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The Petition Fails to Show Obviousness
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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
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Shapero

IPR2025-00028: Paper 17, 1-2; Paper 27, 6; IPR2025-00029: Paper 17, 1-2; Paper 27, 6; EX2107.¶¶148-149

EX1006.0001

MARA: a novel approach for 
locus-specific SNP genotypi 
high-density DNA oligonucle 
Michael H. Shapero\ Jane Zhang, Ann Loraine, 
Guoying uu and Keith w. Jones 

Affymetrlx. lnc., Genot:yplng Research. 3'380 Central Expressw 

ABSTRACT 

We Mvc developed a locus-speelllc ClNA target 
prep31'3l!on mcihod for highly multlplexed single nln 
nucleoli~ polymorphtsm (SNP) genolyping called iii~ 

MARA (lilultiplexod Anchored Runoll Amplification). Wl 
The approach uses a single primer per SNP in e~ 
eonjunelion with restrict io n enzyme digesled, , 111 
adapt«-llgated human genomic DNA. Each pr imer 
is composod of common seqvtmce a! the 51 end fol· d 
lowed by locus·spoc:ific sequence at the 3' end. •h~ 
Following o primary reaction in which locus-spocilie 
products are generated , a secondary universal amp• 
lilication is carried out using a generic primer pair SN 
conesponding to th<! 01igonuctcolidc and genomic ,w 
DNA adapter sequences. Allele discriminalion is ., ~ 
ach ieved by hybridization lo high-density DNA ollgo• d 
nuc!GOllcle arrays. Initial mutlip!e~ roac11ons contain-
ing either 250 primGrsor750 primers across r'l iM DNA ar 
samples demons1raled an average sample call rale of 
~95% tor 250- and 750-plex MARA. We have also eval• 
uated > 1000- and4000-prlmerpleKMARA to geno1ype i h' 

SNPs from human chromosome 21 . We have identi- bo 
tied a sul:!sel ol SNPs conespondlno to 3 primer con• :~ 
version rale of ~-75%, which show an average call ra1e ,,f 
over 95% and concordance > 99% across seven DNA 1181 
sr;mples. Thus, MARA may polentially improve lho w1 
lhroughpul of SNP 9Cnolyping when coupled wUh Ix 
a Hele discnminalion on high-dcnsily arrays by allow• <ip 
ing levelsol multiplexing during larget generationthat sr 
far exc&ed the capacity of tradilional multiplex PCR. ~~1\ 

n 
INTRODUCTION 

U:1& bc:[orte lil~ c,:,rupli,tiou of 1J1~ !mat~i, tcm)J~e ~que1K~. COi 
·1.,,m,,,' ,,r:h;r_ ··r,of:, "cvein(o.,L'tWlcl h ·,·- ·' : ull 
m:u-k.cn \<.> i :!.-i,1i fy :!i:..;a:,~ :.("gP:;;'";i<.!.: p:11 ,,·n::s ~mo1,;; r,un• w, 
ilks , 1 ). Tlii, approocli bJ lo (k id.:11ti/ic~lwn (.•f :1 manb.:r vf 1k 
gc:~• i ll \'fll~ed ir, rar~, m,,r1oge111c di<..~rderi. \\'ith [he com- kv 

MARA: a novel approa 1ch for lhi 1glhly multiplexed 
locus,-specific .$NP 1ge1n1otyping using 
high-dlens,ity DNA olig 1on1ucleotide arrays 
Mlichae H. Shapero*, Jane Zhang , Ann Loraine, Weiwei Liu, Xiaojun Di , 
Guoy·ng Liu and Keith W. Jones 

Affymet rix. Inc. Genoiyping Research 3380 Central Expressway, Santa Clara, CA 95051 , USA 

R c ived Octob r 8 2004; R vis d Novemb r 10, 2004' Accepted November 2 , .200 
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Shapero Described Optimized Method for 
Using Hybridization Arrays
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Site-Specific
Enzymatic
Digestion

Array Data Output 
and Analysis

MARA

IPR2025-00028: Paper 17, 20-27; Paper 27, 1, 3-5, 10; IPR2025-00029: Paper 17, 20-27; Paper 27, 1, 3-5, 10; EX2107.¶¶152-169

EX1006.0002-04
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Table 1. 250- and 750-plcx MARA 

Sample 250-plex 750-plex 
DS > 0.08 Call rate Concord DS > 0.08 Call rate Concord 
(%) (%) (%) (%) (%) (%) 

NA10848 100 97,5 96,7 99.4 94,8 972 
NA 12671 98,6 97, ] 100 98.9 95.1 99.2 
NA12672 99.6 97, l 97.8 99,6 95.0 98.2 
NA04477 99.3 94.6 99.2 99.3 95.7 98,8 
NA04479 98.9 94,6 97.7 98,5 95.7 98.4 
NA05995 99.3 96A 99.6 99.1 95.3 99.4 
NA07057 100 97, l 98.5 99.3 95,9 98.4 
NA10830 98.9 94,6 99.2 99.1 96.1 99.4 
NAI083 1 100 97,1 98.5 98.3 95,0 98,8 
Average 99.4 962 98.6 99.0 95.4 98,7 

OS of a probe pair is the ratio of (PM - MM)/(PM + rvlM) , where PM is the 
hltensi1y of the perfect ma1 ch cell and .MM is 1he intensity of the mismatch 
cell. 1l1c OS tlm~shold of0.08 is higher !han the 1hrcshold value of0.03 used 
ill WGSA as a detection fi lter to identify weak hybridization signals (31). 
'Concord' refers to the concordancy of MARA genotype calls. with WGSA 
genotype calls. 



