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Claims 1 and 2

‘357 Patent

T 1. A method for detecting duplicate sequencing reads, the
‘m.United S:ates Patent (10) Patent No.:  US 11,098,357 B2 methc)d Comprl Slng:

Amorese et al (45) Date of Patent: *Aug. 24,2021

ligating an adaptor to each of a plurality of nucleic acid
fragments, wherein each adaptor comprises a unique
identifier having from about 1 to about 8 nucleotides,
an indexing site unique to a subset of the adaptors, and
a primer binding site;

amplifying the adaptor-ligated fragments into amplicons;

sequencing the amplicons to produce sequence reads that
include identifier and target sequences; and

identifying sequence reads with i1dentical identifier and
target sequences as duplicates.

2. The method of claim 1, further comprising removing a

duplicate read from the sequence reads.

Pet. at 19-70; EX1004 at 25:36-49, Papers 21, 29, 34 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Claims 1 and 2

The Physical Limitations The Computer-Aided Limitations

1. A method for detecting duplicate sequencing reads, the identifying sequence reads with identical identifier and

met.hoc‘! comprising: . . . target sequences as duplicates.
ligating an adaptor to each of a plurality of nucleic acid

fragments, wherein each adaptor comprises a unique
identifier having from about 1 to about 8 nucleotides,
an indexing site unique to a subset of the adaptors, and
a primer binding site;
amplifying the adaptor-ligated fragments into amplicons;
sequencing the amplicons to produce sequence reads that 2. The method of claim 1, further comprising removing a
include identifier and target sequences; and duplicate read from the sequence reads.

Pet. at 19-70; EX1004 at 25:36-49, Papers 21, 29, 34 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Pet. at 24-70; EX1079 119 343-360, 367-393, 563-576, 584-609 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE




Computer-Aided Analysis of Sequencing Data Was Well-Known

1) Read Quality Control and Trimming,

2) Reference Genome Alignment,

3) Format conversion and coordinate sorting/indexing (SAM/BAM),

Dr. Carlos
Bustamante

4) Sample Demultiplexing,
Expert for Tecan
5) Duplicate Identification,

6) Recalibration and Realignment, and

7) Variant/Feature Calling

Pet. at 14-18; Paper 29 at 4-6; EX1124 at 138:2-139:2; EX2035 9 53 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Petitioner’s Hearing Plan

Claim Construction
E Anticipation - Bielas x1013)

Obviousness - lafrate & Kivioja (EX1011 & 1012)

Pet. at 22-70; Paper 21; Paper 29; Paper 34; Decision Granting IPR DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Petitioner’s Hearing Plan

Claim Construction

Paper 21 at 9-19; Paper 29 at 6-14; Paper 34 at 2-11; Decision Granting IPR DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Construing the Computer-Aided Limitation in Claim 1

‘357 Patent
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identifying sequence reads with i1dentical identifier and
target sequences as duplicates.
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There Is No Dispute Over the Meaning of “Duplicates”

Petitioner’s Reply Tecan'’s Sur-Reply

A.  “Duplicates” Require 100% Identity Between Two Sequences. B. A Method “Comprising” a Step that Identifies “Duplicates”

There appears to be no dispute that two sequences are duplicates when the

There is reads being compared are identical.

no dispute that the term “duplicates” as used in the patent requires the sequences to

be 1dentical.

Paper 21 at 16-17; Paper 29 at 6; Paper 34 at 11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



“Duplicates” Requires 100% Sequence Identity

=\

DOOCIVOO00E TTCG
I BEEEEEEEEEEED
A nBlooeeelveceoe TUT C\G

=/

IDENTIFIER

TARGET SEQUENCE

In some embodiments, a
sequencing read comprises a target sequence and an i1den-
tifier sequence. For example, the target sequence 1s
sequenced with the identifier site.

Paper 29 at 6; Paper 34 at 11; EX1004 at 12:45-49 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The Computer-Aided Limitation Is Straightforward

“identifying sequence
reads with identical
identifier and target

sequences as duplicates”

'357 Patent, Claim 1

Pet. at 35-41, 53-63; EX1004 at 25:36-47

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Tecan Adds Two Unsupported Limitations

Claim Term Tecan’s Construction

“identifying sequence “1dentifying sequence reads
reads with identical as duplicates through a
identifier and target step that uses both the

sequences as duplicates” with-tdentieal 1dentifier
and at least a portion of
the target sequences as

duplicares™

'357 Patent, Claim 1

Pet. at 35-41, 53-63; EX1004 at 25:36-47; Paper 21 at 9-19; Paper 29 at 6-14; Paper 34 at 2-11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Tecan Imposes Simultaneity With Its “Step” Limitation

Tecan’s Sur-Reply

The dispute here is whether the identifying step of the claims allows for (1)
performing a series of steps that eventually lead to the identification of duplicates,
without regard as to how the identifier and target sequences are used, as IDT
contends, or instead requires (2) using the identifier and target sequences in

combination in the step that identifies duplicates, as Tecan contends.

the 1dentification of

duplicates requires that both the target sequence and the identifier be used together.

