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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

ARCHERDX, LLC and THE GENERAL
HOSPITAL CORPORATION d/b/a
MASSACHUSETTS GENERAL HOSPITAL,

Plaintiffs,

V. C.A. No. 18-1019-MN

)

)

)

)

)

)

)

)

QIAGEN SCIENCES, LLC, QIAGENLLC )
flk/a QIAGEN, INC., QIAGEN BEVERLY, ) _

LLC f/k/a QIAGEN BEVERLY, INC., )

QIAGEN GAITHERSBURG, LLC f/k/a )

QIAGEN GAITHERSBURG, INC., QIAGEN )

GMBH, QIAGEN N.V., and )

)

)

)

JONATHAN ARNOLD,

PUBLIC VERSION FILED: March 8, 2021

Defendants.

DECLARATION OF ERIC J. RUTT IN SUPPORT OF
PLAINTIFFS’ MOTION FOR PARTIAL SUMMARY JUDGMENT
OF NO INVALIDITY AS TO U.S. PATENT NO. 10,450,597
AND TO STRIKE AND PRECLUDE TESTIMONY
I, Eric J. Rutt, declare:

1. I am an attorney with the law firm Wolf Greenfield & Sacks, P.C. | have been
admitted pro hac vice in this matter. | make this declaration in support of Plaintiffs’ Motion for
Partial Summary Judgment of No Invalidity as to U.S. Patent No. 10,450,597 and to Strike and
Preclude Testimony. | am familiar with the facts set forth in this Declaration and could testify
competently to the truth thereof if called as a witness.

2. Attached as Exhibit 1 is a true and correct copy of U.S. Patent No. 10,450,597

(“the *597 Patent™).
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3. Attached as Exhibit 2 is a true and correct copy of excerpts from the transcript of
the February 9, 2021 deposition (Volume 1) of Dr. Michael Metzker.

4. Attached as Exhibit 3 is a true and correct copy of excerpts from the Expert
Report of Dr. Michael Metzker Regarding Invalidity of U.S. Patent Nos. 10,017,810 and
10,450,597, dated October 7, 2020 (“Metzker Opening Report™).

5. Attached as Exhibit 4 is a true and correct copy of excerpts from the Rebuttal
Expert Report of Dr. Niall Lennon, dated November 20, 2020 (“Lennon Rebuttal Report”).

6. Attached as Exhibit 5 is a true and correct copy of a publication authored by
Newton et al, entitled “Analysis of any point mutation in DNA. The amplification refractory
mutation system (ARMS),” which was attached as Exhibit LLL to the Reply Expert Report of
Dr. Michael Metzker, and which was marked as Metzker Deposition Exhibit No. 10.

7. Attached as Exhibit 6 is a true and correct copy of excerpts from the Reply Expert
Report of Dr. Michael Metzker Regarding Invalidity of U.S. Patent Nos. 10,017,810 and
10,450,597, dated December 23, 2020 (“Metzker Reply Report”).

8. Attached as Exhibit 7 is a true and correct copy of excerpts from the transcript of
the February 10, 2021 deposition (Volume 2) of Dr. Michael Metzker.

9. Attached as Exhibit 8 is a true and correct copy of excerpts from the Expert
Report of James A. McSwiggen, PhD, dated November 20, 2020 (“McSwiggen Report™).

10.  Attached as Exhibit 9 is a true and correct copy of excerpts from the transcript of
the January 22, 2021 deposition of James McSwiggen, PhD.

11.  Attached as Exhibit 10 is a true and correct copy of excerpts of U.S. Patent No.

10,017,810 (“the *810 Patent”).
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12.  Attached as Exhibit 11 is a true and correct copy of excerpts of U.S. Patent No.
9,487,828 (“the ’828 Patent™).

13.  Attached as Exhibit 12 is a true and correct copy of excerpts of U.S. Patent App.
Pub. No. 2013/0303461 (“the *461 Publication”).

14.  Attached as Exhibit 13 is a true and correct copy of excerpts of Manual of Patent
Examining Procedure, Ninth Edition, June 2020 Publication of Revision 10.2019, which was

accessed at https://www.uspto.gov/web/offices/pac/mpep/index.html on February 28, 2021.

15.  Attached as Exhibit 14 is a true and correct copy of U.S. Provisional Patent
Application No. 61/931,959 (“the *959 Provisional”), which was produced in this litigation
bearing production numbers ADX — 000365412 to ADX — 000365490.

16.  Attached as Exhibit 15 is a true and correct copy of U.S. Provisional Patent
Application No. 61/931,943 (“the *943 Provisional”), which was produced in this litigation
bearing production numbers ADX — 000365342 to ADX — 000365411.

17.  Attached as Exhibit 16 is a true and correct copy of excerpts of the file history of
U.S. Patent Application No. 14/605,363, which issued as the 597 Patent, and which was
produced in this litigation bearing production numbers ADX — 000485453 to ADX — 000491012.

18.  Attached as Exhibit 17 is a true and correct copy of excerpts of the
Noninfringement and No Trade Secret Misappropriation Expert Report of Dr. Michael Metzker
Responding to the Expert Report of Niall Lennon, dated November 20, 2020 (“Metzker Rebuttal
Report”).

19.  Attached as Exhibit 18 is a true and correct copy of excerpts of Defendants’
Second Amended Invalidity Contentions, dated 10/2/2020, including excerpts of claim charts

attached as Exhibits A-F.
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20.  Attached as Exhibit 19 is a true and correct copy of a summary of excerpts of

Exhibit 14 (the 7959 Provisional) and Exhibit 15 (the *943 Provisional).

I declare under penalty of perjury that the foregoing is true and correct. Executed on
March 1, 2021.

[s/ Eric J. Rutt
Eric J. Rutt
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EXHIBIT 1
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Page 1
1 IN THE UNITED STATES DISTRICT COURT
2 FOR THE DISTRICT OF DELAWARE
3 ARCHERDEX, LLC and THE GENERAL )
HOSPITAL CORPORATION d/b/a )
4 MASSACHUSETTS GENERAL HOSPITAL,)
)
5 Plaintiffs, )
)
6 v ) C.A. No.
)
7 QIAGEN SCIENCES, LLC, QIAGEN ) 18-1019-MN
LLC f/k/a QIAGEN, INC., QIAGEN )
8 BEVERLY, LLC f/k/a QIAGEN )
BEVERLY, INC., QIAGEN )
9 GAITHERSBURG, INC., QIAGEN )
GMBH, QIAGEN N.V. and JONATHAN )
10 ARNOLD, )
)
11 Defendants. )
12
13
14 khkkhkkhkkhkkkkkkkkhkhkhkkhkkhkkkkkkkkhkhkkhkkhkkhkkkkkkkkhkhkhkkhkkhkkhkkkkkkkkkk
15 REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
16 DR. MICHAEL METZKER
17 9th day of February, 2021
18 VOLUME 1
19 Pages 1 - 145
20 khkkhkkhkkkkkkkkkhkhkhkhkkhkkhkkkkkkhkhkhkhkhkkhkkhkkhkkhkkkhkkkhkhkhkhkkhkkhkkhkkkkkkkkk
21
22
23
24
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Page 50
1 (Pause.)
2 BY MR. REINES:
3 Q. I'd 1like to ask you a few questions
4 about the topic of "primers annealing to a
5 sequence."
6 And I know that you've -- you've
7 addressed this topic a few times in this case, but
8 I'd like -- I'd like -- I just want to understand
9 what are the conditions one would have to consider
10 in order to determine whether a primer would anneal
11 to a particular sequence?
12 A. Can you be a little more specific?

13 That's a pretty broad question.

14 Q. Okay. 1I'll try to be more precise.

15 The -- let's take the '597 patent. The
16 '597 patent sets forth the way to estimate whether
17 a particular primer is going to anneal to a

18 sequence such as length and sequence of the primer,
19 the melting temperature, cell concentration, and

20 things like that.

21 Is that generally familiar to you?

22 A. Yeah. I mean, those are some of the

23 things that you would consider, but you would also

24 have to do actual experimental research to

25 determine whether you have hybridization or not
1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 51
1 and -- and how good the hybridization is.
2 Q. What are the conditions that you would
3 have to know in order to evaluate whether a
4 particular primer would anneal to a particular
5 sequence?
6 MR. NARAVAGE: Objection, vague.
7 A. Well, I think there are a lot of things
8 that you would have to consider: You can look at

9 the actual sequence, percent GC, the length,
10 complexity of the target.

11 But to really know whether you're
12 getting binding or not, you would design

13 experiments to test the hypothesis whether the
14 binding is correct or incorrect.

15 BY MR. REINES:

16 Q. When you say "binding is correct or
17 incorrect," what do you mean by that?
18 A. Well, whether the sequence as designed

19 would hybridize to the template that it's supposed

20 to bind to. So is it a hundred percent

21 complementary, for instance?
22 Q. In the instance where it's not
23 complementary, would the factors that you expressed

24 regarding GC-content, the length, complexity of the

25 target, the binding, melting temperature and cell

1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 52

concentration, would those all be considerations
that could be valued -- evaluated?

A. I think they can be evaluated, but I
think they're inadequate of addressing the question
of whether the binding is correct or not correct.

Q. I guess when you say "binding is correct

or not correct," I don't know what you mean. Do

oo Jd4 o 00 b~ W DN BB

you mean whether it's successful binding or not?
9 A. No, whether it's binding to its intended
10 target, design of primers with the intent of

11 100 percent complementary binding to its template.

12 Q. Okay. Let -- let's take the case of a
13 primer -- primers can bind to sequences that are

14 not a hundred percent of the mass, correct?

15 A. They can misprime and bind to the

16 wrong -- wrong side of the template.

17 Q. And you consider that to be always

18 unintended to call it "mispriming," that that was

19 something bad?
20 A. Yes. Absolutely. The -- the purpose of

21 designing an oligo is so that it binds to the

22 correct sequence in the template.

23 Q. And whether -- you're using this term

24 "misprime." Whether you can expect mispriming,

25 what are the considerations you would take into
1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 53
1 account?
2 MR. NARAVAGE: Objection, vague.
3 A. I actually don't understand what you
4 mean by the considerations of mispriming.
5 BY MR. REINES:
6 Q. In the instance of mispriming, there
7 are -- certain primers will misprime to particular
8 sequences, correct, depending on the length, for
9 example?
10 A. Well, it -- the length, GC-content,
11 experimental conditions, annealing temperatures.
12 There's lots of ways to cause mispriming, but

13 that's not what the intent is; it's to actually get

14 correct primer.

15 Q. Have -- have you ever been in a

16 circumstance where -- where you want to evaluate
17 whether a particular experiment is vulnerable to
18 mispriming?

19 A. Sure. I've looked -- I've looked at

20 those kind of effects before.

21 Q. And what do you evaluate to determine if
22 there's vulnerability in a particular experiment to
23 mispriming? What are the considerations that you
24 consider?
25 A. Again, it's primer design, which
1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 54
1 involves length, GC; you may look at secondary
2 structure within the actual oligonucleotide; you
3 would look at salt conditions; but then you would
4 actually design experiments that actually do real
5 experiments to test whether your considerations are
6 appropriate or insightful.
7 Because, generally, what happens in a
8 test tube is very different than what happens in
9 simulation.
10 So you could design an assay to look at
11 mis -- the -- the percentage of mispriming events
12 based on certain experimental conditions in your --
13 in your experiment.
14 Q. Is mispriming a -- a common issue 1in
15 your work in -- with targeted assays?
16 A. I -- I think it all depends on the
17 details, but there are clearly -- I
18 have (indiscernible) -- I'm so sorry.
19 There are clearly examples where
20 mispriming occurs. Usually efforts are done to
21 minimize those kind of effects because they are
22 unwanted and undesired.
23 Q. Is mispriming common enough that in
24 evaluating primer extension experiments that you --
25 I mean, do you routinely take into account the
1-800-727-6396 Veritext Legal Solutions Www.veritext.com
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Page 55

potential for mispriming?

A. Well, you -- if the assay is designed
properly, you can see mispriming occurring, and my
approach would be to alter the experimental
conditions to minimize that mispriming event,
because, again, it's just an undesired, unwanted

phenomenon.

oo Jd4 o 00 b~ W DN BB

MR. REINES: I'd 1ike to mark as the

9 Exhibit 2 the '597 patent, please.

10 (Exhibit 2 introduced.)

11 BY MR. REINES:

12 Q. Let me know when you have that, please.
13 A. It just came up and I'm downloading it

14 right now. All right. I have it open.

15 Q. And if you'd turn, please, to

16 paragraph -- actual--"paragraph"--Column 19.

17 A. Okay.

18 Q. Let me know when you have column 19,

19 please.

20 A. Okay. I'm at Column 19.

21 Q. And this is the section of '597 patent

22 that describes what "annealing" is; is that

23 correct?

24 A. I see a sentence around line 51 that

25 says: As used herein, the term "anneal" refers
1-800-727-6396 Veritext Legal Solutions Www.veritext.com
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Page 56

1 to...

2 Is that what you're referring to?

3 Q. Yes.

4 A. Yes, I see that section.

5 Q. Okay. And then in terms of describing

6 what annealing is in the '597 patent, it refers to:
7 Annealing can involve complementary or

8 substantially complementary nucleic acid strands.

9 Do you see that?

10 A. I do see that.

11 Q. And is that consistent with your

12 experience?

13 A. Yeah. I mean, you -- you can get a

14 primer to anneal to a template sequence that is not
15 100 percent complementary. That's just not -- that
16 doesn't mean that's something that you want the

17 assay -- you don't want the assay to perform in

18 that manner.

19 Q. So in your view, when you're furth --
20 substantially complementary annealing is -- this is
21 what you've called "mispriming" that's unwanted,
22 according to your testimony?
23 MR. NARAVAGE: Objection,
24 mischaracterizes.
25 A. Yeah, I -- I think it depends on the
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details, but if I -- if I want a primer to bind to
a template sequence with a hundred percent
complementary and I have a second primer that
misprimes, that is an undesired effect.
BY MR. REINES:

Q. Yeah, that -- that wasn't my question.

(Simultaneous conversation.)
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A. But it -- it --

9 BY MR. REINES:

10 Q. My question is --
11 A. But it's still -- but it's still
12 annealing. There's nothing inconsistent with what

13 the patent is saying and what I am saying.

14 Q. Is the annealing of substantial

15 complementarity always a unwanted event in the

16 nucleic acid sciences?

17 A. I would say for targeted assays, yes.

18 Q. And your explanation for why the '597

19 patent describes its substantial complementarity as
20 part of annealing is just because that's a -- it's

21 kind of a fact of life for people skilled in the

22 art; is that correct?
23 MR. NARAVAGE: Objection,
24 mischaracterizes.
25 A. Well, I think -- I think what's
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1 happening here is the applicants are acting as
2 their own lexicographer and they're just trying to
3 provide a definition of what they think "anneal"
4 means.
5 BY MR. REINES:
6 Q. In -- according to teachings of the '597
7 patent, do you believe the patentees are
8 discouraging readers from using primers that only
9 anneal with substantial complementarity as compared
10 to complete complementarity?
11 MR. NARAVAGE: That calls for
12 speculation.
13 A. Could you please repeat the question?

14 BY MR. REINES:

15 Q. Does the '597 patent discourage the use
16 of primers that achieve only substantial

17 complementarity as compared to complete

18 complementarity?

19 A. Can I have a second to look through the

20 patent?

21 Q. Sure. Look at whatever you need to look
22 at to answer throughout the day and tomorrow.
23 A. (Examined exhibit.) Okay.
24 Sorry. If you could just repeat the
25 question, I can now answer.
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Q. Does the '4 -- '597 patent describe a
primer annealing with substantial complementarity
as compared to complete complementarity as a

negative thing?

A. I think so, yes.

Q Now, if you turn to Claim 19.

A. (Complied.)

Q If you look down at line 59, do you see

where it says: Conditions for annealing between a
primer and a nucleic acid tablet may vary based

upon length, sequence of the primer?

A. I do see that.

Q. And do you agree with that?

A. Those are some considerations.

Q. And conditions for annealing are based
on Tm?

A. Correct.

Q. And have you calculated Tm in your

personal work experience?

A. Yes. That's -- that's the melting
temperature.
Q. Is the melting temperature of a primer,

for purposes of evaluating annealing, is that a
standard calculation?

A. It's -- it's done quite often.
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1 Q. And it states, moving over to Column 20,
2 that: The melting temperature can be determined
3 using a number of different algorithms.
4 Do you see those?
5 A. I do see that section.
6 Q. Are you -- are you generally familiar
7 with those algorithms?
8 A. I -- I've used some of these programs
9 myself. They -- they do a number of things
10 including Tm calculations, but the -- that's really

11 kind of the starting point of determining the

12 annealing property of the primer.
13 Q. In terms of the annealing properties of
14 the primer, do you -- have you applied the formula

15 that's set forth in Column 20 at line 15°?

16 A. Um, that's a good question. I usually
17 use the software, and most of these software
18 programs use consistent or common formulas for

19 calculating Tm, so possibly.

20 Q. And if you look between line 15 down to
21 line 50, are those descriptions of the

22 considerations to evaluate whether a particular

23 primer will anneal, based on your own expertise?
24 A. Well, I think what this discussion here

25 is about the effect of the primer's Tm and how
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1 close below or above the Tm you -- would you expect
2 the primer to bind.

3 The Tm, by definition, is where half of
4 the primer anneals and half of the primer does not
5 anneal, and they are just describing how

6 temperature can influence the amount of primer

7 annealing to its template sequence.

8 Q. And that's consistent with your own

9 understanding, correct?

10 A. That is correct.

11 Q. If you wanted to determine whether a

12 particular primer would anneal to a particular

13 nucleic acid strand at a particular melting

14 temperature, you would use either the software or
15 this formula; is that correct?

16 A. Well, it's a starting point. The actual
17 experimental conditions can influence that Tm.

18 For example, if high salt is used or

19 solvent like DMSO is used or if you use glycerol or
20 a reagent called betaine, many experimental
21 reagents can influence the hybridization properties
22 of the primer.
23 Q. And whether a particular primer will
24 anneal to a particular sequence at particular
25 melting temperatures, the analysis in the '597
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patent, at Columns 19 and 20, would apply whether
the nucleic acid sequence is substantially
complementary or completely complementary?

A. No, I would not -- I wouldn't
characterize it that way. Most of these programs
are designed to help select primers that are a

hundred percent complementary. They are not

oo Jd4 o 00 b~ W DN BB

designed to design primers that are somewhat

9 complementary. That's not the purpose. The

10 purpose is to design oligonucleotide primers that
11 are complementary to the template sequence of

12 interest.

13 Q. Leaving aside the purposes that you're
14 imputing in the situation, my question to you is:
15 If someone wanted to determine whether a particular
16 primer will anneal to a substantially complementary
17 nucleic acid strand, would the analysis in the '597

18 patent at Claim 20 assist with that process?

19 MR. NARAVAGE: Objection, vague.
20 A. It might assist, but it would be clearly
21 inadequate. It requires more analysis than just

22 those programs listed in the '597 patent.

23 BY MR. REINES:

24 Q. So, you know, clearly, the '597 patent
25 contemplates that annealing involves both
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1 complementary and substantially complementary
2 nucleic acid strands, correct?
3 MR. NARAVAGE: Objection,
4 mischaracterizes.
5 A. Well, like I said, I think that portion
6 in Column 19 of the term "anneal," the patentees
7
8

they want to define what the term "anneal" means.

9 BY MR. REINES:

10 Q. Okay. So the -- in the language of the
11 '597 patent, the way the terms have been defined,
12 "annealing" includes both the annealing of a

13 complementary and a substantially complementary

14 nucleic acid; is that correct?

15 MR. NARAVAGE: Objection,

16 mischaracterizes.

17 A. That's a complicated question. Can --
18 I'm sorry. Can you repeat that, please?

19 BY MR. REINES:
20 Q. Sure. And we want the lights on for

21 this one. (Laughter.)

22 A. I -- I know. I'm sorry. I...
23 Q. In terms of the '597 patent, it defines
24 "anneal" to include: A primer that hybridizes to a
25 nucleic acid that's either complementary or
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1 substantially complementary, correct? That's
2 line 54.
3 A. That's what they defined "anneal" to be
4 in their patent.
5 Q. Okay. And for purposes of this case,
6 that's how you've understood "anneal," correct?
7 A. For purposes of the '597, I'd have to
8 take that into consideration.
9 Q. Well, let me ask: 1In applying the

10 concept of annealing in the '597 patent, in this

11 case, you've accepted that it includes both

12 complementary and substantially complementary

13 nucleic acids?

14 A. That's the way they've defined 1it.

15 Q. Now, in terms of evaluating whether
16 there's successful annealing for either

17 complementary or nucleic acids, you could -- you

18 could apply the analysis in Column 20 of the '597

19 patent, correct?
20 A. Yeah, again, I -- I disagree. I think
21 you can use these software tools as a first go, but
22 it requires much more analysis to determine binding
23 properties of the primer.
24 Q. And what else would you have to do, at
25 a -- at a minimum?
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A. At a minimum, you would actually do real
experimental assays. You could design assays to
test the annealing properties of the primer in the
conditions that you are interested in.

These programs -- these programs --
these programs can create misinformation and they

can be inaccurate, and there are publications that
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describe that; and in my own work, I've used these
9 programs to design primers and they don't always do
10 what you expect them to do.

11 Q. What is the kind of misprimer

12 experiences that you have, even if the software

13 tells you that something won't prime --

14 A. I'm sorry.

15 (Simultaneous conversation.)

16 BY MR. REINES:

17 Q. -- nucleic. Do you --

18 A. Something won't prime?

19 Q. Yeah, not a great -- not a great

20 question.

21 In terms of these algorithms, are they

22 both over- and under-inclusive in terms of

23 reporting to the researcher whether a particular

24 primer will anneal to a particular sequence?

25 A. Well, I guess the way I would answer
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that question--and it's based on my own
experience--is I would use the program as a way of
designing a primer. I'd test the primer in my
assay to determine whether it's doing what I want
it to do and the program did an adequate job of
selecting a good primer with good annealing

properties and things like that.
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But it's been my experience that these
9 same programs will give you a primer that doesn't
10 work at all, and I have to go back and redesign it

11 and try again.

12 Q. Have you ever used this software to

13 determine whether you can anticipate what you call
14 "mispriming"?

15 A. Sorry. Which software are you referring
16 to?

17 Q. The software in Column 20 of the '597

18 patent.

19 A. Yeah, there are -- there are a couple of
20 primer designed software programs there. 1I've used
21 Oligo, I've used Primer3, and I believe I've used
22 NetPrimer. I think I've used several of these.

23 They're different programs. And typically, it's --

24 I use these not to assess mispriming. These
25 programs are used for primer design to identify
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1 primers that will work in your assay to give you
2 the desired result.
3 For example, if I'm targeting a gene, I
4 want my primers to bind to that gene and simplify
5 that gene so I can characterize it in some way.
6 Q. Now, in instance of a primer that
7 anneals to a substantially complementary nucleic
8 acid strand, will -- will there still be -- can
9 they anneal and there still be -- let me ask it

10 this way:

11 If a primer anneals to a substantially
12 complementary nucleic acid, is it possible that
13 there's no extension possible even if it's

14 annealed?

15 A. There's definitely a possibility. It
16 would not extend in a polymerase reaction, and

17 that's well described in the art, for example, with

18 some allele-specific PCR. That's how that assay

19 works.
20 Q. So what are examples of where you have
21 annealing where -- you know, for example, described

22 in the '597 patent, where you wouldn't have

23 extension?
24 A. And we're talking about polymerase
25 extension.
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1 (Clarification by the Reporter.)
2 THE WITNESS: Polymerase.
3 P-O-L-Y-M-E-R-A-S-E.
4 THE REPORTER: Thank you.
5 BY MR. REINES:
6 Q. Correct? That's right?
7 Do you want me to ask the question
8 again?
9 A. Well, I was asking for clarification.
10 Q. Oh. I'm sorry. I must have lost you.
11 A. When you say "extension," you're talking
12 about polymerase extension. We're talking about --
13 Q. Yes.
14 A. -- polymerasing from a primer?
15 Q. Yes.
16 And so let me ask you again. What are
17 the circumstances where you have the annealing of
18 the '597 patent but not have an extension?
19 A. Well, typically, mismatches around the
20 3' end of the primer doesn't necessarily have to be
21 the last nucleotide on the 3' end, but mismatches
22 around the 3' end of a primer hybridized to a
23 template can result in a nonextension by DNA
24 polymerase.
25 Q. Does -- as you understand the term
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1 "annealing" in the '597 patent and it's Column 19,
2 as you say how they defined it, is it synonymous
3 with hybridization?
4 A. I think, in general, the term
5 "annealing" is synonymous with hybridization. I
6 don't know if they are making it synonymous or not.
7 Q. In terms of how the term "anneal" is
8 used in the '597 patent, does it imply that there's
9 necessarily extension?
10 A. It does not; although, I should actually
11 say -- I should qualify that because I am -- I am

12 looking at Column 19, line 55, and the patent does

13 say: In some embodiments, in the context of an

14 extension reaction, annealing involves the

15 hybridization of a primer to a template such that a
16 primer extension substrate for a template-dependent
17 polymerase enzyme is formed.

18 Q. Okay. So as you understand annealing in
19 the '597 patent, it can be accompanied by extension
20 in some embodiments; is that correct?

21 A. That's what I just read.

22 Q. Now, before, you testified that the

23 melting point of the nucleic acid reflects the

24 point in temperature when half of the primers will

25 hybridize and the other half won't; is that

1-800-727-6396 Veritext Legal Solutions www.veritext.com

Tecan Ex. 2203, Page 75 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 76 of 293 PagelD #: 13299

Page 70
1 correct?
2 A. Well, per the Tm -- or the melting
3 temperature, but yeah, that's the temperature where
4 half of the primers are bound to the template and
5 half of them are not for that particular sequence,
6 so it's just one sequence that we're talking about.
7 Q. And in terms of what the curve is around
8 that melting point, is that kind of a narrow curve
9 or is it a broad curve in terms of the range of
10 degrees around Tm, which you'll have at least some
11 annealing?
12 A. I haven't looked at those curves in a

13 while. Generally they're fairly sharp, but I think

14 it depends on the experimental conditions.

15 Q. And do you get a broader curve at lower
16 temperatures?

17 A. No. That's not how the -- these are

18 actual -- I mean, there are different ways of

19 calculating Tm. If you're calculating them by

20 these computer programs, they don't look at curves

21 at all. These are all just calculations as we've

22 seen in the -- the patent. Experimentally, you

23 will perform the assay -- the denaturation assay

24 over a range of temperatures, and you'll look where

25 the duplex will melt. In the assay -- and those
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1 are the kind of curves that I'm talking about.

2 So they don't melt broadly at low

3 temperature because you started at low temperature
4 and you increase it to high temperature, and that's
5 where you find the inflection point. And that will
6 give you what the real Tm of that hybridization is.
7 Q. What is the -- when you say it's a

8 relatively tight curve, what's the temperature

9 range? I don't know if you can make some

10 generalizations as to what kind of a curve you'd

11 expect around the Tm?

12 A. Yeah. 1It's completely dependent on the
13 primer sequence, the primer length, and the

14 experimental conditions. You can -- you can, for
15 the same sequence and same primer and same

16 template, derive different Tm values based on

17 experimental conditions.

18 Q. Why don't we take another break and

19 reconvene at the top of the hour.
20 MR. NARAVAGE: Before we go off the
21 record, can I just take a quick -- it looks 1like
22 there's another attorney who joins, Keith Toms.
23 And I'd just like to state that for the record that
24 Keith is on, and I'd ask that if any other
25 attendees join, if you could just announce them for
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the record, please.

MR. REINES: Yeah. I mean, I assume
they will announce themselves. I'm looking at a
different view than you are. I have just the view
of the witness.

MR. NARAVAGE: Yeah.

(Interruption by the reporter.)

MR. REINES: 1I'm hearing that too.
Okay. Thank you.

VIDEOGRAPHER: 12:49 p.m. We are off
the record.

(Recess held.)

VIDEOGRAPHER: 1:02 p.m. We are on the
record.
BY MR. REINES:

Q. Let me direct you to paragraph 310 of

your invalidity report, which has been marked as

Exhibit 1.
A. Okay.
(Interruption by the reporter.)
MR. REINES: Nice to hear they work
well.
A. Okay. I'm at paragraph 310.

BY MR. REINES:

Q. Do you have it, Dr. Metzker?
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A. Yes. I have paragraph 310.

Q. Paragraph 310. Okay. Before
paragraph 310, this is the portion of your report
where you're asserting that Fraiture discloses Step
l[c]; is that correct?

A. That's correct.

Q. And part of the requirements of Step
1[c] is that each primer of the plurality of
different primers involved don't anneal to the same
sequence of a double-stranded targeted nucleic acid
as any other primer?

A. That's what this Step C says.

Q. Now, in the plurality of primers in
Fraiture, that's a degenerate set of primers that
you -- or finding in the APAgene manual?

MR. NARAVAGE: Objection, form.

A. Yes. Right above Step 1l[c], the APAgene
Gold manual is listing four different degenerate
primers, primer A through primer D.

BY MR. REINES:

Q. And in terms of whether the different
degenerate primers will anneal to the same
sequence, show me where in your paragraphs, this
310 and 311, for Fraiture that you analyzed that?

A. Well, it's more of an explanation of
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1 what degenerate primers really are. They're

2 actually just a pool of specific primers, each

3 designed to bind to different sequences. And

4 that's what I say here. I say that their

5 hybridization sequences are different at the 3'

6 end, and they do not anneal to the same sequence of
7 the double-stranded target because they're designed
8 to bind to different sequences. In --

9 Q. Does it say that? Does it say that?

10 A. I'm reading out of paragraph 310, and T
11 read part of the second sentence in paragraph 310.
12 Q. And in terms of -- in terms of whether
13 or not they would anneal as -- you know, for -- due
14 to substantial complementarity, did you perform any
15 experimentation associated with that? Just asking
16 if you performed the experiment.

17 A. I -- T did not perform any experiments.
18 I -- this was -- I'm relying on my extensive

19 experience with PCR, degenerate PCR in the design
20 of primers.
21 Q. Did you perform any analysis of all the
22 different variables that one would have to consider
23 in order to determine whether there would be
24 annealing, such as temperature, experimental
25 conditions, length of the primer?
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1 A. Again, I didn't do any experimental data
2 with these degenerate primers.

3 Q. Did you use the software identified in

4 Column 20 of the -- of the patent?

5 A. I -- I didn't. I don't actually think

6 the software in Column 20 really is the appropriate
7 way of using that software.

8 Q. Regardless of whether you think it's

9 appropriate or not, you didn't use any software to
10 determine whether any of the degenerate primers

11 would anneal to the same sequence?

12 A. Again, I didn't do any analysis. This
13 is based on my experience with degenerate PCR, PCR,
14 and primer design.

15 Q. Have you ever used the four primers that
16 are identified in column -- in paragraph 311 of

17 your report?

18 A. I have not personally used these

19 primers.
20 Q. Do you know what the -- the melting
21 point temperature is for any of these four primers?
22 A. I do not.
23 Q. Now, in order to satisfy the Step 1[c]
24 of the '597 patent, did -- this is the combination
25 of Fraiture and the APAgene manual; is that
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Page 103
1 Q. In terms of the APA kit, the Gold kit,
2 do you know what that kit's designed for in terms
3 of what -- what genome or what gene or what
4 sequence®?
5 A. My general understanding, it's a Genome
6
7
8

universal primers, those will be designed based on

9 the fusion that they're looking for.

10 Q. In terms of the DRT primers in the APA
11 kit, are those general purpose for, you know, all
12 sequences and all genomes?

13 A. I don't -- I don't know if it's general
14 purpose or -- or not. I -- I think it can be

15 applied to different genomes, but I don't know how

16 general the purpose is.

17 Q. Do you know if it's specific to any

18 particular genome or sequence®?

19 A. That's not my understanding. My

20 understanding is it can be used for a number of

21 genomes.

22 Q. So earlier, you testified that

23 degenerate primer pools would be designed to

24 minimize mispriming. Do you recall that?

25 A. Well, I said -- I think what I said was
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Page 112

Did you consider what the actual
sequence that's at issue in McCarty to evaluate
whether multiple primers would anneal to the same
sequence?

A. Well, I've reviewed the paper and I've
looked at the sequences, and unlike the APAgene,

McCarty's degenerate primers are quite simple. I

oo Jd4 o 00 b~ W DN BB

think they have maybe 64 different primer
9 sequences, and, again, I think that's a design to

10 bind to different parts of the genome.

11 Q. So you -- in order to determine whether
12 multiple primers anneal to -- would anneal to the
13 same sequence, do you need to know the sequences in
14 the target nucleic acid?

15 A. I'm sorry. I'm trying to understand

16 your -- can you -- can you ask that for me again,

17 please.

18 Q. In order to determine whether multiple
19 primers would anneal to the same sequence, do you
20 need to understand the sequence of the nucleic acid

21 target?

22 A. Well, I think that's part of -- part of

23 what you need to know. I mean, there are other

24 factors that you need to know as well.

25 Q. And so you considered what the sequence
1-800-727-6396 Veritext Legal Solutions www.veritext.com
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oo Jd4 o 00 b~ W DN BB

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

which is -

MR. REINES: Let's make the McSwiggen

report, please.

yet. There it is. Okay. Let me download it.

(Exhibit 5 introduced.)

THE WITNESS: I don't have Exhibit 5

Okay.

report open.

BY MR. REINES:

Q.
Exhibit D.

exhibits are attached to this.

Okay.

THE REPORTER: D as in dog-?
MR. REINES: D as in dog.
THE REPORTER: Thank you.

MR. NARAVAGE: I don't think the

MR. REINES: Oh, okay.

BY MR. REINES:

Q.

Well,

paragraph 56.

A.

attached.

That's correct. Exhibit D is not

567

Yes.

Okay.

Page 124

I have the McSwiggen -- McSwiggen

Yes. If you could look at

then -- then let's just look at

I'm there.

1-800-727-6396
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Page 125
1 Q. Do you see where it says in
2 paragraph 56, second to last sentence: On average,
3 there were at least five primer sequences that
4 combined to every MU TIR target sequence with a
5 melting temperature of 60 degrees C or greater?
6 A. I do see that sentence.
7 Q. And did you analyze whether that's
8 correct or not?
9 A. Well, I didn't attempt to repeat this
10 analysis because I -- I think -- this is not --
11 (Simultaneous conversation.)
12 Q. I just asked -- I just asked you whether

13 you did it or not.

14 A. I didn't. I didn't repeat it.

15 Q. And do you have any basis to contest the
16 results that are shown on Table 67?

17 A. Yeah, I do.

18 Q. And what's your contention regarding

19 that?

20 A. Well, I think I address the McSwiggen

21 report in my reply report, but sure, we've done

22 this analysis on computational studies, and this is

23 not the right way to do it.

24 The analysis of TMs without any
25 experimental data is -- is very inadequate and can
1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 126

lead to false information.

So I don't -- I don't agree that this
actually represents mispriming as the McSwiggen
report says.

Q. Did you attempt to perform experiments
that would show whether the computational analysis

presented by McSwiggen would be accurate or not?

oo Jd4 o 00 b~ W DN BB

A. I did not do any computational analysis.
9 Q. My question wasn't whether you did any
10 computational analysis. My question was whether

11 you did any experimental analysis that might

12 disprove the computational analysis of McSwiggen

13 that you're criticizing?

14 A. I'm sorry. I misheard your question.

15 No, I did not do any experimental

16 analysis.

17 Q. When a primer differs from a sequence by

18 one base, what's the likelihood of hybridization or

19 annealing?
20 A. I think it is completely dependent on
21 the experimental conditions.
22 Q. Do you have an opinion as to whether
23 the -- let me say this: 1In terms of McCarty, do
24 you -- do you believe the Mu-seq is not a
25 target-specific hybridization sequence?
1-800-727-6396 Veritext Legal Solutions Www.veritext.com
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VI. U.S.PATENT NO. 10,450,597 (Claims 1, 3-5, 10, 11, 13-27, and 29)

293. The claimed method of the 597 Patent, like that of the *810 Patent, claims the well-
known prior art technique of chromosome walking or genome walking, adapted for next generation
sequencing, which | described above.?*® The claimed method of the *597 Patent involves using
one primer (a “target-specific” primer) that binds to a double-stranded target nucleic acid to carry
out a single primer extension (“SPE”) reaction. The target-specific primer contains a “target-
specific hybridization sequence” that anneals to the target. A second round of SPE is performed
using a plurality of different primers that share a common sequence 5’ to different hybridization
sequences. Through this process, an “extension product” is generated that is then amplified using
PCR. These PCR reactions are performed using a “tail” primer that includes a 3’ sequence that
anneals to the complement of the common sequence on the plurality of primers, and a 5’ tail
sequence, and then in the opposite direction a primer that anneals to the complement of the target-
specific hybridization sequence.

294.  This method, like the method of the *810 Patent, is intended to allow “walking”
along a genome from a sequence that is known to a sequence that is unknown. The 810 Patent
Asserted Claims require a universal adaptor that is ligated to all the fragments at the “unknown”
end of the target, to permit capture of those unknown sequences and therefore “walking” from the
known target nucleotide sequence to the unknown target nucleotide sequence. The ’597 Patent

Asserted Claims carry out the genome walking method with the claimed “plurality” of primers that

249 See, eg., Ex. PP, QIA-00689179-00689181, Martin-Harris et al., Gene walking using sequential hybrid primer
polymerase chain reaction, ANALYTICAL CHEMISTRY 399:308-310 (2010) (“Martin-Harris”); Ex. QQ, QIA-
00689151-00689159, Fraiture et al., An innovative and integrated approach based on DNA walking to identify
unauthorized GMOs, FOoD CHEMISTRY 147:60-69 (2014) (“Fraiture”); QIA-00689264-00689363, Ex. RR, Morley,
Method of DNA amplification, UNITED STATES PATENT APPLICATION NoO. US 2010/0248310 (2010) (“Morley™).

155

Tecan Ex. 2203, Page 91 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 92 of 293 PagelD #: 13315

would be understood by one of ordinary skill in the art at the relevant time to refer to “degenerate
primers” or “degenerate random primers.”

295. “Degenerate primers” include sequences that are not fixed, but are generated
randomly, so that a pool of degenerate primers will include primers with a variety of sequences
that they can bind to sequences throughout the genome. The idea is that, instead of a universal
adaptor ligated to the unknown end of the target sequence, there will be a pool of primers, one of
which can bind to the unknown region of the target. These primers were commonly used for
sequencing unknown regions flanking a known target sequence, such as in gene walking.?>® These
degenerate primers were generally paired with target-specific primers.?°!

296. Otherwise, if the plurality of primers were not degenerate or random, but instead
had a specific sequence, the claimed method of the 597 Patent would be essentially the same as
standard PCR, as described about in the PCR section. My opinion in this regard is supported by
the testimony of Drs. lafrate and Le, both of whom testified that they had not invented standard
PCR, and also testified that their method was distinguishable from standard PCR in which the two
opposing primers anneal to known sequence.??

297. As | discussed above, NGS platforms require the addition of platform-specific
sequences to the nucleic acid sample that is going to be sequenced on the platform. Also as |
discussed above, one of ordinary skill in the art was aware that there were a variety of methods

available to attach platform-specific sequences to a nucleic acid sample. One approach, well

20 See, e.9., SS, QIA-00689182-00689192, McCarty et al., Mu-seq: Sequence-based mapping and identification of
transposon induced mutations, PLOS ONE 8:e77172 pp. 1-11 (2013) (“McCarty”); see also Morley; Ex. TT, QIA-
00689102-00689115 Bio S&T Inc., APAgene™ GOLD-RT genome walking kits (2010) (“APAgene Manual”);
Fraiture.

%1 See, e.g., id.
252 See Ex. E (lafrate Dep. Tr.) at 69:20-71:7, 72:25-73:6; Ex. F (Le Dep. Tr.) at 108:20-109:9.
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known in the art, was to attach these platform-specific sequences by carrying out PCR reactions
with primers that included the platform-specific sequences.?3

Like the ’810 Patent, the *597 Patent claims certain of these well-known methods as
limitations in the dependent claims. These methods include the addition of Illumina adaptor
sequences or index sequences to the target nucleic acid sequences.?®*

298.  As | discussed above, multiple prior research groups had already adapted the well-
known chromosome walking or genome walking methods to NGS platforms including the lllumina
NGS platform and the 454 NGS platform, using adaptors, PCR primers, and combinations of
adaptors and PCR primers.

A. The Asserted Claims Are Invalid for Lack of Written Description and Indefiniteness

299. Under Plaintiffs’ overbroad reading of the ’597 Patent Asserted Claims, as set out
in their infringement contentions, the claims are invalid under 35 U.S.C. § 112. Under this
overbroad reading, the ’597 Patent Asserted Claims lack written description in several respects.

300. Plaintiffs” infringement contentions depend on reading a universal adaptor primer
in the QIAGEN Accused Products as a “target-specific primer.” According to this reading, the
“target” is the universal adaptor. | disagree.

301. First, one of ordinary skill in the art would not have understood from the 597 Patent
that the nucleic acid template, or the target specific section of the nucleic acid template, is a
universal adaptor sequence ligated to the nucleic acid fragments from the sample. Similarly, the
skilled artisan would not have understood from the ’597 Patent that the target specific primer is a

universal primer that anneals to all universal adaptors that have been ligated to the nucleic acid

253 See, e.g., McCarty.

24 See Ex. UU, QIA-00689087-00689-092, Illumina, Genomic sequencing — Data sheet: Sequencing (2010)
(“Hlumina Genomic Sequencing Data Sheet™); see also McCarty.
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fragments from the sample. In fact, the 597 Patent specification contradicts this interpretation, as
shown in the following figure, which expressly identifies a primer binding to a universal adaptor
sequence as a “Generic Sequencing Adapter / Index Primer,” in contrast to a “Second Target

Specific Primer,” shown binding to the target.?®®

J [errr e ra e e e e e ]
Second Target .y

Specific Primer

5 Generic deguencing
Adagier / index Primer

{
Plaintiffs” application of the ’597 Patent Asserted Claims in its infringement contentions is also
inconsistent with the Court’s Claim Construction for the *597 Patent.?*

302. Under Plaintiffs’ reading, the 597 Patent Asserted Claims are also indefinite under
35 U.S. C. § 112. The claims are indefinite if step (b) of claim 1 of the 597 Patent is to be
performed before step (a), as Plaintiffs appear to be asserting.?>” The claim does not provide one
of ordinary skill in the art with reasonable certainty about the scope of the claim. The skilled
artisan would have understood that under Plaintiffs’ reading, there is no antecedent basis for the
phrase “the first strand of the double-stranded target nucleic acid” in step (b). Similarly, one of
ordinary skill in the art would have understood that under Plaintiffs’ reading, there is no clear
antecedent basis in step (b) for “the same sequence of the double stranded target nucleic acid.” A
first nucleic acid sequence is identified in step (a), and a second nucleic acid sequence is identified

in step (b), but “the same sequence” does not identify which of those sequences it is referring to.

255 See '597 Patent at Figure 1C; see also Ex. E (lafrate Dep. Tr.) at 99:16-102:4.
2% See D.I. 254, Memorandum Order at pp. 1-2.
257 See Ex. | (July 16, 2020 Infringement Contentions) at Ex. B p. 31-34.
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B. The Asserted Claims Are Invalid Because They Are Anticipated or Obvious

303. As | set out in detail below, the method of the 597 Patent Asserted Claims for
preparing nucleic acids for analysis were invented by multiple independent research groups,
beginning years before the earliest priority date of the *597 Patent, and were also previously
published by inventors of the 597 Patent. These prior art references include Martin-Harris (2010),
Morley (2010), Fraiture (2013), McCarty (2013), and the 461 Patent Pub. (2013).2%8

1. Fraiture Anticipates the Asserted Claims or Renders Them Obvious
in Combination with Other Prior Art

(@) 1[pre]. A method of preparing nucleic acids for analysis, the
method comprising:

304.  Although I do not believe that the preamble is a limitation, to the extent that the
preamble is a limitation, Fraiture discloses the preamble. For example, Fraiture states that the goal
of the method it sets out is to prepare nucleic acids for analysis to identify genetic markers to
determine whether an organism has been genetically modified. See Fraiture at 63 (*

The aim of the present study is to supply an integrated approach to identify
unauthorised GMOs: A first real-time PCR screening allows the detection
of the terminator 35S (t35S) of the pPCAMBIA family vectors to indicate the
potential presence of unauthorised GMOs in food matrices (Fig. 3). Then,
an appropriate DNA walking method, anchored on the sequence used for
the screening followed by two semi-nested PCRs to identify the junction,
confirms the GMO presence.?®

Fraiture also describes their method of preparing nucleic acids for analysis having substantial
advantages to current methods.

With regard to the previous articles describing methods characterising the
junction sequences of GMOs, the present DNA walking approach
possesses the substantial advantage to be easily implementable in semi-
routine usethanksto the simplicity of a method exclusively based on PCR.

2% See QIA-00689364-00689415, lafrate et al., Methods for determining a nucleotide sequence, UNITED STATES
PATENT APPLICATION PUBLICATION No. US 2013/0303461 (2013) (“’461 Patent Pub.”).

259 See Fraiture at 63 (emphasis added).
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Kit (BIO S&T, Montréal, Canada).?’*

The sequences of the DRT primers, as listed in the APAgene™ GOLD manual, demonstrate that
the DRT primers share a common sequence that is 5’ to different hybridization sequences (see

common sequence highlighted in yellow below).?"?

(d) 1[c]. wherein the different hybridization sequences have
different 3’ ends, and wherein each primer of the plurality of
different primers does not anneal to the same sequence of the
double-stranded target nucleic acid as any other primer of the
plurality of different primers,

310. Fraiture discloses this limitation, taking into account the parties’ agreement that the
phrase “the same sequence” is to be interpreted as “the identical sequence.”?”® One of ordinary
skill in the art at the relevant time would have understood that because the DRT primers are
degenerate at their 3’ ends, their hybridization sequences are different at the 3’ ends, and do not
anneal to the same sequence of the double-stranded target as any other degenerate DRT primer.
Fraiture discloses the use of different, degenerate hybridization sequences (contained within the

DRT primers) in Figure 1B (reproduced below) through the use of the plural “DRT primers.”2’*

211 See id. at 65 (emphases added).

272 3ee APAgene Manual at 3, stating that “[t]he sequences of the DRT primers are as follows. Please note that the
letter X symbolizes degenerate and/or cleavable nucleotides.”

273 See D.I. 254, Memorandum Order at p. 1.

274 See Fraiture at Figure 1.
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311. As | discuss above, Fraiture discloses that the DRT primers were provided as part
of the APAgene Gold Genome Walking Kit.

2.6.1 DNA walking and double semi-nested PCR

. . . Degenerated random tagging (DRT) and Universal tagging primers
(UAP-N1 and N2) were provided by APAgene™ GOLD Genome Walking
Kit (BIO S&T, Montréal, Canada).?’

The APAgene manual for the DRT primers lists the sequences of the DRT primers,
demonstrating that the DRT primers have different 3° ends and that each DRT primer does
not anneal to the same sequence of the double-stranded target nucleic acid as any other

DRT primer (the degenerate 3’ ends are highlighted in magenta below).?’

275 See id. at 65 (emphases added).

276 See APAgene Manual at 3, stating that “[t]he sequences of the DRT primers are as follows. Please note that the
letter X symbolizes degenerate and/or cleavable nucleotides.”
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(e) 1[d]. wherein, following (a) and (b), an extension product is
generated to contain both a sequence that is characteristic of
the target-specific primer and a sequence that is characteristic
of the at least one of the plurality of different primers; and,

312. Taking into account the Court’s construction of the term “a sequence characteristic
of the target-specific primer” to mean “a sequence from one of the strands of the single target
nucleic acid recited in step (a),”?’’ Fraiture discloses this limitation. Fraiture’s method involves a
what Fraiture describes as a “two step PCR reaction” that takes place in one tube, in which the
target-specific primer (t35S pCAMBIA a-R primer, shown in green) is extended in an SPE
reaction, followed by a second extension reaction using one of the DRT primers.

First, a two-step PCR taking place in one tube is carried out. In the first
step, single strand DNA (ssDNA) fragments are produced by a single primer
extension reaction using t35S pCAMBIA a-R primer (green). This reaction
is repeated four times in four individual tubes. In the second step, four
different DRT primers (A-D) (red) are immediately added individually to
the four reaction tubes.?’®

313. The product of these two reactions contains a sequence characteristic of the target-
specific primer, in that it contains a “green” sequence characteristic of the “green” primer t35S

pPCAMBIA a-R.2”® The product of these two reactions also contains a sequence characteristic of

at least one of the plurality of different primers, in that it contains a “red” sequence characteristic

217 See D.1. 254, Memorandum Order at p. 2.
278 See Fraiture at Figure 1 legend (emphases added).
279 See id. at Figure 1A and 1B.
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active group of Mu transposons. In addition to conferring specificity, the nested Mu-seq primer
incorporates a 4-base barcode and a segment of the Illumina sequencing adaptor.”); id. at 9 (*To
incorporate custom, Mu-specific, multiplexed Illumina sequencing adaptors, 100 ng of PCR |
amplicons were subjected to a second round of PCR using a nested Mu-seq primer that includes
the 3’-end of the Illumina sequencing adaptor and an Illumina A2-tiB adaptor primer. A series of
64, Mu-seq adaptor primers were synthesized that each incorporate a 4-base barcode between a
20-base segment of the Illumina sequencing adaptor and a nested Mu-TIR primer sequence as
follows: MuSeq-NNNN: 5’-

ACACGACGCTCTTCCGATCTNNNNCBCTCTTCKTCYATAATGGCAAT-3’, where the

barcode is indicated by N’s and the Mu-TIR specific sequence is underlined”).
(d) 1[c]. wherein the different hybridization sequences have different 3' ends, and
wherein each primer of the plurality of different primers does not anneal to the

same sequence of the double-stranded target nucleic acid as any other primer of the
plurality of different primers,

388. McCarty discloses this limitation, taking into account the parties’ agreement that
the phrase “the same sequence” is to be interpreted as “the identical sequence.” A person of
ordinary skill in the art at the relevant time would have understood that because the Mu-seq primers
are degenerate at their 3' ends, their hybridization sequences are different at the 3' ends, and do not
anneal to the same sequence of the double stranded target as any other degenerate Mu-seq primer.

389. McCarty describes that each of the nested Mu-seq primers comprise different
hybridization sequences with different 3° ends. McCarty describes that the nested Mu-seq primer
has  the  following hybridization sequence (Mu-TIR primer  sequence):
CBCTCTTCKTCYATAATGGCAAT. McCarty at 9 (“A series of 64, Mu-seq adaptor primers
were synthesized that each incorporate a 4-base barcode between a 20-base segment of the Illumina

sequencing adaptor and a nested Mu-TIR primer sequence as follows: MuSeq-NNNN: 5’-
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ACACGACGCTCTTCCGATCTNNNNCBCTCTTCKTCYATAATGGCAAT-3’, where the

barcode is indicated by N’s and the Mu-TIR specific sequence is underlined.”). The disclosed
sequences includes the nomenclature B, K, and Y for nucleotide bases, each of these labels
referring to one of at least two different types of bases. A person of ordinary skill in the art would
understand that this nomenclature for incompletely specified bases in nucleic acid sequences was
classified by the Nomenclature Committee of the International Union of Biochemistry in 1985.
See Cornish-Bowden?®® at 3021. The nomenclature “B” means that the nucleotide in that position
may be any of the three bases guanine or cytosine or thymine. See Cornish-Bowden at 3025. The
“K” nomenclature refers to either of the bases guanine or thymine. 1d. The “Y” nomenclature
refers to either thymine or cytosine. Id. at 3024. Thus, each of the Mu-seq adaptor primers
comprise different hybridization sequences as each primer has different nucleotide bases at any of
the positions signified by B, K, or Y.

390. As each of the primers have different nucleotide bases at each of these positions,
the hybridization sequences for these primers have different 3’ ends. Given that each primer has
a different 3’ end, each primer does not anneal to the same sequence of the double-stranded target
nucleic acid as any other primer of the plurality of different primers.

(e) 1[d]. wherein, following (a) and (b), an extension product is generated to contain

both a sequence that is characteristic of the target-specific primer and a sequence
that is characteristic of the at least one of the plurality of different primers; and,

391. Taking into account the Court's construction of the term "a sequence characteristic
of the target-specific primer" to mean "a sequence from one of the strands of the single target

nucleic acid recited in step (a)," McCarty discloses this limitation.

2% See Ex. ZZ, QIA-00689116, Cornish-Bowden, A. (1985). Nomenclature for incompletely specified bases in
nucleic acid sequences: recommendations 1984. Nucleic acids research, 13(9), 3021 (“Cornish-Bowden™).
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461. In Example 3, Morley teaches that a PCR reaction was performed using a
degenerate primer with a tag sequence of 18 bases (common sequence), 5’ to 5 degenerate bases
(different hybridization sequences), followed by 5 fixed bases at the 3’ end. Morley at § [0250]
(“Gene walking along three genes, APC, BRCA1 and myocillin, was performed using 50 ng of a
gene-specific forward primer, 50ng of one of a variety of degenerate reverse primers, and 50 ng of
a reverse tag primer. The degenerate reverse primers had 4-6 random normal residues at the 3’
end, followed by 3-6 degenerate residues, followed by a random tag sequence of 12-18, usually
18, normal residues. The most commonly used degenerate primer had 5 fixed bases at the 3” end
followed by 5 degenerate bases, followed by a tag sequence of 18 bases
(5”"TGCTAGGATCCAAG GNNNNNATTCG3’ (SEQID NO: 1)). The reverse tag primer had the
same sequence as the tag on the degenerate reverse primer”).

(d) 1[c]. wherein the different hybridization sequences have different 3' ends, and
wherein each primer of the plurality of different primers does not anneal to the

same sequence of the double-stranded target nucleic acid as any other primer of the
plurality of different primers,

462. Morley discloses this limitation, taking into account the parties' agreement that the
phrase "the same sequence™ is to be interpreted as "the identical sequence. For example, Morley
discloses degenerate primers wherein the different hybridization sequences have different 3’ ends
and wherein the different primers anneal to different sequences of the target nucleic acid.

463. In Example 3, Morley discloses the use of degenerate primers each having 3-6
degenerate residues and most commonly 5 degenerate residues, which represents a plurality of
1,024 different primer sequences. See Morley at 1 [0250]. Because each degenerate primer has
degenerate residues 3’ of their common sequence, the degenerate primers therefore have different
3’ ends, and each primer of the plurality of different primers does not anneal to the same sequence

of the double-stranded target nucleic acid.
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464. Morley also shows an exemplary degenerate primer in Figure 13, the portion
highlighted in magenta (NNNNN), which is 3’ of the common sequence highlighted in yellow,

being different for each primer of the plurality of different primers.

(e) 1[d]. wherein, following (a) and (b), an extension product is generated to contain
both a sequence that is characteristic of the target-specific primer and a sequence
that is characteristic of the at least one of the plurality of different primers; and,

465. Morley discloses this limitation. Taking into account the Court's construction of
the term "a sequence characteristic of the target-specific primer" to mean "a sequence from one of
the strands of the single target nucleic acid recited in step (a)," Morley discloses this limitation.

466. For example, Morley discloses that an extension product is generated characteristic
of the gene specific primer and at least one of the degenerate primers. See, e.g., Morley at Figure
4; 1 [0250] (Example 3) (“Gene walking along three genes, APC, BRCA1 and myocillin, was
performed using 50 ng of a gene-specific forward primer, 50ng of one of a variety of degenerate
reverse primers, and 50 ng of a reverse tag primer. The degenerate reverse primers had 4-6 random
normal residues at the 3’ end, followed by 3-6 degenerate residues, followed by a random tag
sequence of 12-18, usually 18, normal residues. The most commonly used degenerate primer had
5 fixed bases at the 3’ end followed by 5 degenerate bases, followed by a tag sequence of 18 bases
(5-TGCTAGGATCCAAG GNNNNNATTCG-3’ (SEQID NO: 1). The reverse tag primer had
the same sequence as the tag on the degenerate reverse primer. Five PCR cycles, with annealing
at 35° C. for five minutes, were followed by 15 cycles with annealing at 55° C. for 3 minutes.”).

This disclosed primary PCR results in the generation of an extension product that contains both a
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sequence that is characteristic of the target-specific primer (“gene-specific forward primer”) and a

sequence that is characteristic of the at least one of the plurality of different primers (“degenerate

reverse primers”).

(f 1[e]. (c) subjecting the extension product to an amplification reaction comprising
successive rounds of polymerase extension of i) a tail primer that comprises a 3’
sequence that specifically anneals to the complement of the common sequence and

that comprises a 5’ tail sequence, and ii) a primer that specifically anneals to the
complement of the target-specific hybridization sequence.

467. Morley discloses this limitation.

468. Asshown in Fig. 4 of Morley, below, the disclosed method involves subjecting the
extension product created using the forward gene-specific primer and the reverse degenerate
primers to a PCR amplification reaction comprising successive rounds of extension using a tail
primer (“tagl”) that specifically anneals to the complement of the common sequence of the
degenerate reverse primers and that also comprises a 5’ tail sequence (“tag2”), and also using
another gene-specific primer that specifically anneals to the complement of the target-specific

hybridization sequence.
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that is 5' to different hybridization sequences, under conditions to promote template-specific
hybridization and extension of at least one of the plurality of different primers. The “degenerate
primer-tag1” on the right of this figure (highlighted in yellow) indicates a plurality of different
primers that share a common sequence, the “tagl” sequence, that is 5’ to different hybridization
sequences under hybridization conditions. See Martin-Harris at 309 (“A primary PCR, using a
gene-specific primer and a degenerate primer, is followed by two or three sequential rounds of
PCR, each of which uses a hybrid primer. The 3’ end of the hybrid primer binds to a target sequence
generated in the preceding round of PCR, and the 5’ end of the hybrid primer is a tag sequence
that generates a target sequence for the next round of PCR,” “[t]he various degenerate reverse
primers had 4-6 random normal residues at the 3’ end, followed by 3-6 degenerate residues,
followed by a random tag sequence of 12-18 (usually 15) normal residues”) (emphases added),
and Table 1.

(d) 1[c]. wherein the different hybridization sequences have different 3' ends, and

wherein each primer of the plurality of different primers does not anneal to the

same sequence of the double-stranded target nucleic acid as any other primer of the
plurality of different primers,

554. Martin-Harris teaches this limitation, taking into account the parties’ agreement
that the phrase “the same sequence” is to be interpreted as “the identical sequence.”3%’

555.  For example, Martin-Harris discloses primers “wherein the different hybridization
sequences have different 3' ends, and wherein each primer of the plurality of different primers does
not anneal to the same sequence of the double-stranded target nucleic acid as any other primer of

the plurality of different primers . ...”

307 See D.I. 254, Memorandum Order at p. 1.
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556. Specifically, Martin-Harris discloses four degenerate primer sequences in Table 1,
each having an “NNNNN” sequence (highlighted in yellow), which represents a plurality of 1,024

different primer sequences. See Martin-Harris at 309 (Table 1):

557.  Asshown by the table, each of the plurality of degenerate primers have different 3’
ends, and each primer of the plurality of different primers does not anneal to the same sequence of
the double-stranded target nucleic acid as other primers of the plurality of different primers.

558.  This example also shows that the four degenerate primer sequences have the same
common sequence (called “tagl” and highlighted in yellow) that is 5’ to the different hybridization

sequences. See Martin-Harris at 309 (Table 1).

(e) 1[d]. wherein, following (a) and (b), an extension product is generated to contain
both a sequence that is characteristic of the target-specific primer and a sequence
that is characteristic of the at least one of the plurality of different primers; and,

559.  Taking into account the Court’s construction of the term “a sequence characteristic
of the target-specific primer” to mean “a sequence from one of the strands of the single target
nucleic acid recited in step (a),”*% Martin-Harris discloses this limitation.

560. For example, Martin-Harris teaches that “wherein, following (a) and (b), an

extension product is generated to contain both a sequence that is characteristic of the target-specific

308 See D.I. 254, Memorandum Order at p. 2.
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tubes. Step 2 immediately follows in which four different DRT primers, along with a 5X DRT
binding mixture, are added individually to the four reaction tubes™).

642. Further, the APAgene Manual discloses and the System practices that each of the
DRT primers (which constitute a plurality of different primers) comprise a common sequence
(GAACACGCGTCGTTTACCT) that is 5’ to different hybridization sequences. See APAgene
Manual at 3 (stating that “The sequences of the DRT primers are as follows. Please note that the
letter X symbolizes degenerate and/or cleavable nucleotides”) (Table of DRT Primer Sequences
reproduced below with common sequence highlighted in yellow and hybridization sequences

highlighted in magenta).

(d) 1[c]. wherein the different hybridization sequences have different 3' ends, and
wherein each primer of the plurality of different primers does not anneal to the
same sequence of the double-stranded target nucleic acid as any other primer of the
plurality of different primers,

643. The APAgene Manual teaches and the System practices this limitation, taking into
account the parties’ agreement that the phrase “the same sequence” is to be interpreted as “the
identical sequence.”'® One of ordinary skill in the art at the relevant time would have understood
that because the DRT primers are degenerate at their 3’ ends, their hybridization sequences are
different at the 3’ ends, and do not anneal to the same sequence of the double-stranded target as

any other degenerate DRT primer.

316 See D.I. 254, Memorandum Order at p. 1.
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644. For example, the APAgene manual for the DRT primers lists the sequences of the
DRT primers, which demonstrate that the DRT primers have different hybridization sequences
with different 3’ ends and that each DRT primer does not anneal to the same sequence of the
double-stranded target nucleic acid as any other DRT primer (see different hybridization sequences
with different 3’ ends for annealing to different sequences highlighted below). See APAgene

Manual at 3:

645. Further, the APAgene Manual discloses that the letter X symbolizes degenerate
and/or cleavable nucleotides. See APAgene Manual at 3 (“The sequences of the DRT primers are
as follows. Please note that the letter X symbolizes degenerate and/or cleavable nucleotides™).

(e) 1[d]. wherein, following (a) and (b), an extension product is generated to contain

both a sequence that is characteristic of the target-specific primer and a sequence
that is characteristic of the at least one of the plurality of different primers; and,

646.  Taking into account the Court’s construction of the term *“a sequence characteristic
of the target-specific primer” to mean “a sequence from one of the strands of the single target
nucleic acid recited in step (a),”*!’ the APAgene Manual and the System practices this limitation.

647. The APAgene Manual teaches, and the System practices, that Step 1 of Primary
PCR (limitation (a) of Claim 1) results in amplification of single-stranded target DNA fragments
by linear amplification using GSPa. See APAgene Manual at 7 (“2.2.2 Step 1 of Primary PCR:

This step will amplify single-stranded targeted DNA fragments by linear amplification using

817 See D.I. 254, Memorandum Order at p. 2.
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multiple samples can be of different origins, e.g. from different tissues and/or different subjects.
In embodiments of the methods described herein, multiplex applications can include determining
the nucleotide sequence contiguous to one or more known target nucleotide sequences in multiple
samples in one sequencing reaction or sequencing run. The multiple samples can be of different
origins, e.g. from different tissues and/or different subjects. In such embodiments, the universal
oligonucleotide tail-adaptor can further comprise a barcode portion. In some embodiments, a
universal oligonucleotide tail-adaptor with a unique barcode portion can be added to each sample
and ligated to the nucleic acids therein; the samples can then be pooled”).

6. The '810 and '828 Patents Anticipate the Asserted Claims or Render
Them Obvious in Combination with Other Prior Art

@) 1[pre]. A method of preparing nucleic acids for analysis, the method comprising:

732.  Although I do not believe that the preamble is a limitation, to the extent that the
preamble is a limitation, U.S. Patent Nos. 10,017,810 (*’810”)3*% and 9,487,828 (“’828")%%, as
well as Published Application No. US 2013/030346132°, Application No. 13/793,564 (the “’564
App.”) (collectively, the *7810/°828/°461/°564 Patents and Applications™) disclose the preamble.

733. The ’810/°828/’461/°564 Patents and Applications describe a method of preparing
nucleic acid samples for sequencing. 810 Col. 1:33-2:2; *828 Col. 1:30-67; *564 App. 11 [0004]-
[0006]. They describe methods to create sequencing libraries for various NGS sequencing
platforms. See, e.g., ’810 Col. 5:44-65; *828 Col. 5:44-63 (describing Fig. 1); ’564 App. 1 [0026];
see also 810 Claims 1 and 16 (A method for preparing a nucleic acid for sequencing, the method

comprising.”); ’828 Claims 1 and 40 (“a method for determining the nucleotide sequence

33 Ex. CCC
324 Ex. DDD
825 Ex. EEE
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contiguous to a known target nucleotide sequence of 10 or more nucleotides, the method

comprising”); 564 App. Claim 1.

734. 1 have been informed that the Plaintiffs’ asserted patent claims rely on overboard
interpretations and applications that are contrary to the Court’s Memorandum Order Regarding
Claim Construction (’597 Patent) (D.l. 254) For the purposes of my review, | will rely on these
interpretations and applications below.

(b) 1[a]. (a) contacting a first nucleic acid template comprising a sequence of a first
strand of a double-stranded target nucleic acid with a complementary target-
specific primer that comprises a target-specific hybridization sequence, under
conditions to promote template-specific hybridization and extension of the target-
specific primer;

735. Taking into account the Court’s construction of the terms “double-stranded target
nucleic acid,” “target nucleic acid,” “target-specific primer,” and “target-specific hybridization
sequence,”*?% the ’810/°828/°461/°564 Patents and Applications disclose this limitation. As set out
above, the Court construed the term “double-stranded target nucleic acid” as “a target nucleic acid
comprising a first strand and a second strand that are complementary to each other and hybridized
to each other but that may have 3’ or 5’ overhangs or tails.”®?” The Court construed the term
“target nucleic acid” as “a nucleic acid molecule of interest (e.g., a nucleic acid to be analyzed).”*?8
The Court construed the term “target-specific primer” to mean “a primer that has a level of
complementarity between the primer and the target such that there exists an annealing temperature

at which the primer will anneal to and mediate amplification of the target nucleic acid and will not

anneal to or mediate amplification of non-target sequences present in a sample.”®?® The Court

3

N

¢ See D.I. 254, Memorandum Order at pp. 1-2.
327 Seeid. at p. 1.
328 See id.

329 See id. at pp. 1-2.

N
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construed the term “target-specific hybridization sequence” to mean “a sequence of the target-
specific primer that has sufficient complementarity with a sequence of the double-stranded target
nucleic acid to enable hybridization between the target-specific primer and a sequence in/of the
double-stranded target nucleic acid.”3*°

736. | have been informed that Plaintiffs allege that QIAGEN’s process of ligating a
universal oligonucleotide tail adaptor to a target nucleotide sequence, and then using a first adaptor
primer that anneals to that universal oligonucleotide tail adaptor and initiates a PCR reaction
satisfies this element. The ‘810 and ‘828 specifications and claims make that same disclosure.
See e.g., ’810 Col. 2:1-9; *828 Col. 2:1-9 (“(a) ligating a target nucleic acid comprising the known
target nucleotide sequence with a universal oligonucleotide tail-adaptor; (b) amplifying a portion
of the target nucleic acid and the amplification strand of the universal oligonucleotide tail adaptor
with a first adaptor primer and a first target-specific primer...”); ’564 App. 1 [0007]. The specifics
of the sequence of the universal oligonucleotide tail adaptor are described in the same column, and
describe the universal oligonucleotide tail adaptor as having blocking and amplification strands
that form a duplex and where the “amplification strand comprises nucleic acid sequences identical
to a first and second sequencing primers.” See 810 Col. 2:13-26; 828 Col. 2:11-24; *564 App.
{1 [0007]. Further, the same section describes the first adaptor primer as “compris[ing] a nucleic
acid sequence identical to a 5" portion of the first sequencing primer.” 810 Col. 2:39-41; *828 Col.
2:37-39; ’564 App. 1 [0007]; see also *828 Col. 11:15-12:40 (identifying features of the “universal
oligonucleotide tail adaptor”); 810 Col. 11:20-12:44; *564 App. 11 [0064]-[0071].

737.  The claims of the *810 and *828 patents have the same disclosures and descriptions.

See, e.g., ’810 Claim 1(i) and (ii); Claim 16(i) and (ii); 828 Claim 1(i) and (ii) (“amplifying the

330 See id. at p. 2.
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ligation product by polymerase chain reaction using a first adaptor primer that specifically anneals

to the universal oligonucleotide tail-adaptor”); 828 Claim 40 (same).

(c) 1[b]. (b) contacting a second nucleic acid template comprising a sequence of a
second strand that is complementary to the sequence of the first strand of the
double-stranded target nucleic acid with a plurality of different primers that share a
common sequence that is 5' to different hybridization sequences, under conditions to

promote template-specific hybridization and extension of at least one of the plurality
of different primers,

738. The ’810/°828/°461/°564 Patents and Applications disclose this limitation, taking
into account the Court’s construction of the phrases “a plurality of different primers” to mean “two
or more different primers.”33!

739. | have been informed that Plaintiffs have interpreted this element to be met by
QIAGEN’s use of gene specific primers that have a common 5’ tail. The same teachings exist in
the ’810 and ’828 specification and claims. See, e.g., 810 Col. 2:8-11, ’828 Col. 2:6-9
(“amplifying a portion of the target nucleic acid and the amplification strand of the universal
oligonucleotide tail adaptor with a first adaptor primer and a first target-specific primer...”); 564
App. 1 [0007].

740. The ’810 and *828 specifications both describe there being a plurality of first gene
specific primers with those plurality of primers having different hybridization sequences and a
common sequence that is 5’ to the different hybridization sequences. See, e.g., ’810 Col. 3:36-54;
’828 Col. 3:32-52 (“in some embodiments, the method can comprise contacting a single reaction
mixture comprising the sample with a plurality of sets of first and second target specific primers.
In some embodiments, the plurality of sets of first and second target-specific primers can

specifically anneal to known target nucleotide sequences comprised by separate genes. In some

331 See D.I. 254, Memorandum Order at p. 2.
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embodiments, at least two sets of first and second target-specific primers can specifically anneal
to different portions of a known target nucleotide sequences. In some embodiments, at least two
sets of first and second target specific primers can specifically anneal to different portions of a
single gene comprising a known target nucleotide sequence.... In some embodiments, the
plurality of first target specific primers can comprise identical 5’ tag sequence portions.”); *564
App. 1 [0013]; see also 810 Col. 15:62-63 (“in some embodiments, the first target-specific primer
can comprise a 5’ tag sequence portion. In some embodiments, all first target specific primers
present in a reaction can comprise identical 5’ tag sequence portions.”); ’564 App. 1 [0084].

741.  The claims of the *810 and ’828 also call for creating extension products formed
by the plurality of first target specific primers that have the attributes discussed above. See ’810
Claim 1(ii), Claim 16 (ii); 828 Claim 1 (ii); Claim 40 (ii); 564 App. Claim 12.
(d) 1[c]. wherein the different hybridization sequences have different 3' ends, and

wherein each primer of the plurality of different primers does not anneal to the

same sequence of the double-stranded target nucleic acid as any other primer of the
plurality of different primers,

742. The ’810/°828/°461/°564 Patents and Applications disclose this limitation, taking
into account the parties’ agreement that the phrase “the same sequence” is to be interpreted as “the
identical sequence.”3%

743.  The portions of the specification cited in the prior element state that there are a
plurality of different primers that 1) anneal to sequences identifying separate genes, 2) different
portions of a known target nucleotide sequence, 3) different portions of a single gene comprising

known target nucleotide sequence. Each of these descriptions satisfy the requirement that the 3’

332 See D.I. 254, Memorandum Order at p. 1.
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ends of the plurality of different primers are different and not anneal to the same sequence of the
double stranded target as Plaintiffs have been interpreting the claim.
(e) 1[d]. wherein, following (a) and (b), an extension product is generated to contain

both a sequence that is characteristic of the target-specific primer and a sequence
that is characteristic of the at least one of the plurality of different primers; and,

744.  Taking into account the Court’s construction of the term “a sequence characteristic
of the target-specific primer” to mean “a sequence from one of the strands of the single target
nucleic acid recited in step (a),”%* the *810/°828/’461/°564 Patents and Applications disclose this
limitation. See, e.g., 810 Col. 2:11-12; ’828 Col. 2:11-12; ’564 App. 1 [0007] (“(c)amplifying a
portion of the amplicon resulting from step (b)”), 810 Col. 8:56-67; ‘828 Col. 8:53-64; 564 App.
{1 [0049] (defining amplicon as having sequence that is characteristic of the target and the primers
used to perform the PCR reaction). See also Figs. 1 and 8 and specification describing them: *810
Col. 5:44-65, 6:22-23; *828 Col. 5:42-63; Col. 6:21-23; *564 App. 11 [0026], [0032].

() 1[e]. (c) subjecting the extension product to an amplification reaction comprising

successive rounds of polymerase extension of i) a tail primer that comprises a 3’

sequence that specifically anneals to the complement of the common sequence and

that comprises a 5’ tail sequence, and ii) a primer that specifically anneals to the
complement of the target-specific hybridization sequence.

745. 1 have been informed that Plaintiffs have alleged that the QIAGEN’s products meet
this limitation when its sample index primer anneals to common sequence on the first target
specific primer and when the second adaptor primer anneals to sequence from the universal
oligonucleotide tail adaptor.

746. 1 have been informed that Plaintiffs allege that the claims in the 810 patent cover
the situation where the claimed second target specific primer anneals to any known sequence,

including the common sequence from the first target specific primer. If this is the case, and there

333 See D.I. 254, Memorandum Order at p. 2.

333

Tecan Ex. 2203, Page 113 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 114 of 293 PagelD #: 13337

is written description and enablement supporting that interpretation of the claims then the claims
and specification of the 810 and ’828 patents disclose this element. See *810 Col. 16:33-39; *828
Col. 16:29-35; *564 App. 11 [0085] (describing the second target specific primer as comprising a
3’ portion comprising a nucleic acid sequence that can specifically anneal to a portion of the known
target nucleotide sequence.). See also ’810 Claims 1 and 16 element (iii); 828 Claims 1 and 40
element (iii).

747. 1 have been informed that Plaintiffs have asserted that this particular element is met
when the adaptor primer in QIAGEN’s second round of PCR binds to sequence on or
complementary to the universal oligonucleotide tail adaptor. This is disclosed in the specifications
of the ’810 and ’828 patents as well as the ’564 Application. See, e.g., ’810 Col. 2:11-13,41-44;
’828 Col. 2:9-11, 39-44; *564 App. [0007] (“amplifying a portion of the amplicon resulting from
step (b) with a second adaptor primer and a second target-specific primer. . .. and wherein the
second adaptor primer comprises a nucleic acid sequence identical to a portion of the first
sequencing primer [in the universal oligonucleotide tail adaptor] and is nested with respect to the
first adaptor primer.”). See also *810 Claims 1 and 16 element (iii); *828 Claim 1 and 40 element
(iii); 564 App. Claim 1 (c), and last “wherein” clause (“wherein the second adaptor primer
comprises a nucleic acid sequence identical to a portion of the first sequencing primer and is nested
with respect to the first adaptor primer.”).

(9) 3. The method of claim 1, wherein the first strand or the second strand of the double
- stranded target nucleic acid is a deoxyribonucleic acid.

748. The ’810/°828/°461/°564 Patents and Applications disclose this limitation. See
’810 Col. 3:10-11, 8:1-12; 828 Col. 3:8-9, 8:2-9; *564 App. 1 [0010] (*in some embodiments, the

sample can comprise genomic DNA”); see also Figs. 1 and 8 (identifying ds-cDNA or ds-genomic
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I declare under penalty of perjury that the foregoing is true and correct.

Executed on October 7, 2020.
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26. In my opinion, in the field of the patent which generally relates to next-generation
DNA sequencing for use in determination of nucleotide sequences, a person of ordinary skill
would typically have a Ph.D in Biology, Molecular Biology, Genetics, Biochemistry,
Pharmacology, Biomedical Engineering or related fields, with 2-5 years of experience in next
generation sequencing or a BSc in in Biology, Molecular Biology, Genetics, Biochemistry,
Pharmacology, Biomedical engineering, or related fields and 5-6 years of experience in next
generation sequencing.

VI. MATERIALS REVIEWED AND METHODOLOGY

217. Exhibit B to my Opening Report and Exhibit E to this report list documents and
other data that I considered when forming my opinions. My opinions are also based in part upon
my education, training, knowledge and experience.

28. In testifying, | may refer to some or all of the data or other documents and
information identified herein, additional data or other information identified in discovery in this
matter, as well as any materials relied upon by Qiagen or its experts, to support or summarize my
opinions. In addition, I may supplement these materials with other materials, demonstrative
exhibits, or charts to provide additional context, background, or information.

VIil. SUMMARY OF THE ASSERTED PATENTS

29. The inventors of the 810 and *597 patents developed a methodology using single-
primer extension (SPE) that allows users to analyze an adjacent unknown sequence next to a
known sequence in a multiplex manner. lafrate Depo. Tr. at 21:8-13; Le Depo. Tr. at 17:21-25.

30.  The ’810 patent is directed to methods of determining oligonucleotide sequences
and enriching target sequences prior to sequencing the sequences. The claimed methods utilize a

novel half-truncated adaptor, which includes a barcode portion, and which is ligated to nucleic

Tecan Ex. 2203, Page 122 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 123 of 293 PagelD #: 13346

acids of interest. The adaptor-ligated nucleic acids are subjected to two rounds of amplification
involving first and second target-specific primers and nested first and second adaptor primers.

31. The *597 patent is directed to methods for preparing and analyzing nucleic acids,
methods for sequence analysis (e.g., using next-generating sequencing), and methods to enrich
target nucleic acids prior to sequencing. The claimed methods of the *597 patent improve upon
the "810 methods by utilizing a plurality of different primers having a common sequence that is
5’ to different hybridization sequences, and which is utilized in successive rounds of PCR to
amplify nucleic acid templates.

32. The patented SPE technique provides the following combination of benefits,
which are detailed in Section XII of my Opening Report and which is incorporated by reference
here:

e Detecting fusions with unknown fusion partners;

e Reducing PCR bias and errors;

e Small input amount;

e Barcoding;

e Efficiency and cost; and

e Detecting cancer with degraded input material.

VIIl. CLAIM CONSTRUCTION

33. I understand that Qiagen has challenged claims 16-20 of the *810 patent against
Qiagen.

34. Independent claim 16 of the *810 patent is reproduced below, with claim terms

construed by the Court underlined:
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same sequence of the double-stranded target nucleic acid as any other primer of the plurality of
different primers.” A POSA would understand that the negative limitation precludes two or
more different primers of the plurality of different primers from annealing to the same sequence,
no matter which sequence it may be.

317. Dr. Metzker’s analysis of the prior art also confirms that the terms “the first
strand” and “the same sequence” do not render the *597 claims indefinite. In his analysis of
whether Fraiture, McCarty, Morley, Martin-Harris, the APAgene Manual and the *810
References disclose “the first strand” and “the same sequence,” Dr. Metzker never raises the
issue of which strand “the first strand” refers to or which sequence must be “the same sequence.”
Nor does he indicate any difficulty understanding the scope of the ’597 claims in connection
with analyzing whether the prior art anticipates or renders the claims obvious, much less assert
that he lacked reasonable certainty as to how to interpret the claims with respect to the prior art.

C. Anticipation and Obviousness

318. Dr. Metzker contends that ’597 claims 1, 3, 4, 5, 10, 11, 13-27 and 29 are
anticipated or rendered obvious by Fraiture, McCarty, Morley, Martin-Harris, the APAgene
Manual, and the *810/°828 patents, alone or in combination with each other and/or several
additional references. Dr. Metzker fails to demonstrate that the prior art anticipates or renders
obvious the challenged claims of the 597 patent.

1. The Degenerate Primer References Do Not Anticipate or Render
Obvious the Claimed Invention of the 597 Patent

319. Dr. Metzker’s obviousness theory for five of the six primary references (i.e.,
Fraiture, McCarty, Morley, Martin-Harris and the APAgene Manual) involves reading the
“plurality of different primers” onto primers having some degree of degeneracy, as summarized

in the table below.
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Reference | Primer | Hybridization Sequence Permutations | Annealing
Temps
_ DRT A | CCXXXXGXXXXXTAGT 262.144 42°C
Fraiture and "5 o B CEXXXXXXTAGT 4.096 42°C
APAgENe "o = T COXXXXXXTCAT 4.096 42°C
Manual DRTD | CCXXXXXGXXXXXCCTG 1,048576 42°C
McCarty MU-TIR | CBCTCTTCKTCYATAATGGCAAT | 12 54°C. 60°C
Marti GW-A | NNNNNATTCG 1,024 35°C, 55°C
H:rrrti's”;n 4 [GW-T | NNNNNTTTCG 1,024 35°C, 55°C
Morley GW-C | NNNNNCTTCG 1,024 35°C, 55°C
GW-G | NNNNNGTTCG 1,024 35°C, 55°C

320. As Dr. Metzker explained in his 2001 article on PCR (Ex. H to Metzker Report),
degenerate primers provide a strategy to obtain novel full-length cDNA sequences. Id., p. 6.
When attempting to sequence a region of interest, investigators sometimes have a good estimate
of the likely sequence (e.g., by comparing orthologous genes to reveal conserved domains). Id.
Degenerate primers can be used to create all possible permutations of regions or bases for which
the sequence is unknown. Lowering the PCR annealing temperature increases the likelihood that
a degenerate primer will anneal to a region of interest, even with less than 100%
complementarity (i.e., even with some degree of mismatched bases).

321. Consistent with a typical degenerate primer strategy for amplifying a region of
interest, the PCR conditions for the degenerate primer reactions in Fraiture, McCarty, Morley,
Martin-Harris and the APAgene Manual utilize annealing temperatures below the 55°C to 68°C
range that Dr. Metzker describes as “typical[]” (id., p. 3), as detailed in the table above. In
addition to low temperatures, the likelihood of mismatches is further increased by the number of
degenerate bases and the degree to which each base is degenerate. The greater the degeneracy,
the more complete the set of possible permutations, and therefore the greater the number of

primers that differ by a single nucleotide.
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322. Combining a large number of very similar primers with low temperature
annealing conditions increases the likelihood that mismatches will occur. In a degenerate primer
strategy, such mismatches are not necessarily an undesirable outcome for a researcher because
mismatches increase the likelihood that any given region of interest will be amplified. Lowering
the annealing temperature can increase the likelihood that at least some of the degenerate primers
will amplify the region of interest even if none of the degenerate primers have 100%
complementarity with the region of interest. This can occur, for example, if investigators design
degenerate primers in which some of the “fixed” bases do not match a region of interest (e.g.,
due to an incorrect identification of a conserved region). While extension products may include
an “incorrect” degenerate primer sequence (i.e., a sequence that differs from the region of
interest), such inaccuracies need not affect sequencing because the degenerate primer sequence
can be trimmed from the read, as described in McCarty (p. 3, Fig. 2 caption: “Validated reads are
trimmed to remove the key and TIR sequences” where the 23-base TIR sequence includes the
three partially degenerate bases B, K, and Y).

323.  While mismatches and low annealing temperatures increase nonspecific products,
specificity can be improved in subsequent rounds of PCR that “clean up” the degenerate primer
products through a variety of techniques. For example, Fraiture, the APAgene Manual, Martin-
Harris and Morley each use successive rounds of nested target-specific primers to reduce
nonspecific products resulting from degenerate primers. In addition, Morley and Martin-Harris
also utilize a “bottleneck” (or “inefficient priming”) technique to improve specificity over
successive rounds. Morley Figure 5, shown below, illustrates how a first round of PCR with
degenerate primers run at low temperatures (first 35°C, then 55°C) produces a greater abundance

of non-specific products (illustrated as being detectable with fewer cycles [Ct]) than specific
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product. The three subsequent rounds of “bottleneck” PCR, however, reduce the nonspecific

products created by the degenerate primers until specific products predominate.

Enrichment of specific product by Bottleneck PCR
round 1 round 2 round 3 round 4
5 4
10 -
|
15
Ct -

® Specific

20 -
o Non-specific

25 - //__,

30 -

# .
35 ‘ s . :
0 20 40 60 80 100
Total Number of PCR cycles

Morley, Figure 5.

324.  The low-temperature annealing conditions of Dr. Metzker’s five prior art
references and the use of degenerate primers (with some highly degenerate) would be expected
to produce significant mismatches. A POSA would have expected at least some of the
degenerate primers in these prior art references to anneal to the same sequence as some of the
other degenerate primers.

325.  Several definitions in the 597 patent are relevant to evaluating whether the prior
art satisfies the negative limitation requiring that “each primer of the plurality of different
primers does not anneal to the same sequence of the double-stranded target nucleic acid as any

other primer of the plurality of different primers,” as step (b) of 597 claim 1 requires.
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326. The term “anneal” is defined to mean “the formation of one or more
complementary base pairs between two nucleic acids. In some embodiments, annealing
involve[s] two complementary or substantially complementary nucleic acid strands hybridizing
together.” 19:51-55. The term “complementary” is defined to mean “the ability of nucleotides
to form hydrogen-bonded base pairs.” 37:56-57. In addition, the term “substantially
complementary” is defined to mean “a nucleic acid molecule or portion thereof (e.g., a primer)
having at least 90% complementarity over the entire length of the molecule or portion thereof
with a second nucleotide sequence, e.g., 90% complementary, 95% complementary, 98%
complementary, 99% complementary, or 100% complementary. 37:63-38:2.

327.  Under these definitions, the scope of the negative limitation in step (b) of ’597
claim 1 broadly excludes different primers that anneal to the same sequence, including annealing
where there is less than 100% complementarity between a primer and a template.

328.  When discussing the limitation of step (b) of ’597 claim 1, Dr. Metzker testified
that “if two primers share sufficient sequence homology, there is a good chance that they will
anneal to the same sequence of a particular target under a particular set of conditions.” Dkt. No.
235, Declaration of Dr. Michael Metzker, P 10. Dr. Metzker testified that “the *597 Patent
provides a way to estimate whether a particular primer is going to anneal to another
polynucleotide, such as a sequence on a double-stranded target nucleic acid, under a number of
conditions that take into account things like the length and sequence of the primer, its melting
temperature, and salt concentration.” Id., [P 10 (597 patent, 19:51-20:49). When analyzing step
(b) of ’597 claim 1, however, Dr. Metzker did not consider any such information and made no

attempt to estimate whether the degenerate primers in Fraiture, McCarty, Morley, Martin-Harris
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and the APAgene Manual would or would not anneal to the same sequence on another
polynucleotide.

329. Given the low-temperature PCR conditions of Qiagen’s prior art references, the
significant degree of similarity of the degenerate primers disclosed in the prior art references, the
broad sweep of the negative limitation in step b of ’597 claim 1, and Dr. Metzker’s failure to
even attempt to estimate whether any of the degenerate primers would anneal to the same
sequence of target DNA, Dr. Metzker fails to establish by clear and convincing evidence that any
of the degenerate primers in Fraiture, McCarty, Morley, Martin-Harris and the APAgene Manual
do not anneal to the same sequence. Further supporting this conclusion is the analysis in the
Expert Report of Dr. James McSwiggen affirmatively demonstrating that each of the prior art
degenerate primers fails to disclose step (b) of ’597 claim 1. Accordingly, Fraiture, McCarty,
Morley, Martin-Harris and the APAgene Manual, alone or in combination, fail to anticipate or
render obvious the *597 claims.

2. Fraiture

330. Dr. Metzker contends that ’597 claims 1, 3, 4, 5, 10, 11, 13-27 and 29 are
anticipated or rendered obvious by Fraiture in combination with the APAgene Manual and
several additional references. Paragraphs 304-376.

a. Claim 1[b]: A Plurality of Different Primers that Share a

Common Sequence that Is 5’ to Different Hybridization
Sequences

331. Step (b) of claim 1 requires *“contacting a second nucleic acid template
comprising a sequence of a second strand that is complementary to the sequence of the first
strand of the double-stranded target nucleic acid with a plurality of different primers that share a

common sequence that is 5" to different hybridization sequences, under conditions to promote
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References were available as prior art to the ’597 patent, they would not anticipate or render
obvious the challenged claims of the *597 patent for the reasons detailed below.

a. Claim 1[e], Step (c)(i): A Tail Primer That Comprises a 3'
Sequence that Specifically Anneals to the Complement of the
Common Sequence and that Comprises a 5’ Tail Sequence

417.  Dr. Metzker contends that 597 claim 1, limitation (c)(i) (“a tail primer that
comprises a 3' sequence that specifically anneals to the complement of the common sequence
and that comprises a 5’ tail sequence”) is disclosed by the 810 References. Paragraph 746. The
USPTO considered and rejected this argument. During prosecution the USPTO withdrew a
rejection of ’597 claim 1 based on the *828 patent after Plaintiffs added step (c), demonstrating
that the limitations of step (c) make the *597 claims patentable over the 810 References.

418. During prosecution of the application that issued as the *597 patent, the USPTO
examiner issued an office action dated January 31, 2018 finding that pending claim 1 was
anticipated by the *828 patent. ’597 File History, 1/31/2018 Office Action, p. 4. Claim 1, in the
form it was pending at the time of that office action, is reproduced below.

1. A method of preparing nucleic acids for analysis, the method comprising:

(a) contacting a first nucleic acid template comprising a first strand of a target
nucleic acid with a complementary target-specific primer that comprises a
target-specific hybridization sequence, under conditions to promote template-
specific hybridization and extension of the target-specific primer; and

(b) contacting a second nucleic acid template comprising a second strand that is
complementary to the first strand of the target nucleic acid with a plurality of
different primers that share a common sequence that is 5' to different
hybridization sequences, under conditions to promote template-specific
hybridization and extension of at least one of the plurality of different primers,
wherein each primer of the plurality of different primers does not anneal to the
same sequence of the target nucleic acid as any other primer of the plurality of
different primers,

wherein an extension product is generated to contain both a sequence that is
characteristic of the target-specific primer and a sequence that is characteristic
of the at least one of the plurality of different primers.

’597 File History, 10/30/2017 Claims, p. 2.
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419. Plaintiffs responded on July 31, 2018 by amending claim 1 to add step (c), as
depicted below with additions indicated with underlining and deletions with strikethroughs:

1. A method of preparing nucleic acids for analysis, the method comprising:

(a) contacting a first nucleic acid template comprising a first strand of a target
nucleic acid with a complementary target-specific primer that comprises a
target-specific hybridization sequence, under conditions to promote template-
specific hybridization and extension of the target-specific primer; anéd

(b) contacting a second nucleic acid template comprising a second strand that is
complementary to the first strand of the target nucleic acid with a plurality of
different primers that share a common sequence that is 5' to different
hybridization sequences, under conditions to promote template-specific
hybridization and extension of at least one of the plurality of different primers,
wherein each primer of the plurality of different primers does not anneal to the
same sequence of the target nucleic acid as any other primer of the plurality of
different primers,

wherein, following (a) and (b), an extension product is generated to contain both a
sequence that is characteristic of the target-specific primer and a sequence that
is characteristic of the at least one of the plurality of different primers; and

(c) subjecting the extension product to an amplification reaction comprising
successive rounds of polymerase extension of i) a tail primer that comprises a
3' sequence that specifically anneals to the complement of the common
sequence and that comprises a 5' tail sequence, and ii) a primer that specifically
anneals to the complement of the target-specific hybridization sequence.

’597 File History, 7/31/2018 Claims, p. 2.

420. In the next office action, dated September 7, 2018, the examiner responded: “The
rejection of claims 1-18 and 20 under 35 USC 102(a)(1) as anticipated by [the *828 patent] has
been withdrawn in view of the amendment.” 597 File History, 9/7/2018 Office Action, p. 2.

421. In Paragraph 746, Dr. Metzker contends that step (c)(i) of 597 claim 1 is
disclosed by the following three portions of the *810 References:

e 810 patent, 16:33-39; ’828 patent, 16:29-35; °564 App. P [0085]:

As used herein, the term "second target-specific primer" refers to a single-stranded
oligonucleotide comprising a 3' portion comprising a nucleic acid sequence that can
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specifically anneal to a portion of the known target nucleotide sequence comprised
by the amplicon resulting from step (b), and a 5' portion comprising a nucleic acid
sequence that is identical to a second sequencing primer.

e ’810 patent, claims 1 and 16 element (iii):

(iii) amplifying an amplification product of (ii) using a second target-specific
primer that specifically anneals to the amplification product of (ii) and a second
adaptor primer having a nucleotide sequence identical to a second portion of the
amplification strand...

e ’828 patent, claims 1 and 40 element (iii):

(iii) amplifying an amplification product of (ii) by polymerase chain reaction using
a second adaptor primer and a second target-specific primer, wherein the second

adaptor primer and the second target-specific primer are nested relative to the first
adaptor primer and the first target-specific primer, respectively...

422. Dr. Metzker contends that if “there is written description and enablement
supporting” the interpretation “that the claims in the *810 patent cover the situation where the
claimed second target specific primer anneals to any known sequence, including the common
sequence from the first target specific primer,” “then the claims and specification of the *810 and
’828 patents disclose this element.” Paragraph 746.

423. 1 understand from counsel the following principles of patent law regarding the
requirements for written description and anticipation that are relevant to analyzing Dr. Metzker’s
statement in Paragraph 746. For written description, | understand that:

e A specification need not describe every conceivable and possible future embodiment

of their invention;

e A specification may provide adequate written description support of a broadly

claimed invention without describing all species that the claim encompasses; and

e A specification need not describe unclaimed features of an accused product.
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For anticipation, | understand that:

e The disclosure of a genus in the prior art is not necessarily a disclosure of every

species that is a member of that genus; and

e To anticipate a later claim, a prior art reference must not only disclose all elements of

the claim within the four corners of the document, but must also disclose those
elements arranged as in the claim.

424. The above portions of the 810 References disclose a genus: a second target-
specific primer (TSP2) that can specifically anneal to the amplification product of step (ii),
including to a portion of the known target nucleotide sequence comprised by the amplicon
resulting from step (ii). The above provisions do not disclose the particular species claimed in
the "597 patent, i.e., they do not disclose amplifying an extension product of step (ii) with
successive rounds of polymerase extension of a tail primer that comprises a 3' sequence that
specifically anneals to the complement of the common sequence and that comprises a 5' tail
sequence.

425.  Step (iii) of ’810 claim 16 claims a genus that includes “amplifying an
amplification product of [step] (ii) using a second target specific primer that specifically anneals
to the amplification product of [step] (ii).” The Court construed “second target-specific primer”
to mean “a single-stranded oligonucleotide comprising a 3’ portion comprising a nucleic acid
sequence that can specifically anneal to a portion of the known target nucleotide sequence
comprised by the amplicon resulting from step (b), and a 5’ portion comprising a nucleic acid
sequence that is identical to a second sequencing primer.” *810 Markman Order, p. 2.

426. Under the Court’s construction, therefore, the element of claim 16 of step (iii)

relevant to Dr. Metzker’s statement in Paragraph 746 requires amplifying an amplification
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product of step (ii) using a TSP2 that can specifically anneal to a portion of the known target
nucleotide sequence comprised by the amplicon resulting from step (ii). The *810 claims do not
require that the TSP2 anneal to any particular portion of the known target nucleotide sequence.
The *810 patent describes various species within this genus, including a TSP2:

e Annealing to separate genes (3:39-42);

e Annealing to different portions of a known target nucleotide sequence (3:42-45);

e Annealing to different portions of a single gene (3:45-49);

e Annealing to different exons of a gene (3:49-52);

e Annealing with at least 20, 20 or more, 25 or more, 30 or more, 35 or more, 40 or

more, or 50 or more unique bases (16:53-60);
e Annealing at about 61°C to 72°C, 61°C to 69°C, 63°C to 69°C, 63°C to 67°C, 64°C to
66°C, or specifically at about 65°C in a PCR buffer (18:48-56).

427. Asthe above list illustrates, the *810 patent discloses a broad variety of species
within the genus of ways that a TSP2 can anneal to an amplicon of step (ii). However, the 810
patent does not disclose the particular combination of elements in step (c) of ’597 claim 1, which
requires (1) amplifying an extension product with (2) a tail primer that includes (3) a 5’ tail
sequence and (4) a particular 3’ sequence (5) that specifically anneals to a portion of the
extension product comprising the complement of a common sequence, (6) which common
sequence was introduced into the extension product via the 5’ end of a plurality of different
primers.

428. Dr. Metzker argues that “the *810 and 828 patents disclose this element,” i.e.,
step (c) of ’597 claim 1 but provides no supporting evidence beyond citing the definition of

TSP2 (Paragraph 746), which simply recites the genus disclosed in the *810 patent. Dr. Metzker
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provides no analysis whether step (c) of 597 claim 1 would have been obvious in view of the
’810 References. Dr. Metzker acknowledges that the obviousness determination requires
evaluating differences between the claims and the prior art (Paragraph 39), but he fails to
evaluate the differences between the claimed species of step (c) of ’597 claim 1 and the disclosed
genus of the "810 References. Nor does Dr. Metzker contend that a POSA would have been
motivated to combine the 810 References with any prior art or with the knowledge of a POSA.

429.  Accordingly, the 810 References do not disclose amplifying an extension product
of step (ii) with successive rounds of polymerase extension of a tail primer that comprises a 3’
sequence that specifically anneals to the complement of the common sequence and that
comprises a 5’ tail sequence.

430. For the foregoing reasons, the Dr. Metzker fails to establish by clear and
convincing evidence that the 810 References anticipate or render obvious 597 claim 1.

b. Dependent Claims

431. Dependent claims 3-5, 10, 11, 13-27, and 29 of the *597 patent include each of the
elements of Claim 1. The fatal flaws in Dr. Metzker’s anticipation and obviousness analysis
regarding claim 1 identified above are fatal to his analysis of the dependent claims for the same
reasons. Accordingly, Dr. Metzker fails to establish that dependent claims 3-5, 10, 11, 13-27,
and 29 are anticipated or obvious.

432. For the foregoing reasons, Dr. Metzker fails to demonstrate that the 810
References, alone or in combination with the prior art references identified in Dr. Metzker’s
report, anticipates or renders obvious the challenged claims of the 597 patent.

XIl.  SECONDARY CONSIDERATIONS OF NON-OBVIOUSNESS

433. The inventors of the 810 and *597 patents developed a methodology using single-

primer extension (SPE) that allows users to analyze an adjacent unknown sequence next to a
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I declare under penalty of perjury that the foregoing is true and correct.

Dated: 11-20-2020
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

ARCHERDX, INC. and THE GENERAL
HOSPITAL CORPORATION d/b/a
MASSACHUSETTS GENERAL
HOSPITAL,

Plaintiffs,

Ve Civil Action No. 18-cv-01019-MN-CJB
QIAGEN SCIENCES, LLC, QIAGEN LLC
f/k/a QIAGEN, INC., QIAGEN BEVERLY,
INC., QIAGEN GAITHERSBURG, INC.,
QIAGEN GMBH, QIAGEN N.V., and
JONATHAN ARNOLD,

HIGHLY CONFIDENTIAL -
ATTORNEYS’ EYES ONLY

N N N N N N N N N N N N N N N N

Defendants.

REPLY EXPERT REPORT OF DR. MICHAEL METZKER REGARDING
THE INVALIDITY OF U.S. PATENT NOS. 10,017,810 AND 10,450,597
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B. The Asserted Claims Are Invalid As Indefinite

129. Dr. Lennon contends that even when step (a) and step (b) of claim 1 of the *597
Patent are performed out of order, that is, step (b) is performed first and then step (a), one of
ordinary skill in the art would have understood that the phrase the first strand of the double-
stranded target nucleic acid in step (b) to be a first strand of the double-stranded target nucleic
acid strand in step (a).??® | disagree as there is no antecedent basis of the phrase the first strand if
step (b) is performed first, and Dr. Lennon provides no explanation as to how one of ordinary skill
in the art would have interpreted the claim other than “[t]here is only one “first strand’ described
in claim 1.2

130. Dr. Lennon also does not shed any additional light on the ambiguous phrase “the
same sequence of the double stranded target nucleic acid” in step (b) of claim 1 of the 597 Patent
other than by the statement that it does not “matter which sequence it may be.”??

131.  Dr. Lennon contends that my “analysis of the prior art also confirms that the terms
‘the first strand’ and ‘the same sequence, do not render the *597 claims indefinite.”??° To the
extent | understand Dr. Lennon’s argument, | have been informed and understand that a patent

may be invalid for indefiniteness and separately invalid as anticipated or obvious.?*
C. The Asserted Claims Are Anticipated and Obvious

132.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that the

following prior art references anticipate or render obvious the Asserted Claims of the *597 Patent.

226 See id. at 1 315.
221 See id.

228 See id. at 1 316.
229 See id. at 1 317.

230 See supra Y 14.
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e Fraiture®® anticipates the Asserted Claims of the 597 Patent or renders
them obvious in combination with other prior art.?%2

e MocCarty?*? anticipates the Asserted Claims of the *597 Patent or renders
them obvious in combination with other prior art.2*

e Morley?® anticipates the Asserted Claims of the *597 Patent or renders them
obvious in combination with other prior art.?

e Martin-Harris®*” anticipates the Asserted Claims of the 597 Patent or
renders them obvious in combination with other prior art.2%

e The APAgene Manual®® anticipates the Asserted Claims of the *597 Patent
or renders them obvious in combination with other prior art.24°

e The ’810 and ’828 Patents?*! anticipates the Asserted Claims of the *597
Patent or renders them obvious in combination with other prior art.?4?

133. Below, | address certain points raised by Dr. Lennon. It should be understood,

however, that others points not specifically addressed here should not be inferred as unspoken

231 See Metzker Opening Report Ex. QQ, QIA-00689151-00689159, Fraiture et al., An innovative and integrated
approach based on DNA walking to identify unauthorized GMOs, FOOD CHEMISTRY 147:60-69 (2014) (“Fraiture”).

232 See Metzker Opening Report at 11 304-376.

233 See Metzker Opening Report Ex. SS, QIA-00689182-00689192, McCarty et al., Mu-seq: Sequence-based
mapping and identification of transposon induced mutations, PLOS ONE 8:e77172 pp. 1-11 (2013) (“McCarty”).

234 gee Metzker Opening Report at {{ 377-455.

235 See Metzker Opening Report Ex. RR, QIA-00689264-00689363, Morley, Method of DNA amplification, UNITED
STATES PATENT APPLICATION NoO. US 2010/0248310 (2010) (“Morley™).

236 See Metzker Opening Report at 11 456-544.

237 See Metzker Opening Report Ex. PP, QIA-00689179-00689181, Martin-Harris et al., Gene walking using
sequential hybrid primer polymerase chain reaction, ANALYTICAL CHEMISTRY 399:308-310 (2010) (“Martin-
Harris™).

238 See Metzker Opening Report at 11 545-635.

239 See Metzker Opening Report Ex. TT, QIA-00689102-00689115, Bio S&T Inc., APAgene™ GOLD-RT genome
walking kits (2010) (“APAgene Manual”).

240 See Metzker Opening Report at 11 636-731.

241 See Metzker Opening Report Ex. CCC, QIA-00689213-00689263,’810 Patent; see also Metzker Opening Report
Ex. DDD, QIA-00689416-00689468, lafrate et al., Methods for determining a nucleotide sequence contiguous to a
known target nucleotide sequence, UNITED STATES PATENT No. 9,487,828 (“’828 Patent”).

242 See Metzker Opening Report at 1 732-788.
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agreements with the opinions of Dr. Lennon. To the contrary, | believe that many of the specific
points raised in the Lennon Rebuttal Report that are not addressed below were adequately
addressed in my Opening Report.

1. The Degenerate Primer References Do Not Anticipate or Render
Obvious the Claimed Invention of the 597 Patent

134.  Dr. Lennon relies on a encyclopedia book chapter that | published in 2006.24 Dr.
Lennon mischaracterizes the section titled, Degenerate polymerase chain reaction, to suggest that
| teach that “[IJowering the PCR annealing temperature increases the likelihood that a degenerate
primer will anneal to a region of interest, even with less than 100% complementarity (i.e., even
with some degree of mismatched bases).”?** This chapter makes no such statements. What | do
teach is how to minimize the complexity of a pool of degenerate primers by using codon bias and
the use conserved sequences acrossed species.

Degenerate PCR is a powerful strategy for obtaining novel full-length
cDNA sequences from limited amino acid sequence information. The PCR
primer sequences are derived from the reverse translation of 6-9 amino acid
codons, which will result in varying levels of degeneracy except for
methionine and tryptophan residues. Careful attention should be exercised
in the design of degenerate primers because increasing the primer
complexity (i.e., using codons that show more than twofold degeneracy)
will typically result in an increase in nonspecific PCR products. One
approach in reducing the complexity of the degenerate primer is the use
of codon bias for the particular organism from which the gene will be
cloned. Alternatively, the alignment of orthologous gene sequences from
other species can greatly improve the specificity of cloning the gene of
interest by revealing evolutionarily conserved domains.?*®

243 See Metzker Opening Report Ex. H, Metzker and Caskey, Polymerase chain reaction, ENCYCLOPEDIA OF
MEDICAL DEVICES AND INSTRUMENTATION, SECOND EDITION, Volume 5, Ed. J.G. Webster (2006) (“Metzker 2006
Chapter”). I note that Dr. Lennon refers this chapter as “his 2001 article,” which is incorrect.

244 See Lennon Rebuttal Report at § 320.
245 See Metzker 2006 Chapter at 385 (emphases added, citations omitted).
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One of ordinary skill in the art would have understood that reducing the complexity of the pool of
degenerate primers means that “not all possible permutations” exist in the sequences of the
degenerate primers, which is unlike Dr. Lennon’s suggestion.?*® The outcome of carefully
designing the pool of degenerate primers sequences is so that “[t]he specificity of PCR should
then selectively amplify the correct primer sequences to generate a gene or gene family-specific
probe from which the full length cDNA can be obtained.”?*" In other words, a specific sequence
within the pool of degenerate primers will correctly bind or anneal to the target of interest to
amplify to desired product. Thus, Dr. Lennon’s contention of lowering the temperature to promote
mismatching is misleading.?#®

135. Dr. Lennon’s assertion that annealing temperatures in the range of “55°C to
68°C”24° is also misleading as | teach that such annealing conditions are “ . . . dependent on the
concentration, base composition and the length of the oligonucleotide.”?° Concentration is of
particular importance as the amount of a given sequence in the degenerate pool is typically very
low. To compensate for such low concentrations, one of ordinary skill in the art would have
understood that lowering the annealing temperature would increase the probability of the binding
or annealing of a given sequence to its complementary sequence. The trade-off here,
unfortunately, is that lower temperatures inadvertently increases the amount of non-specific

products during amplification.

246 See Lennon Rebuttal Report at § 320.

247 See Metzker 2006 Chapter at 385 (emphasis added).
248 See Lennon Rebuttal Report at § 320.

249 See id. at 1 321.

0 See Metzker 2006 Chapter at 381.

N

2

a

61

Tecan Ex. 2203, Page 162 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 163 of 293 PagelD #: 13386

136. | also teach that “[t]he use of the cosolvents glycerol and dimethyl sulfoxide
(DMSO) have been shown to protect against DNA damage by efficiently lowering the denaturation
temperature by several degrees centigrade.”®! These solvents also lower the annealing
temperature. Thus, making comparisons of general reaction conditions based on specific examples
in the literature without accounting for any relevant differences is a non-productive exercise and
can lead to incorrect conclusions.

137.  Dr. Lennon does nothing more than speculate that the strategy of using degenerate
primers is to promote mismatching between sequences to increase the likelihood of amplifying a
region of interest.

In a degenerate primer strategy, such mismatches are not necessarily an
undesirable outcome for a researcher because mismatches increase the
likelihood that any given region of interest will be amplified. Lowering
the annealing temperature can increase the likelihood that at least some of
the degenerate primers will amplify the region of interest even if none of

the degenerate primers have 100% complementarity with the region of
interest.>2

| disagree, and as described above, careful attention should be exercised in the design of degenerate
primers so that the correct region of interest is amplified.

138. Dr. Lennon also conflates the inadvertent amplification of non-specific products
with his intentional approach to promote mismatching in PCR. He then relies on this incorrect
approach to suggest that nested PCR can be used to “‘clean up’ the degenerate primer products.”>
Dr. Lennon cites to Morley to contend that the data in Figure 5 *“ . . . illustrates how a first round of

PCR with degenerate primers run at low temperatures (first 35°C, then 55°C) produces a greater

%51 See jd. at 383.

252 See Lennon Rebuttal Report at § 322 (emphases added). | note that Dr. Lennon provides no scientific literature
to support this position.

253 See id. at 1 323.
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abundance of non-specific products (illustrated as being detectable with fewer cycles [Ct]) than
specific product.”?* | disagree with this analysis of Morley for several reasons. First, the lower
annealing temperature of 35°C in the first five cycles was most likely used because specific primer
sequences in the degenerate pool are found in low concentrations, as described above. Lower
annealing temperatures are used to increase the probability of binding or annealing of a given
primer sequence generally, which is especially important when there is a low concentration of
specific primer sequences. Secondly, Morley’s specification does not associate the conditions cited
above in Example 3 with the data shown in Figure 5. For example, the PCR products created in
Example 3 were “ . .. examined by gel electrophoresis and discrete bands were isolated and sequenced
. .”2% The data shown in Figure 5, however, appear to be the results of real-time PCR analysis.
Therefore, Figure 5 includes results that were not generated by the conditions from Example 3.

139. Dr. Lennon contends that “ . . . [t]he low-temperature annealing conditions of [my]
five prior art references and the use of degenerate primers (with some highly degenerate) would
be expected to produce significant mismatches.”?® | disagree for several reasons. As described
above, lower annealing temperatures are required to increase the probability of correct binding or
annealing of a given primer at low concentration. Any incorrect binding or annealing of a primer
would be an unintentional event, and most likely would result in off-target binding events (i.e., not
within the target nucleic acid). Unlike Dr. Lennon’s suggestion, the purpose of operating at lower
annealing temperatures is not to “produce significant mismatches” during primer binding or

annealing to off-target regions.?%’

24 See id.
25 See Morley at [0252].
256 See Lennon Rebuttal Report at  324.

27 See id.
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140. Dr. Lennon attempts to construe the phrase * . . . .each primer of the plurality of
different primers does not anneal to the same sequence of the double-stranded target nucleic acid
as any other primer of the plurality of different primers,”2° which has not been construed by the
Court.?® | note that Dr. Lennon relies on the terms “anneal” and “complementary” to essentially
arrive at an overtly narrow contruction that “broadly excludes different primers that anneal to the
same sequence, including annealing where there is less than 100% complementarity between a
primer and a template.”?%° | disagree and point out that one term not considered by Dr. Lennon is
target nucleic acid, which the Court has construed to mean “a nucleic acid molecule of interest
(e.g., anucleic acid to be analyzed.”?! Dr. Lennon’s construction would include the entire genome
and exclude all off-target binding or annealing events as not meeting the negative limitation of step
(b). What Dr. Lennon and Dr. McSwiggen overlook are the mispriming events that occur only
within the target nucleic acid. In my opinion, the careful design of degenerate primers as taught
in the prior art would meet the negative limitation of step (b). For the reasons described above, |
disagree with Dr. Lennon’s contention that I fail . . . to establish by clear and convincing evidence
that any of the degenerate primers in Fraiture, McCarty, Morley, Martin-Harris and the APAgene
Manual do not anneal to the same sequence.”?®? In the following sections, I provide my analysis

of specific prior art references in response to those raised by Dr. Lennon.

2% See id. at 1325. Dr. Lennon refers to this phrase as the “negative limitation in step (b).” of claim 1 of the 597
Patent.

29 See D.I. 254, Memorandum Order at p. 1.
260 gSee Lennon Rebuttal Report at § 327.
%1 See D.I. 254, Memorandum Order at p. 1.
%2 See Lennon Rebuttal Report at 7 329.

64

Tecan Ex. 2203, Page 165 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 166 of 293 PagelD #: 13389

2. Fraiture Anticipates the Asserted Claims or Renders Them Obvious
in Combination with Other Prior Art

141.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that
Fraiture anticipates the Asserted Claims of the 597 Patent or renders them obvious in combination
with other prior art references. Below, | address specific points raised by Dr. Lennon in his

Rebuttal Report.

a) Claim 1[b]: A Plurality of Different Primers that Share a
Common Sequence that Is 5’ to Different Hybridization Sequences

142. Dr. Lennon attempts to argue that any differences between the APAgene Manual
and APAgene kit described in Fraiture are material. | disagree. For example, Dr. Lennon contends
that the letters “RT” are not included in the Fraiture reference.

There are differences between the APAgene Manual and the APAgene Kit
described in Fraiture. For example, the APAgene Manual bears the title
“APAgenetm Gold-RT Genome Walking Kits” with “Cat. # BT901-RT”

whereas the kit described in Fraiture does not include “RT” in the title and
a catalog number is not provided.?®

While true that APAgene Manual is titled APAgene™ Gold-RT Genome Walking Kits, the
description below the title refers to the kits as the APAgene™ Gold Genome Walking Kits,?®* which
does not have the “RT” letters and is exactly the same title cited in Fraiture.?®® Therefore, there is
no question that the reagents used in Fraiture are disclosed in the APAgene Manual 2%

143. Dr. Lennon also draws attention to the * . . . differences between the primer
sequences in the APAgene Manual and the sequences and schematic disclosed in Fraiture.”2%

While | agree that Figure 1b in Fraiture could be drawn more precisely, the UAP-N2 is shown

2

(=2}

3 See id. at 1 333 (emphases added).

264 See APAgene Manual at p. 1

265 See Fraiture at 65.

266 This conclusion addresses Dr. Lennon’s contention in his Rebuttal Report at ] 339.

267 See Lennon Rebuttal Report at  334.
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slightly to the right, which is consistent with the sequences shown in § 335 of the Lennon Rebuttal

Report. Therefore, any difference between the sequences and schematic in Fraiture are immaterial.

b) Claim 1[c]: Wherein the Different Hybridization Sequences
Have Different 3° Ends

144.  Dr. Lennon contends that “[b]ecause the 3’ ends of each DRT primer are the same,
Dr. Metzker fails to demonstrate that the plurality of different primers have hybridization
sequences with different 3’ ends.”?%® | disagree as this is not the manner the prior art describes
different 3’-ends. For example, Newton 1989%%° described an improved PCR method that utilized
mismatched nucleotides on or near the 3’-end of primers resulting in different 3’-ends. Newton
1989 claimed that “[t]he basis of the invention is that unexpectedly, oligonucleotides with a
mismatched 3’-residue will not function as primers in the PCR under appropriate conditions.”?"
Newton 1989 observed that the mismatches did not have to occur directly at the 3’-end but can
also occur internal to the 3’-end and still function as primers having different 3’-ends.
In some instances a single 3’-mismatched base does allow amplification to
proceed. We have shown that introducing additional deliberate

mismatches near the 3’ end of appropriate primers ameliorates this
problem.?’

Newton 1989 demonstrates internal mismatches up to seven bases from the 3’-end with improved
specificity with primers having different 3’-ends.
In an attempt to increase the specificity of the ARMS primers we chose to

deliberately introduce an additional mismatch near their 3’-ends. When
primers 7f and 7g which have a deliberate C/T mismatch seven bases from

268 See Lennon Rebuttal Report at § 340.

269 See Newton et al. Analysis of any point mutation in DNA. The amplification refractory mutation system (ARMS).
NUCLEIC ACIDS RESEARCH 17:2503-2516 (1989) (“Newton 1989™).

270 See id. at Abstract (emphasis added).
271 See id. at 2504 (emphasis added).

66

Tecan Ex. 2203, Page 167 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 168 of 293 PagelD #: 13391

the 3’-end were introduced to replace primers 7 and 7a (figure 2) specificity
was improved.?"

