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Infringement Claim Chart for U.S. Patent No. 11.091.794

Products and systems (“Accused Products and/or Systems™) made, used, sold, offered for sale, and/or imported by Pacific Biosciences
of California, Inc. (“PacBio™) practice all elements of claims 1-3, 7-8, 10-16, 18-19 (*Asserted Claims™) of U.S. Patent No.
11,091,794 (**794 Patent™). The Accused Products and/or Systems include at least those products and systems identified in Plaintiffs’
Disclosures Pursuant to Paragraph 7(a) of the Scheduling Order (April 12, 2023), and any amendments thereto. PacBio directly
infringes the Asserted Claims at least through its making, use, sale, offer for sale, and/or importation of the Accused Products and/or
Systems. PacBio indirectly infringes the Asserted Claims through its making, use, sale, offer for sale, and/or importation of the
Accused Products and/or Systems, as well as any acts taken to induce direct infringement by others. Plaintiffs reserve their rights to
amend or supplement this infringement claim chart as their investigation and discovery proceed in this action.

References:

e Methylation Detection with HiFi Sequencing Video, available at https://www .pacb.com/videos/methylation-detection-with-
pacbio-hifi-sequencing/ (“HiFi Sequencing Video™).

e Measuring DNA Methylation with 5-Base HIFI Sequencing Application Note, available at https://'www.pacb.com/wp-
content/uploads/application-brief-measuring-dna-methylation-with-5-base-hifi-sequencing.pdf (“PacBio Measuring DNA
Methylation Application Brief™), produced at PBIO_00000010-11.

e Epigenetics, available at https://www.pacb.com/products-and-services/applications/epigenetics/, attached as Exhibit F to the
Complaint (“PacBio Epigenetics Webpage™).

s PacBioFileFormats Documentation, Release 11.0.0 (Feb. 2, 2022), available at
https://pacbiofileformats.readthedocs.io/ /downloads/en/1 1.0/pdt/, attached as Exhibit G to the Complaint
(“PacBioFileFormats Documentation™).

e HiFi Sequencing, available at https://www.pacb.com/technology/hifi-sequencing/, attached as Exhibit H to the Complaint
(“PacBio HiFi Sequencing Webpage™).

e PacBio SMRT® Link User Guide Sequel® II and Ile Systems (v11.0) (April 2022), available at https://www.pacb.com/wp-
content/uploads/SMRT Link User Guide v11.0.pdf, attached as Exhibit I to the Complaint (“SMRT® Link User Guide,
v11.0™), produced at PBIO _00000560-701.

e PacBio SMRT® Link User Guide Sequel® II and Ile Systems (v11.1) (November 2022), available at
https://www.pacb.com/wp-content/uploads/SMRT Link User Guide v11.1.pdf, attached as Exhibit M to the Complaint
(“SMRT® Link User Guide, v11.17), produced at PBIO_00000702-854.
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PacBio SMRT® Link User Guide Revio™, Sequel® II and Sequel® Ile Systems (v12.0) (April 2023), available at
https://www.pach.com/wp-content/uploads/SMRT Link User Guide v12.0.pdf (“SMRT® Link User Guide, v12.07),
produced at PBIO 00000855-1003.

PacBio SMRT® Tools Reference Guide (v11.0) (April 2022), available at https://www.pacb.com/wp-
content/uploads/SMRT Tools Reference Guide v11.0.pdf, attached as Exhibit I to the Complaint (“SMRT® Tools Reference
Guide, v11.0™), produced at PBIO_00001004-1120.

PacBio SMRT® Tools Reference Guide (v11.1) (November 2022), available at https://www.pacb.com/wp-
content/uploads/SMRT Tools Reference Guide v11.1.pdf, attached as Exhibit L to the Complaint (“SMRT® Tools
Reference Guide, v11.17), produced at PBIO_00001121-1254.

PacBio SMRT® Tools Reference Guide (v12.0) (March 2023), available at https://www.pacb.com/wp-
content/uploads/SMRT Tools Reference Guide v12.0.pdf (“SMRT® Tools Reference Guide, v12.0"), produced at
PBIO 00001255-1389.

Technical Overview: HiFi Library Preparation Using SMRTbell® Express Template Prep Kit 2.0 for De Novo Assembly and
Variant Detection Applications (April 2021), available at https://www.pacb.com/wp-content/uploads/HiFi-Library-
Preparation-Using-SMRTbell-Express-TPK-2.0-Customer-Training.pdf (“HiFi Library Preparation Customer Training™).

Preparing Whole Genome and Metagenome Libraries Using SMRTbell® Prep Kit 3.0 (March 2023), available at
https://www.pach.com/wp-content/uploads/Procedure-checklist-Preparing-whole-genome-and-metagenome-libraries-using-
SMRTbell-prep-kit-3.0.pdf (“Preparing Whole Genome and Metagenome Libraries Using SMRTbell® Prep Kit 3.0™).

PacBio and Children’s Mercy Kansas City Expand Collaboration Taking a Multi-Omics Approach to Characterize Rare
Disease (April 21, 2022), available at https://www.pacb.com/press releases/pacbio-and-childrens-mercy-kansas-city-expand-
collaboration-taking-a-multi-omics-approach-to-characterize-rare-disease/, attached as Exhibit E to the Complaint (“PacBio
and Children’s Mercy Kansas City Press Release™).

Rhoads, A., & Au, K. F. (2015). PacBio Sequencing and Its Applications. GENOMICS, PROTEOMICS & BIOINFORMATICS, 13(5),
278-289. https://doi.org/10.1016/j.gpb.2015.08.002, available at
https://www.sciencedirect.com/science/article/pii/S1672022915001345 (“Rhoads & Au™).

Sequencing 101: from DNA to discovery - the steps of SMRT® sequencing (July 7, 2020), available at
https://www.pacb.com/blog/steps-of-smrt-sequencing/ (“Sequencing 1017)



EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

Preparing DNA for PacBio HiFi Sequencing — Extraction and Quality Control (Technical note) (available at
https://www.pach.com/wp-content/uploads/Technical-Note-Preparing-DN A-for-PacBio-HiFi-Sequencing-Extraction-and-
Quality-Control.pdf) (“Preparing DNA for PacBio HiFi Sequencing™)

HiFi WGS at Scale on the Sequel® Ile System (Brochure) (available at https://www.pacb.com/wp-content/uploads/HiFi-
whole-genome-sequencing-at-scale-on-the-Sequel-Ile-system.pdf) (“HiFi Sequel® II System Brochure™)

Alternative size selection methods for SMRTbell® prep kit 3.0 (Technical note) (available at hitps://www.pacbh.com/wp-
content/uploads/Technical-note-Alternative-size-selection-methods-for-SMR Thell-prep-kit-3.0.pdf) (“Alternative size
selection methods for SMRThell® prep kit 3.0).

“No-Amp Targeted SMRT® Sequencing Using a CRISPR-Cas9 Enrichment Method” (Poster Presentation) (available at
https://www.pacb.com/wp-content/uploads/McLaughlin-ASHG-2018-No-Amp-Targeted-SMRT-Sequencing-Using-a-
CRISPR-Cas9-Enrichment-Method.pdf) (“No-Amp Targeted SMRT® Sequencing Using a CRISPR-Cas9 Enrichment
Method™).

Long, Processive enzymatic DNA synthesis using 100% dye-labeled terminal phosphate-linked nucleotides (July 7, 2019)
(available at https://www.pacb.com/publications/long-processive-enzymatic-dna-synthesis-using-100-dye-labeled-terminal-
phosphate-linked-nucleotides/) (“Long, Processive enzymatic DNA synthesis using 100% dye-labeled terminal phosphate-
linked nucleotides™).

“Introduction to SMRT® Sequencing” (“Introduction to SMRT® Sequencing Video™), produced at PBIO_00000001.
“PacBio Sequencing - How It Works” (“PacBio Sequencing - How It Works Video™), produced at PBIO_00000002.

“Customer Overview of System and Software Release v11.0” (“Customer Overview of System and Software Release v11.0™),
produced at PBIO 00000012—46.

“DNA Methylation and 5-base HiFi Sequencing Slides” (“DNA Methylation and 5-base HiFi Sequencing Slides”), produced at
PBIO 00000047-79.

“SMRTbell library preparation overview - Revio system v12.0.pdf” (“SMRTbell library preparation overview - Revio
system”™), produced at PBIO _00001390-1427.

“SMRTbell library preparation overview - Sequel® Ile system v11.0.pdf” (“SMRTbell library preparation overview - Sequel®
Ile system™), produced at PBIO 00001428-1472.

“Release v11.0 Sales Training Part 2 v1.0” (“Release v11.0 Sales Training Part 2 v1.0”), produced at PBIO_00001473-1543.
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“Sales Training - DNA Methylation and 5-base HiFI Sequencing v1.0” (*Sales Training - DNA Methylation and 5-base HiFI
Sequencing v1.0™), produced at PBIO_00001544-1610.

“Sequel® Ile System v11.0 Release Overview Training - NA EMEA FAS and Tech Support - Part 1 040722 v1.0” (“Sequel®
I[le System v11.0 Release Overview Training - NA EMEA FAS and Tech Support - Part 1 040722 v1.0”), produced at
PBIO 00001611-1704.

“Sequel® Ile System v11.0 Release Overview Training - NA EMEA FAS and Tech Support - Part 2 041422 v1.0” (“Sequel®
ITe System v11.0 Release Overview Training - NA EMEA FAS and Tech Support - Part 2 041422 v1.0™), produced at
PBIO 00001705-1824.

“Sequel® Ile System v11.0 Release Overview Training BFX FAS Training 041422 v1.0” (“Sequel® Ile System v11.0
Release Overview Training BFX FAS Training 041422 v1.0”), produced at PBIO_00001825-1871.
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A, |Claim 1]

[L.pre] A method for All of the Accused Products and/or Systems perform a method for detecting a modification of a
detecting a modification of a | nucleotide in a nucleic acid molecule using a Single Molecule, Real-Time (SMRT) sequencing
nucleotide in a nucleic acid | technology known as HiFi Sequencing.
molecule, the method

comprising: Sequencing 101: from DNA to discovery — the
steps of SMRT sequencing

Starting a sequencing project can be daunting. First of all. there are several types 0" sequencing 1echnologies.
each based on unique processes. At PacBio, we use a technology called Single Molecule, Real-Time (SMRT)
SEquencing

See Sequencing 101 (annotated)

For example, the epigenome workflows with PacBio HiFi reads using Accused Products include a DNA
extraction step! followed by: (1) a library prep step, which includes the use of SMRTbell® prep kits?,
and/or barcoding kits®, and/or AMPure® PB bead size selection kits®; (2) a sequencing step using a

! The DNA extraction step can be performed using one or more of the following PacBio kits: Nanobind® kits (e.g., PN: 102-
301-900, PN: 102-302-000, PN: 102-302-100, PN: 102-762-800, PN: 102-762-700) and/or Short Read Eliminator (SRE) kits (¢.g.,
PN: 102-208-200, PN: 102-208-300, PN: 102-208-400).

2 SMRTbell® prep kits include (a) SMRThell® prep kit 3.0 (PN: 102-182-700), which is compatible with the Sequel® I,
Sequel® Ile, and Revio™ Systems; and (b) HiFi express template prep kit 2.0 (PN: 102-088-900), which is compatible with the
Sequel® IT and Sequel® Ile Systems.

3 Barcoding kits include (a) SMRTbell® barcoded adapter plate 3.0 (PN:102-009-200), which is compatible with the Sequel®
I1, Sequel® Ile, and Revio™ Systems; and (b) HiFi express template prep kit 2.0 (PN: 102-088-900), which is compatible with the
Sequel® IT and Sequel® Ile Systems.

4 AMPure® PB bead size selection kits include AMPure PB beads size selection kit (PN: 102-182-500), which is compatible
with use with the SMRTbell® prep kit 3.0 for the Sequel® 11, Sequel® Ile, and Revio™ Systems.
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PacBio long read sequencing system (e.g., Sequel® II, Sequel® Ile, and Revio™ Systems)”; and (3) a
data analysis step using PacBio’s SMRT® Link software®.

That workflow is indicated below for the Sequel® II (e.g., Sequel® II and Sequel® Ile) and Revio™
systems:

Seale your whole genome sequencing (WGS) 2nd epigenomis warkficws with PacBio® HiFi reads
employing 3 single technicizn working one day @ week. Seguence 25 numan genomes at = 30-fold
coverage 2ach mentn using four Seguel” IF systems.”
1 technician + 1 day per week =
5 SMRT* Cells per Sequel lle system for up to 4 Sequel lle systems

B e

LIBRARVERET SMRT® SEQUENCING DATA ANALYSIS
P S s
T g of DNA per SMRT Call BM = 65 days of walk-away sutomated = HIFi reads + 5mC caling Sow
Butematon-frendly untime campkats view of the gename and

Upt24 WS sempies prepared  © U MSument base sad SmC el e
b 55 Foiars calling allowing low compute coste - Low data storene oosts with 35 GB
< Binglh WorkIN G H e S - e ST R, file sines per SMRT Call (176 CGR
B b anmatically fter each SMRT Paryrmak fc Tnteimar)
Call BM iz pracessad

See, e.g., HiFi Sequel® II System Brochure

% Sequel® II and Sequel® Ile Systems are used with a SMRT® cell (e.g., SMRT® Cell 8M tray (PN: 101-389-001)), which is
loaded with a SMRTbell® library bound to polymerase using a Polymerase binding kit (e.g., Sequel® II binding kit 2.0 (PN: 101-789-
500), and/or Sequel® II binding kit 2.1 (PN:101-820-500), and/or Binding Kit 3.1 and cleanup beads (PN:102-333-400), and/or
Binding kit 3.2 and cleanup beads (PN: 102-333-300), and/or Sequencing kit (Sequel® II sequencing kit 2.0 (PN:101-820-200)). The
Revio™ system is used with a Revio™ SMRT® cell (Revio™ SMRT® Cell tray (PN: 102-202-200)), which is loaded with a
SMRTbell® library bound to polymerase using a Polymerase binding kit (Revio™ polymerase kit (PN: 102-817-600)), and/or
Sequencing kit (Revio™ sequencing plate (PN: 102-587-400)).

6 PacBio’s SMRT® Link software is compatible with Revio™ (v12.0), Sequel® II (v12.0, v11.1, v11.0), and Sequel® Ile
(v12.0, v11.1, v11.0) systems (See Software Downloads, available at hitps://www.pach.com/support/software-downloads/).