Paper 34 at 3-4; see also Paper 21 at 9-15 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The Board Should Adopt the Plain and Ordinary Meaning
of the Computer-Aided Limitation

. . . Petitioner’s
Claim Term Tecan’s Construction Construction
“identifying sequence “1dentifying sequence reads = “identifying sequence reads
reads with identical as duplicates through a with identical identifier
identifier and target step that uses both the and target sequences as
sequences as duplicates” with-tdentical 1dentifier duplicates.”

and at least a portion of S .
the target sequences as This limitation requires

unlicates” the entire “target

sequence” and does not
require a single “step.”

‘357 Patent, Claim 1

EX1004 at 25:36-47; Paper 21 at 9-19; Paper 29 at 6-14; Paper 34 at 2-11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Simultaneity Is Unsupported by the Claim Language

‘357 Patent

LT 1. A method for d@t@Ctiﬂg duplicate SequenCing readS, the

B e method comprising:
ligating an adaptor to each of a plurality of nucleic acid

fragments, wherein each adaptor comprises a unique
identifier having from about 1 to about 8 nucleotides,
an indexing site unique to a subset of the adaptors, and
a primer binding site;

amplifying the adaptor-ligated fragments into amplicons;

sequencing the amplicons to produce sequence reads that
include i1dentifier and target sequences; and

identifying sequence reads with identical identifier and
target sequences as duplicates.

a2 United States Patent
Amorese et al.

xhibit 1004.0001

Pet. at 35-41, 53-63; EX1004 at 25:36-47, Paper 21 at 9-19; Paper 29 at 6-14; Paper 34 at 2-11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 15



Tecan’s Construction Requires Simultaneity

[[G G000
Tecan'’s Sur-Reply

the 1dentification of

duplicates requires that both the target sequence and the identifier be used together.

Paper 34 at4; id. at 2-11; Paper 21 at 9-19 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The Preceding Limitations Do Not Support Simultaneity

Starting with the claim, it is clear from the claim language itself that
Applicants intended that the claimed method included an independent step of
1dentifying duplicates by using both the identifier and at least a portion of the target
sequence. Each of the steps of the claimed method include specific elements

necessary for that step, and the identifying step is no different.

1. A method for detecting duplicate sequencing reads,
the method comprising:
ligating an adaptor to each of a plurality of nucleic
acid fragments, wherein each adaptor comprises a
unique identifier having from about 1 to about 8
nucleotides, an indexing site unique to a subset of
the adaptors, and a primer binding site;
amplifying the adaptor-ligated fragments into
amplicons;
sequencing the amplicons to produce sequence reads
that include identifier and target sequences; and
identifying sequence reads with identical identifier
and target sequences as duplicates.

EX1004 at 25:36-47; Paper 21 at 10; Paper 29 at 7-12

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE




The Amplifying Limitation in Claim 1 Is a Multistep Process

The primers of the invention are generally oligonucle-
otides that are employed in an extension reaction by a
polymerase along a polynucleotide template, such as for
amplification of a target sequence (e.g., in PCR).

5!
1. Denature template DNA fragment J =
into single strands. 5 ,
5
5!
2. Anneal primers to each template p—— ) .
Strand. “Reverse” Primer 5 Forward” Primer
5!
3. Generate complementary DNA o ?
strands using a polymerase. 3 5
5 5
o 5 —
“Reverse” Primer “Reverse” Primer
4- Repeat- “Forward” Primer “Forward” Primer
5 m— 5" m—
5 5

Pet. at 6-7; Paper 29 at 9; EX1079 99 68-69; EX1004 at 5:51-54 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Imposing Simultaneity Inappropriately Departs
From the Plain and Ordinary Meaning

Apple Inc. v. Gesture Tech. Partners, LLC, 129 F.4th 1367, 1380 (Fed. Cir. 2025)

“In contrast to the plain and ordinary meaning, Gesture’s claim
construction appears to add a temporal limitation to the claims
that 1s sitmply not there and relies on an argument that claim 7’s
‘reflected light’ implicitly provides an antecedent basis for claim
12°s ‘light source.” We disagree that claim 7 provides such an
antecedent basis.”

Paper 29 at 9 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The Specification Does Not Support Simultaneity

: .. . : STEP 1
Following our data analysis pipeline of sequence align-
ment with bowtie aligner (Langmead B. et al., Ultrafast and
memory-efficient alignment of short DNA sequences to the { FTVCYC G T ATATATTITIC G C,
. . 4 www
human genome. Genome Biol. 2009, 10:R2.), duplicate
reads were identified by their genomic start positions.
B o S 6 RASAALGAR RS el i — o e
OOCOVLLVIVOOC
Following our data analysis pipeline of sequence align-
ment with bowtie aligner (Langmead B. et al., Ultrafast and
memory-eflicient alignment of short DNA sequences to the
human genome. Gerome Biol. 2009, 10:R2.), duplicate 1 M (
reads were identified by their genomic start positions. [VWV A4 vm
OOCOVVVVVRCOC
LOCOOVVLLOPBOEC
OOCOVLVVVPCOC

