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Dear Judge Fallon:

Defendant Guardant Health, Inc. respectfully requests that the Court: (1) set a case narrowing
schedule; and (2) strike certain Guardant services from plaintiffs’ infringement contentions.

A. The Court Should Impose A Case Narrowing Schedule

Claim narrowing is an accepted and typical practice in this District. See Masimo Corp. v. Philips
Elecs. N. Am. Corp., 918 F. Supp. 2d 277, 282 (D. Del. 2013) (“In this jurisdiction, limiting . . .
the number of patent claims a party may assert is well recognized.”). Indeed, “narrowing the
asserted claims and prior art references [is] necessary for reasonable and efficient case
management,” especially in complex cases with a large number of asserted patents. Nuance
Commc’ns, Inc. v. MModal LLC, C.A. No. 17-1484-JFB-SRF, at 3 {3, D.I. 82 (Ex. A) (D. Del.
Aug. 3, 2018). For the reasons below, Guardant respectfully requests that the Court enter the
attached order setting a case narrowing schedule.

This eight-patent case involves complex DNA-sequencing technology in which molecular
barcodes are used to identify and collectively analyze the sequences of DNA fragments for the
purposes of detecting mutations. Plaintiffs allege that Guardant infringes four of their patents.
Guardant has counterclaimed for infringement of four of its own patents.

Until just weeks ago, plaintiffs were asserting 108 claims (constituting every single claim of all
four asserted patents) against Guardant.1 For months, plaintiffs refused to reduce the number of
asserted claims to a more reasonable and manageable number, despite Guardant’s repeated
requests. Plaintiffs recently dropped some dependent claims, but are still asserting 90 claims.

Guardant has attempted to negotiate a bilateral case narrowing schedule with plaintiffs. Plaintiffs
have agreed in principle to a reduction to 60 asserted claims (15 claims per patent) on some
indeterminate date “after a Markman ruling,” and 40 asserted claims (10 claims per patent) at the
time of final contentions. (Ex. B). But this is far in excess of what this Court typically permits,
even at much earlier stages of the case. Patentees are typically ordered to reduce asserted claims
to six or less per patent before the claim construction process. See, e.g., Nuance (Ex. A) (four
claims per patent); NexStep, Inc. v. Comcast Cable Commc’ns, LLC, C.A. No. 19-1031-RGA, Oral
Order (Ex. C) (D. Del. Nov. 13, 2019) (less than six claims per patent); Best Medical Int’l, Inc. v.
Varian Med. Sys., Inc., C.A. No. 18-1599-MN, D.I. 50 (Ex. D) (D. Del. Oct. 1, 2019) (less than
seven claim per patent); VLSI Tech. LLC v. Intel Corp., C.A. No. 18-966-CFC, D.I. 136 (Ex. E)
(D. Del. Apr. 22, 2019) (five claims per patent); Ethicon LLC v. Intuitive Surgical, Inc., C.A. No.
17-871-LPS-CJB, D.I. 68 (EX. F) (D. Del. Jan. 9, 2018) (less than five claims per patent); Confluent
Surgical, Inc. v. HyperBranch Med. Tech., Inc., C.A. No. 17-688-LPS-CJB, Oral Order (Ex. G)
(D. Del. Oct. 30, 2017) (less than five claims per patent); Masimo, 918 F. Supp. 2d at 284 (less
than five claims per patent).

In this case, the joint claim construction brief will be filed shortly, and the parties are well into
fact discovery. There is no reason plaintiffs cannot reduce the number of asserted claims to 25

1 Guardant has asserted 26 claims against TwinStrand.
1
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(more than six claims per asserted patent) by the end of the month, in line with the above cases.?

Plaintiffs have asserted that they cannot reduce the number of asserted claims because Guardant
has not produced all documents related to the accused Guardant services. That argument fails for
several reasons. First, as the cases cited above demonstrate, this Court regularly orders significant
reductions in asserted claims early in the case and well before discovery is complete. There is no
reason that plaintiffs cannot reduce the number of asserted claims now. Second, as explained more
fully in Section B below, plaintiffs’ allegation of infringement by the Guardant services is based
entirely on infringement by the Guardant products. Plaintiffs have never alleged (or provided any
claim chart showing) that the accused services themselves practice the claimed methods. Thus,
documents related to the Guardant services are irrelevant to plaintiffs’ infringement contentions.
Guardant’s technical production of documents related to the accused products is complete, and
plaintiffs do not contend otherwise. Plaintiffs have everything they need to make a reduction in
claims. Third, Guardant produced dozens of documents related to the Guardant services,
comprising many hundreds of pages, starting in April 2022. Ex. H (email from J. Castellano
attaching list of documents pertaining to Guardant services). Plaintiffs have not explained what
they believe is missing from this production, or why it would have any bearing on their ability to
narrow claims. Plaintiffs should be required to “set a concrete case-narrowing schedule in place,”
as they agreed to do after Guardant produced documents.

In addition, plaintiffs’ patents are related, share a specification, and overlap in terms of claim
scope. The seven independent method claims and 83 dependent claims asserted against Guardant
all include the same elemental steps. Plaintiffs will lose nothing by a reduction in the number of
asserted claims.

The narrowing schedule set forth in the attached order tracks those entered in the cases above, both
in terms of timing of reductions, counting of prior art arguments, and the ratios of asserted claims
to prior art references/arguments. (Exs. A-G). However, if the Court prefers to simply order the
parties to reduce their asserted claims to 25 by October 28, Guardant is confident the parties can
reach agreement on the remainder of the case narrowing schedule without Court assistance.

Thus, Guardant requests that the Court enter the attached order setting a case narrowing schedule.
B. Guardant Inform and Guardant Connect Should be Stricken

Guardant provides FDA-approved “liquid biopsy” tests that provide doctors and patients with
targeted genomic information to improve cancer detection and treatment. Plaintiffs have accused
the DNA sequencing technology used in these tests of infringing plaintiffs’ four patents-in-suit.3
Guardant also provides services—including Guardant Connect and Guardant Inform—that
leverage the data produced by its test kits. These services do not perform the claimed DNA
preparation and sequencing methods, but plaintiffs have nonetheless accused them of infringing
on the basis that they “require data obtained by performing the Accused Products, . ...” (Ex. | at
2). Plaintiffs’ conclusory contentions against the Connect and Inform services should be stricken.

2 Plaintiffs’ paltry reduction from 108 claims to 90 claims does not weigh against further
immediate narrowing. See, e.g., Confluent (Ex. G) (ordering reduction to less than five claims per
patent by initial contentions despite earlier independent narrowing).

3 Guardant contends that the Guardant accused products do not infringe Plaintiffs’ patents, but
does not dispute their status as accused products.

2
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Guardant’s 2021 Annual Report provides helpful summaries of Connect and Inform:

e “GuardantConnect is our integrated software-based solution designed for our clinical and
biopharmaceutical customers, seeking to connect patients tested with the Guardant360 assay
with actionable alterations with potentially relevant clinical studies.” (Ex. J at 6).

e “GuardantINFORM [is] our real-world evidence platform featuring an extensive clinical-
genomic liquid biopsy dataset of advanced cancer patients. The GuardantINFORM platform is
intended to help accelerate research and development of the next generation of cancer
therapeutics by offering biopharma partners an in silico resource that combines de-identified
longitudinal clinical information and genomic data collected from the Guardant360 liquid
biopsy test.” (Ex. J at 6-7).

Every claim in plaintiffs’ patents is directed to a method of sequencing double-stranded
nucleotides such as DNA. (See, e.g., Ex. K (‘631 patent) at claim 1). In order to infringe these
methods, it is undisputed that an accused product or service must involve sequencing.

Guardant’s documents confirm that Connect and Inform are analytical and consulting services, not

sequencing methods. Ex. L at GH00035969 (|

: Ex. M at GH00453985

at GH00035799

fact, plaintiffs acknowledge in their contentions that Guardant Connect “identif[ies] patients for
clinical trials” and that Guardant Inform is “a database offered by Guardant that uses data obtained
from using the Guardant 360 Accused Products.” Ex. I at 2.

Plaintiffs have never provided a claim chart or other indication of how the Guardant Connect or
Guardant Inform services perform the claimed sequencing methods, despite Guardant’s repeated
requests and despite the fact that the Scheduling Order requires disclosure of a claim chart “relating
each known accused product to the asserted claims each such product allegedly infringes.” D.I.
20 at 7(c) (emphasis added). Instead, plaintiffs include just a single passing reference to Connect
and Inform in each claim chart stating that “In providing Guardant [Connect/Inform] services,
Guardant uses the same sequencing methods that it performs in at least one of the Accused
Products.” (Ex. I at 9-11). But the documents cited by plaintiffs for this assertion do not show
that the Guardant services use any “sequencing methods”; on the contrary, they show that Inform
and Connect depend on existing sequencing data to provide analytic and referral services:
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Ex. I at 10-11 (citing GH00006967, GHO0007797).

Plaintiffs have failed to adequately allege infringement of the Guardant services. Pers. Audio, LLC
v. Google LLC, C.A. No. 17-1751-CFC-CJB, D.I. 290 (Ex. O), at 2-3 (D. Del. Nov. 15, 2018)
(patentee required to provide chart showing how “each accused product” infringes the claims
unless charted product has been shown to be representative). Plaintiffs have also failed to “identify
any particular product in the body of its claim chart or describe how or why any particular product
can or should be considered representative of the [services].” Uniloc 2017 LLC v. Apple, Inc., C.A.
No. 19-1904-WHO, 2019 U.S. Dist. LEXIS 230501, at *17-18 (N.D. Cal. Dec. 16, 2019).

Thus, Guardant Inform and Guardant Connect should be stricken from plaintiffs’ contentions. See
e.g., EON Corp. IP Holdings LLC v. FLO TV Inc., C.A. No. 10-812-RGA, 2013 U.S. Dist. LEXIS
155471, at *6-7 (D. Del. Oct. 30, 2013) (excluding products from the case where plaintiffs made
only “passing references” in infringement contentions “which did not include any charting of how
[the referenced systems] might infringe”). Round Rock Rsch. LLC v. Lenovo Grp. Ltd., C.A. No.
11-1011-RGA, D.1. 86 (Ex. P) (D. Del. Jun. 14, 2013) (rejecting plaintiff’s request for “complete
discovery responses” regarding non-charted products on the grounds that “the only accused
products are the ones for which the plaintiff has done infringement contentions and complete claim
charts”).

Although Guardant initially resisted producing complete information beyond core technical
documents on its services in view of plaintiffs’ deficient contentions, it has since produced dozens
of marketing and process documents showing that these services do not perform the accused
methods. It also provided a lengthy list of these documents for plaintiffs and encouraged plaintiffs
to revise their contentions. (Ex. H). Plaintiffs have not done so.

Guardant should not be forced to continue to respond to intrusive and burdensome discovery
requests for services that are not properly accused. Walker Dig., LLC v. Google Inc., C.A. No. 11-
309-SLR, 2013 U.S. Dist. LEXIS 83860, at *7 (D. Del. June 14, 2013) (finding that it would be
“unreasonable” for defendant to respond to “conclusory allegations” in infringement report). For
the reasons stated above, the Court should strike Inform and Connect from plaintiffs’ contentions.

Respectfully,
[s/ Jeff Castellano

Jeff Castellano (No. 4837)

4
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EXHIBIT A
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

NUANCE COMMUNICATIONS, INC., )
)
Plaintiff, )
)
V. ) Civil Action No. 17-1484-JFB-SRF
) R
MMODAL LLC, MMODAL IP LLC,LP )
PARENT, INC. and LEGEND PARENT, )
INC., )
)
Defendants. )
ORDER

At Wilmington this 3rd day of August, 2018, the court having considered the parties’
letter submissions regarding their competing proposals to narrow the scope of the litigation (D.I.
79; D.1. 80), IT IS HEREBY ORDERED THAT the court shall adopt a two-phase procedure for
the reduction in the number of asserted claims and invalidity arguments,' largely as plaintiff has

proposed, with certain modifications, as follows:

! See In re Katz Interactive Call Processing Patent Litig., 639 F.3d 1303, 1313 (Fed. Cir. 2011).
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Date Case Event or Deadline Limitation
Aug. 13,2018 Plaintiff initial claim narrowing No more than 23 claims?
Aug. 31,2018 Defendant initial prior art narrowing | No more than 45 prior art
references’
No more than 125 prior art
arguments*
May 1, 2019 Plaintiff’s Final Infringement No more than 18 claims
Contentions
June 3, 2019 Defendants’ Final Invalidity No more than 20 prior art
Contentions references
No more than 60 prior art
arguments

The court adopts the foregoing schedule for case narrowing based on the following
analysis:

1. In this case, Nuance asserts six patents that it contends cover varying aspects of
MModal’s computer assisted physical and clinical documentation improvement applications and,
additionally, transcription editing programs and services. (D.I. 79) Nuance previously identified

twenty-eight (28) asserted claims on March 13, 2018. (D.I. 50)

2 There is no per patent limit on the number of asserted claims, as long as the asserted claims are
chosen from the patents currently asserted against defendants.

3 Limitations on prior art combinations do not extend to prior art references used to illustrate the
state of the art, the knowledge possessed by a person of ordinary skill, to address alleged
secondary considerations, or for other context surrounding obviousness that is commonly
introduced in a patent trial.

* A “prior art argument” shall be understood to be an argument that: (1) a single reference
anticipates a claim; or (2) a single reference renders a claim obvious (i.e., “single reference
obviousness™); or (3) a combination of references renders a claim obvious. Thus, for example, if
defendants rely on prior art reference A for anticipation and for single-reference obviousness as
to claim 1 of a patent, that will count as two separate prior art arguments. If defendants also rely
on prior art references A + B for obviousness and A + B + C for obviousness as to claim 1 of the
patent, that will count as two more, separate, prior art arguments. Additionally, prior art
arguments shall be counted on a per claim basis, meaning that if defendants assert that prior art
reference A anticipates claim 1 of a patent, and that prior art reference A also anticipates claim 2
of that patent, that will count as two prior art arguments. Further, a “prior art argument” shall
consist of those reference(s) that defendants utilize to show the existence of claim limitation(s) in
the prior art.
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2. MDModal acknowledges that as of the time it served its initial invalidity
contentions on July 16, 2018, it charted approximately seventy-five (75) prior art references.
However, it proposes to defer case narrowing to coincide with the pretrial exchanges required
under Local Rule 16.3(d)(1)-(3). (D.I. 80 at 2)°

3. At the scheduling conference on February 6, 2018, the court indicated that
narrowing the asserted claims and prior art references was necessary for reasonable and efficient
case management. (2/6/18 Tr. at 16:7-25) The court directed the parties to submit their
respective proposals on or before July 23, 2018. (/d. at 17:1-5)

4. The foregoing schedule promotes case management efficiencies in two phases.
The two phase approach is consistent with the case narrowing procedures of judicial officers of
this court in recent cases. (C.A. No. 16-333-iFB-SRF, D.I. 287; C.A. No. 17-871-LPS, D.I. 68;
C.A. No. 13-723-LPS, D.I. 368)

5. The court believes this narrowing is proper in light of the complexity of the
subject matter at issue in the asserted patents, the number of patents asserted in this case, and
consideration of the number of claims that could remain asserted prior to summary judgment
briefing. (C.A. No. 13-723-LPS, D.I. 368 at 2)

6. Notwithstanding the foregoing two-phase schedule, there may be further case
scope narrowing required prior to trial. However, the narrowing that will take place in
accordance with the schedule set by the court will give the parties an opportunity to address

further narrowing on their own, without court intervention. (C.A. No. 17-871-LPS, D.I. 68 at 3)

3 Pursuant to the scheduling order (D.1. 32 at § 12) and D. Del. LR 16.3(d)(1)-(3), plaintiff shall
provide a draft pretrial order to defendants on or before January 10, 2020, and defendants shall
provide plaintiff with their response to plaintiff’s draft order on or before January 28, 2020. The
proposed pretrial order is due on February 11, 2020.

3
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7. The parties may seek to modify the aforestated limitations, in the future, upon a

showing of good cause. See In re Katz, 639 F.3d at 1312-13.

W
Sherry R. Fallon
United Ktates Magistrate Judge
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EXHIBIT B



Case 1:21-cv-01126-GBW-SRF Document 140 Filed 10/20/22 Page 12 of 99 PagelD #: 7073

Castellano, Jeff

From: Anna Phillips <aphillips@sternekessler.com>

Sent: Tuesday, September 6, 2022 9:27 PM

To: Castellano, Jeff; TwinStrandUW; Adam W. Poff; Wilson, Samantha

Cc: De Lazzari, Monica |.; Biggs, Brian; Scordino, Ellen; Larson, Erin; Beale, Kristin; Fowler,
Mark; Sitzman, Mike; Krumplitsch, Susan; Block, Tracy

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

Attachments: 2022.09.06 Letter from B. Pickard to J. Castellano re Narrowing of Asserted Claims.pdf

A EXTERNAL MESSAGE

Counsel,

Please see the attached correspondence.

Sincerely,

Anna G. Phillips

Counsel

Sterne, Kessler, Goldstein & Fox P.L.L.C.
Email: aphillips@sternekessler.com

Direct: 202.772.8550

From: Castellano, Jeff <Jeff.Castellano@us.dlapiper.com>

Sent: Wednesday, August 3, 2022 3:42 PM

To: Anna Phillips <aphillips@sternekessler.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W. Poff
<apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

EXTERNAL EMAIL: Use caution before clicking links or attachments.

Hi Anna,
Please provide plaintiffs’ position on our revised case narrowing proposal below. Thanks.

Best,
Jeff

From: Castellano, Jeff

Sent: Friday, July 29, 2022 3:11 PM

To: Anna Phillips <aphillips@sternekessler.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W. Poff
<apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,

1
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Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

Anna,

For reasons I've already shared, we disagree that the timing of production of documents on Guardant’s Services should
have any impact on plaintiffs’ ability to reduce the number of asserted claims. Nonetheless, we appreciate your
counter-proposal. Our revised proposal is laid out in the rightmost column below. Please let us know if plaintiffs will
agree - we are available to discuss if helpful.

Guardant’s Proposal Plaintiffs’ Counter-Proposal* Guardant’s Revised Proposal
Jul-22 30 claims/ 20 references/ 40
grounds
Aug-22 80 claims 40 claims/ 20 references/ 40
grounds
Sep-22
Oct-22
Nov-22
Dec-22
Jan-23
Feb-23 40 claims/ 10 references/ 10 25 claims/ 12 references/ 25
grounds grounds
Mar-23 20 claims/ 15 references/ 30
grounds
Apr-23
May-23
Jun-23
Jul-23
Aug-23
Sep-23 15 claims/ 12 references/ 25 | 10 claims/ 10 references/ 6 10 claims/ 10 references /15
grounds grounds grounds

*Plaintiffs’ proposed reduction to 60 asserted claims after a Markman ruling is not included because the timing of a
ruling is indeterminate.

Best,
Jeff

From: Anna Phillips <aphillips@sternekessler.com>

Sent: Thursday, July 21, 2022 6:18 PM

To: Castellano, Jeff <Jeff.Castellano@us.dlapiper.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W.
Poff <apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing
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A EXTERNAL MESSAGE

Jeff,

Regarding Guardant’s case narrowing proposal, Plaintiffs disagree with Guardant’s proposal to initially narrow the case
by July 27 at least because the parties’ claim construction positions will be unaffected by dropping claims—the terms in
dispute are common to multiple asserted claims. Moreover, as we have previously stated, Guardant’s refusal to produce
documents regarding Accused Services is one obstacle to discussing a case narrowing schedule. And Guardant’s
unilateral assertion that Accused Services documents are superfluous does not absolve Guardant from its duty to
produce documents. Plaintiffs have repeatedly requested the production of Accused Services documents since at least
March 2022 because they are relevant to Plaintiffs’ infringement allegations, not to mention damages. Four months
later, Guardant seeks to narrow the case while at the same time failing to produce relevant documents “showing how
the Accused Services work” and refusing to produce documents responsive to Plaintiffs’ RFPs. See July 5, 2022 Letter
from J. Castellano to A. Phillips. Guardant’s failure to produce Accused Services documents impedes Plaintiffs’ ability to
prosecute its infringement case and consider any kind of case narrowing.

However, in the spirit of compromise, Plaintiffs offer the proposal below, conditioned upon Guardant’s agreement by
July 25, 2022 to produce Accused Services documents by July 29, 2022. Should Guardant continue to refuse to produce
Accused Services documents, however, Plaintiffs have no recourse but to seek relief from the Court.

First stage: August 15, 2022
e 80 asserted claims

Second stage: After a Markman hearing
e 60 asserted claims

Third stage: Final infringement & invalidity contentions (February 17, 2023)
e 40 asserted claims
e 10 references total for all patents
e 10 invalidity grounds/combinations for all patents

Fourth stage: Right before trial (before pretrial order exchanges, September/October 2023)
e 10 asserted claims
e 10 references total for all patents
e 6 invalidity grounds/combinations total for all patents

Anna G. Phillips

Counsel

Sterne, Kessler, Goldstein & Fox P.L.L.C.
Email: aphillips@sternekessler.com

Direct: 202.772.8550

From: Castellano, Jeff <Jeff.Castellano@us.dlapiper.com>

Sent: Thursday, July 21, 2022 10:38 AM

To: Anna Phillips <aphillips@sternekessler.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W. Poff
<apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
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<Tracy.Block@us.dlapiper.com>
Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

EXTERNAL EMAIL: Use caution before clicking links or attachments.

Anna,
Would you please let us know your position on case narrowing today, so we can have a call this week if necessary?

Best,
Jeff

From: Castellano, Jeff

Sent: Friday, July 15, 2022 5:48 PM

To: Anna Phillips <aphillips@sternekessler.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W. Poff
<apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

Hi Anna,

| am following up on our discussion earlier today on the meet and confer about (1) plaintiffs’ production of licenses and
(2) Guardant’s case narrowing proposal.

Regarding the production of licenses, | reiterated our request that plaintiffs produce the licenses as soon as possible. In
view of our repeated requests for this set of documents, the discrete nature of the request, the documents’ undisputed
relevance, and our cooperation with plaintiffs on their serial requests for specific categories of technical documents, we
do not see any reason that plaintiffs cannot produce the licenses in a matter of days. And more broadly, we expect to

start to receive plaintiffs’ document production by the end of this month, if not sooner, based on your representations.

Regarding case narrowing, you agreed to check with your team to see whether plaintiffs would agree to a first round of
narrowing (to 30 asserted claims and 20 asserted references/40 asserted invalidity grounds) before the issuance of a
claim construction ruling. As | said, we cannot agree to wait for plaintiffs to reduce the number of asserted claims
(currently 108) until that time, especially because there is no Markman hearing scheduled and the timing of any ruling is
impossible to predict. If plaintiffs will not agree to an earlier reduction, we intend to ask the Court to impose a case
narrowing schedule.

Moreover, this is not premature. The Court routinely limits patentees to just a handful of claims from each asserted
patent before claim construction (see my April 6, 2022 letter for examples). Plaintiffs’ insistence on continuing to assert
over a hundred patent claims, and their refusal to consider narrowing until after a Markman ruling, is facially
unreasonable and inconsistent with the Court’s practices. In addition, plaintiffs have made clear that they believe
Guardant’s services infringe for the same reasons that the underlying products or kits allegedly infringe, and therefore
the timing of production of documents on Guardant’s services should not hold up case narrowing.

Finally, we would be happy to consider a counterproposal that lowers the number of permitted references/grounds, if
plaintiffs would care to make it.
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We look forward to hearing from you on the threshold issue early next week, after which we can promptly discuss by
phone if needed.

Best,
Jeff

From: Anna Phillips <aphillips@sternekessler.com>

Sent: Thursday, July 14, 2022 5:19 PM

To: Castellano, Jeff <Jeff.Castellano@us.dlapiper.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W.
Poff <apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

A EXTERNAL MESSAGE

Jeff,

While we agree that the litigation will ultimately benefit from narrowing issues for trial, Plaintiffs believe it to be
premature at this time. As an initial matter, the number of invalidity grounds Guardant proposes at each stage is a non-
starter, at least for the reason that the high threshold does nothing to narrow the case. Moreover, final infringement
and invalidity contentions are due February 17, 2023, and yet Guardant has categorically refused to produce documents
regarding Accused Services. July 5, 2022 Letter from J. Castellano. Plaintiffs are open to discussing ways to narrow the
case after a claim construction order has been issued in this case. Until then, we believe Guardant’s proposal to be
premature.

Sincerely,

Anna G. Phillips

Counsel

Sterne, Kessler, Goldstein & Fox P.L.L.C.
Email: aphillips@sternekessler.com

Direct: 202.772.8550

From: Castellano, Jeff <Jeff.Castellano@us.dlapiper.com>

Sent: Monday, July 11, 2022 5:46 PM

To: Anna Phillips <aphillips@sternekessler.com>; TwinStrandUW <TwinStrandUW @sternekessler.com>; Adam W. Poff
<apoff@ycst.com>; Wilson, Samantha <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: RE: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

EXTERNAL EMAIL: Use caution before clicking links or attachments.
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Counsel,
Please provide your response to Guardant’s case narrowing proposal. Thank you.

Best,
Jeff

From: Castellano, Jeff

Sent: Tuesday, July 5, 2022 10:15 PM

To: 'Anna Phillips' <aphillips@sternekessler.com>; 'TwinStrandUW' <TwinStrandUW @sternekessler.com>; 'Adam W.
Poff' <apoff@ycst.com>; 'Wilson, Samantha' <SWilson@ycst.com>

Cc: De Lazzari, Monica |. <Monica.Delazzari@us.dlapiper.com>; Biggs, Brian <Brian.Biggs@us.dlapiper.com>; Scordino,
Ellen <Ellen.Scordino@us.dlapiper.com>; Larson, Erin <Erin.Larson@us.dlapiper.com>; Beale, Kristin
<Kristin.Beale@us.dlapiper.com>; Fowler, Mark <Mark.Fowler@us.dlapiper.com>; Sitzman, Mike
<Michael.Sitzman@us.dlapiper.com>; Krumplitsch, Susan <Susan.Krumplitsch@us.dlapiper.com>; Block, Tracy
<Tracy.Block@us.dlapiper.com>

Subject: TwinStrand v. Guardant, No. 21-cv-01126-VAC-SRF - Case Narrowing

Counsel,

Guardant proposes the below bilateral case narrowing schedule, to be applied to both sides’ asserted patents. Please
let us know this week if Plaintiffs will agree to this procedure and we will provide a stipulation for your review. We are
available to discuss at your convenience.

No later than July 27, 2022
e First round in reduction of asserted claims: 30 claims (no per-patent limit)
e First round in reduction of invalidity grounds: 20 references, 40 grounds (no per-patent limit) (includes
anticipation and obviousness references/grounds, but not invalidity grounds under sections 101, 112, etc.)

February/March 2023 (after close of fact discovery, before expert reports)
e Second round in reduction of asserted claims: 20 claims
e Second round in reduction of invalidity grounds: 15 references, 30 grounds

Six weeks before trial
e Third round in reduction of asserted claims: 15 claims
e Third round in reduction of invalidity grounds: 12 references, 25 grounds

Best,
Jeff

Jeff Castellano (he, him, his)
Of Counsel

T +1 302 468 5671
F +13026914771
M +1 570 814 9591
jeff.castellano@us.dlapiper.com

DLA Piper LLP (US)
dlapiper.com
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The information contained in this email may be confidential and/or legally privileged. It has been sent for the sole use of the intended
recipient(s). If the reader of this message is not an intended recipient, you are hereby notified that any unauthorized review, use, disclosure,
dissemination, distribution, or copying of this communication, or any of its contents, is strictly prohibited. If you have received this
communication in error, please reply to the sender and destroy all copies of the message. To contact us directly, send to
postmaster@dlapiper.com. Thank you.

The information contained in this email may be confidential and/or legally privileged. It has been sent for the sole use of the intended
recipient(s). If the reader of this message is not an intended recipient, you are hereby notified that any unauthorized review, use, disclosure,
dissemination, distribution, or copying of this communication, or any of its contents, is strictly prohibited. If you have received this
communication in error, please reply to the sender and destroy all copies of the message. To contact us directly, send to
postmaster@dlapiper.com. Thank you.

The information contained in this email may be confidential and/or legally privileged. It has been sent for the sole use of the intended
recipient(s). If the reader of this message is not an intended recipient, you are hereby notified that any unauthorized review, use, disclosure,
dissemination, distribution, or copying of this communication, or any of its contents, is strictly prohibited. If you have received this
communication in error, please reply to the sender and destroy all copies of the message. To contact us directly, send to
postmaster@dlapiper.com. Thank you.
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EXHIBIT C
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ORAL ORDER: The court, having considered the Plaintiffs and Defendants letter
submissions setting out their respective proposals regarding case narrowing (D.l. 23;
D.l. 24), as well as the parties related arguments during the October 28, 2019, Rule 16
Scheduling Conference, HEREBY ORDERS that the case shall be narrowed as follows:
(1) This is a large case based upon the number of patents and claims, 9 asserted
patents with a total of 216 claims; (2) Narrowing of asserted claims and prior art
references is necessary for reasonable and efficient case management and a phased
approach is consistent with the case narrowing procedures of judicial officers of this
court in recent cases. See Nuance Commcns, Inc. v. MModal LLC, C.A. No.
17-1484-JFB-SRF (D. Del. Aug. 3, 2018); Deere & Co. v. AGCO Corp., C.A. No.
18-827-CFC (D. Del. Mar. 20, 2019); VLSI Tech. LLC v. Intel Corp., C.A. No.
18-966-CFC (D. Del. Apr. 22, 2019); (3) The parties, here, agree on a three-phased
approach, which the court adopts. The first phase reduces asserted claims and Section
102/103-related defenses after initial contentions are completed, in order to ensure that
the parties have a full and fair opportunity to understand the case before eliminating
certain claims and defenses. The two subsequent phases will occur following the courts
claim construction order and prior to submission of the pretrial order, respectively. The
parties disagreement relates to the number of claims, prior art references and prior art
arguments which should be allowed at each phase. Plaintiff proposes an apportionment
factor of 1.5 invalidity grounds per asserted claim, a practice consistent with other
Districts. Defendant proposes a total number of prior art references with further
limitations on the number of prior art arguments that can be made per claim. As
Defendants approach is consistent with other cases in this District and Plaintiff has not
argued it would cause it prejudice, the court adopts Defendants approach. However,
any party may seek to modify these limits in the future upon a showing of good cause.
See In re Katz Interactive Call Processing Patent Litig., 639 F.3d 1303, 1312-13 (Fed.
Cir. 2011). (4) Therefore, the court orders that the case shall be narrowed as follows: (a)
By no later than March 13, 2020, Plaintiff shall narrow the number of asserted claims to
50 (subject to D.I. 22 at 5 n.2); (b) By no later than April 24, 2020, Defendant shall
narrow the number of prior art references to 120, with no more than 250 prior art
arguments (subject to D.I. 22 at 6 n.3 & n.4); (c) By no later than November 20, 2020,
Plaintiff shall narrow the number of asserted claims to 25; (d) By no later than
December 21, 2020, Defendant shall narrow the number of prior art references to 60,
with no more than 100 prior art arguments; (e) By no later than July 23, 2021, Plaintiffs
final election of asserted claims shall narrow the number of asserted claims to 10; and
() By no later than August 6, 2021, Defendants final election of prior art shall narrow the
number of prior art references to 20, with no more than 20 prior art arguments. It is
further ordered that Counsel shall submit joint interim status reports on March 5, 2020
and March 26, 2021. The court will hold status conferences with counsel on March 12,
2020 at 11:00 AM and April 8, 2021 at 10:00 AM. The parties shall submit a revised
proposed scheduling order on or before November 20, 2019, consistent with this Oral
Order. Ordered by Judge Sherry R. Fallon on 11/13/2019. (lih) (Entered: 11/13/2019)
As of November 14, 2019, PACER did not contain a publicly available document
associated with this docket entry. The text of the docket entry is shown above.

NexStep, Inc. v. Comcast Cable Communications, LLC
1-19-cv-01031 (DED), 11/13/2019, docket entry


http://www.tcpdf.org
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ORAL ORDER re 48 Letter, 49 Letter - Having reviewed the parties' submissions, IT IS
HEREBY ORDERED that Defendant Varian Medical Systems, Inc.'s ("Varian") request
that the Court adopt its proposal for reduction of asserted claims and prior art is
DENIED. The parties shall continue to work together to narrow the claims and defenses
in this case with the goal of having no more than 25 claims asserted by the time of the
Markman proceedings. The parties will be limited to ten (10) claim terms for
construction during the Markman hearing and briefing leading to that hearing. To the
extent that additional terms require construction, the parties may address those terms if
necessary in connection with case dispositive motions. IT IS FURTHER ORDERED
that, to the extent Plaintiff Best Medical International, Inc. intends to assert that any of
its products embody the claims of the asserted patents, it shall make its source code
available for inspection and shall produce such other discovery sufficient to allow Varian
to test the veracity of those assertions. IT IS STILL FURTHER ORDERED that the
teleconference set for 10/2/2019 at 12:30 PM is CANCELLED. ORDERED by Judge
Maryellen Noreika on 10/1/2019. (dlw) (Entered: 10/01/2019)

As of October 2, 2019, PACER did not contain a publicly available document associated
with this docket entry. The text of the docket entry is shown above.

Best Medical International, Inc. v. Varian Medical Systems, Inc. et al
1-18-cv-01599 (DED), 10/1/2019, docket entry 50


http://www.tcpdf.org
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IN THE UNITED STATES DISTRICT COURT

FOR THE DISTRICT OF DELAWARE

VLSI TECHNOLOGY LLC,
Plaintiff,
V. Civil Action No. 18-966-CFC
INTEL CORPORATION, .
Defendant.
MEMORANDUM ORDER

WHEREAS, the Court has considered the parties’ competing proposals with
respect to limiting the number of claims and prior art references (see Tr. of Apr. 3,
2019 Hr’g; D.I. 127; D.I. 131; D.I. 133);

IT IS HEREBY ORDERED, on this Twenty-second day of April in 2019,
that:

1.  Onor before April 26, 2018, Plaintiff shall limit itself to, and identify
for Defendant, no more than 25 asserted claims;

2. On or before May 10, 2019, Defendant shall limit itself to, and
identify for Plaintiff, no more than 80 combinations of prior art references;

3.  On or before 30 days after the Court’s issuance of a Claim
Construction Order, Plaintiff shall limit itself to, and identify for Defendant, no

more than 18 asserted claims; and
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4.  On or before 14 days after Plaintiff has identified pursuant to
paragraph three of this Order no more than 18 claims, Defendant shall limit itself

to, and identify for Plaintiff, no more than 30 combinations of prior art references.!

IT IS SO ORDERED.

CONNOLLY, UNITED STATES DISTRICT JUDGE

! Plaintiff may seek to add at a later date asserted claims and Defendant may seek
to add at a later date combinations of prior art references upon a showing of good
cause that includes a demonstration that the addition of the proposed new claims or
combinations of the prior art references, as the case may be, is necessary to
vindicate the due process rights of the party in question.

2
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

ETHICON LLC, ETHICON ENDO-
SURGERY, INC., and ETHICON US LLC,

Plaintiffs,
V. Civil Action No. 17-871-LPS-CJB
INTUITIVE SURGICAL, INC.,
INTUITIVE SURGICAL OPERATIONS,
INC, and INTUITIVE SURGICAL
HOLDINGS, LLC,

N’ N’ N N N N N N N N N’ N

Defendants.
ORDER
At Wilmington this 9th day of January, 2018.
WHEREAS, the Court has considered the parties’ Degember 19, 2017 letter submission
setting out their respective proposals for case narrowing, (D.1. 67);
NOW, THEREFORE, IT IS HEREBY ORDERED that the case shall be narrowed

largely as Plaintiffs have proposed, with certain modifications, as set out in the chart below:

Date Case Event or Deadline Reduction of Asserted Claims/Prior Art
2/8/2018 Initial Infringement 52 claims (same number as asserted in Complaint)
Contentions
3/20/2018 | Initial Invalidity No specific number required
Contentions
4/3/2018 N/A 30 claims
4/17/2018 | N/A 36 total references and 108 prior art arguments’

! A “prior art argument” shall be understood to be an argument that: (1) a single

reference anticipates a claim; or (2) a single reference renders a claim obvious (i.e.,
“single-reference obviousness™); or (3) a combination of references renders a claim obvious.
Thus, for example, if Defendants rely on prior art reference A for anticipation and for

1
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11/15/2018 | Final Infringement 18 claims
Contentions

12/10/2018 | Final Invalidity 18 total references and 63 prior art arguments
Contentions

The Court adopts the above schedule for case narrowing in light of the following core
principles:

L. The above schedule provides both parties with flexibility at the initial contentions
stage. That is, it allows them the ability to learn more about the other side’s
infringement/invalidity case before having to further narrow the number of asserted claims/total
referepces/prior art arguments at issue in the case. Plaintiffs have already indicated that they
wish to assert 52 claims at the initial infringement contention stage, (D.I. 54 at 7; D.1. 67 at 2),
and the Court expects that Defendants will, in turn, choose to include a reasonable and
proportionate number of references/pfior art arguments in their initial invalidity contentions. The
Court feels that it does not need to order a further specific reduction at these stages of the case.

2. The above schedule also tracks the timing of the two-stage cut-down that the
Court has typically ordered in recent cases, including, for example, Civil Action Nos. 14-721, 15-

819 and 16-380.2 It also: (1) requires Plaintiffs to further significantly reduce the number of

single-reference obviousness as to claim 1 of a patent, that will count as two separate prior art
arguments. If Defendants also rely on prior art references A + B for obviousnessand A+ B +C
for obviousness as to claim 1 of the patent, that will count as two more, separate, prior art
arguments. Additionally, prior art arguments shall be counted on a per claim basis, meaning that
if Defendants assert that prior art reference A anticipates claim 1 of a patent, and that prior art
reference A also anticipates claim 2 of that patent, that will count as two prior art arguments.
Further, a “prior art argument” shall consist of those reference(s) that Defendants utilize to show
the existence of claim limitation(s) in the prior art.

2 While it is true that in Confluent Surgical, Inc. v. HyperBranch Med. Tech., Inc.,
C.A. No. 17-688-LPS-CJB (D. Del. Oct. 30, 2017) (“Confluent”), the Court required the

2
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claims at issue prior to the claim construction process (in order to make that process more
manageable); and (2) requires the parties to make their second cut-down at a time that is likely to
be after the District Court has issued a Markman ruling.

3. The instant schedule sets a reasonable stage-two “ceiling” on the number of
claims/total references/prior art arguments that can possibly be asserted in the case. And though
the Court understands that even after the second cut-down, the case will still have to be further
narrowed prior to trial, this schedule at least gives the parties the ability to try to accomplish that
additional narrowing on their own, without Court intervention.

4, The parties may seek to modify the limits in the above-referenced schedule in the
future upon a showing of good cause. See In re Katz Interactive Call Processing Patent Litig.,

639 F.3d 1303, 1312 (Fed. Cir. 2011).

Ot & ke

Christopher J. Burke
UNITED STATES MAGISTRATE JUDGE

plaintiffs to engage in a first cut-down of the number of asserted claims at the time of initial
infringement contentions, the circumstances there were different than those at play here.
Confluent was a second, related case involving the same parties as did the first case. The Court
had extensive experience with the first case, which had then been pending for over two years.
The Court believed that a more aggressive-than-normal schedule for case narrowing was
necessary in Confluent because, inter alia: (1) the first case was so heavily litigated that it
demonstrated that greater-than-normal restrictions on the parties’ infringement/invalidity cases
were needed in Confluent, in order to keep the parties focused on efficient pre-trial management;
and (2) the parties in Confluent had greater-than-normal familiarity with some of their
adversaries’ likely litigation positions, due to the parties’ collective experience with the first case.
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ORAL ORDER: The Court, having considered the parties' letter submission setting out
their respective proposals regarding case narrowing, (D.l. 28 ), as well as the parties’
related arguments during the October 23, 2017 Case Management Conference,
HEREBY ORDERS that the case shall be narrowed as set out in the Scheduling Order,
in light of the following core principles: (1) This is the second related case between the
parties, and in total the two cases have involved 13 asserted patents. For that and other
reasons, these cases have already required a significant investment of Court and party
resources. Thus, it is especially important in setting a case schedule in the second
matter to be vigilant about maximizing efficiency in the cases. (2) The Court, having the
experience of adjudicating matters in the first case, recognizes that having a more
aggressive cut down regarding asserted claims and Section 102/103 invalidity
arguments (as compared to that ordered in the first case) is warranted. This should
better enable the parties to focus on key infringement and invalidity positions in the
second case. The parties may, of course, seek to modify these limits in the future upon
a showing of good cause. See In re Katz Interactive Call Processing Litig., 639 F.3d
1303, 1312 (Fed. Cir. 2011). (3) Here, by the time of the Case Management
Conference, Plaintiffs have already independently narrowed their infringement
allegations to 42 claims from a total of 86 possible claims contained in the seven
patents. While some further narrowing will be required, the Court recognizes those
efforts; thus the Court's Order does not narrow the number of asserted claims quite as
aggressively as Defendant seeks. (4) In setting limits on Defendant's invalidity case, the
Court has attempted to incorporate some of the framewaork/terminology for narrowing an
invalidity case set out in Greatbatch Ltd. v. AVX Corp., C.A. No. 13-723-LPS, D.I. 368 at
2, (D. Del. July 28, 2015). In light of the above, in the Scheduling Order, the Court has
ordered the following limitations regarding asserted claims and prior art arguments: (1)
By the deadline for Plaintiffs' Initial Infringement Contentions, Plaintiffs shall narrow the
number of asserted claims to 30. (2) By the deadline for Defendant's Initial Invalidity
Contentions and related prior art references, Defendant shall narrow its Section 102/103
invalidity case to no more than 120 "prior art arguments,” as defined below. (3) By the
deadline for Plaintiffs’ Final Infringement Contentions, Plaintiffs shall further narrow the
number of asserted claims to 16. (4) By the deadline for Defendant's Final Invalidity
Contentions, Defendant shall further narrow its Section 102/103 invalidity case to no
more than 48 prior art arguments. A "prior art argument" shall be understood to be an
argument that: (1) a single reference anticipates a claim; or (2) a single reference
renders a claim obvious (i.e., "single-reference obviousness"); or (3) a combination of
references renders a claim obvious. Thus, for example, if Defendant relies on prior art
reference A for anticipation and for single-reference obviousness as to claim 1 of a
patent, that will count as two separate prior art arguments. If Defendant also relies on
prior art references A + B for obviousness and A + B + C for obviousness as to claim 1
of the patent, that will count as two more, separate, prior art arguments. Additionally,
prior art arguments shall be counted on a per claim basis, meaning that if Defendant
asserts that prior art reference A anticipates claim 1 of a patent, and that prior art
reference A also anticipates claim 2 of that patent, that will count as two prior art
arguments. Further, a "prior art argument” shall consist of those reference(s) that
Defendant utilizes to show the existence of claim limitation(s) in the prior art.. Ordered
by Judge Christopher J. Burke on 10/30/2017. (mlc) (Entered: 10/30/2017)

As of October 31, 2017, PACER did not contain a publicly available document
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associated with this docket entry. The text of the docket entry is shown above.

Confluent Surgical, Inc. et al v. HyperBranch Medical Technology, Inc.
1-17-cv-00688 (DED), 10/30/2017, docket entry


http://www.tcpdf.org
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Castellano, Jeff

From: Castellano, Jeff

Sent: Monday, September 26, 2022 1:45 PM

To: Anna Phillips; TwinStrandUW; Adam W. Poff; Wilson, Samantha

Cc: De Lazzari, Monica |.; Biggs, Brian; Scordino, Ellen; Larson, Erin; Beale, Kristin; Fowler,
Mark; Sitzman, Mike; Krumplitsch, Susan; Block, Tracy

Subject: TwinStrand v. Guardant, No. 21-cv-01126-GWB-SRF - Discovery disputes

Attachments: HIGHLY CONFIDENTIAL AEO Chart of Documents re Guardant Services.pdf

Counsel,

| am writing regarding Guardant's production of documents related to the Guardant services (Guardant Inform,
Guardant Connect, Guardant Explore, and Guardant Companion). As you know, Guardant has already produced a
number of documents related to the Guardant services. We have pointed those out to plaintiffs more than once in an
effort to resolve the parties' disputes over production of documents related to the Guardant services and whether the
Guardant services are properly accused.

Over the past weeks, in an effort to resolve one or more of the pending discovery disputes, Guardant has collected and
has produced a substantial volume of additional documents related to the Guardant services. In addition, Guardant has
produced additional documents from its prior collections that relate to the accused services. A table listing documents
from Guardant’s production related to the Guardant Services is attached. The listed documents include detailed
information regarding what the services consist of, and how they are marketed and sold. This list is non-exhaustive, and
does not include every single document containing a reference to the Guardant services; it is meant simply to provide a
helpful guide to permit the parties to work toward resolution. If additional relevant and responsive documents are
uncovered moving forward, they will be produced on a rolling basis.

For that reason, any technical information regarding the
underlying test kits and sequencing technology has already been produced in connection with the technical production
related to the accused products.

In view of Guardant's production, we would like to discuss narrowing the disputes the Court is set to take up on October
19. In particular, it is our position that plaintiffs' dispute — regarding production of core technical documents and other
documents regarding the accused services —is now moot. In addition, we believe that the documents definitively
establish that there is no basis to allege that the Guardant Inform and Guardant Connect services perform the methods
set forth in the asserted claims, and should be removed from plaintiffs’ contentions. If plaintiffs’ disagree, we welcome
the opportunity to discuss this week.

Additionally, in light of Guardant's production of documents related to the Guardant services and the fact that any
underlying core technology is the same as the core technology used in the accused products, we would also like to
restart the discussion regarding case narrowing. As set forth below, we propose a first reduction to 40 asserted claims
by October 28, followed shortly thereafter by an invalidity narrowing to 20 references and 40 grounds. The parties
would make further phased reductions around final contentions (likely after a Markman ruling), and in the lead-up to
trial. If plaintiffs are amenable to considering this proposal, we will put together a stipulation and circulate shortly. If
not, we reserve our rights to seek earlier and/or more substantial reductions from the Court.
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Key Case Guardant’s Plaintiffs’ Counter- | Guardant’s Revised [Guardant’s Further
Deadlines Proposal Proposal* Proposal Revised Proposal
Jul-22 30 claims/ 20
references/ 40
grounds
Aug-22 80 claims 40 claims/ 20
references/ 40
grounds
Sep-22 | Doc. Prod.
Complete
Oct-22 | Joint Markman 10 claims/ 20
Brief references/ 40
srounds
Nov-22
Dec-22 | Markman
hearing
Jan-23
Feb-23 | Final 40 claims/ 10 25 claims/ 12 25 claims/ 12
Contentions/ references/ 10 references/ 25 references/ 25
Fact Discovery grounds grounds srounds
Cutoff
Mar-23 | Opening Expert 20 claims/ 15
Reports references/ 30
grounds
Apr-23 | Rebuttal Expert
Reports
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grounds grounds grounds srounds
Oct-23
Nov-23 | Trial

We look forward to your response.

Best,
Jeff

Jeff Castellano (he, him, his)
Of Counsel

T +1 302 468 5671
F +13026914771
M +1 570 814 9591
jeff.castellano@us.dlapiper.com

DLA Piper LLP (US)
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Figure 8
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Figure 9

Consensus Sequencing results in accurate
recovery of spiked-in control mutations
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Figure 10

Python code for pairing DCS reads among partner strands

import sys
import pysam
from optparse import OptionParser

#This program takes as input a BAM file with DCS SMI's in the header, and searches
for the partner SMI. Reads with paired SMIs are kept. Non-agreeing positions

within a read are replaced with N's.

parser=0ptionParser()

parser.add option("--infile”, action="store"”, type='string’, dest="infile",
help="input BAM file”, default='sys.stdin’)

parser.add option("--outtile”, action="store”, type='string’, dest="outfile”,
help="output BAM file”, default='/dev/stdout’)

parser.add option(”"--readnumloc”, action="store”, type='int', dest="readnumloc”,
help="header field containing read number"”, default="3")

parser.add option("--tagloc”, action="store", type='int', dest="tagloc”,
help="header field containing SMI", default='2")

0, args = parser.parse_args()

inBam = pysam.Samfile( o.infile, "rb" )
readDict = {}

dictctr = 0
seqgctr = ©
tagmatchctr = 6
partialmatchctr
seqgreplacectr
Nctr = O

= 0
O

#tirst, build a dictionary with read 1 SMI's as key, and the corresponding
sequence as an entry.
+or line in inBam :

lineSplit = line.gname

read = lineSplit.split(”":")[o.readnumloc]
tag = lineSplit.split(":")[o.tagloc]

if read == "1’ and tag not in readDict :

readDict[tag] = [line.seq, ’']
dictctr += 1

1t dictctr % 1000000 ==
print >> sys.stderr, "sequences added to dictionary:”, dictctr

dictctr += 1

inBam.close()
inBam = pysam.Samfile( o.infile, "rb" )

#inext, evaluate every read 2 SMI for a match in the dictionary
+or line 1n inBam :
seqgctr += 1

lineSplit = line.gnhame
read = lineSplit.split(”:")[o.readnumloc]
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Figure 10 (cont.)

tag = lineSplit.split(”:")[o.tagloc]
switchtag = tag[10:20] + tag|:19]

it read == '2° and switchtag in readDict :
tagmatchctr += 1

if len(line.seq) == len(readDict|{switchtagi[6]) :
newSeq = '
for 1 in xrange (len(line.seq) ) :

if line.seqli] == readDict|[switchtag][e][i] :
newSeq = newSeqg + line.seqgli]

else :
newSeq = newSeq + "N’

if line.seq != readDict[switchtagl}{9] and newSeq.count(’'N’) < 20 :
partialmatchctr += 1
Nctr += newSeq.count('N")

if newSeq.count('N') < (readDict{switchtagi[1]).count{('N") or (
readDict[switchtag]{1l] == '’ and newSeqg.count('N’) < 20 ) :
readDict|{switchtag][1] = newSeq
seqreplacectr += 1

it seqgctr % 1000000 ==
print >> sys.stderr, "tags processed for matches:”, seqctr
print >> sys.stderr, "tag matches:", tagmatchctr
print >> sys.stderr, "total sequence matches:”, seqgreplacectr
print >> sys.stderr, "reads containing disagreeing bases (replaced with
N's):", partialmatchctr
print >> sys.stderr, "number of N's added:"”, Nctr

inBam.close()

# Done generating tag dictionary. Reinterate over bamfile and write entries that
have a sequence match.

inBam = pysam.Samfile( o.infile, "rb"” )
outBam = pysam.Samfile ( o.outfile, "wb”, template=inBam)

printlinectr

= 0
printlinematch =

0

for line in inBam :
printlinectr += 1
lineSplit = line.gname

tag = lineSplit.split(":")[o.tagloc]
read = lineSplit.split(":")[o.readnumloc]

if tag in readDict and read == '1" and len (readDict[tag][1l]) > 0 :

line.seq = readDict[tag][1]
readDict[tagl[1] = "°
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Figure 10 (cont.)

printlinematch += 1

outBam.write(line)

if printlinectr % 1000000 == @:
print >> sys.stderr, "Lines evaluated for printing:”, printlinectr
print >> sys.stderr, "Matching sequences printed:”, printlinematch

print >> sys.
print >> sys.
print >> sys.
print >> sys.

stderr,
stderr,
stderr,
stderr,

"Total
"Total
"Total
"Total

N's):", partialmatchctr
print >> sys.stderr, "total

inBam.close()
outBam.close(

)

tags processed for matches:”, seqctr

tag matches:”, tagmatchctr

sequence matches: ", seqreplacectr

reads containing disagreeing bases (replaced with

number of N's added:”, Nctr



Case 1:21-cv-01126-GBW-SRF Docum

en

t 140 Filed 10/20/22 Page 65 of 99 PagelD #: 7126

US 10,287,631 B2

1

METHODS OF LOWERING THE ERROR
RATE OF MASSIVELY PARALLEL DNA
SEQUENCING USING DUPLEX CONSENSUS
SEQUENCING

PRIORITY CLAIM

This application 1s a continuation of U.S. application Ser.
No. 14/386,800, filed Sep. 20, 2014, which 1s a U.S. national
stage application of International Application No. PCT/
US2013/0326635, filed Mar. 135, 2013, which claims priority
to U.S. Provisional Patent Application No. 61/613,413, filed
Mar. 20, 2012; U.S. Provisional Patent Application No.
61/625,623, filed Apr. 17, 2012; and U.S. Provisional Patent
Application No. 61/625,319, filed Apr. 17, 2012; the subject
matter of all of which are hereby incorporated by reference
as 1f fully set forth herein.

STATEMENT OF GOVERNMENT INTEREST

This invention was made with government support under

Grant Nos. ROl CA115802, RO1 CA102029, and F30
AGO033485 awarded by the National Institutes of Health.
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BACKGROUND

The advent of massively parallel DNA sequencing has
ushered 1n a new era of genomic exploration by making
simultaneous genotyping of hundreds of billions of base-
pairs possible at small fraction of the time and cost of
traditional Sanger methods [1]. Because these technologies
digitally tabulate the sequence of many individual DNA
fragments, unlike conventional techniques which simply
report the average genotype of an aggregate collection of
molecules, they offer the unique ability to detect minor
variants within heterogeneous mixtures [2].

This concept of “deep sequencing” has been implemented
in a variety fields including metagenomics [3, 4], paleog-
enomics [5], forensics [6], and human genetics [7, 8] to
disentangle subpopulations in complex biological samples.
Clinical applications, such prenatal screening for fetal aneu-
ploidy [9, 10], early detection of cancer [11] and monitoring,
its response to therapy [12, 13] with nucleic acid-based
serum biomarkers, are rapidly being developed. Exceptional
diversity within microbial [14, 15] viral [16-18] and tumor
cell populations [19, 20] has been characterized through
next-generation sequencing, and many low-frequency, drug-
resistant variants of therapeutic importance have been so
identified [12, 21, 22]. Previously unappreciated intra-or-
ganismal mosasism in both the nuclear [23] and mitochon-
drial [24, 25] genome has been revealed by these technolo-
gies, and such somatic heterogeneity, along with that arising
within the adaptive immune system [13], may be an impor-
tant factor 1n phenotypic varniability of disease.

Deep sequencing, however, has limitations. Although, in
theory, DNA subpopulations of any size should be detectable
when deep sequencing a suflicient number of molecules, a
practical limit of detection 1s imposed by errors introduced
during sample preparation and sequencing. PCR amplifica-
tion of heterogeneous mixtures can result in population
skewing due to stoichastic and non-stoichastic amplification
biases and lead to over- or under-representation of particular
variants [26]. Polymerase mistakes during pre-amplification
generate point mutations resulting from base mis-1ncorpo-
rations and rearrangements due to template switching [26,
2'7]. Combined with the additional errors that arise during
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cluster amplification, cycle sequencing and 1mage analysis,
approximately 1% of bases are incorrectly identified,
depending on the specific platform and sequence context |2,
28]. This background level of artifactual heterogeneity
establishes a limit below which the presence of true rare
variants 1s obscured [29].

A variety of improvements at the level of biochemistry
[30-32] and data processing [19, 21, 28, 32, 33] have been
developed to improve sequencing accuracy. The ability to
resolve subpopulations below 0.1%, however, has remained
clusive. Although several groups have attempted to increase
sensitivity of sequencing, several limitations remain. For
example technmiques whereby DNA fragments to be
sequenced are each uniquely tagged [34, 35] prior to ampli-
fication [36-41] have been reported. Because all amplicons
derived from a particular starting molecule will bear 1its
specific tag, any variation in the sequence or copy number
of 1dentically tagged sequencing reads can be discounted as
technical error. This approach has been used to improve
counting accuracy of DNA [38, 39, 41] and RNA templates
[37, 38, 40] and to correct base errors arising during PCR or
sequencing [36, 37, 39]. Kinde et. al. reported a reduction in
error frequency of approximately 20-fold with a tagging
method that 1s based on labeling single-stranded DNA
fragments with a primer containing a 14 bp degenerate
sequence. This allowed for an observed mutation frequency
of ~0.001% mutations/bp 1n normal human genomic DNA
[36]. Nevertheless, a number of highly sensitive genetic
assays have indicated that the true mutation frequency in
normal cells 1s likely to be far lower, with estimates of
per-nucleotide mutation frequencies generally ranging from
1077 to 10~'! [42]. Thus, the mutations seen in normal
human genomic DNA by Kinde et al. are likely the result of
significant technical artifacts.

Traditionally, next-generation sequencing platforms rely
upon generation of sequence data from a single strand of
DNA. As a consequence, artifactual mutations introduced
during the 1nitial rounds of PCR amplification are undetect-
able as errors—even with tagging techniques—if the base
change 1s propagated to all subsequent PCR duplicates.
Several types of DNA damage are highly mutagenic and
may lead to this scenario. Spontaneous DNA damage arising
from normal metabolic processes results in thousands of
damaging events per cell per day [43]. In addition to damage
from oxidative cellular processes, further DNA damage 1s
generated ex vivo during tissue processing and DNA extrac-
tion [44]. These damage events can result in frequent
copying errors by DNA polymerases: for example a com-
mon DNA lesion arising from oxidative damage, 8-0Xo-
guanine, has the propensity to incorrectly pair with adenine
during complementary strand extension with an overall
elliciency greater than that of correct pairing with cytosine,
and thus can contribute a large frequency of artifactual G—=T
mutations [45]. Likewise, deamination of cytosine to form
uracil 1s a particularly common event which leads to the
inappropriate isertion of adenine during PCR, thus produc-
ing artifactual C—T mutations with a frequency approach-
ing 100% [46].

It would be desirable to develop an approach for tag-
based error correction, which reduces or eliminates artifac-
tual mutations arising from DNA damage, PCR errors, and
sequencing errors; allows rare variants in heterogeneous
populations to be detected with unprecedented sensitivity;

and which capitalizes on the redundant information stored 1n
complexed double-stranded DNA.

SUMMARY

In one embodiment, a single molecule i1dentifier (SMI)
adaptor molecule for use 1n sequencing a double-stranded
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target nucleic acid molecule 1s provided. Said SMI adaptor
molecule includes a single molecule identifier (SMI)
sequence which comprises a degenerate or semi-degenerate
DNA sequence; and an SMI ligation adaptor that allows the
SMI adaptor molecule to be ligated to the double-stranded
target nucleic acid sequence. The SMI sequence may be
single-stranded or double-stranded. In some embodiments,
the double-stranded target nucleic acid molecule 1s a double-

stranded DNA or RNA molecule.

In another embodiment, a method of obtaining the
sequence of a double-stranded target nucleic acid 1s pro-
vided (also known as Duplex Consensus Sequencing or
DCS) 1s provided. Such a method may include steps of
ligating a double-stranded target nucleic acid molecule to at
least one SMI adaptor molecule to form a double-stranded
SMI-target nucleic acid complex; amplifying the double-
stranded SMI-target nucleic acid complex, resulting 1n a set
of amplified SMI-target nucleic acid products; and sequenc-
ing the amplified SMI-target nucleic acid products.

In some embodiments, the method may additionally
include generating an error-corrected double-stranded con-
sensus sequence by (1) grouping the sequenced SMI-target
nucleic acid products mto families of paired target nucleic
acid strands based on a common set of SMI sequences; and
(1) removing paired target nucleic acid strands having one
or more nucleotide positions where the paired target nucleic
acid strands are non-complementary (or alternatively
removing individual nucleotide positions i1n cases where the
sequence at the nucleotide position under consideration
disagrees among the two strands). In further embodiments,
the method confirms the presence of a true mutation by (1)
identifying a mutation present in the paired target nucleic
acid strands having one or more nucleotide positions that
disagree; (11) comparing the mutation present 1n the paired
target nucleic acid strands to the error corrected double-
stranded consensus sequence; and (111) confirming the pres-
ence of a true mutation when the mutation 1s present on both

of the target nucleic acid strands and appears in all members
of a paired target nucleic acid family.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates an overview of Duplex Consensus
Sequencing. Sheared double-stranded DNA that has been
end-repaired and T-tailed 1s combined with A-tailed SMI
adaptors and ligated according to one embodiment. Because
every adaptor contains a unique, double-stranded, comple-
mentary n-mer random tag on each end (n-mer=12 bp
according to one embodiment), every DNA fragment
becomes labeled with two distinct SMI sequences (arbi-
trarilly designated o and [ 1n the single capture event
shown). After size-selecting for appropriate length frag-
ments, PCR amplification with primers containing Illumina
flow-cell-compatible tails 1s carried out to generate families
of PCR duplicates. By virtue of the asymmetric nature of
adapted fragments, two types of PCR products are produced
from each capture event. Those derived from one strand will
have the a. SMI sequence adjacent to flow-cell sequence 1
and the p SMI sequence adjacent to flow cell sequence 2.
PCR products originating from the complementary strand
are labeled reciprocally.