-6 -
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Sequencing specifications

The Revio system utilizes nanofabricated Revio SMRT* Cells, each of which has 25 million zero-mode waveguide wells. Revio
has four independent stages, allowing sequencing of multiple SMRT Cells in paraliel. The onboard compute provides accurate
basecalling with Google DeepConsensus, plus methylation calling In every run.

HIFi yleld"*

Librar Run time Base quality” Methylation
— 1 Revio SMRTCell 4 Revio SMRT Cells quasly "

15-20kh 24 hours 90 Gh 360 Gb ! 90% 030+ SmC at CpG sites

5 herman DINA exirach
type

mohind CBE Wt and prepared with SMATheE prep kit 30
ally lewwer o & 1

See, e.g., Revio™ Specification Sheet

The methods and products that are used in this workflow are used to generate HiFi reads and allows
5mC base calling. i.e., detecting methylation, of nucleic acid molecules

For example, all of the Accused Products and/or Systems can detect SmC methylation (a modification of
anucleotide) in a DNA molecule using HiFi Sequencing as shown below:

HUMAN AND EUKARYOTE
EPIGENETICS

Use 5-base HIFl sequencing to study
epigenetics of humans and other

eukaryotes. Measure SmC methylation at
CpG sites directly from the sequencing
instrument without the need for bisulfite
treatment or other special library
preparation methods.

Download example data

See, e.g., PacBio Epigenetics Webpage (annotated).
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MEASURING DNA METHYLATION WITH

o-BASE HIFI SEQUENCING

Genome-wide detection and phasing of genetic and epigenetic variants from a single library prep
HiFi sequencing produces long, accurate Methylation Shart-read MNanogare 50
reads of the 4 OMA bases — A, C, G, and miCTCATEys  EeguenCing seguencing sequencing
T — that dediver the most comprehensive . I
characterization of gengmes '* s & @ @ | ©®
But HiFi sequencing is not limined to - .
cheracterizing the genome. I simuftaneaushy s | = = @ | @
measures the epigenome by detecting a fifth Haplotype ) —~
; =) %) Lirvitec] -
biase = SmMC at CpG site phasing X ¢ = . ©
Genome- —
- Detects distinet regional eplgenet with | O | @ | G) | @
patterms Rocairai Foguires special
- Accesses methylation in the full gename MWT.E"G Liréted specid | 'I"'"" "E:i?%‘f:}? ©
eparEtion :
« |dentifies allele-specific ocascha

See, e.g., PacBio Measuring DNA Methylation Application Brief (annotated) at PBIO 00000010,

SMRTbell” library ~ PacBio® long-read systems 5-base HiFi sequencing with A, C, G, T, #5mC
O . y . = =
: A|cITIG[Alc]G|GlAlc]TIG|A[T[c]|GlAIC[T]G]

encoded with standard SAM tags’
MMZCHm A2 16414194410

Sme
A | 1 ‘ [ [ MUBC 1404 247,177 210278 245344
| L | | ! The Packlia | d ctl Hghly scourate HF
Tarw

i izt

e & ¥ T
rends with annotation of SmC mathyiation 8l 58 CpG sites,
No speciat librry e bisulf: Is required.

vy a

See, e.g., PacBio Measuring DNA Methylation Application Brief (annotated) at PBIO 00000010,
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EPIGENETIC ANALYSIS WITH 5-BASE HIFI SEQUENCING

PacBio HiFi sequencing simultaneously calls the four DNA bases and 5mC from untreated genomic DNA. Achieve
genome-wide detection and phasing of genetic and epigenetic variants from a single, standard HiFi library prep with
long and accurate reads.

With the power of long-read sequencing, you can achieve:
Epigenetics in every run — no bisulfite treatment required

Unlike methods that require chernical conversion of DNA, HiFi sequencing detects modifications in native DNA through
impacts on the kinetics of base incerparation.

High accuracy of sequence and methylation
Mathylation detection with HIF: sequencing is highly concordant to bisulfite sequencing.
Access the full genome

Access difficult regions of the genome like repeats and centromeres that are beyond the reach of short-read
sequencing.

Phasing

Identify allele-specific methylation, whether due to parental imprinting, genetic variation, or repeat expansions.

See, e.g., PacBio Epigenetics Webpage (annotated).

See also Introduction to SMRT® Sequencing Video at PBIO_00000001; PacBio Sequencing - How It
Works Video at PBIO_00000002; Customer Overview of System and Software Release v11.0 at
PBIO_00000013-33; DNA Methylation and 5-base HiFi Sequencing Slides at PBIO_00000048-78;
Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001479, 1489, 1492—-1516; Sales Training - DNA
Methylation and 5-base HiFI Sequencing v1.0 at PBIO _00001574-1589; Sequel® Ile System v11.0
Release Overview Training - NA EMEA FAS and Tech Support - Part 1 040722 v1.0 at

PBIO 00001677-1679; Sequel® Ile System v11.0 Release Overview Training - NA EMEA FAS and
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Tech Support - Part 2 041422 v1.0 at PBIO 00001776-1778; Sequel® Ile System v11.0 Release
Overview Training BFX FAS Training 041422 v1.0 at PBIO_00001835-1850.

[1.a] (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:

The Accused Products and/or Systems (e.g., PacBio’s Sequel® 11, Sequel® Ile, and Revio™ long-read
sequencing systems) receive 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 each
nucleotide.

For example, the Accused Products and/or Systems measure an optical signal—light—that is emitted
during HiFi sequencing. Those optical signals are then recorded (i.c., received) as data “in a format that
can then be analyzed™ to obtain values of the properties discussed further below.

Step 3: sequencing

Once your library Is prepared, the PacBlo sequencing system, such as the Sequsl || systam,

takes over Al the heart of SMRT sequencing is the SMRT Cell, which contains millions of
tiny wells called zero-mode waveguides (ZMWs). Single molecules of DNA are immobilized
in these welis, and as the polymerase incorporates each nucleotids, light is emitted, and
nucleotide incorporation 1s measured in real ime  The reactions are recorded in a format that can then be
analyzed using on-instrument tools, as well as additional software

See, e.g., Sequencing 101 (annotated)

The light emitted and the data acquired during HiFi sequencing comes from fluorescently labeled
nucleotides from a DNA strand.

For example, PacBio explains that “the fundamental characteristics of PacBio sequencing” includes
“observing in real time a DNA polymerase synthesizing a DNA strand incorporating fluorescently
labeled nucleotides™ and that the fluorescence “labels the color of the pulses that are observed” which
“indicate the identity of the base A, C, G, or T” nucleotides. HiFi Sequencing Video at 2:35-2:54. Thus,
PacBio describes the fluorescent labeling performed by the Accused Products and/or Systems as using
pulses of light.

- 10 -
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Those “pulses™ of fluorescent color are shown on PacBio’s website:

HiF sequencng provides two channels of information: fuorescence and ki

reads (flucrescence) plus methylation status (kinstic:

[Puilse [ Pulee [ Pulee | [Pube |

flue
v mative DA
" " ey T). Epigerstic modificati
. T [ . | Kinetics —
PSR M e e Bbrary prep s requined

Muckeatida incamaration kinelics
T are messared i el me
“Ti

"in XAl |

|‘I.|gl|l'1ulnni|}" on Y-Axia |

HOW 5-BASE HIFl SEQUENCING CALLS METHYLATION STATUS

ics. Litiizing both enables highly accurate
aa) frorn a single lbeary

abeled nucheolides compleme

and The laksel identifies the base (A, C, 6,

fast bases are incorporated. Mo special

ry )

e 5 impact pofymenase

See, e.g., PacBio Epigenetics Webpage (annotated).

In addition, that same webpage explains that “HiFi sequencing observes a polymerase incorporating
fluorescently labeled nucleotides complementary to a native DNA strand™ as shown below:

T). Epigenetic miod
kinetics
lirary prep s required

| e

Mucleotide incamoestion kinaties
&ne measured in real fime

HOW 5-BASE HIFI SEQUENCING CALLS METHYLATION STATUS

HiFi sequencing provides twe channels of information: fluarescence and kinatics. Utilizing bath enables highly accurate

reads (fluorescence) plus methylation status (kinetics) from & si

trarad The label identifies the base (A, C. G,
ions like SmC impact polymerase
how fast bases are incorporated. No special

nigle library

See, e.g., PacBio Epigenetics Webpage (

annotated).

11 -
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See also Introduction to SMRT® Sequencing Video at PBIO_00000001; PacBio Sequencing - How It
Works Video at PBIO_00000002; Customer Overview of System and Software Release v11.0 at
PBIO_00000021-22; DNA Methylation and 5-base HiFi Sequencing Slides at PBIO_00000056-59;
Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001492; Sales Training - DNA Methylation and 5-
base HiFI Sequencing v1.0 at PBIO _00001575-1576.

[1l.a.1] for each nucleotide: | As to claim element [1.a.1], the data acquired by measuring pulses in the optical signal include values,
for each nucleotide, for the identity of the nucleotide.

HOW 5-BASE HIFI SEQUENCING CALLS METHYLATION STATUS

HiFi sequencing provides two channels of information: fluorescence and kineties. Utilizing beth enables highly accurate

an identity of the nucleotide,

reads (fluorescence) plus methylation status (kinetics) from a single library

ITu Narabiale | [G" T |
A ravieotia ] | € Nudleotd ]
HiFi sequencing observes a polymerase incorporating
P ?i flucrescently labeled nuclectides complermentary to a
Bt native DNA strand. The lzbel ideritifies the basa (A C, G,

- T). Epigenetic modifications like SmC impact polymerase

E A H T I ¢ | kinetics — how fasl bases are incorporated, No special
¥ library prep is required

Mucleotide incarporation kinetics
are measured in real time

See, e.g., PacBio Epigenetics Webpage (annotated).
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PacBio explains the fluorescent labeling processing of the Accused Products and/or Systems detecting
“the color of the pulses that are observed™ which “indicate the identity of the base A, C, G, or T”
nucleotides. HiFi Sequencing Video at 2:45-2:54.

PacBio sequencing detects methylation in native DNA

Flaorescence
weorvaty (8 w)

"6 CTCG ATC AGTAC A

| A Pulse color indicates
o] N, 1 '| F | base identity
Maenrd L gl st e 4
y . . . T i3) .
Pusowdth H - Kinetics impacted by base

context and epigenelics

See, e.g., HiFi Sequencing Video at 2:45-2:54 (annotated).
See also Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001492,

See also Introduction to SMRT® Sequencing Video at PBIO_00000001; PacBio Sequencing - How It
Works Video at PBIO_00000002; Customer Overview of System and Software Release v11.0 at

PBIO (0000021-22; DNA Methylation and 5-base HiFi Sequencing Slides at PBIO_00000056-59;
Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001492; Sales Training - DNA Methylation and 5-
base HiFI Sequencing v1.0 at PBIO 00001575-1576.

-13-
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As to claim element [1.a.2], the data acquired by measuring pulses in the optical signal include values,

[1.a.2] [for each nucleotide:]
for each nucleotide, for the position of the nucleotide within the sample nucleic acid molecule.

a position of the nucleotide
within the sample nucleic
acid molecule,

PacBio shows that it captures the positions of the bases over the time of the sequencing read:

PacBio sequencing detects methylation in native DNA

:
EE’“ Pulse color indicates
el g ﬁ“ ﬁ,‘ base identity
R O T T T DO T D)
Tima (1)
Pusawdh 1 Kinetics impacled by base
— contex! and epigenelics

Pty v (U0 Aatry Lt T 1

See, e.g., HiFi Sequencing Video at 2:45-2:54 (annotated).
See also Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001492.

14 -



EXHIBIT A

CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

For example, the Accused Products and/or Systems receive data corresponding to the subsequence or
subread of a sample nucleic acid—referred to as a “query”—which is aligned with a target or reference

sequence, thereby obtaining the position of each nucleotide within the sample nucleic acid.

2.9 Use of read tags for per-read information

Tag

Description

s

(-hased start of query in the ZMW read (absent in CCS)

qe

(-based end of query in the ZMW read (absent in CCS)

Wh

Start of first base of the guery {*gs”) in approximate raw frame count since start of movie.
For a CCS read, the start ol the first base of the first incorporated subread.

Start of last base of the query (*ge - 17} in approximate raw frame counl since start off
movie. For a CCS read. the start of the last hase of the last incorporated subread.

ZMW hole number

NumPasses (1 for subreads, vanable for CCS—encodes number of complete passes of
the insert)

Effective coverage for CCS reads, the average subread coverage across all windows (only
present in CCS reads)

Floatin [0, 1] encoding expected accuracy

4 floats for the average signal-to-noise ratio of A, C, G, and T (in thal order) over the
HOQRegion

PacBio shows that the position is included in the “feature vector” it generates from the reads, which Dr.

See, e.g., PacBioFileFormats Documentation, p. 10.

Wenger refers to as part of “kinetics™ “The basic idea is for every CpG site in a read, so every

consecutive CG in a read to produce a feature vector that consists of the kinetics, the pulse widths, and
inter-pulse durations in a 16 base window around that CpG site on both strands of the sequence.” HiFi

Sequencing Video at 7:21 - 7:47.
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16x17 feature vector

f1 16
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA

Forward.

Revers@l

See, e.g., HiFi Sequencing Video at 7:21 - 7:47.

See also Introduction to SMRT® Sequencing Video at PBIO_00000001; PacBio Sequencing - How It
Works Video at PBIO _00000002; Customer Overview of System and Software Release v11.0 at

PBIO 00000021-22; DNA Methylation and 5-base HiFi Sequencing Slides at PBIO 0000005659
Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001492; Sales Training - DNA Methylation and 5-
base HiFI Sequencing v1.0 at PBIO _00001575-1576.

[1.a.3] [for each nucleotide:]

a width of the pulse
corresponding to the
nucleotide, and

As to claim element [1.a.3], the data acquired by measuring pulses in the optical signal include values,
for each nucleotide, for the width of the pulse corresponding to the nucleotide.
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For example, the Accused Products and/or Systems receive data corresponding to the time it takes to
incorporate a base, which indicates the width of the pulse corresponding to the nucleotide.

HOW 5-BASE HIFI SEQUENCING CALLS METHYLATION STATUS

HiFi sequencing provides two channels of infermation: fluorescence and kinetics. Utilizing both enables highly accurate
reads (fluorescence) plus methylation status (kinelics) from a single library.