Paper 29 at 9-10; EX1004 at 16:46-18:16; see also Pet. at 35-41, 53-63 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The Specification Does Not Support Simultaneity

STEP 2
At this {
point, sequencing reads that started at the same genomic s b b bttt b b b
position were checked against the random bases file to see
if they have the same or different set of random bases that )
were ligated to them. [TYASGUALT{CIG,C)
e 00000000
point, sequencing reads that started at the same genomic \
position were checked against the random bases file to see
if 1]10)11_ havfj the i@amc or different set of random bases that p
were ligated to them.
([T JALG AT C G C)
00000000
00000000

Paper 29 at 9-10; EX1004 at 16:46-18:16; see also Pet. at 35-41, 53-63 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The Specification Does Not Support Simultaneity

STEP 3

Where two sequences with the same

starting genomic coordinate had the same set of random ,
bases, they were considered to have come from the same 0*WWVWW

mitial DNA ligation event,

Where two sequences with the same (
starting genomic coordinate had the same set of random ov m
bases, they were considered to have come from the same
initial DNA ligation event, \

Py e TTTCITT

Paper 29 at 9-10; EX1004 at 16:46-18:16; see also Pet. at 35-41, 53-63 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Example 1 Discloses Identification of “True” Duplicates

Example 1: Identification of Duplicate Sequencing
Reads with NuGEN Ovation Target Enrichment
Library System

Sample Description: 100 ng of DNA from a human
AL -

L 1o (ALA1OD20N I P

lected on Agencourt magnetic beads, washed and eluted

according to manufacturer’s recommendations. These librar-

ies were enriched by 30 cycles of PCR using NuGEN library

enrichment primers (Ovation Target Enrichment Library

System, NuGEN Technologies, Inc., San Carlos, Calif.) that
1 H £ 11 a

reads. The use of an identifier site allowed for the determi-
nation of the number of true duplications versus the number
of apparent or perceived duplicates.

If the sequences of two libraries are identical, their

duplication status is unknown since this could occur by
1a. s omnxr lilsosss TE om sdantifios iosacod i

were considered to both be valid sequencing reads for the [
purpose of variant identification. FIG. § provides the analy- [
sis results demonstrating the identification of the duplicate
reads. The use of an identifier site allowed for the determi- |5

of apparent or perceived duplicates.

Two sequence reads with ~ ["2

tossa tl: 111 L1111 ]nc

tion.

0 an

the same starting genomic coordinate that have different [%)
random bases were derived from unique ligation events and |, ,,

order
eads!

and
lign-

o the

nation of the number of true duplications versus the number i

t this

b see
that

mixture was diluted with water, 0.8x volume of Ampure XP
magnetic beads (Agencourt Biosciences Corporation, A
Beckman Coulter Company, Beverly, Mass.) was added and
the solution thoroughly mixed. The beads were collected,
washed and the ligated DNA fragments eluted according to
manufacturer’s recommendations. A pool of targeting
probes was annealed to the eluted DNA fragments by
initially heating the solution to 95° C. then slowly cooling
the mixture from 80° C. to 60° C. by 0.6 degrees/minute.
Targeting probes that were specifically annealed were
extended with Tag DNA polymerase (New England Biolabs,
Inc., Ipswich, Mass.) according to the manufacturer’s pro-
tocols. Following extension, the DNA fragments were col-

were ligated to them. Where two sequences with the same
starting genomic coordinate had the same set of random
bases, they were considered to have come from the same
initial DNA ligation event, regardless of which Ovation
Target Enrichment targeting probe was used to generate the
sequence fragment in question. These sequences, therefore,
did not provide unique information about the starting
genomic DNA and are considered as one sequencing read
for the purpose of variant analysis. Two sequence reads with
the same starting genomic coordinate that have different
random bases were derived from unique ligation events and
were considered to both be valid sequencing reads for the
purpose of variant identification. FIG. 5 provides the analy-
sis results demonstrating the identification of the duplicate

EX1004 at 1

16, Fig. 5; contra Paper 34 at 6-8

Resolution of apparent duplicate reads by identifier sequence ligation

Libraries were generated from 100ng genomic DNA Covaris fragmented to ~500bp in length. These were enriched with the
344 gene cancer panel, ~12k probes covering 969kb of genomic space and sequenced on the ILMN Miseq. Different numbers
of reads were randomly selected for this analysis

“Apparent” Duplicates — individual targets within libraries consist of one random end (result of fragmentation) and one
common end (initiated with the sequence specific probe). Apparent duplicates are derived from sequencing libraries and
using conventional measures of duplicate reads ie, reads were mapped using bowtie and all reads with the same start and end
genomic coordinates were counted as duplicates.

“True” duplicates - An identifier sequence is introduced through ligation to differentiate between fragments of DNA that
randomly have the same start and end mapping coordinates. The analysis method is described in the specification.