FIG. 2 1llustrates Single Molecule Identifier (SMI) adap-
tor synthesis according to one embodiment. Oligonucle-
otides are annealed and the complement of the degenerate
lower arm sequence (N’s) plus adjacent fixed bases 1s
produced by polymerase extension of the upper strand in the
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presence of all four dNTPs. After reaction cleanup, complete
adaptor A-tailing 1s ensured by extended incubation with
polymerase and dATP.

FIG. 3 illustrates error correction through Duplex Con-
sensus Sequencing (DCS) analysis according to one embodi-
ment. (a-c) shows sequence reads (brown) sharing a unique
set of SMI tags are grouped into paired families with
members having strand identifiers in either the aff or pa
orientation. Each family pair retlects one double-stranded
DNA fragment. (a) shows mutations (spots) present in only
one or a few family members representing sequencing
mistakes or PCR-1ntroduced errors occurring late in ampli-
fication. (b) shows mutations occurring in many or all
members of one family 1n a pair representing mutations
scored on only one of the two strands, which can be due to
PCR errors arising during the first round of amplification
such as might occur when copying across sites of mutagenic
DNA damage. (¢) shows true mutations (* arrow) present on
both strands of a captured fragment appear 1n all members
of a family pair. While artifactual mutations may co-occur 1n
a family pair with a true mutation, these can be indepen-
dently 1dentified and discounted when producing (d) an
error-corrected consensus sequence (1.e., single stranded
consensus sequence) (+ arrow) for each duplex. (e) shows
consensus sequences from all independently captured, ran-
domly sheared fragments containing a particular genomic
site are 1dentified and (I) compared to determine the fre-
quency of genetic variants at this locus within the sampled
population.

FIG. 4 1llustrates an example of how a SMI sequence with
n-mers of 4 nucleotides 1n length (4-mers) are read by
Duplex Consensus Sequencing (DCS) according to some
embodiments. (A) shows the 4-mers with the PCR primer
binding sites (or tlow cell sequences) 1 and 2 indicated at
cach end. (B) shows the same molecules as in (A) but with
the strands separated and the lower strand now written in the
3'-3" direction. When these molecules are amplified with
PCR and sequenced, they will yield the following sequence
reads: The top strand will give a read 1 file of TAAC--- and
a read 2 file of GCCA---. Combining the read 1 and read 2
tags will give TAACCGGA as the SMI {for the top strand.
The bottom strand will give a read 1 file of CGGA---- and
a read 2 file of TAAC---. Combining the read 1 and read 2
tags will give CGGATAAC as the SMI for the bottom strand.
(C) 1llustrates the orientation of paired strand mutations in
DCS. In the mnitial DNA duplex shown 1n FIGS. 4A and 4B,
a mutation “x”” (which 1s paired to a complementary nucleo-
tide “y”) 1s shown on the left side of the DNA duplex. The
“x” will appear 1n read 1, and the complementary mutation
on the opposite strand, “y,” will appear 1n read 2. Specifi-
cally, this would appear as “x”” 1n both read 1 and read 2 data,
because “y” 1n read 2 1s read out as “x” by the sequencer
owing to the nature of the sequencing primers, which
generate the complementary sequence during read 2.

FIG. § illustrates duplex sequencing of human mitochon-
drial DNA. (A) Overall mutation frequency as measured by
a standard sequencing approach, SSCS, and DCS. (B) Pat-
tern of mutation in human mitochondrial DNA by a standard
sequencing approach. The mutation frequency (vertical axis)
1s plotted for every position in the ~16-kb mitochondrial
genome. Due to the substantial background of technical
error, no obvious mutational pattern 1s discernible by this
method. (C) DCS analysis eliminates sequencing artifacts
and reveals the true distribution of mitochondrial mutations
to 1nclude a striking excess adjacent to the mtDNA origin of
replication. (D) SSCS analysis yields a large excess of G—=T
mutations relative to complementary C—A mutations, con-
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sistent with artifacts from damaged-induced 8-0x0-G lesions
during PCR. All significant (P<0.05) differences between

paired reciprocal mutation frequencies are noted. (E) DCS
analysis removes the SSCS strand bias and reveals the true
mtDNA mutational spectrum to be characterized by an
excess of transitions.

FIG. 6 shows that consensus sequencing removes artifac-
tual sequencing errors as compared to Raw Reads. Duplex
Consensus Sequencing (DCS) results 1n an approximately
equal number of mutations as the reference and single strand
consensus sequencing (SSCS).

FIG. 7 illustrates duplex sequencing of M13mp2 DNA.
(A) Single-strand consensus sequences (SSCSs) reveal a
large excess of G—=A/C—=T and G—=T/C—A mutations,
whereas duplex consensus sequences (DCSs) yield a bal-
anced spectrum. Mutation frequencies are grouped into
reciprocal mispairs, as DCS analysis only scores mutations
present 1n both strands of duplex DNA. All significant
(P<0.05) differences between DCS analysis and the litera-
ture reference values are noted. (B) Complementary types of
mutations should occur at approximately equal frequencies
within a DNA fragment population derived from duplex
molecules. However, SSCS analysis yields a 15-fold excess
of G—T mutations relative to C—A mutations and an
11-fold excess of C—T mutations relative to G—A muta-
tions. All significant (P<0.05) differences between paired
reciprocal mutation frequencies are noted.

FIG. 8 shows the eflect of DNA damage on the mutation
spectrum. DNA damage was induced by incubating purified
M13mp2 DNA with hydrogen peroxide and FeSO4. (A)
SSCS analysis reveals a further elevation from baseline of
G—'T mutations, indicating these events to be the artifactual
consequence of nucleotide oxidation. All significant
(P<0.05) changes from baseline mutation frequencies are
noted. (B) Induced DNA damage had no effect on the overall
frequency or spectrum of DCS mutations.

FI1G. 9 shows duplex sequencing results 1n accurate recov-
ery of spiked-control mutations. A series of variants of
M13mp2 DNA, each harboring a known single-nucleotide
substitution, were mixed 1n together at known ratios and the
mixture was sequenced to ~20,000-fold final depth. Stan-
dard sequencing analysis cannot accurately distinguish
mutants present at a ratio of less than 1/100, because
artifactural mutations occurring at every position obscure
the presence of less abundant true mutations, rendering
apparent recovery greater than 100%. Duplex consensus
sequences, 1n contrast, accurately i1dentity spiked-in muta-
tions down to the lowest tested ratio of 1/10,000.

FIG. 10 1s a Python Code that may used to carry out
methods described herein according to one embodiment.

DETAILED DESCRIPTION

Single molecule 1dentifier adaptors and methods for their
use are provided herein. According to the embodiments
described herein, a single molecule 1dentifier (SMI) adaptor
molecule 1s provided. Said SMI adaptor molecule 1s double
stranded, and may include a single molecule 1dentifier (SMI)
sequence, and an SMI ligation adaptor (FIG. 2). Optionally,
the SMI adaptor molecule further includes at least two PCR
primer binding sites, at least two sequencing primer binding
sites, or both.

The SMI adaptor molecule may form a “Y-shape” or a
“hairpin shape.” In some embodiments, the SMI adaptor
molecule 1s a “Y-shaped™ adaptor, which allows both strands
to be independently amplified by a PCR method prior to
sequencing because both the top and bottom strands have
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binding sites for PCR primers FC1 and FC2 as shown 1n the
examples below. A schematic of a Y-shaped SMI adaptor
molecule 1s also shown 1 FIG. 2. A Y-shaped SMI adaptor
requires successful amplification and recovery of both
strands of the SMI adaptor molecule. In one embodiment, a
modification that would simplify consistent recovery of both
strands entails ligation of a Y-shaped SMI adaptor molecule
to one end of a DNA duplex molecule, and ligation of a
“U-shaped” linker to the other end of the molecule. PCR
amplification of the hairpin-shaped product will then yield a
linear fragment with flow cell sequences on either end.
Distinct PCR primer binding sites (or flow cell sequences
FCI1 and FC2) will flank the DNA sequence corresponding
to each of the two SMI adaptor molecule strands, and a given
sequence seen 1n Read 1 will then have the sequence
corresponding to the complementary DNA duplex strand
seen 1n Read 2. Mutations are scored only if they are seen
on both ends of the molecule (corresponding to each strand
of the original double-stranded fragment), 1.e. at the same
position 1n both Read 1 and Read 2. This design may be
accomplished as described i1n the examples relating to
double stranded SMI sequence tags.

In other embodiments, the SMI adaptor molecule 1s a
“hairpin” shaped (or “U-shaped”) adaptor. A hairpin DNA
product can be used for error correction, as this product
contains both of the two DNA strands. Such an approach
allows for reduction of a given sequencing error rate N to a
lower rate of N*N*(1/3), as independent sequencing errors
would need to occur on both strands, and the same error
among all three possible base substitutions would need to
occur on both strands. For example, the error rate of 1/100
in the case of Illumina sequencing [32] would be reduced to
(1/100)*(1/100)*(1/3)=1/30,000.

An additional, more remarkable reduction 1n errors can be
obtained by inclusion of a single-stranded SMI 1n either the
hairpin adaptor or the “Y-shaped” adaptor will also function
to label both of the two DNA strands. Amplification of
hairpin-shaped DNA may be difficult as the polymerase
must synthesize through a product contaiming significant
regions of self-complementarity, however, amplification of
hairpin-shaped structures has already been established in the
technique of hairpin PCR, as described below. Amplification
using hairpin PCR 1s further described in detail in U.S. Pat.
No. 7,452,699, the subject matter of which 1s hereby incor-
porated by reference as if fully set forth herein.

According to the embodiments described herein, the SMI
sequence (or “tag”) may be a double-stranded, complemen-
tary SMI sequence or a single-stranded SMI sequence. In
some embodiments, the SMI adaptor molecule includes an
SMI sequence (or “tag”) of nucleotides that 1s degenerate or
semi-degenerate. In some embodiments, the degenerate or
semi-degenerate SMI sequence may be a random degenerate
sequence. A double-stranded SMI sequence includes a first
degenerate or semi-degenerate nucleotide n-mer sequence
and a second n-mer sequence that 1s complementary to the
first degenerate or semi-degenerate nucleotide n-mer
sequence, while a single-stranded SMI sequence includes a
first degenerate or semi-degenerate nucleotide n-mer
sequence. The first and/or second degenerate or semi-de-
generate nucleotide n-mer sequences may be any suitable
length to produce a sufliciently large number of unique tags
to label a set of sheared DNA fragments from a segment of
DNA. Each n-mer sequence may be between approximately
3 to 20 nucleotides in length. Therefore, each n-mer
sequence may be approximately 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20 nucleotides 1n length. In one
embodiment, the SMI sequence 1s a random degenerate
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nucleotide n-mer sequence which 1s 12 nucleotides in
length. A 12 nucleotide SMI n-mer sequence that 1s ligated
to each end of a target nucleic acid molecule, as described
in the Example below, results in generation of up to 4°* (i.e.,
2.8x10'") distinct tag sequences.

In some embodiments, the SMI tag nucleotide sequence
may be completely random and degenerate, wherein each
sequence position may be any nucleotide. (1.e., each posi-
tion, represented by “X.,” 1s not limited, and may be an
adenine (A), cytosine (C), guanine (G), thymine (T), or
uracil (U)) or any other natural or non-natural DNA or RNA
nucleotide or nucleotide-like substance or analog with base-
pairing properties (e.g., xanthosine, mosine, hypoxanthine,
xanthine, 7-methylguanine, 7-methylguanosine, 5,6-dihy-
drouracil, 3-methylcytosine, dihydouridine, 1socytosine,
1soguanine, deoxynucleosides, nucleosides, peptide nucleic
acids, locked nucleic acids, glycol nucleic acids and threose
nucleic acids). The term “nucleotide” as described herein,
refers to any and all nucleotide or any suitable natural or
non-natural DNA or RNA nucleotide or nucleotide-like
substance or analog with base pairing properties as
described above. In other embodiments, the sequences need
not contain all possible bases at each position. The degen-
erate or semi-degenerate n-mer sequences may be generated
by a polymerase-mediated method described in the Example
below, or may be generated by preparing and annealing a
library of individual oligonucleotides of known sequence.
Alternatively, any degenerate or semi-degenerate n-mer
sequences may be a randomly or non-randomly fragmented
double stranded DNA molecule from any alternative source
that differs from the target DNA source. In some embodi-
ments, the alternative source 1s a genome or plasmid derived
from bacteria, an organism other than that of the target
DNA, or a combination of such alternative organisms or
sources. The random or non-random fragmented DNA may
be ntroduced into SMI adaptors to serve as variable tags.
This may be accomplished through enzymatic ligation or
any other method known 1n the art.

In some embodiments, the SMI adaptor molecules are
ligated to both ends of a target nucleic acid molecule, and
then this complex 1s used according to the methods
described below. In certain embodiments, 1t 1s not necessary
to include n-mers on both adapter ends, however, 1t 1s more
convenient because 1t means that one does not have to use
two different types of adaptors and then select for ligated
fragments that have one of each type rather than two of one
type. The ability to determine which strand 1s which 1s still
possible 1n the situation wherein only one of the two
adaptors has a double-stranded SMI sequence.

In some embodiments, the SMI adaptor molecule may
optionally 1include a double-stranded fixed reference
sequence downstream of the n-mer sequences to help make
ligation more uniform and help computationally filter out
errors due to ligation problems with improperly synthesized
adaptors. Each strand of the double-stranded fixed reference
sequence may be 4 or 5 nucleotides 1n length sequence,
however, the fixed reference sequence may be any suitable
length 1including, but not limited to 3, 4, 5 or 6 nucleotides
in length.

The SMI ligation adaptor may be any suitable ligation
adaptor that 1s complementary to a ligation adaptor added to
a double-stranded target nucleic acid sequence including,
but not limited to a T-overhang, an A-overhang, a CG
overhang, a blunt end, or any other ligatable sequence. In
some embodiments, the SMI ligation adaptor may be made
using a method for A-tailing or T-tailing with polymerase
extension; creating an overhang with a different enzyme;
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using a restriction enzyme to create a single or multiple
nucleotide overhang, or any other method known 1n the art.

According to the embodiments described herein, the SMI
adaptor molecule may include at least two PCR primer or
“flow cell” binding sites: a forward PCR primer binding site
(or a “flow cell 17 (FC1) binding site); and a reverse PCR
primer binding site (or a “flow cell 2 (FC2) binding site).
The SMI adaptor molecule may also include at least two
sequencing primer binding sites, each corresponding to a
sequencing read. Alternatively, the sequencing primer bind-
ing sites may be added in a separate step by inclusion of the
necessary sequences as tails to the PCR primers, or by
ligation of the needed sequences. Therefore, 1f a double-
stranded target nucleic acid molecule has an SMI adaptor
molecule ligated to each end, each sequenced strand will
have two reads—a forward and a reverse read.
Double-Stranded SMI Sequences

Adaptor 1 (shown below) 1s a Y-shaped SMI adaptor as
described above (the SMI sequence 1s shown as X’s 1n the
top strand (a 4-mer), with the complementary bottom strand
sequence shown as Y’s):

(Adaptor 1)
FCI

) !
;)

s
4

FC?

Adaptor 2 (shown below) 1s a hairpin (or “U-shaped”)
linker:

(Adaptor 2)

S\
./

Following ligation of both adaptors to a double-stranded
target nucleic acid, the following 1s structure 1s obtained:

FC1

“—---XXXX---DNA----\

,---YYYY---DNA’----/

s’

FC?

When melted, the product will be of the following form

(where “linker” 1s the sequence of adaptor 2):
FC1------- XXXX------ DNA--------- linker---------

This product 1s then PCR amplified. The reads will yield:
Read 1:
XXXX-----DNA----
Read 2 (note that read 2 1s seen as the complement of the
bases sequenced:)
XXXX-----DNA----
The sequences of the two duplex strands seen 1n the two
sequence reads may then be compared, and sequence infor-
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mation and mutations will be scored only 1t the sequence at
a given position matches in both of the reads.

This approach does not strictly require the use of an SMI
tag, as the sheared ends can be used as identifiers to
differentiate unique individual molecules from PCR dupli-
cates. Thus the same concept would apply 1f one used any
standard sequencing adaptor as “Adaptor 1”7 and the
U-shaped linker as “Adaptor 2.” However described below,
there are a limited number of shear points flanking any given
genomic position and thus the power to sequence deeply 1s
increased via inclusion of the SMI tag. A hybrid method
using a combination of sheared ends and a shorter n-mer tag
(such as 1 or 2 or 3 or 4 or more degenerate or semi-
degenerate bases) in the adaptor may also serve as unique
molecular 1dentifiers. Another design may include use of any
sequencing adaptor (such as one lacking an n-mer tag) in
conjunction with an n-mer tag that 1s incorporated into the
U-shaped linker molecule. Such a design would be of the

following form (where X and Y represent complementary
degenerate or semi-degenerate nucleotides):

Synthesis of such a design may be obtained 1n a number
of ways, for example synthesizing a set of hairpin oligo-
nucleotides 1n which each individual oligonucleotide
encodes a complementary n-mer sequence, or alternatively
by using a DNA polymerase to carry out extension from the
following product (where X’s represent degenerate nucleo-
tides):

vt

Inclusion of the SMI tag 1s also extremely useful for
identifying correct ligation products, as the assay uses two
distinct adaptors. This will yield multiple possible ligation
products:

Product 1.

Adaptor 1--------- DNA--------- Adaptor 2, which yields

the desired product:

FCl
‘L---XXXX---DNA---\

;---YYYY---DNA’----/
FC?

Product I1I.

Adaptor 1--------- DNA--------- Adaptor 1. This will result
in the DNA being amplified as two separate strands, 1.e. as
occurs 1n the DCS approach described elsewhere in this
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document (the second copy of Adaptor 1 1s shown below
with the SMI as AAA-BBB to emphasize that every DCS
adaptor has a distinct SMI sequence)

FC1 FC2

’

e - XXXX---DNA---AAAA---~

r---YYYY---DNA'----BBBB---~

’

FC? FC1

Product III.
Adaptor 2--------- DNA--------- Adaptor 2. This will result

in a non-amplifiable circular product shown below:

/---DNA---\
Noar”

Product III 1s non-amplifiable, given the absence of
primer binding sites and thus will not be present in the final
DNA sequences. Thus only Product II needs to be avoided.
The formation of Product II can be minimized in the ligation
step by using an excess of Adaptor 2 (relative to Adaptor 1).
Then primarily Products 1 and III will be obtained, with
minimal formation of Product II. Additionally, a variety of
biochemical means of enriching for products containing
adaptor 2 are possible such as using aflinity probes that are
complementary to the hairpin loop sequence itself. Product
I results 1n the same SMI sequence 1n both the Read 1 and
Read 2 sequence reads. In the example depicted above,
Product I sequences can thus be identified by virtue of
having matching SMIs of the form XXXX in Read 1 and
XXXX 1n Read 2.

By contrast, in the case of Product II, the SMI sequences
on either end of the sequenced molecule will arise from
distinct DCS adaptors having different SMI sequences. In
the example shown above, Product II sequences yield SMIs

of the form XXXX (Read 1)-BBB (Read 2) upon sequencing
of the top strand, and BBBB (Read 1)-XXXX (Read 2) upon
sequencing of the bottom strand. Thus Product II sequences
can be easily identified and computationally removed from
the final sequence data.

Data resulting from Product II 1s useful, because Product
II corresponds to the product analyzed under the approach
detailed in the Example below. Product I contains a seli--
complementary hairpin sequence that can impair poly-
merase extension during amplification, however, this type of
amplification has already been enabled 1n the technique of
“Hairpin PCR” [30] which involves linking of the two
strands followed by amplification with gene-specific prim-
ers. Amplification conditions that are compatible with
amplification of hairpin DNA are thus already established.
Moreover, ligation and amplification with circularizing
“linkers” (1.e. hairpin linkers affixed to both ends of a
fragment) has been demonstrated as a step in the Pacific
Biosciences sample preparation workilow [49]. As the
sequence of the linker 1tself does not matter in the workflow,
the published linker sequences from either of these refer-
ences would be adequate for use in the assay.

In some aspects of some embodiments, deliberate ligation
of “U-shaped” adaptors or hairpin linkers containing 1) a
double-stranded n-mer (or other form of degenerate or



Case 1:21-cv-01126-GBW-SRF Docum

en

t 140 Filed 10/20/22 Page 70 of 99 PagelD #: 7131

US 10,287,631 B2

11

semi-degenerate double-stranded tag as enumerated above)
plus 2) primer binding sites to both ends of a captured
fragment may be desirable. Producing closed circles of
captured material may help facilitate removal of non-cap-
tured DNA by exonuclease digestion given that circularized
DNA will be protected from digestion by such enzymes.
Additionally, closed circles may be pre-amplified using
rolling circle amplification or serve as the substrate for
continuous loop sequencing [49]. Recognition sites for
restriction endonuclease digestion could be engineered 1nto
these adaptors to render closed loops open once again if
more convenient for subsequent steps.

In another embodiment, flow cell sequences or PCR
binding sites, again denoted as FC1 and FC2, may be
included 1n both the PCR primers and the hairpin linker
adaptor, as well as a ligatable sequence on the end of the
hairpin linker (denoted as L below). The hairpin linker
adaptor may additionally include one or more cleavable
sequences, denoted as R 1n the example below (the R may
be any appropriate restriction enzyme target sequence, or
any other cleavable sequence). Such a hairpin linker design
1s shown below:

L-XXXX---FC2-R----\

L—YYYY---FCI-R---/

The target DNA with ligation site denoted as L 1s as
follows:

Following ligation of the linker, the product may be
amplified with PCR primers as follows:

--------------- DNA---XXXX- - -FC?_-R----\

-------------- DNA’----YYYY---FCI-R----/

After amplification of the product, the cleavage sites R
may be cleaved to result in the following sequencable
products:

FC1-------- DNA------—-- XXXX--FC2
and

FC1--YY Y Yermmmen- DNA'-------FC?2

These products may then be sequenced directly. This
design has the advantage of allowing for targeted sequenc-
ing of a specific region of the genome, and furthermore
avoids the need to sequence a hairpin product, as sequencing
of a hairpin will be less eflicient due to the self-comple-
mentarity present within the hairpin molecule.

5

10

15

20

25

30

35

40

45

50

55

60

65

12

Single-Stranded SMI Sequences

In one embodiment, a single-stranded SMI sequence 1s
incorporated into the single-stranded portion of the hairpin
loop (regions of sequence complementarity are denoted as
“="). The SMI sequence 1s shown as four nucleotides 1n
length 1n the following examples, but 1n practice an Nmer of
any length, including approximately 3 to 20 nucleotides, will

suthice.

Ligation of the hairpin linker and a Y-shaped sequencing
adaptor (with PCR primer binding sites labeled as FC1 and
FC2) yields the following product:

Melting and PCR amplification of this product yields the
following DNA product:

FC1------- DNA-----NNNN------ hairpin
DNA'------- FC2

Following PCR duplication of the product and formation
of consensus reads based upon the shared SMI sequence
among all the PCR duplicates, the sequences of the two
strands (denoted DNA and DNA'") can then be compared to
form a duplex consensus sequence.

In another embodiment, a single-stranded SMI 1s incor-
porated into a modified “Y-shaped” sequencing adaptor in
which PCR primer binding sites are located at the sites
labeled FC1 and FC2 (regions of sequence complementarity

eC___2?

are depicted as “=

SCJUCNCC------

FC2==zzDNA'zzzz=====-- /

It will be apparent to one skilled in the art that a
single-stranded SMI sequence tag can be located in any of
several positions within either the sequencing adaptor or the
hairpin linker. The single-stranded SMI sequence tag can be
synthesized as a random oligonucleotide sequence, or can be
sequenced as a set of fixed sequences by synthesis on an
array, or by any other suitable method known 1n the art.
Methods for Synthesis of Complementary or Partially
Complementary Double Stranded SMI Tags

SMI adaptors molecules containing a double-stranded,
complementary, degenerate or semi-degenerate SMI tag can
be made by any of a number of methods, including copying
ol a single-stranded SMI sequence by a DNA polymerase as
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described above or synthesis and annealing of two oligo-
nucleotides containing complementary SMI sequences. An

additional method involves synthesizing a set of linear
oligonucleotides which will self-anneal into the appropriate
form. Inclusion of a cleavable linker 1n each oligonucleotide
will then allow for conversion of a “hairpin shaped” SMI
adaptor molecule 1nto a “Y-shaped” SMI adaptor molecule.
For example, an oligonucleotide may be prepared of the
following form:

In this schematic, X and Y represent complementary
nucleotides, and U indicates a cleavable linker, such as
uracil (which can be cleaved by combined treatment with
uracil DNA glycosylase and apurinic endonuclease),
although any other cleavable linker will suflice. The oligo-
nucleotide may be designed with appropriate regions of
self-complementarity to anneal into the following form:

The linker (e.g. uracil) may then be cleaved, yielding a
DCS adaptor:

A double-stranded SMI hairpin linker can be constructed
by an analogous method but without the need for a cleavable
linker. For example, a set of nucleotides of known sequence
where X and Y represent the complementary SMI sequences

can be synthesized on an array, or by any other suitable
method known 1n the art:
51

31
This oligonucleotide can then self-anneal to form a hair-
pin linker with complementary SMI sequences.

Any of the oligonucleotides described above can also
include any ligatable sequence as overhangs on either the 5'
or 3' end, or can be used for blunt end ligation.

DCS SMI Adaptor Molecules May Include Sequences to
Allow for Targeted DNA Capture

DCS SMI adaptor molecules contain ligatable ends to
allow attachment of the adaptor to a target DNA molecule.
In some embodiments, the ligatable end may be comple-
mentary to a DNA overhang on the target DNA, ifor
example, one generated by digestion of target DNA with a
restriction endonuclease. Selective ligation of the adaptor to
the targeted DNA containing the matching Single-stranded
overhanging DNA sequence will then allow for partial
purification of the targeted DNA. A non-limiting example of
this embodiment 1s shown above i1n paragraphs [0048]-

[0053]. In some embodiments, the DCS SMI adaptor mol-
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ecule, or a hairpin linker SMI adaptor molecule, may
additionally contain modifications such as biotin to facilitate
afhinity purification of target DNA that has ligated to the

adaptor.

In another embodiments, specific PCR primers can selec-
tively amplify specific regions of genome when the adaptor
that 1s ligated to the other end of the molecule 1s a hairpin
(or “U-shape”). Alternatively, this method may be used with
or without the need for this cleavable hairpin sequence.
Preparation of DNA for Duplex Consensus Sequencing May
be Performed by PCR Amplification in a Hairpin Structure

Another embodiment involves fragmentation of DNA at
defined regions, for example by treatment of DNA with a
site-specific restriction endonuclease or a mixture of such
endonucleases, followed by annealing of a hairpin oligo-
nucleotide linker, and amplification of the hairpin complex
with PCR primers sutlicient for amplification of the desired
DNA sequence. Annealing of the hairpin linker to only one
of the two ends of the DNA duplex could be accomplished
by using different restriction enzymes to cut on either end of
the target duplex, and then having the hairpin linker ligation
adaptor being ligatable to only one of the two resultant
ligatable ends.

The example shown below 1ndicates forward and reverse
PCR primers (labeled 1 and 2) 1n conjunction with a hairpin
linker to allow linked amplification of both complementary
strands of duplex DNA. Such amplification, in conjunction
with a single-stranded or double-stranded SMI sequence,
would allow for targeted amplification and high accuracy
deep sequencing of a specific sequence of interest. In the
schematic shown below, a single-stranded SMI sequence 1s
incorporated mto PCR primer FC1. It would be apparent to
one skilled in the art that the SMI sequence could also be
incorporated in primer FC2, or 1n the hairpin linker.

Amplified Product:
FCINNNN DNA----hairpin sequence----DNA'FC2

This product can then be subjected to consensus sequenc-
ing analysis. The SMI sequence allows one to group together
products of PCR amplification arising from a single mol-
ecule of duplex DNA. The sequences of the two DNA
strands can then be compared for error correction.
Uses of SMI Adapter Molecules

The SMI adaptor molecules described herein have several
uses. In some embodiments, the SMI adaptor molecules
described herein may be used in methods to obtain the
sequence or other sequence-related information of a double-
stranded target nucleic acid molecule. According to the
embodiments described herein, the term “double-stranded
target nucleic acid molecule” includes a double-stranded
DNA molecule or a double-stranded RNA molecule. Thus,
the SMI adaptor molecules and methods of use described
herein are applicable to genotyping and other applications
related to sequencing of DNA molecules, but are also
applicable to RNA sequencing applications such as for
sequencing of double-stranded RNA viruses. Methods for
sequencing RNA may include any of the embodiments
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described herein with respect to DNA sequencing, and
vice-versa. For example, any double stranded target nucleic
acid molecule may be ligated to an SMI adaptor molecule
which includes a double-stranded RNA or DNA n-mer tag
and an RNA or DNA ligation adapter as described above.
Methods exist for directly sequencing RNA [51]; alterna-
tively, the ligated product may be reverse transcribed into
DNA, and then sequenced as a double-stranded target DNA
molecule.

In one embodiment, the double-stranded target nucleic
acid molecule may be a sheared double-stranded DNA or
RNA fragment. The sheared target DNA or RNA molecule
may be end repaired and a double-stranded target nucleic
acid sequence ligation adaptor may be added to each end of
the sheared target DNA or RNA molecule. The double-
stranded target nucleic acid sequence ligation adaptor may
be any suitable ligation adaptor that 1s complementary to the
SMI ligation adaptor described above including, but not
limited to a T-overhang, an A-overhang, a CG overhang,
blunt end or any other ligatable sequence. In some embodi-
ments, the double-stranded target nucleic acid sequence
ligation adaptor may be made using a method for A-tailing
or T-tailing with polymerase extension; adding an overhang
with a different enzyme; using a restriction enzyme to create
a ligatable overhang; or any other method known 1n the art.

Methods to obtain the sequence or other sequence-related
information of a double-stranded target nucleic acid mol-
ecule may include a step of ligating the double-stranded
target nucleic acid molecule to at least one SMI adaptor
molecule, such as those described above, to form a double-
stranded target nucleic acid complex. In one embodiment,
cach end of the double-stranded target nucleic acid molecule
1s ligated to an SMI adaptor molecule. The double-stranded
target nucleic acid complex 1s then amplified by a method
known 1n the art (e.g., a PCR or non-PCR method known in
the art), resulting 1n a set of uniquely labeled, amplified
SMI-target nucleic acid products. These products are then
sequenced using any suitable method known 1in the art
including, but not limited to, the Illumina sequencing plat-
form, ABI SOID sequencing platform, Pacific Biosciences
sequencing platform, 454 Life Sciences sequencing plat-
form, Ion Torrent sequencing platform, Helicos sequencing
platform, and nanopore sequencing technology.

In certain embodiments, a method of generating an error
corrected double-stranded consensus sequence 1s provided.
Such a method, also referred to as duplex consensus
sequencing (DCS), allows for a quantitative detection of
sites of DNA damage. DCS analysis facilitates the detection
of DNA damage signatures, in that single stranded DNA
mutations that are not present in the complementary strand
can be inferred to be artifactual mutations arising from
damaged nucleotides. Not only can one correct for these
erroneous mutations, but the ability to indirectly infer that
damage 1s present on the DNA could be a useful biomarker
(e.g. for cancer risk, cancer metabolic state, mutator pheno-
type related to defective damage repair, carcinogen expo-
sure, chronic inflammation exposure, individual-specific
aging, neurodegenerative diseases etc). The ability to use
different polymerases during the first round(s) of PCR to
mis-incorporate at damage sites could potentially add even
more mformation. Besides polymerases, other DNA modi-
fying/repair enzymes could be used prior to amplification to
convert damage of one sort that doesn’t give a specific
mutagenic signature nto another sort that does with what-
ever polymerase 1s used. Alternatively, DNA modifying/
repair enzymes could be used to remove damaged bases, and
one could sequence both strands of DNA both with and
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without the enzymatic treatment. Mutations 1n single-
stranded DNA that are seen to be removed by the enzymatic
treatment can thus be inferred to be arising due to DNA
damage. This could be usetul on human nuclear or mtDNA
but also might also be useful with model organisms (mice,
yeast, bacteria etc), treated with different new damaging
agents, facilitating a screen for DNA damaging compounds
that would be analogous to the widely used Ames test [52].

The method of generating an error corrected double-
stranded consensus sequence may include a first stage
termed “single strand consensus sequencing’ (SSCS) fol-
lowed by a second stage of duplex consensus sequencing
(DCS). Therefore, the method includes steps of tagging
individual duplex DNA molecules with an SMI adaptor
molecule, such as those described above; generating a set of
PCR duplicates of the tagged DN A molecules by performing
a suitable PCR method; creating a single strand consensus
sequence from all of the PCR duplicates which arose from
an individual molecule of single-stranded DNA. Each DNA
duplex should result in two single strand consensus
sequences. The work through these three steps conclude the
first stage and 1s termed SSCS.

The method of generating an error corrected double-
stranded consensus sequence further comprises the second
stance that 1s termed DCS. The DCS stage includes steps of
comparing the sequence of the two single strand consensus
sequences arising from a single duplex DNA molecule, and
further reducing sequencing or PCR errors by considering
only sites at which the sequences of both single-stranded
DNA molecules are 1n agreement. The method that includes
the first stage and the second stage termed Duplex Consen-
sus Sequencing (DCS).

The step of tagging of both strands of individual duplex
DNA may be accomplished by ligation of degenerate or
semi-degenerate complementary DNA sequences; as the
complementary nature of the two strands of such a tag
sequence allows the two molecules to be grouped together
for error correction. Alternatively, as described above, the
two duplex DNA strands may be linked by ligation of a
U-shaped SMI adaptor molecule, and the two DNA strands
can thus both be tagged with a single-stranded SMI tag.

In the method described above, a set of sequenced SMI-
DNA products generated in the methods described above
may be grouped 1nto families of paired target nucleic acid
strands based on a common set of SMI sequences. Then, the
paired target nucleic acid strands can be filtered to remove
nucleotide positions where the sequences seen on both of the
paired partner DNA strands are not complementary. This
error corrected double-stranded consensus sequence may be
used 1 a method for confirming the presence of a true
mutation (as opposed to a PCR error or other artifactual
mutation) 1n a target nucleic acid sequence. According to
certain embodiments, such a method may include 1dentify-
ing one or more mutations present in the paired target
nucleic acid strands that have one or more nucleotide
positions that disagree between the two strands, then com-
paring the mutation present 1n the paired target nucleic acid
strands to the error corrected double-stranded consensus
sequence. The presence of a true mutation 1s confirmed
when the mutation 1s present on both of the target nucleic
acid strands and also appear 1n all members of a pared target
nucleic acid family.

The accuracy of current approaches to next-generation
sequencing 1s limited due to their dependence on interro-
gating single-stranded DNA. This dependence makes poten-
tial sources of error such as PCR amplification errors and
DNA damage fundamentally limiting. However, the comple-
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mentary strands of a double-stranded DNA molecule (or
“DNA duplex”) contain redundant sequencing information
(1.e., one molecule reciprocally encoding the sequence infor-
mation of 1ts partner) which can be utilized to eliminate such
artifacts. Limitations related to sequencing single-stranded
DNA (e.g., sequencing errors) may therefore be overcome
using the methods described herein. This 1s accomplished by
individually tagging and sequencing each of the two strands
of a double-stranded (or duplex) target nucleic acid mol-
ecule and comparing the individual tagged amplicons
derived from one half of a double-stranded complex with
those of the other half of the same molecule. Duplex
Consensus Sequencing (DCS), significantly lowers the error
rate of sequencing. In some embodiments, the DCS method
may be used 1n methods for high sensitivity detection of rare
mutant and variant DNA as described further below.

As described above, one approach that has previously
been reported for DN A sequencing involves incorporation of
a random tag sequence into a PCR primer [36]. This
approach results 1n an improvement 1n accuracy relative to
standard Illumina sequencing, but 1s fundamentally limited
in that i1t 1s based upon amplification and sequencing of
single-stranded DNA and thus cannot overcome limitations
in sensitivity owing to single-stranded DNA damage events.
In the methods described herein, PCR duplicates are gen-
erated from a single strand of DNA, and the sequences of the
duplicates are compared. Mutations are scored only when
they are present in multiple replicates of a single starting
molecule. The DCS approach overcomes the limitation of
previous approaches by considering both DNA strands.

DNA damage should not be a limiting factor in DCS,
because miscoding damage events at a single base-pair
position occur essentially exclusively on only one of the two
DNA strands. For DNA damage to result in an artifactual
mutation 1 DCS, damage would need to be present at the
same nucleotide position on both strands. Even 1f comple-
mentary nucleotides 1 a duplex were both damaged, the
damage would need to result in complementary sequencing
errors to result 1n mis-scoring of a mutation. Likewise,
spontaneous PCR errors would need to result in comple-
mentary mutations at the same position on both strands; with
a first-round mutation frequency of Tag polymerase of
approximately 107 and three possible incorrect bases that
could be mis-inserted, the probability of two complementary
PCR errors occurring would be 107°x107°x1/3=3.3x10~""

According to some embodiments, the sequencing method
may be performed using the Illumina or similar platforms
including those enumerated above without the use of SMI
adaptor molecules, but instead by using the random shear
points of DNA as identifiers. For a given DNA sequence
seen 1n sequencing read 1 with a specific set of shear points,
the partner strand will be seen as a matching sequence in
read two with i1dentical shear points. In practice, this
approach 1s limited by the limited number of possible shear
points that overlap any given DNA position. However,
according to some embodiments, shear points of a target
nucleic acid molecule may be used as unique 1dentifiers to
identify double-stranded (or duplex) pairs, resulting in an
apparent error frequency at least as low as that seen with
traditional sequencing methods, but with a significantly
lower loss of sequence capacity. In other embodiments, DCS
based on shear points alone may have a role for confirmation
that specific mutations of interest are true mutations which
were 1ndeed present in the starting sample (1.e. present in
both DNA strands), as opposed to being PCR or sequencing
artifacts. Overall, however, DCS 1s most generally appli-
cable when randomized, complementary double-stranded
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SMI sequences are used. A 24 nucleotide double-stranded
SMI sequence was used i1n the Example described below,
which may vyield up to 4°*=2.8x10'* distinct double-
stranded SMI sequences. Combining information regarding
the shear points of DNA with the SMI tag sequence would
allow a shorter SMI to be used, thus minimizing loss of
sequencing capacity due to sequencing of the SMI itsell.

In certain embodiments, the SMI adaptor molecules may
also be used 1n methods of single-molecule counting for
accurate determination of DNA or RNA copy number [38].
Again, since the SMI tags are present 1n the adaptors, there
are no altered steps required 1n library preparation, which 1s
in contrast to other methods for using random tags for
single-molecule counting. Single-molecule counting has a
large number of applications including, but not limited to,
accurate detection of altered genomic copy number (e.g., for
sensitive diagnosis of genetic conditions such as trisomy 21
[47]), for accurate identification of altered mRNA copy
number 1n transcriptional sequencing and chromatin 1mmu-
noprecipitation experiments, quantification of circulating
microRNAs, quantification of viral load of DNA or RNA
viruses, quantification of microorganism abundance, quan-
tification of circulating neoplastic cells, counting of DNA -
labeled molecules of any variety including tagged antibodies
or aptamers, and quantification of relative abundances of
different individual’s genomes in forensic applications.

In another embodiment, the SMI adaptor molecules may
be used 1n methods for unambiguous 1dentification of PCR
duplicates. In order to restrict sequencing analysis to
uniquely sequenced DNA fragments, many sequencing stud-
1ies include a step to filter out PCR duplicates by using the
shear points at the ends of DNA molecules to identify
distinct molecules. When multiple molecules exhibit 1den-
tical shear points, all but one of the molecules are discarded
from analysis under the assumption that the molecules
represent multiple PCR copies of the same starting mol-
ecule. However sequence reads with identical shear points
can also reflect distinct molecules because there are a limited
number of possible shear points at any given genomic
location, and with increasing sequencing depth, recurrent
shear points are increasingly likely to be seen [48]. Because
the use of SMI tags (or “double-stranded SMI sequences™)
allows every molecule to be uniquely labeled prior to PCR
duplication, true PCR duplicates may be unambiguously
identified by virtue of having a common (1.e., the same or
identical ) SMI sequence. This approach would thereby mini-
mize the loss of data by overcoming the intrinsic limitations
of using shear points to 1dentity PCR duplicates.

Importantly, once SMI-containing adaptors are synthe-
s1ized by a straightforward series of enzymatic steps or are
produced through synthesis of a set of oligonucleotides
containing complementary tag sequences, they may be sub-
stituted for standard sequencing adaptors. Thus, use of DCS
does not require any significant deviations from the normal
workflow of sample preparation for Illumina DNA sequenc-
ing. Moreover, the DCS approach can be generalized to
nearly any sequencing platform because a double-stranded
SMI tag can be incorporated into other existing adaptors, or
for sequencing approaches that do not require adaptors, a
double-stranded SMI tag can be ligated onto duplex DNA
sample prior to sequencing. The compatibility of DCS with
existing sequencing workflows, the potential for greatly
reducing the error rate of DNA sequencing, and the multi-
tude of applications for the double-stranded SMI sequences
validate DCS as a technique that may play a general role 1n
next generation DNA sequencing.
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The following examples are intended to illustrate various
embodiments of the invention. As such, the specific embodi-
ments discussed are not to be construed as limitations on the
scope of the invention. It will be apparent to one skilled 1n
the art that various equivalents, changes, and modifications
may be made without departing from the scope of invention,
and 1t 1s understood that such equivalent embodiments are to
be included herein. Further, all references cited in the
disclosure are hereby incorporated by reference in their
entirety, as 1f fully set forth herein.

EXAMPLES

Example 1: Generation of SMI Adaptor Molecules

and their Use 1n Sequencing Double-Stranded
Target DNA

Materials and Methods
Materials.

Oligonucleotides were from IDT and were ordered as
PAGE purified. Klenow exo- was from NEB. T4 ligase was
from Enzymatics.

DNA Isolation.

Genomic DNA was 1solated from normal human colonic
mucosa by sodium 1odide extraction (Wako Chemicals
USA).

Adaptor Synthesis.

The adaptors were synthesized from two oligos, desig-
nated as:

the primer strand:
(SEQ ID NO: 1)
AATGATACGGCGACCACCGAGAT CTACACTCTTTCCCTACACGACGCTCT

TCCGATCT ;
and

the template strand:
(SEQ ID NO: 2)
/5phosg /ACTGNNNNNNNNNNNNAGATCGGAAGAGCACACGTCTGAACTC

CAGTCAC.

The two adaptor strands were annealed by combining

equimolar amounts of each oligo to a final concentration of

50 micromolar and heating to 95° C. for 5 minutes. The
oligo mix was allowed to cool to room temperature for over
1 hour. The annealed primer-template complex was
extended 1n a reaction consisting of 40 micromolar primer-
template, 25 units Klenow exo-DNA polymerase (New

England Biolabs), 250 micromolar each dNTP, 50 mM
NaCl, 10 mM Tris-HCI pH 7.9, 10 mM MgCl,, and 1 mM
dithiothreitol (DTT) for 1 hour at 37° C. The product was
1solated by ethanol precipitation. Due to the partial A-tailing
property of Klenow exo-, this protocol results in a mixture
of blunt-ended adapters and adapters with a single-nucleo-
tide A hverhang. A single-nucleotide A overhang was added
to residual blunt fragments by incubating the adapters with
25 units Klenow exo-, 1 mM dATP, 50 mM NaCl, 10 mM
Tris-HC1 pH 7.9, 10 mM MgCl2, and 1 mM dithiothreitol
(DTT) for 1 hour at 37° C. The product was again ethanol
precipitated and resuspended to a final concentration of 50
micromolar.
Sequencing Library Preparation.

3 micrograms of DNA was diluted into 130 microliters of

TE bufler (10 mM tris-HCI, pH 8.0, 0.1 M EDTA) and was
sheared on the Covaris AFA system with duty cycle 10%,
intensity 5, cycles/burst 200, time 20 secondsx6, tempera-
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ture 4° C. DNA was purified with 2 volumes of Agencourt
AMPure XP beads per the manufacturer’s protocol. After
end-repair with the NEB end-repair kit per the manufactur-
er’s protocol, DNA fragments larger than the optimal range
of ~200-500 bp were removed by adding 0.7 volumes of
AMPure XP beads and transferring the supernatant to a
separate tube (fragments larger than 500 bp bind to the beads
and are discarded). An additional 0.65 volumes of AMPure
XP beads were added (this step allows fragments of approxi-
mately 200 bp or greater to bind to the beads). The beads
were washed and DNA eluted. DNA was then T-tailed 1n a
reaction containing S5 units Klenow exo-, 1 mM dTTP, 50
mM NaCl, 10 mM Tris-HCI pH 7.9, 10 mM MgCl2, 1 mM.
The reaction proceeded for 1 hour at 37 C. DNA was purified
with 1.2 volumes of AMPure XP beads. The custom adap-
tors were ligated by combining 7350 ng of T-tailed DNA with
250 pmol adaptors 1n a reaction containing 3000 units T4
DNA ligase, S0 mM Tris-HCI pH 7.6, 10 mM MgCl12, S mM
DTT, 1 mM ATP. The reaction was incubated 25 C for 15
minutes, and purified with 1.2 volumes of AMPure XP
beads.

Pre-Capture Amplification.

3’75 ng adaptor-ligated DNA was PCR amplified with
primers AATGATACGGCGACCACCGAG (SEQ ID NO:3)
and GTGACTGGAGTTCAGACGTGTGC (SEQ ID NO:4)
using the Kappa high-fidelity PCR kit for 8 cycles with an
annealing temperature of 60 C. The product was purified
with 1.2 volumes of AMPure XP beads.

DNA Capture.

Target capture was performed with the Agilent SureSelect
system per the manufacturer’s recommendations, except that
capture volumes were performed at one-half of the standard
volume. The capture set targeted an arbitrary 758 kb region
of the genome consisting of both coding and noncoding
sequences. Capture baits were 120 nt 1n length, and were
prepared with the Agilent eArray tool with 3x tiling.

Post-Capture Amplification.

Captured DNA was amplified with PCR primers AAT-
GATACGGCGACCACCGAG (SEQ ID NO:3) and
CAAGC AGAAGACGGCATACGAGATXXXXXXGT-
GACTGGAGTTCAGACGTGTGC (SEQ ID NO:5) where
XXXXXX indicates the position of a fixed multiplexing
barcode sequence). 2 0 fmol of DNA was used per lane for
sequencing on an Illumina HiSeq 2000.

Data Processing.

Reads with mtact SMI adaptors include a 12 nucleotide
random sequence, followed by a 5 nucleotide fixed
sequence. These reads were 1dentified by filtering out reads
that lack the expected fixed sequence at positions 13-17. The
SMI sequence from both the forward and reverse sequencing
reads (1.e., the first and second degenerate n-mer sequences)
was computationally added to the read header, and the fixed
sequence removed. The first 4 nucleotides located following
the adaptor sequence were also removed due to the propen-
sity for ligation and end-repair errors to result 1n an elevated
error rate near the end of the DNA fragments. Reads having
common (1.e., 1dentical) SMI sequences were grouped
together, and were collapsed to generate a consensus read.
Sequencing positions were discounted 1f the consensus
group covering that position consisted of fewer than 3
members, or 1f fewer than 90% of the sequences at that
position in the consensus group had the identical sequence.
Reads were aligned to the human genome with the Burrows-
Wheeler Aligner (BWA). The consensus sequences were
then paired with their strand-mate by grouping each 24
nucleotide tag of form AB in read 1 with 1ts corresponding
tag of form BA 1n read 2. Resultant sequence positions were
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considered only when information from both DNA strands
was 1n perfect agreement. An overview of the data process-
ing workflow 1s as follows:

1. Discard reads that do not have the 5 nt fixed reference
(or “spacer”) sequence (CAGTA; SEQ ID NO:6) pres-
ent after 12 random nucleotides.

2. Combine the 12 nt SMI tags from read 1 and read 2, and
transfer the combined 24 nt SMI sequence into the read
header.

3. Discard SMIs with inadequate complexity (1.e., those
with >10 consecutive 1dentical nucleotides). 4. Remove
the 5 nt fixed reference sequence.

5. Trim an additional 4 nt from the 5' ends of each read

pair (sites ol error prone end repair).
. Group together reads which have i1dentical 24 nt SMIs.
. Collapse to SMI consensus reads, scoring only posi-
tions with 3 or more SMI duplicates and >90%
sequence 1dentity among the duplicates.

8. For each read 1n read 1 file having SMI of format AB,
group with corresponding DCS partner 1n read 2 with
SMI of format BA.

9. Only score positions with 1dentical sequence among
both DCS partners.

10. Align reads to the human genome.

Code for carrying out the worktlow may be pre-existing
or may involve programming within the skill of those 1n the
art. In some embodiments, however, the Python code, which
1s 1llustrated 1in FIG. 10, may be used for carrying out the
pairing and scoring of partner strands according to steps 8
and 9 of the workflow described above.

Overview

To overcome limitations in the sensitivity of variant
detection by single-stranded next-generation DNA sequenc-
ing, an alternative approach to library preparation and analy-
s1s was designed, which 1s known herein as Duplex Con-
sensus Sequencing (DCS) (FIG. 1). The DCS method
described herein involves tagging both strands of duplex
DNA with a random, yet complementary double-stranded
nucleotide sequence, which 1s known herein as a double-
stranded single molecule identifier (SMI) sequence. The
SMI sequences (1n this case, double stranded SMI
sequences) are incorporated into the SMI adaptor molecules
by mtroducing a single-stranded randomized nucleotide
sequence 1nto one adapter strand and the extending the
opposite strand with a DNA polysmerase to yield a comple-
mentary, double-stranded SMI sequence (FIG. 2). The indi-
vidually tagged strands are then PCR amplified. Every
duplicate that arises from a single strand of DNA will have
the same SMI, and thus each strand in a DNA duplex pair
generates a distinct, yet related population of PCR dupli-
cates after amplification owing to the complementary nature
of the SMIs on the two strands of the duplex. Comparing the
sequence obtained from each of the two strands comprising
a single molecule of duplex DNA {facilitates differentiation
of sequencing errors from true mutations. When an apparent
mutation 1s, due to a PCR or sequencing error, the substi-
tution will only be seen on a single strand. In contrast, with
a true DNA mutation, complementary substitutions will be
present on both strands (see FIG. 4C).

Following tagging with a double-stranded SMI and PCR
amplification, a family of molecules 1s obtained that arose
from a single DNA molecule; members of the same PCR
“family” are then grouped together by virtue of having a
common (1.e., the same) SMI tag sequence. The sequences
of uniquely tagged PCR duplicates are subsequently com-
pared 1n order to create a PCR consensus sequence. Only
DNA positions that yield the same DNA sequence in a
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specified proportion of the PCR duplicates in a family, such
as 90% of the duplicates in one embodiment, are used to
create the PCR consensus sequence. This step filters out
random errors introduced during sequencing or PCR to yield
the PCR consensus sequences, each of which derives from
an 1ndividual molecule of single-stranded DNA. This set of
PCR consensus sequences are called single strand consensus
sequences (SSCSs).

Next, PCR consensus sequences arising from two
complementary strands of duplex DNA can be 1dentified by
virtue of the complementary SMIs (FIG. 3) to identily the
“partner SMI.” Specifically, a 24-nucleotide SMI consists of
two 12-nucleotide sequences that can be designated XY. For
an SMI of form XY in read 1, the partner SMI will be of
form YX 1n read 2. An example to illustrate this point is
given 1n FIG. 4. Following partnering of two strands by
virtue of their complementary SMIs, the sequences of the
strands are compared. Sequence reads at a given position are
kept only 11 the read data from each of the two paired strands
1s 1n agreement.

Results

In order to label or tag each of the strands of duplex DNA
with unique complementary tags, adaptors which contain the
standard sequences required for the Illumina HiSeq system
were synthesized, but with addition of a double-stranded,
complementary SMI sequence (or “tag”) of 12 random
nucleotides (or a random ““degenerate sequence’) per strand.
Target DNA molecules having a random SMI sequence
n-mer that 1s 12 nucleotides in length on each end will
therefore have a unique 24 nucleotide SMI sequence. The
adaptors were prepared (FIG. 2) from two partially comple-
mentary oligonucleotides, one of which has a single-
stranded 12 nucleotide random nucleotide sequence (1.e. a
first random degenerate nucleotide n-mer sequence) fol-
lowed by a single stranded fixed reference sequence that 1s
4 nucleotides 1n length. The single-stranded random nucleo-
tide tag was converted to a double-stranded, complementary
SMI tag by extension with Klenow exo-DNA polymerase
and the extended adaptor was purified by ethanol precipi-
tation. Due to the partial A-tailing property of Klenow exo-,
this protocol results 1n a mixture of blunt-ended adaptors and
adaptors with a single-nucleotide A overhang (data not
shown). A single-nucleotide A-overhang was added to the
residual blunt fragments by incubating the adaptors with
Klenow exo-DNA polymerase and a high concentration of
dATP (1 mM), and purified the adaptors again by ethanol
precipitation.

DNA {for sequencing was sheared and end-repaired by
standard methods, with size-selection for fragments 1n the
range of ~200-500 bp by size-selective binding to Ampure
XP beads. Standard Illumina library preparation protocols
involve ligating A-tailed DNA to T-tailed adaptors. How-
ever, because A-tailed adaptors were used, the DNA was
T-tailed by incubating the end-repaired DNA with Klenow
ex0-DNA polymerase and 1 mM dTTP. The adaptor-ligated
library was PCR amplified and subjected to SureSelect
capture, with targeting of an arbitrary 758 kb portion of the
genome (DNA coordinates available upon request). The
efliciency of adaptor ligation, PCR amplification, DNA
capture, and sequencing were comparable to those seen with
standard library preparation methods (data not shown).
Although Agilent Sure Select probes are used in this
example, any suitable method of DNA selection may be used
to capture particular target double-stranded DNA sequences.
For example, selection and capture may be accomplished by
any selection by hybridization method (e.g., Agilent Sure-
Select, Primer Extension Capture, exploitation of bioti-
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nylated PCR amplicons as bait, Agilent HaloPlex) wherein
probes that target the desired double-stranded DNA
sequence may be recovered by an in-array capture (using
probes immobilized on glass slides) or by aflinity using
magnetic beads 1n an in-solution capture. In addition, mito-
chondnal and some other forms of DNA may be isolated by
size selection. Alternatively, in some embodiments, no
enrichment 1s performed.

This protocol was used to sequence DNA 1solated from
normal colonic mucosa. Mutations were 1nitially scored
without consideration of the SMI sequences. PCR duplicates
were filtered out with samtools rmdup, a standard tool which
uses the shear points of DNA molecules to identity PCR
duplicates, as molecules arising from duplicated DNA will
have shared shear points. In order to focus specifically on
non-clonal mutations, only those positions in the genome
with at least 20x coverage and at which fewer than 3% of
reads differed from the hgl9 reference sequence were con-
sidered. This approach resulted 1n 70.9 million nucleotides
of sequence data and 56,890 mutations, indicating an overall
mutation frequency of 8.03x107*, in accord with the error
rate of Illumina next-generation sequencing of ~0.1-1%
[32].

Next, the SMI tags were used to group together PCR
duplicates that arose from individual single-stranded DNA
molecules and to create a consensus sequence from the
family of duplicates. At least 3 PCR duplicates were
required, with at least 90% agreement 1n sequence among all
duplicates, to consider a site for mutations. Scoring the
mutation frequency as above, again considering only sites
with a mmimum of 20x coverage and with <5% of reads
differing from reference, resulted 1n 145 million nucleotides
of sequence with 6,508 mutations and an overall mutation
frequency of 4.47x107>, consistent with prior reports [36].
Notably, far more nucleotides of DNA sequence were
obtained 1n this approach (145 million) than in the standard
[1lumina sequencing approach (70 million) detailed above
which 1s dependent on use of the shear points of single-
ended reads to identity PCR duplicates. The improved
sequence coverage arose from use of the SMI to identify
PCR duplicates, because identifying PCR duplicates by
consideration of uniquely sheared DNA ends 1s fundamen-
tally limited by the small number of possible shear points
that overlap a given position of the genome and the propen-
sity for specific genomic regions to be more readily undergo
shearing. Thus filtering PCR duplicates by using shear
points resulted 1n discarding a large portion of the reads.

Finally, the complementary nature of the double-stranded
SMI sequences was used to identily pairs of consensus
groups that arose from complementary DNA strands.
Sequence reads were considered only when the read data
from each of the two strands 1s 1n perfect agreement. In a
pilot experiment, after grouping of PCR duplicates as above,
29,409 SMI partner pairs were found, indicative that fewer
than 1 of tags had their corresponding partner tag present in
the library. The low recovery of tag pairs was most likely
due to inadequate amplification of the starting DNA library.
Among these tag-pairs, 24,772 duplex consensus strands
were 1dentified with an average strand length of 82 nucleo-
tides, resulting 1n 2 million nucleotides of DNA consensus
sequence. The sequences of the paired duplex strands dis-
agreed at 3,585 of the nucleotide positions, indicative of
single-stranded errors (1.e. PCR or sequencing errors); these
sites of disagreement were removed, leaving only bases at
which the sequence of both duplex strands were 1n perfect
agreement. Next, as above, analysis of mutation frequencies
was restricted to sites with at least 10x coverage and at
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which fewer than 10% of reads disagreed from the hgl9
reference sequence. Because the 2 million nucleotides of

read data were spread across a 758 kb target, our average
depth was only ~3x. Thus only 14,464 nucleotides of DNA
sequence corresponded to sites with at least 10x depth.
Among these sites, zero mutations were seen. To increase
the number of tag pairs considered, analysis described above
was repeated, but PCR duplicates were grouped with a
minimum of only 1 duplicate per site. This resulted in
28,359 nucleotides of DNA sequence with at least 10x
depth. Again, no mutations were detected.

Current experiments are being performed on vastly
smaller target DNA molecules (ranging from ~300 bp to ~20
kb 1n si1ze). Use of smaller DNA targets will allow for much
greater sequencing depth, and far more accurate assessment
of the background mutation rate of the assay. In addition, the
protocol has been modified to incorporate a greater number
of PCR cycles mitiated ofl a smaller number of genome
equivalents, which will increase the fraction of tags for
which both of the partner tag strands have been sufliciently
amplified to be represented in the final sequence data.
Indeed, among the 3.6 million SMIs present 1n our 1initial
library which underwent PCR duplication, 1.5 million of the
SMIs were present only once, indicating isuflicient ampli-
fication of the DNA due in part to the low number of PCR
cycles used.

Example 2: Duplex Sequencing of Human
Mitochondrial DNA

Materials and Methods

In addition to those described in Example 1 above, the
following materials and methods were also used.

DNA Isolation.

Mitochondrial DNA was 1solated as previously described
(4).

Data Processing.

The entire human genome sequence (hgl9) was used as
reference for the mitochondrial DNA experiment, and reads
that mapped to chromosomal DNA were removed. Reads
sharing 1dentical tag sequences were then grouped together
and collapsed to consensus reads. Sequencing positions
were discounted 1f the consensus group covering that posi-
tion consisted of fewer than three members or 1f fewer than
90% of the sequences at that position 1n the consensus group
had the 1dentical sequence. A minimum group size of three
was selected because next-generation sequencing systems
have an average base calling error rate of ~1/100. Requiring
the same base to be 1dentified in three distinct reads
decreases the frequency of single-strand consensus sequence
(SSCS) errors arising from base-call errors to (1/100)3=1x
107°, which is below the frequency of spontaneous PCR
errors that fundamentally limait the sensitivity of SSCSs. The
requirement for 90% of sequences to agree to score a
position 1s a highly conservative cutofl. For example, with a
group size of eight, a single disagreeing read will lead to
87.5% agreement and the position will not be scored. It all
groups 1n an experiment are of size nine or less, this cutoff
will thus require perfect agreement at any given position to
score the position. Further development of our protocol may
allow for less stringent parameters to be used to maximize
the number of SSCS and duplex consensus sequence (DCS)
reads that can be obtained from a given experiment.

Results

Having established the methodology for Duplex Sequenc-
ing with M13mp2 DNA, which 1s a substrate for which the

mutation frequency and spectrum are fairly well established,
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it was desired to apply the approach to a human DNA
sample. Thus, mitochondrial DNA was 1solated from human
brain tissue and sequenced the DNA after ligation of Duplex
Sequencing adapters. A standard sequencing approach with
quality filtering for a Phred score of 30 resulted 1n a mutation
frequency of 2.7x10-3, and SSCS analysis yielded a muta-
tion frequency of 1.5x10-4. In contrast, DCS analysis
revealed a much lower overall mutation frequency of 3.5x
10-5 (FIG. 5A). The frequency of mutations 1n mitochon-
drial DNA has previously been difficult to measure directly
due 1n part to sources of error in existing assays that can
result 1n either overestimation or underestimation of the true
value. An additional confounder has been that most
approaches are limited to interrogation of mutations within
a small fraction of the genome [56]. The method of single-
molecule PCR, which has been proposed as an accurate
method of measuring mitochondrial mutation frequency
[56] and 1s considered resistant to damage-induced back-
ground errors [57], has resulted in a reported mitochondrial
mutation frequency in human colonic mucosa of 5.9x10-
5£3.2x10-35 [56], which 1s 1n excellent agreement with our
result. Likewise, mitochondrial DNA sequence divergence
rates 1n human pedigrees are consistent with a mitochondrial
mutation frequency of 3-35x10-5 [58, 59].

When the distribution of mutations throughout the mito-
chondrial genome 1s considered, the quality filtered reads
(analyzed without consideration of the tags) have many
artifactual errors, such that identification of mutational
hotspots 1s diflicult or impossible (FIG. SB). DCS analysis
removed these artifacts (FIG. 5C) and revealed striking
hypermutability of the region of replication initiation (D
loop), which 1s consistent with prior estimates of mutational
patterns 1n mitochondrial DNA based upon sequence varia-
tion at this region within the population [60].

SSCS analysis produced a strong mutational bias, with a
130-1old excess of G—T relative to C—A mutations (FIG.
5D), consistent with oxidative damage of the DNA leading
to first-round PCR mutations as a significant source of
background error. A high level of oxidative damage 1s
expected 1 mitochondrial DNA, due to extensive exposure
of mitochondria to free radical species generated as a
byproduct of metabolism [61]. DCS analysis (FIG. 5E)

removed the mutational bias and revealed that transition
mutations are the predominant replication errors i mito-
chondrial DNA. The DCS mutation spectrum 1s 1n accord
with prior estimates of deamination events [62] and T-dGTP
mispairing by the mitochondrial DNA polymerase [63] as
primary mutational forces 1n mitochondrial DNA. Further-
more, the mutation spectrum of our mitochondrial data are
consistent with previous reports of heteroplasmic mutations
in human brain showing an increased load of A—=G/T—C
and G—A/C—T transitions, relative to transversions [64,
65]. A similar spectral bias has also been reported 1n mice
[62, 66] and 1n population studies of Drosophila melano-
gaster |67].

Example 3: Demonstration of Error-Correction by
DCS Using Randomly Sheared DNA Ends as
Single Molecule Identifiers

Materials and Methods

In addition to those described in the Examples above, the
following materials and methods were also used to demon-
strate the capability of DCS analysis to remove sequencing
CITOrs
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Sequencing Library Preparation.

Genomic DNA was 1solated from a derivative of Saccha-
romyces cerevisiae strain SC288 by standard methods. The
DNA was randomly sheared by the Covaris AFA system,
followed by end-repair, A-tailing, and ligation of Illumina
TruSeq DNA sequencing adaptors, all by standard library
preparation methods. The resultant sequence data consisted
of an average 32.5 fold depth of the 12 megabase S.

cerevisiae genome.
Data Analysis.
The first 10 nucleotides of each sequencing read pair,

corresponding to the randomly sheared DNA ends, were
combined, such that the first 10 nucleotides of read 1,
referred to as A, was combined with the first 10 nucleotides
of read 2, referred to as B, to yield an SMI tag of form AB.
Reads were grouped according to SMI sequence, and
nucleotide reads were considered only 1f they agreed among
at least 90% of family members sharing a given tag
sequence. For DCS analysis, a tag of form AB1 1s partnered
with the corresponding tag of form BA2, and nucleotide
positions are considered only when the sequence 1s 1n
agreement among read pairs with matching tags AB1 and
BA2.

Results

In order to demonstrate the capability of DCS analysis to
remove sequencing errors, a sequencing library was pre-
pared under standard conditions with commercially avail-
able sequencing adaptors, and the randomly sheared DNA
ends were used as SMI’s. First, reads were grouped by SMI
with a minimum family size of 1 member. Considering only
sites with a minimum of 20x coverage and with <3% of
reads differing from reference, this analysis resulted 1n 644.8
million nucleotides of sequence data and 2,381,428 muta-
tions, yielding an overall mutation frequency of 3.69x10°.

The data was then subjected to DCS analysis with the SMI
tags, searching for tags of form ABI1 that have partner tags
of form BA2, and considered only positions at which the
sequence from the two strands was in perfect agreement.
3.1% of the tags had a matching partner present in the
library, resulting 1n 2.9 million nucleotides of sequence data.
The sequences of the duplex strands were not complemen-
tary at 40,874 nucleotide positions; these disagreeing posi-
tions, representing likely sequencing or PCR errors, were
removed from analysis. Again considering positions with at
least 20x coverage and <5% of reads differing from refer-
ence, 3.0 million nucleotides of sequence data and 157
mutations were obtained, with an overall mutation fre-
quency of 5.33x107>, indicative of removal of >98% of
mutations seen 1n raw analysis and thereby demonstrating
the capability of DCS to lower the error rate of DNA
sequencing.

To compare this result to the method of Kinde et al. [36],
reads were grouped 1nto families by SMI tag as before but
filtered for families with a minimum of 3 members. This
resulted 1n 1.4 million nucleotides of sequence data and 61
mutations, with an overall mutation frequency of 4.25x107>.
Thus, the method of Kinde et al., with a minimum family
size of 3, resulted i1n less than half as much resultant
sequence data after filtering than was obtained by DCS with
a mimimum family size of 1. Thus, DCS lowered the error
rate of sequencing to a comparable degree to a method
considered state-oi-the-art, but with less loss of sequencing
capacity.

Discussion

It was demonstrated that DCS analysis, using sheared
DNA ends as unique molecular identifiers, results 1n a
lowering of the apparent error rate of DNA sequencing. As
this proof-of-concept experiment was performed on a library
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that was not optimized to maximize recovery ol both
strands, there were not suilicient strand-pairs recovered to
perform DCS analysis with a minimum family size of >1
member. Requiring family sizes >1 1s expected to further
reduce sequencing errors. Moreover, this analysis was lim-
ited 1n that 1t did not include ligation of degenerate SMI tag
sequences; owing to the limited number of shear points
flanking any given nucleotide position, use of shear points as
SMIs limits the number of unique molecules that can be
sequenced 1n a single experiment. The use of shear points as
SMIs 1in conjunction with an exogenously ligated SMI tag
sequence would allow for increased depth of sequencing at
any given nucleotide position.

Example 4: Demonstrations of Duplex Consensus
Sequencing

In addition to those described 1n Examples 1 and 2 above,
the following maternals and methods were also used.

Materials and Methods

Construction of M13mp2 Variants.

M13mp2 gapped DNA encoding the LacZ a fragment was
extended by human DNA polymerase 6 [2] and the resultant
products were transformed 1nto Escherichia coli and sub-
jected to blue-white color screening as previously described
[3]. Mutant plaques were sequenced to determine the loca-
tion of the mutation resulting in the color phenotype. A
series of mutants, each differing from wild type by a single
nucleotide change, were then mixed together with wild-type
M13mp2 DNA to result 1n a single final mixture with distinct
mutants represented at ratios of 1/10 (G6267A), 1/100
(T6299C), 1/1,000 (G6343A), and 1/10,000 (A6293T).

Oxidative Damage of M13mp2 DNA.

Induction of DNA damage was performed by minor

modifications to a published protocol [5]: 300 ng of
M13mp2 double-stranded DNA was incubated in 10 mM

sodium phosphate bufler, pH 7.0, 1n the presence of 10 uM
iron sulfate and 10 uM {freshly diluted hydrogen peroxide.
Incubation proceeded for 30 min at 37° C. 1n open 1.5-mL

plastic microcentrifuge tubes.
DNA Isolation.

M13mp2 DNA was 1solated from E. coli strain MC1061
by Qiagen Miniprep. To allow for greater sequencing depth
at a defined region of the M13mp2 genome, an 840-bp
fragment was enriched by complete digestion with the
restriction enzymes Bsu36I and Nael (New England Bio-
labs), followed by 1solation of the fragment on an agarose
gel by the Recochip system (Takara Bio).

Duplex Consensus Sequencing of M13 DNA Removes
Artifactual Sequencing Errors.

The spontaneous mutation rate of M13mp2 DNA has been
well established by a number of exquisitely sensitive genetic
assays to be 3.0E-6 [53], that 1s, an average of one spon-
taneous base substitution error for every 330,000 nucleo-
tides. Thus this substrate 1s well suited as a control for
determining the background error frequency of DNA
sequencing. M13mp2 DNA was sheared and ligated to
adaptors containing double-stranded complementary SMI
sequences by standard protocols, and was subjected to deep
sequencing on an Illumina HiSeq 2000 followed by Con-
sensus Sequencing analysis (FIG. 6).

Analysis of the data by standard methods (1.e., without
consideration of the double stranded SMI sequences)
resulted 1n an error frequency of 3.8E-03, more than one
thousand fold higher than the true mutation frequency of
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M13mp2 DNA. This indicates that >99.9% of the apparent
mutations 1dentified by standard sequencing are in fact
artifactual errors.

The data were then analyzed by Single Strand Consensus
Sequencing (SSCS), using the unique SMI tag athixed to
ecach molecule to group PCR products together in order to
create a consensus of all PCR products that came from an
individual molecule of single-stranded DNA. This resulted
in a mutation frequency of 6.4E-OS, suggesting that —98%
ol sequencing errors are corrected by SSCS.

Next, the data were subjected to Duplex Consensus
Sequencing (DCS), which further corrects errors by using
the complementary SMI tags to compare the DNA sequence
arising from both of the two strands of a single molecule of
duplex DNA. This approach resulted in a mutation fre-

quency of 2.SE-06, 1n nearly perfect agreement with the true
mutation frequency of M13mp2 DNA of 3.0E-06. The

number of nucleotides of DNA sequence obtained by a
standard sequencing approach, and after SSCS and DCS
analysis, may be found in Table 1 below.

TABLE 1

Data vield from Duplex Sequencing

M13mp2 DNA Mitochondrial DNA
Initial nucleotides 6.5 x 10° 6.2 x 10°
SSCS nucleotides 8.7 x 10/ 4.1 x 10°
DCS nucleotides 2.2E x 107 9.7 x 10’
Initial reads per SSCS read 75 15
Initial reads per DCS read 295 64
SSCS reads per DCS read 4 4

Initial nucleotides represent raw reads that contain the expected fixed adapter sequence
following 12 degenerate nucleotides and map to the reference genome. Apparent nucleo-
tide loss in converting initial reads to SSCSs occurs because many of the immitial reads
intentionally represent identical PCR duplicates of single-stranded DNA molecules to
allow for removal of sequencing and PCR errors by comparison of the sequence among
the duplicates. A mimimum of three imtial reads are required to produce one SSCS;
however, a greater average number 1s necessary to ensure that most DNA fragments have
at least this number of duplicates. Under fully optimized conditions, each DCS read would
arise from exactly two SSCS reads (one arising from each strand of the initial molecule
of duplex DNA). An SSCS:DCS ratio greater than 2 indicates that the strand partner of
some SSCSs was not recovered.

For an artifactual error to be scored by DCS, complemen-
tary artifactual errors must occur on both strands of a
molecule of duplex DNA. Thus the background (artifactual)
error frequency of DCS may be calculated as: (probability of
error on one strand)*(probability of error on other strand)*
(probability that both errors are complementary).

As the background error frequency of SSCS 1in this
experiment was —6E-S, the background error frequency of
DCS can be calculated as 6E-S*6E-S*(1/3)=1.2E-9. This
represents a greater than 3 million fold improvement over
the error rate of 3.SE-03 that was obtained by a standard
sequencing approach.

Consensus Sequencing Reveals Likely Sites of DNA
Damage

M13mp2 DNA was sequenced as detailed above, with
DCS adaptors containing double-stranded complementary
SMIs. The spectrum of mutations obtained with SSCS was
determined. Data was filtered to consist of forward-mapping
reads from Read 1, 1.e. sequencing of the reference strand,
and reverse-mapping reads from Read 1, 1.e. sequencing of
the anti-reference strand. True mutations would result 1n an
equal balance between mutations on the reference strand and
their complementary mutation on the anti-reference strand.

However, SSCS analysis revealed a large number of
single-stranded G—T mutations on reads mapping in the
forward orientation to the reference genome, with a much
smaller number of C—A mutations mapping to the reverse
orientation. The spectrum of mutations identified by both
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SSCS and DCS analysis were examined relative to literature
reference values [53] for the M13mp2 substrate (FIG. 7A).
SSCS analysis revealed a large excess of G—=A/C—T and
G—'T/C—A mutations relative to reference (P<10-6, two-
sample t test). In contrast, DCS analysis was 1n excellent
agreement with the literature values with the exception of a
decrease relative to reference of these same mutational
events: G—=A/C—T and G—=T/C—A (P<0.01). To probe the
potential cause of these spectrum deviations, the SSCS data
were filtered to consist of forward-mapping reads from read
1 (1.e., direct sequencing of the reference strand) and the
reverse complement of reverse-mapping reads from read 1
(1.e., direct sequencing of the antireference strand.) True
double-stranded mutations should result in an equal balance
of complementary mutations observed on the reference and
antireference strand. However, SSCS analysis revealed a
large number of single-stranded G—'T mutations, with a
much smaller number of C—=A mutations (FIG. 7B). A
similar bias was seen with a large excess of C—'T mutations
relative to G—A mutations.

Base-specific mutagenic DNA damage 1s a likely expla-
nation of these imbalances. Excess G—T mutations are
consistent with the oxidative product 8-0xo-guanine (8-0x0-
() causing first round PCR errors and artifactual G—T
mutations. DNA polymerases, including those commonly
used 1n PCR, have a strong tendency to insert adenine
opposite 8-0xo-G [45, 54], and misinsertion of A opposite
8-0x0-G would result in erroneous scoring of a G—=T
mutation. Likewise, the excess C—T mutations are consis-
tent with spontaneous deamination of cytosine to uracil [47],
a particularly common DNA damage event that results 1n
isertion during PCR of adenine opposite uracil and erro-
neous scoring of a C—'T mutation.

To determine whether the excess G—T mutations seen in
SSCSs might reflect oxidative DNA damage at guanine
nucleotides, before sequencing library preparation M13mp2
DNA was 1incubated with the free radical generator hydrogen
peroxide 1n the presence of 1ron, a protocol that induces
DNA damage [55]. This treatment resulted 1n a substantial
further increase in G—T mutations by SSCS analysis (FIG.
8A), consistent with PCR errors at sites of DNA damage as
the likely mechanism of this biased mutation spectrum. In
contrast, imnduction of oxidative damage did not alter the
mutation spectrum seen with DCS analysis (FIG. 8B),
indicating that duplex consensus sequences are not similarly
susceptible to DNA damage artifacts.

Furthermore, relative to the literature reference values,
DCS analysis results 1 a lower frequency of G—=T/C—A
and C—=T/G—A mutations (FIG. 7A), which are the same
mutations elevated 1n SSCS analysis as a probable result of
DNA damage. Notably, the M13mp2 LacZ assay, from
which reference values have been derived, 1s dependent
upon bacterial replication of a single molecule of M13mp?2
DNA. Thus, the presence of oxidative damage within this
substrate could cause an analogous first-round replication
error by Escherichia coli, converting a single-stranded dam-
age event mto a fixed, double-stranded mutation during
replication. The slight reduction 1n the frequency of these
two types of mutations measured by DCS analysis may,
therefore, reflect the absence of damage-induced errors that
are scored by the in vivo LacZ assay.

Consensus Sequencing Accurately Recovers Spiked-in
Control Mutations.

A series of M13mp2 variants were constructed which
contain known single base substitutions. These variants
were then mixed together at known ratios, and the mixture
was prepared for sequencing with DCS adaptors with

10

15

20

25

30

35

40

45

50

55

60

65

30

double-stranded complementary SMIs and was sequenced
on an Illumina HiSeq 2000. The data was then analyzed by
consensus sequencing (FIG. 9). With conventional analysis
of the data (i1.e. without consideration of the SMI tags),
variants present at a level of <1/100 could not be accurately
identified. This limitation occurs because at any given
position, artifactual mutations are seen at a level of nearly
1/100.

In contrast, when the data 1s analyzed by Single Strand
Consensus Sequencing (SSCS) with -20,000 fold depth,
accurate recovery ol mutant sequence 1s seen down to one
mutant molecule per 10,000 wild type molecules. Duplex
Consensus Sequencing (DCS), which was not performed on
this sample, would allow for detection of even rarer muta-
tions.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 58

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 1

aatgatacgg cgaccaccga gatctacact ctttccecctac acgacgctct tccgatct

<210> SEQ ID NO 2

<211> LENGTH: 50

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide
«<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(1l6)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 2

actgnnnnnn nnnnnnagat cggaagagca cacgtctgaa ctccagtcac

OTHER INFORMATION: Synthetic oligonucleotide
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<210>
<211>
<212>
<213>
<220>
<223 >

<400>
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-continued

SEQ ID NO 3

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 3

aatgatacgg cgaccaccga g 21

<210>
<211l>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 4

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 4

gtgactggag ttcagacgtg tgc 23

<210>
<211>
<212>
<213>
<220>
<223 >
<220>
<221>
<222 >
<223 >
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 5

LENGTH: 53

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide
FEATURE:

NAME /KEY: misc feature

LOCATION: (25)..(30)

OTHER INFORMATION: posgition of fixed multiplexing barcode sequence
FEATURE:

NAME /KEY: misc feature

LOCATION: (25)..(30)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: b5

caagcagaag acggcatacg agatnnnnnn gtgactggag ttcagacgtg tgc 53

<210>
«<211>
<212 >
«<213>
<220>
<223>

<400>

cagta

<210>
<211l>
<212>
<213>
<220>
<223 >
<220>
<221>
<222 >
<223 >

<400>

SEQ ID NO 6

LENGTH: 5

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide

SEQUENCE: 6

SEQ ID NO 7

LENGTH: 1o

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic oligonucleotide
FEATURE:

NAME /KEY: misc_feature

LOCATION: (5)..(1l6)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE : 7

actgnnnnnn nnnnnn lo

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 8

LENGTH: 16

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

36
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-continued

37
<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:
<221> NAME/KEY: misc feature
<222> LOCATION: (1) ..(12)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 8
nnnnnnnnnn nncagt
<210> SEQ ID NO 9
<211> LENGTH: 17
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide
<220> FEATURE:
<221> NAME/KEY: misc feature
<222> LOCATION: (1) ..(12)
<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 9

nnnnnnnnnn nnc agt a

What 1s claimed 1s:

1. A method of generating high accuracy sequence reads
of a population of double-stranded target nucleic acid mol-
ecules, comprising:

ligating each of the double-stranded target nucleic acid

molecules to at least one adapter molecule, to form a
population of adapter-target nucleic acid complexes,
wherein each of the adapter molecules comprises—
(a) a degenerate or semi-degenerate single molecule
identifier (SMI) sequence that alone or 1n combina-
tion with the target nucleic acid fragment ends
uniquely labels each ligated double-stranded target

nucleic acid molecule such that each ligated double-
stranded target nucleic acid molecule 1s distinguish-
able from other ligated double-stranded target
nucleic acid molecules 1n the population, and

(b) a strand-distinguishing nucleotide sequence that,

following the ligation step, provides a region of

non-complementarity between a first strand of each
adapter-target nucleic acid complex and a second
strand of the same adapter-target nucleic acid com-
plex;
for each of the adapter-target nucleic acid complexes—
amplifying each strand of the adapter-target nucleic acid
complex to produce a plurality of first strand adapter-
target nucleic acid complex amplicons and a plurality
of second strand adapter-target nucleic acid complex
amplicons;
sequencing the adapter-target nucleic acid complex
amplicons to produce a plurality of first strand
sequence reads and plurality of second strand sequence
reads:;
grouping the first strand sequence reads and the second
strand sequence reads into a family of first and second
strand sequence reads based on the degenerate or
semi-degenerate SMI sequence alone or 1n combination
with the target nucleic acid fragment ends;
separating the first and second strand sequence reads 1nto
a set of first strand sequence reads and a set of second
strand sequence reads based on the region of non-
complementarity between the first strand and the sec-
ond strand of the adapter-target nucleic acid complex;
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confirming the presence of at least one first strand
sequence read and at least one second strand sequence
read;
comparing the at least one first strand sequence read with
the at least one second strand sequence read;

1dentifying nucleotide positions where the compared first
and second strand sequence reads are non-complemen-
tary,

1dentifying nucleotide positions where the compared first

and second strand sequence reads are complementary;
and
generating a high accuracy consensus sequence read for
ecach of the double-stranded target nucleic acid mol-
ecules 1n the population that includes only the nucleo-
tide positions where the compared first and second
strand sequence reads are complementary.
2. The method of claim 1, wherein the confirming step
includes confirming the presence of at least 2 first strand
sequence reads and at least 2 second strand sequence reads.
3. The method of claim 1, further comprising identifying
one or more nucleotide positions that disagree between the
at least one first strand sequence read and the at least one
second strand sequence read.
4. The method of claim 1, wherein for any double-
stranded target nucleic acid molecule 1n the population, the
method further comprises:
comparing the high accuracy consensus sequence read to
a respective reference sequence; and

1dentifying one or more nucleotide sequence variations
present in the high accuracy consensus sequence read
not present 1n the reference sequence.

