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EX1001, 2:54-67, 16:35-40, 26:34-48, 89:25-51



’794 Patent Claim 1

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

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

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

an identity of the nucleotide,
a position of the nucleotide within the sample nucleic acid molecule,
a width of the pulse corresponding to the nucleotide, and
an interpulse duration representing a time between the pulse corresponding to the nucleotide and a pulse corresponding to a 

neighboring nucleotide;

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

the identity of the nucleotide,
a position of the nucleotide with respect to a target position within the window,
the width of the pulse corresponding to the nucleotide, and
the interpulse duration;

(c) inputting the input data structure into a model, the model trained by:
receiving a first plurality of first data structures, each first data structure of the first plurality of data structures corresponding to a 

respective window of nucleotides sequenced in a respective nucleic acid molecule of a plurality of first nucleic acid molecules, wherein 
each of the first nucleic acid molecules is sequenced by measuring pulses in the optical signal corresponding to the nucleotides, wherein 
the modification has a known first state in a nucleotide at a target position in each window of each first nucleic acid molecule, each first 
data structure comprising values for the same properties as the input data structure,

storing a plurality of first training samples, each including one of the first plurality of first data structures and a first label 
indicating the first state of the nucleotide at the target position, and

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

(d) determining, using the model, whether the modification is present in a nucleotide at the target position within the window in the input 
data structure.
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EX1001, claim 1



’794 Patent Claim 11
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11. The method of claim 1, wherein the model includes 
a machine learning model, a principal component 
analysis, a convolutional neural network, or a logistic 
regression.
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EX1001, claim 11; EX1049, 41:19-21, 78:9-12

Dr. Koo:



Petition: Proposed Combination
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Pet., 27-29; see also id., 33-51
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Petition: Rationale to Combine
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Pet., 29-33; see also id., 34-51
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Flusberg

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

EX1006, Abstract, 462-63, 465, Figs. 1, 3
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Flusberg-338
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EX1007, [54], [57], 12:10-11; 14:6-35, Fig. 2
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Flusberg-338
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EX1007, 63:22-27, 66:54-67:4, Fig. 14; Reply, 14
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PacBio-BAM
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EX1011, 1-2, 8
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Petition—Corroborating Prior Art
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Additionally, it was well-known and documented in the prior art that values for the claimed 
SMRT sequencing properties were routinely generated and known as useful in base 
modification detection. Specifically, POSAs appreciated that the sequence context (e.g., 
identity and positions of the bases in the vicinity of a modified base) strongly affects 
polymerase kinetics, and as a result, PW and IPD values. EX1006, 462-463; EX1007, 62:29-
31; EX1008, 1-2; EX1009, 124; EX1016, 2; EX1010, 130. POSAs.

Moreover, as Dr. Dessimoz explains, the scientific literature at the time further corroborates 
the obviousness of considering data for nucleotide identity, position, PW, and IPD together.

EX1021, 1-2 (using PacBio’s BAM file as an input data structure for base modification detection)

Pet. 29.

Pet. 31.

Pet. 30.



• Teaches effect of local context over window on modification signature and describes typical 
experiment that takes kinetic properties and sequence context into account

Corroborating Prior Art:
PacBio White Paper

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE EX1016, 1, 3-4; Pet., 7-8, 24, 30; Reply, 15 14



• Teaches both PW and IPD are principal pulse metrics and that their signature is dependent on 
local sequence context, as visible in a window around the modification

Corroborating Prior Art:
Clark

DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

EX1008, 1-2, Fig. 1; Pet., 7-8, 23-24, 30; Reply, 12-13, 15
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• Detects methylation modifications using a trained model

• Trained model uses BAM file (containing basecalls, IPD, and PW) as input data structure

• Detects modifications in a window of nucleotides

Corroborating Prior Art:
kineticsTools
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EX1021, 1-3; Pet., 9, 22, 24, 29, 45; Reply, 4, 12
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Corroborating Prior Art:
Tahir
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EX1035, 3-4, Fig. 1; Pet., 33; Reply, 7 n.1; 22-23; EX1002, ¶¶26, 43-44, 88-89, 138, 155

17

Pet. 33.

Specifically, the prior art at the time expressly embraced neural networks for detecting methylation status including the Keras
framework used by PO. EX1017, 16 (cataloging deep learning resources, including Keras, for genomics applications); EX1035, 3, 
(“implemented by Keras framework”), 5 (describing “an intelligent and robust method” for methylation detection); EX1022, Fig. 1 
(illustrating neural network for detecting methylation in ONT data); see EX1030, 10 (“The program for the CNN model was 
implemented on the basis of the Keras deep learning framework (https://keras.io/).”); EX1002, ¶¶87-90..

Tahir:



PO Fails to Rebut Obviousness

See generally POR; Reply

• Prior art teaches claimed “input 
data structure”

• No teaching away from including 
nucleotide identity

• No teaching away from including 
pulse width

• No secondary indicia attributable 
to claimed invention

18DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



PO Fails to Distinguish BAM File from Claim 1(b)
PO’s Arguments Not Commensurate with Scope of Claims

EX1049, 73:12-75:8; Reply, 4

19DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

Dr. Koo:

PO’s argument:



Reply:

Institution decision:

PO Fails to Distinguish BAM File from Claim 1(b)
PO Advances the same Argument Rejected at Institution

Reply, 3; DI, 21-22

20DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



Dr. Dessimoz Confirms Inputting BAM Data to Model Trivial

EX1002, ¶82; EX2037, 102:15-104:8; Pet., 29; Reply, 3-4

21DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

Declaration testimony:

Cross examination confirms:



Prior Art Confirms Inputting BAM Data to Model Trivial

EX1021, 2; EX1032, 2; EX1036, 1; EX1002, ¶45; Reply, 4; Pet., 10-11

22DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

kineticsTools:

Wenger and Deep Variant:



No Teaching Away from Nucleotide Identity

Reply, 7-11; EX1006, 462-63; EX1007, 14:57-15:8; Figs. 2, 14

• Flusberg Publications taught to use
nucleotide identity

23DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



No Teaching Away from Nucleotide Identity

EX1007, Figs. 2, 14; EX1049, 43:5-13, 88:15-18

Flusberg-338: Dr. Koo:

24DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



• Dr. Koo disregarded disclosure because he thought it was not real data

- Cross, re Flusberg-338, Figs. 11 and 14:

- Flusberg-338:

Dr. Koo’s Opinions Based on Legal and Factual Error

EX1049, 97:18-99:11, 103:11-14; EX1007, 65:47-66:3

25DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



Prior Art Corroborates Including Nucleotide Identity

EX1008, 1-2, Fig. 1; EX1016, 3; EX1021, 1-2; Reply, 12-13

• kineticsTools:

• White Paper:

• Clark:

26DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



PO Mischaracterizes Dr. Dessimoz’s Testimony

Sur-reply, 12; EX2037, 193:11-194:8

• Sur-reply:

• Dr. Dessimoz:

27DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



No Teaching Away from PW

EX1006, Fig. 3; EX1007, 67:64-67, 78:7-12, Fig. 2; EX1011, 8; Reply, 14-15

• Each of Flusberg Publications and PacBio-BAM teaches to include PW for 
modification detection

28DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

Flusberg: Flusberg-338:

PacBio-BAM:



No Teaching Away
Prior Art Corroborates Including PW

EX1021, 1-2; Reply, 14-15

• Clark also teaches using PW in combination with IPD and sequence context

29DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



No Teaching Away
Prior Art Corroborates Including PW

EX1016, 4, 5; EX1047, 4-5, 11; Reply, 15-16

• White Paper teaches using tools that evaluate PW, IPD, and sequence context in 
“typical experiment for detecting DNA base modifications”

30DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



No Teaching Away
PO Mischaracterizes Schadt

EX1002, ¶38; EX1010, 130; Reply, 15-16

• Schadt:

• Dr. Dessimoz:

31DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



• POR:

No Objective Indicia

POR, i-ii; Reply, 16-27

32DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

• FALSE

• FALSE

• FALSE

• FALSE

• FALSE



• Dr. Koo performed no nexus analysis:

• Dr. Koo admits Tse is at best an embodiment
of claim 1
- EX2002:

Objective Indicia: No Nexus

EX1049, 73:4-7, 78:9-12, 149:9-22; EX2002, i; Reply, 16

33DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



• POR:

• Claims do not exclude bisulfite conversion

• Claims not limited to methylation, 5mC, SMRT 
sequencing, or even DNA

Objective Indicia: Not Commensurate with Claims

EX1049, 64:10-21, 65:13-21, 68:24-69:4, 84:9-12; POR, 45 34DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



• Flusberg:

• White Paper:

• Clark:

Objective Indicia: Alleged Need Already Met

EX1006, 1, Fig. 4; EX1016, 1; EX1008, 1; Reply, 18-20 35DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



• POR:

• Schadt:

• Dr. Koo:

Objective Indicia: No Failure
PO Mischaracterizes Schadt

POR, 42; EX1049, 56:3-15; EX1010, 129; Reply, 20 

36DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 



• Admitted differences in window size, elements, data structure, and CNN:

• Alleged similarities -> conventional structures of prior art CNNs:
- input layer
- convolutional layers
- sigmoid function

Objective Indicia: No Copying

EX1049, 80:18-824; EX1035, Fig. 1; Reply, 21-24

37DEMONSTRATIVE EXHIBIT – NOT EVIDENCE 

PO curiously alleges copying of Tse’s HK model by Dr. Wenger but readily admits he used a 
different data structure (e.g., 16 versus 21 nucleotide window, different matrix organization) 
and a different CNN (“TensorFlow CNN”). EX2041, ¶¶81-83, 85.

Tahir: Dr. Koo:



• PO alleges praise from Mr. Henry in 2020 earnings call

• HiFi sequencing product released in 2019

• Praise directed to PacBio’s own products:

- Mr. Henry described “the power and the potential of PacBio HiFi sequencing technology”

- Mr. Henry shared “customer highlights”

- Customers using PacBio’s product included Dr. Lo and HudsonAlpha Institute of Biology

Dr. Koo:

Objective Indicia: No Praise

Reply, 24-25; EX1049, 36:4-6
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• Comparison in Fig. 29 disconnected from and not commensurate with claims

- Comparison between neural network and PCA, but claims encompass both

- Comparison does not reflect Flusberg Publications’ actual AUC

• Flusberg-338 not limited to PCA, but expressly discloses using neural network

• Flusberg reports AUC of 0.96, superior to best performance reported in ’794 patent

- Patent figures show model type affects performance (e.g., logistic regression lowers AUC to 
0.83)

- Claims encompass embodiments with worse AUC (AUC=0.5 for many window sizes)

Objective Indicia: No Unexpected Results

Reply, 25-27; EX1001, Figs 23B, 30B; EX1006, 463-64, Fig. 4c 
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Flusberg:
’794 
patent:


