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I, MikhatV-—MatzEli Meyer, declare as follows:
1. I have been retained by Patent Owner, Tecan Genomics, Inc.
(“Tecan”) to provide testimony in this inter partes review regarding my work with

early NGS techniques. 1 understand that Dr. Mikhail Matz previously

submitted a declaration at EX2039. 1 have read and considered the

Declaration of Mikhail V. Matz, Ph.D., including all the documents cited

therein. A copy of the Declaration of Mikhail V. Matz, Ph.D. that I reviewed

is attached as Exhibit B to this declaration. I have independently verified the

content and analyses that Dr. Matz included in his declaration, and I confirm

that I have reached the same independent opinions on this matter. In doing

so, I have relied on my own personal knowledge and information that is

publicly accessible. My testimony only concerns my opinions and the public

materials in the Mever publication. Therefore, I hereby adopt the statements

made in EX2039 with minor, non-substantive revisions, which are reflected in

this declaration starting at Paragraph 15. My relevant background and

experience are included below. I affirm that I have not spoken with Dr. Matz

about my opinions or the substance of this declaration.

2. I am the seniorfirst author of the research article Sequencing and de
novo analysis of a coral larval transcriptome using 454 GSFlx, which I

understand to be referred to as Meyer, Meyer 2009, or EX1006 in this proceeding.
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Fhis—work—was—performed—in—mylab—undermydirectionAs the first author, I

contributed substantially to Meyer, including drafting the publication and

participating in library preparation.

3. Tecan requested that I submit this declaration to aid the Patent Office
in its review of Meyer.

4. I understand that there are two inter partes review proceedings
concerning my work and that IDT relies on my work for its anticipation and
obviousness arguments. I have not been asked to provide any opinions as to the
ultimate issues of anticipation and obviousness that IDT has raised.

I. BACKGROUND AND QUALIFICATIONS

5. Over the past three-decades27 years, | have studied and researched

various topics in biechemistry—and-marine biology and genomics, including

methods for PCR amplification, PCR suppression, and coral genomics.

6. I obtained my Ph.D. in Biechemistry—n—1999from-thetnstitute—of
Bioorsante-Chemistey—a-RoscovwRusstoe—As-part-oiBiology in 2006 from the

University of Southern California in L.os Angeles, CA. During my graduate

studies in—Meoseowand postdoctoral training, I researched and published on

molecular—eloning;genomic _methods for the study of marine invertebrates

using cDNA normalization, PCR suppression, and PCR amplification. [

conducted my postdoctoral studies at the University of Texas — Austin from
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2007 to 2012, under the direction of Dr. Mikhail V. Matz and Dr. Thomas E.

Juenger.

7. &—In August—20062012, I joined the faculty of Oregon State

University ef Fexas-at-Austin-as an Assistant Professor in the Integrative Biology
SRT ood at this institution for il g q |
the—rank—el—tenmred—buH—Rrotessor—sinee— oot ——Av—part—ol—nar-

il : Drof | L gl

Professordepartment. In this role, I serveserved as the principal investigator for

a genomics research laboratory. As the principal investigator, | everseeoversaw

the research conducted in the laboratory;ineluding-the-work-deseribed-in-Meyer.

During this—timemy academic career, I have—published 9541 peer-reviewed

papers  on—eorl—oepomtes—tnseriptomies—and—episenctesusing . DNA

sequencing to study non-model organisms like corals. My research has been
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referenced in the published works of others more than 23;000-times;—eurrenthy-

aectittkibneabout -3 00-600-pevw—referepeespervenrS,800 times,

8. In 2019, I launched a startup business providing DNA testing

services for the saltwater aquarium hobby and aquaculture industry. For

this venture, I adapted DNA sequencing methods from my academic research

to develop a commercially viable testing service. My company, AquaBiomics

LLC, uses DNA sequencing to identify harmful or beneficial bacteria in the

aquarium, along with the parasites that cause disease in aquarium fish.

Operating this DNA testing service has been my full-time occupation since

[\

019.
0. I understand that one of thesemy prior publications on sequencing
and coral genomics, Meyer, is at issue in these proceedings. We conducted the

study described in Meyer in 2008 and submitted it for publication on January 13,

2009. Iledwas part of the team that developed thethese methods-that-wereused,

and eversawconducted most of the experiments and analysis-that-were-done. |

also

2009 -drafted the manuscript discussed here (Meyer). My postdoctoral

advisor, Dr. Matz, under whose direction this work was conducted, also

contributed substantially to the experiments and manuscript.
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10. Meyer—represents—a—eculmination—of—-workThe study described in

Meyer represented a collaboration between mythe Matz laboratory, the Center

for Genomics and Bioinformatics at Indiana University, and James Cook
University in Australia. MyQOur laboratory prepared the sequencing library used
in Meyer while researchers at James Cook University facilitated sample
collection, and researchers at Indiana University sequenced the library with the
454 sequencer. EX1006.0017.

11. I drafted the manuscript, created the bioinformatics scripts that

were used to evaluate the sequencing results, conducted the sequence analysis

and annotation, and participated in sample collection and library

preparation reported in Meyer. Id. Dr. Matz conceived of the overall study

and library preparation methods described in Meyer. Id. Pestdoctoral-researcher
Eli-Meyer-and-researchResearch assistant Galina Aglyamova helped prepare the
cDNA sequencing library used in Meyer. Id. Another postdoctoral researcher,
Shi Wang, analyzed single nucleotide polymorphisms (“SNPs”) in the sequencing

data and validated the results. Id. I supervisedworked closely with all of them

and had personal knowledge of their work and our disclosure of this work in

Meyer.
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12. A copy of my curriculum vitae, attached as Exhibit A, contains
further details on my education, experience, publications, and the other
qualifications allowing me to render an opinion in this matter.

13. I am being compensated my standard rate of $250 per hour, plus
expenses. My compensation is in no way dependent on the content of my
testimony or upon the outcome of this proceeding.

14. 1have not previously testified as an expert witness.

II. THE STUDY IN MEYER FOCUSED ON SEQUENCING THE
ENTIRE CORAL TRANSCRIPTOME IN ONE SEQUENCING RUN

15.  In 2008, mythe Matz lab focused on studying various species of
coral and their role in sustaining marine ecosystems. We were interested in
understanding the stress tolerance of coral and the interactions between coral and
algae—both issues that were poorly understood at the time. This was important to
us because it could help us better understand what impact climate change and
other environmental stressors would have on marine ecosystems. By 2008, we
recognized an urgent need to understand the potential for corals to adapt to
climate change. See EX1006.0001-02.

16. As we reported in our publication, we felt that new methods were
needed for “genomic-scale analysis of emerging model organisms that exemplify

important biological questions but lack fully sequenced genomes.” Id., .0001.
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We believed that NGS could be harnessed to “make possible the detailed studies
of gene expression, genetic connectivity, and stress physiology required for
addressing” the questions being investigated by my lab. Id., .0002.

17.  While a few studies had already used NGS technology to sequence
the transcriptomes for organisms with already completed genomes, we observed a
lack of methods for de novo assembly and analysis of transcriptomes without a
reference genome sequence, which limited the study of emerging model
organisms. Id. Even more, we noticed that NGS methods had not yet been
applied to corals. /d. In fact, only a small set of sequencing reads were available
for just three coral species. Id. Some studies had used Sanger sequencing to
identify expressed sequence tags (short sequences that correspond to expressed
genes) and partial genome sequences. /d. But no coral genome or transcriptome
had been completely sequenced and assembled. See id.

18. We wanted to facilitate genomics studies in corals and other
non-model systems through the use of NGS technologies given their increased
throughput, which could expand the amount of known sequencing data. /d. NGS
was not widespread at the time since it had only been commercially available for a
few years. Moreover, in these early days of NGS, researchers had just begun to
adapt the technology to their respective disciplines. At the time, the 454

pyrosequencer had been commercially available for about three years, and the
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Solexa Genome Analyzer (what would later be acquired by Illumina) had been
available for about two years. The Ion Torrent sequencer would not be released
for over another year.

19. Not only was NGS relatively new, but researchers were also
concerned with the accuracy of the platforms available. While NGS made it
possible to sequence considerably larger volumes of genetic material more
efficiently, NGS suffered from a number of problems that resulted in lower
quality sequencing reads than Sanger sequencing. These concerns were
exacerbated when there was no existing reference genome since researchers had
no way of comparing to see whether the sequencing reads were inaccurate.

20. Through Meyer, we wanted to demonstrate as a proof of concept that
researchers could deep sequence entire transcriptomes of emerging model
organisms in a single 454 sequencing run and rely on that sequencing data to de
novo assemble entire transcriptomes. See EX1006.0002. Our improvements to
existing methods focused on ways to improve sequencing read output and to
assemble catalogs of genes from that output. /Id. To demonstrate the
effectiveness of our improvements, we applied these methods to sequence the
larval transcriptome of the coral Acropora millepora. Id.

21. As we report in Meyer, we succeeded in sequencing the entire

transcriptome. Id., .0001. I believe this was one of the earliest instances in which
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a lab had succeeded in fully sequencing a transcriptome of a non-model organism
with no prior genomic resources, using the 454 sequencing platform. Our study
also succeeded in assembling and annotating the transcriptome of the A.
millepora, which provided critical insight into the genetic makeup of the coral

species, furthering other coral research.

III. HOW WE OVERCAME CHALLENGES TO SEQUENCE AN
ENTIRE TRANSCRIPTOME

22. The sequencing results reported in Meyer were generated with the
454 GS-FIx sequencing platform. EX1006.0001. Our primary goal in Meyer was
to sequence the entire transcriptome. See id. This meant that our biggest
challenge would be to avoid the preferential sequencing of certain genes or
transcript regions and to ensure that the whole transcriptome was covered as
evenly as possible. This required overcoming biases towards highly abundant
transcripts, the 3' ends of transcripts, and shorter transcripts. The second
challenge would be to avoid sequencing our own artificial adaptors so that we
could maximize the output of actual new coral sequences. The third challenge
would be to mitigate 454-specific optical artifacts stemming from the sequencing
of the poly-A tails that are present at the 3'-end of every transcript.