HiF sequencing observes a nﬁl\_amerass! II'!C(]ID(‘N’EI'I’\Q
/?:i fluorescently labeled nucleotides complementaryto a
i seprond native DNA strand, The label identifies the base (A, C, G,
. T). Epigenetic modifications like 5mC impact polymerage

£ " . || " i kinetics — how fast bases are incorporated. No special
= L library prep is required.

Nucheotide incorporation kinetics
ate measured in real time

See, e.g., PacBio Epigenetics Webpage (annotated).
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PacBio shows that it captures the pulse widths during sequencing reads:

PacBio sequencing detects methylation in native DNA

" l. J
axwyiy

- AGT A C A

L

T G AT
UJ} I W Pulse color indicates
(L4 " h base idenlity

L]

-5

FLespuceree
il orvalty (2l

T i3)

Kinetics impacled by base
contex! and epigenetics
Interpuiso duralon  F—iH

113 Aty Latcdy 7 i 1A

See, e.g., HiFi Sequencing Video at 2:45-2:54 (annotated).
See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001492.

PacBio also shows that the pulse width is included in the “feature vector” it generates from the reads:
“The basic idea is for every CpG site in a read, so every consecutive CG in a read to produce a feature
vector that consists of the kinetics, the pulse widths, and inter-pulse durations in a 16 base window
around that CpG site on both strands of the sequence.” HiFi Sequencing Video at 7:21 - 7:47 (emphasis

added).
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16x17 feature vector

! 16
ACTGATATGTACGACTGAGGTCTGAGT
TGAFTATACATGCTGACTC‘CAGACTCA

re rt
[ o051 0 0
Forward b L 9
0 0 043
[ Bl T E— m—
Reverse - -— —
__=_
ISR e
10 10 10

See, e.g., HiFi Sequencing Video at 7:21 - 7:47 (annotated).

See also Customer Overview of System and Software Release v11.0 at PBIO _00000021-22; DNA
Methylation and 5-base HiFi Sequencing Slides at PBIO_00000056—59; Release v11.0 Sales Training
Part 2 v1.0 at PBIO 00001492; Sales Training - DNA Methylation and 5-base HiFI Sequencing v1.0 at
PBIO (00001575-1576.

[1.a.4] [for each nucleotide:]

an interpulse duration
representing a time between
the pulse corresponding to

As to claim element [1.a.4], the data acquired by measuring pulses in the optical signal include values,
for each nucleotide, for a time between the pulse corresponding to the nucleotide and a pulse
corresponding to a neighboring nucleotide.
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the nucleotide and a pulse For example, the Accused Products and/or Systems receive data corresponding to the time between
corresponding to a adjacent incorporations, which indicates the interpulse duration.

neighboring nucleotide;
HOW 5-BASE HIFI SEQUENCING CALLS METHYLATION STATUS

HiF| seguencing provides two channels of information: flucrescence and kinetics. Utilizing both enables highly acturate

reads (uorescence) plus roethylation status (kinetics) from a single library

[ Tnterpulse Duration | [ Interpul

Duration |
! HiFi sequencing chserves a polymeraise incarparaling
| ._/ﬁ fuorescently labeled nucleotides complementary to a
! Sujel e native DNA strand. The label identifies the base (A, C, G,
pll = bouisiie T). Epigenetic madifications llke SmC impact polymersse

5 - - - g ;
i" " | T | ¢ i i kinetics — how fast bases are Incarporated. No special
2 : i library prep is required.

T

Hucleatide incorparation kinetics
are measwred in feal time

See, e.g., PacBio Epigenetics Webpage (annotated).
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PacBio shows that it captures interpulse duration during sequencing reads:

PacBio sequencing detects methylation in native DNA

[ ]
!l; J
.\luu
-
™G CTC G AT AGTAC A
§§ TIN Pulse color indicates
iw) JI-"JH ‘ Jb | ‘ %.J base idenlity
et | o gl
OO O O N O
Pusowidh H Kinetics impacled by base

context and epigenetics

See, e.g., HiFi Sequencing Video at 2:45-2:54 (annotated).
See also Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001492,

PacBio also shows that the pulse width is included in the “feature vector” it generates from the reads:
“The basic idea is for every CpG site in a read, so every consecutive CG in a read to produce a feature
vector that consists of the kinetics, the pulse widths, and inter-pulse durations in a 16 base window
around that CpG site on both strands of the sequence.” HiFi Sequencing Video at 7:21 - 7:47 (emphasis

added).
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16x17 feature vector
f1 f18

ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA

Forward-

Reverse

See, e.g., HiFi Sequencing Video at 7:21 - 7:47 (annotated).

See also Customer Overview of System and Software Release v11.0 at PBIO _00000021-22; DNA
Methylation and 5-base HiFi Sequencing Slides at PBIO_00000056-59; Release v11.0 Sales Training
Part 2 v1.0 at PBIO_00001492; Sales Training - DNA Methylation and 5-base HiFI Sequencing_v1.0 at
PBIO 00001575-1576.
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[L.b] (b) creating an input The Accused Products and/or Systems create an input data structure that comprises a window of the
data structure, the input data | nucleotides sequenced in the sample nucleic acid molecule.

structure comprising a
window of the nucleotides
sequenced in the sample

For example, the PacBio products first receive a file or set of files in BAM format that contain a plurality
of HiFi reads obtained from the sequencing data (“the BAM file™).

nucleic acid molecule, As of the 3.0 release of SMRTanalysis, PacBio is embracing the industry standard BAM format for (both aligned and
wherein the input data unaligned) basecall data files, We have also formulated a BAM companion file format (ham.phi) enabling fast access
structure includes, for each to a nicher set of per-read information as well as compatibility for software built around the legacy emp.h3 format
nucleotide within the

window, the properties: See, e.g., PacBioFileFormats Documentation at. 5.
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primrose  The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of 5mC.

primross uses a convolution neural network (CNN) to predict the
methylation state (SmC) of each CpG In & HiFi read, Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the M= and M1 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using a CpG methyltransferase enzyme (4. ss=1),
Kinetic data, pulse width and inter-pulse distance, over a 16 base pair
window for both the forward and reverse strand, is used as input to the
CMMN. The output of the CNMN is a probability scale measure of whether the
CpG is symmetrically 5SmC-modified.

Usage
primrose [options] <HiFi INPUT> <HiFi OUTPUT>
Required Description
HiFL INPOT Input BAM file or ConsensusReadSet XML file
HiFi OUPUT Output BAM file or ConsensusReadSet XML file.

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO_00001236 (annotated).

Also see SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO _00001371.
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The BAM file contains sequence alignment data with specifications that are standardized so that the
information provided in the fields are generally applicable to raw or aligned sequence reads across
different sequencing platforms.

1.1 BAM everywhere

Unaligned BAM files representing the subreads will be produced natively by the PacBio instrument The subreads
BAM will be the starting point for secondary analysis. In addition, the artifacts resulting from removing adapter and
LQ region sequences will be retained in a scraps. bam file.

The circular consensos tool/workfliow (CCS) will take as input an unaligned subreads BAM file and produce an output
BAM file containing unaligned consensus reads.

Alignment ( mapping) programs take these unaligned BAM files as input and will produce aligned BAM files, faithfully
retaining all tags and headers.

See, e.g., PacBioFileFormats Documentation at 8.

The BAM format is a binary, compressed, record-oriented container format for raw or aligned sequence reads. The
associated SAM format is o text representation of the same data. The specifications for BAM/S AM are maintained by
the SAM/BAM Format Specification Working Group.

PacBio-produced BAM files are fully compatible with the BAM specification. In this document we describe the way
we make use of the extensibility mechanisms of the BAM specification 1o encode PacBio-specific information, as well
as conventions we adhere to.

An example file adhering to this specification will be maintained in the pheare Python library.

See, e.g., PacBioFileFormats Documentation at 9.

The HiFi reads in the BAM file are then used to create the data structure of claim element [1.b], i.e., an
input data structure, for claim element [ 1.c].

To create the HiFi reads in BAM format for the BAM file(s), the PacBio Products perform an analysis
called circular consensus sequencing (CCS).
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WHAT ARE HIFI READS?

HIF} reads are produced using circular consensus sequencing (CCS) mode on PacBio long-read systems. HiFi reads

provide base-level resolution with 92.9% single-molecule read accuracy,

HiFi reads can be used across a wide range of SMRT sequencing applications, from whole genome sequencing for de
novo assembly, comprehensive variant detectian, epigenetic characterization, RNA sequencing and more

See, e.g., PacBio HiFi Sequencing Webpage (annotated).

See also SMRT® Link User Guide, v11.0 at PBIO 00000651-652, PBIO 00000665-667; SMRT®
Link User Guide, v11.1 at PBIO_00000793-803, PBIO_00000818-820; SMRT® Link User Guide,
v12.0 at PBIO_00000959-962, PBIO 00000979-981; SMRT® Tools Reference Guide, v11.0

at PBIO_00001012-1020; SMRT® Tools Reference Guide, v11.1 at PBIO_00001130-1138.

As noted above, PacBio used a 16-base-pair window of nucleotides for what it refers to as a “feature
vector.”

For example, Dr. Wenger during the development of this windowing process, every CpG site in a HiFi
read is used to produce “a feature vector that consists of the kinetics, the pulse widths, and interpulse
durations in a 16-base window around that Cp(G site on both strands of the sequence.” See HiFi
Sequencing Video, 7:25-7:47.

Each feature vector, which is a smaller data structure built from the BAM file, serves as an input to a
convolutional neural network (CNN). See HiFi Sequencing Video, 7:08.
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16x17 feature vector

£ f16
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA

Forward

Reverse -

See, e.g., HiFi Sequencing Video, 7:25-7:47.

Thus, the HiFi reads and feature vectors created from the BAM file, i.e., the “input data structure,”
comprise “a window of the nucleotides sequenced in the sample nucleic acid molecule.”

To detect 5SmC methylation, the CCS process analyzes kinetic data, resulting in the creation of a BAM
file and feature vectors that include both conventional and PacBio-specific information. See
PacBioFileFormats Documentation at 5 (*In this document we describe the way we make use of the
extensibility mechanisms of the BAM specification to encode PacBio-specific information, as well as
conventions we adhere to.”).

See also Customer Overview of System and Software Release v11.0 at PBIO_00000013-33; DNA
Methylation and 5-base HiFi Sequencing Slides at PBIO_00000056—59; Sales Training - DNA
Methylation and 5-base HiFI Sequencing v1.0 at PBIO 00001580.
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As to claim element [1.b.1], the input data structure includes, for each nucleotide within the window, the
identity of the nucleotide.

For example, an input BAM file, including read tags and feature vectors for HiFi per-read-base kinetic
information, includes the identity of the nucleotide as indicated in the SEQ field. See
PacBioFileFormats Documentation at 15.

2.11 Use of read tags for HiFi per-read-base Kinetic information

The following read tags contain averaged kinetic information (IPD/PulseWidih) from subreads when applying CCS
to generate HiFi reads, These are computed and stored independently for both or ions of the insert. Forward
is defined & stored with respect to the orientation representad in SEQ and is considered to be the native orientation.
Reverse tags are stored in the opposite direction, e.g. from the last base to the first, As with other PacBio-specific tags,
aligners will not re-onent these fields.

Tag | Type | Description
[ B.C | Forward IPD icodec V1)
i | BC | Revere IPD (codec V)
fp | BL | Forward PulseWidth icodec V1)
7 B.C_| Reverse PulseWidth (codec V1)

fn P Forward number of complete passes (#ero or more)

m 1 Reverse number of complete passes (zero or more)
The fc 2 clipy ple ill the coordinate system for these tags, shown as stored in the BAM file:
Original

£1, f4, f£5, £6, £1
£, =5, rd, £3, 22

Clipped to [1, 4)
SEQ: A c C
fisfp: £1, £2, £2
cifrp: 3, 2, rl

See, e.g., PacBioFileFormats Documentation, p. 15 (annotated).
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During the development of this windowing process, every CpG site in a HiFi read is used to produce “a
feature vector that consists of the kinetics, the pulse widths, and interpulse durations in a 16-base
window around that CpG site on both strands of the sequence.” See HiFi Sequencing Video, 7:25-7:47.

Each feature vector, which is a smaller data structure built from the BAM file, serves as an input to a
convolutional neural network (CNN). See HiFi Sequencing Video, 7:08.

The identity of the nucleotides, for example each Cp(G site and the 16-base window around that CpG site
(arrow), is a property of the feature vector:

16x17 feature vector

f ! 16
ACTGATATGTACGACTGAGGTCTGAGT

TGAFTATACATGCTGACTC)C}\GACTCA

See, e.g., HiFi Sequencing Video, 7:25-7:47 (annotated).

See also Introduction to SMRT® Sequencing Video at PBIO 00000001; PacBio Sequencing - How It
Works Video at PBIO_00000002; Customer Overview of System and Software Release v11.0 at
PBIO (0000021-22; Sales Training - DNA Methylation and 5-base HiFI Sequencing v1.0 at

PBIO 00001575-1576, 1580,
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[1.b.2] a position of the As to claim element [1.b.2], the input data structure includes, for each nucleotide within the window, a
nucleotide with respect to a | position of the nucleotide with respect to a target position within the window.
target position within the

e For example, each feature vector includes a position of the nucleotide with respect to a target position

within the window by aligning the start and end positions of a sequence read (qStart, gEnd) to that of a
target sequence (tStart, tEnd). See PacBioFileFormats Documentation at 10.

2.3 Query versus aligned query terminology

A sequence read presented 10 an aligner is termed a guery; typically this query will be a subsequence of an entire
PacBio ZMW read—most commonly, it will be a subread, which is basecalls from a single pass of the insert DNA
molecule,

Upon alignment, generally only a subsequence of the query will align to the reference genome, and that subsequence
is referred to as the aligned query. Under soft-clipping, the entirety of the query is stored in the aligned BAM, but the
CIGAR ficld indicates that some bases at either end are excluded from the alignment.

Abstractly, we denote the extent of the guery in ZMW read as [gSrart, gEnd) and the extent of the aligned subinterval
as [aStart, aEnd) The following graphic illustrates these intervals:

0 | astart aEnd
[-—-... —— P————— e, ) < "IMW read" coord. system
query; "-" = aligning,
.subsag.
| -} < "ref.® / “target® coord.,
By atem

In our BAM files, the gStan, gEnd are contuined in the gs and g= wgs, (and reflected in the GNAME); the bounds of
the aligned guery in the ZMW read can be determined by adjusting gs and ge by the number of sofi-clipped bases at
the ends of the alignment (as found in the CIGAR).

See, e.g., PacBioFileFormats Documentation at 10 (annotated).

During the development of this windowing process, every CpG site in a HiFi read is used to produce “a
feature vector that consists of the kinetics, the pulse widths, and interpulse durations in a 16-base
window around that CpG site on both strands of the sequence.” See HiFi Sequencing Video, 7:25-7:47.
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Each feature vector, which is a smaller data structure built from the BAM file, serves as an input to a
convolutional neural network (CNN). See HiFi Sequencing Video, 7:08.

The position of the nucleotides is a component of the feature vector (positions circled below):

16x17 feature vector
f‘ fre
ACTGATATGTACGACTGAGGTCTGAGT
TGRFTRTACATGCTGACTC]CAGACTCA
(16 r

L+ 1 2 | - [
[ aw 051 0 [}
Forward{ A" e 9 o
e 0] [} 043
Reverse] N AN RN R
e ez o os
e VR R e [
Npasses 10 10 10

See, e.g., HiFi Sequencing Video, 7:25-7:47 (annotated).

See also Introduction to SMRT® Sequencing Video at PBIO_00000001; PacBio Sequencing - How It
Works Video at PBIO_00000002; Customer Overview of System and Software Release v11.0 at
PBIO 00000021-22; Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001492; Sales Training -
DNA Methylation and 5-base HiFI Sequencing v1.0 at PBIO_00001575-1576, 1580.

[1.b.3] the width of the
pulse corresponding to the
nucleotide, and

As to claim element [1.b.3], the input data structure includes, for each nucleotide within the window, the
width of the pulse corresponding to the nucleotide.
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For example, the BAM file, including read tags and feature vectors for HiFi per-read-base kinetic
information, includes the width of the pulse corresponding to the nucleotide as indicated in the fp and rp
tags. See PacBioFileFormats Documentation at 15.

2.11 Use of read tags for HiFi per-read-base kinetic information

The following read tags contain averaged kinetic information (IPIVPulseWidth) from subreads when applying CCS
to generate HiFi reads. These are computed and stored independently for both orentations of the insent. Forward
is defined & stored with respect o the onentation represented in SEQ and is considered 1o be the native orientation.
Reverse tags are stored in the opposite direction, e.g, from the last base to the first. As with other PacBio-specific tags,
aligners will not re-orient these fields.

(Tag | Type | Description
i [ BC | Forward IPD (codec V1)
n B.C | Reverse IPD (codec V1)
ip B.C Forw ard PulseWidth tcodec V1)
Y B.C | Reverse Pulse Width (codec V1)
in i Forward number of complete passes (zero or more)
m 1 R number of ¢ lete passes (zero or more)

The following clipping example illustrates the coordinate system for these tags, shown i stored in the BAM file:

Original
SEQ: A A c c = T T A G c
§i/fp: £O, £3, £2, 3, £4, (5, 6, £7, f8, £9
ri/rp: 9, =8, £7, r6, =5, r4, 3, r2, rl, x0

Clipped to [1, 4)
SEQ: A c c

£i/fp: F1, £2, £3
rifrp: ¢ 2,

See, e.g., PacBioFileFormats Documentation at 15 (annotated).

During the development of this windowing process, every CpG site in a HiFi read is used to produce “a
feature vector that consists of the kinetics, the pulse widths, and interpulse durations in a 16-base
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window around that CpG site on both strands of the sequence.” See HiFi Sequencing Video, 7:25-7:47
(emphasis added).

Each feature vector, which is a smaller data structure built from the BAM file, serves as an input to a
convolutional neural network (CNN). See HiFi Sequencing Video, 7:08.

The pulse width is a component of the feature vector (pulse width (pw) circled below):

16x17 feature vector

f! f18
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA

re r
! 051 0 0
Forward g 0 ]
r DT (e S
Reverse- (T I — sa—
o o os
| R I (N N
Npasses 10 10 10

See, e.g., HiFi Sequencing Video, 7:25-7:47 (annotated).

See also Customer Overview of System and Software Release v11.0 at PBIO_00000021-22; Release
v11.0 Sales Training Part 2_v1.0 at PBIO_00001492; Sales Training - DNA Methylation and 5-base
HiFI Sequencing_ v1.0 at PBIO 000015751576, 1580.
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[1.b.4] the interpulse As to claim element [1.b.4], the input data structure includes, for each nucleotide within the window, the
duration; interpulse duration.

For example, the BAM file, including read tags and feature vectors for HiFi per-read-base kinetic
information, includes the interpulse duration or “IPD™ as indicated in the fi and ri tags. See
PacBioFileFormats Documentation at 15.

2.11 Use of read tags for HiFi per-read-base kinetic information

The following read tags contain averaged kinetic information (IPDYPulseWidth) from subreads when applying CCS
to generate HiFi reads. These are computed and stored independently for both on wons of the insert. Forward
is defined & stored with respect to the onentation represented in SEQ and is considered to be the native onentation.
Reverse tags are stoned in the opposite direction, e.g. from the last base to the first. As with other PacBio-specific tags,
aligners will not re-onient these fiekds.

Tag | Type | Description
[ B.C Forward IPD (codec V1)

n BC Reverse IPD (codec VI

ip BC | Forward PulseWidth (codec V1)

m B.C | Reverse PulseWidth (codec V1)

fn 1 Forward ber of complete passes (zero or more)

m 1 Reverse number of complete passes (zero or more)

The following clipping example illustrates the coondinate system for these tags, shown as stored in the BAM file:

= G T T A G c
<, £3, £4, IS5, £6, £7, I8, £9
; oh; 5, od, 3, £, =i, 20

c c
fisfpr £1, f£2, £3
22 1

rifrp: £3, =2,

See, e.g., PacBioFileFormats Documentation at 15 (annotated).
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During the development of this windowing process, every CpG site in a HiFi read is used to produce “a
feature vector that consists of the kinetics, the pulse widths, and interpulse durations in a 16-base
window around that CpG site on both strands of the sequence.” See HiFi Sequencing Video, 7:25-7:47
(emphasis added).

Each feature vector, which is a smaller data structure built from the BAM file, serves as an input to a
convolutional neural network (CNN). See HiFi Sequencing Video, 7:08.

The interpulse duration is a component of the feature vector (interpulse duration (ipd) circled below):

16x17 feature vector
i f16

ACTGATATGTACGACTGAGGTCTGAGT
TGAICTATRCATGCTGPLCTCFAGACTCA

Forward .

Reverse-
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See, e.g., HiFi Sequencing Video, 7:25-7:47 (annotated).

See also Customer Overview of System and Software Release v11.0 at PBIO 00000021-22; Release
v11.0 Sales Training Part 2 v1.0r at PBIO_00001492; Sales Training - DNA Methylation and 5-base
HiFI Sequencing v1.0 at PBIO_00001575-1576, 1580.

[1.c] (c) inputting the input | The Accused Products and/or Systems input the input data structure into a model.

data structure into a model, For example, each feature vector, which is a smaller data structure built from the BAM file, serves as an

the:model traned by: input to a convolutional neural network (CNN) as shown below:
« A convolutional neural network model Kineies o 18 by s Comohninnt
A Gl ot i e e ey
pracesses polymerase kinetics to e " -

TOACTATACATACTGACTOCAGACTIA tryason

determine the methylation status of o .
each CpG site in a2 HIF read.
« The model runs directly on the Sequel
lie systemn and is also available in
SMRT Link.
» Methylation status is output using the
BAM standard MM and ML tags

See, e.g., PacBio Epigenetics Webpage.
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Neural network to call CpG methylation in HiFi reads

Feature vector Convolutional neural network

Ed e
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA
g r
2 p " .l . Probability of
methylation
16 Forward IPD
16 Forward PW

16 Reverse IPD

16 Reverse PW
1 Passas Convolution Paooling Full cannection
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See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001493.

The Accused Products and/or Systems use the “primrose”™ tool. The primrose tool uses a convolutional
neural network (CNN) to predict methylation state (5mC) of each CpG in a HiFi read.
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The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of SmC.

primrose uses a convolution neural network (CNN) to predict the
methylation state (SmC) of each CpG in a HiFl read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the mm and M1 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO_00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO _00001371. See also HiFi Sequencing Video, 7:08.

The input for the primrose tool is a plurality of feature vectors created or built from a BAM file (i.e., the
“input data structure” above). The inputs include the kinetic data (including nucleotide identity), pulse
width, and inter-pulse distance for each window.
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primrose  The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of SmC.

imras= uses a convolution neural network (CNN) to predict the
methvlalrun state (SmC) of each CpG In a HIFi read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the 1 and 11 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using & CpG methvitransferase enzyme (1. s=51).
Kinetic data, pulse width and inter-pulsa distance, over a 16 base pair
windaw for both the forward and reverse strand, Is used as input to the
CHNN. The output of the CNN Is a probability scale measure of whether the
CpG is symmetrically SmC-modified.

Usage
primrose [cptions] <HAFL INPUT> <HiFi OUTPUT>
Required Description
HiFi rNpoT Input BAM file o ConsenausResdSet XML file
HiFi oupuT Dutput BAM fike or ConsensusReadSet XML file

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO_ 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO 00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO 00001371; Customer Overview of System and Software Release v11.0 at

PBIO (0000021-22; DNA Methylation and 5-base HiFi Sequencing Slides at PBIO_00000056-59;
Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001492; Sales Training - DNA Methylation and 5-
base HiFI Sequencing v1.0 at PBIO 00001578, 1580.

[1.c.1] receiving a first
plurality of first data
structures, each first data

As to claim element [1.c.1], the model is 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,
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structure of the first plurality | wherein each of the first nucleic acid molecules is sequenced by measuring pulses in the optical signal

of data structures corresponding to the nucleotides, wherein the modification has a known first state in a nucleotide at a
corresponding to a respective | target position in each window of each first nucleic acid molecule, each first data structure comprising
window of nucleotides values for the same properties as the input data structure. For example, the Primrose tool receives a first
sequenced in a respective plurality of first data structures as claimed as shown below:

m'ldm_c acid }HG[OCI.I[E _Of 2 s primrose  The primrcse tool analyzes the kinetic signatures of cytosine bases in
plurality of first nucleic acid CpG motifs to identify the presence of SmC.

molecules, wherein each of == uses a convolution neural network (CNN) to predict the

the first nucleic acid me!-ﬁ;labon state (Smc\ ofea:h CpG In & HiFi read Methylation is
molecules is sequenced b d o ba t a3 'with oulput feported in the
. d . Y forward dlrectlon with lespect to the HiFi read sequence. The output uses
measurmg pulses in the the un and 11 tags as defined in the SAM Format Optional Fields
optical signal cmrcsponding Specification (See here for details )
to the nucleotides, wherein Algorithm
the moditication has a The CNN is trained using invitro modified controls of methylated and
i unmethylated human DNA. The unmethylated control comprises a human
known ﬁISt state in shotgun library that has undergone whole genome amplification (WGA), a
nucleotide at a target process that includes PCR, and therefore removes all modifications. The
pOSitiD]J in each window of methylated control Is generftsfﬁ by subjecting a human WGS 1rb.raryl to
L A invitra methyiation using a CpG methyltransferase enzyme (M. 5521)
each first nucleic acid Kinetic data, pulse width and inter-pulse distance, over a 16 base pait
molecule. each first data window for both the forward and reverse strand, is used as input to the
2 .. d CNM. The output of the CNN is a probability scale measure of whether the
structure comprising values CpG is symmetrically SmC-modified.

for the same properties as the

. Usage
]Ilp'llt clata 5 t ] primrose [options] <HiFL INPUT> <HiFi OUTPUT>
Required Description
HiFi INFPUT Input BAM file or ConsensusResdSat XML file
HiFi ouUPOT Output BAM file of ConsensusReadSet XML file

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO_ 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO_00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO _00001371.
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“In addition to developing the features for this model and the model structure, the other key attribute to
producing a neural network model is training data and for that you want examples of methylation where
you have sequences that are either fully methylated or fully unmethylated, and in order to train this
model we produced data in a manner where we start with native human DNA for the sample HG002, and
in this native DNA of course some of the sites are methylated and some are not. We then performed
whole genome amplification using a PCR based approach, which produces then fully unmodified DNA.
This library or a library was prepared from that DNA in sequenced, and that serves as a set, a large set,
genome-wide true negatives of DNA strands that are not modified. Then to produce fully modified sites,
we treated this whole genome amplified HG002 DNA with a CpG methyltransferase enzyme, which
efficiently adds methylation to any CpG site in the DNA, and this then produces fully modified
sequences, which again were sequences to produce a large set of true positives genome wide. These two
sets were passed into the neural network to train the model.” (HiFi Sequencing Video, 8:04-9:23.)

@ e

Training neural network to call CpG methylation in HiFi reads

‘Whole-ganome CpG methyltransferase
amplification (WGA) M.Sss!

Native DNA
(HGLOZ}

Fully Fuily modified

True Negatives True Positives

See, e.g., HiFi Sequencing Video, 8:30.

See also Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001493; Sales Training - DNA
Methylation and 5-base HiFI Sequencing v1.0 at PBIO 00001578, 1580.
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[1.c.2] storing a plurality of | As to claim element [1.c.2], the model is trained by storing a plurality of first training samples, each
first training samples, each including one of the first plurality of first data structures and a first label indicating the first state of the
including one of the first nucleotide at the target position. For example, the Primrose tool stores a plurality of first training
plurality of first data samples as claimed as shown below:

structures and a first label

primrose  The primrose tool analyzes the kinetic signatures of cytosine bases in

indicating t_hﬁ first state of CpG motifs to identify the presence of 5mC.
the nucleotide at the target
pOSitiO]], and primross uses a convolution neural network (CNN) to predict the

methyiallnn state (5mC) of each CpG in a HiF| read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the um and 1 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN Is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using a CpG methyltransterase enzyme (4. ss=3),
Kinetic data, pulse width and inter-pulse distance, over a 16 base pair
window for both the forward and reverse strand, is used as input to the
CNN. The output of the CNN is a probability scale measure of whether the
CpG is symmetrically SmC-modified.

