample holder; and

Zhuang discloses a fluid dispenser in its fluidics system that repeatedly
introduces fluid reagents to the flow chamber. EX1003.011; EX1002 9 160.
Zhuang discloses a peristaltic pump as part of its fluidics system, explaining that this

system includes “a computer-controlled peristaltic pump...and three computer-
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controlled 8-way valves....” EX1003.011 (emphasis added); EX1002 q 161.
Zhuang further states that fluidics system that includes this pump is for the purpose
of controlling “flow through” the chamber of fluid reagents. Id.; EX1002 99 160-
162.

c. (¢) an optical system comprising:

As documented above, Zhuang’s system is built around an Olympus 1X-71
optical microscope. For example, Zhuang discloses that its sample is “imaged on
a home-built microscope constructed around an Olympus IX-71 body and a 1.45
NA, 100x oil immersion objective and configured for oblique incidence excitation.”
EX1003.011. As such, Zhuang discloses an optical system. EX1002 99 163-164.
As set forth further below, Zhuang either discloses or renders obvious in
combination with Cai use of the additional features that are recited in the claims as
being part of this “optical system.” Id.

i. (c)(i) an objective;

As noted above, Zhuang’s system is built around an Olympus IX-71
microscope, which included an objective. As Zhuang, explains, the “sample was
imaged on a home-built microscope constructed around an Olympus IX-71 body and

a 1.45 NA, 100x oil immersion objective and configured for oblique incidence

excitation.” EX1003.011; EX1002 9 165-166.
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ii. (c)(ii) two or more light sources, wherein each
light source of said two or more light sources is
configured to deliver light to said volume,
wherein said two or more light sources are
configured to emit two or more colors of light;
and

Zhuang teaches two or more light sources, configured to deliver light of
different colors to the sample volume. EX100299167-169. Specifically, Zhuang
teaches the use of three different lasers at three different wavelengths of 641 nm,
561, and 405 nm, which corresponds to red, green, and violet light, respectively.
EX1003.011. As Zhuang states, “[i]llumination was provided at 641, 561, and 405
nm by using [three different] solid-state lasers...for excitation of our Cy5-labeled
readout probes, the fiducial beads, and nuclear counterstains, respectively.” Id.;
EX1002 9 168.

To the extent that Zhuang is deemed to not disclose the claimed two or more
light sources configured to emit two or more colors of light, it would have been
obvious to modify Zhuang in view of Cai to use multiple light sources. EX1002
9 170.

Cai teaches profiling nucleic acids by sequential barcoding, wherein probes
labeled with different detectable moieties (e.g., fluorophores or colors) are used in
different cycles. EX1004 at 13:4-14:15. For example, using “four-color FISH,”

“[t]welve genes were encoded by 2 rounds of hybridization” in an embodiment of
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Cai. Id. at 9:34-38; 9:45-48 (“Exemplary barcodes. mRNA 1: Yellow-Blue-
Yellow; mRNA 2: Green-Purple-Green; mRNA 3: Purple-Blue-Purple; and mRNA
4: Blue-Purple-Blue.”). As Dr. Czymmek explains, Cai’s disclosure of different
color fluorophores teaches using different colors of excitation light. EX1002
9 172. Thus, Cai discloses using multiple colors of light configured to excite
multiple fluorophores and emit multiple colors of light. Indeed, such multicolor
detection was standard in the art at the relevant time frame. /Id. 99 171-172.

A POSA would have been motivated to use two or more colors of light as
taught by Cai with the method of Zhuang because it would have further increased
the multiplexity of barcoding, which would have furthered Zhuang’s objective of
“rapidly increas[ing] the number of RNA species that can be probed
simultaneously.” EX1003.002; EX1002 99 173-174. A skilled artisan would
have expected success in employing two or more colors of light because, as Dr.
Czymmek explains, such an approach was standard at the time and had been
implemented routinely, including as set forth in Cai. EX1002 § 175.

ili.  (c)(iii) one or more detectors configured to
receive light signals from said volume;

Zhuang teaches the use of an EMCCD camera to detect light signals from the

sample volume:
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Fluorescence was separated with a QuadView (Photometrics) by using
the dichroics...and the emission filters...and imaged with an EMCCD
camera....The camera was configured so that a pixel corresponds to 167
nm in the sample plane.

EX1003.011; EX1002 99 176-178.
d. (d) a z-axis motion control system configured for z-

motion of an objective focal plane through said
volume; and

Zhuang includes a Z-axis motion control system for moving a focal plane
through the volume of the cell. As discussed above, Zhuang’s system is built upon
an Olympus IX-71 inverted microscope. EX1003.011. As Dr. Czymmek
explains, this system include an up-down control system so that the objective could
be moved up and down, which would move the focal plane through the sample
volume. EX1002 99 180-181. Likewise, the system included an “up/down” fine
adjustment knob to control the stage, which would have the same effect. 1d.

Moreover, one of skill in the art would understand that Zhuang utilized yet an
additional Z-axis motion control system. As Zhuang states, “[c]onstant focus was
maintained throughout the imaging process with a home-built, autofocusing
system.” EX1003.011. In order to maintain a constant focus throughout an
imaging process, a person of skill would understand that a Z-axis motion control

system for adjusting the focal plane would be necessary. EX1002 99 182-183.
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Shen provides an example of such automation. As early as 2006, Shen
acknowledges, “automatic focusing of microscope images [was] an essential part of
modern high-throughput microscopy.” EX1032.001. Shen used a piezo-electric
transducer to permit autofocusing, but taught many different systems for automating
Z-axis movement. Id. As Dr. Czymmek explains, these technologies were
common long before the alleged invention date of the 554 Patent. EX1002 9] 185.
A POSA would have been motivated to combine the relevant teachings in Shen with
Zhuang because Zhuang explicitly requires an autofocusing system for the
MERFISH method. EX1003.011; EX1002 9 186. A POSA would have had a
reasonable expectation of success, because Shen teachings modifying the Olympus
IX-71 microscope, the same one used in Zhuang, in the same way to accomplish the
same goal. EX1002 9 187.

To the extent Zhuang is deemed to not disclose the claimed Z-axis motion
control system, it would have been obvious to modify Zhuang in view of Cai to
include such a feature. Cai’s Figure 17, reproduced below, demonstrates the use

such a system:
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EX1004 at Fig. 17 (right-hand portion). Cai describes that in this configuration,
“the objective is moving synchronically with the illumination sheet, allowing
scanning the sample along z-axis.” EX1004 at 47:43-45 (emphasis added). As
Dr. Czymmek confirms, such Z-axis motion control systems were standard in the art
at the relevant time frame. EX1002 9] 188.

A POSA would have been motivated to include the Z-axis motion control
system of Cai with the system of Zhuang because it would have enabled one to more
effectively scan the sample in three dimensions at different focal plans, furthering

Zhuang’s objective of determining “[k]nowledge of the expression profile and
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spatial landscape of the transcriptome in individual cells....” EX1003:002
(Abstract), .005 (““As an imaging-based approach, MERFISH also allowed us to
investigate the spatial distributions of many RNA species simultaneously.”).
Indeed, Zhuang teaches that “[t]iling images of adjacent areas and adjacent focal
planes could be used to improve the counting accuracy.” EX1003.012 (emphasis
added). To collect these images across the different focal depths, a POSA would
have understood a system for z-axis motion control would be needed so that the focal
plane could be moved through the volume of the sample. EX1002 99 189-190.

A skilled artisan would have expected success in including a Z-axis motion
control system in Zhuang for this purpose because such systems were standard at the
time and had been implemented routinely, including as set forth in Cai. EX1002
99 188-192. Cai for instance, expressly contemplates that “an imaging step
provides three-dimensional spatial information of a target.” EX1004 at 21:50-51.
As another example, in 2010, Larsson and co-workers reported on the use of this
approach in an in situ hybridization method that utilized fluorescent detection.
EX1008.005 (“For SKBR3 and SKOV3 cells, images were collected as z-stacks to

ensure that all RCPs were imaged.”); EX1002 99 191-192.
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e. (e) a computing system comprising at least one
computer readable storage medium having program
instructions stored thereon, which program
instructions are executable by at least one processor of
said computing system to cause said at least one
processor to perform a method comprising:

Zhuang teaches a computing system associated with its MERFISH system.
Specifically, Zhuang teaches that the “entire system was fully automated, so that
imaging and fluid handling were performed for the entire experiment without user
intervention.” EX1003.011. Likewise, with respect to the application of reagents
to the flow chamber, Zhuang teaches that “flow through this chamber was controlled
via a homebuilt fluidics system composed of three computer controlled eight-way
valves...a computer-controlled peristaltic pump....” Id.; EX1002 q 194. A
POSA would understand that this disclosure of computer automation would have
been achieved via a computing system with program instructions. EX1002 949 193-
195. As documented below, this computing system includes instructions to carry

out the various steps recited in connection with step (e).
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i. (e)(i) receiving a plurality of images of at least a
portion of said volume from a plurality of read-
out cycles, wherein said plurality of images
comprises a plurality of light signals received
from said volume during said plurality of
readout cycles, wherein said plurality of light
signals is associated with one or more nucleic
acid molecules within said volume, wherein each
light signal of said plurality of light signals has a
three-dimensional spatial position within said
volume;

Zhuang teaches receiving a plurality of images of the sample volume from a
plurality of readout cycles, wherein said plurality of images comprises a plurality of
light signals received from said volume during said plurality of readout cycles.
Zhuang discloses embodiments of the MERFISH method wherein the sample “can
be simultaneously imaged” during multiple “rounds of hybridization and imaging.”

EX1003.002, .003; EX1002 9 197. This is depicted in Figure 1A of Zhuang:

A Image 1 Image 2 Image 3 ImageN Decoded Image

EX1003.003 (Fig. 1A). Here, in each readout cycle, an image of the sample is
received, wherein code “1” represents detection of a light signal and “0” represents
no light signal.  Id.; EX10029198. After N readout cycles, N images are received

from the sample, which N images provide a string of light signals associated with
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each nucleic acid molecule. EX1002 9 199-200. Also as shown by the
“Decoded Image,” the string of light signals is used to decode the identity of the
RNA species. 1d.; EX1003.012, Fig. 1A.

Zhuang discloses that the light signals are associated with the nucleic acid
molecules within the sample volume. As shown in Figure 1A, each detected light
signal is associated with a nucleic acid molecule (yellow spots) within the sample
volume. EX1003.003-.004, .012; EX1002 99 199-200. This process is depicted

by Figure 1E of Zhuang:

E Encoding probes Encoding probes
S?Tjijncit LAY / TTLMI— 2 SZ;ESCLE a\
Targeting sequence ‘ ’ Targeting sequence
RNA Species x96 x96
3 > SN N LN TN SN NN T NN N\ AN S
\ . T RAAWAWAWA WA WAWAWA < WA WAWAW,
Readout
Modified Hammi
(E)Jistzn cea::n g;gg . . . N hyb 3
1101 eee NSNS NSNS \ /N 7/ N\ N/ NN NN S
0000 oee NN ININT NN NSNS s AN NSNS
07170 ees 0 *«— N\ /N /N AN/ €00 \ /N /\ JN\ / € \J/N/\ LN\ /
Decode Readout Readout
1000 eee O NSNS NN/ hybN N /N /NN / hybd N /N /NSNS

EX1003.003 (Fig. 1E); EX1002 q9 201-202. Specifically, each RNA species is

hybridized with sequence-specific encoding probes that contain “a specific
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combination of readout sequences.” EX1003.003 (Fig. 1, legend) (“Encoding
hyb”); EX1002 §201. Successive hybridization and imaging of fluorescently-
labeled readout probes provide specific combinations of readout sequences that form
barcodes that identify the RNA species. EX1002 99201-202. In each readout
cycle, a unique readout probe is introduced to the sample volume and associated
with the RNA species via the encoding probes when its complementary readout
sequence is present, which leads to a detection of a light signal during imaging. /1d.;
EX1003.003 (Fig. 1, legend) (“N subsequent rounds of hybridization with the
fluorescent readout probes are used to probe the readout sequences (hyb 1, hyb 2,
..., hyb N).”).

Zhuang discloses that the light signals have a three-dimensional (3D) spatial
position within the sample volume. As discussed above, the light signal is detected
“in situ” only when a readout probe hybridizes to the nucleic acid molecule.
EX1003.002. Hence, the position of the light signals also reflects the spatial
position of the nucleic acid molecules. EX1002 99203-204. This spatial position
can be a 3D position within the sample volume. For example, Zhuang describes
“optically section[ing] [] cells by collecting stacks of images at different focal depths
through the entire depth of the cells.” EX1003.012. Thus, Zhuang teaches using
the MERFISH method to obtain the 3D spatial position of nucleic acid species

through the entire depth of the sample volume. EX1002 99 203-204.
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To the extent that Zhuang is deemed to not disclose the claimed 3D feature, it
would have been obvious to modify Zhuang in view of Cai to include this feature.
EX1002 9 205. Cai teaches profiling nucleic acids by SeqFISH to obtain spatial
information, including “three-dimensional spatial information.” EX1004 at 21:50-
51; EX1002 9 206. Specifically, as documented above, Cai teaches the claimed Z-
axis motion control system, which enables 3D interrogation. See supra Section
X.A.ld.

A POSA would have been motivated to use Zhuang’s MERFISH method for
3D investigation in order to obtain meaningful spatial information in the z-
dimension, furthering Zhuang’s goal of “identify[ing] distinct spatial distribution
patterns of RNAs.” EX1003.002; EX1002 9 207. A skilled artisan would have
reasonably expected success in using MERFISH in 3D because, as Dr. Czymmek
explains, (1) 3D FISH was standard at the time and had been implemented routinely,
including as set forth in Cai, and (2) MERFISH is based on the same imaging method
as conventional FISH—to the extent it uses sequential hybridization to increase the

multiplexity, this feature does not limit 3D detection. EX1002 9 208.
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il (e)(ii) determining a plurality of optically-
encoded signals from said plurality of light
signals obtained from said plurality of read-out
cycles, wherein each optically-encoded signal is
associated with a nucleic acid molecule of said
one or more nucleic acid molecules, wherein said
plurality of optically-encoded signals comprises
said two or more colors of light detected by said
one or more detectors in series;

Zhuang in Figure 1E illustrates the determination of optically encoded signals

(boxed in green) from the light signals obtained from the multiple read-out cycles

(boxed in red):
E Encoding probes Encoding probes
soquence \___//squence 2 sequonce 4
Targeting sequence ‘ Targeting sequence
RNA Species ___>_<§_6___ﬁ_x96
3 y SN NN TN N AN N AN T NN SN AN S
) . v AL/ N AN/ PRt NN/ N AN PR N AN NN
Readout
Modified Hamming
Distance 4 code . . . . hyb 3
11071 eee NSNS NSNS NN/ NN/ N NN S
0000 eee NN/ NINT NLNSNINS e NLNSNSNS
0110 eae 0 «—— N/ N/ NANY 22— N JNJ\JNJ — NJNJT\ SN/
Decode Readout Readout
1000 eee O NSNS NN/ hybN N/ N/ NN/ hybd N/ NS\ NS
00710 eee

EX1003.003 (Fig. 1E) (annotated). ~After N readout cycles, a string of light signals
(e.g., 1100...0, 0000...1, etc.) are generated for each RNA species, as shown in the

green box. EX1002 99 210-211. These strings of light signals are optically-
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encoded signals that interpret the codeword/barcode generated by the readout
sequence. Thus, they are associated with the nucleic acid molecules and can be
used to identify the RNA species. /d.