A.  Overcoming Bias Towards Highly Abundant Transcripts
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23. Transcript abundances can vary by several orders of magnitude
across genes. If such a sample were to be sequenced directly, we would have
enormous sequencing coverage for a small number of genes producing highly
abundant transcripts, while the rest of the transcriptome would get little or no
coverage. To solve this problem, we applied the normalization procedure
implemented in the Evrogen Trimmer kit. See EX1006.0013; EX2081. This
procedure equalizes the abundances of transcripts, reducing the difference in their
relative representation from several orders of magnitude to just 2-3 fold, reducing
the problem dramatically. In Meyer, we applied this normalization procedure
after cDNA synthesis and before fragmentation. /d.

B. Overcoming Bias Towards 3'-ends of Transcripts

24. In the protocol for cDNA synthesis that we used in Meyer, the cDNA
synthesis is initiated using an oligo-dT containing primer, which anneals to the
poly-A tail present at the 3'-end of every protein-coding RNA. Id. This method
of cDNA synthesis was introduced in the 1990s and has an important advantage
of selecting against ribosomal RNA, which is of no interest to us but constituted
over 90% of the sample.

25. The RNA molecule was then copied by the reverse transcriptase (RT)
enzyme into cDNA, going from the 3' to 5' ends of the mRNA. Sometimes, the

RT enzyme failed to copy the entire length of the RNA molecule. This was
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especially more likely to occur the longer the RNA molecule was because the RT
enzyme would need to copy more nucleic acids. See EX1034.0004. This
premature termination of the copying process could lead to over-representation of
3' regions since the copying process begins at the 3' end. /d. In these instances,
the 5' end of the RNA molecule would be under-represented in the cDNA copies.
Id. To avoid the 3' over-representation (and 5' under-representation), we used the
SMART cDNA amplification kit (Takara). EX1006.0013. This kit uses a
“template-switching” method to amplify RNA molecules that have been copied in
their entirety. As such, we were able to ensure that the cDNA copies contained
the 5' and 3' ends as well as the nucleic acid sequences in between.

C. Overcoming Bias Towards Shorter Transcripts

26. Polymerase chain reaction (“PCR”) amplification has a well-known
tendency to increase the representation of shorter molecules in a mixed sample
(such as a transcriptome library), because shorter fragments are amplified more
efficiently. See EX2081.0009. To combat this tendency during our library
preparation procedure, we normalized and amplified the original cDNA library
with primers annealing at both ends of each fragment (as per the SMART cDNA
amplification protocol). EX1006.0013. We also used a low number of PCR
cycles (15) to amplify the normalized library, which reduced the chance for PCR

artifacts to accumulate. /d.
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D. Avoiding Non-Productive Sequencing of Artificial Adaptors

27. If we were to simply take our normalized cDNA sample and use the
standard 454 sequencing library preparation kit on it, as much as one-quarter of
all reads would have been unusable, containing mostly or exclusively sequences
of adaptors used during the library preparation. To avoid this, we developed the
sequencing library preparation scheme that avoids placing the read-initiating

primer next to adaptor sequences. This scheme is outlined in Figure 1 below:

BNA o et —
5’ end tag 3 end tag cDNA synthesis and amplification (SMART)
[ m— — |
CAP CAP ; 5
b Fragmentation by sonication

5 end fragments Internal fragments 3’ end fragments

[ ]

] [ — |

Ligation to adaptors: A == B ™= bar-code

G G G Sequencing with B
_-:,:: li—>:= =:.=_ Amplification |=—=|== 5
4 ' = — “% > = 5

——=== internal

+ + + =

c PCR suppression
>y o ﬁﬁﬁﬁﬁﬁﬁ
Figure |

Diagram of cDNA synthesis and 454 library preparation procedures. Three fragment types are produced by sonica-
tion: 5', internal, and 3". Ligation with the partially double-stranded adaptors A and B produces, for each fragment type, certain
adaptor configurations that will be amplified (above the '+'), and others that will be suppressed (below the '+') during the sub-
sequent amplification. The procedure preferentially amplifies constructs that are appropriate for 454 sequencing (shown inside
box).

3
I}
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|
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EX1006.0003. The read-initiating primer, shown as a red arrow in the
figure, always points towards the white part of the DNA, which is the original
coral transcript sequence, and is not located next to the adaptors. An additional
feature of this scheme is the suppression of amplification for unsequenceable
fragments flanked by the same primer on both ends (what we refer to as PCR
suppression in Meyer). Id.

E. Avoiding “Blinding” the 454 sequencer with Poly-A Tails

28. The 454 sequencer used pyrosequencing by creating DNA
complementary to the fragments to be sequenced. This process featured rounds of
controlled nucleotide incorporation where the sequencing plate was washed with
only one nucleotide species (e.g., A, T, G, C) for any given round. Each
incorporation would emit light because of the pyrophosphate released during the
reaction. Optical sensors in the 454 sequencer would detect these light emissions
for each fragment being sequenced and generate graphs that could be used to
identify sequences.

29. In a typical nucleotide sequence where the sequence is varied, a
single nucleotide would be added to the complementary sequence, emitting a
single signal pulse. However, when several bases of the same kind appear in a
row (a homopolymer comprising, for example, sequences CCCC or AAAAAA),

the addition of the homopolymer-forming nucleotide in that round results in
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multiple base incorporations, generating a brighter light signal. The brightness of
this signal is used by the 454 instrument to infer how many bases are repeated
within the homopolymer sequence.

30. This method can malfunction with the poly-A sequence found at the
end of every protein-coding transcript. Assuming a typical library preparation
protocol (such as the SMART ¢cDNA amplification kit), the poly-A tail could be
30 bases long. Incorporation of that many nucleotides in the same 454
sequencing round would generate a far stronger burst of light than the 454
platform’s sensors were equipped to handle. Such a burst would essentially blind
the sensors, throwing off their calibration and leading the instrument to discard
the whole read as well as reads in neighboring microwells, which could result in
the failure of the whole sequencing run.

31. Even though we ensured that sequencing always starts from the
actual coral transcript part (Figure 1), due to the randomness of fragmentation, the
coral part can be short enough for the read to run into the adaptor sequence,
including the poly-A/T stretch. Even though we used a shorter poly-T-primer
than standard (with only 13 “T” bases in a row, see EX1006.0013), any
sequencing of that region would have led to us having to discard the poly-A/T
containing reads and nearby wells. To fix this, we introduced an additional

modification: a “broken-T” primer, where we interrupted the T(13) homopolymer
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with a single “C” base in the middle. Id. We did this to avoid the
“sensor-blinding” problem with the 454 sequencer.

IV.  OUR METHOD IN DETAIL

32. There are two library preparation methods reported in Meyer: the
method illustrated in Figure 1 and the method illustrated in Additional File 4. As
we reported in the publication, we only used the method reported in Figure 1 to
prepare the samples that were sequenced and reported in Meyer. EX1006.0002
(“A cDNA sample was prepared from coral larvae as illustrated in Figure 17).
Unless otherwise specified, any references I make to the method reported in
Meyer refer to the method reported in Figure 1.

33. The method incorporates the solutions outlined above and was used
to prepare the mRNA transcripts for sequencing. Figure 1 is an accurate

representation of cDNA synthesis and library preparation in the method.
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34.

5’ end tag 3’ end tag cDNA synthesis and amplification (SMART)
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Figure |

Diagram of cDNA synthesis and 454 library preparation procedures. Three fragment types are produced by sonica-
tion: 5', internal, and 3". Ligation with the partially double-stranded adaptors A and B produces, for each fragment type, certain
adaptor configurations that will be amplified (above the '+'), and others that will be suppressed (below the '+') during the sub-

sequent amplification. The procedure preferentially amplifies constructs that are appropriate for 454 sequencing (shown inside
box).

In our study, we extracted RNA from coral larvae using a standard

extraction kit. /Id.,.0012. We purified the extracted RNA through lithium

chloride precipitation, which removes contaminating DNA and proteins.

Id., .0012-13. The precipitant was centrifuged and analyzed on a gel to ensure

purity. Id., .0021.
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35. 454 sequencing required that the RNA be converted to cDNA before
the nucleic acids could be sequenced. We used Clontech’s SMART cDNA
synthesis and amplification kit to reverse transcribe and amplify purified RNA.
Id., .0012. This was a standard procedure at the time. We also used this kit
because it is designed to only amplify cDNAs that have been reverse-transcribed
in their entirety, “preferentially enrich[ing] for full-length cDNAs.”
EX1034.0004.

36. We followed the manufacturer’s instructions for cDNA synthesis,
except that the primer used for the first strand of cDNA synthesis was customized
to incorporate the broken chain T sequence. We did this “by the inclusion of an
internal C to minimize the potential for 454 sequencing problems in [the]
homopolymer stretch.” EX1006.0013. The modified CAP primer with the broken

chain 1s shown below.

Cap-TRSA-CV (first strand cDNA synthesis primer):
5- AAGCAGTGGTATCAACGCAGAGT CGCAGTCGGTACTTTTTTCTTITTTTIV=-3

(“cap” primer sequence) ("broken chain” polyT)

Id., .0019.
37. The SMART protocol amplifies the cDNA strands by using the CAP
primers. We followed the manufacturer’s instructions and used PCR suppression

to “preferentially amplify longer molecules and thus enrich for full-length
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transcripts.” Id., .0013. This preferential amplification was important because it
counteracts the natural tendency of PCR to amplify shorter molecules over longer
ones, which would have created a bias towards shorter transcripts. EX2081.0009.
This entire process occurred before fragmentation. See EX1006.0013, .0021-23.