One of ordinary skill in the art would have understood that the primers in Newton 1989 having
different 3’-end were analogous to the DRT primers using in Fraiture and the APAgene Manual.
Therefore, | disagree with Dr. Lennon’s conclusion that “Fraiture and the APAgene Manual fail
to disclose a plurality of different primers that have different hybridization sequences having

different 3’ ends,”?"® for the reasons described above.

C) Claim 1[c]: Wherein Each Primer of the Plurality of Different
Primers Does Not Anneal to the Same Sequence

145.  As described above, there is no question that the reagents used in Fraiture are
disclosed in the APAgene Manual.?™ | have reviewed the McSwiggen Report.2” Dr. Lennon also
“reviewed the expert report of Dr. McSwiggen and agree with his methods, analysis and
conclusion.”

Under the permissive PCR conditions specified in APAgene Manual (i.e.,
annealing temperature equal to 42°C), and given the high level of
degeneracy of the DRT Primers, a POSA would have expected at least two

different primers in each DRT Primer mix to anneal to the same sequence
of template DNA.2"®

| disagree with the McSwiggen Report as it did not consider the Court’s construction of the term
target nucleic acid in his analysis of the DRT primers.?’’ As described above, the Court’s

construction for the term target nucleic acid is a “nucleic acid molecule of interest (e.g., a nucleic

272 See id. at 2511 (emphases added).

213 See Lennon Rebuttal Report at { 343.

274 This conclusion addresses Dr. Lennon’s contention in his Rebuttal Report at  345.

215 See Expert Report of James A. McSwiggen, Ph.D, dated November 20, 2020 (“McSwiggen Report™)
276 See Lennon Rebuttal Report at § 347 (emphasis added).

217 See McSwiggen Report at 11 9-10, purporting to rely on the Court’s construed terms “plurality of different
primers,” “the same sequence,” “double-stranded target nucleic acid,” and the *597 Patent definitions “anneal” and
“complementary.”
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acid to be analyzed).” In Fraiture, the author’s strategy was to find local regions in the rice genome
that contain pPCAMBIA vector insertions.?’® Based on their approach, Fraiture reported target
nucleic acids in the range of 300 to 1,000 base pairs.?’® Dr. McSwiggen, however, considered the
entire rice genome,?° which is approximately 420 megabase pairs,?* which is roughly 420,000
times larger than the target nucleic acids of Fraiture, and most, if not all, of the hits would be
expected to be off-target events. Thus, the analysis provided by Dr. McSwiggen and relied on by

Dr. Lennon is flawed and should not be afforded any weight.

d) Claim 1[e]: Step (c)(ii): A Primer That Specifically Anneals to
the Complement of the Target-Specific Hybridization Sequence

146.  Dr. Lennon argues that “no portion of the t35S pCAMBIA b-R primer anneals to
any portion of the complement of the target-specific hybridization sequence of the t35S pCAMBIA
a-R primer” based on an incorrect application of the Court’s claim construction for “target-specific
hybridization sequence” to this limitation. The limitation in question for Claim 1[e] is not “target-
specific hybridization sequence” but rather the “complement of the target-specific hybridization
sequence.” The Court did not construe “complement of the target-specific hybridization sequence”
and Dr. Lennon has provided no basis for his argument that a primer that specifically anneals to
the “complement of the target-specific hybridization sequence” must specifically bind to the
portion of the complement that is complementary to the sequence of the “target-specific primer.”
This narrow interpretation is inconsistent with his broad interpretations of other claim terms as

discussed throughout this report and in my Opening Report. As discussed in paragraph 319 of my

278 See Fraiture at Abstract.
279 See id. at 67.
280 See McSwiggen Report at  28.

281 See Ex. MMM, Yu et al., Draft sequence of the rice genome (Oryza sativa L. ssp. Indica), SCIENCE 296:79-92
(2002) (“Yu”) at Abstract.
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Opening Report, the t35S pCAMBIA b-R primer specifically anneals to the “complement of the
target-specific hybridization sequence” and Dr. Lennon has failed to point to any construction by
the Court that is inconsistent with the disclosure. For at least the foregoing reasons, his analysis

is flawed and should not be afforded any weight.
e) Dependent Claims

147.  Dr. Lennon argues that | failed “to establish that dependent claims 3-5, 10, 11, 13-
27, and 29 are anticipated or obvious”?? based on my his analysis of claim 1 of the ’597 Patent.
As described above, Dr. Lennon’s assertions are incorrect, and Fraiture anticipates claim 1 of the
’597 Patent or renders it obvious in combination with the prior art. | also incorporate my reasons
why Markham anticipates claims 3-5, 10, 11, 13-27, and 29 of the ’597 Patent or renders them
obvious in combination with the prior art.?®

3. McCarty Anticipates the Asserted Claims or Renders Them Obvious
in Combination with Other Prior Art

148.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that
McCarty anticipates the Asserted Claims of the ’597 Patent or renders them obvious in
combination with other prior art references. Below, I address specific points raised by Dr. Lennon

in his Rebuttal Report.

a) Claim 1[c]: Wherein Each Primer of the Plurality of Different
Primers Does Not Anneal to the Same Sequence

149.  As described above, | have reviewed the McSwiggen Report. Dr. Lennon also
“reviewed the expert report of Dr. McSwiggen and agree with his methods, analysis and

conclusion.”

282 See Lennon Rebuttal Report § 357.
283 See Metzker Opening Report 11 320-376

69

Tecan Ex. 2203, Page 170 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 171 of 293 PagelD #: 13394

As indicated in Table 5 of his report, reproduced below, the predicted Tms
for each of the 12 Mu-TIR primers ranges from 67.1°C to 75.4°C degrees,
which are significantly higher than either of the two annealing temperatures
(54°C and 60°C) that McCarty prescribes for PCR 1.284

| disagree with the McSwiggen Report as it did not consider the Courts’ construction of the term
target nucleic acid in his analysis of the DRT primers.?® As described above, the Court’s
construction for the term target nucleic acid is a “nucleic acid molecule of interest (e.g., a nucleic
acid to be analyzed).” In fact, Dr. Lennon noted that “McCarty does not provide sufficient
information to allow Dr. McSwiggen to identify the specific strains of maize DNA, he used the
reverse complement of each Mu-TIR primer as the target.”?®® Moreover, the McSwiggen Report
only estimated Tms for the primers.?8” Nonetheless, Dr. Lennon concludes from this incomplete
data set that “a POSA would have understood that at least some quantity of two or more primers
from the degenerate Mu-TIR primers disclosed in McCarty would have annealed to the same target
sequence.”?® Thus, the analysis provided by Dr. McSwiggen and relied on by Dr. Lennon is

flawed and should not be afforded any weight.
b) Dependent Claims

150. Dr. Lennon argues that | failed *“to establish that dependent claims 3-5, 10, 11, 13-
27, and 29 are anticipated or obvious”?® based on my his analysis of claim 1 of the *597 Patent.

As described above, Dr. Lennon’s assertions are incorrect, and Fraiture anticipates claim 1 of the

284 See Lennon Rebuttal Report at § 347 (emphasis added).

285 See McSwiggen Report at 1 9-10, purporting to rely on the Court’s construed terms “plurality of different
primers,” “the same sequence,” “double-stranded target nucleic acid,” and the *597 Patent definitions “anneal” and
“complementary.”

286 See Lennon Rebuttal Report § 362.
287 See McSwiggen Report at  56.

288 See Lennon Rebuttal Report § 363.
289 See Lennon Rebuttal Report § 364.
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’597 Patent or renders it obvious in combination with the prior art. | also incorporate my reasons
why Markham anticipates claims 3-5, 10, 11, 13-27, and 29 of the ’597 Patent or renders them
obvious in combination with the prior art.?®

4. Morley Anticipates the Asserted Claims or Renders Them Obvious in
Combination with Other Prior Art

151.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that
Morley anticipates the Asserted Claims of the 597 Patent or renders them obvious in combination
with other prior art references. Below, | address specific points raised by Dr. Lennon in his

Rebuttal Report.

a) Claim 1[c]: Wherein the Different Hybridization Sequences
Have Different 3’ Ends

152.  Dr. Lennon contends that | “highlight[] in magenta is the 5 end of the hybridization
sequence rather than the 3’ end, as the claim requires.”?®! | disagree as this is not the manner the
prior art describes different 3’-ends. For example, Newton 1989 described an improved PCR
method that utilized mismatched nucleotides on or near the 3’-end of primers resulting in different
3’-ends. Newton 1989 claimed that “[t]he basis of the invention is that unexpectedly,
oligonucleotides with a mismatched 3’-residue will not function as primers in the PCR under
appropriate conditions.”?®> Newton 1989 observed that the mismatches did not have to occur
directly at the 3’-end but can also occur internal to the 3’-end and still function as primers having
different 3’-ends.

In some instances a single 3’-mismatched base does allow amplification to
proceed. We have shown that introducing additional deliberate

29 See Metzker Opening Report 7 398-455.
291 See Lennon Rebuttal Report at { 369.
292 See Newton 1989at Abstract (emphasis added).
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mismatches near the 3’ end of appropriate primers ameliorates this
problem.2%

Newton 1989 demonstrates internal mismatches up to seven bases from the 3’-end with improved
specificity with primers having different 3’-ends.

In an attempt to increase the specificity of the ARMS primers we chose to
deliberately introduce an additional mismatch near their 3’-ends. When
primers 7f and 7g which have a deliberate C/T mismatch seven bases from
the 3’-end were introduced to replace primers 7 and 7a (figure 2) specificity
was improved.?%

One of ordinary skill in the art would have understood that the primers in Newton 1989 having
different 3’-end were analogous to the degenerate primers using in Morley. Therefore, | disagree
with Dr. Lennon’s conclusion that “Morley fails to disclose a plurality of different primers that
have different hybridization sequences having different 3’ ends,”?®® for the reasons described

above.

b) [Claim 1[c]: Wherein Each Primer of the Plurality of Different
Primers Does Not Anneal to the Same Sequence]

153.  As described above, | have reviewed the McSwiggen Report. Dr. Lennon also
“reviewed the expert report of Dr. McSwiggen and agree with his methods, analysis and
conclusion.”2%

As Dr. McSwiggen explains, his analysis for Morley is identical to that of
Martin-Harris because Morley’s objective, target genes, primer sets, and
reaction conditions are the same, except that Morley discloses only one
degenerate primer (labeled “GW-A” by Dr. McSwiggen) of the four gene
walking degenerate primer types disclosed in Martin-Harris.?%’

154.  As Dr. McSwiggen explains his analysis of Morley is identical to that of Martin-

2

©

3 See id. at 2504 (emphasis added).

2% See id. at 2511 (emphases added).

2% See Lennon Rebuttal Report at { 369.
2% See id. at 1 371.

27 Seeid.
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Harris, I incorporate my comments regarding the Martin-Harris analysis, see infra at { 158.

C) [Claim 1[e]: Step (c)(ii): A Primer That Specifically Anneals to
the Complement of the Target-Specific Hybridization Sequence]

155.  Dr. Lennon argues that “Dr. Metzker does not identify any nested target-specific
primer sequences for the three genes analyzed in Example 3, and therefore fails to demonstrate
that the F2 of Example 3 anneals to the complement of F1, as the *597 claim requires” based on
an incorrect application of the Court’s claim construction for “target-specific hybridization
sequence” to this limitation.?® The limitation in question for Claim 1[e] is not “target-specific
hybridization sequence” but rather the “complement of the target-specific hybridization sequence.”
The Court did not construe “complement of the target-specific hybridization sequence” and Dr.
Lennon has provided no basis for his argument that a primer that specifically anneals to the
“complement of the target-specific hybridization sequence” must specifically bind to the portion
of the complement that is complementary to the sequence of the “target-specific primer.” This
narrow interpretation is inconsistent with his broad interpretations of other claim terms as
discussed throughout this report and in my Opening Report. As discussed in paragraphs 468-470
of my Opening Report, Morley discloses subjecting the extension product from (b) to a first PCR
amplification reaction using a tail primer (hybrid reverse primer, shown as “tagl”) comprising a
3’ sequence that specifically anneals to the complement of the common sequence and a 5’ tail
sequence and a nested target-specific primer (F2) that specifically anneals to the complement of
the target-specific hybridization sequence. Dr. Lennon has failed to point to any construction by
the Court that is inconsistent with this disclosure. For at least the foregoing reasons, his analysis

is flawed and should not be afforded any weight.

2% See Lennon Rebuttal Report at 1 373-375.
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d) Dependent Claims

156. Dr. Lennon argues that | failed “to establish that dependent claims 3-5, 10, 11, 13-
27, and 29 are anticipated or obvious”?®® based on my his analysis of claim 1 of the ’597 Patent.
As described above, Dr. Lennon’s assertions are incorrect, and Fraiture anticipates claim 1 of the
’597 Patent or renders it obvious in combination with the prior art. | also incorporate my reasons
why Markham anticipates claims 3-5, 10, 11, 13-27, and 29 of the ’597 Patent or renders them
obvious in combination with the prior art.3%

5. Martin-Harris Anticipates the Asserted Claims or Renders Them
Obvious in Combination with Other Prior Art

157.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that
Martin-Harris anticipates the Asserted Claims of the ’597 Patent or renders them obvious in
combination with other prior art references. Below, I address specific points raised by Dr. Lennon

in his Rebuttal Report.

a) Claim 1[c]: Wherein the Different Hybridization Sequences
Have Different 3* Ends

158. Dr. Lennon contends that “[e]ach of the four different degenerate primers have
identical 3’ ends, as illustrated above, and expressly stated in Martin-Harris.”*%* | disagree as this
is not the manner the prior art describes different 3’-ends. For example, Newton 1989 described
an improved PCR method that utilized mismatched nucleotides on or near the 3’-end of primers
resulting in different 3’-ends. Newton 1989 claimed that “[t]he basis of the invention is that

unexpectedly, oligonucleotides with a mismatched 3’-residue will not function as primers in the

299 See Lennon Rebuttal Report § 376.
300 See Metzker Opening Report 1 471-544.
301 See Lennon Rebuttal Report at § 382.
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PCR under appropriate conditions.”3%? Newton 1989 observed that the mismatches did not have
to occur directly at the 3’-end but can also occur internal to the 3’-end and still function as primers
having different 3’-ends.
In some instances a single 3’-mismatched base does allow amplification to
proceed. We have shown that introducing additional deliberate

mismatches near the 3’ end of appropriate primers ameliorates this
problem.3%

Newton 1989 demonstrates internal mismatches up to seven bases from the 3’-end with improved
specificity with primers having different 3’-ends.
In an attempt to increase the specificity of the ARMS primers we chose to
deliberately introduce an additional mismatch near their 3’-ends. When
primers 7f and 7g which have a deliberate C/T mismatch seven bases from

the 3’-end were introduced to replace primers 7 and 7a (figure 2) specificity
was improved.304

One of ordinary skill in the art would have understood that the primers in Newton 1989 having
different 3’-end were analogous to the degenerate primers using in Martin-Harris. Therefore, |
disagree with Dr. Lennon’s conclusion that “Martin-Harris fails to disclose a plurality of different
primers that have different hybridization sequences having different 3’ ends,”*% for the reasons

described above.

302 See Newton 1989at Abstract (emphasis added).
303 See id. at 2504 (emphasis added).

4 See id. at 2511 (emphases added).

305 See Lennon Rebuttal Report at § 384.

o

3

o
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b) [Claim 1[c]: Wherein Each Primer of the Plurality of Different
Primers Does Not Anneal to the Same Sequence]

159. As described above, | have reviewed the McSwiggen Report. Dr. Lennon also
“reviewed the expert report of Dr. McSwiggen and agree with his methods, analysis and
conclusion.”30®

Under the permissive PCR conditions specified in Martin-Harris (i.e.,
annealing temperature equal to 35°C), and given the high level of
degeneracy of the four types of primers (i.e., 45 = 1,024 permutations), a
POSA would have expected at least two different primers in each of the four

pools of degenerate primers to anneal to the same sequence of template
DNA. 307

| disagree with the McSwiggen Report as it did not consider the Court’s construction of the term
target nucleic acid in his analysis of the Martin-Harris primers.3®® As described above, the Court’s
construction for the term target nucleic acid is a “nucleic acid molecule of interest (e.g., a nucleic
acid to be analyzed).” In Martin-Harris, the author’s strategy was to find local regions in the
human genome that also contained APC, BRCA1 and myocillin genes.3*® Based on their approach,
Martin-Harris reported target nucleic acids in the range of 300 to 700 base pairs.3¥® Dr.
McSwiggen, however, considered the entire human genome,®!* which is approximately 2,700
megabase pairs,®'? which is roughly 3.8M times larger than the target nucleic acids of Martin-

Harris, and most, if not all, of the hits would be expected to be off-target events. Thus, the analysis

306 See id. at 1 386.
307 See Lennon Rebuttal Report at § 347 (emphasis added).

308 See McSwiggen Report at 11 9-10, purporting to rely on the Court’s construed terms “plurality of different
primers,” “the same sequence,” “double-stranded target nucleic acid,” and the *597 Patent definitions “anneal” and
“complementary.”

309 See Martin-Harris at 309.
310 See id. at Figure 2.
311 See McSwiggen Report at  64.

312 See Yu et al., Draft sequence of the rice genome (Oryza sativa L. ssp. Indica), SCIENCE 296:79-92 (2002) (“Yu™)
at Abstract.
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provided by Dr. McSwiggen and relied on by Dr. Lennon is flawed and should not be afforded any

weight.

C) [Claim 1[e]: Step (c)(ii): A Primer That Specifically Anneals to
the Complement of the Target-Specific Hybridization Sequence]

160. Dr. Lennon argues that “no portion of any F2 primer anneals to any portion of the
complement of what Dr. Metzker identifies as the target-specific hybridization sequence of the F1
primer” based on an incorrect application of the Court’s claim construction for *“target-specific
hybridization sequence” to this limitation.3®* The limitation in question for Claim 1[e] is not
“target-specific hybridization sequence” but rather the “complement of the target-specific
hybridization sequence.” The Court did not construe “complement of the target-specific
hybridization sequence” and Dr. Lennon has provided no basis for his argument that a primer that
specifically anneals to the “complement of the target-specific hybridization sequence” must
specifically bind to the portion of the complement that is complementary to the sequence of the
“target-specific primer.” This narrow interpretation is inconsistent with his broad interpretations
of other claim terms as discussed throughout this report and in my Opening Report. As discussed
in paragraphs 562-566 of my Opening Report, Martin-Harris subjects the extension product to an
amplification reaction using a primer that specifically anneals to the complement of the target-
specific hybridization sequence (i.e., the F2 primer). Fraiture also discloses this limitation for the
reasons disclosed above in supra 1 146. Dr. Lennon has failed to point to any construction by the
Court that is inconsistent with this disclosure. For at least the foregoing reasons, his analysis is

flawed and should not be afforded any weight.

313 See Lennon Rebuttal Report at 1 392-397.
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d) Dependent Claims

161. Dr. Lennon argues that | failed “to establish that dependent claims 3-5, 10, 11, 13-
27, and 29 are anticipated or obvious”3'* based on my his analysis of claim 1 of the ’597 Patent.
As described above, Dr. Lennon’s assertions are incorrect, and Fraiture anticipates claim 1 of the
’597 Patent or renders it obvious in combination with the prior art. | also incorporate my reasons
why Markham anticipates claims 3-5, 10, 11, 13-27, and 29 of the ’597 Patent or renders them
obvious in combination with the prior art.3%°

6. The APAgene Manual Anticipates the Asserted Claims or Renders
Them Obvious in Combination with Other Prior Art

162.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that
APAgene Manual anticipates the Asserted Claims of the 597 Patent or renders them obvious in
combination with other prior art references. Below, | address specific points raised by Dr. Lennon

in his Rebuttal Report.

a) Claim 1[c]: Wherein the Different Hybridization Sequences
Have Different 3* Ends

163. Dr. Lennon contends that “[b]y contrast, the 3’ ends of the hybridization sequence
of each DRT primer do not vary.”®® | disagree as this is not the manner the prior art describes
different 3’-ends. For example, Newton 1989 described an improved PCR method that utilized
mismatched nucleotides on or near the 3’-end of primers resulting in different 3’-ends. Newton
1989 claimed that “[t]he basis of the invention is that unexpectedly, oligonucleotides with a

mismatched 3’-residue will not function as primers in the PCR under appropriate conditions.”!’

314 See Lennon Rebuttal Report 1 398.

315 See Metzker Opening Report 1 569-635.

316 See Lennon Rebuttal Report at ] 402.

817 See Newton 1989at Abstract (emphasis added).
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Newton 1989 observed that the mismatches did not have to occur directly at the 3’-end but can
also occur internal to the 3’-end and still function as primers having different 3’-ends.

In some instances a single 3’-mismatched base does allow amplification to
proceed. We have shown that introducing additional deliberate
mismatches near the 3’ end of appropriate primers ameliorates this
problem.38

Newton 1989 demonstrates internal mismatches up to seven bases from the 3’-end with improved
specificity with primers having different 3’-ends.

In an attempt to increase the specificity of the ARMS primers we chose to
deliberately introduce an additional mismatch near their 3’-ends. When
primers 7f and 7g which have a deliberate C/T mismatch seven bases from
the 3’-end were introduced to replace primers 7 and 7a (figure 2) specificity
was improved.3®

164. One of ordinary skill in the art would have understood that the primers in Newton
1989 having different 3’-end were analogous to the degenerate primers using in Martin-Harris.
Therefore, | disagree with Dr. Lennon’s conclusion that “Fraiture and the APAgene Manual fail
to disclose a plurality of different primers that have different hybridization sequences having

different 3’ ends,”%2° for the reasons described above.

b) [Claim 1[c]: Wherein Each Primer of the Plurality of Different
Primers Does Not Anneal to the Same Sequence]

165. As described above, | have reviewed the McSwiggen Report. Dr. Lennon also
“reviewed the expert report of Dr. McSwiggen and agree with his methods, analysis and

conclusion.”®

As Dr. McSwiggen explains, his analysis for the APAgene Manual is
identical to that of Fraiture because the APAgene Manual’s objective,

3

g

8 See id. at 2504 (emphasis added).

319 See id. at 2511 (emphases added).

320 See Lennon Rebuttal Report at § 404.
%21 See id. at 1 406.

N
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primer sets, and reaction conditions are the same, except that the APAgene
Manual does not provide a gene target, species or experimental results.®??

166. As Dr. McSwiggen explains his analysis of APAgene Manual is identical to that of

Fraiture, | incorporate my comments regarding the Fraiture analysis, see supra at § 145.

C) [Claim 1[e]: Step (c)(ii): A Primer That Specifically Anneals to
the Complement of the Target-Specific Hybridization Sequence]

167. Dr. Lennon argues that “the GSPb primer does not anneal to the complement of the
target-specific hybridization sequence of the GSPa primer” based on an incorrect application of
the Court’s claim construction for “target-specific hybridization sequence” to this limitation.3?®
The limitation in question for Claim 1[e] is not “target-specific hybridization sequence” but rather
the “complement of the target-specific hybridization sequence.” The Court did not construe
“complement of the target-specific hybridization sequence” and Dr. Lennon has provided no basis
for his argument that a primer that specifically anneals to the “complement of the target-specific
hybridization sequence” must specifically bind to the portion of the complement that is
complementary to the sequence of the “target-specific primer.” This narrow interpretation is
inconsistent with his broad interpretations of other claim terms as discussed throughout this report
and in my Opening Report. As discussed in paragraphs 650-652 of my Opening Report, APAgene
Manual discloses this limitation. Dr. Lennon has failed to point to any construction by the Court
that is inconsistent with this disclosure. For at least the foregoing reasons, his analysis is flawed

and should not be afforded any weight.

822 See id.

323 See Lennon Rebuttal Report at 11 408-412.
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d) Dependent Claims

168. Dr. Lennon argues that | failed “to establish that dependent claims 3-5, 10, 11, 13-
27, and 29 are anticipated or obvious”3?* based on my his analysis of claim 1 of the ’597 Patent.
As described above, Dr. Lennon’s assertions are incorrect, and Fraiture anticipates claim 1 of the
’597 Patent or renders it obvious in combination with the prior art. | also incorporate my reasons
why Markham anticipates claims 3-5, 10, 11, 13-27, and 29 of the ’597 Patent or renders them
obvious in combination with the prior art.3%°

7. "810 References

169. Dr. Lennon is interpreting the specification of the *810 and *828 patent to support
an reading of the *810 claims where the second target specific primer in the accused product
anneals to tail sequence added by the first target specific primer. While | have stated previously
that 1 do not believe this reading is supported, if one accepts that it is, then this element is present
in the "810 patent, which predates the *597 patent.

VIl.  XlIl. SECONDARY CONSIDERATIONS

170.  After reviewing the Lennon Rebuttal Report, my opinion has not changed that the
Asserted Claims of the 810 and 597 Patents are invalid as obvious. Below, | address certain
points raised by Dr. Lennon. It should be understood, however, that other points not specifically
addressed here should not be inferred as unspoken agreements with the opinions of Dr. Lennon.

171.  Dr. Lennon has failed to establish a nexus between the claimed inventions and the

purported commercial success, industry praise, long-felt need, and skepticism.

324 See id. at] 413.
325 See Metzker Opening Report 1 656-731.
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Page 200

1 Q. All right. 1I'd like to direct you to

2 the Newton prior art reference.

3 MR. REINES: And why don't we make

4 Newton the next exhibit in order, which I believe

5 is Exhibit 10.

6 (Exhibit 10 introduced.)

7 BY MR. REINES:

8 Q. Let me know when you have Newton.

9 A. Well, it just showed up and I'm

10 downloading it right now. I'll let you know when
11 it's opened. I have Newton open.

12 Q. All right. Now, what -- what was the

13 reason why you in -- in -- well, how do you -- how
14 did you find Newton, and what were you looking for?
15 A. Oh. TI've been familiar with this Newton
16 paper for quite a while.

17 Q. And what is Newton about?

18 A. Newton is about -- he's developing a

19 method called "amplification refractory mutation
20 system." It is a way of doing allele-specific PCR
21 where the 3' ends of primers can be different to
22 selectively extend one variant in the genome over
23 another.
24 And this reference is important because
25 Newton describes that it's not necessary to have

1-800-727-6396 Veritext Legal Solutions Www.veritext.com
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Page 201

1 only the 3' most nucleotide be variable, but you

2 can introduce variations upstream in the 5'

3 direction and still observe allele-specific PCR

4 results.

5 Q. Why is that important to your opinions

6 in this case?

7 A. Because one of the claim elements

8 referred to having different 3' ends, and I believe
9 I'm responding to Dr. Lennon's assertion that that
10 means it's only the most 3' end nucleotide, and I
11 disagree with that, and Newton supports my opinion
12 of why Dr. Lennon is incorrect.

13 Q. Okay. If you turn to 2504 of Newton.

14 A. (Complied.)

15 Q. And specifically, about three-quarters
16 of the way down the page, it states: 1In some

17 instances, a single 3' mismatch base does allow

18 amplification to proceed.

19 Do you see that?
20 A. I do.
21 Q. And do you agree with that?
22 A. I don't have any reason to disagree with
23 what Newton is saying.
24 Q. And so is this an instance that you
25 would call mispriming, which is a term you were

1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 202

1 using yesterday?

2 A. I don't think I ever used the word

3 "mispriming." This is an instance where you might
4 have a mismatch on the most 3' terminal nucleotide,
5 and Newton is describing you can still have some

6 amplification. This is still an undesired

7 reaction.

8 And the point of Newton's paper is to

9 overcome this problem by designing mismatches

10 upstream of the most 3' nucleotide so that you do
11 not get extension for the incorrect primer.

12 Q. In terms of the -- the mismatches,

13 what -- what do you call that when a primer

14 hybridizes to a sequence that's a mismatch? Do you
15 have a term that you like to use for that?

16 A. I don't quite understand the question

17 you're asking.

18 Q. Yes. You understand that sometimes

19 primers will hybridize to a DNA sequence where
20 there's mismatch basis, for example, at the 3' end?
21 A. I mean, primers can hybridize to
22 sequences and have a mismatch at the 3' end.
23 Q. What do you call that phenomena?
24 A. I would call that phenomenon a primer
25 binding to an incorrect sequence.

1-800-727-6396 Veritext Legal Solutions Www.veritext.com

Tecan Ex. 2203, Page 188 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 189 of 293 PagelD #: 13412

Page 203
1 Q. And in Newton -- or if you turn to the
2 figure on page 2508, let me know when you have
3 that.
4 A. Yes, I'm there.
5 Q. And you see those Primers 7 -- 7
6 through 7g?
7 A. Yes.
8 Q. And there, what does the underlying base
9 represent?
10 A. That -- let me read to make sure I
11 have -- I think I know what it is, but let me just
12 make sure I'm saying exactly what Newton is saying.
13 (Examined exhibit.)
14 Newton refers to them as deliberately
15 introduced mismatches.
16 Q. And in the Primers 7 through 7g, some of
17 those mismatched primers would attach, and then at
18 some point, they wouldn't; is that correct? Let me
19 ask again.
20 Some of the primers that are mis -- that
21 have multiple mismatches at 7 through 7g will prime
22 and some won't; is that correct?
23 MR. NARAVAGE: Objection, form.
24 A. I guess I don't understand what you mean
25 by "some will prime and some will not."
1-800-727-6396 Veritext Legal Solutions www.veritext.com
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Page 204

1 BY MR. REINES:

2 Q. Can you tell from Newton which of these
3 primers will hybridize, notwithstanding mismatches,
4 and which won't?

5 A. Well, not with what Newton is showing

6 here. The reason why he's deliberately introducing
7 mismatches, because there are different sequences

8 that are characterized by these different

9 mismatches.

10 The assay is designed so that one primer
11 binds to one sequence, and when it's correct, it

12 will amplify.

13 Q. And you -- you're saying you don't

14 know -- you can't identify a -- for example, let me
15 ask this: In 7b, there's an intentional mismatch
16 at the third base position from the 3' end,

17 correct?

18 A. Correct.

19 Q. And is -- do you -- can you tell from
20 Newton whether that one is able to successfully
21 hybridize and extend?
22 A. You -- I think you can. I think Newton
23 describes it.
24 For example, if you go to page 2511, at
25 the very bottom, four lines from the bottom, it

1-800-727-6396 Veritext Legal Solutions Www.veritext.com
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Page 205

1 says: When Primers b and Primer and -- I'm sorry.
2 When Primer 7b and 7c replaced Primer 7 and 7a in
3 the system, the desired specificity was

4 observed

5 And then it goes on to talk about the

6 behavior of those two primers.

7 Q. Okay. And for -- so based on your

8 review of Newton, which of the primers in 7

9 through 7g were able to be hybridized and extend,
10 even though they have intentional mismatches?

11 A. You asked 7 through 7g --

12 Q. Yeah.

13 A. -- was the question?

14 I am sure it is here in the paper. I
15 will point that out. I pointed out 7b and 7c

16 already. (Examined exhibit.)

17 Q. So far, 7b and 7c.

18 Anything else? Any others?

19 A. Yeah -- I'm -- I'm looking -- for
20 example, at the same page at 2511, he says: When
21 primers 7d and 7e, which have a deliberate A/G
22 mismatch five bases from their 3'-ends were
23 introduced to replace Primer 7 and 7a, similar
24 results were obtained. And he points to (Figure 3,
25 lanes 23 to 28), to those of Primers 7f and 7g.
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1 And then above that, he talks about 7f

2 and 7g, and he says: Unfortunately, the normal

3 Primer (7f), still generates a small amount of

4 product with the ZZ DNA, (Figure 3, lane 21), but

5 much reduced with respect to the yield with the

6 mutant primer on ZZ DNA with equivalent internal

7 control products.

8 So here, he's showing that he -- I would
9 view this as demonstrating how primer design works
10 with real experimental data to determine whether

11 primers are binding to their appropriate templates
12 or not.

13 Q. Are you surprised that primers that have
14 -- intentionally have mismatches will still

15 hybridize and extend?

16 A. I'm not surprised. 1It's an undesired

17 result, and it's, just as Newton is doing, doing

18 redesign to mitigate that undesired result.

19 Q. And in terms of -- so does Newton
20 propose using any of his primers with mismatches in
21 them?
22 A. Well, there -- that's not quite what
23 he's doing. I mean, he does say he deliberately
24 introduces mismatches, but the goal is actually to
25 look at two different templates, two different
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1 sequences, that have either one allele or the

2 other, and to have the primers be able to

3 discriminate between one or the other with a PCR

4 amplification product.

5 Q. Right.

6 And -- and Newton states that that

7 specificity is enhanced by including a mismatch as
8 long as it's in the right place, correct?

9 A. Well, it's not -- it's not a mismatch

10 because there is a sequence that there's a perfect
11 match. The mismatch that he's referring to is just
12 basically a SNP, a single nucleotide polymorphism,
13 within the genome; and for an autosome, you'll have
14 two copies, and you may have one copy of the

15 wild-type sequence and one copy of the mutant

16 sequence. Those are different sequences.

17 And these primers are designed to bind
18 to one or the other, and because he's -- he's

19 deliberately included what he calls a "mismatch,"
20 but it's basically two primers that have either one
21 sequence or another.
22 Q. Besides the potential mismatch at the 3°
23 end with the SNP, he also proposes including a
24 mismatch, a couple of positions over, into towards
25 the 5' end, is that correct, to increase
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specificity?
A. Yeah, I -- again, I -- I know that he
has said the underline is the mismatch.

But if you actually look at the
sequences 7 -- Primer 7 through 7g, those are
individual sequences. There is no mismatches that
are designed in the primers. The point is whether
one primer or the other can discriminate between a
polymorphism in the sequence.

Q. So you're -- so you're contending that
in Newton when he underlines a base and calls it a
"mismatch" that that's just the polymorph -- that's
the SNP? That's your reading of Newton?

A. Not necessarily.

Q. In fact, doesn't he talk about
deliberately introducing mismatches to help

destabilize the hybridization process for better

specificity?
A. Can you point me where you're reading-?
Q. All IT'm -- I mean, I'm -- I'm just

looking at the description of Figure 2, but I'm

not -- that's not reading. That's understanding, I
think.

The -- just to be clear. Newton is --
is a article that you've been long -- you've long
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1 known about, correct?

2 A. I have known about it for a while.

3 Q. Yeah. And you considered it important

4 to introduce into this case, correct?

5 A. Important to point out that the most 3
6 nucleotide doesn't have to be the only wvariable

7 nucleotide to have different 3' sequences.

8 Q. Okay. Now, in terms of what Newton

9 teaches, Newton teaches that there might be

10 occasions where the SNP difference might not create
11 enough of a destabilization to create the effect

12 that you want, and that you might need to include
13 an additional mismatch base in order to ensure that
14 you can detect the SNP, correct?

15 A. I just want to take a look at the

16 outstrike again.

17 Q. Sure.

18 A. (Examined exhibit.)

19 Correct. He is introducing a deliberate
20 mismatch, but there's also a different -- there's
21 also a polymorphic base as well. So the -- it's
22 not just a mismatch. He is also -- the 3' end
23 nucleotide is also different, and even though these
24 are mismatching, Primer, for example, b and
25 Primer -- sorry, Primer 7b and Primer 7c still bind
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1 to different sequences.

2 Q. And your understanding of what he was

3 testing was where the intentionally mismatched base
4 should be in order to optimize your specificity

5 when you're testing for the SNP or polymorphism

6 that you're referring to at the 3' end, correct?

7 A. He -- he is wvarying the position of the
8 mismatch base, but, again, testing two different

9 sequences to show specificity of one allele over
10 the other.

11 Q. Okay. And so Newton is an example of a
12 situation where a researcher is intentionally

13 creating a mismatch where there's substantial

14 complementarity, correct?

15 MR. NARAVAGE: Objection, form.

16 A. Yeah, I disagree with that.

17 BY MR. REINES:

18 Q. All right. Will you agree that Newton
19 is proposing introduction of an intentional
20 mismatch to increase the sensitivity when testing
21 for a polymorphism at a different location?
22 A. I disagree with that, too.
23 Q. All right. Well, let's just go back
24 to -- the deliberately introduced mismatches, are
25 you still maintaining that those are the SNP in
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1 Newton?

2 A. No. You -- you -- you pointed out --

3 you're -- you're correct. The mismatch is upstream

4 at the polymorphic nucleotide, which appears on the

5 most 3' end. So there's two --

6 (Simultaneous conversation.)

7 BY MR. REINES:

8 Q. I gotcha.

9 A. -- there's two primers for each mismatch
10 that he's testing, and -- and so he's just looking
11 at the position -- varying the positions to see if
12 he can increase specificity in his PCR products.

13 Q. And any -- do you have any opinion as to

14 which of the primers -- well, let me -- do you

15 understand that Newton is stating that it increases

16 sensitivity for his system for detecting

17 polymorphisms by intentionally including a mismatch

18 upstream towards the 5' end?

19 A. He is introducing a mismatch upstream of

20 the most 3' nucleotide, but in the Newton system,

21 it's one primer and one sequence.

22 Q. Okay. Well, let's just -- is it a

23 bottom line thing, or do you deny that Newton is

24 proposing that you intentionally include a mismatch

25 to improve your sensitivity for SNP detection?
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A. I -- I think I just answered that
question.
Q. Well, you -- you deny that, right?
A. I -- no, I did not deny that. I --1I

said that Newton is intentionally or deliberately,
as he puts, introducing a mismatch into a primer
that will bind to a sequence in a PCR reaction.

Q. Okay. And in this -- and when he does
that, the -- the primer will bind to the sequence
even though there is an intentional mismatch,
right?

A. It does bind to the sequence only when
it also hybridizes with the correct nucleotide for
the SNP that they are trying to assay.

Q. Right.

And in that situation, the -- there's
substantial complementarity between the primer and
the -- I think what you called the "wrong sequence"
or something like that before?

MR. NARAVAGE: Objection, form.

A. I -- I disagree with that. So --

(Simultaneous conversation.)

BY MR. REINES:
Q. And -- oh.

-- his primer, having an intentional
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1 mismatch, will only bind -- bind to one of the two
2 alleles and be extended.

3 Q. Okay. Let's take the one that it binds
4 to. Okay?

5 A. Yes.

6 Q. In the instance where, by design, his

7 primer hybridizes to a mismatched sequence, there's
8 substantial complementarity; otherwise, it

9 wouldn't -- it wouldn't anneal, correct?

10 A. Can you be more specific, what is

11 binding to what?

12 Q. Yes. You'wve got a primer and it's

13 binding and there's no mismatch at the polymorphic
14 site, but there is an intentional mismatch in the
15 primer sequence.