Usage
primrose [options] <HiFi INPUT> <HiFi OUTPUT>
Required Description
HiFi INPUT input BAM file or ConsensusReadSet XML file.
HiFi OUPUT Qutput BAM file or ConsensusReadSet XML file,

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO 00001371.
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“In addition to developing the features for this model and the model structure, the other key attribute to
producing a neural network model is training data and for that you want examples of methylation where
you have sequences that are either fully methylated or fully unmethylated, and in order to train this
model we produced data in a manner where we start with native human DNA for the sample HG002, and
in this native DNA of course some of the sites are methylated and some are not. We then performed
whole genome amplification using a PCR based approach, which produces then fully unmodified DNA.
This library or a library was prepared from that DNA in sequenced, and that serves as a set, a large set,
genome-wide true negatives of DNA strands that are not modified. Then to produce fully modified sites,
we treated this whole genome amplified HG002 DNA with a CpG methyltransferase enzyme, which
efficiently adds methylation to any CpG site in the DNA, and this then produces fully modified
sequences, which again were sequences to produce a large set of true positives genome wide. These two
sets were passed into the neural network to train the model.” (HiFi Sequencing Video, 8:04-9:23.)

@ rener

Training neural network to call CpG methylation in HiFi reads

Whole-genome CpG methyltransferase
amplification (WGA) M.Sssl

Nathvee DA
(HGDOZ)

Fully dified Fully modified

True Negatives True Positives

See, e.g., HiFi Sequencing Video, 8:30.

See also Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001493; Sales Training - DNA
Methylation and 5-base HiFI Sequencing v1.0 at PBIO 00001578, 1580.
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As to claim element [1.c.3], the model is trained by 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. For example, the Primrose tool optimizing, using the plurality
of first training samples, parameters of the model based on outputs of the model as claimed, as shown
below:

The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of SmC.

primrose

31 » uses a convolution neural netwark (CNN) to predict the
melhylabun state (SmC) of each CpG in a HiF read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence The output uses
the um and M1 tags as defined in the SAM Format Optional Fields
Specification. (See here for detalls )

Algorithm

The CNN Is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethyiated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated contrel is generated by subjecting a human WGS |lbrary to
invitro methylation using & CpG methyltransferase enzyme (4. s221),
Kinetic data, pulse width and Iinter-pulse distance, over a 16 base pair

indow for both the f, i and mar!e strand, is used as mput to the
CNN. The output of the CNN is a y scale of the
CpG is symmetrically SmC-modified

Usage
primrose [options] <HiFi INPUT> <RIFi OUTPUT>

Description
Input BAM file or ConsensusReadSer XML file
Output BAM file or ConsensusReadSet XML file

Required

HAF3 INPUT

HiFi OUPUT

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO _00001371.
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“In addition to developing the features for this model and the model structure, the other key attribute to
producing a neural network model is training data and for that you want examples of methylation where
you have sequences that are either fully methylated or fully unmethylated, and in order to train this
model we produced data in a manner where we start with native human DNA for the sample HG002, and
in this native DNA of course some of the sites are methylated and some are not. We then performed
whole genome amplification using a PCR based approach, which produces then fully unmodified DNA.
This library or a library was prepared from that DNA in sequenced, and that serves as a set, a large set,
genome-wide true negatives of DNA strands that are not modified. Then to produce fully modified sites,
we treated this whole genome amplified HG002 DNA with a CpG methyltransferase enzyme, which
efficiently adds methylation to any CpG site in the DNA, and this then produces fully modified
sequences, which again were sequences to produce a large set of true positives genome wide. These two
sets were passed into the neural network to train the model.” (HiFi Sequencing Video, 8:04-9:23.)

& moae
Training neural network to call CpG methylation in HiFi reads

Whole-genome CpG methyltransferase
amplification (WGA) M._Sssl

Mative DNA
(Hoo02)

i Fully modified

Fully

True Negalives True Positives

See, e.g., HiFi Sequencing Video, 8:30.

See also Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001493; Sales Training - DNA
Methylation and 5-base HiFI Sequencing v1.0 at PBIO 00001578, 1580.
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[1.d] (d)determining, using | The Accused Products and/or Systems determine, using the model, whether the modification (e.g., SmC
the model, whether the methylation) is present in a nucleotide at the target position within the window in the input data structure
maodification is present in a (e.g., each CpG site within a HiFi read).

nucleotide at the target
position within the window

in the input data structure. EPIGENETIC ANALYSIS WITH 5-BASE HIFI SEQUENCING

PacBio HiFi sequencing simultaneously calls the four DNA bases and SmC from untreated genomic DNA. Achieve
genome-wide delection and phasing of genetic and epigenstic variants from a single, standard HiFi library prep with
long and accurate reads.

For example, the Accused Products and/or Systems can detect 5SmC methylation in a DNA strand.

With the power of long-read sequencing, you can achieve:
Epigenetics in every run — no bisulfite treatrment required

Unlike methods thal require chemical conversion of DNA, HIF sequencing U= medifications in rative DNA through

impacts on the kinetics of base incorporation

High accuracy of sequance and mathylation
Methylaton detection with HiF| sequencing s highly concordant to bisulfite sequencing.
Access the full genome

Access difficult regions of the genome like repeats and centromeres that are beyond the reach of short-read
sequencing.

Phasing

Identify allele-specific methylation, whether due to parental imprinting, genetic variation, or repeat expansions.

See, e.g., PacBio Epigenetics Webpage (annotated).

- 46 -



EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

HUMAN AND EUKARYOTE
EPIGENETICS

Use Sbase HIF| seguencing 1o study
epigenetics of humans and ather

CpG sites directly from the sequencing
instrurment without the need for bisulfite
treatrent ar ather special library
preparation methods

See, e.g., PacBio Epigenetics Webpage (annotated).

The Accused Products and/or Systems can detect SmC methylation in a DNA strand by inputting each
feature vector, which is a smaller data structure built from the BAM file, into to a convolutional neural
network (CNN) as demonsirated below:

« A convolutional neural network model Kiter 01819 o Comtons
processes polymerase kKinetics to ! "
ACTGATATOTACCACTGAGGTCT GAGT 1 . P-ﬂn'nl;yd'
determine the methylation status of e s

each CpG site in a HiFl read,

» The model runs directly on the Sequel
lle system and is also available in
SMRT Link.

= Methylation status is output using the
BAM standard MM and ML tags.

See, e.g., PacBio Epigenetics Webpage.
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T TensorFlow
CNN
Norrmalize
& dropaut
'_.| g '.. ..l.. srosebeny
Convoluton  Convolution Pooing
hayer 1 layor 2 layer WF!?M

See, e.g., HiFi Sequencing Video, 7:08 (annotated).
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Neural network to call CpG methylation in HiFi reads

Feature vector Convolutional neural network

Ed e
ACTGATETGTBCG.&CTGAGGTETGRGT
TGACTATACATGCTGACTCCAGACTCA
g r
2 p " .l . Probability of
methylation

16 Forward IPD
16 Forward PW
16 Reverse IFD

16 Reverse PW
1 Passas Convolution Paooling Full connection

PUCBMD. v o s s moreresive PacBio confidential &1

See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001493.
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The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of 5mC.

primrose Uses a convolution neural network (CNN) to predict the
methylation state (5mC) of each CpG in a HiFi read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The cutput uses
the w1 and 1! tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using a CpG methyltransferase enzyme (4. ss=1).
Kinetic data, pulse width and inter-pulse distance, over a 16 base pair
window for both the forward and reverse strand, is used as input to the
CNN. The output of the CNM is a probability scale measure of whether the
CpG is symmetrically 5mC-modified.

Usage
primrose [options] <HiFi INPUT> <HiFi QUTPUT>

Required Description

HiFi INPUT Input BAM file or ConsensusReadSet XML file,

HiFL OUPUT Output BAM file or ConsensusReadSet XML file.

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO_ 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference Guide,
v12.0 at PBIO 00001371; Release v11.0 Sales Training Part 2 v1.0 at PBIO_(00001493; Sales Training
- DNA Methylation and 5-base HiFI Sequencing v1.0 at PBIO 00001578, 1580.
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[2.pre] The method of claim
1, wherein:
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[See Claim 1 above]

[2.a] the input data structure
is one input data structure of
a plurality of input data
structures,

[2.b] the sample nucleic acid
molecule is one sample
nucleic acid molecule of a
plurality of sample nucleic
acid molecules,

[2.c] the plurality of sample
nucleic acid molecules are
obtained from a biological
sample of a subject, and

[2.d] each input data
structure corresponds to a
respective window of
nucleotides sequenced in a
respective sample nucleic
acid molecule of the plurality
of sample nucleic acid
molecules, and

The Accused Products and/or Systems are capable of processing multiple sample nucleic acid
molecules (i.e., a plurality) obtained from a biological sample of a subject as recited in [2.c]. When
the plurality of sample nucleic acid molecules are processed, each sample nucleic acid molecule
includes at least one window of nucleotides that are sequenced and corresponds to a data structure as
recited in [2.b] and [2.d]. Consequently, there are a plurality of input data structures as recited in
[2.a], each of which correspond to a respective window of nucleotides sequenced in a respective
sample nucleic acid molecule of the plurality of sample nueleic acid molecules as recited in [2.d].

For example, in accordance with [2.c], PacBio teaches its end users that Single Molecule Real-Time
(SMRT) sequencing technology involves sequencing long fragments of native DNA (i.e., a plurality
of sample nucleic acid molecules) that is extracted from a biological sample to produce HiFi reads:

Introduction

Single Molecule, Real-Time (SMRT™) sequencing
uses the natural process of DNA replication

1o sequence long fragments of native DNA in
order to produce highly aceurate long reads, or
HiFi reads. As such, starting with high-quality,
high molecular weight (HMW) genomic DNA
(gDNA) will result in longer libraries and better
performance during sequencing. This technical
note is ntended to give recommendations, tips
and tricks for the extraction of DNA, as well as
assessing and preserving the quality and size of
your DNA sample to be used for HiFi sequencing

See, e.g., Preparing DNA for PacBio HiFi Sequencing at 1.
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The extracted DNA thus includes a plurality of individual fragments (i.e., a plurality of sample
nucleic acid molecules).

PacBio further instructs the use of its Nanobind® DNA extraction kits” as “an excellent way to
produce HiFi reads” by obtaining the plurality of sample nucleic acid molecules from a variety of
biological samples—including blood, cells, and tissues—that are used in combination with the other
Accused Products (SMRTbell® prep kits, Sequel® 1I System, Sequel® Ile System, Revio™
System) in accordance with the methods recited in the Asserted Claims:

DNA extraction

Nanobind® DNA extraction kits are an excellent way to and consistent sequencing results, DNA yieids will vary by
produce HiFi reads on the PacBio systems. The following is sample quality, type, and input amount. See our technical
a list of kits that our customers have used in combination note on human blood sequencing for detailed information

with the SMRTbell* prep kit 3.0 protocol for high yields

Sample amount Typical yields
Manobind CBB kit *+ Blood 200 pL «  5=34 pg depending on sample type and
PN 102-301-900 - Calls 1% 10% Inputl amowunt
+ Bacteria; 5x 108-5x 107
Nanobind tissue kit - Depends on fissue and preservation method, | - 5-100ug
PN 102-302-100 typically around 25 mg
MNanobind plant nuclei kit + Upmm10g « 5-20pg
PN 102-302-000

See, e.g., Preparing DNA for PacBio HiFi Sequencing at 2.

7 PacBio Nanobind® DNA extraction kits that can used with the asserted method claims include PN: 102-301-900, PN: 102-
302-000, PN: 102-302-100, PN: 102-762-800, PN: 102-762-700.
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After preparing a library (or plurality) of sample nucleic acid molecules from the extracted DNA
(i.e., a SMRTbell® library), each sample nucleic acid molecule that is part of the plurality of sample
nucleic acid molecules is immobilized in a tiny well known as a “zero-mode waveguide” or “ZMW™
contained in a PacBio “SMRT® Cell.” Each SMRT® Cell contains millions of ZMWs such that

millions of individual sample nucleic acid molecules can be sequenced and analyzed in accordance
with at least [2.b]-[2.d].

Step 3: sequencing

See, e.g., Sequencing 101.

Thus, sequencing is performed on a plurality of DNA molecules in the SMRT® sequencing process,
at least because the process is performed in each of a large number of zero-mode waveguides

(ZMW), each zero-mode waveguide having a DNA molecule (as an insert within a SMRTbel|®
template molecule) from the subject.

FacBin SMRET sequencing operdes within a silicon chip (a SMETeell)y fabricated o
wple bobes (EMWs, or sero-amde waveguides |, each assipned o hole number.

Within o ZMW. PacBie SMRET sequencing o perliormed on a circilisdao] molecile called o SMEThell. The SMRT
bell. depicted bobow. copsistn of

* the costomer s doublestranded DNA Insert (with sequence 1, read following the ammow )
= optional) double-strnded DNA barcodes (sequences By, Byghused for maliiplexing DNA samples. While the

barcodes are opticnal, they most be present o both ends if present at all. Barcodes may o may not be svmmetric,
where symmeiric means By = B

= SMEThell ndapters (sequences Ap, A gl each consisting of a double stranded stem and a single-sirnded hoir-

1in loop. Adapters miy or may nol be svmmetsic, where symmetric means A; = Ag

— — —
BI 5I-
~— -~ .=

Fig 1@ A schematic drawing of a SMEThell

See, e.g., PacBioFileFormats Documentation, p. 7 (annotated).
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The SMRTbell® template produces HiFi reads which include a feature vector, i.e., a window, of
nucleotides comprising data related to the window of nucleotides on both forward and reverse
strands of the double-stranded DNA insert that is used as the input data structure:

16x17 feature vector
£l 16
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA
16 r

Forward- @ 102 “:'

]

Reverse
__-_E

Npasses 10

‘."?

See, e.g., HiFi Sequencing Video, 7:25-7:47 (annotated).

As such, each respective input data structure corresponds to a respective window of nucleotides
sequenced in a respective sample nucleic acid molecule (i.e., a HiFi read) of the plurality of sample
nucleic acid molecules sequenced in accordance with PacBio’s SMRT® sequencing technology.

See also Introduction to SMRT® Sequencing Video at PBIO_00000001; PacBio Sequencing - How
It Works Video at PBIO_00000002.

[2.e] the method further
comprising:
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The Accused Products and/or Systems receive the plurality of input data structures.

For example, the Accused Products and/or Systems receive the HiFi sequencing data from the input
BAM file. See claim element [1.c].