38.  After we normalized and amplified the full-length cDNA strands, we
fragmented them by sonication to produce short, random fragments appropriate
for 454 sequencing. Id. We optimized this process to produce fragments that
were roughly 300-400 nucleotides in length. /d., .0013.

39. As depicted in Figure 1, fragmentation generated three types of
fragments: (1) internal fragments that represented most of the regions of the

mRNA transcripts; (2) 5' end fragments; and (3) 3' end fragments.

cDNA synthesis and amplification (SMART)

5'end tag 3’ end tag
[— . I I )|
CAP CAP . oS
.@ Fragmentation by sonication

5'end fragments Internal fragments 3’ end fragments

| I ] [ ] [ j— |

EX1006.0003. The above figure is a simplification of the process and does
not reflect the ratio of fragment types. For every pair of end fragments, there were
several internal fragments. Altogether, these fragments represented the entire

length of the cDNA strand. The end fragments retained the CAP primers at their
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termini (shown in blue above). The 5' and 3' end fragments contained slightly
different CAP primers with the 3' end fragment CAP primer incorporating the
broken chain T sequence (shown in green above).

40. We ligated pseudo-double-stranded adaptors that either contained the
Primer A or Primer B sequence to polished cDNA fragments. Id., .0013. These

adaptors are illustrated below.

B+ adapter:

Long oligo: 5-GCCTTGCCAGCCCGCTCAG ACGAGCGGCCA-3
(B primer sequence) (suppression tag)

Short oligo: 5-TGGCCGCTCGT-3’

A+ adapter:

Long oligo: 5-GCCTCCCTCGCGCCATCAG CCGCGCAGGT-3
(A primer sequence) (suppression tag)

Short oligo: 5-ACCTGCGCGG-3

EX1006.0019. As reflected in the illustration, each adaptor contained
suppression tags.

41. These adaptors were only ligated to the “new” 5' ends formed as a
result of fragmentation/polishing. Id. Since the incorporated CAP primer used
for cDNA amplification was present on the original ends of the cDNA strands and
lacked 5' phosphates, the pseudo-double-stranded adaptors were not able to ligate
to them. Id. At the initiation of PCR amplification (before the first DNA
denaturation step), the DNA polymerase in the reaction would fill in the primer

binding sites on complementary strands.
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42.  We then annealed the universal primers A and B and a primer known
as “A+CAP” to the fragments. I[Id.,.0013. The *“A+CAP” primer was
complementary to the CAP primer sequences and contained the Primer A
sequence at one end of the primer. Id. The “A+CAP” primer was used to
incorporate the “A+” sequence at each of the original cDNA termini. /d., .0019.
This was important because without it, the end fragments could not be attached to
the 454 beads for sequencing.

43. The A, B, and “A+CAP” primers were all added to the mixture after
adaptor ligation and before annealing. /Id., .0013. The directed ligation of the

pseudo-double-stranded adaptors and annealing steps are illustrated below.

5 end fragments Internal fragments 3’ end fragments

|

S E— S— — |

Ligation to adaptors: A == B ™= bar-code

< B

.

:
N
’

Id., .0003. The CAP primers (blue) are attached to the two termini of the

original ¢cDNA strand. The pseudo-double-stranded adaptors ligate to the
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uncapped ends of the cDNA fragments (white). The “A+CAP” primers (blue
arrows) anneal to the CAP primer sequences. The “A+CAP” primers contain the
Primer A sequence (yellow) at their ends.

44.  After the primers anneal to their corresponding sequences on the
fragments, extension products are generated. For the end fragments, these
extension products incorporate the Primer A sequence. Because Primers A and B
are also present in the mixture, extension products are generated for the internal
fragments as well.

45.  Amplification then proceeds using Primers A and B. All fragments
with a Primer A binding site on one end and a Primer B binding site on the other
end were exponentially amplified. Any fragments with matching primer binding
sites (i.e., two Primer A or two Primer B binding sites on the same fragment) were
suppressed through PCR suppression and not exponentially amplified. The PCR

suppression and amplification steps are illustrated below.
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Sequencing with B
e — = Amplification ———t— 5
_——w—— =:= [ e — p

— ]

——=== nternal
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PCR suppression
P L —] mmp == = e
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Id., .0003. The top row of fragments reflects the configurations where
exponential amplification proceeded. Each fragment only contains one Primer A
sequence and one Primer B sequence. The bottom row of fragments contain
either two Primer A sequences or two Primer B sequences. These fragments
formed hairpins and were not amplified. The box in the top right of the figure
shows the configuration of the three types of sequences that were amplified and
sequenced. As illustrated in the figure, amplification occurred for all fragments
with the proper adaptor arrangement, and PCR suppression occurred with all
fragments having two copies of the same adaptor. Because the two types of
pseudo-double-stranded adaptors were ligated randomly to all non-capped
fragment ends, both end and internal fragments were PCR suppressed.