16 Would you -- would you acknowledge that
17 that's -- that there's substantial complementarity
18 if you're achieving -- achieving hybridization

19 between a primer and a mismatched sequence?
20 A. By design, he has tested out his
21 experiment to -- to correctly bind and be extended
22 by polymerase. He did that by design.
23 Q. Even when there was an -- and that
24 occurred even -- successfully even where there was
25 an intentional mismatch, correct?
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1 A. I'm sorry. What -- what occurred? I --
2 I don't understand your -- your question.
3 Q. There's success -- in -- in Newton, he
4 shows examples of successful hybridization and
5 extension where a primer is matching -- wait a sec.
6 Let me start again.
7 Newton shows hybridization and extension
8 between a primer and an intentionally mismatched
9 sequence, correct?
10 A. And I wouldn't characterize it that way.
11 He intentionally mismatches the primer with one of
12 two different terminal nucleotides hybridized to
13 one of two different template sequences as a way of
14 doing allele specific PCR for SNP detection.
15 Q. Right.
16 And so we have to figure out why you're
17 saying "no" to my question.
18 I'm saying to you: 1In the instance
19 where the SNP is a match, in that instance, you're
20 achieving hybridization even though there's an
21 intentional mismatch elsewhere in the sequence,
22 correct?
23 A. I guess I said "no" because I'm -- I'm
24 just trying to be accurate that the mismatch is
25 deliberately designed in the primer. 1It's not
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1 deliberately designed in the template. That's the

2 thing you're trying to --

3 (Simultaneous conversation.)

4 BY MR. REINES:

5 Q. Oh. All right. Okay.

6 A. -- and I think that's what you've been

7 saying, and so that's why I was disagreeing with

8 you.

9 Q. Yeah. I think when people go off and
10 read the -- the questions I've asked, I hope that
11 they would -- they would see that, but that's what
12 we have a record for.

13 In the instance of -- Newton shows

14 examples where there are primers which are

15 mismatched with a sequence, but yet, they hybridize

16 and extend, correct?

17 A. Can you repeat that question, please?

18 MR. REINES: Would the court reporter

19 please read that back.

20 (Record read.)

21 A. I disagree with that.

22 BY MR. REINES:

23 Q. What's your disagreement based on?

24 A. Well, Newton's not showing primers,

25 plurality "primers," binding to a sequence. This
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1 is -- this is a very -- this is basic PCR where you

2 have two primers, a forward and a reverse primer,

3 and one of those two primers is the Newton primer

4 that has an intentional mismatch with one or two --

5 one or the other SNP nucleotides on the 3'.

6 So this is not primers; this is a primer

7 binding to a sequence.

8 Q. Okay.

9 MR. REINES: And -- and these -- these
10 responses seem evasive to me, but I'll plunge on.
11 I'm just putting that on the record.

12 BY MR. REINES:

13 Q. There are -- there is an example of a

14 primer mismatched with the sequence that

15 nevertheless hybridizes and extends in Newton,

16 correct?

17 A. I would agree with that. There is "a"

18 primer and "a" sequence, correct.

19 Q. Okay. And that primer is shown as 7b;

20 is that correct?

21 A. That is one of the two primers that are

22 used in two separate PCR assays.

23 Q. And another one of the primers is 7d,

24 correct?

25 h, Well, I think he -- he discusses 7d, e,
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1 f, g not having the desired specificities that was
2 observed with Primer 7b and 7c.

3 Q. Okay. Well, let's stick to 7b, then.

4 In the case of 7b, the researcher

5 intentionally wants to have a mismatch between the
6 primer and the sequence in his hybridization and

7 extension reaction, correct?

8 A. They do that by design.

9 Q. Okay. And do you call that

10 "mispriming"?

11 A. I actually would not call that

12 mispriming. He actually is priming to the right
13 position. That is by design, and that is an assay
14 that improves specificity. So I would not call

15 that "mispriming" at all.

16 Q. And in that instance, would you

17 acknowledge that the Primer 7b has substantial

18 complementarity with the sequence --

19 A. Would you --
20 Q. -- within the language of the patent?
21 MR. NARAVAGE: Objection, form.
22 A. Sorry. Now I'm confused. Which --
23 which language of the patent are we referring to?
24 BY MR. REINES:
25 Q. With -- with language of the patent
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1 that -- that defines "annealing" as complementarity
2 or substantial complementarity.

3 Let -- let's take it outside the patent
4 and then we'll go in the patent and we'll see if

5 there's a difference for you.

6 In the instance with Primer 7b where

7 there's hybridization and extension on a mismatched
8 primer and sequence, would you agree that there's

9 substantial complementarity?

10 A. I -- I don't know what "substantial"

11 means, but I can -- I can tell you of all the

12 nucleotides present--and it looks like it's at

13 least 20--there's one nucleotide that mismatches

14 with the template, by design.

15 Q. Okay. So the phrase "substantial

16 complementarity," that's not a phrase that you're
17 familiar with, correct?

18 A. Well, I --I've read it in the patent.

19 Q. No, I mean, in your -- let's talk about
20 you. That's not a term you would use in -- in an
21 article, "substantial complementarity," right?
22 A. I mean, I -- I don't know for a hundred
23 percent, but it's not something I would typically
24 write in a paper.
25 Q. And it's not something you've seen in
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target under the specified PCR conditions to confirm that at least some of the primer would bind
to the target sequence.

41.  Target sites having only one bound oligo under these conditions were removed
from the resulting data set, leaving a total of 4,815 oligo/target pairs associated with 1,144
different targets. This demonstrates that some targets are bound by more than one oligo under
these conditions. In fact, an average of 4.2 oligos are calculated to be bound by each site
(4816/1144). This outcome is exactly what a POSA would have expected when using primers
such as those disclosed in the APAgene Manual-and having a high degree of degeneracy—to
anneal to templates under permissive annealing conditions (i.e., 42°C).

42.  The difference in melting temperature was then determined between the
interaction with the highest T, and the T, of other primers that annealed to the same sequence.
Table 3 shows a small set of these primer pairs for each of the Primer DRT Mixes. Mixes A and
D produce more instances in which different primers annealed to the same sequence. This was
to be expected given that the average on-target Tr, for Mixes A and D is well above the 42°C
annealing temperature. By contrast, Mixes B and C have T, values that are below the annealing
temperature, for both exact matches and mismatches. Even under such conditions, however,
different primers are predicted to anneal to the same sequence. Table 3 below demonstrates that
each of the four DRT primer mixes contains primers that would bind to the same target sequence

of the rice genome under the conditions specified in the APAgene Manual.
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Table 3. Examples of multiple DRT primers binding to the same target sites

Mix  Description Sequence Tm Twm Diff % Bound

Motif CCXXXXGXXXXXTAGT
Template GACGTGTGGGCCCGGTGGGATCTAGTATAATCCTCG

A | PairD 1 CCCGGYGGGATCTAGT 453 0 12.1
PairlD 2 CCCGGTGGGAaCTAGT 434 | 1.87 5.2
Motif CCXXXXXXTAGT
Template AAGACATGCTCCCCCCCGTAGTACTAGCATCG

B | PairID 4762 CCCCCYCGTAGT 353 0 0.37
PairlD 4763 CCCCYCCCTAGT 353 0 0.41
Motif CCxxxXxXXXTCAT
Template TTGCAAATTTCCGCGCATTCATACAGAAAAGC

C | PairlD 4788 CCGCGCYTTCAT 36.1 0 0.78
PairID 4789 CCGCGCAGTCAT 35.6 0.5 0.61
Motif XXXXXGXXXXXCCTG
Template CCATCTTCTTTTCGCGCAAGGCCGAGGAGAGCACA

D | PairID 1318 gaCGCGCAAGGCCty 44.7 0 25.4
PairID 1319 agCGCGCAAGGCCLy 44 .4 0.3 223
43. A more complete list of primers that anneal to the same binding sequence of the

rice genome and whose melting temperatures differ by less than 5°C is provided in the
spreadsheet attached as Exhibit C. By limiting the number of primers examined and the number
of target sequences in the rice genome in order to expedite the processing time, my analysis
excludes many other instances in which more than one primer anneals to the same template
sequence. Expanding the analysis to include all DRT Primers across the entire rice genome
would have increased the number of such instances.

44.  As demonstrated above, given the presence of primer pairs with Tr, differences of
5°C or less and for which some percentage of each primer is predicted to bind to the target
sequence, a POSA would have understood that none of the DRT Primer sequences in Fraiture

and the APAgene Manual satisfy the requirement of 597 claim 1 that each primer of the
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right column). McCarty does not list the sequences of those Mu-TIRs and neither does their
preceding paper (Settles 2004 NAR 32 e54). Consequently, the DNA target for this analysis was
chosen to be the reverse complement of the twelve degenerate primer sequences. It should be
noted that McCarty sheared the maize DNA to about 1000 bp before starting the PCR analysis
(McCarty Figure 1 and p8, right column).

54.  Primer Binding Sequence. McCarty utilized a single degenerate pool of 12
primers having the following sequence: ACACGACGCTCTTCCGATCT NNNN
CBCTCTTCKTCYATAATGGCAAT, where the sequence to the right of the NNNN is the Mu-
specific sequence and where N=A,C,G,T; B= C,G,T; Y=C,T; and K= G,T. Page 9. The 12 Mu-
specific sequences to the right of the NNNN were used for this analysis while the reverse
complements of those sequences were used as the targets.

3. Analysis of Mu-TIR Primers binding to their Reverse Complement

55. I analyzed the affinity of Mu-TIR primer binding sites to their reverse
complement sequence using OMP DE (DNA Software, Inc.), which uses a highly accurate
nearest neighbor binding free energy model to determine binding affinity and Tr. Table 5 shows
the predicted T for on-target binding of the Mu-TIR primers to their exact match reverse-
complement target sequence. The Tws range from a low of 67.1 °C for sequence 12 to a high of
75.4°C for sequence 5. These melting temperatures are 7-15°C above the higher of the two
annealing temperatures used by McCarty (60°C) and 13-21°C above the lower of the two
annealing temperatures (54°C). Under these conditions, the primers will be able to accommodate
a significant number of mismatches in their interactions and still be mostly hybridized to the

target sequence.
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Table 6. Examples of multiple Mu-TIR primers binding to same reverse complement sites

Target Description Sequence Tm Tw Diff % Bound

Motif CbCTCTTCKTCYATAATGGCAAT

2 Template CCCTCTTCGTCTATAATGGCAAT
PairID 7 CCCTCTTCGTCTATAATGGCAAT 71.9 0 999
PairID 8 CCCTCTTCGTCCATAATGGCAAT 66.8 50 89.6
Motif CbCTCTTCKTCYATAATGGCAAT

9 Template CTCTCTTCGTCCATAATGGCAAT
PairID 42 CTCTCTTCGTCCATAATGGCAAT 723 0 99.9
PairID 43 CgCTCTTCGTCCATAATGGCAAT 70.0 23 99 4
Motif CbCTCTTCKTCYATAATGGCAAT

10 Template CTCTCTTCGTCTATAATGGCAAT
PairID 47 CTCTCTTCGTCTATAATGGCAAT 69.5 0 992
PairID 48 CgCTCTTCGTCTATAATGGCAAT 67.0 25 95 4
Motif CbCTCTTCKTCYATAATGGCAAT

11 Template CTCTCTTCTTCCATAATGGCAAT
PairID 52 CTCTCTTCTTCCATAATGGCAAT 70.0 0 99 4
PairID 53 CgCTCTTCTTCCATAATGGCAAT 67.6 25 96.4
Motif CbCTCTTCKTCYATAATGGCAAT

12 Template CTCTCTTCTTCTATAATGGCAAT
PairID 57 CTCTCTTCTTCTATAATGGCAAT 67.1 0 957
PairID 58 CgCTCTTCTTCTATAATGGCAAT 64.5 26 778

57. As demonstrated above, given the presence of primer pairs with Tr, differences of

5°C or less for which some percentage of each primer is predicted to bind to the target sequence,
a POSA would have understood that none of the Mu-TIR primer sequences satisfy the
requirement of 597 claim 1 that each primer of the plurality of different primers does not anneal
to the same sequence of the double-stranded target nucleic acid as any other primer of the

plurality of different primers.
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69.  Fifth, the amplification conditions in Martin-Harris are identical to those in
Example 3 of Morley US20100248310. The methods state that “PCR was performed in a 25 pL.
volume, with 50 ng total DNA...”.

70. For the foregoing reasons, a POSA would have understood that the target of these
experiments is human genomic DNA. Martin-Harris does not specify that the DNA is sheared in
any way, so the DNA template can be taken to mean entire chromosomes.

71.  Primer Binding Sequence. Four different sets of primer sequences were used by
Martin-Harris, as listed in Table 1, p309 of their paper. As shown in Table 7, below, the
sequences have a constant 5’ portion and a variable 3’ portion. With 5 randomized positions

(shown by N in the sequence below), there are 1024 possible sequences in the degenerate pool.

Table 7. Gene Walking Primer sequences from Martin-Harris, table 1

Set Set Name Sequence # };(;glsed
GW-A | Gene Walking A | TGCTAGGATCCAAGG NNNNNATTCG 1,024
GW-T | Gene Walking T | TGCTAGGATCCAAGG NNNNNTTTCG 1,024
GW-C | Gene Walking C | TGCTAGGATCCAAGG NNNNNCTTCG 1,024
GW-G | Gene Walking G | TGCTAGGATCCAAGG NNNNNGTTCG 1,024

3. Analysis of Whole Genome
72.  First, I searched the human genome for the four sets of GW sequences shown in

Table 7. Table 8 shows the number of sequences found. The human genome contains a myriad
of sites that exactly match the reverse complement of the primer sequences; they are tabulated in
the column labeled “# Sites” in Table 8 below. Many of these binding sites are duplicated in the
human genome, as is shown in the column labeled “# Duplicates” in Table 8 below. There are
roughly 800 different exact match binding sites for each of the 1024 differences in the GW-A
set. Essentially all of the GW-A sites in the human genome are duplicates of some other site in

the genome with the exact same sequence.
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Table 8. Martin-Harris Template-Binding Sites in the Human Genome (hg38)

Set # Sites # Duplicates # Pooled Seqs
GW-A 819,740 819,735 1,024
GW-T 1,149,515 1,149,510 1,024
GW-C 979,945 979,940 1,024
GW-G 684,168 681,468 1,024
73.  Asindicated in the 597 patent, a primer’s predicted melting temperature (Ti) can

be determined using any of a number of algorithms. 19:59-20:9. The *597 patent explains the
relationship between binding specificity, predicted T and annealing temperature.
For most amplification regimens, the annealing temperature is selected to be about
5°C below the predicted T, although temperatures closer to and above the Tm
(e.g., between 1°C and 5°C below the predicted Tm or between 1°C and 5°C above
the predicted Tm) can be used, as can for example, temperatures more than 5°C
below the predicted Tm (e.g., 6°C below, 8°C below, 10°C below or lower). In

some embodiments, the closer an annealing temperature is to the Tm, the more
specific is the annealing.

’597 patent, 20:20-29.

74.  lanalyzed the affinity of each of the GW primer binding sites against their reverse
complement target sequence using OMP DE (DNA Software, Inc.), which uses a highly accurate
nearest neighbor binding free energy model. Figure 3 below depicts the predicted T, for on-
target binding of the GW-A primers to their exact match reverse-complement target sequence
with additional flanking G nucleotides. The target sequence included overhanging 5" and 3' G
residues to mimic the unpaired flanking nucleotides that would be found in binding to larger
DNA sequences. Flanking G and A residues provide the greatest amount of additional binding
energy to duplexes, so the resulting Tms will show the best-case conditions for these oligos. The
plots show the probability distribution of melting temperatures along the Y axis for each of the

GW primers. The red line indicates the 35°C annealing temperature used by Martin-Harris.
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Figure 3. Predicted binding of the GW primer sequences to their reverse complement sequence

75.  As depicted above, the range of melting temperatures is large, and significantly
exceeds the 5°C difference between T and annealing temperature described in the *597 patent.
The GW primers have predicted Tms that span 17°C for GW-A up to 22°C for GW-G. In fact, the
Twm range is likely actually even larger than observed here, but the full range is obscured due to
truncation of the lower part of the distribution. As mentioned above, the OMP DE software has
a low-end limit of about 10°C for estimating Tws without first resetting the fitting parameters.

76. To evaluate Dr. Metzker’s contention that the GW primers satisfy the *597
Annealing Limitation, I analyzed whether any two GW primers would anneal to the same
sequence of the human genome. The binding affinity and Tms for each set of the 1,024 GW
primer sequences was evaluated using ThermoBLAST (DNA Software, Inc.) against human
(hg38) genomic sequence. To make the analysis more manageable, I searched only those
sections of the human genome that contained a perfect binding site to one of the GW primers, as

enumerated in Table 8, above. That search represented 0.35-0.55% of the 3 GB human genome.
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This was done to speed the analysis, knowing that the conditions specified by Martin-Harris
virtually guarantee that multiple such instances will be found regardless.

77. A maximum of 200 interactions per primer sequence was returned. The results
were further constrained by discarding interactions with Ts below 25°C for sets GW-A and
GW-T, and discarding interactions with Tms below 30°C for sets GW-C and GW-G. These Tws
are just at the maximum of Tms shown in Figure 3. Table 9 shows a sample of those results.
Taking into account the parties’ agreement that the phrase “the same sequence” is to be
interpreted as “the identical sequence,” these results show that multiple different primers from
each of the Gene Walking sets are capable of binding to the same template sequences. The full
list of 8,844 interactions targeting 3,181 different target sequences having two or more primers
that can anneal at Ts in excess of 25°C (GW-A or GW-T) and 30 °C (GW-C or GW-G) can be

found in Exhibit E.

Table 9. Example of multiple GW primers binding to the same human genome sequence

Target  Description Sequence Tm  TwDiff % Bound
Motif nNNNNATTCG
Template CTTGCCTCACTGCCCATTCGCTGCCCTGTC
GW-A | PairlD 8195 aGCCCATTCG 28.6 0 0.40
PairID8196 gGCCCATTCG 28.1 0.54 0.33
Motif nNNNNTTTCG
Template TATGCCTTTTTCGCCTTTCGTTT
GW-T | PairID 8734 aCGCCTTTCG 29.6 2.1 0.81
PairID 8735 cCGCCTTTCG 29.1 2.6 0.65
Motif nNNNNCTTCG
Template CTCTCAAAAATGCCCCTTCGTACCCCCACC
GW-C PairID 39 aGCCCCTTCG 32.8 1.22 2.86
PairID 40 gGCCCCTTCG 323 1.74 2.34
Motif nNNNNGTTCG
Template ATCTATTTTGCGCGCGTTCGTAGTATCTCT
GW-G | PairID 6302 aGCGCGTTCG 383 3.81 15.5
PairID 6303 tGCGCGTTCG 374 4.76 10.6
33
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78. As demonstrated above, given the presence of primer pairs with T, differences of
5°C or less for which some percentage of each primer is predicted to bind to the target sequence,
a POSA would have understood that none of the GW primers satisty the requirement of 597
claim 1 that each primer of the plurality of different primers does not anneal to the same
sequence of the double-stranded target nucleic acid as any other primer of the plurality of

different primers.

E. Morley
1. Overview

79. The Morley patent describes a “Method of DNA Amplification.” Abstract. The
invention describes a method for amplifying a nucleic acid region using a PCR method designed
to minimize the generation of amplicons from primers which have bound to nucleic acid regions
other than the specific region of interest. The method is based on the determination that by
rendering inefficient the functionality of either the forward primer or the reverse primer, the rate
of amplification of irrelevant nucleic acid regions can be reduced relative to amplification of the
region of interest. The approach was called Bottleneck PCR. Abstract.

80. Morley shows (Figure 11) that by rendering inefficient the functionality of either
the forward primer or the reverse primer, the rate of amplification of irrelevant nucleic acid
regions can be reduced relative to amplification of the region of interest.

81. Dr. Metzker contends that Figures 4 and 13 of Morley disclose the claimed
plurality of different primers of ’597 claim 1. Metzker Report, PP 459-461.

82. Figure 4 of Morley, below, shows either a degenerate primer-tagl or a pool of
primers binding to a site of the DNA template. Presumably, Dr. Metzker is not suggesting that

the plurality of primers bind to the exact same site as suggested in Morley, Figure 4, since that
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I declare under penalty of perjury that the foregoing is true and correct.

Dated: November 20, 2020

Signed:

James McSwiggen, PhD
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* HIGHLY CONFIDENTIAL *

1 MR. RUTT: Objection.

2 A. So imagine i1t this way: That -- the

3 Martin-Harris i1s trying to design this experiment and they

4 go and take these oligos to the synthesizer, people who

5 look at the sequences and say, Oh, do you realize that

6 this i1s only going to hit three genes? Do you think that

7 they would have ordered these oligos? No.

8 They want these things to be broadly

9 applicable to target all sorts of genes so that they can

10 apply it to any technology that they want to use it on.

11 It"s the same thing here.

12 Q. (By Mr. Wu) And so you"re saying that

13 despite that they are using gene-specific primers, that

14 every -- they can use the same primers for -- for any

15 target, or does i1t have to be adapted from experiment to

16 experiment?

17 MR. RUTT: Objection.

18 A. I"m saying the gene walking primers can be

19 used for any gene.

20 Q. (By Mr. Wu) But they are used with gene-

21 specific primers; iIs that correct?

22 A. In this experiment, yes. In this example,

23 yes.

24 Q. And In your report, when you were

25 discussing these primers that were binding to the same
Page 78
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* HIGHLY CONFIDENTIAL *

1 sequence, did you identify primers binding to the sequence

2 of these three genes speciftically?

3 A. I did 1dentify primers binding to these

4 three chromosomes: Chromosome 1, 5, and 17. And those

5 examples are in the exhibit. | believe Exhibit E.

6 Q. Let"s go to paragraph 84 of your report.

7 So go back to Exhibit 1.

8 A. 84. All right. 1™m there.

9 Q- So in -- 1f you scroll to the -- the second
10 page, a long paragraph, in the middle of that paragraph,
11 you state, "Both Morley and Martin-Harris target the genes
12 APC, BRCA1, and myocillin and both fail to disclose the
13 species that is the subject of the analysis.”

14 What do you mean when you say that Morley

15 and Martin-Harris target these genes?

16 A. That 1s -- that those ones were mentioned

17 in those documents.

18 Q. And what do you mean by "target™"?

19 A. That those were some of the nucleic acids

20 of interest.

21 Q. Okay. 1 think, actually, we -- we can be

22 wrapping up early today, which I"m sure feels good.

23 Dr. McSwiggen -- Dr. McSwiggen, during the

24 day today, have you done everything you could to answer my

25 questions truthfully and to the best of your ability?
Page 79
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INSTRUCTIONS FOR READING/CORRECTING YOUR DEPOSITION
To assist you in making corrections to your deposition testimony, please follow the
directions below. If additional pages are necessary, please furnish them and attach the
pages to the back of the errata sheet.

This is the final version of your deposition transcript.

Please read it carefully. If you find any errors or changes you wish to make,
Insert the corrections on the errata sheet beside the page and line numbers.

If you are in possession of the original transcript, do NOT make any changes
directly on the transcript.

Do NOT change any of the questions.

After completing your review, please sign the last page of the errata sheet,
above the designated “Signature” line and return the transcript to your attorney.

ERRATA SHEET

Page Line
19 11 Change: “‘one structure of” to “unstructured”
Reason: 1 talked about a protein that binds to unstructured RNA
20 4 Change: “microscopy” to “spectrometry”
Reason: If I did say microscopy it was a mistake. I’ve never done
fluorescence microscopy
21 20 Change: “check” to Cech
Reason: Name of my post-doctoral advisor
21 25 Change: “‘neutron” to “intron”
Reason:
23 11 Change: “‘sequencing” to “sequence”
Reason:
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Page Line
23 12 Change: “plasma” to “plasmid”
Reason:
26 11 Change: “check” to “Cech”
Reason:
29 14 Change: “it's probably better” to “it's probably no better”
Reason: I believe I was saying the reverse of what is stated.
34 24 Change: “siRNA” to “Sirna”
Reason: Make it clear that I was talking about the company “Sirna”
63 19 Change: “‘con -- based pairs and the number of AT-based pairs” to
“base pairs and the number of AT base pairs”
Reason: don’t know what the “con” would be, but I was talking about
base pairs
64 2 Change: “pre-energy” to “free energy”
Reason:
g2 2 Change: “fusing” to “using”

XXX Subject to the above changes, I certify that the transcript is true and correct.

No changes have been made. I certify that the transcript is true and correct.

February 1, 2021
(sighature) (date)
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Disclosure Statements

Patentability Reports

Instructions re Patentability Reports
Nature of P.R., Its Use and
Disposal
Sequence of Examination
Counting and Recording P.R.s
[Reserved]

Limitation as to Use
Interviews With Applicants

Rejection of Claims

Contrasted With Objections
Rejection on Prior Art
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]

700-1

706.02(c)
706.02()(1)

706020)2)
706.02(d)
706.02(e)
706.02(f)
706.02(F)(1)
70602(F)2)
706.02(g)
706.02(h)
706.02(i)
706.02(j)
706.02(K)
706.02(1)
706.02(1)(1)
706.02()(2)
706.02()(3)
706.02(m)
706.02(n)
706.03
706.03(a)
706.03(b)
706.03(c)
706.03(d)
706.03(e)
706.03(f)
-706.03(j)
706.03(K)
706.03()
-706.03(n)
706.03(0)
706.03(p)
-706.03(r)
706.03(s)
706.03(t)
706.03(u)
706.03(v)
706.03(w)
706.03(x)
706.03(y)
706.04

706.05
706.06

706.07
706.07(a)

[Reserved]
[Reserved]

[Reserved]
[Reserved]
[Reserved]
[Reserved]

[Reserved]

[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]

[Reserved]

[Reserved]

[Reserved]
[Reserved]
[Reserved]

Rejections Not Based on Prior Art

[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]

[Reserved]
[Reserved]

[Reserved]
[Reserved]

[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]
[Reserved]

Rejection of Previously Allowed
Claims
Rejection After Allowance of
Application
Rejection of Claims Copied From
Patent

Final Rejection
Final Rejection, When Proper on

Second Action

Rev. 10.2019, June 2020
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706.07(b)

706.07(c)
706.07(d)

706.07(¢)

706.07(f)
706.07(q)
706.07(h)

707
707.01

707.02

070370704
707.05

707.05(a)
707.05(b)

707.05(c)
707.05(d)

707.05(e)
707.05(f)
707.05(g)
707.06

707.07

707.07(a)
707.07(b)
-707.07(c)
707.07(d)
707.07(e)
707.07(f)
707.07(g)
707.07(h)
707.07(i)
707.07(j)
707.07(k)

707.07(1)
707.08

Final Rejection, When Proper on
First Action

Final Rejection, Premature

Final Rejection, Withdrawal of,
Premature

Withdrawal of Final Rejection,
General

Time for Reply to Final Rejection
Transitional After-Final Practice
Request for Continued
Examination (RCE) Practice

Examiner’s Letter or Action

Primary Examiner Indicates Action
for New Assistant

Applications Up for Third Action and
5-Year Applications

[Reserved]

Citation of References

Copies of Cited References

Citation of Related Art and

Information by Applicants

Order of Listing

Reference Cited in Subsequent

Actions

Data Used in Citing References

[Reserved]

Incorrect Citation of References
Citation of Decisions, Orders
Memorandums, and Notices
Completeness and Clarity of
Examiner’s Action

Complete Action on Formal

Matters

[Reserved]

Language To Be Used in
Rejecting Claims

Note All Outstanding
Requirements

Answer All Material Traversed
Piecemeal Examination
Notify of Inaccuracies in
Amendment

Each Claim To Be Mentioned in
Each Office Action

State When Claims Are
Allowable

Numbering Paragraphs
Comment on Examples

Reviewing and Initialing by Assistant

Examiner

Rev. 10.2019, June 2020

707.09

707.10
707.11
707.12
707.13
708
708.01
708.02
708.02(a)
708.02(b)
708.02(c)

708.03
709
709.01

710
710.01
710.01(a)
710.02

710.02(a)
710.02(b)

710.02(c)
710.02(d)
710.02(e)
710.03
710.04
710.04(a)
710.05
710.06
711
711.01
711.02

711.02(a)
711.02(b)

711.02(c)
711.03

711.03(a)

Signing by Primary or Other
Authorized Examiner
Entry
Date
Mailing
Returned Office Action
Order of Examination
List of Special Cases
Petition To Make Special
Accelerated Examination
Prioritized Examination
Patent Prosecution Highway
Program
Examiner Tenders Resignation
Suspension of Action
Overlapping Applications by Same
Applicant or Owned by Same
Assignee
Period for Reply
Statutory Period
Statutory Period, How Computed
Shortened Statutory Period and Time
Limit Actions Computed
[Reserved]
Shortened Statutory Period:
Situations in Which Used
Specified Time Limits: Situations
in Which Used
Difference Between Shortened
Statutory Periods for Reply and
Specified Time Limits
Extension of Time
[Reserved]
Two Periods Running
Copying Patent Claims
Period Ending on Saturday, Sunday,
or a Federal Holiday
Situations When Reply Period Is
Reset or Restarted
Abandonment of Patent Application
Express or Formal Abandonment
Failure To Take Required Action
During Statutory Period
Insufficiency of Reply
Special Situations Involving
Abandonment
Termination of Proceedings
Reconsideration of Holding of
Abandonment; Revival
Holding Based on Insufficiency
of Reply
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711.03(b)
711.03(c)
711.03(d)
711.04

711.04(a)
711.04(b)

711.04(c)
711.05
711.06
711.06(a)
712

713
713.01
713.02
713.03
713.04
713.05
713.06
713.07
713.08
713.09
713.10
714
714.01
714.01(a)

714.01(b)
714.01(c)

714.01(d)

714.01(e)

Holding Based on Failure To

Reply Within Period

Petitions Relating to

Abandonment

Examiner’s Statement on Petition

To Set Aside Examiner’s Holding
Public Access to Abandoned
Applications

Date of Abandonment

Ordering of Patented and

Abandoned Files

Notifying Applicants of

Abandonment
Letter of Abandonment Received
After Application Is Allowed
Abstracts, Abbreviatures, and
Defensive Publications

Citation and Use of Abstracts,

Abbreviatures, and Defensive

Publications as References

[Reserved]
Interviews

General Policy, How Conducted
Interviews Prior to First Official
Action

Interview for “Sounding Out”
Examiner Not Permitted

Substance of Interview Must Be Made
of Record

Interviews Prohibited or Granted,
Special Situations

No Inter Partes Questions Discussed
Ex Parte

Exposure of Other Cases
Demonstration, Exhibits, Models
Interviews Between Final Rejection
and Notice of Appeal

Interview Preceding Filing
Amendment Under 37 CFR 1.312

Amendments, Applicant’s Action

Signatures to Amendments
Unsigned or Improperly Signed
Amendment
[Reserved]

Signed by Attorney or Agent Not
of Record

Amendment Signed by Applicant
but Not by Attorney or Agent of
Record

Amendments Before First Office
Action

700-3

714.02
714.03

714.03(a)
714.04
714.05
714.06
714.07
714.08
-714.09
714.10
714.11
714.12

714.13

714.14

714.15

714.16
714.16(a)

714.16(b)

714.16(c)
714.16(d)
714.16(e)
714.17
714.18
714.19
714.20
714.21
714.22

-714.24
714.25

Must Be Fully Responsive
Amendments Not Fully Responsive,
Action To Be Taken

Supplemental Amendment
Claims Presented in Amendment With
No Attempt To Point Out Patentable
Novelty
Examiner Should Immediately
Review
[Reserved]
Amendments Not in Permanent Ink
[Reserved]

Claims Added in Excess of Claims

Previously Paid For

Amendment Filed During Interference

Proceedings

Amendments and Other Replies After

Final Rejection or Action

Amendments and Other Replies After

Final Rejection or Action, Procedure

Followed

Amendments After Allowance of All

Claims

Amendment Received in Technology

Center After Mailing of Notice of

Allowance

Amendment After Notice of

Allowance, 37 CFR 1.312
Amendments Under 37 CFR
1.312, Copied Patent Claims
Amendments Under 37 CFR
1.312 Filed With a Motion Under
37 CFR 41.208
Amendments Under 37 CFR
1.312, Additional Claims
Amendments Under 37 CFR
1.312, Handling
Amendments Under 37 CFR
1.312, Entry in Part

Amendment Filed After the Period

for Reply Has Expired

Entry of Amendments

List of Amendments, Entry Denied

List of Amendments Entered in Part

Amendments Inadvertently Entered,

No Legal Effect

[Reserved]

Discourtesy of Applicant or Attorney
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715

715.01

715.01(a)

715.01(b)
715.01(c)
715.01(d)

715.02

715.03

715.04

715.05
715.06
715.07
715.07(a)
715.07(b)

715.07(c)

715.07(d)
715.08
715.09
715.10
716

716.01
716.01(a)

716.01(b)

716.01(c)

Swearing Behind a Reference —
Affidavit or Declaration Under 37 CFR
1.131(a)
37 CFR 1.131(a) Affidavits Versus
37 CFR 1.132 Affidavits
Reference Is a Patent or
Published Application Naming
Different Inventive Entity With
at Least One Common Inventor
Reference and Application Have
Common Assignee
Reference Is Publication of
Applicant’s Own Invention
Activities Applied Against the
Claims
How Much of the Claimed Invention
Must Be Shown, Including the
General Rule as to Generic Claims
Genus-Species, Practice Relative to
Cases Where Predictability Is in
Question
Who May Make Affidavit or
Declaration Under 37 CFR 1.131(a);
Formal Requirements of Affidavits
and Declarations
U.S. Patent or Application Publication
Claiming Same Invention
[Reserved]
Facts and Documentary Evidence
Diligence
Interference Testimony
Sometimes Used
Acts Relied Upon Must Have
Been Carried Out in This Country
or a NAFTA or WTO Member
Country
Disposition of Exhibits
Decided by Primary Examiner
Timely Presentation
Review of Affidavit or Declaration
for Evidence of Prior Public Use or
Sale or Failure to Disclose Best Mode
Affidavits or Declarations Traversing
Rejections, 37 CFR 1.132
Generally Applicable Criteria
Objective Evidence of
Nonobviousness
Nexus Requirement and Evidence
of Nonobviousness
Probative Value of Objective
Evidence

Rev. 10.2019, June 2020

716.01(d)
716.02
716.02(a)

716.02(b)
716.02(c)

716.02(d)

716.02(e)
716.02(f)
716.02(q)
716.03
716.03(a)
716.03(b)
716.04
716.05
716.06
716.07
716.08
716.09
716.10
717
717.01
717.01(a)

717.01(3)(1)

717.01(b)

71701(b)(1)

71701()2)

700-4

Weighing Objective Evidence
Allegations of Unexpected Results
Evidence Must Show Unexpected
Results
Burden on Applicant
Weighing Evidence of Expected
and Unexpected Results
Unexpected Results
Commensurate in Scope With
Claimed Invention
Comparison With Closest Prior
Art
Advantages Disclosed or Inherent
Declaration or Affidavit Form
Commercial Success
Commercial Success
Commensurate in Scope With
Claimed Invention
Commercial Success Derived
From Claimed Invention
Long-Felt Need and Failure of Others
Skepticism of Experts
Copying
Inoperability of References
Utility and Operability of Applicant’s
Disclosure
Sufficiency of Disclosure
Attribution Affidavit or Declaration
to Overcome Rejection Under
Pre-AlA 35 U.S.C. 102 or 103

Prior Art Exceptions under AlA 35
U.S.C. 102(b)(1) and (2)

Affidavit or Declaration Under 37
CFR 1.130
Declarations or Affidavits under
37 CFR 1.130(a) — Attribution
Evaluation of Declarations or
Affidavits under 37 CFR
1.130(a)
Declarations or Affidavits under
37 CFR 1.130(b) — Prior Public
Disclosure
Evaluation of Declarations or
Affidavits under 37 CFR
1.130(b)
Determining if the Subject
Matter of the Intervening
Disclosure is the Same as the
Subject Matter of the
Inventor—Originated Prior
Public Disclosure
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717.01(c) Who May Make Affidavit or 724.04(a) Materials Submitted in an
Declaration; Formal Application Covered by 35
Requirements of Affidavits and U.S.C. 122
Declarations 724.04(b) Materials Submitted in Reissue
717.01(d) U.S. Patent or Application Applications Open to the Public
Publication Claiming Same Under 37 CFR 1.11(b)
Invention 724.04(c) Materials Submitted in
717.01(e) Passed Upon (or Decided by) by Reexamination File Open to the
Primary Examiner Public Under 37 CFR 1.11(d)
717.01(F) Seasonable (or Timely) 724.05 Petition To Expunge Information or
Presentation Copy of Papers in Application File
717.02 Prior Art Exception for Commonly 724.06 Handling of Petitions To Expunge
Owned or Joint Research Agreement Information or Copy of Papers in
Subject Matter under AIA 35 U.S.C. Application File
102(b)(2)(C) . .
717.02(a) Invoking the Prior Art Exception 701 Statutory Authority for Examination
under 35 U.S.C. 102(b)(2)(C) [R-10.2019]
717.02(b) EvaIua'Fing Whether the Prior Art o2 s ¢ 131 Examination of application,
Exception under AIA 35 U.S.C.
102(b)(2)(C) is Properly Invoked The_Dir_ector shall cause an exam_inatior) to be m_ade of the
717.02(c) Examination Procedure With appllgathn a_nd the alleged new invention; zfmd if on such
. examination it appears that the applicant is entitled to a patent
Respect to the Prior Art under the law, the Director shall issue a patent therefor.
Exception under AIA 35 U.S.C.
102(b)(2)(C) ) The main conditions precedent to the grant of a
717.02(d) Form Paragraphs With Respect patent to an applicant are set forth in 35 U.S.C. 101,
to the Prior Art Exception under 102, 103, and 112.
AIA 35 U.S.C. 102(b)(2)(C) - o
718 Affidavit or Declaration to Disqualify 35U.S.C. 101 Inventions patentable.

Commonly Owned Patent as Prior Art,
37 CFR 1.131(c)

Whoever invents or discovers any new and useful process,
machine, manufacture, or composition of matter, or any new

719 File Wrapper and useful improvement thereof, may obtain a patent therefor,
719.01 Papers in Image File Wrapper subject to the conditions and requirements of this title.
719.02 Residence of Inventor Changed _ _
719.03 Classification During Examination See MPEP 882104 — 2109 and 2157 for a discussion
719.04 Index of Claims of inventions that are not considered to be patentable
719.05 Field of Search under 35 U.S.C. 101.
720 Public Use Proceedings o
35 U.S.C. 100 Definit .
721-723 [Reserved] enttions
724 Trade Secret, Proprietary, and [Editor Note: 35 U.S.C. 100(e)-(j) as set forth below are only
Protective Order Materials applicable to patent applications and patents subject to the first
: inventor to file provisions of the AIA (35 U.S.C. 100 (note)). See
724.01 Completeness of the Patent File pre-AlA 35 U.S.C. 100(e) for paragraph (e) as applicable to
Wrapper N patent applications and patents not subject to the first inventor
724.02 Method of Submitting Trade Secret, to file provisions of the AIA.]
Proprietary, and/or Protective Order
Materials When used in this title unless the context otherwise indicates -
724.03 Types of Trade Secret, Proprietary,
and/or Protective Order Materials (a) The term “invention” means invention or discovery.
Submitted Under MPEP § 724.02 (b) The term “process” means process, art, or method, and
724.04 Office Treatment and Handling of includes a new use of a known process, machine, manufacture,

Materials Submitted Under MPEP §
724.02

composition of matter, or material.