@ rceo
Neural network to call CpG methylation in HiFi reads
1817 lealure vector
ACTGA’ FTGIAIS&(THE 2 GAGT ? TensorFlow
ATACATACTGALT i T CNN
| =
methylation
o comened
layers

See, e.¢., HiFi Sequencing Video, 7:08.
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Neural network to call CpG methylation in HiFi reads

Feature vector Convolutional neural network

f il
ACTGA I‘ETGTACGACTGAGGTELI GAGT

TGACTATACATGUTGACTCCAGACTCR

ekl

16
16
16
16

PacBie

Reverse [PD
Reverse PW

Passes Convolution Poaling Full connectien

AL {1865 2R01ETRL) PacBio confidentisl

r'l

" g " _l . Probability of

methylation
Forward IPD
Forward PW

See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001493.
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primrose

The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of 5SmC.

primrose uses a convolution neural network (CNN) to predict the
methylation state (SmC) of each CpG in a HiFi read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the Mm and M1 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using a CpG methyltransferase enzyme (M. ss=1).
Kinetic data, pulse width and inter-pulse distance, over a 16 base pair
window for both the forward and reverse strand, is used as input to the
CNN. The output of the CNN is a probability scale measure of whether the
CpG is symmetrically SmC-modified.

Usage
primrose [options] <HiFi INPUT> <HiFi OUTEUT>

Required

Description

HIFL INFUT

Input BAM file or ConsensusReadSet XML file

HiFi OUPUT

Output BAM file or ConsensusReadSet XML file,

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).
See also SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference

Guide, v12.0 at PBIO_(00001371.
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« A convolutional neural network model Kinotes 16 bp window
wruterd CoG site in tond
processes polymerase kinetics to I -
ACTCATATOTACCACTOMIOTCTEAGT
determine the methylation status of ST IR AR

each CpG site in a HiFi read.
« The model runs directly on the Sequel

lle system and is also available in
SMRT Link.

« Methylation status is output using the
BAM standard MM and ML tags.

See, e.g., PacBio Epigenetics Webpage.
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[2.e.2] inputting the The Accused Products and/or Systems input the plurality of input data structures into the model.

pluraflty Dfltnplﬂli day del For example, the Accused Products and/or Systems receive the HiFi sequencing data from the input
::L'Il—(lim HIBRANO B Taees BAM file and input it to the convolutional neural network (CNN). See claim element [1.c].

@ rcao
Neural network to call CpG methylation in HiFi reads

1817 lealure vector
)

ACTGATATGTACGACTGAGH 2 GAGT ? TensorFIow

ATACATACTGALT ] T CNN

See, e.¢., HiFi Sequencing Video, 7:08.
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Neural network to call CpG methylation in HiFi reads

Feature vector Convolutional neural network

f il
ACTGA I‘ETGTACGACTGAGGTELI GAGT

TGACTATACATGUTGACTCCAGACTCR

ekl

16
16
16
16

PacBie

Reverse [PD
Reverse PW

Passes Convolution Poaling Full connectien

AL {1865 2R01ETRL) PacBio confidentisl

r'l

" g " _l . Probability of

methylation
Forward IPD
Forward PW

See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001493.
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primrose

The primros= tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of 5SmC.

primrose uses a convolution neural network (CNN) to predict the
methylation state (SmC) of each CpG in a HiFi read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the mm and M1 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using a CpG methyltransferase enzyme (4. ss=1).
Kinetic data, pulse width and inter-pulse distance, over a 16 base pair
window for both the forward and reverse strand, is used as input to the
CNN. The output of the CNN is a probability scale measure of whether the
CpG is symmetrically SmC-modified.

Usage
primrose [options] <HiF1 INPUT> <HiFi OUTPUT>

Required

Description

HiFi rEPOT

Input BAM file or ConsensusReadSet XML file

HiFi QURUT

Output BAM file or ConsensusReadSet XML file.

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference

Guide, v12.0 at PBIO_00001371.
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« A conveolutional neural netwark model Vit i 16 b wingam

wrvmrnd Cold gite i rwadd. m
processes polymerase kinetics 10 . i
ACTOANTATITACUACTHAD (T POAT Promabliny al
determine the methylation status of i el =

each CpG site in a HiFi read.

« The model runs directly on the Sequel
lle system and is also available in
SMRT Link.

« Methylation status is output using the

1. i o

See PacBio Epigenetics Webpage.

[2.e.3] determining, using The Accused Products and/or Systems determine, using the model, whether a modification is present
the model, whether a in a nucleotide at a target location in the respective window of each input data structure.
maodification is present in a
nucleotide at a target
location in the respective
window of each input data

structure. HUMAN AND EUKARYOTE
EPIGENETICS

For example, the Accused Products and/or Systems can detect SmC methylation in a DNA strand,
including at Cp(G sites in the windows corresponding to the sequenced DNA molecules. See claim
element [1.d].

Use S-base HIFI sequencing o study
epigenetics of humans and other
eukaryotes. Measure 5ml methylation at
CpG sites directly from the sequencing
instrument without the nead for bisulfite
treatment or other special library
preparation methods,

See, e.g., PacBio Epigenetics Webpage (annotated).
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EPIGENETIC ANALYSIS WITH 5-BASE HIFI SEQUENCING

PacBio HiFi sequencing simultanecusly calls the four DNA bases and SmC from untreated genomic DNA. Achieve
genome-wide detection and phasing of genetic and epigenetic variants from a single, standard HiFi library prep with
long and accurate reads.

With the power of long-read sequencing, you can achieve:
Epigenetics in every run — na bisulfite treatrment required

Unlike methads that require chemical conversion of DNA, Hifl sequencing detects modifications In native DNA through
impacts an the kinetics of base incorparation,

High accuracy of sequence and methylation
Methylation detection with HiFi sequenzing is highly concordant to bisulfite sequencing.
Access the full genome

Access difficult regions of the genome like repeats and centromeres that are beyond the reach of short-read
seguencing.

Phasing

|dentify allele-specific methylation, whether due to parental imprinting, genetic variation, or repeal expansicns.

See, e.g., PacBio Epigenetics Webpage (annotated).
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Neural network to call CpG methylation in HiFi reads

18217 foature vecior

r r~
ACTGATRTGTACCAC TOAGGTOTGAGT ? TenSOI'FiOW
CNN
i — HNormadize
& dropout
N W W W
Convolution  Convolution Pocling Fully
layer 1 layer 2 layer connected

See, e.g., HiFi Sequencing Video, 7:08 (annotated).
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Neural network to call CpG methylation in HiFi reads

Feature vector Convolutional neural network

f il
ACTGA I‘ETGTACGACTGAGGTELI GAGT

TGACTATACATGUTGACTCCAGACTCR

ekl

16
16
16
16

PacBie

Reverse [PD
Reverse PW

Passes Convolution Poaling Full connectien

AL {1865 2R01ETRL) PacBio confidentisl

r'l

" g " _l . Probability of

methylation
Forward IPD
Forward PW

See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO 00001493.
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The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of 5mC.

primrose uses a convolution neural network (CNN) to predict the
methylation state (SmC) of each CpG in a HiFi read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the vm and M1 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

Algorithm

The CNN is trained using invitro modified controls of methylated and
unmethylated human DNA. The unmethylated control comprises a human
shotgun library that has undergone whole genome amplification (WGA), a
process that includes PCR, and therefore removes all modifications. The
methylated control is generated by subjecting a human WGS library to
invitro methylation using a CpG methyltransferase enzyme (M. ss=1).
Kinetic data, pulse width and inter-pulse distance, over a 16 base pair
window for both the forward and reverse strand, is used as input to the
CNN. The output of the CNN is a probability scale measure of whether the
CpG is symmetrically SmC-modified.

Usage
primrose [options] <HiFi INPUT> <HiFi OUTPUT>

Required Description
HiFi INPUT Input BAM file or ConsensusReadSet XML file.
HiFi oUBUT Cutput BAM file or ConsensusReadSet XML file.

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0at PBIO _00001108; SMRT® Tools Reference
Guide, v12.0 at PBIO 00001371.
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« A convolutional neural network model Py s— i
araund Cob site i e e g
processes polymerase kinetics to " "
ACTAMTATOTAS CACTOASATCT RhGT Prshnhfity of
bt

EATACRTGCTSACTCCARACTCR

determine the methylation status of ) i
each CpG site in a Hifi read.
« The model runs directly on the Sequel
lle system and is also available in
SMRT Link.
« Methylation status is output using the
BAM standard MM and ML tags.

See, e.g., PacBio Epigenetics Webpage.

The determination of whether a modification is present in a nucleotide at a target location in the
respective window of each input data structure allows determination of regional methylation
patterns across a genomic region:

REGIONAL METHYLATION PATTERNS

Methylation levels vary across the genome In many species. In vertebrates like
hurman most CpG sites are miethylated. Active gene transcription start sites are
aoften hypomethylated.

In this example genomic region, 5-base Hifi sequencing of the human HG002
sample shows overall hypermethylation (red) with hypomethylation (blue)
specifically at transcription start sites.

T L L R T ]
W o Frren)

See, e.g., PacBio Epigenetics Webpage.

See also Customer Overview of System and Software Release v11.0 at PBIO _00000028-33; DNA
Methylation and 5-base HiFi Sequencing Slides at PBIO_00000067-77.
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[3.pre] The method of claim
2, further comprising:
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[See Claim 3 above]

[3.a] determining the
meodification is present at
one or more nucleotides, and

The Accused Products and/or Systems determine whether the modification is present at one or more
nucleotides. See claim element [1.d], [2.e.3].

[3.b] determining a
classification of a disorder
using the presence of the
maodification at one or more
nucleotides.

The Accused Products and/or Systems determine a classification of a disorder using the presence of
the modification at one or more nucleotides.

For example, methylation patterns like hypomethylation and/or hypermethylation™

What 5-base sequencing reveals
Methylation across space and time
Percentage of methylated CpG sites
HiFi sequencing of a single sample
detects methylation patterns across HG0oz (differentiated) NG
the genome, such as hypomethylation
at transcription start sites. Sequencing CHM13 (undifferentiated) N
multiple sarmples identifies differential
methylation. 0 20 40 60
Mast TpG sites are methylated in differentiated human cells like HGI02 ymphablastoids ' The genoma
shows wer levels of W M13, 8 less d hurmian cul fine

See, e.g., PacBio Measuring DNA Methylation Application Brief at PBIO 00000011.
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PacBio uses results of such methylation patterns to classify/characterize diseases such as Prader-
Willi syndrome and Fragile X syndrome as shown below:

| 4

METHYLATION AND DISEASE

Atypical methylation patterns contribute to rare diseases lke Prader-Willl
syndrome and are important factors in pathogenic repeat expansion, such as the
CGG expansion at the FMET locus that cause Fraglle X syndrome. With high
accuracy, long reads, and methyiation detection, HiIFT sequencing is ideal for
characterizing these repeat expansions.

byt of wipandiet FU | st

[ -

HiFi sequencing phases and identifies hypermethylation
of expanded FMRT repeats in NAD7S37.

See, e.g., PacBio Epigenetics Webpage.

Atypical methylation patterns in rare disease Methylation of DMPK repeat expansion
expanded FMRT allels induces hyparmethylation
Atypical methylation patterns contribute —= S E— — .
5 g —

[

to rare diseases like Prader-Willi syndrome
and are important factors in pathogenic
repeat expansions, such as the CGG
expansion at the FMR1 locus that causes
Fragile X syndrome. With high accuracy,
long reads, and methylation detection,
HiFi sequencing is ideal for characterizing
these repeat expansions.

HiFi reads

3 L
pogition in FMAT repeat

HiFi sequencing phases and identifias hypermathyiation of sxpanded FRT repeats in NADTS3T and the
region adjacent to 3 DMPY Ina ple with myatonic o {Children’s Mency Kansas City),

See, e.g., PacBio Measuring DNA Methylation Application Brief at PBIO 00000011.
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See also PacBio and Children’s Mercy Kansas City Press Release. (“PacBio (NASDAQ: PACB), a
leading provider of high-quality, highly accurate sequencing solutions, today announced an
expanded research collaboration with Children’s Mercy Kansas City, one of the nation’s top
pediatric medical systems, to use the multi-omics capabilities of PacBio’s Sequel® Ile system in the
study of genetic disease. The research will apply direct methylation detection and Iso-Seq™ full-
length RNA sequencing in their study. A better understanding of the genetic underpinnings of rare
disease may ultimately help drive diagnostic yield and potentially enhance care for patients.
Children’s Mercy is a leader in using PacBio’s genomic sequencing technology, approaching 1,000
samples sequenced since 2020.7).

See also Customer Overview of System and Software Release v11.0 at PBIO _00000028-33; DNA
Methylation and 5-base HiFi Sequencing Slides at PBIO_00000067-77.
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[7.pre] The method of
claim 2,

EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

[See Claim 2 above]

[7.a] wherein the
modification is a
methylation, the method
further comprising:

See claim element [1.pre], [1.d].

[7.b] determining the
modification is present at
one or more nucleotides,
and

See claim element [3.a].

[7.¢] determining a
clinically-relevant DNA
fraction, a fetal methylation
profile, a maternal
methylation profile, a
presence of an imprinting
gene region, or a tissue of
origin using the presence of
the modification at one or
more nucleotides.

The Accused Products and/or Systems determine a clinically-relevant DNA fraction, a fetal
methylation profile, a maternal methylation profile, a presence of an imprinting gene region, or a
tissue of origin using the presence of the modification at one or more nucleotides as shown below:

Parental imprinting 15kb

HGO0Z

: I !" i
HiFi sequencing enables simultaneous -l i
phasing of reads into maternal and san || T '1| —

M B R =

paternal haplotypes and detection 1 =
of methylation. This directly reveals iz W i ~ s,
patterns of imprinting, where father |y - . S o

methylation status of a chromosome o T e os B S e

depends on whether it was inherited E N =T
HEO0L E e qe-iis g L
from a maother or father. i L—=_NEL = ;
i | | =F i bt 7 i T - 1
= i b s -

Maternal imprinting &t PEGin 8 human trio. HIF: seguencing allows phasing of the kaplotypes per
sample the tio Identifies which allsle is transmimtad from which parent

See, e.g., PacBio Measuring DNA Methylation Application Brief at PBIO 00000011,
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Atypical methylation patterns in rare disease Methylation of DIMPK repesat expansion
expanded FMR1 zllele induces hypermethylation

Atypical methylation patterns contribute

—l:su Tt

to rare diseases like Prader-Willi syndrome
and are important factors in pathogenic
repeat expansions, such as the CGG
expansion at the FMRT locus that causes
Fragile X syndrome. With high accuracy,
long reads, and methylation detection,

—lihz meirp e

HiFi sequencing is ideal for characterizing o T O
. pxsiticn in FAAR T repeat
these repeat expansions. i
HIF ing phases and identifies b of i FRIRT repeats in MAOTSET and the

mglun wdfacent 1o & DMPK expansion in 8 sample with myﬂlonk: dystrophy (Children's Mercy Kansas Gity).