5. The method of claim 4, turther comprising 1dentifying

a variation occurring at a particular position in the high
accuracy consensus sequence read as a true mutation.

6. The method of claim 4, further comprising identifying
a variation that occurs at a particular position 1n only one of
the first strand sequence read or the second strand sequence
read as a potential artifact.

7. The method of claim 1, wherein for any double-
stranded target nucleic acid molecule 1n the population, the
method further comprises:
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comparing the high accuracy consensus sequence read to
a reference sequence;

identifying one or more variations present in the high
accuracy consensus sequence read not present in the
reference sequence; and

identifying at least one of a cancer, a cancer risk, a cancer

metabolic state, a mutator phenotype, a carcinogen
exposure, a chronic inflammation exposure, an age, a
neurodegenerative disease, or a combination thereof in
an organism from which the double-stranded target
nucleic acid molecule 1s derived by the one or more
variations present in the high accuracy consensus
sequence read.

8. The method of claim 1, wherein the population of
double-stranded target nucleic acid molecules includes
double-stranded DNA or other nucleic acid fragments.

9. The method of claim 1, wherein each of the adapter-
target nucleic acid complexes comprises at least two primer
binding sites.

10. The method of claim 1, wherein the adapter molecule
ligated to any particular double-stranded target nucleic acid
molecule comprises a Y-shape, a U-shape, or a combination
thereof.

11. The method of claim 1, wherein the population of
adapter-target nucleic acid complexes comprise an SMI
sequence 1n each of its strands.

12. The method of claim 1, wherein each adapter mol-
ecule comprises a double-stranded SMI sequence, and
wherein the double-stranded SMI sequence comprises a first
degenerate or semi-degenerate sequence and a second
degenerate or semi-degenerate sequence.

13. The method of claim 12, wherein the first and second
degenerate or semi-degenerate sequences are at least par-
tially complementary.

14. The method of claim 1, wherein the population of
adapter-target nucleic acid complexes comprise an SMI
sequence at each terminus.

15. The method of claim 1, wherein the degenerate or
semi-degenerate SMI sequence comprises from about 3 to
about 20 nucleotides.

16. A method of generating high accuracy sequence reads
of a population of double-stranded target nucleic acid mol-
ecules, wherein each individual double-stranded target
nucleic acid molecule comprises one or more fragment
features that distinguish the individual double-stranded tar-
get nucleic acid molecules from other double-stranded target
nucleic acid molecules 1 the population, the method com-
prising:

ligating each of the double-stranded target nucleic acid

molecules to at least one double-stranded adapter mol-

ecule, to form an adapter-target nucleic acid complex,

wherein—

the at least one double-stranded adapter molecule com-
prises a region of non-complementarity between a
first adapter strand of the double-stranded adapter
molecule and a second adapter strand of the double-
stranded adapter molecule, and

following the ligation step, the region of non-comple-
mentarity provides a strand-distinguishing nucleo-
tide sequence such that a first strand of the adapter-
target nucleic acid complex has a distinctly

10

15

20

25

30

35

40

45

50

55

60

40

identifiable nucleotide sequence relative to 1ts
complementary second strand;
for each of the adapter-target nucleic acid complexes—
amplifying each strand of the adapter-target nucleic acid
complex to produce a plurality of first strand adapter-
target nucleic acid complex amplicons and a plurality
of second strand adapter-target nucleic acid complex
amplicons;
sequencing the adapter-target nucleic acid complex
amplicons to produce a plurality of first strand
sequence reads and plurality of second strand sequence
reads;

grouping the first and second strand sequence reads 1nto

a family of sequence reads by identifying the one or
more distinguishing fragment features shared by each
strand of the double-stranded target nucleic acid mol-
ecule;

separating the first and second sequence reads from each

family 1nto a set of first strand sequence reads and a set
of second strand sequence reads based on the strand-
distinguishing nucleotide sequence;

confirming the presence of at least one first strand

sequence read and at least one second strand sequence
read;
comparing the at least one first strand sequence read with
the at least one second strand sequence read; and

generating a high accuracy consensus sequence read for
cach of the double-stranded target nucleic acid mol-
ecules 1n the population that includes only the nucleo-
tide positions where the compared first and second
strand sequence reads are complementary.

17. The method of claim 16, wherein the double-stranded
target nucleic acid molecule 1s a double-stranded DNA or
other nucleic acid fragment.

18. The method of claim 16, wherein the one or more
fragment features includes a shear point or other fragment
region, or a combination thereof.

19. The method of claim 16, wherein the adapter-target
nucleic acid complex comprises at least two primer binding
sites.

20. The method of claim 16, wherein the adapter-target
nucleic acid complex comprises a Y-shape, a U-shape, or a
combination thereof.

21. The method of claim 16, wherein generating a high
accuracy consensus sequence further comprises 1dentifying
nucleotide positions where the compared first and second
strand sequence reads are non-complementary and scoring
the 1dentified non-complementary nucleotide positions as
potential artifacts.

22. The method of claim 1, wherein each adapter mol-
ecule comprises a single stranded SMI sequence, and
wherein the method further comprises converting the single-
stranded SMI sequence to a double-stranded SMI sequence
by polymerase extension.

23. The method of claim 1, wherein generating a high
accuracy consensus sequence further comprises marking the
identified nucleotide positions where the compared first and
second strand sequence reads are non-complementary and
scoring the i1dentified non-complementary nucleotide posi-
tions as potential artifacts.
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

PERSONAL AUDIO, LLC, )
Plaintiff, %
V. % Civil Action No. 17-1751-CFC-CJB
GOOGLE LLC, ;
Defendant. ;
MEMORANDUM ORDER

At Wilmington, Delaware this 15th day of November, 2018.

WHEREAS, in connection with Plaintiff Personal Audio, LLC (“Plaintiff” or “PA”) and
Defendant Google LLC’s (“Defendant” or “Google”) discovery dispute regarding PA’s final
infringement contentions, (see D.I. 251 at 6-7), the Court' has considered the parties’
supplemental letter briefs, (D.I. 257, 274);

NOW, THEREFORE, IT IS HEREBY ORDERED that:

1. With respect to this dispute, PA had requested that the Court rule that its
infringement contentions are sufficient and that discovery is not being withheld on this basis,
(D.I. 226 at 4), while Google had initially requested that PA be compelled to provide
supplemental infringement contentions for each of the accused devices that “[1] specifically
identify the accused hardware components, [2] the basis for any contention of ‘compatibility’
with [Google Play Music], [3] the basis for any contention that the device is not already licensed,

and [4] the basis for any contention that the device was available in or exported from the United

‘ This case has been referred to the Court to hear and resolve all pre-trial matters,

up to and including the resolution of case-dispositive motions. (Docket Items, December 13,
2017 and September 10, 2018)
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States prior to October 2, 2016 (the expiration date of the asserted patents)[,]” (D.1. 230 at 4).
The Court reserved a ruling on the issue and required Google to submit additional information
with respect to its request. (D.I. 251 at 7)

2. In its letter responsive to the Court’s order, Google has narrowed its request to [1]
and [2] above—i.e., it now requests that PA be compelled to provide supplemental infringement
contentions for each of the accused products that: (1) identifies with specificity the hardware
components of each accused device that PA alleges meets the limitations of the asserted patent
claims; and (2) identifies the basis for PA’s contention that each accused device is “compatible”
with Google Play Music. (D.I. 257 at 1)

3. PA’s final infringement contentions include three sets of charts and a list of 2,022
accused devices. (D.I. 257 at 2 & exs. A-C) Two sets of charts relate to specific accused
products (the Google Pixel C and the BLU Life XL) and the third set of charts relates to
“‘software that operates on a hardware device including but not limited to smartphones,
computers, tablets, and/or player devices.”” (D.I. 257, exs. A-C) At present, then, there remain
2,020 devices that have been accused of infringement by PA but which have not been charted.
(Id., exs. A-D)

4. The law requires that a plaintiff in a patent infringement case produce to the
defendant a claim chart that relates “each accused product to the asserted claims each product
allegedly infringes.” Default Standard for Discovery, Including Discovery of Electronically
Stored Information (“ESI”) (hereinafter, “Default Standard”), at § 4(c) (emphasis added); see
also, e.g., Wi-Lan Inc. v. Vizio, Inc., C.A. No. 15-cv-788, 2018 WL 669730, at *1 (D. Del. Jan,
26, 2018) (contentions that demonstrated how “each limitation of each claim element for all

asserted claims is met by each accused product [were] sufficient to provide Defendants notice of
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Plaintiff’s infringement theories”); Tech. Props. Ltd. LLC v. Samsung Elecs. Co., Ltd., 114 F.
Supp. 3d 842, 852 (N.D. Cal. 2015) (explaining that plaintiff’s infringement contentions “must
identify specifically where each limitation of each asserted claim is found within each accused
instrumentality”). PA’s infringement contentions for the other 2,020 products do not sufficiently
demonstrate how the hardware components found in the accused devices map onto the asserted
claims. (See D.I. 257 at 2 (citing id., ex. A at 48; id,, ex. B at 56-57, id., ex. C at 3)) Nor has PA
sufficiently identified the basis for its contention that each accused but uncharted device is
“compatible” with Google Play Music. (See id. at 6)>

5. If PA wants to accuse 2,022 devices of infringement, Google is entitled to
adequate notice of PA’s infringement contentions with respect to each device. The law does not
include an exception for a patentee that chooses to accuse a large amount of products of
infringement. See, e.g., Geovector Corp. v. Samsung Elecs. Co. Ltd., Case No. 16-cv-02463-
WHO, 2017 WL 76950, at *4-5 (N.D. Cal. Jan. 9, 2017) (finding infringement contentions to be
deficient where, inter alia, the plaintiff attempted to use a single chart for each patent to chart
claims against hundreds of products, did not offer any analysis as to why such products could be
charted representatively, and explained that each infringing product has a computer and listed the
computer processors “for some, but not all, of the accused products™); Rapid Completions LLC v.
Baker Hughes Inc., CIVIL ACTION NO. 6:15-CV-724, 2016 WL 3407688, at *1 & *7 n.2 (E.D.
Tex. June 21, 2016) (noting that “the large scope of accused products does not excuse a plaintiff
from compliance” with the local rule requiring a plaintiff asserting infringement to provide

defendants with infringement contentions that identify specifically “where each element of each

2 PA has sufficiently explained this for the two specific devices that it provided
charts for, Google Pixel C and BLU Life XL. (D.I. 257 at 6)

3
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asserted claim is found within each Accused Instrumentality”) (internal quotation marks and
citation omitted).

6. All that said, it is true that it will take robust effort on PA’s part to sufficiently
chart over two thousand products. The Court suspects that it is likely that certain subsets of the
2,022 accused products share significant similarities, such that in the future, PA might be able to
sufficiently articulate how certain of those accused products are truly representative of others. If
PA could do so, then it may be able to provide less than 2,022 claim charts (i.e., by providing
“representative” claim charts that apply to multiple similar products), while still giving Google
adequate notice of its infringement contentions. However, at this point, PA has not made a
sufficient showing of “representativeness.”

7. The Court thus DENIES PA’s request and GRANTS Google’s request with
respect to PA’s final infringement contentions. Accordingly, PA shall submit to Google
supplemental final infringement contentions that: (1) provide, for each of the 2,020 accused
devices at issue, a list of the hardware components that PA contends meets the hardware
limitations of the asserted claims;® and (2) provide, for each of these accused devices, the basis
for PA’s contention that such devices are “compatible” with Google Play Music. If PA wishes, it

may do so in the formats suggested by Google. (See D.I. 257 at 5, 6) By no later than

3 Google also requests that PA be ordered to provide, for each accused device, the

manufacturer of each hardware component that it contends meets the hardware limitations of the
asserted claims. (D.I. 257 at 4) Google seeks this information so that it can determine whether
an accused device is subject to one or more of PA’s licenses to the asserted patents. (/d. at 3-4)
To show infiingement, however, PA need only show that a device includes the relevant hardware
components; the claims do not require PA to prove that the relevant hardware components are
manufactured by particular entities. While the manufacturers of such components are surely
relevant to Google’s licensing defense, the Court is not persuaded that it must require PA to
provide information related to manufacturers in order for PA’s infringement contentions to
provide adequate notice of PA’s infringement theories.

4
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November 21, 2018, the parties shall: (1) meet and confer regarding a deadline by which PA
shall provide its supplemental final infringement contentions; and (2) submit a joint letter to the
Court advising of the agreed-upon deadline.

8. Because this Memorandum Order may contain confidential information, it has
been released under seal, pending review by the parties to allow them to submit a single, jointly
proposed, redacted version (if necessary) of the document. Any such redacted version shall be
submitted by not later than November 20, 2018 for review by the Court, along with a motion for
redaction that includes a clear, factually detailed explanation as to why disclosure of any
proposed redacted material would “work a clearly defined and serious injury to the party seeking
closure.” Pansy v. Borough of Stroudsburg, 23 F.3d 772, 786 (3d Cir. 1994) (internal quotation
marks and citation omitted). The Court will subsequently issue a publicly-available version of

its Memorandum Order.

Christopher J. Burke 6

UNITED STATES MAGISTRATE JUDGE
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IN THE UNITED STATES DISTRICT COURT

FOR THE DISTRICT OF DELAWARE

ROUND ROCK RESEARCH LLC,
Plaintiff,
v. : Civil Action No. 11-1011-RGA
LENOVO GROUP LTD., LENOVO
HOLDING CO., INC., and LENOVO
(UNITED STATES) INC,,
Defendants.
ORDER
3
This l'_‘l’_ day of June 2013, having considered the Plaintiff’s request that the Court
overrule Defendant’s “unjustified objections” and compel “complete discovery responses,” (D.1.
84), and Defendant’s response (D.1. 85), and the Court being of the opinion that the only accused
products are the ones for which the Plaintiff has done infringement contentions and complete
claim charts, which are the accused products identified in D.I. 85, Exh. A at Exh. 1, and do not

include the additional products listed at Exh. 2;

IT IS HEREBY ORDERED that the Plaintiff’s request is DENIED.

kohaid Uodtg

United States Dfistrict Judge
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

TWINSTRAND BIOSCIENCES, INC. &
UNIVERSITY OF WASHINGTON,

Plaintiffs and
Counterclaim Defendants, C.A. No. 21-1126-GBW-SRF

V.
GUARDANT HEALTH, INC.,

Defendant and
Counterclaim Plaintiff.

[PROPOSED] ORDER
At Wilmington this __ day of October, 2022, having considered defendant and counter-
plaintiff Guardant Health, Inc.’s motion to strike, and having considered all papers and argument
submitted in connection therewith, and having found that Guardant’s motion should be granted:
IT ISHEREBY ORDERED that the Guardant Inform and Guardant Connect services
shall be stricken from plaintiffs’ infringement contentions, and that Guardant shall not be
obligated to respond to discovery requests or deposition questions related to those services as if

they were accused products.

SO ORDERED.

United States Magistrate Judge

WEST\300275794.1
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

TWINSTRAND BIOSCIENCES, INC. &
UNIVERSITY OF WASHINGTON,

Plaintiffs and
Counterclaim Defendants, C.A. No. 21-1126-GBW-SRF

V.
GUARDANT HEALTH, INC.,

Defendant and
Counterclaim Plaintiff.

[PROPOSED] ORDER

At Wilmington this __ day of October, 2022, having considered defendant and counter-
plaintiff Guardant Health, Inc.’s request to impose a case narrowing schedule, and having
considered all papers and argument submitted in connection therewith, and having found good
cause to impose such a schedule:

IT ISHEREBY ORDERED that the parties shall follow the below case narrowing
schedule. Should the parties mutually agree to a modification of this schedule, the parties need
not apply to the Court to implement that modification, but otherwise changes may be made only
by the Court upon a showing of good cause, in accordance with Fed. R. Civ. P. 16 and In re Katz

Interactive Call Processing Litig., 639 F.3d 1303, 1312 (Fed. Cir. 2011).

Date Case Event or Deadline | Reduction of Asserted Claims/Prior Art

10/28/2022 N/A 25 claims (no per-patent limit)

11/11/2022 N/A 20 references / 75 prior art arguments

2/17/2023 Final in_fringement 20 claims (no per-patent limit)
contentions
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3/3/2023 Final invalidity 15 references / 40 prior art arguments
contentions (+ 2 weeks)

9/13/2023 Pretrial disclosures 10 claims (no per-patent limit)

9/27/2023 Pretrial disclosures 10 references / 20 prior art arguments

IT IS FURTHER ORDERED that for the purposes of this case narrowing schedule, a
prior art argument shall be understood to be an argument that (1) a single reference anticipates a
claim; or (2) a single reference renders a claim obvious; or (3) a combination of references
renders a claim obvious. Thus, for example, if a party relies on prior art reference A for
anticipation and for single-reference obviousness as to claim 1 of a patent, that will count as two
separate prior art arguments. If a party also relies on prior art references A+ B for obviousness
and A+ B + C for obviousness as to claim 1 of the patent, that will count as two more, separate,
prior art arguments. Prior art arguments shall be counted on a per claim basis, meaning that if a
party asserts that a reference anticipates a claim, and that the same reference anticipates a
separate claim, that shall count as two arguments. References used solely for background
purposes or to describe the state of the art, and not to show the existence of one or more claim
limitations, shall not count against the totals above. For the purposes of this schedule, prior art
arguments do not include invalidity arguments other than those under 35 U.S.C. 8§ 102 and 103,
and exclude, for example, invalidity or unenforceability arguments under 35 U.S.C. 8§ 101, 112,

or 115.

SO ORDERED.

United States Magistrate Judge

WEST\300275798.1
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CERTIFICATE OF SERVICE

I, Jeff Castellano, hereby certify that on this 13th day of October, 2022, a copy of LETTER
TO THE HONORABLE SHERRY R. FALLON FROMO JEFF CASTELLANO
REGARDING DISCOVERY DISPUTE was served upon the following counsel of record via

electronic mail:

Adam W. Poff (No. 3990) Byron L. Pickard

Samantha G. Wilson (No. 5816) R. Wilson Powers 11, Ph.D

YOUNG, CONAWAY, STARGATT Chandrika Vira

& TAYLORLLP Matthew M. Zuziak

Rodney Square Anna G. Phillips

1000 North King Street STERNE, KESSLER, GOLDSTEIN &
Wilmington, DE 19801 FOX, P.L.L.C.

(302) 571-6600 1100 New York Avenue, NW
apoff@ycst.com Washington, DC 20005
swilson@ycst.com (202) 371-2600

bpickard@sternekessler.com
tpowers@sternekessler.com
cvira@sternekessler.com
mzuziak@sternekessler.com
aphillips@sternekessler.com

[s/ Jeff Castellano
Jeff Castellano (DE Bar No. 4837)

WEST\300274340.1
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