ORAL ARGUMENT FOR
OTECANC IPR2025-00028
IPR2025-00029

U.S. Patent Nos.
10,036,012 and 10,876,108

Patent Owner’s Hearing Demonstratives

February 11, 2026

Demonstrative Exhibit - Not Evidence




The Petition Fails to Show Obviousness

L The Petition fails to show prima facie obviousness
- Shapero’s array-based method is fundamentally different from NGS
- Delseny discourages modifying Shapero

- The cited art offers no motivation to combine

¥ Objective indicia reinforce the claims’ non-obviousness

- The prior art discouraged and taught away from the claimed inventions

The claimed inventions solved long-felt, unmet needs

The industry praised Tecan’s inventions
QIAGEN copied Tecan’s SPET
QIAGEN praised Tecan’s SPET
QIAGEN published unexpected results
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Shapero Authors Developed Affymetrix Hybridization Arrays

Shapero

Nuluic Avids Rezearck, 2004, Vil. 32, No. 22 _el81

MARA: a nove! approach for
locus-specific SNP genctypin

e ey NIARA: @ novel approach for highly multiplexed

Affymetrix, Inc., Genotyping Research, 3380 Central Expressw:

ABSTRACT E
We have developed a locus-specific DNA target "

preparation method for highly multiplexed single g

] L ] L ] L]
(SNP) ing cafled  (hel

MARA (Mulliplexed Anictiored Runolf Arplification). i -

The approach uses a single primer per SNP in  ex

conjunction with restriction enzyme digesied,  su

adapter-ligated human genomic DNA. Each primer <o

is composed of common sequsnce at the 5' end fol- ﬂ:‘
o

lowed by locus-spacific sequence at the 3' end. ,
Following a primary reaction in which locus-specific ;“
products are generated, a secondary universai amp- = * = = = = = = =

ichae apero*, Jane Zhang, Ann Loraine, Weiwei Liu, Xiaojun Di

corresponding 1o the oligonucleolide and genomic ] ] ] ] ] ]
DNA adapter sequences. Allele discrimination is
achieved by hybridization to high-density DNA oligo- ¢l
nuclectide arrays. Initial multiplex roactions contain-  a:

e T Guoying Liu and Keith W. Jones

~85% for 250- and 750-piex MARA, We have aiso eval- 1)
uated=>>1000-and 4000-primer plex MARA to genotype 1
SNPs from human chromaseme 21. We have identi-
fied a subset of SNPs corresponding to  primer con-
version rate of -75%, which show an average call rate
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Using Hybridization Arrays
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Table 1, 250- and 750-plex MARA

Sample  250-plex 750-plex

DS > 0.08 Calf rate Concord DS > 0.08 Call rate Concord

@) @ @ @) @ %
NA10848 100 97.5 96.7 994 94.8 972
NA12671  98.6 97.1 100 98.9 95.1 99.2
NA12672  99.6 971 97.8 99.6 95.0 98.2
NAO4477 993 94.6 99.2 99.3 95.7 98.8
NAD4479 989 94.6 97.7 98.5 95.7 98.4
NAO05995 993 964 99.6 99.1 95.3 99.4
NA07057 100 97.1 98.5 993 95.9 98.4
NA10830 989 94.6 99.2 99.1 96.1 99.4
NA10831 100 97.1 98.5 983 95.0 98.8
Average 994 96.2 98.6 99.0 954 98.7

DS of a probe pair is the ratio of (PM — MM)/(PM + MM), where PM is the
intensity of the perfect match cell and MM is the intensity of the mismatch
cell. The DS threshold of 0.08 is higher than the threshold value of 0.03 used
in WGSA as a detection filter to identify weak hyb on sig) (31).
‘Concord’ refers to the concordancy of MARA g genotype calls with W(rb A
genotype calls.

Array Data Output
and Analysis

EX1006.0002-04
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Shapero’s MARA Library Preparation Method
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Shapero Used Affymetrix GeneChip® Hybridization Arrays
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500,000 locations on each GeneChip® array
Actual strand = 45 base pairs
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Hybridization Arrays Are Target-Specific; NGS Is Not

Sequence A

SequenceB N ]
Off-target Sequence [ |

Oligonucleotide Oligonucleotide
Specific to P5 Adapter Specific to P7 Adapter

Adapter A/P5 Adapter [ Probe Specific Probe Specific
Adapter B/P7 Adapter [ to Sequence A to Sequence B

=
I

Illui‘na Plate

Hybridization Array Plate

EX2107.91112

IPR2025-00028: Paper 17, 18-25, 48-50; Paper 27, 5-6; IPR2025-00029: Paper 17, 18-25, 48-50; Paper 27, 5-6; EX2107.9[11105-112
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A POSA Would Have Understood the Importance of Specificity

285. The methods claimed in the 012 and *108 patents disclose the use of a
single target-specific primer to generate oligonucleotide extension products
containing a sequence of interest and the amplification of the oligonucleotide
extension products to generate enriched sequences of interest that can be sequenced
through NGS. In my opinion, as of 2012, a POSA would have been aware of the

nearly two decades worth of literature that demonstrated concerns with

amplification, such as target specificity and off-target binding. See supra 9 57-62.
Carlos Bustamante,
Ph.D. Additionally, a POSA would have been aware from literature concerning the

development and improvement of NGS library preparation methods that the need for

accurate target specificity was paramount. See supra 9 87-104.

EX2107.91285
IPR2025-00028: Paper 17, 25, 37, 41-45, 64-67; Paper 27, 7-10; IPR2025-00029: Paper 17, 25, 37, 41-45, 64-67; Paper 27, 7-10
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Shapero Relies on the Combination of MARA
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MARA: a nove! approach for highly multiplexed
locus-specific SNP genctyping using
high-density DNA oligonuclectide arrays
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Guoying Liu and Keith W. Jones

Affymetrix, Inc., Genotyping Research, 3380 Central Expressway, Santa Clara, CA 95051, USA
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ABSTRACT

We have developed a locus-specific DNA target
preparation method for highly multiplexed singte
i ism (SNP, ing calle:

MARA (Muitiplexed Anciiored Hunoff Ampilification).
The approach uses a single primer per SNP in
conjunction with restriction enzyme digested,
adapter-ligated human genomic DNA. Each primer
is composed of common sequsnce at the 5 end fol-
lowed by locus-spacific sequence at the 3' end.
Following & primary reaclion in which lecus-specific
products are generated, a secondary universai amp-
lification is carried out using & generic primer pair
corresponding 1o the oligonuclectide and genomic
DNA adapter sequences. Allele discrimination is
achieved by hybridization to high-density DNA oligo-
nuctectide arrays. Initial multiplex reactions contain-
ing either 250 primers or 750 primers across ning DNA
| raie of
~95%ior 250- and 750-piex MARA. We nave aiso eval-
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uated>>1000-and 4000-primer piex MARA
SNPs from human chromosom 21. We have idonti-
fied a subset of SNPs corresponding to  primer con-
version rate of -75%, which show an average call rate
over 95% and concordance >89% across severn DNA
samples. Thus, MARA may polentially improve the
throughput of SNP genotyping when coupied with
allele discrimination on high-density arrays by allow-

far exceed the capacity of traditional multiplex PCR.
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With the Hybridization Arrays

Importantly,
MARA does not require absolute specificity of primer anneal-
ing and elongation since target recognition and allele discrim-
ination 1s achieved through hybridization to high-density
arrays.

EX1006.0003-04

In conclusion, multiplex levels for SNP genotyping that are
higher than typically achieved through standard multiplex
PCR have been demonstrated using MARA 1n conjunction
with allele-specific hybridization on high-density DNA arrays.

EX1006.0008

IPR2025-00028: Paper 17, 20-27, 49; Paper 27, 1-5, 10; IPR2025-00029: Paper 17, 20-27, 49; Paper 27, 1-5, 10; EX2107.9[11152-169, 217-220
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Petitioner Focuses Solely on MARA, Divorced From Arrays

MARA: a nove! approach for highly multiplexed

------

e

DNA samples. These results suggest that MARA may serve as PETITIONER
a_target preparation method for highly multiplexed locus-
specific SNP genotyping that far exceeds the capacity of stand- CITES
ard traditional multiplex PCR. When coupled with a method Paper 22, 5-6

for allelic discrimination such as high-density array hybrid-
ization, this method provides access to large numbers of locus-
specific SNPs 1n a single reaction and thus may facilitate the
use of SNPs in genome-wide association studies.

EX1006.0002

QIAGEN Exhibit 1006
Pags

IPR2025-00028: Paper 27, 5-6; IPR2025-00029: Paper 27, 5-6

Demonstrative Exhibit - Not Evidence



Shapero and Jones Never Separate MARA From Arrays

[00884- A second embodiment of the methods is illustrated

i%apwre probes are designed with a locus specific EX1011.980
regio 1 or LS2) and a common sequence (Al) as in FIG 2
FIG. 1. In this embodiment the capture probes further

comprise a tag sequence that is unique for each species of A2 42
capture probe designed. (For a description of tags and tag ¥ ' ¥
probes, see, U.S. Ser. No. 08/626,285.) The capture probes
are attached to the array through hybridization of the tag Al 1Al
sequence to a substantially complementary tag probe 11 511 Hybridize g
sequence that is attached to the array. The tag probes may be /3_Y ls / vl s / ngz,mm DNA / | |5 / | i /
attached to the array in discrete locations. Different species

of tag probes are present at different discrete, spatially
addressable locations. Adaptor-ligated genomic DNA is J'Elongo‘re
hybridized to the array so that the capture probes hybridize
to target sequences in the sample. The capture probes are .

extended as in FIG. 1 to incorporate the target sequence and e L . A2

common sequence A2. The extended capture probes are ¥ e AL Ls2 TR Release DNA

released and amplified using primers Al and A2. The 5 "

amplified product may then be analyzed by, for example, l | |5 /
hybridization to an array. Information about the region of Amplify with / //_‘—T

interest can be determined by analysis of the hybridization A1-A2 primer

pattern. The amplified_sample may_be analyzed by_any pair
method known in the art, for cxamglez MALDI-TOI' mass
spec, capillary electrophoresis, OLA, dynamic allele specific
hybridization (DASH) or TagMan® (Applied Biosystems,
Foster City, Calif.). For other methods of genotyping analy- EX1011

ses see Syvanen, Nature Rev. Gen. 2:930-942 (2001) which P ET I TI O N E R C I T E S

1S herein incorporated by reference 1in its entirety.
Paper 22, 16
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IPR2025-00028: Paper 17, 35-36; Paper 27, 6; IPR2025-00029: Paper 17, 35-36; Paper 27, 6; EX2107.9]1[170-173, 234-236
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Shapero’s Data Is Based on Use of Array Technology