46.  After additional purification steps, we sequenced the fragments using

the 454 GS-FIx platform. /d., .0014.
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47. As I noted above, we also reported an “improved protocol” that
included “minor modifications that we ha[d] recently developed to reduce the
number of manipulations required, improve reproducibility, and to further reduce
adaptor concatenation.” [Id. As we noted in Additional File 4, the minor
modifications were to the process for “preparing coral larval cDNA.” Id., .0019.

48. The below figure is an accurate representation of this modified

method and reflects the changes made to the library preparation method:
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cDNA synthesis and amplification by SMART protocol
d
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&
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;

=
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=
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Exponential amplification
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Sequencing from the fragmentation points using primer B
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49. In the modified method, we introduced a fourth primer, the
“A+TrsaC” primer. This primer contains a sequence complementary to the

broken T chain rather than the CAP primer. This primer is illustrated below.

A+TRSAC:
5-GCCTCCCTCGCGCCATCAG CCGCGCAGGT CGCAGTCGGTACTTTTTITCTTTTITT
(A primer sequence) (suppression tag) (sequence of the 3'-portion of the

“broken chain” cDNA synthesis primer)

Id., .0019. We suggested using this primer because it reduces the length of
the subsequent amplicons, which now no longer contain the CAP primer
sequence. I have included below an illustration comparing the composition of the
amplicon generated from the general method to the amplicon generated from the

modified method.

—
—x

-“ == ]
-l

50. As shown by the figure, the CAP primer sequence (which is 23

nucleotides in length, see EX1006.0019) is no longer present in the amplicons
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generated by the modified method. By reducing the read length of the 3' end
fragment further, we could reduce the risk for sequencing errors. We also could
conserve space, meaning that more of our sequencing reads were directed to
genetic material from the sample and not to adaptors. While that may seem trivial
when considering a single fragment, it is not so trivial when sequencing over
600,000 fragments, where this simple fix can reduce the number of nucleotides
sequenced by 13.8 million.

V. OUR RESULTS
A.  Assembling a Full Larval Transcriptome of Acropora millepora

51.  Our goal was to demonstrate that it was possible to sequence the
entire transcriptome in one sequencing run using our method. From the method,
we produced 628,649 raw sequencing reads from a single sequencing run.
EX1006.0002. These raw reads correspond to the number of sequencing reads
that we received back from the 454 sequencer before we performed any further
quality controls.

52. To verify that we were able to sequence the entire transcriptome, we
needed to use those reads to assemble the transcriptome. After we trimmed the
adaptors from the reads and normalized for size (i.e. size selection), we were able
to assemble 44,444 contigs. Id.,.0003. A contig is a continuous stretch of

overlapping sequencing reads. If we think of a single sequencing read as one
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piece of a jigsaw puzzle, a contig may be thought of as four or five pieces that fit
together.

53. After assembly of the contigs, we were left with 62,657 singletons.
Id. A singleton is a single sequencing read that cannot be joined to form a contig.
While singletons may be unique portions of the transcriptome that do not overlap
with other sequencing reads, singletons may also represent sequencing errors,
artifacts of cDNA normalization, or contaminants from other sources. Our
analysis of the singletons showed that ‘“a substantial fraction” were in fact
“artifacts of cDNA synthesis, normalization, or sequencing.” Id., .0010. These
singletons would be the equivalent of damaged puzzle pieces that cannot be
reliably incorporated into the overall puzzle. Singletons comprised 10% of our
sequencing reads. Id. While tens of thousands of sequencing reads were
unusable, this outcome represented an improvement as compared to other recent
454 transcriptome assemblies where the number of singletons ranged from 13 to
60%. Id.

54.  We compared the contigs and singletons to known protein sequences.
Id., .0005. Because a few thousand singletons returned matches to known
proteins, we combined the contig and singleton matches to construct clusters of
nucleic acid sequences that allowed us to reconstruct the coral transcriptome.

Where assembled sequences matched genes in public databases, we annotated the
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genes to demonstrate coverage. [Id.,.0006. From there, we compared the
completeness and depth of coverage of our sequencing results to known metabolic
pathways, sequences of closely related organisms, and to similar research papers.
Through these comparisons, we confirmed the completeness of our assembled
transcriptome and “the potential for our method to improve sequencing depth and
efficiency in future transcriptome sequencing efforts.” I1d., .0010.

B. Evaluating the 3'-end Bias

55. To test how effective our method was in avoiding a bias towards the
3'-ends of transcripts and in preventing their under-representation due to the
“poly-A blinding” problem, we examined how many raw reads contained a single
copy of the “broken chain” T sequence. Of the 628,649 raw sequencing reads
(EX1006.0002), 98,276 raw reads contained a single copy of the “broken chain” T
sequence. That is approximately 15.6% of total raw reads (we report 16% in
Meyer). 1d., .0009.