Further, Zhuang teaches these optically encoded signals comprise two or more
colors of light detected by said one or more detectors in series. EX1002 9 212.
As explained above in Section X.A.c.ii, Zhuang discloses two or more light sources
that emit two or more colors that can be used to activate the fluorophore-labeled
readout probes. Id. A POSA would have understood that these fluorophores
upon activation would further emit light of two or more colors which would be
detected by one or more detectors in series and further reflected in the optically
encoded signals. Id. To the extent that Zhuang is deemed to not disclose the
claimed method using two or more colors of light, it would have been obvious to
modify Zhuang in view of Cai to include such a feature. See supra Section X.1.c.1i;
EX1002 9 213.

ili.  (e)(iii) identifying said one or more nucleic acid

molecules based on said plurality of optically-
encoded signals; and

Zhuang decodes the identity of the RNA species based on the optically-

encoded signals. See supra X.A.1.e.i1; EX1002 99 214-215.
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iv.  (e)(iv) determining three-dimensional positional
information of said one or more nucleic acid
molecules.

Zhuang, by itself or in view of Cai, determines the 3D positional information
of the RNA species. See supra X.A.l.e.1; EX1002 99 216-219.

B. Claim 37: The system of claim 36, wherein said substrate comprises
a flow cell.

Zhuang discloses this limitation. Zhuang discloses a “Bioptech’s [sic] FCS2
flow chamber.” EX1003.011. According to Zhuang, “the flow through this
chamber [was] controlled via a home-built fluidics system.” Id. Thus, a POSA
would have understood this flow chamber comprises a flow cell. EX1002 9 220-
221.

C. Claim 38: The system of claim 37, wherein said flow cell is a closed
flow cell.

Zhuang discloses this limitation. A POSA would have known that the
Bioptechs’s FCS2 flow chamber comprises a closed flow cell. EX1002 9 222-
224.

D. Claim 39: The system of claim 38, wherein said flow cell is a closed

flow cell comprises a fluid inlet and a fluid outlet, and wherein said
fluid inlet is fluidically coupled to said fluid dispenser.

Zhuang discloses this limitation. A POSA would have understood that the
Bioptechs’s FCS2 flow chamber is a closed flow cell comprising a fluid inlet and a

fluid outlet. EX1002 99 222-224, 226. For instance, Zhuang discloses its home-
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built fluidics system controls the flow “through’ the chamber, which indicates the
presence of an inlet and an outlet. EX1003.011 (emphasis added); EX1002 9 227.
Further, as discussed above, Zhuang teaches its fluid dispenser is capable to transfer
fluid to its flow cell. Sections X.A.1.b and X.A.1.b.ii supra; EX1002 q 228. A
POSA would have understood that the fluid dispenser is fluidically coupled to the
inlet. EX1002 9 229.

E. Claim 43: The system of claim 36, wherein said temperature
control apparatus comprises a heat sink or a Peltier element.

Zhuang renders this limitation obvious in view of the knowledge of a POSA.
EX1002 q9 230-233. A heat sink and a Peltier element were well known
temperature control devices in the art and were readily accessible at the relevant
time. EX1002 9 233. It would have been obvious for a POSA to choose a heat
sink or a Peltier element for temperature control because, for example, these
components have cooling capabilities. /Id.

F. Claim 44: The system of claim 36, further comprising a thermal
control system.

As documented above, the Zhuang reference discloses the use of Bioptechs’s
FCS2 flow chamber. Zhuang discloses using thermal control, thus disclosing to a
POSA that the system included a thermal control system. EX1003.011; EX1002
94 234-236 (discussing evidence that the FCS2 flow chamber was well known to

include thermal control system). This evidence of what would have been well-
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known to a POSA includes instructions for the FCS2 system, depicting a setpoint

temperature:

Front Panel of FCS2 & FCS3 Controller

BIDPTECHS @~

FCS2 & FCS3 Ciosed Chamber
System Controlier

oe®

Cabibrats  Chamrbsr

EX1006 (Fig. 1); EX1002 9§ 236.
G. Claim 46: The system of claim 36, wherein said fluidics system
further comprises one or more valves downstream of said one or
more reservoirs and upstream of said fluid dispenser, wherein,

upon actuation, said one or more valves facilitate dispensation of
fluid to said sample holder

Zhuang teaches this limitation. EX1002 99 237-239. Zhuang discloses
that its fluidics system comprises, in part, “three computer controlled eight-way
valves (Hamilton, MVP and HVXM 8-5).” EX1003.011. Further, Zhuang
discusses an automated fluidics system, which Dr. Czymmek describes as requiring

the use of valves that would necessarily be downstream of the reservoir and upstream

of the dispenser. EX1002 9 239.
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H. Claim 47: The system of claim 46, wherein said one or more valves
comprise a rotary valve

Zhuang teaches this limitation. EX1002 99 240-242. According to Dr.
Czymmek, a POSA would have known the Hamilton MVP and HVX 8-5 valves are
rotary valves, further evidenced by Hamilton’s own description on its website.
EX1002 9 241.

I. Claim 54: The system of claim 36, further comprising an objective
wetting apparatus.

Zhuang teaches this limitation. EX1002 94 243-247. Zhuang teaches both
the use of an oil immersion objective and a fully automated system. EX1003.011;
EX1002 99 244-245. A POSA would have thus understood Zhuang to disclose an
objective wetting apparatus in disclosing a fully automated system using an oil
immersion objective, i.e., an objective that is wetted in operation. EX1002 9 246.
A POSA would have further understood this to be wholly consistent with the
meaning of “objective wetting apparatus” as set forth in the ’554 patent. Id.;
EX1001 at 22:19-36.

J. Claim 56: The system of claim 36, wherein said two or more light
sources comprise one or more lasers.

Zhuang discloses this limitation. See supra Section X.A.l.c.ii; EX1002

€9 248-250.
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K. Claim 59: The system of claim 36, wherein said optical system
further comprises one or more emission filters configured to
selectively filter one or more wavelengths of light emitted from said
volume to said one or more detectors.

Zhuang discloses this limitation. Zhuang discloses the use of “emission
filters ET525/50m, WT5955m-2f, ET700/75m, HQ7701p (Chroma)” in advance of
the EMCCD camera. EX1003.011; EX1002 99 251-253.

L. Claim 60: The system of claim 36, wherein said optical system is

mechanically, electrically, or electromechanically coupled to a

controller system configured to synchronize one or more imaging
events within said system.

Zhuang discloses this limitation. As documented above, Zhuang teaches a
computing system associated with its MERFISH system. See supra Section
X.A.l.e. Specifically, Zhuang teaches that the “entire system was fully automated,
so that imaging and fluid handling were performed for the entire experiment without
user intervention.” EX1003.011. A POSA would understand that this disclosure
of computer automation would have been achieved via the optical system
mechanically, electrically, or electromechanically coupled to a controller system
configured to synchronize one or more imaging events within the system. EX1002

€9 254-256.
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M. Claim 63: The system of claim 44, wherein said temperature
control apparatus further comprises a temperature sensor
configured to provide a feedback signal to said thermal control
system.

As documented above, the Zhuang reference discloses the use of Bioptechs
FCS2 flow chamber, including a temperature control apparatus. See supra X.F.
An expanded view of the FCS2 system with the conductive temperature sensors

shown at the top 1s depicted in the figure below:
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BIOPTECHS
FCS2

Temperature sensors
Heater Contacts
Perfusion connections

Upper gasket

Microaqueduct slide ——
Perfusion plate
Temperature control

Lower gasket
defines flow geometry

40mm #1.5 =
coverglass

Self-locking base —=
Internal temperature
control

Objective heater ————— =

FIGURE 75.4 " o
Microaqueduct slide technique. This system is characterized by sophisticated temperature

control, high-volume perfusion rates, and compatibility with standard microscopy tech-
niques.