Figure 5

“True” duplicates - An identifier sequence is introduced through ligation to differentiate between fragments of DNA that
randomly have the same start and end mapping coordinates. The analysis method is described in the specification.

Figure 5




The Prosecution History Does Not Support Simultaneity

Samuels e al. do not teach (1) the active step of “identifying a duplicate sequencing read

Attorney Docket No. NUGN-001/01US 301735-2003 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

as the sequencing read comprising the same identifier site and nucleic acid fragment as another

etal

Application No.: 14/540,917 Group Ant Uit 1637

Filed November 13, 2014 Examiner: Teresa E. Strzelecka

FoRr COMPOSITIONS AND METHODS FOR IDENTIFICATION OF A DUPLICATE Sequencing read in the popu] ati On Of Sequencing read S;” (emphasi S added}):’|

SEQUENCING READ

Filed via EFS

Attorney Docket No.: NUGN-001/03US 34079/516

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT:  NuGEN Technologies, Inc, ART UNIT: 1637 However’ the

SERIAL NUMBER: 16/743,604 CONF.NO.. 3249
FILING DATE: January 15, 2020 EXAMINER:  Teresa Strzelecka

TITLE: COMPOSITIONS AND METHODS FOR IDENTIFICATION OF A
DUPLICATE SEQUENCING READ

instant invention relies on the indexing site for batch identification of samples, and the sequence

Commissioner {or Patents FILED ELECTRONICALLY
PO, Box 1450
Alexandria, VA 22313-1450

of the identifier site and the sequence of the fragment that is amplified are used in combination to

N discern duplication. This is very different than the method disclosed in McCloskey ez al.

Remarks begin on page 4.

Applicant b ves that no fees are due in connection with this Amendment. However,

Applicant authorizes any required fees to be charged to Deposit Account No. 500369

This is obviated in the claimed methods by using the identifier and fragment sequence to
identify duplicate reads. Moreover, because the fragment sequence is used in conjunction with
the identifier to find duplicates, the identifier can be less complex than the “barcode” in

McCloskey.

IDT Exhibit 1019.0448

Paper 29 at 13-15; Paper 34 at 4-6; EX1018 at 797-99; EX1019 at 453 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Tecan’s Expert Agrees Simultaneity Is Not Required

Q. And ifthe comparison is split into two components such that first identifiers
are compared and then target sequences are compared, is that still a single
step?

N '
gy A. | would say that because the condition is an if and only if, you could start
‘ " with a string comparison that would begin with a character comparison,
right, so it depends on how granular you want to be in defining the recipe
Dr. Carlos by which it's carried out; right? Just like any recipe, you could further break
Bustamante down a step into multiple steps that it comprises. So at the end you need to
Lk have unique identifier and - you need to have identical unique identifiers or
Expert for Tecan identical identifiers and identical target sequence in order to identify the
sequences as duplicates.

Q. And if my workflow compares the identifiers first, then clusters them based
on that, then compares target sequences, that is still a single step; correct?

A. | would say so, right, and by analogy | could start by comparing the first
character and the second character, then the third character and if they are
identical you keep going. If they are not identical, you would flag them as
not identical and it could be done from left to right or right to left.

Paper 29 at 11-12; EX1124 at 52:5-53:11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Tecan’s Expert Agrees Simultaneity Is Not Required

IDENTIFIER TARGET SEQUENCE

Q. I'd like to just make sure that's very clear. In your opinion, if the sequence comparison
preceded one character at a time, that would still be a single step even though there
are end [n] comparisons being made in sequence?

- A. ...Because string comparison encompasses character comparison, you could go
’ down the representation, right, coded in ASCIl and so on; right? So | think it is all part
o of the single identifier step. You could break it down as far as you would like, it is still
Dr. Carlos that single process by which you're comparing the unique identifier, ensuring that's
Bustamante identical and the target sequencing and ensuring that is identical.

Paper 29 at 11-12; EX1124 at 53:12-17, 53:23-54:10 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Specification x J

Claim Language

Dr. Bustamante x J

EX1004 at 25:36-47; Paper 21 at 9-19; Paper 29 at 6-14; Paper 34 at 2-11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Aqualex Indus., Inc. v. Techniche Sols., 419 F.3d 1374, 1381 (Fed. Cir. 2005)

“In interpreting ‘fiberfill,” the trial court relied heavily upon statements made during prosecution . . .
as a clear disavowal of natural fibers for use as ‘fiberfill batting material.” The prosecution history,
however, is ambiguous and does not directly address the composition of ‘fiberfill.” Thus, we
disagree with the trial court that AquaTex’s arguments foreclose potential compositions of fiberfill,
and we decline to give the prosecution history much weight. The representations made during
prosecution neither support nor discredit any particular meaning of the term ‘fiberfill.” They are

not a clear disavowal of claim scope.”