Table 1. 250- and 750-plex MARA

Sample  250-plex 750-plex

DS = 008 Call rate Concord DS » 0.08 Call rate Concord

(%) (%) (%} (%) (%) (%)
NAT0848 100 97.5 96.7 904 94 8 972
NA12671 986 97.1 100 8.9 95.1 992
NAI2672 9946 97.1 97.8 G806 95.0 58.2
NAG4477 993 94 .6 952 9.3 95.7 8.8
NAO447% 989 94.6 97.7 GR.5 957 584
NAQGS995 993 964 956 G9.1 95.3 99 4
NAO7057 100 97.1 98.5 GO 959 98 4
NATOB830 989 94.6 952 G9.1 96.1 99 4
NATO831 100 97.1 98.5 G8.3 95.0 988
Average 99 4 96.2 98.6 G39.0 954 98.7

DS of a probe pair 1s the ratio of (PM — MM)/(PM + MM), where PM 1s the
mtensity of the perfect match cell and MM 1s the intensity of the nusmatch
cell. The DS threshold of 0.08 1s higher than the threshold value of 0.03 used
in WGSA as a detection filter to identify weak hybridization signals (31).
‘Concord’ refers to the concordancy of MARA genotype calls with WGSA
genotype calls.

the primers were not. As explained above, Shapero relies on the call rates coupled
with discrimination scores (“DS”) to evaluate the percentage of SNPs that were
detected by the hybridization arrays. See supra, | 162-64. The data is wholly
obtained through the use of hybridization arrays and not NGS platforms. See supra,
99 150, 162-64. Given the fact that target specificity was driven by the hybridization
arrays, a POSA could not infer from the data what degree of target specificity was
driven by the MARA method, let alone how that method might translate to use with

NGS where there are not safeguards to ensure target specificity.

EX1006.0005

EX2107.91220

IPR2025-00028: Paper 17, 25-30, 48-52; Paper 27, 10-15; IPR2025-00029: Paper 17, 25-30, 48-52; Paper 27, 10-15
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Shapero’s Gel Reads Do Not Demonstrate Specificity

Research, 2004, Vol. 32, No. 20 2181
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MARA: a nove! approach for highly multiplexed
locus-specific SNP genctyping using
high-density DNA oligonuclectide arrays
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ABSTRACT

We have developed a locus-specific DNA target
preparation method for highly multiplexed singte
i ism (SNP, ing cailed

MARA (Muitiplexed Anciiored Hunoff Ampilification).
The approach uses a single primer per SNP in
conjunction with restriction enzyme digesied,
adapter-ligated human genomic DNA. Each primer
is composed of common sequence at the 5 end fol-
lowed by locus-specific sequence at the 3' end.
Following & primary reaclion in which lecus.specific
products are generated, a secondary universai ainp-
lification is carried out using & generic primer pair
corresponding 1o the oligonucleotide and genomic
DNA adapter sequences. Allele discrimination is
achieved by hybridization to high-density DNA oligo-
nuctectide arrays. Initial multiplex reactions contain-
ing either 250 primers or 750 primers across ning DNA

pie cail raie of
~95%ior 250- snd 750—plex MARA. We have aiso eval-

nm] fipie sources of genetic variation oceur among individuals,
mscleoride polymorphisms (SNPS) ace emerging us the
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intemational effot 10 buiid & haplotype map
will identify a standard set of common-aliele SNI'S that ae
expected to provide the framework for new genome-wide
studies designed to identily the underlying wenetic hasis of
complex disenses. pathogen susceptibility and differential
drug responses (41, Owing to these wide-ranging applications,
(here iy »Gll « need Lor the development of robust, flexible.
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types in ) numbers of samples.
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SNPs from human chromosama 21. We have rdann-
fied a subset of SNPs corresponding to  primer con-
version rate of ~. 75%, which show an average callrate
over 95% and concordance >>93% across seven DNA
samples. Thus, MARA may potentially impiove the
throughput of SNP genotyping when coupied with
allele discrimination on high-densily arrays by allow-

far exceed the capacity of traditional multiplex PCR.
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750 bp -
500 bp -

100 bp -

* * *

Figure 2. (A) 250-plex 2° PCR products separated on a 2%, 1x TBE agarose gel.

(B) Negative control (no locus-specific primers) 2° PCR products separated on
2%, 1x TBE agarose gel. (C) p502 chip image using 250 primer-plex 2° PCR

products as target derived from input genomic DNA NAT0830 (D) pS02 chip

imagc using negative control 2° PCR products as target derived from input
enomic DNA NA10830.

EX1006.0004

IPR2025-00028: Paper 27, 11-13; IPR2025-00029: Paper 27, 11-13; see also EX1120.0213:10-216:2, 348:12-350:9
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Shapero’s Negative Controls Assess Amplification,
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ABSTRACT

We have developed a locus-specific DNA target
preparation method for highly multiplexed singie

i i SNP) ing cailed
MARA (Muitiplexed Anciiored Hunoff Ampilification).
The approach uses a single primer per SNP in
conjunction with restriction enzyme digested,
adapter-ligated human genomic DNA. Each primer
is composed of common sequsnce at the 5 end fol-
lowed by locus-spacific sequence at the 3' end.
Following & primary reaclion in which lecus.specific
products are generated, a secondary universai amp-
lification is carried out using & generic primer pair
carresponding to the oligonucleotide and genomic
DNA adapter sequences. Allele discrimination is
achieved by hybridization to high-density DNA oligo-
nuctectide arrays. Initial multiplex reactions contain-
ing either 250 primers or 750 primers across ning DNA
| raie of
~95%ior 250- and 750-piex MARA. We nave aiso eval-

niuliple soucees of gevetic variation occur among individudls,
singie oucleotide polymorphisms (SNPs) arc emerging as the
marker of civice or genelic association siudies due 1o their
abundance, stability and relative ease of scoring. Additianaliy,
going intemational effort 10 buiid 4 haplotype map
will identify a standard set of common-aliele SNI'S that ae
expected to provide the framework for new genome-wide
studies designed to identily the underlying wenetic hasis of
complex diseases, pathogen susceptibility and differential
drug responses (41, Owing 1o these wide-ranging applications,
(here iy »Gll « need Lor the development of robust, flexible.
cost-ellective fechnolugy platlomms for scoring SNP geno-
types in ' of samples.

aoryping methodelogies for
SNPs thut Buve been deseribed over the yews (5-7), These
o vary i o o bow leles s discriigted.
i hybridization with short nligonu
ide probes aloe or in ation with enzymes such
as DNA polymesasas or DNA i Additionlly, ih
appraches can vary in the nature of both the essay
and Lubeling and detection strategies. Howeves, muny cur-
renty used wpproaches < u common fealure in il
there is & for of the regio hat-

cigts

uated>>1000-and 4000-primer piex MARA
SNPs from human chromosom 21. We have idonti-
fied a subset of SNPs corresponding to  primer con-
version rate of -75%, which show an average call rate
over 95% and concordance >89% across severn DNA
samples. Thus, MARA may polentially inprove the
throughput of SNP genotyping when coupied with
allele discrimination on high-density arrays by allow-

far exceed the capacity of traditional multiplex PCR.
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] o 53 1 i W sty (3 o AR
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Shapero’s Negative Controls Assess Amplification,
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MARA: a nove! approach for highly multiplexed
locus-specific SNP genctyping using
high-density DNA oligonuclectide arrays
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Guoying Liu and Keith W. Jones

Affymetrix, Inc., Genotyping Research, 3380 Central Expressway, Santa Clara, CA 95051, USA
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ABSTRACT

We have developed a locus-specific DNA target
preparation method for highly multiplexed singte
i ism (SNP, ing calle:

MARA (Muitiplexed Anciiored Hunoff Ampilification).
The approach uses a single primer per SNP in
conjunction with restriction enzyme digested,
adapter-ligated human genomic DNA. Each primer
is composed of common sequsnce at the 5 end fol-
lowed by locus-spacific sequence at the 3' end.
Following & primary reaclion in which lecus-specific
products are generated, a secondary universai amp-
lification is carried out using & generic primer pair
corresponding 1o the oligonuclectide and genomic
DNA adapter sequences. Allele discrimination is
achieved by hybridization to high-density DNA oligo-
nuctectide arrays. Initial multiplex reactions contain-
ing either 250 primers or 750 primers across ning DNA

pie cail raie of
~95%ior 250- and 750-piex MARA. We have aiso eval-

mu] fipie sources of genetic variation oceur among individuals,
welootide polymorphisms (SNPs) ate emerging as
ce lor genclic association studies due 1o th
s SRy AL o . Ay
the ongoing intemational effort 10 buiid 4 haplotype map
will identify a standard set of common-aliele SNI'S that ae
expected to provide the framesvork for new penome-wide
studies designed to identily the underlying wenetic hasis of
sl diteies, gD et b it
drug responses (41, Owing 1o these wide-ranging applications,
s s e o o development of robust, llexible.
lective technology platioms for scoring SNP geno-
types in aumbers of samples.
There ave o mulitde of senoryping methodologies for
SNPs thut Buve been deseribed over

o Wmlem lr::dx; st

T ol ¢

cotide probey
as DNA paly
approaches ca v
an

rently used sppioaches shas
there is & for

uated>>1000-and 4000-primer piex MARA
SNPs from human chromosom 21. We have idonti-
fied a subset of SNPs corresponding to  primer con-
version rate of -75%, which show an average call rate
over 95% and concordance >89% across severn DNA
samples. Thus, MARA may polentially improve the
throughput of SNP genotyping when coupied with
allele discrimination on high-density arrays by allow-

far exceed the capacily of traditicnal multiplex PCR.

INTRODUCTION
efore the conpletion of e !

Lo
it was
murkers 1o
ilies (1), This ap) nber of
genes involved in rare, s Alars \hgh e G
Plete sequonce now aviilible (2,3), autenton has tried o (e
chillenge ol idenlilying common disease genes, Although

the copy aumber of the sequence Lo
¢ reducing the compiexity
o the targel sequences and impraving the ability 10 differen.
tiate correct and incoxcect genotype calls, Traditionally. stand-
ard multiplex PCR is ult to design and enable at ley
beyond severul dozen lovi per resction (8). Even with careful
optimization of inpur reagants (9) and efforrs to minimize noo-
specific primer dimers (103, multiplex. PCR is 10t a routine
Luboratory technique., A number of allerntive wpproaches Lo
stundard multiplex POR huve been described over (he yers.
These fochade the nse of vniv er sequenzes aided
to the ends of lorus-spesific sequences (11, the use of PCR
suppression i which one tuyetspesili used i
conjunetion Witk i p. imon 1o aday
all DNA fragments (12, the use of

3) an:
q primer

with covy

fieation (14
levels us compured with stdard approuches, none of ihe
deseribed metheds hus demonstrated plex
and thus are sill of moderate wif

T whor comespondence shoud e addened. Tel:-+1 208 731 5175 bax
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A total of 99.4% of the SNPs targeted by
locus-specific primers across nine individuals had a mean DS
> (.08. The targeted SNPs had a mean call rate of 96.2%, and
mean concordance of 98.6% to WGSA genotype calls. In
contrast, when locus-specific primers were omitted in the
primary reaction, 6.6% (of the 258 SNPs) had a mean
DS > 0.08. There was a mean call rate of 6.3%; however,
only five of these SNPs were called across at least five of
the nine DNA samples. These results show that the presence
ol locus-specilic primers allows specific target sequences to be
amplified, and in the absence of primers, only small quantities
ol non-specific products are generated.

EX1006.0005

IPR2025-00028: Paper 17, 27-30; Paper 27, 13-14; IPR2025-00029: Paper 17, 27-30; Paper 27, 13-14
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Dr. Metzker Concedes That Amplification Does Not Occur
Without the Locus-Specific Primers

amino block helps to prevent background genomic amplification.”>  Shapero
(2004)’s common primers will not produce amplification products on their own

independent of the target specific primer extension through the A2 adapter.>® Siebert

Michael Metzker, EX1121.923
Ph.D.
Petitioner’s Expert

would be off-target events. Because those common primers did not produce

quantities sufficient for the chip to detect, this demonstrates to one of ordinary skill

EX1121.9119

IPR2025-00028: Paper 27, 13-14; IPR2025-00029: Paper 27, 13-14; EX2213.0037:20-38:19
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Dr. Bustamante Confirmed the Data Does Not Show Specificity

There 1s no actual evidence
presented in the paper that would show a
POSA that the primers that are used in
the 250 plex reaction, as reported in

QIAGEN 1006, the Shapero reference, are

binding at a relatively high off-target

Carlos Bustamante, rate, correct?
Ph.D.
Q. Yegs or no?
A, There 18 no evidence either
way .

EX1120.0134:11-22
IPR2025-00028: Paper 27, 11; IPR2025-00029: Paper 27, 11
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Delseny Reviews NGS Technologies

journal www.elsevier.

Review
High throughput DNA sequencing: The new sequencing revolution

of Sciences. 500 Caobao Re
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High throughput DNA sequencing: The new sequencing revolution

\iichel Delseny®*, Bin Han", Yue Ie Hsing*

. Génome et Développement des Plantes, UMRS096 CNRS-IRD-UP, University of Perpignan, 58 av. Pau! Alduy, 66860 Perpignar, France
entre for Gene Research, Chinese Academy of Sciences, 500 Caobaa Road, Shanghai 200233, China
ant and Microbial Biology, Academia Sinica, 128 Academia Road, sec 2, Nankang, Taipei 11529, Taiwan

a [ghoratol
b Narionol ¢
¢ nstitute of |

EX1007.0407

QIAGEN Exhibit 1007

IPR2025-00028: Paper 17, 1-2; Paper 27, 6; IPR2025-00029: Paper 17, 1-2; Paper 27, 6; EX2107.9[1[148-149
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Delseny Provides No Motivation to Arrive at Challenged Claims

So far, genotyping has involved maostly microsatellites, a tech-
nology with limited resolution and requiring much time and human
respurces. The ultimate resclution is at the base-pair level and
MNGSTs now open the possibility to genotype a line by sequencing it,
Provided a reference gen is available, This strategy has recently

been illustrated in ric in total 150 RILs derived from a cross
between 93-11 x Nipp80Mare, (the two indica and japonica rice
reference genomes) were Me-sequenced with use of the Illumina
machine and the barcode techpology. With this multiplexing, the
sequencing of the 150line] WV

all, 1,500,000 SNPswere d|  [125] X, Huang, Q. Feng, Q. Qian, et al., High-throughput genotyping by whole

fggzlgjgﬁg&zﬁiiﬁ genome sequencing, Genome Res. 19 (2009) 1068-1076.

timE Df EI,Eq'[_] '[Sit[D]"l ﬂf datmmuu YV ILIT PTC v IOy FITGErs
ods. Such an approach can substitute for the genotyping microarray EX2117 (Han)
strategy because of its higher resolution.

EX1007.0417, 421

IPR2025-00028: Paper 17, 32-33; Paper 27, 15-16; IPR2025-00029: Paper 17, 32-33; Paper 27, 15-16; EX2107.9[11191-196, 238-243

Demonstrative Exhibit - Not Evidence




Han Criticizes Methods Like MARA

Han

Dowinloaded from cenome 5shlp org on May 15. 2025 - Published by €01 Spring Harhor | zboratory Sress

Here we describe the first high-throughput genotyping
method that uses SNPs detected by whole-genome resequencing.

High-throughput genotyping by whole-genome
resequencing

Xuehui Huang,“’7 Qi Feng,"z'6 Qian Qian,s'6 Qiang Zhao,u'é Lu Wang,‘ 6
Ahong Wang, ¢ Jianping Guan,' Danlin Fan,’ Qijun Weng, Tao Huang,’
Guojun Dong,? Tao Sang,'* and Bin Han'~”

"National Center for Gene Research and fnstitite of Plant Physiclogy and Ecology, Shanghai Insttutes of Biological Scierces, Chinese. * %k %
Academy of Scierces, Shanghai 200233, Chin; “College of Life Science and Biatecnology, Shangho iactang University, Shanghai
200240, China; "State Key Lab of Rice Siclogy, China National Rice Research institute, Chinese Academy of Agricultural Sciences,
Hangzhou 310006, China; *Department of Plant Bislogy, Michigan State University, East Lansing, Michigan 48824, USA; *Bejing
Institute of Genomics, Chinese Academy of Sciences, Bejing 100025, China

The nextgeneration sequencing technology coupled with the growing number of genome sequences opens the oppor-
tunity to redesign genotyping strategies for miore effective genetic mapping and genome analysis. We have developed

s s al Tl e s Second, an individual SNP site is no longer a reliable
e e e marker or locus for genotyping due to several potential sources of
sequence errors.

and a resolution of recombination breakpoints within an average of 40 Kb. In comparison to the genetic map constrtcted
with 287 PCR-based markers for the rice population, the sequencing-based method was ~20 faster in data collection
[Supplemental material Is avallable online at www.genome.otg. Pseudomolecules harboring 1,226,791 SNPs identified * % %
between Oryza sativa ssp. indica cv. 9311 and ssp. japorica cv. Nipponbare are available at hetp://www.ncgrac.ni english/

and 35 more precise in breakpoint Using the seq based genetic map, we located
a quantitative frait locus of large effect on plant height in a 100-kb region containing the rice “green revolution” gene.
edatabase.htm, The raw lllumina sequencing data are available in the EB] European Nucleotide Archive (ftp:/ /ftp.era.
ebiacaik/) with accession number ERAQO0D78]

Through computer simulation, we demonstrate that the method is robust for different types of mapping populations
derived from organisms with variable quality of genome sequiences and is feasible for organisms with large genome sizes
and low polymorphisms. With continuous advances in sequencing technologies, this genome-based method may replace
the conventional marker-based genotyping abproach to provide a powerful tool for large-scale gene discovery and for
addressing a wide range of biological questions.,

The first use of DNA-based matkers decades ago lald the ground-
ugh forwazd and The

types of markers and methods for canstructing genetic maps have
evolved rapidly with advances in molecular biology techniques.
Ihe development of PCR triggered the hucst of a generation of
markers that considerably simplified experimental procedures for
marker designing and sconing. However, fliese markers, although
still widely used, Timitations
coverage, time, and cost effectiveness, he development of geno-
mics concepts and tools has set the stage for replaing the marker-
based mapping approach with genome-based high-throughput
strategics

The availability of genome sequences operned the door to
high-throughput genotyping. Uhis was initially accomplished by
adopting micoarray technology, which defects singhe nuclotide
polymorphisis (SNPS) through Tibridizing genomic DNA to
oligonucleotides spotted on gene chips. This genotyping method

TThese utbors contribute equaty to thl work.

“Correspons

Emoll BANGRCGr.ac.cn; fax 86-21.64825775

Al pulihed nine Leire bkt Al ond pileat, dte e
1 /a1 039515.108. Frecly avallable

ptts s i S i A N el

substantially Jmpmm the efficlency of marker callection by
allowing the 005 L (9 RGN o T
a single hybri o A (Winzsler t 98), It has been applied to
model systems such as humar, /\mh , and rice (Meabum
Singer et al. 2006; Jeremy et al. 2008). Although the
goal of high-throughput vas achieved, serious linlitations remain
for the array-based method. it is laboriouw, tine-consuming, and
s microarrays suited for

expenstve to design, produce, and proc:
specific mapping populations,
advent of the nestgeneration sequencing technolo
romise for a methodological leap forvard in geaotyp-
ing and genetic m)]?]“ng Tho new sequencing fechniques not
y increase sequencing throughput by several orders of megni-
S multancousls sequencing a large number of
samples using 4 mulfiplexed sequencing strategy (Craig ef al
2008; Cronn et . 2008). ese reent technical advanes Tave
paved the way for the Gevelopment of a sequencing based high
ihroughput genotyying methnd that combines advartages of
nd cost effectiveness, dense marker coverage, high imapping
and resolution, and mote comparable genome and ge

Tlere we describe the fust high-tuoughput genolyping
method that uses SNPs detected by whole genome resequencing,

1068 Genolne Research 191068 1076 € 2007
wgenome.org

by Cold Speing Ilathor Laborstory “ress; 155N 1034

1109; v genone.org

Genotyping with various types of mo-
lecular genetic markers has long been
a laborious and time-consuming step that
limited the power and efficiency of genetic
analyses and gene discovery.

Tecan Ex. 2117, Page 1 of 10
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00028

EX2117.1068-69, 73
IPR2025-00028: Paper 17, 32-33; Paper 27, 15-16; IPR2025-00029: Paper 17, 32-33; Paper 27, 15-16; EX2107.9[11191-196, 238-243
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Petitioner Fails to Show a Motivation to Combine

KSR did not do away with the requirement that there must exist a
motivation to combine various prior art references in order for a
skilled artisan to make the claimed invention.

Virtek Vision Int'| ULC v. Assembly Guidance Sys., Inc., 97 F.4th 882, 887 (Fed. Cir. 2024)

Obviousness concerns whether a skilled artisan not only could have
made but would have been motivated to make the combinations or
modifications of prior art to arrive at the claimed invention.