EX1015.017. at 8.

The instructions for the FCS2 system further evidence that it

includes a thermal control system:
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Front Panel of FCS2 & FCS3 Controller

BIOPTECHS =~

FCE2 & FCS3 Ciosed Chamber
System Controlier

EX1006 (Fig. 1). A POSA would have understood that Zhuang’s system including
a temperature control apparatus and thermal control system would have necessarily
included a temperature sensor in the temperature control apparatus. This is further
evidenced by the instructions explaining that there is a feedback loop to maintain the
temperature; “[i]t is important that the flat side of the surface probe is making
uniform contact with the microaqueduct slide because the feedback loop that
controls the microaqueduct temperature is reliant on this thermal contact point.”
1d., .005 (emphasis added); EX1002 99 257-261.
N. Claim 64: The system of claim 59, wherein at least one of said one
or more emission filters is configured to selectively filter light
having a wavelength of about 510 nm, about 570 nm, about 620 nm,

or about 680 nm to said one or more detectors from said volume to
said one or more detectors.

Zhuang discloses the use of “emission filters ET525/50m, WT59550m-2f,
ET700/75m, HQ7701p (Chroma)” in advance of the EMCCD camera.
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EX1003.011. A POSA would know these filters to be configured to selectively

filter light having a wavelength of about 510 nm, about 570 nm, about 620 nm, or

about 680 nm to detectors from the sample volume of the detectors. EX1002
919 262-264.

0. Claim 65: The system of claim 36, wherein said two or more light

sources excite fluorescence in unique color channels such that each

light source of said two or more light sources is configured to excite

fluorescence in a unique color channel of said unique color
channels.

Zhuang explains that “Illumination was provided at 641, 561, and 405 nm by
using solid-state lasers (MPB communications, VFL-P500-642; Coherent, 561-
200CWCDRH; and Coherent, 1069413/AT) for excitation of our CyS5-labeled
readout probes, the fiducial beads, and nuclear counterstains, respectively.”
EX1003.011. Thus, there are unique color channels. EXI1002 9 267. For
instance, 641 nm is a red color channel whereas 561 nm is an orange/yellow color
channel. Id. As Zhuang explains, the 641 nm color channel excites fluorescence
in the Cy5-labeled readout probes, and the 561 nm color channel excites fiducial
beads, which Zhuang explains are “carboxylate-modified orange fluorescent beads.”
EX1003.011.

Further, as documented above, to the extent Zhuang is deemed not to disclose
the use of two or more light sources, it would have been obvious to do so in view of

Cai, which discloses using multiple colors of light configured to excite multiple
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fluorophores and emit multiple colors of light in unique color channels. See supra
Section X.1.c.ii.; EX1002 9269. For example, Cai discloses four-color FISH that
comprises yellow, green, blue, and purple probes. See supra Section X.1.c.ii.;
EX1004 at 9:45-48. A POSA would have understood that each of these colors
corresponds to a unique color channel. EX1002 99 268-269.

P.  Claim 66: The system of claim 65, wherein each optically-encoded

signal of said plurality of optically-encoded signals comprises at
least one of said unique color channels.

As documented above, the optically-encoded signal comprises fluorescent
signal detected when the readout probe is hybridized to the RNA species. See
supra Sections X.A.l.e.i-ii. In Zhuang, the readout probes are labeled with CyS5,
which is excited by the 641 nm color channel. EX1003.011; supra Section X.O.
Thus, a POSA would have understood that the optically-encoded signal comprises
at least one of the unique color channels. EX1002 99 270-271. In Cai, the
barcodes likewise comprise light signals detected with different colors (i.e., in
different unique color channels. See supra Section X.0.; EX1002 99 272.

Q. Claim 67. The system of claim 36, wherein at least one of the

plurality of optically-encoded signals comprises two or more colors
detected in series.

Disclosed. See supra Sections X.1.c.ii1., X.1.e.ii.; EX1002 99 273-274.

51



Petition for Inter Partes Review of U.S. 11,542,554

R. Claim 68: The system of claim 36, wherein said two or more light
sources comprise four light sources.

Disclosed. See supra X.A.l.c.ii.,, X.A.l.e.ii. Specifically, Cai teaches
four-color SeqFISH, which a POSA would have understood to require four light

sources. EX1004 at 9:28-48; EX1002 99 275-279.

S. Claim 69: The system of claim 36, wherein said optical system is
configured for wide-field microscopy.

Zhuang explains that they “imaged cells using wide-field imaging with
oblique-incidence illumination....” EX1003.012 (emphasis added); EX1002 9
280-281.

XI. GROUND 2: OBVIOUSNESS OF CLAIM 40 IN VIEW OF ZHUANG,
CAI AND SHEN, IN FURTHER VIEW OF XIAO AND EHRLICHER

Zhuang, Cai and Shen in view of Xiao and Ehrlicher render obvious the
system of claim 37 where the flow cell is an open flow cell, as recited in claim 40.
EX1002 9 282.

As documented above, Zhuang expressly identifies using the “Bioptech FCS2
flow chamber” in its system. See supra Section X.1.C.; EX1002 9 283.

Xiao discloses the Bioptech FCS2 flow chamber can be used as an open flow
cell where the chamber is not sealed. EX1027.099; EX1002 9 284. Ehrlicher

similarly teaches the use of the Bioptechs FCS2 flow chamber as an open flow cell
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in disclosing either an open or closed mode can be used as required. EX1028.002,
.009 (Fig. 2), .011-12; EX1002 9] 284.

A POSA would have been motivated to combine the teachings of Zhuang,
Cai, and Shen with the teachings of Xiao and Ehrlicher on the function and
utilization of the Biotech FCS2 flow chamber in an open flow cell mode as these
references comprehensively explain the operation and application of Zhuang’s flow
chamber, particularly in an open-dish format for monitoring live cells to a POSA’s
interest. EX1027.098-99; EX1028.011-12; EX1002 9 285. A POSA would
further have had a reasonable expectation of success in combining these references
because the related prior art, including Xiao and Ehrlicher, was well-known in the
art. EX1002 9 285.

XII. GROUND 3: OBVIOUSNESS OF CLAIMS 41 AND 70 IN VIEW OF
ZHUANG, CAI, AND SHEN, IN FURTHER VIEW OF TIRICHINE

Claim 41 depends from claim 36 and recites the use of a water immersion
objective. Claim 70 depends from Claim 36 and further recites that the numerical
aperture of the objective is about 1.0.

While Zhuang teaches the use of an oil immersion objective, as Dr. Czymmek
explains, this is only one type of objective and others were known in the art.
EX1002 9 287. A water immersion objective was not only known, but was known

for use specifically for FISH experiments. EX1002 4 288. As Trichine teaches,
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a water immersion objective was used for FISH on 3D isolated nuclei on the model
organism Arabidopsis thaliana, a type of plant. [Id.; EX1049.001, .004. This
water immersion objective has an NA of 1.2. EX1049.004. Further, a POSA
would have known that water immersion objectives would have had lower numerical
apertures than oil immersion objectives as taught in Zhuang, such as Trichine’s use
of an objective with a 1.2 NA, which is about 1.0. EX1002 9 288.

As Dr. Czymmek explains, a POSA would have been motivated to use a water
immersion objective as taught in Trichine as a mere design choice. Thatis,a POSA
would have been aware of different types of objectives and different reasons to use
those objectives. EX1002 9 289. A water immersion objective, for example,
could be useful for a thick, largely aqueous, live specimen. Id. A POSA would
have also had a reasonable expectation of success in using a water immersion
objective in Zhuang, as FISH experiments could be performed with a water
immersion objective and a skilled artisan would have expected using them in a
MERFISH experiment to be successful. /d. 9 290.