Shapero’s MARA Library Preparation Method
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EX1006.0004

IPR2025-00028: Paper 17, 18-30; Paper 27, 10-15; IPR2025-00029: Paper 17, 18-30; Paper 27, 10-15; EX2107.¶¶153-159
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Shapero Used Affymetrix GeneChip® Hybridization Arrays
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IPR2025-00028: Paper 17, 20-21; IPR2025-00029: Paper 17, 20-21; EX2107.¶¶65-74

EX2003.0001

1.28 Clill 

■ 1.23Cllil 

Actual size of 
GP.nef:hip11 mrr1y 

Mil lions o ,f UNA strands built. up iJ1 eoch loc:1tion 

S00,000 locatbns 011 each Ge11eChip11 anay 
Actual strand= 2~ bas" pain. 



Hybridization Arrays Are Target-Specific; NGS Is Not
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EX2107.¶112

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.¶¶105-112

Sequence A 

~ SequenceB 
Oligonucleotide Oligonucleotide ~ 

Specific to PS Adapter Specific to P7 Adapter 
Off-target Sequence 

~ ~ 
Adapter A/PS Adapter Probe Specific Probe Specific 

Adapter B/P7 Adapter to Sequence A to Sequence B 

A. B. 



A POSA Would Have Understood the Importance of Specificity
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Carlos Bustamante, 
Ph.D.

EX2107.¶285

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

285 . The methods claimed in the '012 and ' 108 patents disclose the use ofa 

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 n1y opinion, as of 2012, a POSA would have been aware of the 

nearly two decades worth of literature that den1onstrated concen1s with 

amplification, such as target specificity and off-target binding. See supra ,r,r 57-62. 

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 ,r,r 87-104. 



Shapero Relies on the Combination of MARA 
With the Hybridization Arrays
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EX1006.0003-04

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.¶¶152-169, 217-220

MARA: a novel approach for highly multiplexed 
locus-specific SNP genotyping using 
high-density DNA oligonucleotide arrays 
Michael H. Shapero\ Jane Zhang, Ann Loraine, Weiwei Liu, Xlaojun Di, 
Guoying uu and Keith w. Jones 

Affymetrlx. lnc., Genot:yplng Research. 3'380 Central Expressway, Santa Clara, CA 9505 1, USA 

ABSTRACT 

We Mvc developed a locus-speell lc ClNA target 
prep31'3l!on mcihod for highly multlplexed sing le 
nucleoli~ polymorphtsm (SNP) genolyping called 
MARA (lilultiplexod Anchored Runoll Ampl ification). 
The approach uses a single primer per SNP in 
eonjunelion with restrictio n enzyme d igesled, 
adapt«-llgated human genomic DNA. Each pr imer 
is composod of common seqvtmce a! the 51 end fol­
lowed by locus·spoc:ific sequence at the 3' end. 
Following o pr imary reaction in which locus-spocil ie 
products are generated , a secondary universal amp• 
lilication is carr ied out using a generic primer pair 
conesponding to th<! 01igonuctcolide and genomic 
DNA adap ter sequences. Allele discriminalion is 
ach ieved by hybridization lo high-density DNA ollgo• 
nuc!GOllcle arrays. Init ial mutlip!e~ roac11ons contain­
ing either250 primGrsor 750 primers across n ine DNA 
samples demons1raled an average sample call rale of 
~ 95% tor 250- and 750-plex MARA. We have also eval­
uated > 1000- and 4000-prlmer pleK MARA to geno1ype 
SNPs from human chromosome 21 . We have identi­
tlcd a sul:!sel ol SNPs conespondlno to 3 primer con­
version rate of ~-75%, wh ich show an average call ra1e 
over 95% and concordance > 99% across seven DNA 
sr;mples. Thus, MARA may polont ially improve lho 
lhroughpul of SNP 9Cnolyping when coupled wUh 
a Hele discnminalion on high-density arrays b y allow• 
ing levelsol multi plexlng during large! generation that 
far exc&ed the capacity of tradilional m ult iplex PCR. 

INTRODUCTION 

U:1& bc:[orte lil~ c,:,ropletiou of 1J1~ !mat~i, tem)J~e ~que1K~. 
·1.,,m,,,' ,,r:h, r. ··r,of:, "cveint'o.,L'tWlcl h ·,·- ·' : 
m:,rk= \<.> i:!.-i;1 ify :!h;;a:," :.t"gr,:;;a;i<.!.: p:ll c,·n::s ~mo1,;; f;un• 
ilks \ I ). Tlii, ap proocli bJ lo !k id.:11ti/ic~lwn (.•f :1 manb.:r vf 
gc:~• in\'rilvcd ir, rare, m,,r1oge111c d.i<..~rderi. \\'ith [he com­
pkle ""<jUCIJCe now ~,•,lilubk (1,>), ;;tlen tioo h.ts llnu..J W lhe 
ch,,11.,n~e ol iJen!ily ing coiJunou ili"'"'" grnes. AUhou~h 