Virtek Vision Int'| ULC, 97 F.4th at 886-87 (emphases original) (cleaned up)

IPR2025-00028: Paper 17, 18-20; Paper 27, 3, 23; IPR2025-00029: Paper 17, 18-20; Paper 27, 3, 23
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Objective Indicia Reinforce Non-Obviousness

b Prior Art Discouraged and Taught Away from Claimed Inventions
@ The Claimed Inventions Solved Long-Felt, Unmet Needs

The Industry Praised Tecan’s Inventions

QIAGEN Copied Tecan’'s SPET

QIAGEN Praised Tecan’s SPET

QIAGEN Published Unexpected Results

Demonstrative Exhibit - Not Evidence



The Prior Art Discouraged the Claimed Methods

1. Syvanen (EX1012) 10. Kozarewa (EX2054) 19.
2. Delseny (EX1007) 11. Aird (EX2042) 20.
3. Han (EX2117) 12. Metzker (EX1025) 21.
4. Siebert (EX1101) 13. Devon (EX2044) 22.
5. Miura (EX2047) 14. Padegima (EX2045) 23.
6. Tsoktouridis (EX2048) 15. Arnold (EX2046) 24,
7. Sohn (EX2050) 16. Bower (EX2049) 25.
8. Quail 2008 (EX2053) 17. Bronner (EX2155) 26.
9. Quail 2011 (EX2071) 18. Almomani (EX2051)

Myllykangas (EX2052)
Grunenwald (EX2056)
Palka-Santini (EX2139)
Bustin (EX2018)

Bui (EX2138)

Howell (EX2130)
Moorthie (EX2169)
Ronaghi (EX2129)

IPR2025-00028: Paper 17, 35-47; Paper 27, 18-23; IPR2025-00029: Paper 17, 35-47; Paper 27, 18-23; EX2107 .4[157-64, 272-274, 285-287
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The Prior Art Discouraged Use of Key Aspects of
the Claimed Inventions

Single Target-Specific Primer

1. Delseny 6. Sohn
(EX1007) (EX2050)

2. Han 7. Devon
(EX2117) (EX2044)

3. Siebert 8. Padegimas
(EX1101) (EX2045)

4. Miura 9. Arnold
(EX2047) (EX2046)

5. Tsoktouridis 10. Bower
(EX2048) (EX2049)

PCR Amplification

6.

Syvanen 7.
(EX1012)
Tsoktouridis 8.
(EX2048)

Quail 2008 0.
(EX2053)

Quail 2011 10.
(EX2071)

Kozarewa 11.
(EX2054)

Aird (EX2042)

Metzker
(EX1025)

Bronner
(EX2155)

Almomani
(EX2051)

Myllykangas
(EX2052)

Grunenwald
(EX2056)

IPR2025-00028: Paper 17, 35-47; Paper 27, 18-23; IPR2025-00029: Paper 17, 35-47; Paper 27, 18-23; EX2107 .4[157-64, 272-274, 285-287
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Siebert Discouraged Claimed Use of a Single Primer

Nucleic Acids Research, 1995, Vol. 23, No. 6 1087-1088

An improved PCR method for walking in uncloned

genomic DNA

Paul D. Slebert*, Alex Chenchik, David E. Kello
Sergey A. Lukyanov!

Clontech Laboratories, Inc., 4030 Fabian Way, Palo Alto, CA

gg, Konstantin A. Lukyanov! and

94303-4607, USA and 'Shemyakin and

Ovehinnikov Insfitute of Bicorganic Chemistry, Russian Academy of Sciences, ul. Mikiukho-Makiaja 16/10, V-437

Moscow 117871, Russia

Received January 4, 1995; Accepted February 8, 1995

Several PCR-based methods are available for walking from a
known region fo an unknown region in cloned or uncloned
genomic DNA. The methods are of three types: inverse PCR (1),
randomly primed PCR (2) and adaptor ligation PCR (3-6).
However, these methods bave not been generally applied (o
walking in uncloned genomic DNA because they are cither
complicated or inefficient. Recent improvements to these
methods have been applied to uncloned genomic DNA (7.8),
however, walks have beeu limited to distances of <1 kb.

We have investigated the application of ‘long and sccurate
PCR’ (9.10) to walking in uncloned genomic DNA. We inittally
examined the use of ‘vopredictably primed PCR’ (3). a new
method based on randomiy primed PCR and ‘vectoretie PCR®
(5), which is based upon adaptor ligation. As a model sysiem we
attempted to walk upstream from exon | of the human tissue-type
plasminogen activator (TPA} gene which has been previously
characterized (11).

In our hands both ‘unpredictably primed PCR” and ‘vectorette
PCR’ generated multiple PCR products even aficr nesied PCR was
performed. Although upon analysis some of the PCR products
were found to be derived from successful walks, the presence of
aultiple PCR products would complicate further characterization
without Southern blot hybridization or extensive cloning.

We have improved upon the adaptor ligation method by
combining *vecioretie PCR* with & newly developed method
termed ‘suppression PCR’ (12). A special adaptor is ligated to the
ends of DNA fragmenis generated by digestion of human
genomic DNA with EcoRY, Scal, Dral, Pyl and Sspl separaicly.
Following adaptor ligation,  small amount of the DNA is used
as a template for PCR using adaptor primers and gene specific
primers. The enzymes used were selected because they have
six-base recognition sites and generate blun ends.

“The sequences of the walking adaptor and primers are shown
in Figure 1. One end of the adaptor is blunt 5o that it will ligale
to both ends of any DNA fragment generated by restriction

ield blunt ends. The adaplor ins tworare
restriction enzyme sites for Notl (staggered ends) and Srfl/Smal
\low clon ha

g
pBluescript (Stratagene).

The ‘vectorette® feature of the adaptor is the presence of an
amine group on the 3-end of the lower swrand. This blocks

e

Figure 1, (A) Sequences of the walking adaptor and adopior pricvers and

PCR effect. Structure
of BCR prodacs formed by non-specific amplification. The sequences or the
eads of the products conain invened terminal epeats and il fomm
“puahindle’ structures which suppress PCR.

polymerase catalyzed extension of the lower adaptor strand,
preventing the generation of the primer binding site unless &
defined, distal.gene-specific primer extends a DNA suand
opposite the upper strand of the adapter. The ‘suppression PCR’
technology uses an adaptor primer which is shorter in length than
the adaptor and is capable of hybridizing o the outer primer
binding site. If any PCR products are generated which contain
doublestranded adaptor sequences at both ends (due to non-
specific DNA synthesis). the ends of the individual DNA stcands
will form “panhandle’ structares following every denaturation
step, due to the presence of inverted terminal repeats (Fig. 1B.).
Th than the pri iplate hybrid
and therefore will suppress exponential amplification. However,
when a distal gene-specific primer extends a DNA strand through
the adaplor, the extension product will cotain the adaptor
sequence only on ane end and thus cannot form the ‘panhandie’
structure, PCR amplification can then proceed normally.
“To prepare the adaptor-tigated DNA, 2.5 g of

DNA (Clontech) is digested in 100 i reaction volumes with 80 U
of restriction enzyme ovecnight at 37°C using buffers recom-
mended by the supplier (Life Technologies). The DNA was
extracied once with phenolichloroform/isoamyt _alcohol
{25:24:1) voivol, once with chloroform, and then precipitated by
addition of 1/10th vol 3 M NaOAc, 20 jig glycogen (molecular
biology grade, Roehringer Mannheim) and 2 vol of 5% EtOH.

"o whom cortespondence should be addressed

IDT Exhibit 1007.0001

Siebert

The methods are of three types: inverse PCR (1),
randomly primed PCR (2) and adaptor ligation PCR (3-6).
However, these methods have not been generally applied to
walking in uncloned genomic DNA because they are either
complicated or inefficient.

* % %

In our hands both ‘unpredictably primed PCR’ and ‘vectorette
PCR’ generated multiple PCR products even after nested PCR was
performed. Although upon analysis some of the PCR products
were found to be derived from successful walks, the presence of
multiple PCR products would complicate further characterization
without Southern blot hybridization or extensive cloning,

* % %

We have found that the high specificity of the method described
is primarily due to the suppression effect of the adaptor/adaptor
primer combination, although in some cases additionally having
an amine group on the lower strand of the adaptor (vectorette
blocking) yielded better results.

EX1101.1087-88

IPR2025-00028: Paper 17, 41-44; Paper 27, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 21-22; EX2107 .q[[61-62, 248-254, 285-287
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Siebert Discouraged Claimed Amplification

Nucleic Acids Research, 1995, Vol. 23, No. 6 1087-1088

An improved PCR method for walking in uncloned

genomic DNA
Paul D. Slebert*, Alex Chenchik, David E. Kellogg, Konstantin A. Lukyanov® and
Sergey|
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Ovchinnil
Moscow A o —¥)
Recehvad 4 Adaplor 5 CTA ATA CGA C1C ACT ATA GGG CTC coscccéccooomcv r
S— AP1 5 GOATE C1A ATA CGA CIC ACT ATA GGG Ca FHMNLCC GTC CA-P v
kmwnrc[ AP2 5-AAEA GGG OC GAG (GG C Y
fndonl
%}kﬁa: B - fr—— D
S
et % ¥ S e L
S 7
e, e —
POR g - DIA synihasis
performed
K‘dﬁfék“g |
e ’ No pris "
o ot e
ends of wppresses PCR
genomic [}
]
wizd  Figure 1. (A) Sequences of the walking adaptor and adaptor primers and
in Figure . - - -
ewrd  gene-specific primers. (B) [lustration of the suppression PCR effect. Structure
med  Of PCR products formed by non-specific amplification. The sequences on the
- ends of the products contain inverted terminal repeats and will form
~ae panhandle’ structures which suppress PCR.

Primary PCR reactions were conducted in 50 pl volumes
containing 1 pl of ligated and diluted DNA, 40 mM Tris—HCI, pH
9.3, 85 mM KOAc, 1.1 mM MgOAc, 0.4 uM adaptor primer AP1
and gene-specific primer, and 0.9 pu of Tth/Vent polymerase/anti-
body mixture. The cycle parameters were as follows: denatura-
tion at 94°C for 30 s and annealing/extension at 68°C for 6 min,
except for an initial denaturation step of 1 min and a final
annealing/extension time of 15 min, 35 cycles of PCR were used.
A secondary PCR reaction was conducted with 1 il of a 100-fold
dilution of the primary PCR using adaptor primer AP2 and the
nested gene-specific primer. The same reaction composition and
cycle parameters, except that 0.6 pl of the Tth/Vent polymerase/
antibody mixture was used and 20 thermocycles performed. PCR
products were examined on 1% agarose/EtBr gels. For restriction
enzyme digestion of PCR products, 10 pl of PCR products were
mixed with 1.2 ul of 10 X enzyme buffer and 10 U restriction
enzyme (Life Technologies) and incubated for 4 h at 37°C.