56. In 1solation, that number alone was not useful to us. We were
interested in knowing whether our methods improved on the 454 sequencer and
reduced known sequencing errors. To see if our methods succeeded, we
compared that number to what we expected might have been the outcome based

on a few assumptions.
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57.  First, we assumed that the average read length of the raw reads (232
nucleotides) was reflective of the population. See id., .0009. As we reported in
Meyer, the length of the raw reads ranged from 30 to 474 nucleotides with a
standard deviation of 55 nucleotides. /d., .0002.

58. Second, we assumed that the average transcript size was 2,200
nucleotides. /d., .0009. I believe this number was based on the average mRNA
length in mammals, which had been reported to be 2,200 nucleotides. EX2080.
Thus, on average we expected to have about 10 fragments (2,200/232) per
transcript. Since only one of these fragments would contain a poly-A tail, the
fraction of reads with the “broken-T” sequence was expected to be about 10%.
The value that we observed, 16%, was a good match to this very approximate
“ballpark™ estimate: we were happy to find that our method was not off by several
fold in terms of over- or under-representation of 3'-end fragments. After all, the
goal of the method was to avoid any bias in representation of different parts of
transcripts. If we wanted to formally test whether 16% actually constitutes
enrichment of the 3'-ends, it would have required a much more sophisticated
calculation of the expected fraction of 3'-ends, based on the wheletrue

distribution of the—ltengths—et—achmd—ecora—trather—than—mammah-

transeriptscoral transcript lengths, which was neither measured in our study
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nor published elsewhere in the literature, as well as the true distribution of the

length of the reads.

C. SNP Validation

59.  After sequencing the transcripts and assembling the transcriptome,
we also separately evaluated the number of SNPs that were present in the
sequencing data. Using a newly developed software program (QualitySNP), we
identified around 30,000 potential SNPs. /d., .0009.

60. To confirm the accuracy of the predicted SNPs, we selectively
enriched for and sequenced 20 SNPs. I/d. We used target-specific primer pairs to
target and enrich for each SNP. These primer pairs were reported in Additional
File 3 (see id., .0017, which I understand was not included in Exhibit 1006. I also
understand that Additional File 3 has now been submitted as Exhibit 2079. I have
reviewed that version and can confirm that it is a complete and accurate copy of
Additional File 3, which was published contemporaneously with Meyer.

61. After we selectively enriched for the 20 SNPs, we confirmed through
Sanger sequencing that 70% of the predicted SNPs were accurate. Id., .0009.
These findings demonstrated to us the utility of SNP mining from 454

transcriptome sequences. Id., .0012.
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VI. MISUNDERSTANDINGS CONCERNING OUR STUDY

62. I understand that IDT’s petition makes representations about our

study;—but-—several-oftheirpeositions. Based on my understanding of these

representations, I believe that the representations are incorrect for the reasons

discussed below.

A. We Did Not Use the Modified Method in Additional File 4

63. I have been informed by counsel for Tecan that there is a dispute
concerning which method was used to obtain the data reported in Meyer. We
used the method described in Figure 1. In Additional File 4, we provided a
“step-by-step protocol for the library preparation method” outlined in the main
article. As we noted, the protocol in Additional File 4 “include[d] minor
modifications that we ha[d] recently developed to reduce the number of
manipulations required, improve reproducibility, and to further reduce adaptor
concatenation.” EX1006.0014. As we also noted in Additional File 4, the minor
modifications were to the process for “preparing coral larval cDNA.” I1d., .0019.

64. The method illustrated in Additional File 4 was not used in the study
to generate the data reported in Meyer. I1d., .0002. In fact, we stated in Meyer
that the cDNA sample “was prepared from coral larvae as illustrated in Figure 1,

and sequenced using the 454 GS-FIx platform.” Id. Any claim that the data
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reported in Meyer was obtained by the modified method illustrated in Additional
File 4 is incorrect.

B. Our Methods Did Not Allow for the Selective Enrichment of
Specific cDNA Sequences

65. I have been informed by counsel for Tecan that this study has been
used in these proceedings to suggest that the primers targeting the CAP primer
and broken chain T sequences (as disclosed in Figure 1 and in Additional File 4)
result in the selective enrichment of the end fragments. I disagree. Our goal was
precisely the opposite: to obtain data that would represent all genes and all parts
of all transcripts as evenly as possible, without any preferences or biases.

66. The use of CAP primers and the template-switching (SMART)
procedure is the principal innovation of the Clontech SMART c¢DNA
amplification kit (EX1034), which is designed to promote the best possible
evenness of representation for all transcript parts in a set of amplified products. A
standard (non-SMART) protocol would produce an over-representation of 3' ends,
which the SMART protocol counteracts in two ways. First, it ensures that only
the RNA molecules that were reverse transcribed in their entirety are amplified,
and it does not amplify strands that are missing the 5' end. See, e.g.,
EX1034.0004-05. Second, it suppresses shorter, incomplete transcripts through

the use of a single CAP primer for cDNA amplification. See id. As we stated in
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Meyer, our protocol took ‘“advantage of the [SMART c¢cDNA synthesis] PCR
Suppression effect to preferentially amplify longer molecules and thus enrich for
full-length transcripts” and was designed “to minimize distortions of the samples
based on previously described principles.” EX1006.0013.