See, e.g., PacBio Measuring DNA Methylation Application Brief at PBIO 00000011,

See also Customer Overview of System and Software Release v11.0 at PBIO_00000028-33; DNA
Methylation and 5-base HiFi Sequencing Slides at PBIO _00000067-77.
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E.  [Claim 8]

[8.pre] The method of
claim 2,

[See Claim 2 above]

[8.a] wherein each sample | In the Accused Products and/or Systems, each sample nucleic acid molecule of the plurality of
nucleic acid molecule of the | sample nucleic acid molecules has a size greater than a cutoff size.

ph’_‘;aht}i Of;liamﬁ le nut.:lclc For example, PacBio gives its users a workflow overview for producing a SMRTbell® library that
801 0 ec1,e5 a3 8 5126 includes a step of size selection:
greater than a cutoff size.
Workflow overview
[ 1 DNA guality control I
l O ssfeswp
[ 2 DNA shearing & cleanup J
L O setesp
[ 3 Repair & A-tailing J
l
[ 4 Adapter ligation & cleanup ]
.L O Safestop
[ 5 Nuclease treatment ]
i
[6 Size selection & cleanup ]

See, e.g., Preparing Whole Genome and Metagenome Libraries Using SMRTbell® Prep Kit 3.0 at 2
(annotated).
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Further, Pac Bio instructs that a size cutoff be used in preparing SMR Thell® libraries using
SMRTbell® prep kit 3.0 with PacBio’s size-selection beads (i.e., AMPure® PB Beads) or other
alternative size selection methods as shown below in PacBio’s Technical note titles “Alternative size
selection methods for SMRThell® prep kit 3.0 (available at hitps://'www.pacb.com/wp-
content/uploads/Technical-note-Alternative-size-selection-methods-for-SMR Thell-prep-kit-3.0.pdf):

In Procedure & checklist — Preparing whole genome and metagenome sequencing libraries using SMRTbell
prep kit 3.0, size-selection beads are used to remove short DNA fragments and enrich for the long
fragmenits that are most valuable for downstream analysis. Although size-selection beads have many
advantages, alternative methods offer more flexibility in defining a size cutoff. This technical note provides
guidance for size selection of WGS libraries prepared with the SMRTbell prep kit 3.0.

Size-selection beads

(Standard) Gel cassettes Short read eliminator
Size cutoff Fiied (5 kb  Adjstable Fiied (> 10 k)
Hands-on time + Low  Low ~ Low
Run time " Minutes Hours +" Minutes
Auts i | +" Standard bquid handler 5 instrument [ nia
Cost v Low High v Low
DNA recovery | + High Low [ Low
mm:::l’”""ﬂ v g 1549 | 1549

See also SMRTbell library preparation overview - Revio system at PBIO 000001411-12; SMRTbell
library preparation overview - Sequel® Ile system at 1447-48;
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In another example, PacBio instructs in its Customer Training that a cutoff size (e.g., = 10 kb) be
used to perform size selection of DNA molecules for constructing SMRThell® libraries suitable for
HiFi sequencing as follows:

HIFI LIBRARY SAMPLE PREPARATION & SEQUENCING WORKFLOW OVERVIEW

Waorkfiow summary for constructing SMRThell libraries suitable for HiFi sequencing on the Sequel Il and lle
Systems for large genome WGS de nove assembly and variant detection applications

SMRTbell Library Size Selection
Sizesmlect lisrary at =10 ki fisr HIFT 0 nove sssemssly or
variani dabection appécations
o )

PacBio HiFi reads
achieve >00.9% accurncy

See, e.g., HiFi Library Preparation Customer Training at 8 (annotated).
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.mu'm‘.

SIZE-SELECTION WITH THE PippinHT SYSTEM (CONT.)

PippinHT size selection is fast (2-hr run time} and efficient (can process up to 20 samples per instrument run)

Before PippinHT Size Selection After PippinHT Size Selection (=10 kb)
Ja ] ]
- s i
oo = A
i '.|Ir"l\\ 0.2 ks M
: ] [N 100 ki vhaan
- - !ﬂ
o i | 100 ks Mads
- | ; _,'Ir 10,0 ki Mean
= = ' 8540 e
: LN ' ST R
Femto Pulse DNA sizing QC analyses of the several human SMRThell Femto Pulse DNA sizing OC analyses of the several human SMATbell
library balors size selection. The size distribution mode ranges library samples afer PippinHT size seloction using 3 10.Kb lowsr
from =T kb 1o ~18 kb flor the different samples. cioff setting. The mean size ion of e size-seiected samples is

sirnilar (~18 kb - 18 kb) across all samples.
=]

See, e.g., HiFi Library Preparation Customer Training at 24 (annotated).
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& rovo

OPTIONAL ALTERNATIVE SIZE SELECTION METHOD: BLUEPIPPIN SYSTEM (CONT.)

BluePippin System can be used for performing size selection if neither a PippinHT nor a SageELF System is
available.

b i ]
]
]
e /158K Mode T
|, 13K Mean wa
B II
y '
- £ .
-
- I 1
] oo
o \

i EE B D

Example Femto Pulse DNA sizing QC analysis of a human HiFi library with 3 final mean insert size of 17.5 kb after size
sirlection with o BluePippin System using a >10 kb cutoft safting.

See, e.g., HiFi Library Preparation Customer Training at 28 (annotated).
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.mcso'

EXAMPLE SIZING QC ANALYSIS OF A HUMAN GENOMIC DNA SAMPLE SHEARED USING
A MEGARUPTOR 2 SYSTEM AND SIZE-SELECTED USING A BLUEPIPPIN SYSTEM (>10 KB),

(1] Input (Unsheared) gONA
bk Mods

Sheared DNA (Megaruptor 2 System; '15 kb’ Setting)
T8 kb Mods

@

° Final SMATE# Library [Pousd-Bize Sekection|
140 kb Mode

Femto Pulse sizing GC analysis of a human gDNA sample sheared using a Megaruptor 2 System ['15 kb' target fragment size setting)
shows a size distribution meode of =15 kb, The final SMRTEel Bbrary slee datibufion mode sfer BlusPippin sire selection with & =10 kb cuteff
satfing i =16 kb

See, e.g., HiFi Library Preparation Customer Training at 54 (annotated).
See also HiFi Library Preparation Customer Training at 57.

In yet another example, PacBio provides instructions to deplete short DNA fragments below a
particular size (e.g., <5 kb, <10kb, <40 kb) prior to shearing and library preparation, leaving sample
nueleic molecules with a size greater than the cutoff size using its short read eliminator kits.* See,
e.g., Short Read Eliminator (SRE) XS and SL kits, Guide & overview (available at https://www.pacb.
com/wp-content/uploads/Guide-overview-Short-Read-Eliminator-SRE-XS-and-X L-kits.pdf).

8 PacBio Short Read Eliminator Kits that can used with the asserted method claims include PN: 102-208-200, PN: 102-208-300,
PN: 102-208-300.
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[10.pre] The method of
claim 1,
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[See Claim 1 above]

[10.a] further comprising
sequencing the sample
nucleic acid molecule.

The Accused Products and/or Systems sequence the sample nucleic acid molecule.

For example, as shown in PacBio’s PacBioFileFormats Documentation, “PacBio SMRT®
sequencing is performed on a circularized molecule called a SMRTbell” that is generated using
PacBio SMRTbell® prep kits. The SMRTbell® includes “the customer’s double-stranded DNA
insert” (sequence /), i.e., the sample nucleic acid molecule:

PacBio SMRT sequencing operates within a silicon chip (a SMRTeell) fabricated to contain a large number of micro-
scopic holes (ZMWs, or zero-mode waveguides), each assigned a hole number.

Within a ZMW, PacBio SMRT sequencing is performed on a circularized molecule called a SMRTbell. The SMRT-
bell, depicted below, consists of:

+ the customer’s double-stranded DNA insert (with sequence I, read following the arrow)
» (optional) double-stranded DNA barcodes (sequences Hy,. Br) used for multiplexing DNA les. While the

P

barcodes are optional, they must be present at both ends if present at all. Barcodes may or may not be synumerric,
where symmetric memns By, = B_.‘::' L

» SMRThell adapters (sequences Ay, A ), each consisting of a double stranded stem and a single-stranded hair-
pin loop. Adapters may or may not be symmerric, where symmetric means 4, = Ag.

—» —» —»
f A B, | B,
— a— -

Fig. I: A schematic drawing of a SMRTbell

See, e.g., PacBioFileFormats Documentation at 7.
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T The Accused Products and/or Systems then perform HiFi sequencing on the SMRThell® template
using circulate consensus sequencing (CCS).

ces  Circular Consensus Sequencing (CCS) Analysis computes consensus
sequences from multiple "passes” around a circularized single DNA
molecule (SMRTbell® template). CCS analysis uses the Arrow framework
to achieve optimal consensus results given the number of passes
available.

E)“"““‘""““ ‘‘‘‘‘‘ —— <)

:

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO_00001130.

See also SMRT® Tools Reference Guide, v11.0 at PBIO 00001012; SMRT® Tools Reference
Guide, v12.0 at PBIO_00001264; Introduction to SMRT® Sequencing Video at PBIO_00000001;
PacBio Sequencing - How It Works Video at PBIO_00000002.
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[11.pre] The method of
claim 1,
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[See Claim 1 above]

[11.a] wherein the model
includes a machine learning
model, a principal
component analysis, a
convolutional neural
network, or a logistic
regression.

The Accused Products and/or Systems use a convolutional neural network for the model:

= A convolutional neural network model
processes polymerase kinetics to
determine the methylation status of
each CpG site in a HiFi read.

= The model runs directly on the Sequel
lle system and is also available in
SMRT Link.

= Methylation status is output using the
BAM standard MM and ML tags.

Konatics In 15 bp window
wesunl CpG aite in rend
r i
ACTUATATCENAL CACTOAMIGTCTUAGT
TOALTATACATOCTGACTCCAGALTCA

Corrvolutional
s notwe

Protability of
Ity

See, e.g., PacBio Epigenetics Webpage.
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Neural network to call CpG methylation in HiFi reads

T TensorFlow

CHNN
L d
& drogout
'q| = @ |-1- e
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nvolution Fully
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nyars

See, e.g., HiFi Sequencing Video, 7:08.

primrose  The primrose tool analyzes the kinetic signatures of cytosine bases in
CpG motifs to identify the presence of SmC.

primrose uses a convolution neural network (CNN) to predict the
methylation state (SmC) of each CpG in a HiFi read. Methylation is
assumed to be symmetric between strands with output reported in the
forward direction with respect to the HiFi read sequence. The output uses
the mm and 11 tags as defined in the SAM Format Optional Fields
Specification. (See here for details.)

See, e.g., SMRT® Tools Reference Guide, v11.1 at PBIO 00001236 (annotated).

See also SMRT® Tools Reference Guide, v11.0 at PBIO_00001108;: SMRT® Tools Reference
Guide, v12.0 at PBIO_00001371.
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Neural network to call CpG methylation in HiFi reads

Feature vector Convolutional neural network

'! fl!
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA
6 r
g . _, l . Probability of
methylation
16 Forward IPD
16 Forward PW
Pooling

16 Reverse IPD

16 Reverse PW

1 Passas Convolution Full connection

PacBi® ... oo eies s soomss PacBio configential 21

See, e.g., Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001493.

See also SMRT® Tools Reference Guide, v11.0 at PBIO _00001108; SMRT® Tools Reference
Guide, v12.0 at PBIO_00001371; Customer Overview of System and Software Release v11.0 at
PBIO 00000021-22; Release v11.0 Sales Training Part 2 v1.0 at PBIO_00001493; Sales Training -
DNA Methylation and 5-base HiFI Sequencing v1.0 at PBIO 00001578, 1580.
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H.  [Claim 12]

[12.pre] The method of
claim 1, wherein:

EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

[See Claim 1 above]

[12.a] the window of
nucleotides corresponding to
the input data structure
comprises nucleotides on a
first strand of the sample
nucleic acid molecule and
nucleotides on a second
strand of the sample nucleic
acid molecule, and

In the Accused Products and/or Systems, the window of nucleotides corresponding to the input data
structure comprises nucleotides on a first strand of the sample nucleic acid molecule and nucleotides
on a second strand of the sample nucleic acid molecule.

For example, the Accused Products and/or Systems perform sequencing on double-stranded DNA
inserts within a SMRTbell® template:

PacBio SMRT sequencing operates within a silicon chip (a SMRTeell) fabricated to contain a large number of micro-
scopic holes (ZMWs, or zero-mode waveguides), each assigned a hole number.

Within a ZMW, PacBio SMRT sequencing is performed on a circularized molecule called a SMRTbell. The SMRT-
bell, depicted below, consists of:

* the customer’s double-stranded DNA insert (with sequence 1, read following the arrow)

* (optional) double-stranded DNA barcodes (sequences By . Br) used for multiplexing DNA samples. While the

barcodes are optional, they must be present at both ends if present at all. Barcodes may or may not be symmezric,
where symmetric means By, = BiC.

+ SMRTbell adapters (sequences Ay, Ag), each consisting of a double stranded stem and a single-stranded hair-
pin loop. Adapters may or may not be symmerric, where symmetric means Ay = Ap.

e —= —
Bl_ I Bn
4 - <+

Fig. I: A schematic drawing of a SMRThell

See, e.g., PacBioFileFormats Documentation at 7 (annotated).
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The SMRTbell® template produces HiFi reads which include a feature vector, i.e., a window, of
nucleotides comprising data related to the window of nucleotides on both forward and reverse
strands of the double-stranded DNA insert that is used as the input:

16x17 feature vector

1 18
ACTGATATGTACGACTGAGGTCTGAGT
TGACTATACATGCTGACTCCAGACTCA

e rt
1 | 2 : | 16
%§ 051 o 0
Forward 1.02 0 0
o= 0 [ 043
| o 0o 0
—— [ e | ——
|
Npasses 10 10 10

See, e.g., HiFi Sequencing Video, 7:25-7:47 (annotated).

See also Introduction to SMRT® Sequencing Video at PBIO 00000001; PacBio Sequencing - How
It Works Video at PBIO 00000002.

[12.b] the input data
structure further comprises
for each nucleotide within
the window a value of a
strand property, the strand
property indicating the
nucleotide being present on

In the Accused Products and/or Systems, the input data structure includes for each nucleotide within
the window a value of a strand property, the strand property indicating the nucleotide being present
on either the first strand or the second strand.