nmhi11ie,,mrcesnf genelicvar1at1ni:nc.-u r !Lftlnng 1nd,vi'111.1ii:._ 
singie nuckoti.!c r<•lym,>rrh i,ms (Sl\""['s·1 arc cm,:r;;ing as Lh~ 
marl..erl'l''-'hl'i(;<: for~enelk asw<:iution ,-ualie,ilue w thd r 
nhundanc<S,stabil ityand rdat iv<Sea!<Sofscoring. Addit,onal ly. 
1he nn.i:oi ng internat ional effon to build a haplntype mnp 
will 1dem11Y a srnudard set 01 ,omrnou-~llek J,Nf's tlrnt are 
e~pected to provide !he trame\\ork for O?W .~enome-11'1de 
, 111 ill"-> ,1...,;p1i:d m i,len til.y the. und.: rlyin/! gen<Slic. l>u,i, ol 
compJe ._ disease,. palhl'!'"" , u.c"t""pt.ibili l.v um.I <l iffen-mia! 
d mg 1-e<ronses(.t i. l lwins1othesewide-1an~ingarrlic:-.1 in11s, 
lht:re 1~ ~till J 1m:<l for lhe <le,dopmt:11t of rolw , 1. ne~ibk 
c0,1-d1Cc1ive 1e1.'hr.olugy pl;Jl!Onm for sc0ri11J; SNP g,mo­
lypes in larg,cmm1hcmof,arn 11lrs 

There ar,· n multi tude ,,f r,,·nn!ypiur, •11,·thod,-,lnr,ies for 
SNP, th,:! ha~e t-e rn de,crikJ o,<'r the )· ~<c> t5-7l Th,:><: 
<lpl>(U~d1es ,·~11 ~,11)' iu 11:m~ uf lmw ,1\k k, .m: 1lis1:rllltin:1k<l 
"~ - tilt-. ,:,e ol" rn:l"i ei,· ~ ::<l h}hridi,.i::0,1 v. i~, sla,n digrnm­
de-11·.lc 1•rd -~'-"" OT "n l"<.-mh"crnt"m, w"lh t'lll)llll,SlCh 

~" l)N,\ r<>lyrne,1i~, 01' DN ,\ J;g;,s.,s_ Adcl i1ion:11ly, t.h~«• 
ar r rnache• ~a:; •·ary in :he n~mre ot t,r,1h th.: ::..siay imtl ,~ts 
auiJ lall<:iing .mu <klo;,;1\011 slrnlq:-ies. H01,n·.:1. ma11) l"l•r­
ronlly Us~<l appm~"h•~ ,hille a ,·u,ru11011 .i.'e'-'IUre m foal 
1hcre is a rcqmre1nen1 foi"an .. rnpl11ic,,1ion n1 th~ n.,i;ion har­
boring \he poiynl<.!rpln~m pno1 lo udu,1! geu<.1()"1:fiug. PCR 
sij111illcaui.ly iucre,u,e,; the 1·opy 1111rnO<:r vf ih.: s,:,q11e111:e W 
t~ge,1otypt';d. th n eby dfoc1il'e ly ,-educing theromplcxi[)" 
,, ft h<S Large l ""J.uence~andimpru,- ing the ah ,lil )' 10,li!T<Sren-
1ime con-ectand rn~orrectg~norypecalls. Tr,1(111 kme1\ly. :;taud­
arrl mulriple,r l'I" K ,s di(1kult 1odes1r,n and enahle at level~ 
lx)'l'IKIS<:vera l dc>1e n lo..:1pcrreat·tion (8LE,•~nwilhcare fu! 
opti mi1ation of i,1rm re3g~~1s (\I • aodeffo,1.~ to min;,n;1,; non­
•r""itic prime r dimeM (10). multirle~ PCR is not a rnut in• 
l~bornHxy \,,_;hiu~ue. A numl>cr of alternauw ,1pproad1e, W 
sl 1L11dlll"~ mulhpl~.~ PCR b"'" b,,e11 descril, .,.J ,,ver l1>1< )' C"Th. 

These. in~ludc rhc u<,) nf universal primer scqucncr.s NJ.Jed 
fo the ~nd, of !ocu <-~pe..- ifi,: ~e.iucnce~ ( l \ 1, th~ 11 cc of T'<"R 
SUP[Jl"l::o:,i,,u i.J1 wh!d 1 oue Utrtt'l-,;,e..;ill•: ;ni.mcr !,; \m:<l iu 
CCl:1i'.1n,;l1011 ":ll1 1, ])Lit11~r commou :o 1111.,p!~rs :xese!:l o/' 
ull DNA fr.tEUl<S1tLs \1 1, \1) and 1he '" ~ o( rr.:r,·h~njJ., , pher~•, 
wi th l"'.m":,1~<: tly :,n::d ed ,~rimer.: f(~ ;;,11i.1-rh,:«• l'CR :n1pl i­
(kat,on tl-1 1 Whi le ,;~<i! meL'mds do imr,.ove nn: l1 i1>1e~i~g 
kv<is llh wmparffi w1L'l. ,mnJ;ml :ipprua..:h.::,. 11un( of Jit 
dcs.oribo<l 1ue lhl'<ls has d~11wn.tr.M<l re.\~hOU, >i()(i...pl~ll 
and thu.~ ar~ , ii i: of rnode"ll~ ·.it i!ity fo l" a !t igh-tli1<,ughJ>UI 
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t,,- I1nportan tly, 
MARA does not require absolute specificity of primer anneal­
ing and elongation since target recognition and allele discrin1-
ination 1s achieved through hybridization to high-density 
arrays. 1puuL-ct.LllJll, LllL l: - r dld.L 

In conclusion, n1ultiplex levels for SNP genotyping that are 
higher than typically achieved through , tandard rnulti )lex 
PCR have been demonstrated using MARA 111 conjunction 
\.Vith allele-specific hybridization on high-density DNA arrays. 