XIII. GROUND 4: OBVIOUSNESS OF CLAIMS 42 AND 70 IN VIEW OF
ZHUANG, CAI, AND SHEN, IN FURTHER VIEW OF BRILEYA

Claim 42 depends from claim 36, and further recites that the objective is a
water dipping objective. Claim 70 depends from Claim 36 and further recites that

the numerical aperture of the objective is about 1.0.
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As Dr. Czymmek describes, the use of different objectives were well-known
to a POSA. EX1002 99 293-294. Brileya, for instance, used a water dipping
objective in confocal laser scanning microscopy in 3D-FISH. EX1039.003.
Brileya also uses an objective with a numerical aperture of 0.9, which is roughly 1.0.
1d., .003; EX1002 9294. This is consistent with what would have been the typical
value of the numerical aperture of a water dipping objective. EX1002 9 294.

As Dr. Czymmek explains, a POSA would have been motivated to use a water
dipping objective as a design choice in the experiment. EX1002 99 295-296. If,
for example, a scientist wished to use an open flow cell to allow a sample access to
oxygen and micromanipulation at extremely high magnification, they would have
sought to use a water dipping objective. [Id. 9 296. Further, a POSA would have
had a reasonable expectation of success in combining the use of a water dipping
objective with MERFISH, as Brileya shows that such a system can be used in FISH
experiments to study mixed groups of cells with different biomarkers. /d. 49 297-
298.

XIV. GROUND 5: OBVIOUSNESS OF CLAIM 45 IN VIEW OF ZHUANG,
CAIL, AND SHEN, IN FURTHER VIEW OF FANG-YEN

Claim 45 depends from claim 36, and further recites that the pump is a syringe
pump. To the extent Zhuang does not disclose or render obvious the use of a

syringe pump, this would have been obvious in further view of Fang-Yen.
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As Dr. Czymmek describes, the use of pumps for transfer of fluid reagents to
and from a sample holder were well-known to a POSA. EX1002 99 300-301.
Fang-Yen, for instance, used a syringe pump to inject culture medium into the
sample holder. EX1029.002. A POSA would have viewed the substitution of
Fang-Yen’s syringe pump into Zhuang’s MERFISH system as simply substituting
one known element for another to obtain predictable results. EX1002 9 303.
Further, a POSA would have had a reasonable expectation of success given that both
references teach using pumps to deliver fluid reagents to the same kind of chamber,
and Fang-Yen’s syringe pump allows for accurate observations of dynamic cellular
processes. EX1002 9 304.

XV. GROUND 6: OBVIOUSNESS OF CLAIM 48 IN VIEW OF ZHUANG,
CAIL, AND SHEN, IN FURTHER VIEW OF RICHARD

Claim 48 depends from claim 46, and further recites that the “said one or more
valves comprise a solenoid or a microfluidic valve.” To the extent Zhuang does
not disclose or render obvious the use of a solenoid or microfluidic valve, this would
have been obvious in further view of Richard.

As Dr. Czymmek describes, the use of solenoid and microfluidic valves for
transfer of fluid reagents to and from a sample holder were well-known to a POSA.
EX1002 99 307-308. Richard, for instance, uses a solenoid valve to transfer

perfusion solutions to and from the sample holder. EX1030.003. A POSA would
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have been motivated to use a solenoid valve because it would have been the simple
substitution of one known element for another to allow for the predictable result of
accurate and rapid control over the flow of fluid reagents into a sample. EX1002
94 309-310. A POSA would have had a reasonable expectation of success in using
a solenoid valve for delivery of fluid for cell imaging. EX1002 99 311-312.

XVI. GROUND 7: OBVIOUSNESS OF CLAIM 49 IN VIEW OF ZHUANG,
CAI, AND SHEN, IN FURTHER VIEW OF NIKON

Claim 49 depends from claim 40 and recites that “said fluidics system further
comprises an aspiration system comprising: [] an aspiration tube configured to
remove fluid from said open flow cell and a pressure source operatively coupled to
said aspiration tube.” Zhuang in view of Nikon renders this claim obvious.
EX1002 9 313.

For instance, in 2015, a webpage published by Nikon describes the use of an
aspirator to remove fluid from an open flow cell in connection with live-cell
imaging. EX1043.001, .007; EX1002 99 313-314. As Dr. Czymmek explains, a
POSA would have understood that the aspirator comprises an aspiration tube
configured to remove fluid from the flow cell and a pressure source (particularly, a
vacuum source) operatively coupled to the aspiration tube. EX1002 9§ 314.
Indeed, it was well-known to use an aspiration system configured to remove fluid

from an open flow cell for reagent exchange before 2015. Id. 9 314-315.
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A POSA would have been motivated to use an aspiration system and have had
a reasonable expectation of successfully using such system in 2015 because the
system was known to work with open flow cells to provide rapid fluid removal
without disturbing the biological sample as shown in Nikon. Id. § 315.
XVII.GROUND 8: OBVIOUSNESS OF CLAIMS 50 AND 51 IN VIEW OF

ZHUANG, CAIL, AND SHEN, IN FURTHER VIEW OF NIKON AND
SKAFTE-PEDERSEN

Claim 50 depends from claim 49 and recites that “said aspiration system
further comprises a motor operatively coupled to said aspiration tube, wherein said
motor is configured to adjust a motion axis of said aspiration tube to control an
interface between said aspiration tube and said open flow cell.” Claim 51 depends
from claim 50 and recites the use of a stepper motor. Zhuang in view of Nikon and
Skafte-Pedersen renders these claims obvious. EX1002 949 316-319.

As Dr. Czymmek explains, it would have been obvious to a POSA to adjust
the motion axis of the aspiration tube to control an interface between the aspiration
tube and the open flow cell in order to control the amount of fluid to be aspirated.
EX10029317. Specifically, the use of a motor would have allowed this adjustment
to be automated. Id. Further, it would have been obvious to a POSA to use a
stepper motor for this purpose. /d. 49 318-319.

For instance, a 2012 article describes the use of a stepper motor in connection

with a “programmable microfluidic cell culture system with real-time microscopy
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access” and explains that the stepper motor helps achieve “a smooth motion” “with
a minimum footprint and weight for microscopy compatibility.” EX1048.004;
EX1002 9 318. As Dr. Czymmek explains, a POSA would have understood that
the stepper motor was suitable for controlling the motion of an aspiration tube. Id.

A POSA would have been motivated to use a motor to control the motion axis
of the aspiration tube in 2015 as it allows a POSA to control the amount of fluid to
be removed from the open flow cell in an automated system. Id. §319. A POSA
would also have had a reasonable expectation of success as using a motor to adjust
the position of fluidic system components was common. Id. Further, a POSA
would have been motivated to use a stepper motor and reasonably expected it to
work for this purpose in 2015 because a stepper motor was known to provide smooth
positioning and be compatible with microscopy. /d.

XVIII. GROUND 9: OBVIOUSNESS OF CLAIM 52 IN VIEW OF
ZHUANG, CAI, AND SHEN, IN FURTHER VIEW OF SANDS

Claim 52 depends from claim 36 and recites the use of a “Z-axis linear motor
configured for Z-motion of said objective focal plane through said volume.” To
the extent Zhuang does not disclose the use of a linear motor for the z-axis control,
this would have been obvious to a POSA. EX1002 99 320-324.

As Dr. Czymmek explains, for instance, in 2009, the brochure for Olympus

microscopes described the use of microscopes that were “fully motorized” and that
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included a “high-precision z-motor.” Id. 99 321-322. As of 2015, it was
extremely common to use precision z-motors in connection with microscopy. /Id.
Further, Sands described the use of such a motor in a system for automated imaging
of tissues using confocal microscopy to generate three dimensional images.
EX1046.001-.002; Fig. 3; EX1002 q 323.