v | Ve | \ 4

Dr. Bustamante x J

Paper 29 at 9-10 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



“At Least a Portion” Is Unsupported By the Plain Language

Claim Term Tecan’s Construction

“1dentifying sequence reads with
1dentical identifier and target
sequences as duplicates™

at least a
portion of the target sequence

‘357 Patent, Claim 1

Pet. at 35-41, 53-63; EX1004 at 25:36-47; Paper 21 at 9-19; Paper 29 at 12-14; Paper 34 at 9-11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Construing the Computer-Aided Limitation in Claim 1
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1. A method for detecting duplicate sequencing reads, the
method comprising:

sequencing the amplicons to produce sequence reads that

include identifier and target sequences; and
identifying sequence reads with identical identifier and

target sequences as duplicates.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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“At Least a Portion” of the Target Sequence Renders Absurd Results

5 Dr. Carlos Bustamante
=

Tecan's Expert

would be a portion of
sequence but in gene
target sequence woul
longer than a single b

Q. So can asingle base be a
portion of a target sequence?

A. Asingle base by definition

TARGET SEQUENCE

a target

TARGET SEQUENCE

ral, the
d be

dasSe.

TARGET SEQUENCE

Paper 29 at 12; EX1124 at 39:8-13

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Petitioner’s Hearing Plan

E Anticipation - Bielas x1013)

Pet. at 47-70; Paper 21 at 33-38; Paper 29 at 14-19; Paper 34 at 12-16; Decision Granting IPR° DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Bielas's (EX1013) Example 3 Teaches the Method of Claims 1 and 2

Petitioner’s Expert (Dr. Sims)

483. After sequencing, Bielas explains that “all —_— *—
sequencing reads with identical cypher pairs and : —_—
their reverse complements were grouped into l’
families to create a consensus sequence.” EX1013 Ligate into Dual Cypher vector, Amplify and Sequence
(Bielas) at 0031. Bielas diagrammed this process in CvoherEamily Evpher Farmliv2
Figure 3B, which I have reproduced below. EX1013 1111111
(Bielas) at 0043. 11111

. . . (I w

484. Bielas explains that the “open circle” mr—
represents errors introduced during library [T
preparation; the “grey circle and triangle” represent I —
errors introduced during sequencing; and the “black M
diamond” represents true mutations. EX1013 T
(Bielas) at 0031-32, 0043. Figure 3B shows that
Bielas amplified and sequenced adaptor-ligated (T
fragments and then deduplicated them based on the (D

Cypher and sequence of the nucleic acid fragment.
EX1013 (Bielas) at 0031-32.

Pet. at 61-63; EX1079 119 483-486; EX1013.0006, .0031-32,.0043 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees Bielas Groups Sequences by Identifiers

Tecan’s Expert (Dr. Bustamante)
— — . Q. We see in cypher family 2 a
>— : Original Fragment s
Jr=------- representation of four
Ligate into Dual Cypher vector, Amplify and Sequence d Iﬂ:e rent Seq uence pa ITS,
Cypher Family 1 Cypher Family 2 corre Ct?
11
T A. Correct.
11| O
> Q. And these four sequence
== pairs were grouped into a
mnnnm_; cypher family because they
— have the same identifier
sequences; correct?
LLLTITIY
D A. Orthe reverse complement
as the case may be, yes.

Pet. at 61-63; EX1079 119 483-486; EX1124 at 164:15-24; Paper 29 at 15; EX1013.0006, .0031-32, .0043 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees Bielas Compares Target Sequences

Tecan’s Expert (Dr. Bustamante)
e — Q. And itthen compares the
| Original Fragment .
l. pe—— sequences of the inserts; correct?
Ligate into Dual Cypher vector, Amplify and Sequence A. |t then processes the sequences
Cypher Family 1 ‘ Cypher Family 2 Of the inserts tO generate a
- B3 *—
(LI — : Z FS: consensus.
i O—mm == *— Q. And that process involves
it - = * comparing the sequences;
- — =3 correct?
L1 -  Copy3 | A. ltinvolves generating a consensus
o — sequence by the method.
- - Q. Of comparing sequences?
(D
A. Of comparing positions in the
sequences.

Pet. at 61-63; EX1079 1 486; EX1124 at 172:10-20, see also 164:25-165:15; Paper 29 at 15 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees Bielas Generates a Single Sequence

Ligate into Dual Cypher vector, Amplify and Sequence

Cypher Family 1 Cypher Family 2

11111 - N —
mmm_’ - E_[% _______________ :
(I O—mm E=1
1111 - 2 ¢

e a—

-

||

-

Pet. at 61-63; EX1079 91 486; EX1124 at 166:19-24; Paper 29 at 15; EX1013.0006, .0031-32, .0043

Tecan’s Expert (Dr. Bustamante)

Q. The final product of Figure
3B’s method is a single pair
of sequences; correct?

A. Asingle pair of sequences.

A single pair of consensus
sequences, pair of consensus
sequences.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Bielas' Data Processing Occurs in a Single “Step”

Tecan’s Expert (Dr. Bustamante)

:_ _____ — DB Q. I'd like to just make sure that's very

| 4 | clear. In your opinion, if the sequence
l comparison preceded one character at

Ligate into Dual Cypher vector, Amplify and Sequence a time, that would still be a single step

even though there are end [n]

Cypher Family 1 Cypher Family 2 . . .
e comparisons being made in sequence?
- O A. lt'sanif and only - Because string
—® comparison encompasses character
— comparison, you could go down the
QI—e representation, right, coded in ASCI|
[— and so on; right? So | think it is all part
of the single identifier step. You could
(I \ .
break it down as far as you would like,
QI itis ,stiII that single process by which
- you're comparing the unique identifier,

ensuring that's identical and the target
sequencing and ensuring that is
identical.