67. We created the broken chain T-primer solely to resolve the “poly-A
blinding” problem during 454 sequencing. Id., .0009, .0019. The breaking of the
poly-T chain in no way impacted the relative proportion of 3' end fragments that
were amplified during library preparation.

68. In the modified method illustrated in Additional File 4, we proposed
targeting the broken chain T sequence instead of the CAP primer sequence as a
means of reducing the fragment size, which reduced the risk for error and saved
sequencing space.

69. Our library preparation scheme (Figure 1) uses CAP primer
sequences as anchors to strategically direct the placement of 454 amplification
and sequencing primers (A and B), but it does not enrich for any specific part of a
transcript. All fragments with the desired adaptor combination were amplified.
We intended for amplification of all fragments because the purpose of our study

was to sequence the entire transcriptome as evenly as possible.
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70.  Our study was not designed to target specific regions of the mRNA
transcripts. In order to accurately sequence the entire length of the transcripts, we
specifically did not want to enrich certain targets within those transcripts.

71.  We chose the SMART c¢DNA synthesis kit for our coral
transcriptome sequencing project because it was designed to isolate and amplify
full-length mRNA from a small sample of total RNA, ensuring that the cDNA
sample is mostly composed of full-length transcripts and therefore has 5', middle,
and 3' end parts of each transcript equally represented. See EX1034.0004.

72. In fact, the only discussion in our paper relying on the selective
enrichment of target sequences was a separate process not used in Figure 1 or the
illustration in Additional File 4. As I mentioned above, after we sequenced the
coral transcriptome, we selectively enriched for specific sequences of interest (the
20 SNPs) to validate the accuracy of the sequencing analysis, using PCR with two
target-specific primers. See EX1006.0009. The primer pairs were reported in
Additional File 3. See EX2079. We needed to use a different method to target
and enrich for these SNPs because the methods used for preparing our coral
transcriptome library were not designed for target enrichment. We also needed to

use separate target-specific primer pairs to enrich for specific sequences.
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C. Our Data Does Not Show Target Enrichment

73. Thave also been informed by counsel for Tecan that the data reported
at EX1006.0009 has been interpreted to demonstrate enrichment of the
sequencing library (“A single copy of this ‘broken-T’ adaptor was found in
98,276 of the raw reads (16% of the total), slightly more than the expectation
(~10%)”). That is not an accurate conclusion based on our work or Meyer.

74. As 1 explained above, the prediction of the expected fraction of 3'
end fragments (10%) is an approximation, and 16% is well within the limits of its
uncertainty. This was not a measure of enrichment but a way for confirming that
the broken chain T sequence appeared within a reasonable amount of sequencing
reads. Nor could it have been a measure of enrichment. To ascertain enrichment,
a much more sophisticated calculation of the predicted fraction would be
necessary, based on the knowledge of the length distribution of actual coral
mRNAs that can only be obtained after whole-genome sequencing. In addition,
the method we actually used (as described in Figure 1) did not even use the
broken chain T sequence as an anchor to attach the 454 adaptors A and B. See
EX1006.0002-03. Once again, we designed both methods to amplify all fragment
types to ensure that our data captured the entire transcriptome, as described above.

75.  The approximate match between the observed and expected fraction

of 3' end fragments was meant to demonstrate that our method resolved the 454
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sequencer’s “poly-A blinding” problem, which would have led to the
under-representation of 3' ends. We also wanted to ensure that the 3' end was not
overly represented (why we used the SMART protocol in the first place, which
allowed for us to focus on the homopolymer optical issue instead). The data does
not reflect the inadvertent enrichment of the 3' end fragment over other cDNA
fragments during amplification: as 1 explained above, the approximate,
back-of-the-envelope nature of our prediction of expected sequences (10%)
simply cannot support such an inference. We also never reported in Meyer on the
number of 5' end fragments or internal fragments for comparison.

76. As we explained in Meyer, we examined the number of sequence
reads with the broken chain T sequence because we were concerned that the 3'
end fragments would be underrepresented in the data given the 454 sequencer’s
struggles with homopolymers. See EX1006.0009. The 454 sequencer’s
homopolymer sequencing issue was known to result in high levels of
underrepresentation for affected sequencing reads—sometimes to the point that
specific sequencing reads appeared almost non-existent in the data. Given this
profound potential impact on the data, we felt that results that were in the ballpark
range of what we estimated would reflect success.

77. Any suggestion that the data reflects an enrichment of the 3' end

fragments over the other cDNA fragments in our library of fragments that were
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sequenced misinterprets what we actually reported in Meyer.
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VII. CONCLUSION

78. 1 declare under penalty of perjury that the foregoing is true and
correct.

Executed on July17August 19, 2025, at Austin,FexasMonroe, Oregon.

Meyer, Ph.D.
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