As Dr. Czymmek explains, a POSA would have been motivated to use a linear
motor in 2015, as in Sands, and would have reasonably expected success, because
such motors provide precise positioning enabling three dimensional-imaging of
biological samples. EX1002 9324. Shen specifically teaches the use of a linear
motor configured for control of the stage, using an ‘“electric stepper motor
attachment with linear-encoded feedback.” Id. Y 322 (emphasis added);
EX1032.004 (emphasis added). Thus, use of a Z-axis linear motor would have
been well within the ambit of a POSA, and even required for Zhuang’s MERFISH
method. EX1002 9 324.

XIX. GROUND 10: OBVIOUSNESS OF CLAIM 53 IN VIEW OF ZHUANG,
CAIL, AND SHEN, IN FURTHER VIEW OF SANDS AND BOOKER

Claim 53 depends from claim 52 and further recites the use of a “linear
encoder configured to provide Z-motion feedback to said Z-axis linear motor.”
Briefly, a linear encoder encodes position, and the encoded position can be provided

to the Z-motor of claim 52 so as to adjust the position. EX1002 q 325.
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To the extent Zhuang, Cai, and Shen in view of Sands does not include a linear
encoder with Z-motion feedback, this would have been obvious in further view of
Brooker. [Id. q 326. Zhuang teaches autofocusing, explaining that “[c]onstant
focus was maintained throughout the imaging process with a home-built,
autofocusing system.” Id.; EX1003.011. As Dr. Czymmek explains, to maintain
focus with a microscope, a person of skill in the art would have been motivated to
utilize a linear encoder position and provide it to the motor in order to adjust position.
EX1002 9 326. This was a standard manner of autofocusing, as reflected, for
instance, in Brooker, which teaches an autofocusing apparatus for a microscope.
EX1040; EX1002 9 326. To implement the autofocusing mechanism, Brooker
explains that “position feedback is facilitated using...linear encoder scales
embedded within the stage construction.” EX1040 9 23.

Another example of an autofocusing system is taught in Shen, which uses an
“electric stepper motor attachment with linear-encoded feedback.” EX1032.004
(emphasis added); EX1002 4327. As Dr. Czymmek explains, a POSA would have
found it obvious to use a linear encoder as taught in Shen to precisely control the
distance between objective and the sample, permitting autofocus. 1d.

A POSA seeking to implement an autofocusing system of the type set forth in
Zhuang in 2015 would have been motivated to use a linear encoder to provide

feedback to a Z-motor because such systems were standard components that were
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known to be capable of effectively providing feedback in the context of microscope
autofocusing, as reflected in Brooker. Id. 4 328. A POSA would have expected
success in using such an approach for precisely the same reason. /d.

XX. GROUND 11: OBVIOUSNESS OF CLAIMS 55, 57, AND 58 IN VIEW
OF ZHUANG, CAI, AND SHEN, IN FURTHER VIEW OF WESSELS

Claim 55 depends from claim 36 and further recites “wherein said two or more
light sources comprise one or more light emitting diodes (LEDs).” Claim 57
depends from claim 36 and further recites that the optical system comprises “one or
more excitation filters configured to selectively filter one or more wavelengths of
light from said one or more light sources to said volume.” Claim 58 depends from
claim 57 and further recites that filter(s) is configured to filter light having a
wavelength of about 480 nm, 530 nm, 590 nm, or 650 nm.

Zhuang, as described above, teaches an optical system. See supra Section
X.A.l.c. This optical system is designed to provide monochromatic light to the
light source, such as at “641, 561, and 405 nm by using solid-state lasers” to excite
fluorescent probes. EX1003.011; EX1002 9 330.

While Zhuang teaches the use of lasers, analogous prior art, such as Wessels,
teaches the use of LEDs. EXI1002 ¢ 331. By 2015, LEDs were already
considered “ideal light sources for microscopy.” Id.; EX1050.001. For example,

Wessels describes a system where an “LED replaces the arc lamp at the same
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position” with “a conventional filter block containing a dichroic mirror (excitation
filter/dichroic mirror/emission filter).” EX1050.005-.006 (Fig. 1). A POSA
would have understood this to teach both the use of LEDs as a light source in
fluorescence microscopy and the use of an excitation filter in fluorescence
microscopy using LEDs. EX1002 99 332-333; 341-342. Wessels also teaches
specifically using light sources providing light at 470 nm, 525 nm 530 nm, 590 nm,
and 650 nm. EX1050.009 (Table 3); EX1002 q 346. A POSA would have
recognized these wavelengths are exactly or “about” the wavelengths recited in
Claim 58. EX1002 9 345-346.

A POSA would have been motivated to use LEDs and the filter system as
taught by Wessels in the optical system as taught Zhuang, Cai, and Shen to
accomplish the delivery of monochromatic light to the sample, as in claim 55
requiring an LED(s) and claim 57 requiring an emission filter(s). EX1002 99 335-
336; 341-342. Further, a POSA would have been motivated to use filters to
specifically deliver light of a wavelength of about 480 nm, 530 nm, 590 nm, or
650 nm, given these wavelengths are expressly taught in Wessels. EX1002 99 346-
347. Given the use of LEDs and excitation filters was well-known and
conventional, with numerous references in the art, a POSA would have had a

reasonable expectation of success. EX1002 99 335-36; 343; 347
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XXI. GROUND 12: OBVIOUSNESS OF CLAIM 61 IN VIEW OF ZHUANG,
CAI, AND SHEN, IN FURTHER VIEW OF THE SKILL AND
KNOWLEDGE OF A POSA

Claim 61 depends from Claim 36 and further recites that the system comprises
a vibration control rigid foundation. To the extent Zhuang, Cai, and Shen do not
disclose the use of such vibration control, it would have been obvious to a POSA.
EX1002 99 349-353.

As described above, Zhuang teaches the use of an automated system for
imaging or determination of nucleic acids, built around the Olympus IX-71
microscope. As Dr. Czymmek explains, a POSA would have known before 2015
that the Olympus IX-71 included a vibration control rigid foundation. EX1002
9 350-351. A 2009 brochure for the microscope contains numerous references to
maintaining stability and rigidity regardless of vibrations. EX1033.009, .010, .018;
EX1002 9 351. Thus, a POSA would have understood that Zhuang’s microscope
would have included a vibration control rigid foundation, and such would have been
within the knowledge of a POSA. [Id. §352. The inclusion of a vibration control
rigid foundation would have further been obvious to improve image quality during

automated imaging. Id. § 353.
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XXII. GROUND 13: OBVIOUSNESS OF CLAIM 62 IN VIEW OF ZHUANG,
CAIL, AND SHEN, IN FURTHER VIEW OF NIMAN AND/OR WINER

Claim 62 depends from Claim 36 and further recites “a fluidics controller
operatively coupled to the fluid dispenser and configured to automate or control
dispensation of said one or more fluid reagents to said sample holder.” To the
extent Zhuang and Cai do not disclose use of a fluidics controller system, it would
have been obvious to use one as taught by references such as Niman and Winer.
EX1002 99 355-358.

As described by Dr. Czymmek, fluidics controller systems were commercially
available and saw widespread use long before 2015. Id. 99 356-357. For
example, Niman teaches use of the Fluigent fluidics system, which allowed for
“pressure-driven flow and control of differential pressures to inlets and waste
outlets.” EX1044.003. Yet another example was Winer, who used the same
Fluigent system for flow pressure control. EX1051.003.