Pet. at 61-63; EX1079 91 486; EX1124 at 53:12-54:10; Paper 29 at 15-16; EX1013.0006, .0031-32, .0043 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



. Hewlett-Packard Co. v. Mustek Sys., 340 F.3d 1314, 1324 n.6 (Fed. Cir. 2003)

“The anticipation analysis asks solely whether the prior art
reference discloses and enables the claimed invention, and
not how the prior art characterizes that disclosure][.]”

Paper 29 at 15; contra Paper 21 at 36-37; Paper 34 at 12-13 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees That Generating a Consensus Sequence Can Identify and Remove Duplicates

:' _____ +— B In my opinion, the calculation of a consensus
| ———— | sequence, whatever it happens to be, does
l’ not take away from the fact that duplicate
Ligate into Dual Cypher vector, Amplify and Sequence reads would be identified using the unique
Cvoher Family 1 e e identifier thfca;c1 : are idggticz;! Iin target
e ===y sequences at are identical, unique
:Iuﬂ?mmﬁ_;; : | Z ‘—;E identifiers that are identical and target
— O—mm il — sequences that are identical in at least a pair
I— — gt wise fashion. So there are multiple ways that
— - can be accomplished. You start with a pair,
— — define those as identical, add another
> — sequence that is identical to that, that would
— — arrive at the same conclusion regarding
duplication that would also have the same
- consensus sequence. So simply by calculating
a consensus sequence you, in my opinion, do
e not get around the fact that these have unique
identifier and unique target sequence in a

pair wise fashion and in a multi way fashion.

Pet. at 61-63; EX1079 9 486; EX1124 at 68:19-69:17; Paper 29 at 17; EX1013.0006, .0031-32, .0043 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Tecan Does Not Dispute the Obviousness of an 8-Base Identifier

S EkcLyAl The method of claim 1, wherein each unique
Claim 9 identifier is 8 nucleotides in length.

Q. So you agree that the person of ordinary skill in the art would
have wanted to use the shortest possible molecular barcode that
they could in view of the complexity of their sample, given this
real estate problem?

~.

Dr. Carlos A. |would say there's a trade-off between the length of the barcode
Bustamante and its ability to uniquely tag the population of molecules and the
length of a sequencing read that is allocated to target sequence
identification.

Q. And that was a recognized trade-off as of 2012; correct?

A. You have a fixed amount of real estate and so you have to decide
how much is barcode and how much is target sequence.

Pet. at 68-69; EX1004, Claim 9; EX1124 at 144:10-145:5; Paper 29 at 18-19 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Petitioner’s Hearing Plan

Obviousness - lafrate & Kivioja (EX1011 & 1012)

Pet. at 24-47; Paper 21 at 24-33; Paper 29 at 19-27; Paper 34 at 16-22; Decision Granting IPR  DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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i prior to the

ts reserved.

Counting RNA or DNA molecules is difficult because
they are hard to copy quantitatively for detection. To overcome
this limitation, we applied unique molecular identifiers (UMIs),
which make each molecule in a population distinct, to genome-
scale human karyotyping and mRNA sequencing in Drosophila

molecules can be determined simply by counting each UMI only
once. However, long before all UMIs are observed, increasingly
precise estimates of the absolute molecule number can be made
(Online Methods). This is in contrast to other counting methods,
such as direct single-molecule sequencing'~*, which require that
all counted molecules are observed directly. In addition, man
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IDT Exhibit 1011.0001

is small enough to contain only distinct molecules (Fig. 1a-c).
Any combination of these manipulations can be used to gener-
ate a library in which each molecule has a distinct identifying

Figure 1 | UMIs can be generated by adding oligonucleotide labels,
fragmenting, taking a small enough aliquot or a combination thereof.
(a) Three different DNA species (green, blue and black lines) are labeled

(Supplementary Fig. 1). To assess whether it can be used to
improve experimental measurements, we applied UMI count-
ing to digital karyotyping and mRNA sequencing (mRNA-seq).

| Fragmentation " Aliquot

with a collection of random labels (colored filled circles). Two green

molecules are originally present (top), corresponding to two different UMIs — m—t T e

(red, blue) among the sequenced molecules (green; bottom). Information . -

about the original number of molecules (top) is preserved in the number nomalzation oo

of different UMIs detected by sequencing a sample of the amplified and
normalized library (bottom). Even if some UMIs are not observed, the
original number of molecules can be estimated using count statistics.