Petitioner Focuses Solely on MARA, Divorced From Arrays
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PETITIONER
CITES

Paper 22, 5-6

EX1006.0002

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

MARA: a novel approach for highly multiplexed 
locus-sp • • • • 
high-den 
Michael H. Sha 
Guoying uu a 

Affymetrlx . lnc.,Ge 

ABSTRACT 
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INTAOOUCTION 

:::.~.i::::,1,: ;~:~tcz~ 
m:u-k.cn 1<.1 i:!.-i,1 ify , 
ilie,t l ). Tlii, approo' 

DNA samples . 'These results suggest that MARA may serve as 
a target preparation n1ethod for highly multiplexed locus­
specific SNP genotyping that far exceeds the capacity of stand­
ard traditional multiplex PCR. When coupled \Vith a n1ethod 
for allelic di 'Crimination 'Uch a ··. high-den 'it arra hybrid­
ization, thi n1ethod provide • acce • to large nu1n ber of locu -
specific SNP .. in a , ingle reaction and thu, may facili tat the 
use of SNPs in genon1e-\vide a sociation studies. 

;~:•~ ~~~:::~::::~~,-ail.1b=l~ (2,3=i . ;!llen;;;;;;;;;li oo h.:;;;;;;;;\, llllu;;r;;;;CIJ Wlli.""°• •=k >il'ril;;J"-;;;,0<11ue=llwJsh:;;-'.has u=.,11wn=.tr.MJ,;:;;;re,\~ l;;;;;;-;iun, >:m;:;;!00-pl~" --=======================" 
ch,,ll~ □~e ol iJen!ily ing coiJunou i.li """'" grnes. AUhou ~h and thu_~ ar~ , 1;1: of rnode"ll~ ·.it i!i ty for a !t ig~-tli 1<,ughJ>UI 
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Shapero and Jones Never Separate MARA From Arrays
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PETITIONER CITES

EX1011.¶80

Paper 22, 16

IPR2025-00028: Paper 17, 35-36; Paper 27, 6; IPR2025-00029: Paper 17, 35-36; Paper 27, 6; EX2107.¶¶170-173, 234-236 

EX1011

[second embodiment of the methods is illustrated 
i FIG. 2. apture probes are designed with a locus specific 
reg 1 or LS2) and a common sequence (Al) as in 
FIG. 1. In this embodiment the capture probes further 
comprise a tag sequence that is unique for each species of 
capture probe designed. (For a description of tags and tag 
probt:s, st:t:, U.S. St:r. No. 08/626,285.) The capture probes 
are attached to the array through hybridization of the tag 
sequence to a substantially complementary tag probe 
sequence that is attached to the array. The tag probes may be 
attached to the array in discrete locations. Different species 
of tag prohes are present at different discrete, s atially 
addressable locations. Adaptor-ligated genomic DNA is 
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 
common sequence A2. The extended capture probes are 
released and amplified using primers Al and A2. The 
amplified product may then be analyzed by, for example, 
hybridization to an array. Information about the region of 
interest can be determined by analysis of the hybridization 
pattern. The amplified sample may be analyzed by any 
method known in the art, for example, MALDI-TOP mass 
spec, capillary electrophoresis, OLA, dynamic allele specific 
hybridization (DASH) or TaqMan® (Applied Biosystems, 
Foster City, Calif.). For other methods of genotyping analy­
ses see Syvanen, Nature Rev. Gen. 2:930-942 (2001) which 
is herein incorporated by reference in its entirety. 

'\LSI '1'52 

: Al : Al 
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_tag..;;..1 __ !\\_L_S_l __ _ 
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Genomic DNA 
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Shapero’s Data Is Based on Use of Array Technology
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EX2107.¶220

EX1006.0005

IPR2025-00028: Paper 17, 25-30, 48-52; Paper 27, 10-15; IPR2025-00029: Paper 17, 25-30, 48-52; Paper 27, 10-15

Table 1. 250- and 750-plex MARA 

Sample 250-plex 750-plex 
DS > 0.08 Call rate Concord DS > 0.08 Call rate Concord 
(%) (%) (%) (%) (%) (%) 

NA10848 100 97.5 96.7 99.4 94.8 97.2 
NA12671 98.6 97.1 100 98.9 95.1 99.2 
NA.12672 99.6 97.l 97.8 99.6 95.0 98.2 
NA04477 99.3 94.6 99.2 99.3 95.7 98.8 
NA.04479 98.9 94.6 97.7 98.5 95.7 98.4 
NA05995 99.3 96.4 99.6 99.1 95.3 99.4 
NA.07057 100 97.1 98.5 99.3 95.9 98.4 
NA10830 98.9 94.6 99.2 99.1 96.1 99.4 
NA.10831 100 97.1 98.5 98.3 95.0 98.8 
Average 99.4 96.2 98.6 99.0 95.4 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 Nilvl is the intensity of the mismatch 
cell. TI1e DS threshold of 0.08 is 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, 11 162-64. The data is who11y 

obtained through the use of hybridization arrays and not NGS platforms. See supra, 

11 150, 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. 