Not only were these systems available, but they were used in conjunction with
fluorescence microscopy. EX10029357. Niman used the system to study “time-
dependent change in concentration during switching of solutions” in the context of
single-molecule and single-cell studies. /d.; EX1044.001. Wainer used the system
to perform “three-dimensional...particle tracking” and determining precisely the 3D

locations of “cell-sized particles in microscale flows.” EX1051.001.
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A POSA would have been motivated to use such commercially available
systems because of the need for fluidics control in automating imaging systems, as
taught by Zhuang and Cai. EX1002 9 358. Further, a POSA would have had a
reasonable expectation of success in combining the references, given the state of the
art and known successes with such systems. /d.

XXIII. THE BOARD SHOULD REACH THE MERITS OF THIS
PETITION

A. The Facts and Law Weigh Against Discretionary Denial under
§ 325(d)

The Advanced Bionics test does not support discretionary denial of institution
under § 325(d). See Advanced Bionics, LLC v. MED-EL FElektromedizinische
Gerdte GmbH, IPR2019-01469, Paper 6 (P.T.A.B. Feb. 13, 2020) (precedential).

Neither Zhuang nor Shen were cited in the file history or before the Examiner.
EX1001 at code (56); EX1002 9 40. Cai was merely nominally of record during
examination, based on inclusion in an Information Disclosure Statement (IDS)
submitted by the Applicant to the Office in an August 6, 2021, IDS (EX1034 at 14,
17); EX1002 9 40. The Examiner gave Cai no substantive consideration during
examination. EX1002 9 40. Further references were neither cited in the file
history nor before the Examiner. Id. 4 43.

First and foremost, the Board should not exercise its discretion under § 325(d)

to deny institution because neither Zhuang nor Shen was before the Office. As set
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forth above, Zhuang teaches virtually every element of independent claim 36 of the
’554 patent, along with the features of several dependent claims. To the extent
there is anything inventive in the ’544 patent, it is the software instructions
associated with element (¢) of the claim. Zhuang teaches precisely these software
instructions in connection with a system for imaging nucleic acids in tissue that is
insubstantially different from what is described and claimed in the *554 patent. As
to Cai, while nominally before the Examiner being listed in an IDS submission, that
fact only evidences material error by the Examiner in failing to rely on Cai and reject
the then-pending claims. Indeed, the Examiner gave Cai no substantive
consideration and certainly did not consider the specific combination of Zhuang,
Cai, and Shen that is detailed herein.

To the extent Patent Owner contends Zhuang and/or Shen is cumulative to
prior art that was before the Office, this would only confirm that the Examiner made
a material error during Examination, misapprehending or overlooking the equivalent
of the references’ teachings. Specifically, as set forth in the Reasons for Allowance
for the *554 Patent, the Examiner determined that none of the prior art taught “the
systems as currently claimed, including the computing system configured for
determining three-dimensional positional information of the one or more nucleic
acid molecules using a plurality of optically-encoded signals.” EX1036.006-.007

(emphasis added). If prior art of record teaches these elements, the Examiner’s
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determination that there was none shows material error, and institution should not
be denied under § 325(d).

B.  FintivDoes Not Support Discretionary Denial

The parallel district-court proceedings do not justify discretionary denial
under the factors identified in Apple Inc. v. Fintiv, Inc., [IPR2020-00019, Paper 11
(PTAB Mar. 20, 2020) (precedential) (“Fintiv”), as applied in CommScope Tech.
LLC v. Dali Wireless, Inc., IPR2022-01242, Paper 23 (P.T.A.B. Feb. 27, 2023) and
OpenSky Indus., LLCv. VLSI Tech. LLC,1PR2021-01064, Paper 102 at 49 (P.T.A.B.
Oct. 4, 2022) (precedential).!

Fintiv, and cases and guidance applying Fintiv, weigh additional
considerations other than whether the statutory requirements for institution are met
in determining whether the Board should exercise its discretion to not institute
review. The Board rightfully can account for unique circumstances, including

those impacting the timing of proceedings that would make discretionary denial

' See also the USPTO Memorandum, Interim Procedure for Discretionary Denials
in AIA Post-Grant Proceedings with Parallel District Court Litigation
(“Memorandum”) (June 21, 2022), available at
https://www.uspto.gov/sites/default/files/documents/interim_proc_discretionary d

enials_aia parallel district court litigation memo_ 20220621 .pdf.
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unwarranted and unjust, and those relating to the complexity of the subject matter,
for which the benefit of an expert tribunal is particularly warranted.

1. Factor 1: Likelihood of a Stay

Even to the extent a stay is unlikely here, this should not weigh against
institution in the specific circumstances at issue here. As documented below, most
notably in connection with the Fintiv Factor 2, the circumstances here are unique
and inter partes review is especially warranted in the interest of fairness and justice
given the strong merits of the Petition.

2. Factor 2: Proximity of Trial Date to Final Written Decision

While a final written decision is unlikely to issue prior to trial in the parallel
district court proceedings, currently scheduled for September 16, 2024 (EX1061 at
2), this consideration does not support denying institution under the facts here.

Petitioner was prohibited by statute from filing this IPR until October 2023,
nine months after the ’554 patent issued in January 2023. See 35 U.S.C.
§ 311(c)(1). AsofOctober 2023, the parallel litigation, filed in February 2022, had

already been pending for roughly nineteen months based on several unrelated
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patents.? EX1062. When the ’554 patent was eventually asserted against
Petitioner in March 2023 (EX1063), the relevant parallel litigation had already been
pending for roughly a year.

While the timeline is such that trial will likely occur before a final written
decision, this would have been the case even if Petitioner had filed on the earliest
day allowed. Given the statutory constraints prohibiting Petitioner from filing until
nearly 19 months after being sued in district court, it would be unjust to conclude
that the proximity of trial to final written decision weighs in favor of denying
institution pursuant to § 325(d).

Further, the Board has declined to consider trials in parallel proceedings
coming before deadlines for final written decisions to bar institution. See, e.g.,
Samsung Elecs. Co., LTD v. Mojo Mobility, Inc., IPR2023-01089, Paper 11 at 17-
18, 25 (PTAB, Jan. 11, 2024); -01089, Paper 11 at 15-17, 24 (P.T.A.B. Jan. 11,

2024).

2 Petitioner and Patent Owner’s exclusive licensee (10x Genomics) were also
involved in another proceeding that did not involve the *554 patent, that went to trial
in November 2023. [0x Genomics, Inc. et al. v. NanoString Techs., Inc., No. 21-

cv-653 (D. Del. Filed May 6, 2021).
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3. Factor 3: Investment in Parallel Proceeding

This consideration should not weigh against institution. While the parallel
district court litigation was first filed in February 2022, this patent was only asserted
against Petitioner in March 2023 and could not have been challenged in an IPR until
October 2023. Furthermore, the amount of investment at this time i1s minimal, and
that by the time of an institution decision remains speculative. EX1061.

4. Factor 4: Overlap in Issues With Parallel Proceeding

This factor weighs against discretionary denial. Only one challenged claim
(independent claim 36) is at issue in the District Court. The limitations recited in
the other thirty-four non-overlapping claims (dependent claims 37-70) add
significant, albeit well-known, features.  Supra Sections X-XXII (including
grounds relying on additional references for features only recited in dependent
claims). Petitioner would be prejudiced if institution of the non-overlapping claims
was denied because Patent Owner could assert these claims against Petitioner’s
future products and/or customers in the future whereas the § 315(b) time bar would
apply to Petitioner. See Fintiv at 12-13.