EX1101.1087 EX1101.1088

IPR2025-00028: Paper 17, 41-44; Paper 27, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 21-22; EX2107 .9[1161-62, 248-254, 285-287
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The Prior Art Discouraged Claimed Use of a Single Primer

ORIGINAL PAPER “~.

Gene exp d
A novel strat

Miura Tsoktouridis s e o
weae! 1 INTRODUCTION e

= Several PCR methods have been
Conventional PCR uses a pair of unique primers to selectively described to amplify unknown
amplify the target sequence. The specificity of amplification is : . ]

thus achieved by a synergistic effect between the specificities of DNA 11 agments
the two primers. In contrast, some PCR applications use only a
single unigue primer in combination with a common primer. % % %

* % *

Comparison of these methods revealed
- | \ no simplicity, low reproducibility,
com?f:t{t1V'e PCR (A:fAC-PCR) (Katq, 1997) and so forth. The hi gh backgmunds of n{mspecific PCR
specificity of the PCR in these applications depends solely on Do ducts, inefficient h()m{)po]ymer
tailing, smalli PCR product amplifi-
cation, and laborious time-consuming
procedures (5-8,11,12).

that of the gene-specific primer. Accordingly, they are often plagued
with non-specific amplification products denived from so-called
‘off-targets.’

Tecan Ex. 2048, Page 2 of §

Tecan EX. 2037, Page ToT 8
IDT. Inc. v. Tecan Genomics - IPR2025-00016

IDT, Inc. v. Tecan Genomices - IPR2025-00016 EX2 047 . 4363 EX2048 . 0885

IPR2025-00028: Paper 17, 41-44; Paper 27, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 21-22; EX2107 .9[1161-62, 248-254, 285-287
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Miura Confirmed Problems With Single Primer Methods

ORIGINAL PAPER "7

Gene expression
A novel strategy to design highly specific PCR primers based on
the stability and uniqueness of 3'-end subsequences

Fumihito Miura'%, Chihiro . S, Yoshiyuki Sakaki* 2

Department of C: tational Biol ct =r Sci

Miura

We are developing a genome-wide ATAC-PCR system for the
budding yeast Saccharomyces cerevisiae. For these experiments, we
had designed each gene-specific primer such that the 12mer includ-
ing its 3’-end (3’-end 12mer) is unique in the yeast genome. Even
with these primers, we often encountered off-target products. To
determine the etiology of these off-target products, they were cloned
and sequenced. As was expected, we found that they were generated
by the misannealing of gene-specific primers and, more importantly,
that the length of the homologous sequence shared by the primer and
the off-target differed from one case to another.

The results of the PCR are shown in Figure 2B. Although all the
primers allowed us to obtain PCR products from the adaptor-tagged
genomic DNA template, the yield and purity of the bona fide target
products are substantially different between the primers. Some PCR
products were obtained in high yield and purity, but others were
obtained in low yield and were plagued with many off-target pro-
ducts. Notably, all the primers shared a comparable efficiency and
specificity in amplification when used in combination with a reverse
primer specific to PDR3 (Pdr3-r) (Fig. 2C). It thus appears that the
difference in the specificity of each primer led to variable product
yields and purities.

* % *

Although the correlation was not
complete, we can roughly predict the performance of the primer
based on the uniqueness of the SDSS and can, at least, eliminate
apparently poor primers.

EX2047.4363

Demonstrative Exhibit - Not Evidence

EX2047.4366;
see also EX2047.4369

IPR2025-00028: Paper 17, 41-44; Paper 27, 9-10, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 9-10, 21-22; EX2107 .[1[61-62, 248-254, 285-287
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The Prior Art Discouraged Claimed Use of a Single Primer

1R THE PATENT CODPURATION TREATY (FCT)
00 R A S O h n
ionat Publication Numbcr
01 1/Q0p o=
) 5

fication efficiency and non-specific amplification. That is, unwanted genes are
amplified together, which makes it difficult to distinguish amplification of desired
genes. To improve this problem, complicated multi-step methods were developed,

including secondary PCR, purification of desired PCR products using biotinylated

primers, or improvement of PCR cycle conditions. However, satisfactory performance

has not yet been achieved.

w0 20117004994 A2 IR 1000068 O 60 0 O

EX2050.0003

Tecan Ex. 2050, Page L of 19
IDT, Inc. v. Tecan Genomices - IPR2025-00016

IPR2025-00028: Paper 17, 41-44; Paper 27, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 21-22; EX2107 .q[[61-62, 248-254, 285-287
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Sohn Is Strong Evidence of Non-Obviousness

DER THE PATENL COOPERATIONTREATY (FCT)
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@3) International Publication {10} tmternationat Publication Numirer
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(57) Abstract: The present invention relates to a novel genome walking method for cloning unknown genomic regions adjacent to
known sequences by PCR. More particularly, the present invention relates to a method for cloning an unknown nucleotide se-
quence adjacent to a known nucleotide sequence, comprising the steps of 1) cleaving a genomic DNA that contains a known nu-
cleotide sequence and an unknown nucleotide sequence adjacent thereto using a restriction enzyme; 2) moditying the 3'-OH end
of the cleaved DNA with a nucleotide analogue; 3) linking the terminal sequence of the cleaved DNA fragment with a linker,
adapter or cassette having a terminal sequence complementary thereto; and 4) amplifying the unknown nucleotide sequence using
a known nucleotide sequence-specific primer and a cassette sequence-specific primer. Further, the present invention relates to a
composition of gene amplification for cloning the unknown nucleotide sequence, and a gene amplification kit comprising the
composition.

IDT, Inc. v. Tecan Genomices - IPR2025-00016

EX2050.0001

IPR2025-00028: Paper 17, 41-44; Paper 27, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 21-22; EX2107 .9[1161-62, 248-254, 285-287
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Syvanen Teaches Away From Claimed Amplification

Future trends

In practice, the requirement of a PCR amplification step
to achieve sensitive and specific SNP genotyping is the
principal factor that limits the throughput of assays today.
Multiplex PCR amplification of more than ten DNA
fragments is difficult to carry out reproducibly owing to
the generation of spurious amplification products™#!42%,

REVIEWS

EX1012.0939

ACCESSING GENETIC VARIATION:
GENOTYPING SINGLE NUCLEOTIDE
POLYMORPHISMS

The next generation technology for SNP analysis
should avoid the PCR amplification step, and the
technology could be based on the analysis of single
DNA molecules, which would allow direct determi-
nation of the haplotypes formed by the SNPs. Such

enormic

foroes benind i
s, New genotyping methodls
noodod for gaining full access to tho

EX1012.0940

When using intercalating dyes or labelled allele-specific
PCR primers without a consecutive target-specific
detection reaction or size-separation step, the specificity
of the method might be hampered owing to priMER
s piMERs and other spurious amplification products that

QIAGEN Exhibit 1012

e will not be distinguished from the actual PCR products.
EX1012.0935

IPR2025-00028: Paper 17, 35-41, 54-56; Paper 27, 16-18; IPR2025-00029: Paper 17, 35-41, 54-56; Paper 27, 16-18; EX2107.91[170-173, 234-236, 252
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Syvanen Praises Methods That Exclude PCR Amplification

Method

Hybridization methods
Reverse dot blot?®
GeneChip microarrays®
DASH*

PNA* and LNA* probes
TagMan**®

Molecular Beacons?!*2
Allele-specific PCR
Intercalating dye®

FRET primers®!:©2
AlphaScreen®*

Primer extension
SNPstream, GBA%
Multiplex minisequencing

REVIEWS

ACCESSING GENETIC VARIATION:
GENOTYPING SINGLE NUCLEOTIDE
POLYMORPHISMS

Alternative to PCR
Localized detection

Ligase chain reaction!??

108

Padlock probes

Invader assay'!'? PCR amplification avoided

Table 2 | Features of SNP-genotyping methods

Most significant advantage
Widely used

Multiplexing possible

Very high probe density
Inexpensive labelling method
Specific as ASO probes
Simplicity of assay

Simplicity of assay

Real-time PCR assay
Inexpensive labelling method
Simplicity of assay

Detects specific product
Accurate genotyping
Inexpensive and robust
Multiplexing capaci

* % *

Disadvantage

Limited genotype discrimination
Prone to non-specific background
High failure rates*-*, expensive
Complex design rules

Not widely available

Expensive probes

Expensive probes

Requires optimization
Non-specific products detected
Expensive primers

Expensive probes

Similar reagents as in PCR
Multiple detection steps

Size separation step

Lower efficiency than PCR
Probes difficult to produce

Requires large amount of DNA

Special feature

Precursor to microarrays
High-tech manufacturing process*
Dedicated instrument

Innovative chemical design
Quantitative real-time PCR
Versatile stem-loop structure

Accurate quantification'?®
Universal FRET primers
Applicable to ASO hybridization

Automated high-throughput process
Compatible with capillary DNA

Thermostable ligase

Avoids target amplification

Interesting FLAP endonuclease

etvween and wilhin

Ligase chain reaction'®?
Padlock probes'®®
ROl INg circle amplimcatuon

330 | T NSTR 1501  VALONE S

6 © 2001 Mecnitian Magazines Ltd

QIAGEN Exhibil 1012
Page |

Endonuclease cleavage
Restriction site analysis

Alternative to PCR
Localized detection

Lower efficiency than PCR
Probes difficult to produce

Inexpensive, requires

N oqlinment
—

Thermostable ligase
Avoids target amplification

Sterc hindrance on solid phases

Not suitable for high throughput

Based on oreulanzed
oligonucleotides

Traditional method

112

IPR2025-00028: Paper 17, 36-37; Paper 27, 16-1o

I Invader assay

PCR amplification avoided

Requires large amount of DNA

Interesting FLAP endonuclease

IPR2025-00029: Paper 17, 36-37; Paper 27, 16-18

Demonstrative Exhibit - Not Evidence

TDI, template-directed incorporation.