(b) The original molecule is randomly fragmented, and a short unique
sequence from the resulting fragments constitutes each UMI; here only the
fragment adjacent to the poly(A) sequence (red vertical bars) is amplified.
(c) An aliquot is taken from a sample that has many identical molecules
such that on average, less than one copy of each molecule remains.

| Sequencing

13 UMIs
20 original molecules
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Pet. at 24-47; EX1011; EX1012
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The POSA Would Have Been Motivated to Use
lafrate’s NGS Library Preparation Method

lafrate

The technology described herein 1s directed to methods of

e sy | determining oligonucleotide sequences, e.g. by enriching tar-
get sequences prior to sequencing the sequences.

US 2013030346141

BACKGROUND

[0005] Targetenrichment prior to next-generation sequenc-
ing 1s more cost-etfective than whole genome, whole exome,
and whole transcriptome sequencing and therefore more
practical for broad implementation; both for research discov-
ery and clinical applications.

IDT Exhibit 1011,0001

Pet. at 24-27; EX1011 at 1, 991 5, 15-16, 27, 29, 31,227,233, 241, 246, Figs. 2, 4a, 6, 7 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The POSA Would Have Been Motivated to
Modify lafrate to Improve Its Accuracy

225. lafrate teaches that its method of selective enrichment can be used to
elucidate information encoded adjacent to a known sequence of interest. EX1011

(Iafrate) at 0012, 0028-30. For example, lafrate used the method to detect

“previously unknown fusion partners” adjacent to the ROSI gene, which is
Dr. Peter Sims o |

Expert for IDT implicated in lung cancer. EXI10I1 (Iafrate) at 0029-30 (99233, 241-47). The
capability of Iafrate’s method to selectively enrich unknown sequences adjacent to
a known gene makes the method particularly suited for cancer research and
diagnostics. EX1011 (Iafrate) at 0023-25, 0029. Because lafrate’s method could

be applied to molecular diagnostics and research for cancer, the POSA would have

been motivate to make the method as accurate as possible.

Pet. at 27-35; Paper 29 at 23-25; EX1079 4] 225; see also id. 1 226-253 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The POSA Would Have Been Motivated to
Modify lafrate to Improve Its Accuracy

229. But lafrate’s method includes several rounds of PCR, which can cause

problems for accurately detecting mutations or accurately counting nucleic acid

fragments in a sample. In one embodiment, lafrate calls for “14 cycles of PCR
Dr. Peter Sims e ,

Expert for IDT amplification.” EX1011 (Iafrate) at 0014. In other embodiments, lafrate states that
“each amplification step can comprise a set of cycles of PCR amplification regimen
from 5 cycles to 20 cycles 1n length.” EXI1011 (Iafrate) at 00013, 0019, 0027.

Because lafrate’s method requires two amplification steps, EX1011 (Iafrate) at 0051,

Iafrate requires as many as 40 cycles of PCR.

Pet. at 27-35; Paper 29 at 23-25; EX1079 91 229; see also id. 11 225-228, 230-253 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The POSA Would Have Been Motivated to
Modify lafrate to Improve Its Accuracy

233. Because the principal application of Iafrate’s method 1s 1dentifying
changes in genetic sequences that could help with cancer diagnosis and treatment,

the POSA would have wanted to ensure sequencing was as accurate as possible, both

in terms of the ability to correctly count original fragments and differentiate them
Dr. Peter Sims from duplicates, and in terms of the accuracy of sequencing of each individual
Expert for IDT _ _ _ ,
fragment (accounting for PCR and sequencing error). While true for all of lafrate’s

applications, in particular if the POSA applied Iafrate’s method to detect mutations
in one or a handful of bases, accuracy would have been paramount. Thus, due to the
number of cycles of PCR in lafrate’s method, and the associated potential for PCR-

introduced error, as well as error introduced by SBS itself, the POSA would have

been motivated to modify lafrate’s method to enhance its accuracy.

Pet. at 27-35; Paper 29 at 23-25; EX1079 9 233; see also id. 1111 225-232, 234-253 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



lafrate’s Adaptor Includes Everything
Except Claim 1's “Unique Identifier”

‘357 Patent, Claim 1

ligating an adaptor to each of a plurality of nucleic acid
fragments, wherein each adaptor comprises a unique
identifier having from about 1 to about 8 nucleotides,
an indexing site unique to a subset of the adaptors, and

ADAPTED FOR {LLUMINA (OR lonTorrent) SEQUENCING PLATFORM a primer binding site;
FIRST SEQUENCING PLATFORM PRIMER
FULL LENGTH
(CONTAINS BARCODE SEQUEI}\C!NG PRIMER BINDING SITE) SEQUENCING PRHXIER BINDING SITE

[ 5' PORTION | BARCODE | |
[ " \
5 AATGATACGGCGRCCACCGAGATCTACAqTAGATCGCACACTCTTTCCCTACACGACGCTCTTCCGATCT

PRERTERTERLI smpumsgm
¥ GGTAGAGTAGGGACGCACAGAGGCTGACTCGATTCCATTGACCGAGAAGGCTAG s

\ J

CAN BE USED FOR ION TORRENT SEQUENCING

FIG. 9

Pet. at 25-27; EX1011.0011; EX1079 9 211; EX1004, Claim 1; see also EX1079 1] 250-253 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



i : © 2012 Nature America, Inc. All rights reserved.