700-5 Rev. 10.2019, June 2020
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invention under 35 U.S.C. 102(a)(2) if: (1) The
subject matter disclosed was obtained directly or
indirectly from the inventor or a joint inventor; or
(2) the subject matter disclosed had, before such
subject matter was effectively filed, been publicly
disclosed by the inventor or a joint inventor or
another who obtained the subject matter disclosed
directly or indirectly from the inventor or a joint
inventor.

The Office has provided a mechanism in 37 CFR
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encompass the documents and activities enumerated
in 35 U.S.C. 102(a) (i.e., being patented, described
in a printed publication, in public use, on sale, or
otherwise available to the public, or being described
inaU.S. patent, U.S. patent application publication,
or WIPO published application).

For more information on the provisions of 35 U.S.C.
102 in general, see MPEP § 2150 et seq. For more
information on the prior art exceptions under 35
U.S.C. 102(b)(1), see MPEP § 2153 et seq. For more

1.130 for filing an affidavit or declaration to establish
that a disclosure made no earlier than one year before
the effective filing date of the claimed invention is
not prior art under 35 U.S.C. 102(a) due to an
exception in 35 U.S.C. 102(b). See MPEP § 717.01
et seq. for more information on declarations filed
under 37 CFR 1.130.

Additionally, 35 U.S.C. 102(b)(2)(C) provides that
a disclosure made in a U.S. patent, U.S. patent
application publication, or WIPO published
application shall not be prior art to a claimed
invention under 35 U.S.C. 102(a)(2) if, not later than
the effective filing date of the claimed invention, the
subject matter disclosed and the claimed invention
were owned by the same person or subject to an
obligation of assignment to the same person. This
provision replaces the exception in pre-AlA 35
U.S.C. 103(c) that applied only in the context of an
obviousness analysis under 35 U.S.C. 103 to prior
art that was commonly owned at the time the claimed
invention was made, and which qualified as prior
art only under pre-AlA 35 U.S.C. 102(e), (f), and/or
(9). Thus, the AIA provides that certain prior patents
and published patent applications of co-workers and
collaborators are not prior art either for purposes of
determining novelty (35 _U.S.C. 102) or
nonobviousness (35 U.S.C. 103). See MPEP §
717.02 et seq. for more information on the prior art
exclusion under 35 U.S.C. 102(b)(2)(C).

The AIA does not define the term “disclosure,” and
35 U.S.C. 102(a) does not use the term “disclosure.”
35 U.S.C. 102(b)(1) and 102(b)(2), however, each
state conditions under which a “disclosure” that
otherwise falls within 35 U.S.C. 102(a)(1) or
102(a)(2) is not prior art under 35 U.S.C. 102(a)(1)
or 102(a)(2). Thus, the Office is treating the term
“disclosure” as a generic expression intended to

Rev. 10.2019, June 2020

information on the prior art exceptions under 35
U.S.C. 102(b)(2), see MPEP § 2154.02 et seq.

717.01 Affidavit or Declaration Under 37
CFR 1.130 [R-10.2019]

[Editor Note: This MPEP section is only applicable

to applications subject to the first inventor to file
provisions of the AIA. See 35 U.S.C. 100 (note) and
MPEP § 2159. For applications subject to pre-AlA
35U.S.C. 102 and pre-AlA 35 U.S.C. 103, see MPEP
8 715 et seq. for affidavits or declarations under 37
CFR 1.131(a), MPEP 8§ 718 for affidavits or
declarations under 37 CFR 1.131(c), and MPEP §
716.10 for affidavits or declarations of attribution
under 37 CFR 1.132.]

37 CFR 1.130 Affidavit or declaration of attribution or prior
public disclosure under the Leahy-Smith America Invents
Act.

(a) Affidavit or declaration of attribution. When any claim
of an application or a patent under reexamination is rejected,
the applicant or patent owner may submit an appropriate affidavit
or declaration to disqualify a disclosure as prior art by
establishing that the disclosure was made by the inventor or a
joint inventor, or the subject matter disclosed was obtained
directly or indirectly from the inventor or a joint inventor.

(b) Affidavit or declaration of prior public disclosure.
When any claim of an application or a patent under
reexamination is rejected, the applicant or patent owner may
submit an appropriate affidavit or declaration to disqualify a
disclosure as prior art by establishing that the subject matter
disclosed had, before such disclosure was made or before such
subject matter was effectively filed, been publicly disclosed by
the inventor or a joint inventor or another who obtained the
subject matter disclosed directly or indirectly from the inventor
or a joint inventor. An affidavit or declaration under this
paragraph must identify the subject matter publicly disclosed
and provide the date such subject matter was publicly disclosed
by the inventor or a joint inventor or another who obtained the
subject matter disclosed directly or indirectly from the inventor
or a joint inventor.

700-260
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(1) If the subject matter publicly disclosed on that date
was in a printed publication, the affidavit or declaration must
be accompanied by a copy of the printed publication.

(2) If the subject matter publicly disclosed on that date
was not in a printed publication, the affidavit or declaration must
describe the subject matter with sufficient detail and particularity
to determine what subject matter had been publicly disclosed
on that date by the inventor or a joint inventor or another who
obtained the subject matter disclosed directly or indirectly from
the inventor or a joint inventor.

(¢) When this section is not available . The provisions of
this section are not available if the rejection is based upon a
disclosure made more than one year before the effective filing
date of the claimed invention. The provisions of this section
may not be available if the rejection is based upon a U.S. patent
or U.S. patent application publication of a patented or pending
application naming another inventor, the patent or pending
application claims an invention that is the same or substantially
the same as the applicant’s or patent owner’s claimed invention,
and the affidavit or declaration contends that an inventor named
in the U.S. patent or U.S. patent application publication derived
the claimed invention from the inventor or a joint inventor
named in the application or patent, in which case an applicant
or a patent owner may file a petition for a derivation proceeding
pursuant to § 42.401 et seq. of this title

(d) Applications and patents to which this section is
applicable. The provisions of this section apply to any
application for patent, and to any patent issuing thereon, that
contains, or contained at any time:

(1) Aclaim to a claimed invention that has an effective
filing date as defined in § 1.109 that is on or after March 16,
2013; or

(2) A specific reference under 35 U.S.C. 120, 121,
365(c), or 386(c) to any patent or application that contains, or
contained at any time, a claim to a claimed invention that has
an effective filing date as defined in § 1.109 that is on or after
March 16, 2013.

*kkkk

37 CFER 1.130 provides a mechanism for filing an
affidavit or declaration to establish that a disclosure
is not prior art in accordance with 35 U.S.C. 102(b).
In other words, 37 CFR 1.130, like 37 CFR 1.131
and 37 CFR 1.132, provides a mechanism for the
submission of evidence to disqualify a disclosure as
prior art or otherwise traverse a rejection. An
applicant’s or patent owner’s compliance with 37
CER 1.130 means that the applicant or patent owner
is entitled to have the evidence considered in
determining the patentability of the claim(s) at issue.
It does not mean that the applicant or patent owner
is entitled as a matter of right to have the rejection
of, or objection to, the claim(s) withdrawn. See
Changes To Implement the Patent Business Goals,
65 FR 54604, 54640 (Sept. 8, 2000) (discussing

700-261
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procedural nature of 37 CFR 1.131 and 37 CFR
1.132).

37 CFR 1.130(a) provides that when any claim of
an application or a patent under reexamination is
rejected, the applicant or patent owner may submit
an appropriate affidavit or declaration to disqualify
a disclosure as prior art by establishing that the
disclosure was made by the inventor or a joint
inventor, or the subject matter disclosed was
obtained directly or indirectly from the inventor or
a joint inventor. 37 CFR 1.130(a) pertains to the
provisions of subparagraph (A) of 35 U.S.C.

102(b)(1) and 102(b)(2).

37 CFR 1.130(b) provides that when any claim of
an application or a patent under reexamination is
rejected, the applicant or patent owner may submit
an appropriate affidavit or declaration to disqualify
a disclosure as prior art by establishing that the
subject matter disclosed had, before such disclosure
was made or before such subject matter was
effectively filed, been publicly disclosed by the
inventor or a joint inventor or another who obtained
the subject matter disclosed directly or indirectly
from the inventor or a joint inventor. 37 CFR
1.130(b) pertains to the provisions of subparagraph
(B) of 35 U.S.C. 102(b)(1) and 102(b)(2).

37 CFR 1.130(c) provides that the provisions of 37
CER 1.130 are not available if the rejection is based
upon a disclosure made more than one year before
the effective filing date of the claimed invention. A
disclosure made more than one year before the
effective filing date of the claimed invention is prior
art under 35 U.S.C. 102(a)(1) and does not meet the
requirements for exception under 35 U.S.C.

102(b)(1).

37 CFR 1.130(d) provides that the provisions of 37
CFR 1.130 apply to any application for patent, and
to any patent issuing thereon, that is subject to 35
U.S.C. 102 and 103.

I. SITUATIONS WHERE 37 CFR 1.130
AFFIDAVITS OR DECLARATIONS CAN BE USED

Affidavits or declarations under 37 CFR 1.130 may
be used, for example:

Rev. 10.2019, June 2020
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(A) When a claim is under a prior art rejection,
to show a disclosure (e.g., reference, activity, or
portion thereof) that is relied upon as prior art under
35 U.S.C. 102(a)(1) or (2) is eligible to be excepted
under 35 U.S.C. 102(b)(1) or (2) by establishing that
the disclosure was made by the inventor or a joint
inventor, or the subject matter disclosed was
obtained directly or indirectly from the inventor or
a joint inventor, subject to certain restrictions, as
discussed below in subsection I1.

(B) When a claim is under a prior art rejection,
to show a disclosure (e.g., reference, activity, or
portion thereof) that is relied upon as prior art under
35 U.S.C. 102(a)(1) or (2) is eligible to be excepted
under 35 U.S.C. 102(b)(1) or (2) by establishing that
the subject matter disclosed had, before such
disclosure was made or before such subject matter
was effectively filed, been publicly disclosed by the
inventor or a joint inventor or another who obtained
the subject matter disclosed directly or indirectly
from the inventor or a joint inventor, subject to
certain restrictions, as discussed below in subsection
.

If effective, the showing that the disclosure is not
prior art under 35 U.S.C. 102(a) will make the
disclosure unavailable to be applied in a rejection
under either 35 U.S.C. 102(a) or 35 U.S.C. 103. For
example, an applicant or patent owner may overcome
a 35 U.S.C. 103 rejection based on a combination
of references by showing that the subject matter
disclosed in only one of the references (or portion
thereof) applied in the rejection is not prior art. The
U.S. patents or U.S. patent application publications
may continue to be applied under the judicially
created doctrine of nonstatutory double patenting,
statutory double patenting and may serve as evidence
of the level of ordinary skill or evidence relevant to
an enablement inquiry.

Il. SITUATIONS WHERE 37 CFR 1.130
AFFIDAVITS OR DECLARATIONS ARE
INAPPROPRIATE

An affidavit or declaration under 37 CFR 1.130 is
not appropriate in the following situations:

(A) When the disclosure that is applied in a
rejection is:

(1) a U.S. patent or U.S. patent application
publication that

Rev. 10.2019, June 2020

(@) claims an invention that is the same
or substantially the same as the applicant’s or patent
owner’s claimed invention, and

(b) the affidavit or declaration contends
that an inventor named in the U.S. patent or U.S.
patent application publication derived the claimed
invention from the inventor or a joint inventor named
in the application or patent under examination.
In this case, an applicant or patent owner may file a
petition for a derivation proceeding pursuant to 37
CER 42.401 et seq.

The provisions of 37 CFR 1.130, however,
would be available if:

(1) The rejection is based upon a disclosure
other than a U.S. patent or U.S. patent application
publication (such as non-patent literature or a foreign
patent document);

(2) the rejection is based upon a U.S. patent
or U.S. patent application and the patent or pending
application did not claim an invention that is the
same or substantially the same as the applicant’s
claimed invention; or

(3) the rejection is based upon a U.S. patent
or U.S. patent application and while the patent or
pending application does claim an invention that is
the same or substantially the same as the applicant’s
claimed invention, the affidavit or declaration under
37 CFER 1.130 does not contend that an inventor
named in the U.S. patent or U.S. patent application
publication derived the claimed invention from the
inventor or a joint inventor named in the application
or patent under examination (e.g., an affidavit or
declaration under 37 CFR 1.130 would be available
if instead of alleging derivation, the affidavit or
declaration under 37 CFR 1.130 contends that the
subject matter disclosed had, before such disclosure
was made or before such subject matter was
effectively filed, been publicly disclosed by the
inventor or a joint inventor or by another who
obtained the subject matter disclosed directly or
indirectly from the inventor or a joint inventor).

(B) If the rejection is based upon a disclosure
made more than one year before the effective
filing date of the claimed invention. A disclosure
made more than one year before the effective filing
date of the claimed invention is prior art under 35
U.S.C. 102(a)(1) and may not be excepted under 35
U.S.C. 102(b)(1). Note that the provisions of 37 CFR
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1.130 are available to overcome a rejection under
35 U.S.C. 102(a)(2) which is based on subject matter
in an application or patent that was effectively filed,
but not published or made publicly available, more
than one year before the effective filing date of the
claimed invention under examination, where the
subject matter disclosed was obtained directly or
indirectly from the inventor or a joint inventor. See
also, MPEP § 2155.06.

I1l. SITUATIONS WHERE 37 CFR 1.130(a)
AFFIDAVITS OR DECLARATIONS ARE NOT
REQUIRED

(A) A declaration under 37 CFR 1.130(a) is not
required when a public disclosure, subject to the
exceptions of 35 U.S.C. 102(b)(1)(A), is by one or
more joint inventor(s) or the entire inventive entity
of the application under examination and does not
name anyone else. For example, if an application
names A, B, and C as the inventive entity, a journal
publication names as authors A and B, and the
publication date is one year or less before the
effective filing date of the claimed invention, then
the publication should not be applied in a prior art
rejection because it is apparent that the disclosure is
a grace period disclosure. Where a disclosure
involves a patent document, a declaration under 37
CER 1.130(a) is not required where the inventive
entity of the patent document, subject to the
exceptions of 35 U.S.C. 102(b)(1)(A), only includes
one or more joint inventor(s) or the entire inventive
entity of the application under examination. For
example, if the application names A, B, and C as the
inventive entity, the patent document names A and
B as the inventive entity, and the public availability
date of the patent document is one year or less before
the effective filing date of the claimed invention
under examination, then the patent document should
not be applied in a prior art rejection under 35 U.S.C.
102(a)(1) because it is apparent that the patent
document disclosure is a grace period disclosure.

(B) A declaration under 37 CFR 1.130(a) is not
required when the inventive entity of a U.S. patent,
U.S. patent application publication, or a WIPO
publication that designates the United States, subject
to the exceptions of 35 U.S.C. 102(b)(2)(A), only
includes one or more joint inventor(s), but not the
entire inventive entity, of the application under
examination. For example, if the application under
examination names as the inventive entity A, B, and

700-263

C, and the 35 U.S.C. 102(a)(2) reference names A
and B as the inventive entity, then the reference
should not be applied in a prior art rejection because
it is apparent that the subject matter disclosed was
obtained from one or more members of the inventive
entity, either directly or indirectly. The exceptions
under 35 U.S.C. 102(b)(1)(A) and 35 U.S.C.
102(b)(2)(A) both have to do with disclosures of
material that originated with the inventor or a joint
inventor. However, the 35 U.S.C. 102(b)(2)(A)
exception is not limited to the grace period.

(C) A declaration under 37 CFR 1.130(a) is not
required if the specification of the application under
examination identifies the disclosure or the subject
matter disclosed that is subject to the exceptions of
35 U.S.C. 102(b)(1)(A) or 35 U.S.C. 102(b)(2)(A)
as having been made by or having originated from
one or more members of the inventive entity of the
application under examination. See 37 CFR
1.77(b)(6) and MPEP § 2153.01(a).

IV. PRIOR ART DATE OF THE DISCLOSURE
UNDER AIA 35 U.S.C. 102(a)

For determining the prior art date of a disclosure
under AIA 35 U.S.C. 102(a)(1), see MPEP §

2152.02(a) et seq.

For determining the prior art date of a disclosure
under AIA 35 U.S.C. 102(a)(2), see MPEP §
2154.01 et seq.

V. FORM PARAGRAPHS

q 7.67.aia Affidavit or Declaration Under 37 CFR 1.130:
Effective to Disqualify a Reference as Prior ArtVia 35 U.S.C.
102(b)

The [1] under 37 CFR 1.130 [2] filed on [3] is sufficient to
overcome the rejection of claim [4] based on [5]. [6]

Examiner Note:

1. This form paragraph should only be used in an application
filed on or after March 16, 2013, where the claims are being
examined under 35 U.S.C. 102/103 as amended by the
Leahy-Smith America Invents Act. This form paragraph must
be preceded by form paragraph 7.03.aia.

2. Inbracket 1, insert either --affidavit-- or --declaration--.
3. Inbracket 2, insert either --(a)-- or --(b)--.

4. Inbracket 3, insert the filing date of the affidavit or
declaration

5. In bracket 4, insert the affected claim or claims.

Rev. 10.2019, June 2020
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Practitioner's Docket No. 030258-079361-P PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants:  Anthony John Iafrate et al Confirmation No.:  TBD
Serial No.: TBD Art Unit: TBD
Filed: Herewith Examiner: TBD

For: METHODS OF PREPARING NUCLEIC ACIDS FOR SEQUENCING
VIA EFS-WEB

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
GENERAL TRANSMITTAL & CERTIFICATE OF EFS SUBMISSION
Pursuant to 37 C.E.R. § 1.8(2)(i)(1)(C) I hereby certify that the following documents:

1. General Transmittal & Certificate of EFS Submission (1 pg.);
2. PTO/SB/16 — Provisional Application Cover Sheet (4 pp.):
3. Provisional Application (69 pp.); Specification (54 pp.); Claims (9 pp.); Abstract

(1 pg.); Figs. 1A-3 (5 pp.):
4. EFS Fee Transmittal (2 pp.)

are being submitted to the Patent and Trademark Office via the Office Electronic Filing System
in accordance with § 1.6(2)(4) on January 27, 2014.

AUTHORIZATION TO CHARGE/CREDIT DEPOSIT ACCOUNT

The Commissioner is hereby authorized to charge fee deficiencies or credit overpayments
associated with the instant filing in above-referenced matter to NIXON PEABODY LLP Deposit
Account No. 50-0850.

Date: January 27, 2014 Respectfully submitted,

/David S. Resnick/

David S. Resnick (Reg. No. 34,235)
Customer No.: 50828 NIXON PEABODY LLP

100 Summer Street

Boston, MA 02110-2131

Tel. (617) 345-6057

Fax (617) 345-1300

E-mail: bostonpateninixonpeabody.com

ADX - 000365412
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: Methods Of Preparing Nucleic Acids For Sequencing
First Named Inventor/Applicant Name: Anthony John lafrate

Filer: David S. Resnick

Attorney Docket Number: 030258-079361-P

Filed as Small Entity

Provisional Filing Fees

Description Fee Code Quantity Amount Suﬁ;l’;(t;)l in
Basic Filing:
Provisional Application Filing Fee 2005 1 130 130
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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EFSID: 18033922
Application Number: 61931959
International Application Number:
Confirmation Number: 3887

Title of Invention:

Methods Of Preparing Nucleic Acids For Sequencing

First Named Inventor/Applicant Name:

Anthony John lafrate

Customer Number:

50828

Filer:

David S. Resnick

Filer Authorized By:

Attorney Docket Number:

030258-079361-P

Receipt Date: 27-JAN-2014
Filing Date:
Time Stamp: 16:25:08
Application Type: Provisional
Payment information:
Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $130

RAM confirmation Number 3576

Deposit Account 500850

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a

Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirementsa Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 (11-08)
Approved for use through 05/31/2015. OMB 0651-0032
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

Inventor 1 Remove

Given Name Middle Name Family Name City State Country ;
Anthony John lafrate Boston MA us
Inventor 2 Remove

Given Name Middle Name Family Name City State Country ;
Long Phi Le Boston MA us
Inventor 3 Remove

Given Name Middle Name Family Name City State Country
Zongli Zheng Boston MA us
Inventor 4 Remove

Given Name Middle Name Family Name City State Country ;
Jason Myers Golden co us
Inventor 5 Remove

Given Name Middle Name Family Name City State Country ;
Joshua Stahl Boulder coO us

All Inventors Must Be Listed — Additional Inventer Information blocks may be Add

generated within this form by selecting the Add button.

Title of Invention METHODS OF PREPARING NUCLEIC ACIDS FOR SEQUENCING
Attorney Docket Number (if applicable) 030258-079361-P

Correspondence Address

Direct all correspondence to (select one):

(® The address corresponding to Customer Number | () Firm or Individual Name

Customer Number 50828

EFS - Web 1.0.1

ADX - 000365418

Tecan Ex. 2203, Page 253 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Doc Codz@$R pREFV-01019-MN  Document 338 Filed 03/08/21 Page 254 of 293 PagelD #: 13477

Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (11-08)

Approved for use through 05/31/2015. OMB 0651-0032

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

(® No.

(O Yes, the invention was made by an agency of the United States Government. The U.S. Government agency name is:

®) Yes, the invention was under a contract with an agency of the United States Government. The name of the U.S.
Government agency and Government contract number are:

EFS - Web 1.0.1
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Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (11-08)

Approved for use through 05/31/2015. OMB 0651-0032

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant asserts small entity status under 37 CFR 1.27 or applicant certifies micro entity status under 37 CFR 1.29

® Applicant asserts small entity status under 37 CFR 1.27

(O Applicant certifies micro entity status under 37 CFR 1.29. Applicant must attach form PTO/SB/15A or B or equivalent.
O No

Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers {other than a check or credit card authorization forrm PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicantis advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature /David S. Resnick/ Date (YYYY-MM-DD) |2014-01-27
First Name David S. Last Name Resnick Registratio_n Number 34235
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent fo the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.0.1
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

y 8

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552} and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2804 and
29806. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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NP Ref: 030258-079361-P

METHODS OF PREPARING NUCLEIC ACIDS FOR SEQUENCING

TECHNICAL FIELD
[0001] The technology described herein relates to methods of preparing and analyzing
nucleic acids.

BACKGROUND

[0002] Target enrichment prior to next-generation sequencing is more cost-effective than
whole genome, whole exome, and whole transcriptome sequencing and therefore more practical
for broad implementation; both for research discovery and clinical applications. For example,
high coverage depth afforded by target enrichment approaches enables a wider dynamic range for
allele counting (in gene expression end copy number assessment) and detection of low frequency
mutations, a critical feature for evaluating somatic mutations in cancer. Examples of current
enrichment protocols for next gencration sequencing include hybridization-based capture assays
(TruSeq Capture, [1lumina; SureSelect Hybrid Capture, Agilent) and polymerase chain reaction
(PCR)-based assays (HaloPlex, Agilent; AmpliSeq, lon Torrent; TruSeq Amplicon, [llumina;
emulsion/digital PCR, Raindance). Hybridization-based approaches capture not only the targeted
sequences covered by the capture probes but also near off-target bases that consume sequencing
capacity. In addition, these methods are relatively time-consuming, labor-intensive, and suffer

from a relatively low level of specificity.

SUMMARY
[0003] Aspects of the technology disclosed herein relate to methods for preparing and
analyzing nucleic acids. In some embodiments, methods for preparing nucleic acids for sequence
analysis (e.g., using next-generating sequencing) are provided herein. In some embodiments,
technology described herein is directed to methods of determining nucleotide sequences of
nucleic acids. In some embodiments, the methods described herein relate to enriching target
nucleic acids prior to sequencing.
[0004] Aspects of the technology disclosed herein relate to methods of determining the
nucleotide sequence contiguous to a known target nucleotide sequence. In some
embodiments, the methods involve (a) contacting a target nucleic acid molecule comprising
the known target nucleotide sequence with an initial target-specific primer under
hybridization conditions; (b) performing a template-dependent extension reaction that is
primed by a hybridized initial target-specific primer and that uses the target nucleic acid

molecule as a template; (¢) contacting the product of step (b) with a population of tailed
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random primers under hybridization conditions; (d) performing a template-dependent
extension reaction that is primed by a hybridized tailed random primer and that uses the
portion of the target nucleic acid molecule downstream of the site of hybridization as a
template; (¢) amplifying a portion of the target nucleic acid molecule and the tailed random
primer sequence with a first tail primer and a first target-specific primer; (f) amplifying a
portion of the amplicon resulting from step (e) with a second tail primer and a second target-
specific primer; and (g) sequencing the amplified portion from step (f) using a first and
second sequencing primer. In some embodiments, the population of tailed random primers
comprises single-stranded oligonucleotide molecules having a 5 nucleic acid sequence
identical to a first sequencing primer and a 3’ nucleic acid sequence comprising from about 6
to about 12 random nucleotides. In some embodiments, the first target-specific primer
comprises a nucleic acid sequence that can specifically anneal to the known target nucleotide
sequence of the target nucleic acid at the annealing temperature. In some embodiments, the
second target-specific primer comprises a 3’ portion comprising a nucleic acid sequence that
can specifically anncal to a portion of the known target nucleotide sequence comprised by the
amplicon resulting from step (e), and a 5 portion comprising a nucleic acid sequence that is
identical to a second sequencing primer and the second target-specific primer is nested with
respect to the first target-specific primer. In some embodiments, the first tail primer
comprises a nucleic acid sequence identical to the tailed random primer. In some
embodiments, the second tail primer comprises a nucleic acid sequence identical to a portion
of the first sequencing primer and is nested with respect to the first tail primer.

[0005] In some embodiments, the methods involve (a) contacting a target nucleic acid
molecule comprising the known target nucleotide sequence with a population of tailed
random primers under hybridization conditions; (b) performing a template-dependent
extension reaction that is primed by a hybridized tailed random primer and that uses the
portion of the target nucleic acid molecule downstream of the site of hybridization as a
template; (¢) contacting the product of step (b) with an initial target-specific primer under
hybridization conditions; (d) performing a template-dependent extension reaction that is
primed by a hybridized initial target-specific primer and that uses the target nucleic acid
molecule as a template; (¢) amplifying a portion of the target nucleic acid molecule and the
tailed random primer sequence with a first tail primer and a first target-specific primer; (f)
amplifying a portion of the amplicon resulting from step (¢) with a second tail primer and a

second target-specific primer; and (g) sequencing the amplified portion from step (f) using a
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first and second sequencing primer. In some embodiments, the population of tailed random
primers comprises single-stranded oligonucleotide molecules having a 5° nucleic acid
sequence identical to a first sequencing primer and a 3’ nucleic acid sequence comprising
from about 6 to about 12 random nucleotides. In some embodiments, the first target-specific
primer comprises a nucleic acid sequence that can specifically anneal to the known target
nucleotide sequence of the target nucleic acid at the annealing temperature. In some
embodiments, the second target-specific primer comprises a 3’ portion comprising a nucleic
acid sequence that can specifically anneal to a portion of the known target nucleotide
sequence comprised by the amplicon resulting from step (¢), and a 5° portion comprising a
nucleic acid sequence that is identical to a sccond sequencing primer and the second target-
specific primer is nested with respect to the first target-specific primer. In some
embodiments, the first tail primer comprises a nucleic acid sequence identical to the tailed
random primer. In some embodiments, the second tail primer comprises a nucleic acid
sequence identical to a portion of the first sequencing primer and is nested with respect to the
first tail primer.

[0006] In some embodiments, the methods further involve a step of contacting the sample
and/or products with RNase after extension of the initial target-specific primer. In some
embodiments, the tailed random primer can form a hair-pin loop structure. In some
embodiments, the initial target-specific primer and the first target-specific primer are
identical. In some embodiments, the tailed random primer further comprises a barcode
portion comprising 6-12 random nucleotides between the 5° nucleic acid sequence identical
to a first sequencing primer and the 3’ nucleic acid sequence comprising 6-12 random
nucleotides.

[0007] In some embodiments, the methods involve (a) contacting a target nucleic acid
molecule comprising the known target nucleotide sequence with a population of tailed
random primers under hybridization conditions; (b) performing a template-dependent
cxtension reaction that is primed by a hybridized tailed random primer and that uscs the
portion of the target nucleic acid molecule downstream of the site of hybridization as a
template; (¢) amplifying a portion of the target nucleic acid molecule and the tailed random
primer sequence with a first tail primer and a first target-specific primer; (d) amplifying a
portion of the amplicon resulting from step (c) with a second tail primer and a second target-
specific primer; and (¢) sequencing the amplified portion from step (d) using a first and

second sequencing primer. In some embodiments, the population of tailed random primers
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comprises single-stranded oligonucleotide molecules having a 5 nucleic acid sequence
identical to a first sequencing primer; a middle barcode portion comprising; and a 3’ nucleic
acid sequence comprising from about 6 to about 12 random nucleotides. In some
embodiments, the first target-specific primer comprises a nucleic acid sequence that can
specifically anneal to the known target nucleotide sequence of the target nucleic acid at the
annealing temperature. In some embodiments, the second target-specific primer comprises a
3’ portion comprising a nucleic acid sequence that can specifically anneal to a portion of the
known target nucleotide sequence comprised by the amplicon resulting from step (¢), and a 5’
portion comprising a nucleic acid sequence that is identical to a second sequencing primer
and the second target-specific primer is nested with respect to the first target-specific primer.
In some embodiments, the first tail primer comprises a nucleic acid sequence identical to the
tailed random primer. In some embodiments, the second tail primer comprises a nucleic acid
sequence identical to a portion of the first sequencing primer and is nested with respect to the
first tail primer. In some embodiments, the each tailed random primer further comprises a
spacer nucleic acid sequence between the 5° nucleic acid sequence identical to a first
sequencing primer and the 3’ nucleic acid sequence comprising about 6 to about 12 random
nucleotides. In certain embodiments, the unhybridized primers are removed from the
reaction after an extension step. In some embodiments, the second tail primer is nested with
respect to the first tail primer by at least 3 nucleotides. In certain embodiments, the first
target-specific primer further comprises a 5’ tag sequence portion comprising a nucleic acid
sequence of high GC content which is not substantially complementary to or substantially
identical to any other portion of any of the primers. In some embodiments, the second tail
primer is identical to the full-length first sequencing primer. In certain embodiments, the
portions of the target-specific primers that specifically anneal to the known target will anneal
specifically at a temperature of about 65°C in a PCR buffer. In some embodiments, the
sample comprises genomic DNA. In some embodiments, the sample comprises RNA and the
mcthod further compriscs a first step of subjecting the sample to a reverse transcriptasc
regimen. In certain embodiments, the nucleic acids present in the sample have not been
subjected to shearing or digestion. In some embodiments, the sample comprises single-
stranded gDNA or cDNA. In certain embodiments, the reverse transcriptase regimen
comprises the use of random hexamers. In some embodiments, a gene rearrangement
comprises the known target sequence. In certain embodiments, the gene rearrangement is

present in a nucleic acid selected from the group consisting of: genomic DNA; RNA; and
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cDNA. In some embodiments, the gene rearrangement comprises an oncogene. In certain
embodiments, the gene rearrangement comprises a fusion oncogene. In some embodiments,
the nucleic acid product is sequenced by a next-generation sequencing method. In certain
embodiments, the next-generation sequencing method comprises a method selected from the
group consisting of: Ion Torrent, Illumina, SOLiD, 454; Massively Parallel Signature
Sequencing solid-phase, reversible dye-terminator sequencing; and DNA nanoball
sequencing. In certain embodiments, the first and second sequencing primers are compatible
with the selected next-generation sequencing method. In some embodiments, the method
comprises contacting the sample, or separate portions of the sample, with a plurality of sets of
first and second target-specific primers. In certain embodiments, the method comprises
contacting a single reaction mixture comprising the sample with a plurality of sets of first and
second target-specific primers. In some embodiments, the plurality of sets of first and second
target-specific primers specifically anneal to known target nucleotide sequences comprised
by separate genes. In certain embodiments, at least two sets of first and second target-
specific primers specifically anncal to different portions of a known target nucleotide
sequence. In some embodiments, at least two sets of first and second target-specific primers
specifically anneal to different portions of a single gene comprising a known target
nucleotide sequence. In certain embodiments, at least two sets of first and second target-
specific primers specifically anneal to different exons of a gene comprising a known
nucleotide target sequence. In some embodiments, the plurality of first target-specific
primers comprise identical 5° tag sequence portions. In certain embodiments, each tailed
random primer in a population of tailed random primers further comprises an identical
sample barcoding portion. In some embodiments, multiple samples are each contacted with a
separate population of tailed random primers with a sample barcoding portion; wherein each
population of tailed random primers has a distinct sample barcoding portion; and wherein the
samples are pooled after step (b). In certain embodiments, each amplification step comprises
a sct of cycles of a PCR amplification regimen from 5 cycles to 20 cycles in length. In some
embodiments, the target-specific primers and the tail primers are designed such that they will
specifically anneal to their complementary sequences at an annealing temperature of from
about 61 to 72 °C. In some embodiments, the target-specific primers and the tail primers are
designed such that they will specifically anneal to their complementary sequences at an
annealing temperature of about 65 °C. In certain embodiments, the target nucleic acid

molecule is from a sample, optionally which is a biological sample obtained from a subject.
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In some embodiments, the sample is obtained from a subject in need of treatment for a
discase associated with a genetic alteration. In certain embodiments, the discase is cancer. In
some embodiments, the sample comprises a population of tumor cells.  In certain
embodiments, the sample is a tumor biopsy. In some embodiments, the cancer is lung cancer.
In certain embodiments, a disease-associated gene comprises the known target sequence.

In some embodiments, a gene rearrangement product in the sample comprises the known
target sequence. In certain embodiments, the gene rearrangement product is an oncogene.
[0008] Aspects of the technology disclosed herein relate to methods of preparing nucleic
acids for analysis. In some embodiments, the methods involve method (a) contacting a
nucleic acid template comprising a first strand of a target nucleic acid with a complementary
target-specific primer that comprises a target-specific hybridization sequence, under
conditions to promote template-specific hybridization and extension of the target-specific
primer; and (b) contacting a nucleic acid template comprising a second strand that is
complementary to the first strand of the target nucleic acid with a plurality of different
primers that share a common scquence that is 5° to different hybridization sequences, under
conditions to promote template-specific hybridization and extension of at least one of the
plurality of different primers, in which an extension product is generated to contain both a
sequence that is characteristic of the target-specific primer and a sequence that is
characteristic of the at least one of the plurality of different primers. In some embodiments,
the target nucleic acid is a ribonucleic acid. In certain embodiments, the target nucleic acid is
a deoxyribonucleic acid. In some embodiments, steps (a) and (b) are performed sequentially.
In certain embodiments, the nucleic acid template in step (a) comprises an extension product
resulting from the hybridization and extension of the at least one of the plurality of different
primers in step (b). In some embodiments, the nucleic acid template in step (b) comprises an
extension product resulting from the hybridization and extension of the target-specific primer
in step (a). In certain embodiments, the target nucleic acid is a messenger RNA encoded
from a chromosomal scgment that compriscs a genctic rearrangement. In some
embodiments, the target nucleic acid is a chromosomal segment that comprises a portion of a
genetic rearrangement. In certain embodiments, the genetic rearrangement is an inversion,
deletion, or translocation. In some embodiments, the methods further involve amplifying the
extension product. In certain embodiments, the methods further involve contacting the
extension product or amplified extension product with an immobilized oligonucleotide under

conditions in which hybridization occurs between the extension product and immobilized
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oligonucleotide. In certain embodiments, the target nucleic acid comprises a target portion
having a known sequence and a flanking portion having an unknown sequence. In some
embodiments, different hybridization sequences are complementary to the flanking portion.
In certain embodiments, the target-specific hybridization sequence is complementary to the
target portion. In some embodiments, the target-specific primer further comprises, 5° to the
target-specific hybridization sequence, at least one of an index sequence, a barcode sequence
and an adaptor sequence. In certain embodiments, the common sequence comprises at least
one of an index sequence, barcode sequence and an adaptor sequence. In some
embodiments, the adaptor sequence is a cleavable adaptor sequence for immobilizing

oligonucleotides in a flow cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGS. 1A and B depict non-limiting embodiments of a work flow for amplifying and
sequencing target nucleic acids that are flanked by a 3" unknown fusion partner, as described
herein.

[0010] FIGS. 2 A and B depict non-limiting embodiments of a work flow for amplifying
sequencing target nucleic acids that are flanked by a 5 unknown fusion partner, as described
herein.

[0011] FIG. 3 depicts a non-limiting embodiment of a work flow for amplifying sequencing
target nucleic acids that are flanked by a 3° unknown fusion partern using an oligonucleotide

comprising a hairpin, as described herein.

DETAILED DESCRIPTION
[0012] Aspects of the technology disclosed herein relate to methods for preparing and
analyzing nucleic acids. In some embodiments, methods provided herein are useful for
determining unknown nucleotide sequences contiguous to (adjacent to) a known target nucleotide
sequence. Traditional sequencing methods generate sequence information randomly (e.g.
“shotgun” sequencing) or between two known sequences which are used to design primers. In
contrast, methods described herein, in some embodiments, allow for determining the nucleotide
sequence (e.g. sequencing) upstream or downstream of a single region of known sequence with a
high level of specificity and sensitivity. Accordingly, in some embodiments, methods provided
herein are useful for determining the sequence of fusions (e.g., fusion mRNASs) that result from

gene arrangements (e.g., rearrangements that give rise to cancer or other disorders). In some
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embodiments, methods provided herein for preparing nucleic acids for analysis (e.g., for
sequencing) involve a first round of extension using a target-specific primer that targets a known
sequence of a target nucleic acid (e.g., a known sequence of a 1% gene) followed by a second
round of extension that involves the use of a heterogenous population of tailed primers (e.g.,
tailed random primers) that include tailed primers that have hybridization sequences that are
complementary with an unknown sequence adjacent to the known sequence in the target nucleic
acid. In some embodiments, the tail region of tailed primers includes barcode or index
sequences that facilitate multiplex amplification and enrichment of target nucleic acids.