-
APEX, arrayed primer extension; ASO, allele-specific oligonuclectide; DASH, dynamic allele-specific hybridization; ELISA, enzyme-linked immunosorbent assay;
FRET, fluorescence resonance energy transfer; GBA, genetic bit analysis; LNA, locked nucleic acid; OLA, oligonucleotide ligation assay; PNA, peptide nucleic acid;

EX1012.0934




The Prior Art Taught Away From Using PCR Amplification

Quail 2008

Sequencing without PCR. We have found that it {s unnecessary to Libraries prepared without PCR amplification® performed
retain the PCR step to enrich for properly ligated fragments, so long best.

as only those fragments with an adapter at either end can be quanti-

fied, as only they will yield clusters that can be sequenced. This can EX2071.0010
be done by quantitative PCR, discussed below. Thus we can elimi-

nate the PCR step entirely, simply by ligating on appropriate adapters

after A-tailing (Supplementary Protocol 9 online). For this purpose

we use high-performance liquid chromatography—purified, partially Here we present an amplification-free method of
noncomplementary oligos with a phosphorothioate linkage between library preparation, in which the cluster amplification step,

the two bases at the 3" end of one strand. From a starting amount rather than the PCR, enriches for fully ligated template strands,
of 5 g of DNA and fractionation by AFA, we can obtain sufficient reducing the incidence of duplicate sequences, improving read
Paﬂ‘ed"e.n d ]f)N‘A} for > 400 lanes thlgh_denﬁmy duﬁeri’ or 109 ia'n.es mapping and single nucleotide polymorphism calling and aiding
if nebulization is used to fragment the DNA. The obvious benetits

of this are that PCR duplicates are absent: de novo assembly.

EX2053.1008 EX2054.0291

IPR2025-00028: Paper 17, 44-45; Paper 27, 19-20; IPR2025-00029: Paper 17, 44-45; Paper 27, 19-20; EX2107 .4[1[63-64, 252-254
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Petitioner’s Expert Taught Away From Using PCR With NGS

REVIEWS g

D APPLICATICNS OF RONT GENERATION SIDLLHIING
Sequencing technologies —
the next generation

VOLUME 11 | TANUARY 2010 |31

QIAGEN Cxhibit 1025
Page 1

studies. The concept of targeting specific regions of the
genome is well established, with PCR being the most
widely used method, albeit on a small scale. PCR coupled
with Sanger sequencing is suitably matched for analysing
a handtul of candidate genes®, but coupling PCR with
high-throughput NGS plattorms for targeting strategies
is not practical, as sample preparation would require
handling tens of thousands of primers individually or
in large multiplex groups to meet the needs of a single
instrument run. A recent article by Frazer and colleagues

EX1025.0041

IPR2025-00028: Paper 17, 40-41; Paper 27, 7; IPR2025-00029: Paper 17, 40-41; Paper 27, 7, EX2107 .9]1255-259
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Long-Felt, Unmet Needs Persisted As of the Priority Date

“While next-generation sequencing has
revolutionised the way genomes are
sequenced, this technology possesses

a fundamental weakness — the inability to
easily target specific regions of a genome.”

“Current methods (both mechanical and enzymatic)
face limitations: multi-step protocols, sample
loss, lack of automation and labor costs. With the
continued decline of sequencing costs and increase
in sample throughput, there is greater demand for
more cost effective, streamlined library
preparation methods.”

“Key issues, which apply to all methods with varying
degrees are uniformity, efficiency of coverage and off-
target capture. Whilst these methods are continually
being improved, it may ultimately be more cost-effective
to sequence a whole genome, computationally masking
regions of the genome that are irrelevant to a particular
clinical question, and target analysis only to regions with
proven clinical significance.”

Demonstrative Exhibit - Not Evidence

“Because the target enrichment and sequencing
library preparation occur in succession, targeted
resequencing methods tend to be laborious,
time-consuming, prone to experimental errors
and difficult to automate. In addition, many of
these approaches have complex protocols which
require large amount of starting genomic DNA.
Other 1ssues include being susceptible to
coverage biases secondary to amplification and
molecular artifacts.”

IPR2025-00028: Paper 17, 57-59; Paper 27, 25; IPR2025-00029: Paper 17, 57-59; Paper 27, 25; EX2107 .4[1]288-292




Long-Felt, Unmet Needs Persisted After Shapero

Shapero Delseny ‘| Moorthie
Dec. 15, 2004 Aug. 3, 2010 | Oct. 2011
EX1006 EX1007 | EX2169

Grunenwald | ~ | Myllykangas
Aug. 2010 Dec. 2011
EX2056 | ’ EX2052
NGS Commercially Available
2007
Ernani | .
Aug. 2009 |
EX2009 | =~
Patent
Priority Date
Jan. 26, 2012
EX1001
° ® [ [ ° °
2005 2006 2007 2008 2009 2010 2011 2012

IPR2025-00028: Paper 17, 57-59; Paper 27, 25; IPR2025-00029: Paper 17, 57-59; Paper 27, 25; EX2107 .4[1]288-292
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Industry Praised Tecan’s SPET Inventions

Single primer enrichment technology (SPET) is a new, robust, and customizable solution
* for targeted genotyping. Unlike genotyping by sequencing (GBS), and like DNA chips,

a primer. lts reliance on single primers, rather than on primer pairs, greatly simplifies
panel design, and allows higher levels of multiplexing than PCR-based genotyping.

OFEN AGCELS T GIiseppe Leonares HotnoT, Gorgio Lanion ™, Jaime Pronense

Recently Nugen®developed the single primer enrichment
technology (SPET, United States Patent 9,650,628), which is a approaches (Scheben et al,, 2017). Furthermore, SPET provides
customizable solution for targeted sequencing at an affordable the ability of multiplexing thousands of samples in a single
price. SPET requires a priori genomic or transcriptomic sequencing run, which can be genotyped with tens of thousands
T of probes, and with a good coverage at target sites. Iinally, thanks

to the sequencing of the genocmic regions around the target
SNPs, SPET allows the discovery of thousands of novel SNPs not
originally included in the panel.

Single primer enrichment technology is a robust methed,
performing well with DNA samples prepared by different
laboratories using different DNA mini-preparation protocols,

Tecan Ex. 2065, Page 1 of 17 EX2065000 1 '02, 1 2'1 3

TDT, Tnc. v. Tecan Genomics - TPR2025-00015

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.9[11293-298
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Industry Praised Tecan’s SPET Inventions

Growing Ootions {

The SPET primers are targeted to both strands of the target sequence for more
DNAm - robust detection in SNP analysis, CNV analysis, and re-sequencing. Using single
" " | primersinstead of primer pairs greatly simplifies the design of primer panels, and
el gllows higher levels of multiplexing compared to amplicon-based enrichment.

prior to sequencing. Two g
amplicon-based) are well-es
have emerged from recent |
and the CRISPR/Cas9 gene €|

Hybridization-base

Also known as the hybrid-cal
complementary probes that hybridize to and capiure DNA fragments containing
the target sequences. Probes usually contain barcodes and/cr unique molecular EX2067 . 0003
identifiers (UMIs). This rethod is especially suited for targeting larger regions in

whole-exome sequencing, and for targets involving structural changes. The lower
specificity of hybridization probes makes them less well-suited for smaller panels,

biccompare.

e
Tecan Ex. 2067, Fage 1 of i0
10T, Inz, v. Tecan Gercmics - IPR2025-00015

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.9[11293-298
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Industry Praised Tecan’s SPET Inventions

ANNALS OF
30

Davide §

iy paradigm of GBS experiments. Unlike other methods, this tech-
nique allows for the execution of cost-effective geno‘typmg ex- given locus; (3) the scalability (o tens of thousands of probes in
» periments while providing full control on target sites. This is a single reaction; and (4) the removal of PCR duplicates even

in the absence of variation of the mapping co-ordinates for a

periments while providing full control on target sites. This is 2RAVIE e

mainly achieved by the combination of (1) a high efficiency en-
richment system to target a pre-defined number of loct; (2) the

in every locus. Our results suggest that SPET genotyping 1s a

very effective approach for genotyping a large number of loci,
EX2068.0548 and we suggest that it might be a valuable tool for large-scale
genotyping studies in virtually all species. This will greatly fa-

cilitate molecular breeding approaches for bioenergy crops.

u
in many bicenergy erops that do ot bave & bistory e

© The Authoris) 2019,
Al

EX2068.0550

Tecan Ex. 2068, Page 1 of 9
TDT, Tnc. v. Tecan Genomics - TPR2025-00015

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.9[11293-298
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Industry Praised Tecan’s SPET Inventions

¥ ai

LS

’53:

Genome-Based Targeted Sequencing as a Reproducibie B e nj a m i n O

Microbial Community Profiling Assay

«2Jacquelynn Benjamino,* Benjamin Leopol|

s b ory o Garcaric Mot e, T

A8STECY Current sequencing-based met]
rely on marker gene (e.g., 165 fRNA) or m
analysis. We present an approach based on!
a highly multiplexed oligonucleotide probel
{microbial abundances from genome tagge
forward, cost-affective microbiome profiing

sesciond  species, strain, and even gene level. We adapted the Allegro Targeted Genotyping

To test the wiility of the MA-GenTA assay,
sequences representing bacteria present in|
the MA GenTA data with mwGS data de: r - i - - . h . - d | d f - d
0.01% relative abundance and a similar nu

assay’s single primer extension reaction that is widely used for genotyping {17, 18) an
scaiing (NMDS) clustering based on the b

groups was consistent batween MA-GenT
GenTA represents a potentially usefut ne|

e | implemented it as a guantitative, straightforward, and cost-effective method for profil-

approaches to understanding the composi
in this study, we combined bacterial gend
multiplexed single primer extension reacti o o < G @ .
communities, using stool from various mio|

INg Mouse MICrotlal communities ased on tne | d 5.
genome sequencing methods and delivere

ing data. Since the probes were generatedt
ako able to provide functional pathway
assayed samples. The method is more in
being fess costly than metageriome shotgu

KEYWSRS 165, MA-GenTA, mWeS, microbi
sequending

«aahe primary molecular methods for dete

* on marker gene sequencing or whole-m|
The 165 RNA marker gene has been widel
across diverse ecosystems (1, 2). Using this mathod, tanenomic classiheation of tFe bac
terial community can be obtained at modest cost and a resolution that ranges from
subspecies to family level, depending on the 165 fRMA segment that is sequenced
{4-6). Continued reduction in the cost of DNA sequencing has meart that mWGS.
approaches have become increasingly common due to the greater information on
gene content, taxanomic resolution, and strain-level variation (7), despite highar cost
and complexity of data analysis.

EX2069.0002

March/Aprl2021 Volume 6 lssuc? c0132520 OSphers rehsesmes 1

Tecan Ex. 2069, Page 1 of 14
TDT, Tnc. v. Tecan Genomics - TPR2025-00015

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.9[11293-298
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No Praise for Shapero’s Library Preparation Method
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IPR2025-00028: Paper 17, 45-47, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 45-47, 59-61; Paper 27, 25-26; EX2107 .9[{]272-274, 293-298
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Shapero Did Not Solve the Long-Felt, Unmet Needs

“involve[d] multiple steps starting with

enzymatic digestion of the template DNA,
“impractical for assaying a selected set of ligation to adapters, primer extension and

SNPs in specific genomic regions, and [is] finally two subsequent PCR reactions. Such
usually beyond the reach of small to medium 4_ multi-step approaches are time consuming
sized laboratories with limited resources.” and prone to contamination and therefore

have not been recommended for

bacteriological routine diagnostics.”