Pet. at 29; see also id. at 2-3; EX1012.0001

Kivioja Teaches Methods to Improve Accuracy

Kivioja

[ BRIEF COMMUNICATIONS

Counting absolute numbers
of molecules using unique
molecular identifiers

Teemu Kivioja' %, Anna Vihirautio'=*,
Kasper Karlsson®, Martin Bonke', Martin Enge’,
Sten Linnarsson® & Jussi Taipale®

Counting individual RNA or DNA molecules is difficult because
they are hard to copy quantitatively for detection. To overcome
this limitation, we applied unique molecular identifiers (UMIs),
which make each molecule in a population distinct, to genome-
scale human karyotyping and mRNA sequencing in Drosophila
melanogaster. Use of this method can improve accuracy of
almost any next-generation sequencing method, including
chromatin immunoprecipitation-sequencing, genome assembly,
and p control and 9.
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Use of this method can improve accuracy of
almost any next-generation sequencing method, including
chromatin immunoprecipitation-sequencing, genome assembly,
diagnostics and manufacturing-process control and monitoring.
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Petitioner’s Motivation to Combine Argument Stands Unrebutted

Q. So justto make sure the record is clear, in
your declaration you do not address the
motivation or not to combine lafrate and
Kivioja; correct?

Dr. Carlos

AUBEELE A. | do not offer a specific opinion to that in

the declaration.

Expert for Tecan

Pet. at 25-25; EX1079 1191225-253; EX1124 at 157:20-158:1; EX2035 111125-132, 104-116; Paper 34 at 17 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Sims Explained How the POSA
Could Combine lafrate’s Adaptor and Kivioja's Adaptor

ADAPTED FOR [LLUMINA (OR lonTorrent) SEQUENCING PLATFORM
FIRST SEQUENCING PLATFORM PRIMER

FULL LENGTH
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Dr. Peter Sims \ |
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FIG. 9
Oligomer Sequence (5°-37)

Oligo-dT adapter| CAAGCAGAAGACGGCATACGAGCTCTTCCGATCTTTTTTTTTTTTTTTTTTTTTVN

5-adapter [ACACTCTTTCCCTACACGACGCTCTTCCGATCT](NNN)dU(NNNN)dU(NNN)[GACTT JrGrGrGréG

Paired-end

compatible oligo{ CTCGGCATTCCTGCTGAACCGCTCTTCCGATCTTTTTTTTTTTTTTTTITTTTTVN
dT adapter

Pet. at 33-35; EX1079 919 250-253; EX1011.0011, .0029, .0019; EX1012.0014, .0004 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees That Kivioja Identifies Duplicates Using Unique Identifiers

| Labeling

-

Amplification,
normalization

2099099

~ 20 original molecules

Tecan’s Expert (Dr. Bustamante)

Q. So we're clear, Kivioja
teaches a method of
identitying duplicate
sequences using the
molecular barcode and
the gene and position
information; correct?

A. Thatis part of the Kivioja
method.

Pet. at 36-41;

EX1012.0001-0005; EX1079 991 236-240, 248, 361-363; EX1124 at 154:6-11 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees That Kivioja Identifies Duplicates Using a Target Sequence’s Genomic Alignment

| Labeling
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~ 20 original molecules

Pet. at 36-41;

Tecan’s Expert (Dr. Bustamante)

Q. And the other piece of
information that the
authors in Kivioja use to
identify duplicates is the
genomic alignment;
correct?

A. Thatis correct.

EX1012.0001-0005; EX1079 99 256-260, 274-278, 361-363; EX1124 at 151:14-18 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees That Genomic Coordinates Are Obtained Using Target Sequences

| Labeling

-

Amplification,
normalization

2099099

~ 20 original molecules

Pet. at 36-41;

EX1012.0001-0005; EX1079 1191 256-260, 274-278, 361-363; EX2035 9 56

Tecan’s Expert (Dr. Bustamante)

When aligning sequencing reads
against a reference genome (a
process termed ‘“mapping”), the
alignment tools compare the
nucleotide sequence of each
sequencing read to the nucleotide
sequences contained 1n  the
reference genome and 1dentify the
location or locations within the
reference genome where the
sequencing read best matches.

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Dr. Bustamante Agrees That Kivioja “Deals With"” Its Duplicates

| Labeling

-

Amplification,
normalization

2099099

=~ 20 original molecules

Pet. at 36-41;

Q.

Tecan’s Expert (Dr. Bustamante)

And counting unique
molecules involves
figuring out which
molecules are duplicates
and counting them;
correct?

It involves dealing with
duplicate reads one way
or another.

EX1012.0001-0005; EX1079 919 256-260, 274-278, 361-363; EX1124 at 150:15-19 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Washington, DC 20024
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