Shapero’s Gel Reads Do Not Demonstrate Specificity

Demonstrative Exhibit - Not Evidence 14

* * *

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 

MARA: a novel approach for highly multiplexed 
locus-specific SNP genotyping using 
high-density DNA oligonucleotide arrays 
Michael H. Shapero\ Jane Zhang, Ann Loraine, Weiwei Liu, Xlaojun Di, 
Guoying uu and Keith w. Jones 
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ABSTRACT 

We Mvc developed a locus-speelllc ClNA target 
prep31'3l!on mcihod for highly multlplexed single 
nucleoli~ polymorphtsm (SNP) genolyping called 
MARA (lilultiplexod Anchored Runoll Ampl ification). 
The approach uses a single primer per SNP in 
eonjunel ion with restrictio n enzyme d igesled, 
adapt«-llgated human genomic DNA. Each pr imer 
is composod of common seqvtmce a! the 51 end fol­
lowed by locus·spoc:ific sequence at the 3' end. 
Following o pr imary reaction in wh ich locus-spocilie 
products are generated, a secondary universal amp• 
lilication is carr ied out using a generic primer pair 
con esponding to th<! 01igonuc tcolide and genom ic 
DNA adap ter sequences. Allele discrimi nalion is 
ach ieved by hybridization lo high-density DNA ollgo• 
nuc!GOllcle arrays. Init ial mutlip!e~ roac11ons contain­
ing either 250 primGrsor 750 primers across n ine DNA 
samples demons1raled an average sample call rale of 
~ 95% tor 250- and 750-plex MARA. We have also eval­
u ated > 1000- and 4000-prlmer p leK MARA to geno1ype 
SNPs from human chromosome 21 . We have identi­
tlcd a sul:!sel ol SNPs conespondlno to 3 primer con­
version rate of ~-75%, wh ich show an average call ra1e 
over 95% and concordance > 99% across seven DNA 
sr;mples. Thus, MARA may polontially improve lho 
lhroug hpul of SNP 9Cnolyping when coupled wUh 
a Hele discnm inalion o n high-density arrays by allow• 
ing levelsol multi plexlng during large! generation that 
far exc&ed the capacity of tradilional multiplex PCR. 

INTRODUCTION 

U:1& bc:[orte lil~ c,:,rupli,tiou of 1J1~ !mat~i, t~m)J~e ~que1K~. 
·1.,,m,,,' ,,r:h, r. ··r,of:, "eveint'o.,L"twlcl h ·,·- ·' : 
m:,rk= \<.> i:!.-i;1 ify :!h;;a:,~ l>("gr,:;;a;i<.!.: p:ll c,·n::s ~mo1,;; f;un• 
i lks \ I ). T lii, approocli bJ lo !k id.:11ti/ic~lwn (.>f :1 manb.:r vf 
gc:~• in\'rilvcd ir, rare, m,,r1oge111c di<..~rderi. \\'ith [he com­
pkle ""<jUCIJCe now ~,•,lilubk (1,>), ;;tlenlioo h.ts llnu..J W lhe 
ch,,ll"n~e ol iJen!ilying COiJUIIOU ili""""" grnes. AUhou~h 

nmhirie,,m,cesnfgenelicvar1at1ni:nc.-ur !Lftlnng 1ndw i'111.1i i:.. 
singic nuckoti.!c r<•lym,>rrh i ,ms (Sl\""['s·1 arc cm,:r;;ing as Lh~ 
marl.erol''-'hl'i(;<: for~enelk asw<:iution ,-ualie, ilue w thdr 
nhundanc.s,st.1bil ityandrd.1tiv.s"'1!.sofscoring. AdditKlnally. 
1he nn.i:oing international efl"on to build a haplntype mnp 
will 1dem11Y a srnudard set 01 ,omrneou-~llek J,Nf's tlrnt are 
e~pected to provide !he trame\\ork for O?W .~enome-11'1de 
, 1u i11.,_, ,1.,.,;p1i:d m i,lentil.y the. ondcrlyin/! genclic. busis ol 
compJe ._ disease,. palhl'!'" " ,u.c't"pt.ibilil_v um.I diffen-mia! 
dmg1-.i<ronse<(.t i. l lwingtothesewide-1an~ingarrlicatin11s, 
lht"re 1~ ~till J 1m:<l for lhe de,doptu<"llt of rolw,1. TT.:~ibk 
c0,1-d 1<:c1ive 1e1.'hr.ology p1,llonm for sc0ri tij; SNP geno­
types in l arg,cmm1hcmofs:ll11plts 