“expensive and require specialized equipments,
which cost more [than] standard primers and are
not practical for assaying low- to moderate-
throughput SNPs. ... there is a need for simple
and accurate genotyping assays that can be
implemented in laboratories lacking access to
sophisticated equipment.”

IPR2025-00028: Paper 17, 45-47, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 45-47, 59-61; Paper 27, 25-26; EX2107 .9{1272-274, 293-298
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Secondary Considerations Relevant When Combination Is Novel

The Board acknowledged Medtronic showed every element of the Side Opening
Claims was individually known 1n the prior art but correctly concluded this did not
preclude nexus where the evidence was “tied to the combination of features as a
whole” and the combination was not previously known.

Medtronic, Inc. v. Teleflex Innovations S.a.r.l., 70 F.4th 1331, 1337 (Fed. Cir. 2023) (emphasis original)

Carlos Bustamante,
Ph.D.

276. As explained above, the claimed inventions are directed to the use of a
single target-specific primer (the “one or more oligonucleotides™ with “at least 10
bases designed to be complementary to the nucleic acid sequence of interest™) to
selectively amplify and enrich a target sequence with a pair of common adapters that
can then be sequenced on a massively parallel sequencing platform. See supra
99 118-121. This combination of limitations is unique and characteristic for all
claims of both patents. Tecan (and its predecessor, NuGEN) refer to the claimed

technology as “Single-Primer Enrichment Technology™ or “SPET.”

IPR2025-00028: Paper 27, 3-7, 25; IPR2025-00029: Paper 27, 3-7, 25

Demonstrative Exhibit - Not Evidence
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Benefits of Invention Need Not Be Claimed

We have already rejected Kohler’s argument that
the objective considerations lack nexus because
they are not tied specifically to the coolant

elements of the asserted claims.

WBIP, LLC v. Kohler Co., 829 F.3d 1317, 1332 (Fed. Cir. 2016)

IPR2025-00028: Paper 27, 25-26; IPR2025-00029: Paper 27, 25-26
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Petitioner Misconstrues the Art Discussing Shapero

EX2139, published years before Shapero, could not be commenting on his

results.

Paper 22, 20

BNMC Microbiology =

MARA: a novel approach for highly muitiplexed
loc itic SNP il il

Shapero Palka-Santini

Accepted November 24, 2004 Published: 3 January 2009

EX1006.0001 EX2139.0001

IPR2025-00028: Paper 27, 20-21; IPR2025-00029: Paper 27, 20-21
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Petitioner Misapplies the Law on Copying

Evidence of access and substantial similarity is evidence of copying. Medtronic's
argument 1s tantamount to requiring that copying can be proven only by direct
evidence “such as photos of patented features or disassembly of products,” Ligwd,
941 F.3d at 1137, rather than circumstantial evidence such as access and similarity.
Our case law has never drawn any such distinction, nor would such a distinction be
consistent with basic principles of evidence and inference. Circumstantial evidence is
just that—evidence. It establishes that a given fact is more likely to be true than
one would otherwise believe in the absence of the evidence. Nor is circumstantial
evidence second-class to direct evidence: “Circumstantial evidence is not only

sufficient, but may also be more certain, satisfying and persuasive than direct
evidence.” Michalic v. Cleveland Tankers, Inc., 364 U.S. 325, 330, 81 S.Ct. 6, 5
L.Ed.2d 20 (1960) (citation omitted).

Medtronic, Inc. v. Teleflex Innovations S.a.r.l., 70 F.4th 1331, 1340 (Fed. Cir. 2023) (emphases modified)

IPR2025-00028: Paper 17, 62; Paper 27, 26-27; IPR2025-00029: Paper 17, 62; Paper 27, 26-27

Demonstrative Exhibit - Not Evidence



QIAGEN Had Access to Claimed Technology

Case 1:23-cv-01115-GBW Decument 11 Filed 01/05/24 Page 1 ot 88 PagelD #: 200

RESPONSE: QIAGEN admits that NuGEN and QIAGEN entered into discussions related to

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

QIAGEN’s potential acquisition of NuGEN. QIAGEN denies that the discussions between

TECAN GENOMICS, INC .,

Plaintiff,
C.A No. 23-1115-GBW
, , . . . R

JURY TRIAL DEMANDED NuGEN related to QIAGEN’s potential acquisition of NuGEN began in December 2013.
QIAGEN SCIENCES, LLC, QIAGEN
GATTHERSBURG, LLC f/k/a QTAGEN
GAITHERSBURG, INC., QTAGEN GMBH,
and QIAGEN N.V |

QIAGEN admits that it performed some level of due diligence regarding acquisition of NuGEN.

Defendants.

PESMES LS B QIAGEN admits that QIAGEN’s due diligence involved discussions with QIAGEN employees

Defendants QIAGEN Sciences, LLC, QIAGEN Gaithersburg, LLC, QIAGEN GmbH, and
QIAGEN N.V, (collectively “QIAGEN”), by and through the undersigned attomeys, hereby
provides the following answen and defenses iniresponse 1o the Cormplaint of Tecarl Genoricsy e, and reviewin g various documents.
(“Iecan™). ‘Lo the extent not specifically admitted herein, the allegations of the Complaint are
denied. QIAGEN denies any allegations that may be implied by or inferred from the headings of
the Complaint. * % %

ANSWER
Nature of the Action

i, Tecan Genomics brings this action to halt Defendants’ infringement of, and seek 2 > - A g 3 G
darmages for, Doty pess. going, . ok s ot nFingement SE U8, Patont Moo RESPONSE: QIAGEN admits that it received certain detailed information on NuGEN
10,036,012 (“the "012 patent”), 10,876,108 (“the "108 patent™), 11,098,357 (“the *357 patent”),
and 11,725241 (“the *241 patent”) (collectively “the Asserted Patents”) (attached hereto as
Lxhibits 14 respectively).

RESPONSE: QIAGEN admits that Tecan’s Complaint purports to allege claims for past, ongoing, tGChn Ol Ogl e S .

and future acts of infringement of U.S. Patent Nos. 10,036,012 (“the *012 patent™), 10,876,108

(“the 108 patent”), 11,098,357 (“the 357 patent”), and 11,725,241 (“the "241 patent™)

EX2170.0031-32 (Petitioner’'s Responses to Paragraphs 70-71)

Tecan Ex. 2170, Page 1 of 88
QTAGEN Sciences, LLC v. Tecan Genomics - TPR2025-00028

IPR2025-00028: Paper 17, 62-64; Paper 27, 26-27; IPR2025-00029: Paper 17, 62-64, Paper 27, 26-27; EX2107.9[11299-304
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Tecan Published the Patented Workflow in 2013

TS 2013023125341

s United States
2 E::f:::;kﬁplication Publication lj‘ i:z
a9y United States
a2y Patent Application Publication o) Pub. No.: US 2013/0231253 A1
- Amorese et al. (43) Pub. Date: Sep. 5, 2013
(54) COMPOSITIONS AND METHODS FOR Publication Classification
TARGETED NUCLEIC ACID SEQUENCE
ENRICHMENT AND HIGH EFFICIENCY (51) Int.CL
LIBRARY REGENERATION CI2N 15710 (2006.01)
(52) US.CL
(71) Applicants:Doug Amorese, Los Altos, CA (US); CPC i, CI2N 15/1068 (2013.01)
Chris Armour, Kirkland, WA (US); USPC e, 506/2; 506/26; 506/9
Nurith Kurn, Palo Alto, CA (US)
QIAGEN Seencs LLC v. Tecan G- 1ERCSSE 0128 EX2171.0001
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Tecan Published Its Ovation Workflow in 2015
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Abstract

Fusion genes are know to be key diivers of tumor arawth in several types of canc:
ditionally, detecting fusion genes has been a difficult task based on fluorescent in s}
hybricization to detct chromosomal abnormalities. Mote recently, RNA sequencin
enabled an increased pace of fusion gene identitication. Howaver, RNA-Seq is inef
for the identification of fusion genes due to the high number of sequencing reads n
1o detect the smali number of fusion transeripts present in celis of interest. Here we
desaribe a method, Single Primer Ennchment Technology (SPET), for targeted BN|
sequencing thatis customizable to any targei genes, is simple o use, and efficientl
delects gene fusions. Using SPET to target 5701 exans of 401 known cancer fusior
for sequenaing, we were able o identify known and praviously unrepartad gens fus
from both fresh-frozen and formalin-fixed paraffin-emtedded (FFPE) lissug RNA
normal tissue and cancer cells.

introduction

Generate ds cDNA 25 hr

Ligate Adaptors 2.5 hr

Hybridize/Extend Probes 3 hr to Overnight

PCR Amplify with common primers 2 hr

Cances cells frequently contain chromosormal rearrangements ihot lead (o the formatiorof

fusion gones exprossed in the cell [2]. These fusion genes can actas drivers for cell
example, the Philadelnhia Chromosome rearrangement, originally identified in cheoni
Togenous leukemia |2, (CML), is the resull of a lranslocation belween chromosomes § 4

SAPDSYI'E)
Funding: NuGEN Techroiogies prav cd finling for
this work The funder provided supaortin the form of
salaries for 2l autrers bhutd d not have any accitonal
rolei the study desir, data cofecton ard andlyeis,

vihich leads to th ofa fusion gene combining the BUR and ABL kinases [3
the BOR-ABE. fasion zen leads ro uncontraled cell growth, wwhen the fsion gene is 1d
i a patient. CML canbe Leeated successtully wilh Lycosine Kin
Gene fusions are typically identified in cells by fuorescent i sitw hybridization (FIS
technique in which selecled regions of chromosomes are ftucrescently labeled thro
i i e probes. Aclinician must then visually identify

ibitors.

e

of specific

ecision o publish, i
fatec

! I vegions that have rearranged in @ known pattern. FISH has niay problei

the ‘auther sontizutons' seclion

technique including being a difficult, low Lhroughput procedure, reguired kcwledge of

PLOS ONE | DOI 10,137 1joumal.pone. 0126916 Juiy 1, 2015
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The resulting library was sequenced on an Illumina MiSeq
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QIAGEN'’s Later Workflow Is Substantially the Same As
Tecan’s Ovation Workflow

Ovation Target Enrichment QIAseq Targeted DNA Panel
*r 5
5' .3
Library construction with Ul
l' and sample indexing
5 ey, |04
' x
i .
~/ M\
Target enrichment by
Single Primer Extension
A 5! T
«— w ~
Sample indexing and
ampﬁficcﬁion
-— 5 7 o
vV i -y
Sequencing-ready
library
: e —
> &===> % o
T —
b 2 ————
) UMI: Unique molecular index  UP: Universal primer
L & : Gene specific primer SIP: Sample index primer
FP: Forward primer

EX2107.911301-303

IPR2025-00028: Paper 17, 62-64, Paper 27, 26-27; IPR2025-00029: Paper 17, 62-64, Paper 27, 26-27; EX2107.9[11299-304
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QIAGEN Marketed Its Copied Products As “Revolutionary”

Single @r\ &

EX2148.0002 (February 2018)
January 29, 2018 | Genomics
QlAseq™ SPE technology for lllumina®: Redefining amplicon
* * %
. . : sequencin
~ | QIAseq and Single Primer Extension . d
e Che mlstr)’: Redefl ning Am pl ico n_Based N GS Single primer extension (SPE) is a revolutionary approach that redefines amplicon-based enrichment
and sequencing. With SPE, each genomic region is targeted by only one region-specific primer plus
a universal adapter primer that binds to sequences introduced through library adapters (Figure 4).
* % %
Compared to existing targeted enrichment approaches, the SPE method relies on single end adapter QlAseq SPE technology for lllumina: Redefining amplicon sequencing 02/2018
ligation, which inherently has a much higher efficiency than requiring adapters to ligate to both ends of

the dsDNA fragment. More DNA molecules will be available for the downstream PCR enrichment step.