5. Factor 5: Identity of the Parties

This factor is neutral because it is often the case for a patent asserted in district

court and challenged at the Board.
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6. Factor 6: Other Factors

Other circumstances impacting the Board’s exercise of discretion—including
the merits—strongly favors institution. As set forth above, the Petition sets forth
“[c]ompelling, meritorious challenges...in which the evidence, if unrebutted at trial,
would plainly lead to a conclusion that one or more claims are unpatentable by a
preponderance of the evidence.” OpenSky at 49 (citing Memorandum). For the
reasons set forth herein, grounded on the evidence of record, it is highly likely that
the Petitioner will prevail with respect to at least one challenged claim and Petitioner
sets forth a compelling, meritorious challenge. Id. Thus, the Board should
institute inter partes review because “compelling, meritorious challenges will be
allowed to proceed at the PTAB even where district court litigation is proceeding in
parallel.” Id. (quoting Memorandum at 4).

Further, this case is unique, especially as to timing where the 554 patent did
not 1ssue, and was not asserted, until after the district court proceeding was well
underway. Petitioner reasonably could not have filed this petition early enough to
fulfill factors 1-3 as applied in the quite-different typical case in which parallel
proceedings are not already well underway before patent issuance. These factors,
thus, in the interests of fairness and justice, should not weigh against institution of

review.
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Moreover, review is warranted because the challenged claims are lengthy and
involve complex technology particularly suited for comprehensive focused review
by an expert tribunal in their entirety rather than limited review by a lay jury of the
single asserted claim of the *554 patent among twenty asserted claims from six total
patents where other weighty issues must also be addressed. EX1063.001, .011-
.031; EX1064.013-48.

XI. CONCLUSION

For the reasons above, Petitioner respectfully requests inter partes review of

the *554 patent’s claims 36-70.
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Dated: January 30, 2024 Respectfully submitted,

/Derek C. Walter/

Derek C. Walter

Lead Counsel for Petitioner
Registration No. 74,656

Weil, Gotshal & Manges LLP
201 Redwood Shores Parkway
Redwood Shores, CA 94065
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APPENDIX A: LISTING OF CHALLENGED CLAIMS

Limitation

A system comprising:
(a) a stage comprising:
(1) a sample holder configured to receive a substrate

comprising a sample having a volume;

(i1) a temperature control apparatus operatively coupled to
said sample holder; and

(i11) an XY motion control system;
(b) a fluidics system comprising:

(1) one or more reservoirs configured to contain one or more
fluid reagents; and

(i1) a fluid dispenser operationally coupled to a pump, which
pump is configured to provide said one or more fluid reagents
from said one or more reservoirs to said sample holder; and

(c) an optical system comprising:
(1) an objective;

(i1) two or more light sources, wherein each light source of
said two or more light sources is configured to deliver light to
said volume, wherein said two or more light sources are
configured to emit two or more colors of light; and

(ii1) one or more detectors configured to receive light signals
from said volume;

(d) a Z-axis motion control system configured for Z-motion of an
objective focal plane through said volume; and

(e) a computing system comprising at least one computer readable
storage medium having program instructions stored thereon,
which program instructions are executable by at least one
processor of said computing system to cause said at least one
processor to perform a method comprising:
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receiving a plurality of images of at least a portion of said
volume from a plurality of read-out cycles, wherein said
plurality of images comprises a plurality of light signals
received from said volume during said plurality of readout
cycles, wherein said plurality of light signals 1s associated
with one or more nucleic acid molecules within said volume,
wherein each light signal of said plurality of light signals has
a three-dimensional spatial position within said volume;

determining a plurality of optically-encoded signals from said
plurality of light signals obtained from said plurality of read-
out cycles, wherein each optically-encoded signal is
associated with a nucleic acid molecule of said one or more
nucleic acid molecules, wherein said plurality of optically-
encoded signals comprises said two or more colors of light
detected by said one or more detectors in series;

identifying said one or more nucleic acid molecules based on
said plurality of optically-encoded signals; and

determining three-dimensional positional information of said
one or more nucleic acid molecules.

37 The system of claim 36, wherein said substrate comprises a flow
cell.

38 The system of claim 37, wherein said flow cell is a closed flow cell.

39 The system of claim 38, wherein said closed flow cell comprises a
fluid inlet and a fluid outlet, and wherein said fluid inlet is
fluidically coupled to said fluid dispenser

40 The system of claim 37, wherein said flow cell is an open flow cell.

41 The system of claim 36, wherein said objective is a water immersion
objective.

42 The system of claim 36, wherein said objective is a water dipping
objective.

43 The system of claim 36, wherein said temperature control apparatus
comprises a heat sink or a Peltier element.

44 The system of claim 36, further comprising a thermal control
system.

45 The system of claim 36, wherein said pump is a syringe pump.

46 The system of claim 36, wherein said fluidics system further

comprises one or more valves downstream of said one or more
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reservoirs and upstream of said fluid dispenser, wherein, upon
actuation, said one or more valves facilitate dispensation of fluid to
said sample holder.

47

The system of claim 46, wherein said one or more valves comprise a
rotary valve.

48

The system of claim 46, wherein said one or more valves comprise a
solenoid valve or a microfluidic valve.

49

The system of claim 40, wherein said fluidics system further
comprises an aspiration system comprising: (1) an aspiration tube
configured to remove fluid from said open flow cell and a pressure
source operatively coupled to said aspiration tube.

50

The system of claim 49, wherein said aspiration system further
comprises a motor operatively coupled to said aspiration tube,
wherein said motor is configured to adjust a motion axis of said
aspiration tube to control an interface between said aspiration tube
and said open flow cell.

51

The system of claim 50, wherein said motor is a stepper motor.

52

The system of claim 36, wherein said Z-axis motion control system
comprises a Z-axis linear motor configured for Z-motion of said
objective focal plane through said volume.

53

The system of claim 52, further comprising a linear encoder
configured to provide Z-motion feedback to said Z-axis linear
motor.

54

The system of claim 36, further comprising an objective wetting
apparatus.

55

The system of claim 36, wherein said two or more light sources
comprise one or more light emitting diodes (LEDs).

56

The system of claim 36, wherein said two or more light sources
comprise one or more lasers.

57

The system of claim 36, wherein said optical system further
comprises one or more excitation filters configured to selectively
filter one or more wavelengths of light from said one or more light
sources to said volume.

58

The system of claim 57, wherein at least one excitation filter of said
one or more excitation filters 1s configured to selectively filter light

having a wavelength of about 480 nm, about 530 nm, about 590 nm,
or about 640 nm from said one or more light sources to said volume.
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59

The system of claim 36, wherein said optical system further
comprises one or more emission filters configured to selectively
filter one or more wavelengths of light emitted from said volume to
said one or more detectors.

60

The system of claim 36, wherein said optical system is
mechanically, electrically, or electromechanically coupled to a
controller system configured to synchronize one or more imaging
events within said system.

61

The system of claim 36, further comprising a vibration control rigid
foundation.

62

The system of claim 36, further comprising a fluidics controller
operatively coupled to said fluid dispenser and configured to
automate or control dispensation of said one or more fluid reagents
to said sample holder.

63

The system of claim 44, wherein said temperature control apparatus
further comprises a temperature sensor configured to provide a
feedback signal to said thermal control system.

64

The system of claim 59, wherein at least one of said one or more
emission filters is configured to selectively filter light having a
wavelength of about 510 nm, about 570 nm, about 620 nm, or about
680 nm to said one or more detectors from said volume to said one
or more detectors.

65

The system of claim 36, wherein said two or more light sources
excite fluorescence in unique color channels such that each light
source of said two or more light sources is configured to excite
fluorescence in a unique color channel of said unique color
channels.

66

The system of claim 65, wherein each optically-encoded signal of
said plurality of optically-encoded signals comprises at least one of
said unique color channels.

67

The system of claim 36, wherein at least one of the plurality of
optically-encoded signals comprises two or more colors detected in
series.

68

The system of claim 36, wherein said two or more light sources
comprise four light sources.

69

The system of claim 36, wherein said optical system is configured
for wide-field microscopy.
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70

The system of claim 36, wherein a numerical aperture of said
objective is about 1.0.
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