There ar,· a multi tude ,,f r,,·11o!ypiur, •11,·thod,,lor,ies for 
SNP, th,:! ha~e t-.:rn de,crikJ o,<'r the )· ~<c> t5-7l Th,:><: 
<lpl>(U~d1es ,·~1 1 ~,11")' iu tenm uf lmw ,1\kk, .m: 1fo1:rllltia:1k<l 
e ~- tilt-. ,:,,. ol" rn:l"iei,· ~::<l h}hridi,.i::o,i v. i ~, sla,n digrnm­
de-11·.Jc 1•rd - ~'-"" OT "n l"<.•mh"crnt"nn w"th t'lll)llle,,ch 
~" l)N,\ r<>lyrne,1i~, f>l' DN ,\ J; g;,s.,s _ Adcl i1i on:11ly, t.h~«• 
arrrn,i.ches ~a:; •·ary in :he n~mre ot t,r,1h th.: ::..siay imtl ,ilt< 
auiJ lall<:iing .mu <ldo;,;ll<rn ,trntq;-ies. H01,n·c1 . mail ) l' l•r­
ronlly u,~d appm~d,e, shill~ a ,·o,ru11011 ic,,lurc m foal 
there is a rcqmre1nen1 foi"an .. rn pl11ic,,1io11 o1 th~ n.,i;ion bar­
boring lh" poiynl<.!rpln~m pn01 to udu,1! geuvtnfiug. PCR 
sij111illcaui.ly inne,u,,:,; the 1·opy 1111rnO<:rof ihc s,:,q iie11ce W 
t~ ge,101yp,-;d. thncby dfoc1il'cly ,-educing the romplcx i [)" 
,, f1hc 1.ar;:e1""1.ue11ce~andimpru,-ing the ah ,lil )' 10,liJTere11-
1ime con-ectand rncorrectg~norypecalls. Tr,1d11kme1\ly. :;taud­
arrl mulriple,r l'I" K ,s di(1kult 1odes1r,n andenahle at level~ 
lx)'l'lKi scv~ra l dc>iell 10..:1 pcr reat·tion (8l. E,•,:n wilh ,;are fu! 
opti mi1atio11 of i,1rm re3g~~1s (\1 1 aodeffo,1.~ to min;,n;1,; 11011-
•r""itie rrimer dimeM (10). multirle~ PCR is not a r11ut in• 
l~bornHxy \,,,;hiu~u~. A numl>cr ol alternauw ,1pproad1e, W 
slm1<l lll"~ mulhplt: .~ PCR b"'"' ken descril, .,,J ,,ver (1.., )'"'"'· 
T~csc. include rhc u<,) ,.f universal prim,:r scqucncr.s NJ.Jed 
fo the ~nd, of !ocu<-~pe,.- ific ~equcnee~ ( l \ 1, th~ 11 cc of T'<"R 
SUP[Jrt:,:,i,>u i.11 wh!d 1 <Jlle Utrtt'l-,;,.:.,;ifi•: ;ni.mcr !,; \IOt:d iu 
cci:1i un,;l1011" :ll1 1, ])Lit11er commou :o 111L,p1ers J'1:i,Se!:l Oi" 
ull DNA fr.tFm•1tLs \ 11, 11) and 1he \Is~ o( rr.:r,·h~ni Jt: , pher~•, 
with <'m":,1~<: tly :,n::d ell ,~rimer.: f(~ ;;,11i.1-rh,:«• l'CR :n1pli ­
(kai,on tl-1 1 While ,;~<i! meL'mds do imr,.ove nn: l1 i1>1e~ing 
kv<is a,, wmparffi w1L'l ,mnJ;ml :ipprva..:h.:,. nun( of Jit 
dcs.oribo<l 1uclhl'<ls has u~11wn.tr.M<l re.\~hou, >i()(i..pl•" 
and thu.~ ar~ , ii i: of rnode,at~ ·.it i!ity fol" a !t igh-tli ,nughJ>UI 
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Guoying uu and Keith w. Jones 
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ABSTRACT 

We Mvc developed a locus-speell lc ClNA tar get 
prep31'3l!on mcihod for highly multlplexed sing le 
nucleol i~ polymorphtsm (SNP) genolyping called 
MARA (lilultiplexod Anchored Runoll Amplification). 
The approach uses a single primer per SNP in 
eon junelion w ith restrictio n enzyme d igesled, 
adapt«-llgated human genomic DNA. Each pr imer 
is composod of common seqvtmce a! the 51 end fol­
lowed by locus·spoc:ific sequence at the 3' end. 
Following o pr imary reaction in which locus-spocil ie 
products are generated, a secondary un iversal amp• 
lilication is carr ied out using a generic primer pair 
conesponding to th<! 01igonuc tcolide and genom ic 
DNA adap ter sequences. Allele d iscriminal ion is 
ach ieved by hybridization lo high-density DNA ollgo• 
nuc!GOllcle arrays. Init ia l mutlip !e~ roac11ons contain­
ing either250 primGrsor 750 primers across n ine DNA 
samples demons1raled an average sample call rale of 
~ 95% tor 250- and 750-plex MARA. We have also eval­
uated > 1000-and 4000-pr lmer pleK MARA to geno1ype 
SNPs from human chromosome 21 . We have identi­
tlcd a sul:!sel ol SNPs conespondlno to 3 primer con­
version rate of ~-75%, wh ich show an average call ra1e 
over 95% and concordance > 99% across seven DNA 
sr;mples. Thus, MARA may polontially improve lho 
lhroughpul o f SNP 9Cnolyping when coupled wUh 
a Hele discnm inalion o n hig h-densi ty arrays by allow• 
ing levelso l multi plexlng during large! generation that 
far exc&ed the capacity of tradilional multiplex PCR. 