EX2146.0006 (August 2016)

EX2147.0005 (January 2018)
Novel approach to detect and quantify fusion genes

* % %
QlAseq Targeted RNAscan Panel (cat. nos. 333602, 333605, 333625 and 333645)
What's neh How does this benefit you?
mding of transcripts Does not count PCR duplicates, accurate quantification of fusion transcripts,
higher sensitivity
< Single primer extension Detect both known and novel fusion genes
Single p rimers Requires low amount of RNA
Short library fragments Suitable for low yield, poor quality RNA samples

* % %

Exploring new frontiers with next-generation sequencing 08/2016

IPR2025-00028: Paper 17, 64-67, Paper 27, 27; IPR2025-00029: Paper 17, 64-67, Paper 27, 27; EX2107.4[11305-309
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QIAGEN Repeatedly Extolled Using a Single Primer

However, current amplicon-based enrichment and sequencing methods that rely on either two-primer
designs or nested PCR approaches suffer from the following inefficiencies:

® Low uniformity and lack of coverage due to primer dropouts

® Requirement for multiple primer pools resulting in increased DNA input per sample (see Figure 1)

® Need of a large contiguous strefch of the targeted regions to cover two primers for a nested

PCR design (see Figure 2)
e Inflexibility with regards to adding primers to increase panel content
® Low library complexity as both start and stop positions are defined by primers (see Figure 3)

e Inefficiency to cover entire CDS regions

SPE utilizes a reduced number of required primers resulting in highly uniform enrichment and

sequencing due to a reduction in primer dropouts (Figure 5).

Primer read depth (MTs)
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Comprehensive cancer panel

Single primer extension (SPE) is a revolutionary approach that redefines amplicon-based enrichment
and sequencing. With SPE, each genomic region is targeted by only one region-specific primer plus

a universal adapter primer that binds to sequences introduced through library adapters (Figure 4).

— — —
—m .

Library

adapter

Figure 4. Primer design using single primer extension (SPE).
Amplicon-based enrichment is performed in a single reaction
regardless of the size of targeted regions.

EX2148.0001-02

IPR2025-00028: Paper 17, 64-67, Paper 27, 27; IPR2025-00029: Paper 17, 64-67, Paper 27, 27, EX2107.4[11305-309

Demonstrative Exhibit - Not Evidence

As opposed to traditional two-primer amplicon and nested PCR approaches, SPE provides a high
degree of primer design flexibility, allowing for primers to be aggressively tiled across targeted

regions (Figure 6).

Region of interest E——
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Primer- CEBPA CEBPA CEBPA CEBPA
rimers >
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T | < < < ]
CEBPA CEBPA

EX2148.0002-03




Michael Metzker,
Ph.D.
Petitioner’s Expert

QIAGEN'’s Novel Copying Defense

Last, PO points to a side-by-side comparison of the library preparation steps
in PO’s product and QIAGEN’s products and claims similarities establish copying.
POR.63-64. Dr. Bustamante admitted, however, the QIAGEN workflow is closer to

the Shapero workflow than PO’s. EX1120.390:2-402:9.

Q. Okay. Do you agree that the Qiagen workflow
is closer to the Shapero workflow than patent
owners?

A. Well, I agree -- again, you pointed out that
I was present during Dr. Bustamante's
deposition when these questions were asked,
and I do agree with this -- with the steps
that were shown to be side by side that the
Shapero workflow was closer to the Qiagen

workflow than the Tecan workflow.

IPR2025-00028: Paper 27, 26-27; Paper 33, 1-7; IPR2025-00029: Paper 27, 26-27; Paper 33, 1-7
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QIAGEN Argued the Opposite to the Federal Courts

A. The Accused QIAGEN Products Use Only One PCR Step With a Gene Specific

Primer Followed by One Universal PCR Step........cccoiiiiiiiiiiii e, 29
B. Inventors of the ‘810 Patent and '597 Patent Were Surprised That QIAGEN

Could Achieve High Specificity Without a Second PCR Round Using Nested

Gene-SPecific PriMErs ... .o e 32

Third, Plaintiffs’ patents teach away from the methods QIAGEN
developed. In the vernacular of the trial, Archer’s products use two panning-for-gold steps (Tr.
201:12-203:2 282:2-283:4), while QIAGEN’s use only one (Tr. 519:23-520:4, 525:24-526:5,

527:14-25,528:18-529:13; Tr. 908:6-25). QIAGEN did what Archer’s inventors said it was

unable to do: produce a product with only one enrichment step. Tr. 214:5-18,215:12-18; Tr.

278:15-279:24; DX-44, DX-116.

QIAGEN carefully designed its process

and constructed its GSPs so that its process can enrich for the sequence to be

analyzed with a single pair of primers: the GSP and the FP.

IPR2025-00028: Paper 27, 26-27; Paper 33, 1-7; IPR2025-00029: Paper 27, 26-27; Paper 33, 1-7
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QIAGEN Represented the Opposite to the Patent Offices
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Tecan Ex. 2211, Page 1 of 6
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00028

Munich, 2.56"@@1:@@%? 2@2&

11

Clarity (Art. 84 EPC)

In the IPRP, item VIII, claim 1 is considered to lack clarity as the Examiner considers that there
is no disclosure in the description as to how a multiplex single primer extension reaction
could be performed with 1000 different primers. It seems there is some confusion
surrounding the combination of “single primer” and “1000 different primers.” This relies on a
misunderstanding with respect to the primers used in claim 1. There are 1000 different

target specific primers, however each primer only binds to one target and these primers are

not complimentary. The one primer bound to one target is then extended to amplify the
target sequence. There is no reverse primer directed to the other end of the DNA, the
amplification only takes place from one end. This difference is crucial, because it is what
differentiates the claimed methods from the standard prior art methods for amplifying

polynucleotides, which require a forward and a reverse primer.

EX2211.0001-02

IPR2025-00028: Paper 27, 26-27; Paper 33, 1-7; IPR2025-00029: Paper 27, 26-27; Paper 33, 1-7
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QIAGEN Consistently Praised the Copied Products

— | Patent Ovation ~¢| Qiagen *|Letter to EPO
| Priority Date 2015 2018 Oct. 26, 2020
Jan. 26, 2012 EX2083 Jan. 29, EX2211
=X1001 2018 Metzker Non-Inf.
EX2147 Report Archer/QIAGEN Brief
— | Patent Appl. Nov. 20, 2020 -] Dec. 15, 2023
Publication 5| Qiagen Qiagen EX2205 EX2207
Sept. 5, 2013 -[2016 -| SPE 2018
EX2171 Aug. Feb. 2018 _
2016 EX2148 438 Patent
EX2146 =l issued
Mar. 9, 2021
2013 “|EP Qiagen EX2212
Diligence Patent NGS 2018 _
EX2170 App. June 7, Archer/QIAGEN Qiagen
Oct. 14, 2018 =1 Brief Patent App.
2016 EX2149 Dec. 1, 2021 Jan. 2, 2025
EX2210 EX2206 EX2209
[ J [ J [ J [ J [ J [ J [ J [ ] [ ]
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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QIAGEN Published Unexpected Results of SPE

June 7, 2018 | Genomics

Issues with primer dropouts

2-primer amplicon SPE in QlAseq
i Gene Region Coverage Region Coverage LOD
ssues with primer dropouts
Chrid TIFT
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QIAGEN Acknowledged the Unexpected, Superior Results of SPE

2-primer amplicon design SPE amplicon design — QlAseq
EGFR _EXOF‘ 21- EGFR‘Exo.n 21- Universal primer EGFR .Exo'n 21-
specific primer specific primer — specific primer
e S o=

|55u:::;;1 primar dropouts EGFR Exon 21 EGFR EXOH 21
L Two primers are required to define a targeted Only one primer is required to define a targeted

region region

Outcomes: Outcomes:

= Increased risk of primer dimers and dropouts *  Lower risk of primer dimers and dropouts

*  Lower uniformity *  Higher uniformity

«  Multiple pools of primers might be required *  Only a single pool of primers required

*  Low library complexity *  Higher library complexity

* Increasing panel content does not require primer

* Increasing panel content might require primer X
redesign

redesign

Teca|
QIAGEN Sciences, LLC v. Tecan Geng

EX2149.0003-04
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CERTIFICATE OF SERVICE

The undersigned hereby certifies that a copy of the foregoing PATENT

OWNER’S HEARING DEMONSTRATIVES was served on February 6, 2026

and February 9, 2026 by email to Petitioner by serving the below counsel of record:

David L. Bilsker (Reg. No. 39,611)
QUINN EMANUEL URQUHART

& SULLIVAN, LLP

50 California Street, 22nd FI.

San Francisco, CA 94111

Tel: (415) 875-6432

Fax: (415) 875-6700
davidbilsker@quinnemanuel.com
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Tara Srinivasan (Reg. No. 77,091)
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50 California Street, 22nd F1.
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Fax: (415) 875-6700
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Matthew A. Traupman (Reg. No.
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New York, NY 10010
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Austin, TX 78701

Tel: (737) 667-6116

Fax: (737) 667-6110
landonsmith(@quinnemanuel.com
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3100 McKinnon St, Suite 1125
Dallas, TX 75201

Tel: (469) 902-3600
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Linnea P. Cipriano
(Reg. No. 67,729)
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620 Eighth Avenue
New York, NY 10018
Tel: (212) 813-8800
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