For example, as shown above, the feature vector indicates a value (e.g., pulse width, AP, as shown
circled in [12.a] above) indicating the nucleotide is present on the forward strand(s).
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cither the first strand or the
second strand.

- 86 -



L. [Claim 13]

[13.pre] The method of
claim 12,

EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

[See Claim 12 above]

[13.a] wherein the sample
nucleic acid molecule is a
circular DNA molecule

The sample nucleic acid is a circular DNA molecule. For example, as shown in PacBio’s
PacBioFileFormats Documentation, “PacBio SMRT® sequencing is performed on a circularized
molecule called a SMRTbell” (emphasis added) that is generated using PacBio SMRTbell® prep
kits. The SMRTbell® includes “the customer’s double-stranded DNA insert” (sequence /), i.e., the
sample nucleic acid molecule:

PacBio SMRT sequencing operates within a silicon chip (o SMRTeell) fabricated to contain a large number of micro-
seopic holes (ZMWs, or zero-mode wavegnides), each assigned a hole number.

Within a ZMW, PacBio SMRT sequencing is performed on a circulanzed molecule called a SMRThell. The SMRT-
hell, depicted below, consists of:

* the customer’s double-stranded DNA insert (with seguence 1. read following the arrow)

* (optional) double-stranded DNA barcodes (sequences By . By) used for multiplexing DNA samples. While the
barcodes are optional, they must be present at both ends if present at all. Barcodes may or may nol be symmetric,

where symmetric means B, = H,If"".

* SMRThell adaplers (sequences Ay, Ag). each consisting of a double stranded stem and a single-stranded hair-
pin loop. Adapters may or may not be symmerric, where symmetric means A; = Ag.

- > >
BL [ Bn
- - <

Fig. 1: A schematic drawing of a SMRThell

See, e.g., PacBioFileFormats Documentation at 7.
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[13.b] formed by: cutting a
double-stranded DNA
molecule using a Cas9
complex to form a cut
double-stranded DNA
molecule, and ligating a
hairpin adaptor onto an end
of the cut double-stranded
DNA molecule.

EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

The circular DNA molecule is formed by: cutting a double-stranded DNA molecule using a Cas9
complex to form a cut double-stranded DNA molecule, and ligating a hairpin adaptor onto an end of

the cut double-stranded DNA molecule. For example, PacBio describes a method “for targeted

SMRT® Sequencing using the CRISPR-
Cas9 system that requires no PCR
amplification” and “preserves epigenetic
modifications.” See PacBio poster
presentation titled “No-Amp Targeted
SMRT® Sequencing Using a CRISPR-
Cas9 Enrichment Method™ (available at
https://'www.pach.com/wp-
content/uploads/McLaughlin-ASHG-
2018-No-Amp-Targeted-SMRT-
Sequencing-Using-a-CRISPR-Cas9-
Enrichment-Method.pdf) (“PacBio Cas9
Poster”). The method includes cutting a
double-stranded DNA molecule using a
Cas9 complex (blue arrow) to form a cut
double-stranded DNA molecule (green
arrow) and ligating a hairpin adaptor onto
an end of the cut double-stranded DNA
molecule (red arrow).

S~ -
[0——=="-0] c—
CHISPR-CM: -
Digestion =
=
Capture
Adapter
\ Ligation
(o—=—-0]
[—a
< ([0——-0]
e =D
0—8]
Iﬂ(ﬂﬂall.laﬂql

See, e.g., PacBio Cas9 Poster (Fig. 3) (annotated)
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J.  [Claim 14]

[14.pre] The method of
claim 1,

EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

[See Claim 1 above]

[14.a] wherein the
nucleotides within the
window are determined
using a circular consensus
sequence and without
alignment of the sequenced
nucleotides to a reference
genome.

The Accused Products and/or Systems use circular consensus sequence sequencing (CCS) to
determine the nucleotides within the window.

WHAT ARE HIFI READS?

HiFl reads are produced using circular consensus sequencing (CCS) mode on PacBlo long-read systems. HiFi reads
provide base-level resolution with 99.9% single-molecule read accuracy.

HiFi reads can be used across a wide range of SMRT sequencing applications, from whole genome sequencing for de
novo assembly, comprehensive variant detection, epigenetic characterization, RNA sequencing and more

See, e.g., PacBio HiF1 Sequencing Webpage (annotated).

See also SMRT® Link User Guide, v11.0 at PBIO _00000651-652, PBIO _00000665-667; SMRT®
Link User Guide, v11.1 at PBIO_00000793-803, PBIO_00000818-820; SMRT® Link User Guide,
v12.0 at PBIO 00000959-962, PBIO (10000979-981; SMRT® Tools Reference Guide, v11.0

at PBIO_00001012-1020; SMRT® Tools Reference Guide, v11.1 at PBIO_00001130-1138;
SMRT® Tools Reference Guide, v12.0 at PBIO_00001264-1272.

In addition, as shown in PacBio’s PacBioFileFormats Documentation, “PacBio SMRT® sequencing
is performed on a circularized molecule called a SMRTbell” that is generated using PacBio
SMRTbell® prep kits. See, e.g., PacBioFileFormats Documentation at 7:

PacBio SMRT sequencing operates within a silicon chip (a SMRTeell) fabricated to contain a large number of micro-
scopic holes (ZMWs, or zero-mode waveguides), each assigned a hole number.

Within a ZMW. PacBio SMRT sequencing is performed on a circularized molecule called a SMRTbhell. The SMET-
bell, depicied below, consists of:
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The Accused Products and/or Systems use the circular consensus sequence without alignment of the
sequenced nucleotides to a reference genome. For example, in PacBio’s “Glossary of Terms”
provided on its website, “[glenerating a CCS read does not include or require alignment against a
reference sequence but does require at least two full-pass subreads from the insert, as shown below:

« circular consensus sequencing (CCS) read: The consensus
sequence resulting from alignment between subreads taken from a
single ZMW. Generating a CCS read does not include or require
alignment against a reference sequence but does require at least two
full-pass subreads from the insert. CCS reads are advantageous for
amplicon and RNA sequencing projects and are highly accurate (>99%
accuracy, Q220).

o .
%f S

~ )

EE———

d

Circular Consensus Sequence (CCS) Read: s——

See, e.g., Pacific Biosciences Glossary of Terms (emphasis added above).

See also PacBio Sequencing - How It Works Video at PBIO_00000002.

-90-




K.  [Claim 15]

[15.pre] The method of
claim 1,

EXHIBIT A
CONFIDENTIAL - OUTSIDE COUNSELS’ EYES ONLY

[See Claim 1 above]

[15.a] wherein each
nucleotide within the
window is enriched or
filtered.

In the Accused Products and/or Systems, each nucleotide within the window is enriched or filtered.

For example, PacBio instructs each nucleotide within the window to be enriched or filtered by
depleting short fragments in a SMRTbell® library—thereby enriching for long fragments—using
AMPure PB beads size selection kits or with SMRTbell® cleanup beads provided in SMRTbell®
Prep Kits:

6. AMPure PB bead size selection or cleanup with SMRTbell cleanup beads

The AMPure PE bead size selection step will clean the hhranr and deplete DNA frawems shorter than Skb, Please
see the JTechnical note — HIFLWGES Performance w cad s gn for more information on
performance of this method.

To remove SMRTbell molecules with inserts greater than § kb from the SMRTbell library, please see the Technic
Note - Alternative size selection methods for SMRTbell orep kit 3.0 If performing an alternative method; or skipping
size selection altogether, proceed to the bead binding, wash. and elution steps by adding a 1X concentration of the
SMRThell cleanup beads to each library (50 pl).

See, e.g.. Preparing whole genome and metagenome libraries using SMRTbell® prep kit 3.0 at 12.

Introduction

In Procedure & checklist — Preparing whole genome and metaganome sequencing libraries using SMRTbell
prep kit 3.0, size-selection beads are used to remove short DMNA fragments and enrich for the lang
fragments thal are mos| valuable for downstream analysis. Although size-selection beads have many
advantages, altemnative methods offer more flexibility in defining a size cutoff. This technical note provides
guidance for size selection of WGS libraries prepared with the SMRTbell prep kit 3.0.

See, e.g., Alternative size selection methods for SMRTbell® prep kit 3.0,

See also, claim 8 (size cutotf)
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As another example, PacBio demonstrates that a window within a particular genomic region of interest
can be enriched using a CRISPR-Cas9 enrichment methodology, as shown below:

CRIEPR-Cas8  Ragion of
ntarom

CRISPR-Cas9
Digestion

===
(o ———
> C—0
=0
(3]
Capture
Adapter

Ligation

See, e.g., No-Amp Targeted SMRT® Sequencing Using a CRISPR-Cas9 Enrichment Method,
Figure 2.
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L.  [Claim 16]

[16.pre] The method of
claim 15,

EXHIBIT A
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[See Claim 15 above]

[16.a] wherein each
nucleotide within the
window is enriched by:
cutting a double-stranded
DNA molecule using a Cas9
complex to form a cut
double-stranded DNA
molecule, and ligating a
hairpin adaptor onto an end
of the cut double-stranded
DNA molecule, or

In the Accused Products and/or Systems, each nucleotide within the window is enriched by cutting a
double-stranded DNA molecule using a Cas9 complex to form a cut double-stranded DNA
molecule, and ligating a hairpin adaptor onto an end of the cut double-stranded DNA molecule

For example, the eircular DNA molecule
is formed by: cutting a double-stranded
DNA molecule using a Cas9 complex to
form a cut double-stranded DNA
molecule, and ligating a hairpin adaptor
onto an end of the cut double-stranded
DNA molecule. For example, PacBio
describes a method “for targeted SMRT®
Sequencing using the CRISPR-Cas9
system that requires no PCR
amplification™ and “preserves epigenetic
modifications.” See, e.g.. No-Amp
Targeted SMRT® Sequencing Using a
CRISPR-Cas9 Enrichment Method. The
method includes cutting a double-
stranded DNA molecule using a Cas9
complex (blue arrow) to form a cut
double-stranded DNA molecule (green
arrow) and ligating a hairpin adaptor onto
an end of the cut double-stranded DNA
molecule (red arrow):

\:m

- (0———
c O CRISPR c.ss: - .
Digestion =0

:

o target
Cut Bite
SMRTbal Library 1
(symmaetric; background-reduced)
Capture
Adapter

I

No-Amp Targeted SMRT® Sequencing Using a
CRISPR-Cas9 Enrichment Method (Fig. 2) (annotated)
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[16.b] filtered by: selecting
double-stranded DNA
molecules having a size with
a size range.

EXHIBIT A
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In the Accused Products and/or Systems, cach nucleotide within the window is filtered by: selecting
double-stranded DNA molecules having a size with a size range

For example, PacBio gives its users a workflow overview for producing a SMRThell® library that
includes a step of DNA shearing:

[ 1 DNA guality control ]
J' O swesnsp

[ 2 DMA shearing & cleanup ]
e

[ 3 Repair & A-ailing ]
1

[ 4 Adapter ligation & cleanup J
v O sifesion

[ 5 Nuclease treatment ]

[ (] Size selection & cleanup ]

See, e.g., Procedure & checklist for SMRThell® prep kit 3.0 at 2.

The step of DNA Shearing results in filtering the DNA by selecting double-stranded DNA
molecules having a size within a target size range as follows:

DMNA Shearing Human, plant, and snimal samples Microbial and Metagenomic samples
DNA shearing

[Megaruptor 3 system) Speed 31 Speed 40

Target fragment lengths 15-1Bkb 7-12kb

See, e.g., Procedure & checklist for SMRTbell® prep kit 3.0 at 1.
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M.  [Claim 18]

[18.pre] The method of
claim 1,

EXHIBIT A
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[See Claim 1 above]

[18.a] wherein the optical
signal is a fluorescence
signal from a dye-labeled
nucleotide.

In the Accused Products and/or Systems, the optical signal is a fluorescence signal from a dye-

labeled nucleotide.

For example, the methods discussed herein use a fluorescence signal as the optical signal:

HOW 5-BASE HIFI SEQUENCING CALLS METHYLATION STATUS

HIFi sequencing provides two channels of information: fluorescence and kinetics. Utilizing both enables highly accurate

reads (fluorescence) plus methylation status (kinetics) from a single library,

A

Durctly drect Dl
il s dung

neguming

|
Tomw
Nucleatide incorparation kinetics
are measured in real time

HiF} sequencing observes a polymerase incorporating
fluorescently labeled nucleotides complementaryto a
native DNA strand. The label identifies the base (A, C, G,
T). Epigenetic modifications like 5mC impact polymerase
kinetics — how fast bases are incorporated. No special
library prep is required.

See, e.g., PacBio Epigenetics Webpage (annotated).
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PacBio indicates that
fluorescent signals can be
detected, for example,
using a “fluorescent dye
suitable for single molecule
fluorescence detection.”
See Long, Processive
enzymatic DNA synthesis
using 100% dye-labeled
terminal phosphate-linked
nucleotides (right).

The use of tluorescent dye-
labeled nucleotides to
detect a fluorescence signal
is also disclosed in Rhoads
& Au at Fig. 3 (right).
(*“Each of the four
nucleotides is labeled with
a different fluorescent dye
(indicated in red, yellow,
green, and blue,
respectively for G, C, T,
and A) so that they have
distinct emission
spectrums.”).

Long, processive enzymatic DNA synthesis
using 100% dye-labeled terminal phosphate-
linked nucleotides.
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See also Introduction to SMRT® Sequencing Video at PBIO 00000001,
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N.  [Claim 19]

[19.pre] The method of
claim 1,

EXHIBIT A
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[See Claim 1 above]

[19.a] wherein each window
associated with the first
plurality of data structures
comprises 4 consecutive
nucleotides on a first strand
of each first nucleic acid
molecule.

Each window associated with the first plurality of data structures of the Accused Products comprises
4 consecutive nucleotides on a first strand of each first nucleic acid molecule. For example, each
window used as in input to the convolutional neural network (CNN) employed by the Primrose tool
includes “a 16 base pair window for both the forward and reverse strand”—which comprises 4
consecutive nucleotides on a first strand of a HiFi read. See, e.g., SMRT® Tools Reference Guide,
v11.1 at PBIO_00001236; SMRT® Tools Reference Guide, v11.0 at PBIO_(0001108; SMRT®
Tools Reference Guide, v12.0 at PBIO_00001371.
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