INTRODUCTION 

U:1& bc:[orte lil~ c,:,rupli,tiou of 1J1~ !mat~i, t~m)J~e ~que1K~. 
·1.,,m,,,' ,,r:h, r. ··r,of:, "eveint'o.,L"twlcl h ·,·- ·' : 
m:,rk= \<.> i:!.-i;1 ify :!h;;a:,~ l>("gr,:;;a;i<.!.: p:ll c,·n::s ~mo1,;; f;un• 
i lks \ I ). T lii, approocli bJ lo !k id.:11ti/ic~lwn (.>f :1 manb.:r vf 
gc:~• in\'rilvcd ir, rare, m,,r1oge111c di<..~rderi. \\'ith [he com­
pkle ""<jUCIJCe now ~,•,lilubk (1,>), ;;tlen li oo h.ts llnu..J W lhe 
ch,,ll"n~e ol iJen!i lying COiJUIIOU ili""""" grnes. AUhou~h 

nmhirie,,m,cesnf genelicvar1at1ni:nc.-ur !Lftlnng 1ndwi'111.1i i:.. 
singic nuckoti.!c r<•lym,>rrh i ,ms (Sl\""['s·1 arc cm,:r;;ing as Lh~ 
marl.erol''-'hl'i (;<: for~enelk asw<:iution ,-ualie,ilue w thd r 
nhundanc.s,st.1bil ityand rd.1t iv.s"'1!.sofscoring. AdditKlnal ly. 
1he nn.i:oi ng internat ional efl"on to build a haplntype mnp 
will 1dem11Y a srnudard set 01 ,omrneou-~llek J,Nf's tlrnt are 
e~pected to provide !he trame\\ork for O?W .~enome-11'1de 
, 1u i11.,_, ,1.,.,;p1i:d m i,len til.y the. ondcrlyin/! genclic. busis ol 
compJe ._ di sease,. palhl'!'" " , u.c't"pt.ibili l_v um.I diffen-mia! 
dmg 1-.i<ronse<(.t i. l lwingtothesewide-1an~ingarrlicatin11s, 
lht"re 1~ ~till J 1m:<l for lhe de,doptu<"llt of rolw, 1. TT.:~ibk 
c0,1-d1<:c1ive 1e1.'hr.ology p1,llonm for sc0ri tij; SNP geno­
types in l arg,cmm1hcmofs:ll11plts 

There ar,· a multi tude ,,f r,,·11o!ypiur, •11,·thod,,lor,ies for 
SNP, th,:! ha~e t-.: rn de,crikJ o,<'r the )· ~<c> t5-7l Th,:><: 
<lpl>(U~d1es ,·~11 ~,11")' iu tenm uf lmw ,1\k k, .m: 1fo1:rllltia:1k<l 
e ~- tilt-. ,:,,. ol" rn:l"iei,· ~::<l h}hridi,.i::o,i v. i ~, sla,n digrnm­
de-11·.Jc 1•rd - ~'-"" OT "n l"<.•mh"crnt"nn w"th t'lll)llle,,ch 
~" l)N,\ r<>lyrne,1i~, f>l' DN ,\ J; g;,s.,s _ Adcl i1ion:11ly, t.h~«• 
arr rn,i.ches ~a:; •·ary in :he n~mre ot t,r,1h th.: ::..siay imtl ,ilt< 
auiJ lall<:iing .mu <ldo;,;ll<rn ,trntq;-ies. H01,n·c1 . mail ) l' l•r­
ronlly u,~d appm~d,e, shill~ a ,·o,ru11011 ic,,lurc m foal 
there is a rcqmre1nen1 foi"an .. rn pl11ic,,1io11 o1 th~ n.,i;ion bar­
boring lh" poiynl<.!rpln~m pn01 to udu,1! geuvtnfiug. PCR 
sij111illcaui.ly inne,u,,:,; the 1·opy 1111rnO<:r of ihc s,:,q iie11ce W 
t~ge,101yp,-;d. thn cby dfoc1il'cly ,-educing theromplcxi [)" 
,, f1hc 1.ar;:e1""1.ue11ce~andimpru,- ing the ah ,lil )' 10,liJTere11-
1ime con-ectand rncorrectg~norypecalls. Tr,1d11kme1\ly. :;taud­
arrl mulriple,r l'I" K ,s di(1kult 1odes1r,n and enahle at level~ 
lx)'l'lKi scv~ra l dc>iell 10..:1 pcr reat·tion (8l. E,•,:n wilh ,;are fu! 
opti mi1atio11 of i,1rm re3g~~1s (\1 1 aodeffo,1.~ to min;,n;1,; 11011-
•r""itie rrimer dimeM (10). multirle~ PCR is not a r11ut in• 
l~bornHxy \,,,;hiu~u~. A numl>cr ol alternauw ,1pproad1e, W 
slm1<l lll"~ mulhpl t: .~ PCR b"'"' ken descril, .,,J ,,ver (1.., )'"'"'· 
T~csc. include rhc u<,) ,.f universal prim,:r scqucncr.s NJ.Jed 
fo the ~nd, of !ocu<-~pe,.- ific ~equcnee~ ( l \ 1, th~ 11 cc of T'<"R 
SUP[Jrt:,:,i,>u i.11 wh!d 1 <Jlle Utrtt'l-,;,.:.,;ifi•: ;ni.mcr !,; \IOt:d iu 
cci:1i un,;l1011 ":ll1 1, ])Lit11er commou :o 111L,p1ers J'1:i,Se!:l Oi" 
ull DNA fr.tFm•1tLs \ 11, 11) and 1he \Is~ o( rr.:r,·h~niJt: , pher~•, 
wi th <'m":,1~<: tly :,n::d ell ,~rimer.: f(~ ;;,11i.1-rh,:«• l'CR :n1pl i­
(kai,on tl-1 1 Whi le ,;~<i! meL'mds do imr,.ove nn: l1 i1>1e~ing 
kv<is a,, wmparffi w1L'l ,mnJ;ml :ipprva..:h.:,. nun( of Jit 
dcs.oribo<l 1uclhl'<ls has u~11wn.tr.M<l re.\~hou, >i()(i..pl•" 
and thu.~ ar~ , ii i: of rnode,at~ ·.it i!ity fo l" a !t igh-tli ,nughJ>UI 
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ABSTRACT 