[0013] In some aspects of the technology disclosed herein methods are provided of preparing
nucleic acids for analysis that involve (a) contacting a nucleic acid template comprising a first
strand of a target nucleic acid with a complementary target-specific primer that comprises a
target-specific hybridization sequence, under conditions to promote template-specific
hybridization and extension of the target-specific primer and (b) contacting a nucleic acid
template comprising a second strand that is complementary to the first strand of the target nucleic
acid with a plurality of different primers that share a common sequence that is 5° to different
hybridization sequences, under conditions to promote template-specific hybridization and
extension of at least one of the plurality of different primers, in which an extension product is
generated to contain both a sequence that is characteristic of the target-specific primer and a
sequence that is characteristic of the at least one of the plurality of different primers. In some
embodiments, steps (a) and (b) above are performed sequentially. In some embodiments, the
nucleic acid template in step (a) comprises an extension product resulting from the hybridization
and extension of the at least one of the plurality of different primers in step (b). In some
embodiments, the nucleic acid template in step (b) comprises an extension product resulting from
the hybridization and extension of the target-specific primer in step (a).

[0014] In some embodiments, methods are provided for preparing nucleic acids that have a
target region 5’ to an adjacent region (e.g., an adjacent region of unknown sequence). For
example, FIGS. 1 A-B present schematics of exemplary methods of amplifying target nucleic
acids that have a known target region 5’ to an adjacent region (e.g., for purposes of sequencing
the adjacentregion). At step 101, initial RNA is obtained or provided in a sample and is used as
a template. RNA template is exposed to a plurality of tailed primers (e.g., tailed random primers)
that comprise a common sequence that is 5° to different hybridization sequences and shared
between all of the tailed primers of the population. In some embodiments, at least one primer
hybridizes to an RNA molecule and primes a reverse transcriptase reaction to produce a

complementary DNA strand. In step 102, unhybridized oligonucleotides are degraded (e.g.,
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enzymatically, e.g., by an exonuclease). In step 102, RNA template is degraded from the
complementary DNA strand.

[0015] It should be appreciated that in methods disclosed herein an RNA template may be
degraded by any appropriate method, including, for example, by enzymatic degradation (e.g.,
using RNaseH, Uracyl glycosylase, stc.), by hydrolysis (e.g., by exposing the RNA to relatively
high pH conditions (e.g., pH 10, pH 11, pH 12), etc. In some embodiments, hydrolyzing RNA by
exposure to relatively high pH is advantageous because it is relatively inexpensive (compared
with certain other methods, e.g., certain enzymatic methods) and because it destroys both RNA
and DNA:RNA hybrids. In some embodiments, RNA is degraded by hydrolysis caused by
exposure to relatively high pH conditions at a relatively high temperature (e.g., temperature
greater than 60 °C (e.g., 60 °C to 95 °C)) In some embodiments, the use of relatively high
temperatures is advantageous because it heat inactivates enzymes used in prior preparative steps
(e.g., RT cnzymes).

[0016] In step 103, DNA molecules produced by reverse transcription are contacted by one
or more initial target-specific primers which may or may not be the same as the first target-
specific primer. In step 104, hybridization of the initial target-specific primer to a portion of the
target nucleic acid primes an extension reaction using a DNA molecule as a template to produce a
complementary DNA strand. Extension products are purified in step 105.

[0017] In step 106, DNA molecules are contacted by a first target-specific primer and a first
tail primer. The first target-specific primer hybridizes to a portion of the target nucleic acid. In
some embodiments, pools of different first target-specific primers can be used that hybridize to
different portions of a target nucleic acid. In some embodiments, use of different target specific
primers can be advantegous because it allows for generation of different extension products
having overlapping but staggered sequences relative to a target nucleic acid. In some
embodiments, different extension products can be sequenced to produce overlapping sequence
reads. In some embodiments, overlapping sequence reads can be evaluated to assess accuracy of
sequence information, fidelity of nucleic acid amplification, and/or to increase confidence in
detecting mutations, such as detecting locations of chromosomal rearrangements (e.g., fusion
breakpoints). In some embodiments, pools of different first target-specific primers can be used
that hybridize to different portions of different target nucleic acids present in sample. In some
embodiments, use of pools of different target-specific primers is advantageous because it
facilitates processing (e.g., amplification) and analysis of different target nucleic acids in parallel.
In some embodiments, up to 2, up to 3, upto 4, up to 5, up to 6, up to 7, up to 8, up to 9, up to 10,

up to 15, up to 20, up to 100 or more pools of different first target-specific primers are used. In
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some embodiments, 2 to 5,2 to 10, 5to 10, 5to 15, 10to 15, 10 to 20, 10 to 100, 50 to 100, or
more pools of different first target-specific primers are used.

[0018] In FIGS. 1A and 1B, a first tail primer hybridizes to at least a portion of a DNA
molecule provided by the tail portion of the tailed primer of step 101. In some embodiments, the
first tail primer hybridizes to the common sequence provided by the tail of the one or more
primers of step 101. In some embodiments, a nested target specific primer (nested with respect to
the target specific primer of step 103) is used in step 106. In some embodiments, a first tail
primer may comprise an additional sequence 5’ to the hybridization sequence that may include
barcode, index, adapter sequences, or sequencing primer sites, for example. In step 107,
hybridization of the first target-specific primer and the first tail nucleic acid molecule in a
polymerase chain reaction (PCR). In some embodiments, amplified products are purified in step
108.

[0019] In some embodiments, an exonuclease (e.g., Exol) may be used to degrade single-
stranded DNA. In some embodiments, an exonuclease is used to degrade ssDNA and the
amplified product is processed directly according to steps 1094 and 11043, without purification
at step 108.

[0020] In FIG. 1A, at step 1094, amplified DNA products of step 107 (e.g., as purified in step
108) are contacted with a second target-specific primer and a second tail primer. In some
embodiments, the second target-specific primer hybridizes to a sequence that is present within the
template DNA molecule 3’ of the sequence of the first target-specific primer such that the
reactions are nested. In step 1104, the amplified DNA products of step 107 (e.g., as purified in
step 108) are amplified by PCR in which the extensions are primed by the second target-specific
primer and a second tail primer. In some embodiments, a portion of the amplified product from
step 107 is further amplified. In some embodiments, a third primer is used that hybridizes to the
common tail in the second target specific primer and adds additional sequences such as a barcoes,
adapters, efc.

[0021] In some embodiments, the second target-specific primer comprises a nucleotide
sequence 5’ to the target-specific sequence that comprises a barcode, index, or adapter sequences.
In some embodiments, the second tail primer hybridizes to a sequence that is present within the
template DNA molecule 3 of the sequence of the first tail primer such that the reactions are
nested. In such embodiments, a portion of the product from step 106 is amplified. In some
embodiments, the second tail primer may comprise additional sequences 5” to the hybridization
sequence that may include barcode, index, adapter sequences or sequencing primer sites.
Hybridization of the second target-specific primer and the second tail primer allows for

exponential amplification of a portion of the target nucleic acid molecule in a PCR reaction. The
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products are purified in reaction 111 and ready for analysis. For example, productions purified
in step 111 can be sequenced (e.g., using a next generation sequencing platform.)

[0022] In some embodiments, as depicted in FIG 1B., in step 1093, DNA products of step
107 (e.g., as purified in step 108) are contacted with a second target-specific primer and a second
tail primer. The second target-specific primer is further contacted by an additional primer (e.g., a
primer having 3’ sequencing adapter/index sequences) that hybridizes with the common
sequence of the second target-specific primer. In some embodiments the additional primer may
comprise additional sequences 5’ to the hybridization sequence that may include barcode, index,
adapter sequences or sequencing primer sites. In some embodiments, the additional primer is a
generic sequencing adapter/index primer. In step 110g, the DNA products of step 107 (e.g., as
purified in step 108) are amplified by PCR in which the extensions are primed by the second
target-specific primer and a second tail primer. Hybridization of the second target-specific
primer, the additional primer, and the sccond tail primer allows for exponential amplification of a
portion of the target nucleic acid molecule in a PCR reaction. In such embodiments, a portion of
the amplificd product from step 108 is amplified. The products arc purified in reaction 111 and
ready for analysis. For example, productions purified in step 111 can be sequenced (e.g., using a
next generation sequencing platform).

[0023] In some embodiments, steps 101-104, 106-107, and 109-110 are¢ performed
consccutively in a single reaction tube without any intervening purification steps. In some
embodiments, all of the components involved in steps 101-104, 106-107, 109-110 are present at
the outset and throughout the reaction. In some embodiments, steps 101-104 are performed
consecutively in a single reaction tube. In some embodiments, all of the components involved in
steps 101-104 are present at the outset and throughout the reaction. In some embodiments, steps
106-107 are performed consecutively in a single reaction tube. In some embodiments, all of the
components involved in steps 106-107 are present at the outset and throughout the reaction. In
some embodiments, steps 1094-110, or 109;-110 are performed consecutively in a single
reaction tube. In some embodiments, all of the components involved in steps 1094-1104 or 109p-
110p are present at the outset and throughout the reaction.

[0024] In some embodiments, methods are provided for preparing nucleic acids that have a
target region 3’ to an adjacent region (e.g., an adjacent region of unknown sequence content).
For example, FIG. 2 presents a schematic of an exemplary method of amplifying and sequencing
target nucleic acids that have a known target region 3’ to an adjacent region. In FIGS. 2A-B, an
initial RNA (e.g., a fusion mRNA) is obtained or provided in a sample and is used as a template
for the proceeding method. Atstep 201, the RNA template is exposed to one or more initial

target-specific primers that hybridize to one or more target nucleotide sequences and function to
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prime a reverse transcription reaction such that a complementary DNA molecule is produced
using the initial RNA as a template. In step 202 the unhybridized primers are degraded (e.g.,
enzymatically, e.g., by an exonuclease). In step 202, RNA template is degraded from the
complementary DNA strand (e.g., enzymatically, e.g., by RNaseH).

[0025] In step 203, DNA molecule that were generated by reverse transcription are contacted
by a heterogenous population of tailed primers (e.g., tailed random primers). [n some
embodiments, the tail portion of each of the tailed primers is a shared or common sequence,
identical between all primers of the population of tailed primers. In some embodiments, at least
one primer comprises a hybridization sequence that is complementary to and hybridizes to the
target acid template. In step 204, tailed primers that are hybridized with the template nucleic
acid are extended in a template-dependent extension reaction to produce complementary DNA
strands that incorporate the tailed primer sequence and the template sequence. The resulting
double stranded DNA product is purified in step 205.

[0026] In step 206, DNA products purified in step 205 are contacted with a first target-
specific primer and a first tail primer. The first target-specific primer hybridizes to a target
sequence (region) of the DNA. The first tail primer hybridizes to a portion of the DNA molecule
characteristic of the tail of the tailed primers of step 203. In some embodiments, the first tail
primer hybridizes to the common sequence provided by the tail of the one or more primers of step
203. Instep 207 hybridization of the first target-specific primer and the first tail primer facilitates
exponential amplification of a portion of the target nucleic acid molecule in an amplification
reaction (e.g., a PCR reaction). In some embodiments, the first tail primer may comprise
additional sequences 5’ to the hybridization sequence that may include barcode, index, adapter
sequences or sequencing primer sites. Amplified products are purified in step 208.

[0027] In some embodiments, as depicted in FIG. 2A at step 2094, DNA molecules produced
instep 207 (e.g., as purified in step 208) are contacted with a second target-specific primer and a
second tail primer. In some embodiments, at least a portion of the product from step 209, is
amplified.

[0028] In some embodiments, the second target-specific primer comprises a nucleotide
sequence 5’ to the target-specific sequence that comprises a barcode, index, or adapter sequences.
In some embodiments, the second tail primer hybridizes to a sequence that is present within the
template DNA molecule 37 of the sequence of the first tail primer such that the reactions are
nested. In some embodiments, at least a portion of the product from step 209, is amplified.
[0029] In some embodiments, as depicted in FIG. 2B at step 2095, DNA molecules produced
in step 207 (e.g., as purified in step 208) are contacted with a second target-specific primer and a

second tail primer wherein the second target-specific primer hybridizes to a target sequence that
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is present within the template DNA molecule 3’ of the sequence of the first target-specific primer
such that the reactions are nested. In some embodiments, at least a portion of the product from
step 209 is amplified.

[0030] In some embodiments, the second target-specific primer is further contacted by an
additional primer (e.g., a primer having 3’ sequencing adapter/index sequences) that hybridizes
with the common sequence of the second target-specific primer. In some embodiments the
additional primer may comprise additional sequences 5’ to the hybridization sequence that may
include barcode, index, adapter sequences or sequencing primer sites. In some embodiments, the
additional primer is a generic sequencing adapter/index primer. In such embodiments,
hybridization of the second target-specific primer, the additional primer, and a second tail primer
allows for exponential amplification of a portion of the target nucleic acid molecule in a PCR
reaction.

[0031] In some embodiments, the second target-specific primer compriscs a nucleotide
sequence 5’ to the target-specific sequence that comprises a barcode, index, or adapter sequences.
In some embodiments, the sccond tail primer hybridizes to a sequence that is present within the
template DNA molecule 3” of the sequence of the first tail primer such that the reactions are
nested. In some embodiments, at least a portion of the product from step 209g is amplificd.
[0032] In some embodiments, the second tail primer may comprise additional sequence 5’ to
the hybridization sequence that may include barcode, index, adapter sequences or sequencing
primer sites. In step 210, hybridization of the second target-specific primer and the second tail
primer facilitates exponential amplification of a portion of the target nucleic acid molecule in an
amplification reaction (e.g., a PCR reaction). The amplification product of step 210 is purified in
reaction 211 and ready for analysis. For example, productions purified in step 211 can be
sequenced (e.g., using a next generation sequencing platform.)

[0033] In some embodiments, steps 201-204 arc performed consecutively in a single reaction
tube. In some embodiments, all of the components involve in steps 201-204 are present at the
outset and throughout the reaction. [n some embodiments, steps 206-207 are performed
consecutively in a single reaction tube. In some embodiments, all of the components involve in
steps 206-207 are present at the outset and throughout the reaction. In some embodiments, steps
209,-210 or 2095-210 are performed consecutively in a single reaction tube. In some
embodiments, all of the components involve in steps 209,-210 or 209;3-210 are present at the
outset and throughout the reaction.

[0034] In some embodiments, methods provided herein involve use of random sequences as
molecular barcodes. In some embodiments, molecular barcodes are built into primers (e.g., RT

primers, target-specific primers, extension sequence primers) such that each individual molecule
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produced by a primer obtains a unique barcode tag. Thus, in some embodiments, the molecular
barcode tag permits a determination of whether a sequenced molecular is unique. In some
embodiments, molecular barcodes may be used to silence sequencing errors, improve confidence
calling of fusions or other mutations, and improided detection limits.

[0035] In some embodiments, methods are provided for preparing nucleic acids that have a
target region 5’ to an adjacent region (e.g., an adjacent region of unknown sequence) using an
oligonucleotide comprising a hairpin. For example, FIG. 3 presents a schematic of an exemplary
method for amplifying target nucleic acids that have a known target region 5 to an adjacent
region (for purposes of sequencing the adjacent region). At step 301, an initial RNA is obtained
or provided in a sample and is used as a template for the proceeding method. The RNA template
is exposed to a plurality of hairpin primers (e.g., random primers with a hairpin tail) that comprise
a hairpin sequence that is 5’ to different hybridization sequences and shared between all of the
primers of the population. The hairpin sequence comprises two complementary common
sequences that flank a molecular barcode sequence (MBC). The complementary common
sequences base pair to form the stem-loop hairpin structurc and protect the MBC sequence. In
some embodiments, at least one primer hybridizes to the RNA molecule and primes a reverse
transcriptase reaction to produce a complementary DNA strand. In step 302, any unhybridized
oligonucleotides are enzymatically degraded (e.g., by an exonuclease). Also in step 302, the
RNA template is enzymatically degraded from the complementary DNA strand (e.g., by
RNaseH).

[0036] In step 303, DNA molecules produced by reverse transcription are contacted by one
or more initial target-specific primers which may or may not be the same as the first target-
specific primer. In step 304, hybridization of the first target-specific primer to a portion of the
target nucleic acid primes an extension reaction using the DNA molecule as a template to produce
a complementary DNA strand. In some embodiments, synthesis of the complementary DNA
strand may reduce or eliminate hairpin formation of the complementary common sequences.
Extension products are purified in step 305.

[0037] In step 306, DNA molecules are contacted by a first target-specific primer and a tailed
primer. The first target-specific primer hybridizes to a portion of the target nucleic acid. The
first tail primer hybridizes to a portion of the DN A molecule provided by the common sequence
involve in hairpin formation step 301. In some embodiments, a nested target-specific primer
(e.g., nested with respect to the target-specific primer of step 303) is used in step 306. In some
embodiments, the first tailed primer may comprise an additional sequence 5’ to the hybridization
sequence that may include barcode, index, adapter sequences, or sequencing primer sites, for

example. Instep 307, hybridization of each of the first target-specific primer and the tailed
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primer allows for amplification of a portion of the target nucleic acid molecule in a polymerase
chain reaction (PCR). In some embodimetns, amplified products are purified in step 308.

[0038] In step 309, amplified DN A products (e.g., those purified in step 308) are contacted
with a second target-specific primer and a common sequence primer. In some embodiments, the
second target-specific primer hybridizes to a sequence that is present within the template DNA
molecule 37 of the sequence of the first target-specific primer such that the reactions are nested.
In some embodiments, the common sequence primer hybridizes with a sequence provided by the
first tail primer in step 306. In some embodiments, in step 310, DNA products purified in step
308 are amplified by PCR in which the extensions are primed by a second target-specific primer
and a common sequence primer. In some embodiments, amplified product from step 308 may be
amplified.

[0039] In some embodiments, the second target-specific primer comprises a nucleotide
sequence 5’ to the target-specific sequence that comprises a barcode, index, or adapter sequences.
In some embodiments, the second tail primer hybridizes to a sequence that is present within the
template DNA molecule 3’ of the sequence of the first tail primer such that the reactions are
nested. In such embodiments, a portion of the product from step 308 is amplified. In some
embodiments, the common sequence primer may comprise additional sequences 5° to the
hybridization sequence that may include barcode, index, adapter sequences or sequencing primer
sites. Hybridization of the second target-specific primer and the common sequence primer allows
for exponential amplification of a portion of the target nucleic acid molecule in a PCR reaction.
In some embodiments, products are purified in reaction 311 useful for analysis. For example,
products purified in step 311 can be sequenced (e.g., using a next generation sequencing
platform.)

[0040] In some embodiments, all of the components involved in steps 301-311 are present at
the outset and throughout the reaction. In some embodiments, steps 301-304, 306-307, and 309-
310 are performed consecutively in a single reaction tube without any intervening purification
steps. In some embodiments, steps 301-304 are performed consecutively in a single reaction
tube. In some embodiments, all of the components involve in steps 301-304 are present at the
outset and throughout the reaction. [n some embodiments, steps 306-307 are performed
consecutively in a single reaction tube. In some embodiments, all of the components involve in
steps 306-307 are present at the outset and throughout the reaction. In some embodiments, steps
309-310 are performed consecutively in a single reaction tube. In some embodiments, all of the
components involve in steps 309-310 are present at the outset and throughout the reaction.

[0041] In some embodiments, methods are provided herein that involve determining the

nucleotide sequence contiguous to (adjacent to) a known target nucleotide sequence. In some
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embodiments, methods comprise contacting a target nucleic acid molecule comprising the known
target nucleotide sequence with an initial target-specific primer under suitable hybridization
conditions. In some embodiments, the methods further comprise maintaining the target nucleic
acid molecule under conditions that promote extension of the hybridized initial target-specific
primer (e.g., using the target nucleic acid molecule as a template), thereby producing a first
extension product. In some embodiments, the methods further comprise contacting the extension
product with a population of tailed random primers under suitable hybridization conditions. In
some embodiments, the methods further comprise maintaining the extension product under
conditions that promote extension of a hybridized tailed random primer using the portion of the
target nucleic acid molecule downstream of the site of hybridization as a template, thereby
producing a second extension product. In some embodiments, the methods further comprise
amplifying a portion of the target nucleic acid molecule and the tailed random primer sequence
with a first tail primer and a first target-specific primer, thereby producing a first amplicon. In
some embodiments, the methods further comprise amplifying a portion of the amplicon with a
second tail primer and a second target-specific primer, thereby producing a second amplicon.
[0042] In some embodiments, one or more target-specific primers used in the methods may
be nested with respect to one or more other target-specific primers. For example, in some
embodiments, a second target-specific primer is internal to a first target-specific primer. In some
embodiments, target-specific primers are the same. In some embodiments, target-specific
primers are nested but overlapping with respect to target complementarity. In some
embodiments, target-specific primers are nested and non-overlapping. In some embodiments,
combinations of identical and nested target specific primers are used in the same or different
amplification steps. In some embodiments, nesting of primers increases target specificity. In
some embodiments, the methods further comprise sequencing the second amplicon using a first
and second sequencing primer. In some embodiments, the population of tailed random primers
comprises single-stranded oligonucleotide molecules having a 5’ nucleotide sequence identical to
a first sequencing primer and a 3’ nucleotide comprising from random nucleotides (e.g., about 6
to about 12 random nucleotides). Insome embodiments, the first target-specific primer
comprises a nucleic acid sequence that can specifically anneal to the known nucleotide sequence
of the target nucleic acid at an appropriate annealing temperature. In some embodiments, the
second target-specific primer comprises a 3 portion comprising a nucleic acid sequence that can
specifically anneal to a portion of the known target nucleotide sequence comprised by the first
amplicon, and a 5’ portion comprising a nucleic acid sequence that is identical to a second
sequencing primer and the second target-specific primer is nested with respect to the first target-

specific primer. In some embodiments, the first tail primer comprises a nucleic acid sequence
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identical to the common sequence of the tail of the tailed random primer. In some embodiments,
the common sequence on the tailed random primer is the exact match of the common sequence on
the first tail primer.. In some embodiments, the second tail primer comprises a nucleic acid
sequence identical to a portion of the first sequencing primer and is nested with respect to the first
tail primer.

[0043] As used herein, the term “target nucleic acid” refers to a nucleic acid molecule of
interest (e.g., an nucleic acid to be analzed). In some embodiments, a target nucleic acid
comprises both a target nucleotide sequence (e.g., a known or predetermined nucleotide
sequence) and an adjacent nucleotide sequence which is to be determined (which may be referred
to as an unknown sequence). A target nucleic acid can be of any appropriate length. In some
embodiments, a target nucleic acid is double-stranded. In some embodiments, the target nucleic
acid is DNA. In some embodiments, the target nucleic acid is genomic or chomosomal DNA
(gDNA). Insome embodiments, the target nucleic acid can be complementary DNA (cDNA). In
some embodiments, the target nucleic acid is single-stranded. In some embodiments, the target
nucleic acid can be RNA, e.g., mRNA, rRNA, tRNA, long non-coding RNA, microRNA.

[0044] As used herein, the term “known target nucleotide sequence” refers to a portion of a
target nucleic acid for which the sequence (e.g. the identity and order of the nucleotide bases of
the nucleic acid) is known. For example, in some embodiments, a known target nucleotide
sequence is a nucleotide sequence of a nucleic acid that is known or that has been determined in
advance of an interrogation of an adjacent unknown sequence of the nucleic acid. A known
target nucleotide sequence can be of any appropriate length.

[0045] In some embodiments, a target nucleotide sequence (e.g.., a known target nucleotide
sequence) has a length of 10 or more nucleotides, 30 or more nucleotides, 40 or more nucleotides,
50 or more nucleotides, 100 or more nucleotides, 200 or more nucleotides, 300 or more
nucleotides, 400 or more nucleotides, 500 or more nucleotides. In some embodiments, a target
nucleotide sequence (e.g., a known target nucleotide sequence) has a length in range of 10 to 100
nucleotides, 10 to 500 nucleotides, 10 to 1000 nucleotides, 100 to 500 nucleotides, 100 to 1000
nucleotides, 500 to 1000 nucleotides, 500 to 5000 nucleotides.

[0046] In some embodiments, methods are provided herein for determining sequences of
contiguous (or adjacent) portions of a nucleic acid. As used herein, the term “nucleotide
sequence contiguous to” refers to a nucleotide sequence of a nucleic acid molecule (e.g., a target
nucleic acid) that is immediatelyupstream or downstream of another nucleotide sequence (e.g., a
known nucleotide sequence). In some embodiments, a nucleotide sequence contiguous to a
known target nucleotide sequence may be of any appropriate length. In some embodiments, a

nucleotide sequence contiguous to a known target nucleotide sequence comprises 1 kb or less of
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nucleotide sequence, e.g. 1 kb or less of nucleotide sequence, 750 bp or less of nucleotide
sequence, S00 bp or less of nucleotide sequence, 400 bp or less of nucleotide sequence, 300 bp or
less of nucleotide sequence, 200 bp or less of nucleotide sequence, 100 bp or less of nucleotide
sequence. In some embodiments, in which a sample comprises different target nucleic acids
comprising a known target nucleotide sequence (e.g. a cell in which a known target nucleotide
sequence occurs multiple times in its genome, or on separate, non-identical chromosomes), there
may be multiple sequences which comprise “a nucleotide sequence contiguous to” the known
target nucleotide sequence. As used herein, the term “determining a (or the) nucleotide
sequence,” refers to determining the identity and relative positions of the nucleotide bases of a
nucleic acid.

[0047] In some embodiments of methods disclosed herein one or more tailed random primers
are hybridized to a nucleic acid template (e.g., a template comprising a strand of a target nucleic
acid) . In some embodiments, a target nucleic acid is present in or obtained from a sample
comprising a plurality of nucleic acids, one or more of which plurality do not comprise the target
nucleic acid. In some embodiments, one or more primers (e.g., one or more tailed random
primers) hybridize to substantially all of the nucleic acids in a sample. In some embodiments,
one or more primers (e.g., one or more tailed random primers) hybridize to nucleic acids that
comprise a target nucleic acid and to nucleic acids that do not comprise the target nucleotide
sequence.

[0048] Aspects of certain methads disclosed herein relate to contacting a nucleic acid
template with a plurality of different primers that share a common sequence that is 5° (or
upstream) to different hybridization sequences. In some embodiments the plurality of different
primers may be referred to as a population of different primers. In some embodiments, the
common sequence may be referred to as a tail, as such the primers are referred to as “tailed
primers.” In some embodiments, different hybridization sequences of a population comprise
nucleotide sequences that occur randomly or pseudorandomly within the population. In some
embodiments, nucleotide sequences that occur randomly within a population contain no
recognizable regularities, such that, for each nucleotide of each sequence in the population, there
is an equal likelihood that the nucleotide comprises a base that is complementary with A, T, G, or
C. In such embodiments, it should be appreciated that each nucleotide comprising a base that is
complementary with A, T, G, or C may be a naturally occurring nucleotide, a non-naturally
occurring nucleotide or a modified nucleotide.

[0049] As used herein, the term “tailed random primer” refers to a single-stranded nucleic
acid molecule having a 5’ nucleotide sequence (e.g., a 5° nucleotide sequence identical or

complementary to a first sequencing primer) and a 3” nucleic acid sequence, in which the 3’
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nucleotide comprises random nucleotides (e.g., from about 3 to about 15 random nucleotides,
about 6 to about 12 random nucleotides). In some embodiments, the 3” nucleotide sequence
comprising random nucleotides is at least 6 nucleotides in length, e.g. 6 nucleotides or more, 7
nucleotides or more, 8 nucleotides or more, 9 nucleotides or more, 10 nucleotides or more, 11
nucleotides or more, 12 nucleotides or more, 13 nucleotides or more, 14 nucleotides or more, 15
nucleotides or more, 20 nucleotides or more, 25 nucleotides or more in length. In some
embodiments, the 3’ nucleotide sequence comprising random nucleotides is 3 to 6 nucleotides in
length, 3 to 9 nucleotides in length, 3 to 12 nucleotides in length, 5 to 9 nucleotides in length, 6 to
12 nucleotides in length, 3 to 25 nucleotides in length, 6 to 15 nucleotides in length, or 6 to 25
nucleotides in length. In some embodiments, a tailed random primer can further comprise a
spacer between the 57 nucleotide sequence and the 3” nucleotide sequence comprising about 6 to
about 12 random nucleotides. In some embodiments, the spacer is a molecular barcode, e.g., that
independently tags a template nucleic acid (e.g., a template RNA). In some embodiments, the
spacer may be 3 to 6 nucleotides in length, 3 to 12 nucleotides in length, 3 to 25 nucleotides in
length, 3 to 45 nucleotides in length, 6 to 12 nucleotides in length, 8 to 16 nucleotides in length, 6
to 25 nucleotides in length, or 6 to 45 nucleotides in length. In some embodiments, for a
populations of primers, the spacer is composed of random nucleotides (e.g., NNNNNNNNN, in
which each of N is independently selected from A, G, C, and T). In some embodiments, the
spacer (e.g., a molecular barcode(MBC)) is flanked by two common regions that are
complementary. In some embodiments, the complementary common regions base pair to form
the stem of a hairpin having a loop portion that comprises the MBC (e.g., as decpicted in FIG. 3).
In some embodiments, this hairpin configuration protects the MBC from anneling to other targets
inhibiting the RT reaction of the extension reaction in the case of 5° fusions.In some
embodiments, a population of tailed random primers can comprise individual primers with
varying 3’ sequences. In some embodiments, a population of tailed random primers can comprise
individual primers with identical 5’ nucleotide squences, e.g., they are all compatible with the
same sequencing primer. In some embodiments, a population of tailed random primers can
comprise individual primers with varying 5’ nucleotide sequences, e.g. an first individual primer
is compatible with a first sequencing primer and a second individual primer is compatible with a
second sequencing primer.

[0050] In some embodiments, methods described herein comprises an extension regimen or
step. In such embodiments, extension may proceed from one or more hybridized tailed random
primers, using the nucleic acid molecules which the primers are hybridized to as templates.

Extension steps are described herein. In some embodiments, one or more tailed random primers
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can hybridize to substantially all of the nucleic acids in a sample, many of which may not
comprise a known target nucleotide sequence. Accordingly, in some embodiments, extension of
random primers may occur due to hybridization with templates that do not comprise a known
target nucleotide sequence.

[0051] In some embodiments, methods described herein may involve a polymerase chain
reaction (PCR) amplification regimen, involving one or more amplification cycles. As used
herein, the term "amplification regimen" refers to a process of specifically amplifying ( increasing
the abundance of) a nucleic acid of interest. In some embodiments, exponential amplification
occur when products of a previous polymerase extension serve as templates for successive
rounds of extension. In some embodiments, a PCR amplification regimen according to methods
disclosed herein may comprise at least one, and in some cases at least 5 or more iterative cycles.
In some embodiments each iterative cycle comprises steps of: 1) strand separation (e.g., thermal
denaturation); 2) oligonucleotide primer anncaling to template molecules; and 3) nucleic acid
polymerase extension of the annealed primers. In should be appreciated that any suitable
conditions and times involved in cach of these steps may be used. In some embodiments,
conditions and times selected may depend on the length, sequence content, melting temperature,
secondary structural features, or other factors relating to the nucleic acid template and/or primers
used in the reaction. In some embodiments, an amplification regimen according to methods
described herein is performed in a thermal cycler, many of which are commercially available.
[0052] In some embodiments, a nucleic acid extension reaction involves the use of a nucleic
acid polymerase. As used herein, the phrase "nucleic acid polymerase" refers an enzyme that
catalyzes the template-dependent polymerization of nucleoside triphosphates to form primer
extension products that are complementary to the template nucleic acid sequence. A nucleic acid
polymerase enzyme initiates synthesis at the 3' end of an annealed primer and proceeds in the
direction toward the 5' end of the template. Numerous nucleic acid polymerases are known in the
art and commercially available. One group of nucleic acid polymerases are thermostable, i.e.,
they retain function after being subjected to temperatures sufficient to denature annealed strands
of complementary nucleic acids, e.g 94 °C, or sometimes higher. A non-limiting example of a
protocol for amplification involves using a polymerase (e.g., VeraSeq) under the following
conditions: 98 °C for 30s, following by 14-22 cycles comprising melting at 98 °C for 10s,
followed by annealing at 68 °C for 20s, followed by extension at 72 °C 3 min, followed by
holding of the reaction at 4 °C. However, other appropriate reaction conditions may be used. In
some embodiments, annealing/extension temperatures may be adjusted to account for differences

in salt concentration (e.g., 3 °C higher to higher salt concentrations).

20

ADX - 000365441

Tecan Ex. 2203, Page 276 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028



Case 1:18-cv-01019-MN Document 338 Filed 03/08/21 Page 277 of 293 PagelD #: 13500

NP Ref: 030258-079361-P

[0053] In some embodiments, a nucleic acid polymerase is used under conditions in which
the enzyme performs a template-dependent extension. In some embodiments, the nucleic acid
polymerase is DNA polymerase I, Taq polymerase, Pheonix Taq polymerase, Phusion
polymerase, T4 polymerase, T7 polymerase, Klenow fragment, Klenow exo-, phi29 polymerase,
AMV reverse transcriptase, M-MuLV reverse transcriptase, HIV-1 reverse transcriptase, VeraSeq
ULtra polymerase, VeraSeq HF 2.0 polymerase, EnzScript or another appropriate polymerase. In
some embodiments, a nucleic acid polymerase is not a reverse transcriptase. In some
embodiments, a nucleic acid polymerase acts on a DNA template. In some embodiments, the
nucleic acid polymerase acts on an RNA template. In some embodiments, an extension reaction
involves reverse transcription performed on an RNA to produce a complementary DNA molecule
(RNA-dependent DNA polymerase activity). In some embodiments, a reverse transcriptase is a
mouse molony murine leukemia virus (M-MLV) polymerase, AMYV reverse transcriptase, RSV
reverse transcriptase, HIV-1 reverse transcriptase, HIV-2 reverse transcriptase or another
appropriate reverse transcriptase.

[0054] In some embodiments, a nucleic acid amplification reaction involves cycles including
a strand separation step generally involving heating of the reaction mixture. As used herein, the
term "strand scparation” or "separating the strands' means treatment of a nucleic acid sample
such that complementary double-stranded molecules are separated into two single strands
available for annealing to an oligonucleotide primer. In some embodiments, strand separation
according to the methods described herein is achieved by heating the nucleic acid sample above
its melting temperature (Tm). In some embodiments, for a sample containing nucleic acid
molecules in a reaction preparation suitable for a nucleic acid polymerase, heating to 94° C is
sufficient to achieve strand separation. In some embodiments, a suitable reaction preparation
contains one or more salts (e.g., 1 to 100 mM KCI, 0.1 to 10 MgCl,), at least one buffering agent
(e.g., 1 to 20 mM Tris-HCL), and a carrier (e.g., 0.01 to 0.5% BSA). A non-limiting example of
a suitable buffer comprises 50 mM KCI, 10 mM Tris-HCI (pH 8.8@25° C), 0.5 to 3 mM MgCl,,
and 0.1% BSA.

[0055] In some embodiments, a nucleic acid amplification involves annealing primers to
nucleic acid templates having a strands characteristic of a target nucleic acid. In some
embodiments, a strand of a target nucleic acid can serve as a template nucleic acid.

[0056] As used herein, the term “anneal” refers to the formation of one or more
complementary base pairs between two nucleic acids. In some embodiments, annealing involve
two complementary or substantially complementary nucleic acids strands hybridizing together.

In some embodiments, in the context of an extension reaction annealing involves the hybridize of

primer to a template such that a primer extension substrate for a template-dependent polymerase
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enzyme is formed. In some embodiments, conditions for annealing (e.g., between a primer and
nucleic acid template) may vary based of the length and sequence of a primer. In some
embodiments, conditions for annealing are based upon a T, (e.g., a calculated T,,) of a primer.
In some embodiments, an annealing step of an extension regimen involves reducing the
temperature following strand separation step to a temperature based on the Ty, (e.g., a calculated
T,,) for a primer, for a time sufficient to permit such annealing. In some embodiments, a Ty, can
be determined using any of a number of algorithms (e.g., OLIGO™ (Molecular Biology Insights
Inc. Colorado) primer design software and VENTRO NTI™ (Invitrogen, Inc. California) primer
design software and programs available on the internet, including Primer3, Oligo Calculator, and
NetPrimer (Premier Biosoft; Palo Alto, CA; and freely available on the world wide web (e.g., at
premierbiosoft.com/netprimer/netprlaunch/Help/xnetprlaunch.html). In some embodiments, the
Ty of a primer can be calculated using following formula, which is used by NetPrimer software
and is described in more detail in Fricir et al. PNAS 1986 83:9373-9377 which is incorporated by
reference herein in its entirety.

Tm = AH/(AS + R * In(C/4)) + 16.6 log ([K']/(1 + 0.7 [K'])) - 273.15
wherein, AH is enthalpy for helix formation; AS is entropy for helix formation; R is molar gas
constant (1.987 cal/°C * mol); C is the nucleic acid concentration; and [K '] is salt concentration.
For most amplification regimens, the annealing temperature is selected to be about 5° C below
the predicted Ty, although temperatures closer to and above the Ty, (e.g., between 1° C and 5° C
below the predicted T or between 1° C and 5° C above the predicted Tr) can be used, as can, for
example, temperatures more than 5° C below the predicted T, (e.g., 6° C below, 8° C below, 10°
C below or lower). In some embodiments, the closer an annealing temperature is to the Ty, the
more specific is the annealing. In some embodiments, the time used for primer annealing during
an extension reaction (e.g., within the context of a PCR amplification regimen) is determined
based, at least in part, upon the volume of the reaction (e.g., with larger volumes involving longer
times). In some embodiments, the time used for primer annealing during an extension reaction
(e.g., within the context of a PCR amplification regimen) is determined based, at least in part,
upon primer and template concentrations (e.g., with higher relative concentrations of primer to
template involving less time than lower relative concentrations). In some embodiments,
depending upon volume and relative primer/template concentration, primer annealing steps in an
extension reaction (e.g., within the context of an amplification regimen) can be in the range of 1
second to 5 minutes, 10 seconds and 2 minutes, or 30 seconds to 2 minutes. As used herein,

“substantially anneal” refers to an extent to which complementary base pairs form between two
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nucleic acids that, when used in the context of a PCR amplification regimen, is sufficient to
produce a detectable level of a specifically amplified product.

[0057] As used herein, the term "polymerase extension" refers to template-dependent
addition of at least one complementary nucleotide, by a nucleic acid polymerase, to the 3' end of
an primer that is anneal to a nucleic acid template. In some embodiments, polymerase extension
adds more than one nucleotide, e.g., up to and including nucleotides corresponding to the full
length of the template. In some embodiments, conditions for polymerase extension are based, at
least in part, onthe identity of the polymerase used. In some embodiments, the temperature used
for polymerase extension is based upon the known activity properties of the enzyme. In some
embodmients, in which annealing temperatures are below the optimal temperatures for the
enzyme, it may be acceptable to use a lower extension temperature. In some embodiments,
enzymes may retain at least partial activity below their optimal extension temperatures. In some
embodiments, a polymerase extension (e.g., performed thermostable polymerases) (e.g., Taq
polymerase and variants thereof) is performed at 65° C to 75° C or 68° C to 72° C. In some
embodmients, methods provided herein involve polymerase extension of primers that are anneal
to nucleic acid templates at each cycle of a PCR amplification regimen. In some embodiments, a
polymerase extension is performed using a polymerase that has relatively strong strand
displacement activity. In some embodiments, polymerases having strong strand displacement are
useful for preparing nucleic acids for purposes of detecting fusions (e.g., 5' fusions).

[0058] In some embodiments, primer extension is performed under conditions that permit the
extension of annealed oligonucleotide primers. As used herein, the term "conditions that permit
the extension of an annealed oligonucleotide such that extension products are generated" refers to
the set of conditions including, for example temperature, salt and co-factor concentrations, pH,
and enzyme concentration under which a nucleic acid polymerase catalyzes primer extension. In
some embodiments, such conditions are based, at least in part, on the nucleic acid polymerase
being used. In some embodiments, a polymerase may perform a primer extension reaction in a
suitable reaction preparation. In some embodiments, a suitable reaction preparation contains one
or more salts (e.g., 1 to 100 mM KCI, 0.1 to 10 MgCl,), at least one buffering agent (e.g., 1 to 20
mM Tris-HCL), a carrier (e.g., 0.01 to 0.5% BSA) and one or more NTPs (¢.g, 10 to 200 uM of
each of dATP, dTTP, dCTP, and dGTP). non-limiting set of conditions is 50 mM KCI1, 10 mM
Tris-HCI (pH 8.8@25° C), 0.5 to 3 mM MgCl,, 200 uM each dNTP, and 0.1% BSA at 72° C,
under which a polymerase (e.g., Tag polymerase) catalyzes primer extension. In some
embodiments, conditions for initiation and extension may include the presence of one, two, three
or four different deoxyribonucleoside triphosphates (e.g., selected from dATP, dTTP, dCTP, and

dGTP) and a polymerization-inducing agent such as DNA polymerase or reverse transcriptase, in
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a suitable buffer. In some embodiments, a "buffer" may include solvents (e.g., aqueous solvents)
plus appropriate cofactors and reagents which affect pH, ionic strength, etc.).

[0059] In some embodiments, nucleic acid amplification involve up to 5, up to 10, up to 20,
up to 30, up to 40 or more rounds (cycles) of amplification. In some embodiments, nucleic acid
amplification may comprise a set of cycles of a PCR amplification regimen from 5 cycles to 20
cycles in length. In some embodiments, an amplification step may comprise a set of cycles of a
PCR amplification regimen from 10 cycles to 20 cycles in length. In some embodiments, each
amplification step can comprise a set of cycles of a PCR amplification regimen from 12 cycles to
16 cycles in length. In some embodiments, an annealing temperature can be less than 70 °C. In
some embodiments, an annealing temperature can be less than 72 °C. In some embodiments, an
annealing temperature can be about 65 °C. In some embodiments, an annealing temperature can
be from about 61 to about 72 °C.

[0060] In various embodiments, methods and compositions described herein relate to
performing a PCR amplification regimen with one or more of the types of primers described
herein. As used herein, “primer” refers to an oligonucleotide capable of specifically annealing to
a nucleic acid template and providing a 3' end that serves as a substrate for a template-dependent
polymerase to produce an extension product which is complementary to the template. In some
embodiments, a primer useful in methods described herein is single-stranded, such that the
primer and its complement can anneal to form two strands. Primers according tomethods and
compositions described herein may comprise a hybridization sequence (e.g.. a sequence that
anneals with a nucleic acid template) that is less than or equal to 300 nucleotides in length, e.g.,
less than or equal to 300, or 250, or 200, or 150, or 100, or 90, or 80, or 70, or 60, or 50, or 40, or
30 or fewer, or 20 or fewer, or 15 or fewer, but at least 6 nucleotides in length. In some
embodiments, a hybridization sequence sequence of a primer may be 6 to 50 nucleotides in
length, 6 to 35 nucleotides in length, 6 to 20 nucleotides in length, 10 to 25 nucleotides in length.
[0061] Any suitable method may be used for synthesizing oligonucleotides and primers. In
some embodiments,commercial sources offer oligonucleotide synthesis services suitable for
providing primers for use in methods and compositions described herein, e.g. INVITROGEN™
Custom DNA Oligos; Life Technologies; Grand Island, NY or custom DNA Oligos from IDT;
Coralville, TA).

[0062] In some embodiments, after an extension from a tailed random primer has occurred,
the extension product and template can be amplified in a first amplification step. In some
embodiments, amplification may involve a set of PCR amplification cycles using a first target-
specific primer and a first tail primer. In some embodiments, the amplification may result in at

least part of the tailed random primer sequence present in the extension product being amplified.
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In some embodiments, the amplification may result in all of the tailed random primer sequence
present in the extension product being amplified.

[0063] As used herein, the term “first target-specific primer” refers to a single-stranded
oligonucleotide comprising a nucleic acid sequence that can specifically anneal under suitable
annealing conditions to a nucleic acid template that has a strand characteristic of a target nucleic
acid.

[0064] In some embodiments, a primer (e.g., a target specific primer) can comprise a 5’ tag
sequence portion. In some embodiments, multiple primers (e.g., all first-target specific primers)
present in a reaction can comprise identical 5’ tag sequence portions. In some embodiments, in a
multiplex PCR reaction, different primer species can interact with each other in an off-target
manner, leading to primer extension and subsequently amplification by DNA polymerase. In
such embodiments, these primer dimers tend to be short, and their efficient amplification can
overtake the reaction and dominate resulting in poor amplification of desired target sequence.
Accordingly, in some embodiments, the inclusion of a 5° tag sequence in primers (e.g., on target
specific primer(s)) may result in formation ofprimer dimers that contain the same complementary
tails on both ends. In some embodiments, in subsequent amplification cycles, such primer dimers
would denature into single-stranded DNA primer dimers, ecach comprising complementary
sequences on their two ends which are introduced by the 57 tag. In some embodiments, instead of
primer annealing to these single stranded DNA primer dimers, an intra-molecular hairpin (a
panhandle like structure) formation may occur due to the proximate accessibility of the
complementary tags on the same primer dimer molecule instead of an inter-molecular interaction
with new primers on separate molecules. Accordingly, in some embodiments, these primer
dimers may be inefficiently amplified, such that primers are not exponentially consumed by the
dimers for amplification; rather the tagged primers can remain in high and sufficient
concentration for desired specific amplification of target sequences. In some embodiments,
accumulation of primer dimers may be undesirable in the context of multiplex amplification
because they compete for and consume other reagents in the reaction.

[0065] In some embodiments, a 5’ tag sequence can be a GC-rich sequence. In some
embodiments, a 5’ tag sequence may comprise at least 50% GC content, at least 55% GC content,
at least 60% GC content, at least 65% GC content, at least 70% GC content, at least 75% GC
content, at least 80% GC content, or higher GC content. In some embodiments, a tag sequence
may comprise at least 60% GC content. In some embodiments, a tag sequence may comprise at
least 65% GC content.

[0066] In some embodiments, a target-specific primer (e.g., a second target-specific primer)

is a single-stranded oligonucleotide comprising a 3’ portion comprising a nucleic acid sequence
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that can specifically anneal to a portion of a known target nucleotide sequence of an amplicon of
an amplification reaction, and a 5’ portion comprising a tag sequence (e.g., a nucleotide sequence
that is identical to or complementary to a sequencing primer (e.g., a second sequencing primer).
[0067] In some embodiments, a second target-specific primer of an amplification regimen is
nested with respect to a first target-specific primer of the amplification regimen . In some
embodiments, the second target-specific primer is nested with respect to the first target-specific
primer by at least 3 nucleotides, e.g. by 3 or more, 4 or more, 5 or more, 6 or more, 7 or more, 8
or more, 9 or more, 10 or more, or 15 or more nucleotides. In some embodiments, all of the
target-specific primers (e.g., second target-specific primers) usedin an amplification
regimencomprise the same 5’ portion. In some embodiments, the 5” portion target-specific
primer can be configured to suppress primer dimers as described herein.

[0068] In some embodiments, first and second target-specific primers are used in an
amplification regimen that arc substantially complementary to the same strand of a target nucleic
acid. In some embodiments, portions of the first and second target-specific primers that
specifically anncal to a target scquence (e.g., a known target sequence) can comprisc a total of at
least 20 unique bases of the known target nucleotide sequence, e.g. 20 or more unique bases, 25
or more unique bases, 30 or more unique bases, 35 or more unique basces, 40 or more unique
bases, or 50 or more unique bases. In some embodiments, portions of first and second target-
specific primers that specifically anneal to a target sequence (e.g., a known target sequence) can
comprise a total of at least 30 unique bases of the known target nucleotide sequence.

[0069] As used herein, the term “first tail primer” refers to a nucleic acid molecule
comprising a nucleic acid sequence identical to the tail portion of tailed primer.

[0070] As used herein, the term “second tail primer™ refers to a nucleic acid molecule
comprising a nucleic acid sequence identical to a portion of a first sequencing primer, adapter,
index primer, efc. and is optionally nested with respect to a first tailed primer. In some
embodiments, the second tail primer sits outside of the first tail primer to facilitate addition of
appropriate index tags, adapters (e.g., for use in a sequencing platform), efc. In some
embodiments, a second tailed primer is identical to a sequencing primer. In some embodiments,
a second tailed primer is complementary to a sequencing primer.

[0071] In some embodiments, a second tail primer is nested with respect to a first tail primer.
In some embodiments, a second tail primer is not nested with respect to a first tail primer. In
some embodiments, tail primers of an amplification regimen are nested with respect to one
another by at least 3 nucleotides, e.g by 3 nucleotides, by 4 nucleotides, by 5 nucleotides, by 6

nucleotides, by 7 nucleotides, by 8 nucleotides, by 9 nucleotides, by 10 nucleotides or more.
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[0072] In some embodiments, a first tail primer comprises a nucleic acid sequence identical
to or complementary to the extension product of step (b) strand which is not comprised by the
second tail primer and which is located closer to the 5” end of the tailed random primer than any
of the sequence identical to or complementary to the second tail primer. Thus, in some
embodiments, a second tail primer sits outside of a region added by a random tail primer (5° end),
e.g., within the 5’ tail added by the first tail primers.

[0073] In some embodiments, a first tail primer can comprise a nucleic acid sequence
identical to or complementary to a siretch (e.g., of about 20 nucleotides) of the 5’-most
nucleotides of a tailed random primer, and a second tail primer can comprise a nucleic acid
sequence identical to or complementary to about 30 bases of a tailed random primer, with a 5’
nucleotides that is at least 3 nucleotides 3’ of the 5’ terminus of the tailed random primer.

[0074] In some embodiments, use of nested tail primers minimizes or climinates the
production of final amplicons that arc amplifiable (e.g. during bridge PCR or emulsion PCR) but
cannot be sequenced, a situation that can arise during hemi-nested methods. In some
embodiments, hemi-nested approaches using a primer identical to a sequencing primer can result
in the carry-over of undesired amplification products from a first PCR step to a second PCR step
and may yiceld artificial sequencing reads. In some embodiments, the use of two tail primers, as
described herein can reduce, and in some embodiments eliminate, these problems.

[0075] In some embodiments, in a first PCR amplification cycle of a first amplification step,
a first target-specific primer can specifically anneal to a template strand of any nucleic acid
comprising the known target nucleotide sequence. In some embodiments, depending upon the
orientation with which the first target-specific primer was designed, sequence upstream or
downstream of the known target nucleotide sequence, and complementary to the template strand
will be synthesized. In some embodiments, in which an extension product is formed that
comprises the hybridization sequence with which the first target-specific primer forms
complementary base pairs, adouble-stranded amplification product can be formed that comprises
the first target-specific primer (and the sequence complementary thereto), the target nucleotide
sequence downstream of the first target-specific primer (and the sequence complementary
thereto), and the tailed random primer sequence (and the sequence complementary thereto). In
such embodiments, in subsequent PCR amplification cycles, both the first target-specific primer
and the first tail primer are capable of specifically annealling to appropriate strands of the
amplification product and the sequence between the known nucleotide target sequence and the
tailed random primer can be amplified.

[0076] In some embodiments, of methods described herein, a portion of an amplified product

(an amplicon) is amplified in further rounds of amplification. In some embodiments, the further
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rounds of amplification may involve PCR amplification cycles performed using a second target-
specific primer and a first sequencing primer or a second tail primer. In some embodiments, a
PCR amplification cycles may involve the use of PCR parameters identical to, or which differ
from, those of one or moreother (e.g., prior) of PCR amplification cycles. In some embodiments,
PCR amplification regimens can have the same or different annealing temperatures or the same or
different extension step time lengths.

[0077] In some embodiments, methods described herein allow for determining the nucleotide
sequence contiguous to a known target nucleotide sequence on either or both flanking regions of
the known target nucleotide sequence. Regardless of whether the target nucleic acid normally
exists as a single-stranded or double-stranded nucleic acid, sequence information may be
represented in a single-stranded format (Strand A), from 5” to 3°. In some embodiments, if the
sequence 5’ to a known target nucleotide sequence of Strand A is to be determined, gene-specific
primers can be complementary to (anncal to) Strand A. If the sequence 3’ to a known target
nucleotide sequence of Strand A is to be determined, the gene-specific primers can be identical to
Strand A, such that they will anneal to the complementary strand of a double-stranded target
nucleic acid.

[0078] In some embodiments, methods described herein, relating to the use of a first and
second gene-specific primer can result in assays with a superior on-target rate, e.g. 70-90%. In
some embodiments, the assays and methods described herein can have a target specificity rate of
at least 85%.

[0079] In some embodiments, primers disclosed herein (e.g., target-specific primers, tail
primers) are designed such that they will specifically anneal to their complementary sequences at
an annealing temperature of from about 61 to 72°C, e.g. from about 61 to 69 °C, from about 63 to
69 °C, from about 63 to 67 °C, from about 64 to 66 °C. In some embodiments, primers disclosed
herein are designed such that they will specifically anneal to their complementary sequences at an
annealing temperature of less than 72 °C. In some embodiments, primers disclosed herein are
designed such that they will specifically anneal to their complementary sequences at an annealing
temperature of less than 70 °C. In some embodiments, primers disclosed herein are designed
such that they will specifically anneal to their complementary sequences at an annealing
temperature of less than 68 °C. In some embodiments, primers disclosed herein are designed
such that they will specifically anneal to their complementary sequences at an annealing
temperature of about 65 °C.

[0080] In some embodiments, portions of the target-specific primers that specifically anneal
to the known target nucleotide sequence will anneal specifically at a temperature of about 61 to
72°C, e.g. from about 61 to 69 °C, from about 63 to 69 °C, from about 63 to 67 °C, from about 64
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to 66 °C. In some embodiments, portions of the target-specific primers that specifically anneal to
the known target nucleotide sequence will anneal specifically at a temperature of about 65°C in a
PCR buffer.

[0081] In some embodiments, primers described herein do not comprise modified bases (e.g.
the primers can not comprise a blocking 3* amine). However, in some embodiments, primers
described herein do comprise modified or non-naturally occurring bases. In some embodiments,
primers may be modified with a label capable of providing a detectable signal, either directly or
indirectly. Non-limiting examples of such labels include radioisotopes, fluorescent molecules,
biotin, and others. In some embodiments, primers disclosed herein may include contain a biotin
linker or other suitable linker (e.g., for conjugating the primer to a support). In some
embodiments, primer may contain a target sequence of an endonucleases such that cleavage with
the appropriate enzyme. In other embodiments, the 5° end of a primer may include a sequence
that is complementary with a nucleic acid bound to a bead or other support, e.g., a flow cell
substrate. Primers may or may not comprise modified internucleoside linkages.

[0082] In some embodiments, of methods described herein, nucleic acids (e.g., amplified
nucleic acids, extension products, target nucleic acids) can be sequenced. In some embodiments,
sequencing can be performed by a next-generation sequencing method. As used herein “next-
generation sequencing’ refers to oligonucleotide sequencing technologies that have the capacity
to sequence oligonucleotides at speeds above those possible with conventional sequencing
methods (e.g. Sanger sequencing), due to performing and reading out thousands to millions of
sequencing reactions in parallel. Non-limiting examples of next-generation sequencing
methods/platforms include Massively Parallel Signature Sequencing (Lynx Therapeutics); 454
pyro-sequencing (454 Life Sciences/ Roche Diagnostics); solid-phase, reversible dye-terminator
sequencing (Solexa/lllumina): SOLID technology (Applied Biosystems); Ion semiconductor
sequencing (ION Torrent); DNA nanoball sequencing (Complete Genomics); and technologies
available from Pacific Biosciences, Intelligen Bio-systems, Oxford Nanopore Technologies, and
Helicos Biosciences. In some embodiments, the sequencing primers can comprise portions
compatible with the selected next-generation sequencing method. Next-generation sequencing
technologies and the constraints and design parameters of associated sequencing primers are well
known in the art (see, e.g. Shendure, et al., “Next-generation DNA sequencing,” Nature, 2008,
vol. 26, No. 10, 1135-1145; Mardis, “The impact of next-generation sequencing technology on
genetics,” Trends in Genetics, 2007, vol. 24, No. 3, pp. 133-141; Su, et al., “Next-generation
sequencing and its applications in molecular diagnostics™ Expert Rev Mol Diagn, 2011,
11(3):333-43; Zhang et al., “The impact of next-generation sequencing on genomics”, J Genet
Genomics, 2011, 38(3):95-109; (Nyren, P. et al. Anal Biochem 208: 17175 (1993); Bentley, D. R.
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Curr Opin Genet Dev 16:545-52 (2006); Strausberg, R. L_, et al. Drug Disc Today 13:569-77
(2008); U.S. Pat. No. 7,282,337; U.S. Pat. No. 7,279,563; U.S. Pat. No. 7,226,720; U.S. Pat. No.
7,220,549; U.S. Pat. No. 7,169,560; U.S. Pat. No. 6,818,395; U.S. Pat. No. 6,911,345; US Pub.
Nos. 2006/0252077; 2007/0070349; and 20070070349; which are incorporated by referene herein
in their entireties).

[0083] In some embodiments, the sequencing step involve the use of a first and second
sequencing primers. In some embodiments, the first and second sequencing primers are selected
to be compatible with a next-generation sequencing method as described herein.

[0084] Methods of aligning sequencing reads to known sequence databases of genomic
and/or cDNA sequences are well known in the art and software is commercially available for this
process. In some embodiments, reads (less the sequencing primer nucleotide sequence) which do
not map, in their entirety, to wild-type sequence databases can be genomic rearrangements or
large indel mutations. In some embodiments, reads (Iess the sequencing primer nuclcotide
sequence) comprising sequences which map to multiple locations in the genome can be genomic
rearrangements.

[0085] In some embodiments, primers may contain additional sequences such as an identifier
sequence (e.g., a barcode, an index), sequencing primer hybridization sequences (e.g., Rd1), and
adapter sequences. In some embodiments the adapter sequences are sequences used with a next
generation sequencing system. In some embodiments, the adapter sequences are PS5 and P7
sequences for Illumina-based sequencing technology. In some embodiments, the adapter
sequence are P1 and A compatible with Ton Torrent sequencing technology.

[0086] In some embodiments, barcode or index sequences may provide a source or location
identifier for a target nucleic acid. For example, a barcode or index sequence may serve to
identify a patient from whom a nucleic acid is obtained. In some embodiments, barcode or index
sequences enable sequencing of multiple different samples on a single reaction (e.g., performed
in a single flow cell). In some embaodiments, an index sequence can be used to orientate a
sequence imager for purposes of detecting individual sequencing reactions. In some
embodiments, a barcode or index sequence may be 2 to 25 nucleotides in length, 2 to 15
nucleotides in length, 2 to 10 nucleotides in length, 2 to 6 nucleotides in length.

[0087] In some embodiments, when a population of tailed random primers is used in
accordance with methods described herein, multiple distinguishable amplification products can be
present after amplification. In some embodiments, because tailed random primers hybridize at
various positions throughout nucleic acid molecules of a sample, a set of target-specific primers
can hybridize (and amplify) the extension products created by more than 1 hybridization event,

e.g. one tailed random primer may hybridize at a first distance (e.g., 100 nucleotides) from a
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target-specific primer hybridization site, and another tailed random primer can hybridize at a
second distance (e.g., 200 nucleotides) from a target-specific primer hybridization site, thereby
resulting in two amplification products (e.g., a ~100 bp amplification product and a ~200 bp
amplification product). In some embodiments, these multiple amplification products can each be
sequenced in . In some embodiments, sequencing of these multiple amplification products is
advantageous because it provides multiple overlapping sequence reads that can be compare with
one another to detect sequence errors introduced during amplification or sequencing processes.
In some embodiments, individual amplification products can be aligned and where they differ in
the sequence present at a particular base, an artifact or error of PCR and/or sequencing may be
present.

[0088] In some embodiments, target nucleic acids and/or amplification products thereof can
be isolated from enzymes, primers, or buffer components before and/or after any of appropriate
step of a method. Any suitable methods for isolating nucleic acids may be usede. In some
embodiments, the isolation can comprise Solid Phase Reversible Immobilization (SPRI) cleanup.
Mecthods for SPRI cleanup are well known in the art and kits arc commercially available, e.g.
Agencourt AMPure XP - PCR Purification (Cat No. A63880, Beckman Coulter; Brea, CA). In
some embodiments, enzymes can be inactivated by heat treatment.

[0089] In some embodiments, unhybridized primers can be removed from a nucleic acid
preparation using appropriate methods (e.g., purification, digestion, ezc.). In some embodiments,
a nuclease (e.g., exonuclease 1) is used to remove primer from a preparation. In some
embodiments, such nucleases are heat inactivated subsequent to primer digestion. Once the
nucleases are inactivated a further set of primers may be added together with other appropriate
components (e.g., enzymes, buffers) to perform a further amplification reaction.

[0090] In some embodiments, a target nucleic acid genomic DNA or a portion thereof. In
some embodiments, a target nucleic acid can be ribonucleic acid (RNA), e.g. mRNA, or a portion
thereof. In some embodiments, a target nucleic acid can be a cDNA or a portion thereof.

[0091] Many of the sequencing methods suitable for use in methods described herein provide
sequencing runs with optimal read lengths of tens to hundreds of nucleotide bases (e.g. Ion
Torrent technology can produce read lengths of 200-400 bp). Target nucleic acids may or may
not be substantially longer than this optimal read length. In some embodiments, in order for an
amplified nucleic acid portion to be of a suitable length for use in a particular sequencing
technology, the average distance between the known target nucleotide sequence and an end of the
target nucleic acid to which a tailed random primer is hybridizable should be as close to the
optimal read length of the selected technology as possible. In some embodiments, if the optimal

read-length of a given sequencing technology is 200 bp, then the nucleic acid molecules
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amplified in accordance with methods described herein should have an average length of about
800 bp, about 700 bp, about 600 bp, about 500 bp, about 400 bp, about 300 bp, about 200 bp or
less.

[0092] Nucleic acids used herein (e.g., prior to sequencing) can be sheared, e.g. mechanically
or enzymatically sheared, to generate fragments of any desired size. Non-limiting examples of
mechanical shearing processes include sonication, nebulization, and AFA™ shearing technology
available from Covaris (Woburn, MA). In some embodiments, a nucleic acid can be
mechanically sheared by sonication.

[0093] In some embodiments, a target nucleic acid is not sheared or digested. In some
embodiments, nucleic acid products of preparative steps (e.g., extension products, amplification
products) are not sheared or enzymatically digested.

[0094] In some embodiments, when a target nucleic acid an RNA, the sample can be
subjected to a reverse transcriptase regimen to genecrate DNA template and the DNA template can
then be sheared. In some embodiments, target RNA can be sheared before performing a reverse
transcriptase regimen. In some embodiments, a sample comprising target RNA can be used in
methods described herein using total nucleic acids extracted from either fresh or degraded
specimens; without the need of genomic DNA removal for cDNA sequencing; without the need
of ribosomal RNA depletion for cDNA sequencing; without the need of mechanical or enzymatic
shearing in any of the steps; by subjecting the RNA for double-stranded cDNA synthesis using
random hexamers.

[0095] In some embodiments, a known target nucleic acid can contain a fusion sequence
resulting from a gene rearrangement. In some embodiments, methods described herein are suited
for determining the presence and/or identity of a gene rearrangement. In some embodiments,
identity of one porition of a gene rearrangement is previously known (e.g., the portion of a gene
rearrangement that is to be targeted by the gene-specific primers) and the sequence of the other
portion may be determined using methods disclosed herein. In some embodiments, a gene
rearrangement can involves an oncogene. In some embodiments, a gene rearrangement can
comprise a fusion oncogene.

[0096] In some embodiments, a target nucleic acid is present in or obtained from an
appropriate sample (e.g., a food sample, environmental sample, biological sample e.g., blood
sample, etc.) . In some embodiments, the is a biological sample obtained from a subject. In some
embodiments a sample can be a diagnostic sample obtained from a subject. In some
embodiments, a sample can further comprise proteins, cells, fluids, biological fluids,
preservatives, and/or other substances. By way of non-limiting example, a sample can be a cheek

swab, blood, serum, plasma, sputum, cerebrospinal fluid, urine, tears, alveolar isolates, pleural
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fluid, pericardial fluid, cyst fluid, tumor tissue, tissue, a biopsy, saliva, an aspirate, or
combinations thercof. In some embodiments, a sample can be obtained by resection or biopsy.
[0097] In some embodiments, the sample can be obtained from a subject in need of treatment
for a disease associated with a genetic alteration, e.g. cancer or a herediatary disease. In some
embodiments, a known target sequence is present in a disease-associated gene.

[0098] In some embodiments, a sample is obtained from a subject in need of treatment for
cancer. Insome embodiments, the sample comprises a population of tumor cells, e.g. at least one
tumor cell. In some embodiments, the sample comprises a tumor biopsy, including but not
limited to, untreated biopsy tissue or treated biopsy tissue (e.g. formalin-fixed and/or paraffin-
embedded biopsy tissue).

[0099] In some embodiments, the sample is freshly collected. In some embodiments, the
sample is stored prior to being used in methods and compositions described herein. In some
cmbodiments, the samplc is an untrcated sample. As used herein, “untrcated sample” refers to a
biological sample that has not had any prior sample pre-treatment except for dilution and/or
suspension in a solution. In some embodiments, a samplc is obtained from a subject and
preserved or processed prior to being utilized in methods and compositions described herein. By
way of non-limiting example, a sample can be embedded in paraffin wax, refrigerated, or frozen.
A frozen sample can be thawed before determining the presence of a nucleic acid according to
methods and compositions described herein. In some embodiments, the sample can be a
processed or treated sample. Exemplary methods for treating or processing a sample include, but
are not limited to, centrifugation, filiration, sonication, homogenization, heating, freezing and
thawing, contacting with a preservative (e.g. anti-coagulant or nuclease inhibitor) and any
combination thercof. In some embodiments, a sample can be treated with a chemical and/or
biological reagent. Chemical and/or biological reagents can be employed to protect and/or
maintain the stability of the sample or nucleic acid comprised by the sample during processing
and/or storage. In addition, or alternatively, chemical and/or biological reagents can be employed
to release nucleic acids from other components of the sample. By way of non-limiting example, a
blood sample can be treated with an anti-coagulant prior to being utilized in methods and
compositions described herein. Suitable methods and processes for processing, preservation, or
treatment of samples for nucleic acid analysis may be used in the method disclosed herein. In
some embodiments, a sample can be a clarified fluid sample, for example, by centrifugation. In
some embodiments, a sample can be clarified by low-speed centrifugation (e.g. 3,000 x g or less)
and collection of the supernatant comprising the clarified fluid sample.

[00100] In some embodiments, a nucleic acid present in a sample can be isolated, enriched, or

purified prior to being utilized in methods and compositions described herein. Suitable methods
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of'isolating, enriching, or purifying nucleic acids from a sample may be used. For example, kits
for isolation of genomic DNA from various sample types are commercially available (e.g.
Catalog Nos. 51104, 51304, 56504, and 56404; Qiagen; Germantown, MD). In some
embodiments, methods described herein relate to methods of enriching for target nucleic acids,
e.g., prior to a sequencing of the target nucleic acids. In some embodiments, a sequence of one
end of the target nucleic acid to be enriched is not known prior to sequencing. In some
embodiments, methods described herein relate to methods of enriching specific nucleotide
sequences prior to determining the nucleotide sequence using a next-generation sequencing
technology. In some embodiments, methods of enriching specific nucleotide sequences do not
comprise hybridization enrichment.

[00101] Methods described herein can be employed in a multiplex format. In embodiments of
methods described herein, multiplex applications can include determining the nucleotide
sequence contiguous to one or more known target nucleotide sequences. As uscd herein,
“multiplex amplification” refers to a process involve simultaneous amplification of more than one
target nucleic acid in one reaction vessel. In some embodiments, methods involve subscquent
determination of the sequence of the multiplex amplification products using one or more sets of
primers. Multiplex can refer to the detection of between about 2-1,000 different target sequences
in a single reaction. As used herein, multiplex refers to the detection of any range between 2-
1,000, e.g., between 5-500, 25-1000, or 10-100 different target sequences in a single reaction, etc.
The term “multiplex” as applied to PCR implies that there are primers specific for at least two
different target sequences in the same PCR reaction.

[00102] In some embodiments, target nucleic acids in a sample, or separate portions of a
sample, can be amplified with a plurality of primers (e.g., a plurality of first and second target-
specific primers). In some embodiments, the plurality of primers (e.g., a plurality of first and
second target-specific primers) can be present in a single reaction mixture, e.g. multiple
amplification products can be produced in the same reaction mixture. In some embodiments, the
plurality of primers (e.g., a plurality of sets of first and second target-specific primers) can
specifically anneal to known target sequences comprised by separate genes. In some
cmbodiments, at lecast two scts of primers (e.g., at lcast two sets of first and sccond target-specific
primers) can specifically anneal to different portions of a known target sequence. In some
embodiments, at least two sets of primers (e.g., at least two sets of first and second target-specific
primers) can specifically anneal to different portions of a known target sequence comprised by a
single gene. In some embodiments, at least two sets of primers (e.g., at least two sets of first and

second target-specific primers) can specifically anneal to different exons of a gene comprising a
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known target sequence. In some embodiments, the plurality of primers (e.g., first target-specific
primers) can comprise identical 5’ tag sequence portions.

[00103] In embodiments of methods described herein, multiplex applications can include
determining the nucleotide sequence contiguous to one or more known target nucleotide
sequences in multiple samples in one sequencing reaction or sequencing run. In some
embodiments, multiple samples can be of different origins, e.g. from different tissues and/or
different subjects. In such embodiments, primers (e.g., tailed random primers) can further
comprise a barcode portion. In some embodiments, a primer (e.g., a tailed random primer) with a
unique barcode portion can be added to each sample and ligated to the nucleic acids therein; the
samples can subsequently be pooled. In such embodiments, each resulting sequencing read of an
amplification product will comprise a barcode that identifies the sample containing the template
nucleic acid from which the amplification product is derived.

[00104] In some embodiments of methods described herein, a determination of the sequence
contiguous to a known oligonucleotide target sequence can provide information relevant to
trcatment of discasc. Thus, in some embodiments, mcthods disclosed herein can be used to aid in
treating disease. In some embodiments, a sample can be from a subject in need of treatment for a
discase associated with a genctic alteration. In some embodiments, a known target sequence a
sequence of a discase-associated gene, e.g. an oncogene. In some embodiments, a sequence
contiguous to a known oligonucleotide target sequence and/or the known oligonucleotide target
sequence can comprise a mutation or genetic abnormality which is disecase-associated, e.g. a SNP,
an insertion, a deletion, and/or a gene rearrangement. In some embodiments, a sequence
contiguous to a known target sequence and/or a known target sequence present in a sample
comprised sequence of a gene rearrangement product. In some embodiments, a gene
rearrangement can be an oncogene, e.g. a fusion oncogene.

[00105] Certain treatments for cancer are particularly effective against tumors comprising
certain oncogenes, e.g. a treatment agent which targets the action or expression of a given fusion
oncogene can be effective against tumors comprising that fusion oncogene but not against tumors
lacking the fusion oncogene. Methods described herein can facilitate a determination of specific
scquences that reveal oncogene status (e.g. mutations, SNPs, and/or rearrangements). In some
embodiments, methods described herein can further allow the determination of specific
sequences when the sequence of a flanking region is known, e.g. methods described herein can
determine the presence and identity of gene rearrangements involving known genes (e.g.,
oncogenes) in which the precise location and/or rearrangement partner are not known before

methods described herein are performed.
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[00106] In some embodiments, technology described herein relates to a method of treating
cancer. Accordingly, in some embodiments, methods provided herein may involve detecting, in a
tumor sample obtained from a subject in need of treatment for cancer, the presence of one or
more oncogene rearrangements; and administering a cancer treatment which is effective against
tumors having any of the detected oncogene rearrangements. In some embodiments, technology
described herein relates to a method of determining if a subject in need of treatment for cancer
will be responsive to a given treatment. Accordingly, in some embodiments, methods provided
herein may involve detecting, in a tumor sample obtained from a subject, the presence of an
oncogene rearrangement, in which the subject is determined to be responsive to a treatment
targeting an oncogene rearrangement product if the presence of the oncogene rearrangement is
detected.

[00107] In some embodiments, a subject is in need of treatment for lung cancer. In some
embodiments, e.g. when the sample is obtained from a subject in need of treatment for lung
cancer, the known target sequence can comprise a sequence from a gene selected from the group
of ALK, ROS1, and RET. Accordingly, in some embodiments, gene rearrangements result in
fusions involving the ALK, ROSI1, or RET. Non-limiting examples of gene arrangements
involving ALK, ROS1, or RET are described in, e.g., Soda ct al. Nature 2007 448561-6: Rikova
et al. Cell 2007 131:1190-1203; Kohno et al. Nature Medicine 2012 18:375-7; Takouchi et al.
Nature Medicine 2012 18:378-81; which are incorporated by reference herein in their entireties.
However, it should be appreciated that the precise location of a gene rearrangement, and the
identity of the second gene involved in the rearrangement may not be known in advance .
Accordingly, in methods described herein, the presence and identity of such rearrangements can
be detected without having to know the location of the rearrangement or the identity of the
second gene involved in the gene rearrangement.

[00108] In some embodiments, the known target sequence can comprise sequence from a gene
selected from the group of: ALK, ROS1, and RET.

[00109] In some embodiments, the presence of a gene rearrangement of ALK in a sample
obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with a
treatment selected from the group consisting of: an ALK inhibitor; crizotinib (PF-02341066);
AP26113; LDK378; 3-39; AFR802; IPI-504; ASP3026; AP-26113; X-396; GSK-1838705A,;
CH5424802; diamino and aminopyrimidine inhibitors of ALK kinase activity such as NVP-
TAE684 and PF-02341066 (see, e.g. Galkin et al, Proc Natl Acad Sci USA, 2007, 104:270-275;
Zou et al. Cancer Res, 2007, 67:4408-4417; Hallberg and Palmer F1000 Med Reports 2011 3:21;
and Sakamoto et al. Cancer Cell 2011 19:679-690) and molecules disclosed in WO 04/079326.

All of the foregoing references are incorporated by reference herein in their entireties. An ALK
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inhibitor can include any agent that reduces the expression and/or kinase activity of ALK or a
portion thereof, including, e.g. oligonucleotides, small molecules, and/or peptides that reduce the
expression and/or activity of ALK or a portion thereof. As used herein “anaplastic lymphoma
kinase” or “ALK” refers to a transmembrane tyROS1ine kinase typically involved in neuronal
regulation in the wildtype form. The nucleotide sequence of the ALK gene and mRNA are
known for a number of species, including human (e.g. SEQ ID NO: 2 (mRNA), NCBI Gene 1D:
23R).

[00110] In some embodiments, the presence of a gene rearrangement of ROS1 in a sample
obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with a
treatment selected from the group consisting of: a ROS1 inhibitor and an ALK inhibitor as
described herein above (e.g. crizotinib). A ROSI inhibitor can include any agent that reduces the
expression and/or kinase activity of ROS1 or a portion thereof, including, e.g. oligonucleotides,
small molecules, and/or peptides that reduce the expression and/or activity of ROS1 or a portion
thereof. As used herein ““c-ros oncogene 1 or “ROS1” (also referred to in the art as ros-1) refers
to a transmembrane tyrosine kinase of the sevenless subfamily and which interacts with PTPNG.
Nucleotide sequences of the ROS1 gene and mRNA are known for a number of species,
including human (e.g. SEQ ID NO: 1 (mRNA), NCBI Gene ID: 238).

[00111] In some embodiments, the presence of a gene rearrangement of RET in a sample
obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with a
treatment selected from the group consisting of: a RET inhibitor; DP-2490, DP-3636, SU5416;
BAY 43-9006, BAY 73-4506 (regorafenib), ZD6474, NVYP-AST487, sorafenib, RPI-1, XL184,
vandetanib, sunitinib, imatinib, pazopanib, axitinib, motesanib, gefitinib. and withaferin A (see,
e.g. Samadi et al. Surgery 2010 148:1228-36; Cuccuru et al. INCI 2004 13:1006-1014; Akeno-
Stuart et al. Cancer Research 2007 67:6956; Grazma et al. J Clin Oncol 2010 28:15s 5559;
Mologni e tal. ] Mol Endocrinol 2006 37:199-212; Calmomagno et al. Journal NCI 2006 98:326-
334; Mologni. Curr Med Chem 2011 18:162-175 and the compounds disclosed in WO
06/034833; US Patent Publication 2011/0201598 and US Patent 8,067,434). All of the foregoing
references are incorporated by reference herein in their entireties. A RET inhibitor can include
any agent that reduces the expression and/or kinase activity of RET or a portion thereof,
including, e.g. oligonucleotides, small molecules, and/or peptides that reduce the expression
and/or activity of RET or a portion thereof. As used herein “rearranged during transfection™ or
“RET” refers to a receptor tyrosine kinase of the cadherein superfamily which is involved in
neural crest development and recognizes glial cell line-derived neurotrophic factor family
signaling molecules. Nucleotide sequences of the ROS1 gene and mRNA are known for a
number of species, including human (e.g. SEQ ID NOs: 3-4 (mRNA), NCBI Gene ID: 5979).

37

ADX - 000365458

Tecan Ex. 2203, Page 293 of 293
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00028