We Mvc developed a locus-speell lc ClNA tar get 
prep31'3l!on mcihod for highly multlplexed sing le 
nucleol i~ polymorphtsm (SNP) genolyping called 
MARA (lilultiplexod Anchored Runoll Amplification). 
The approach uses a single primer per SNP in 
eon junelion w ith restrictio n enzyme d igesled, 
adapt«-llgated human genomic DNA. Each pr imer 
is composod of common seqvtmce a! the 51 end fol­
lowed by locus·spoc:ific sequence at the 3' end. 
Following o pr imary reaction in which locus-spocil ie 
products are generated, a secondary un iversal amp• 
lilication is carr ied out using a generic primer pair 
conesponding to th<! 01igonuc tcolide and genom ic 
DNA adap ter sequences. Allele d iscriminal ion is 
ach ieved by hybridization lo high-density DNA ollgo• 
nuc!GOllcle arrays. Init ia l mutlip !e~ roac11ons contain­
ing either250 primGrsor 750 primers across n ine DNA 
samples demons1raled an average sample call rale of 
~ 95% tor 250- and 750-plex MARA. We have also eval­
uated > 1000-and 4000-pr lmer pleK MARA to geno1ype 
SNPs from human chromosome 21 . We have identi­
tlcd a sul:!sel ol SNPs conespondlno to 3 primer con­
version rate of ~-75%, wh ich show an average call ra1e 
over 95% and concordance > 99% across seven DNA 
sr;mples. Thus, MARA may polontially improve lho 
lhroughpul o f SNP 9Cnolyping when coupled wUh 
a Hele discnm inalion o n hig h-densi ty arrays by allow• 
ing levelso l multi plexlng during large! generation that 
far exc&ed the capacity of tradilional multiplex PCR. 

INTRODUCTION 

U:1& bc:[orte lil~ c,:,rupli,tiou of 1J1~ !mat~i, t~m)J~e ~que1K~. 
·1.,,m,,,' ,,r:h, r. ··r,of:, "eveint'o.,L"twlcl h ·,·- ·' : 
m:,rk= \<.> i:!.-i;1 ify :!h;;a:,~ l>("gr,:;;a;i<.!.: p:ll c,·n::s ~mo1,;; f;un• 
i lks \ I ). T lii, approocli bJ lo !k id.:11ti/ic~lwn (.>f :1 manb.:r vf 
gc:~• in\'rilvcd ir, rare, m,,r1oge111c di<..~rderi. \\'ith [he com­
pkle ""<jUCIJCe now ~,•,lilubk (1,>), ;;tlen li oo h.ts llnu..J W lhe 
ch,,ll"n~e ol iJen!i lying COiJUIIOU ili""""" grnes. AUhou~h 

nmhirie,,m,cesnf genelicvar1at1ni:nc.-ur !Lftlnng 1ndwi'111.1i i:.. 
singic nuckoti.!c r<•lym,>rrh i ,ms (Sl\""['s·1 arc cm,:r;;ing as Lh~ 
marl.erol''-'hl'i (;<: for~enelk asw<:iution ,-ualie,ilue w thd r 
nhundanc.s,st.1bil ityand rd.1t iv.s"'1!.sofscoring. AdditKlnal ly. 
1he nn.i:oi ng internat ional efl"on to build a haplntype mnp 
will 1dem11Y a srnudard set 01 ,omrneou-~llek J,Nf's tlrnt are 
e~pected to provide !he trame\\ork for O?W .~enome-11'1de 
, 1u i11.,_, ,1.,.,;p1i:d m i,len til.y the. ondcrlyin/! genclic. busis ol 
compJe ._ di sease,. palhl'!'" " , u.c't"pt.ibili l_v um.I diffen-mia! 
dmg 1-.i<ronse<(.t i. l lwingtothesewide-1an~ingarrlicatin11s, 
lht"re 1~ ~till J 1m:<l for lhe de,doptu<"llt of rolw, 1. TT.:~ibk 
c0,1-d1<:c1ive 1e1.'hr.ology p1,llonm for sc0ri tij; SNP geno­
types in l arg,cmm1hcmofs:ll11plts 

There ar,· a multi tude ,,f r,,·11o!ypiur, •11,·thod,,lor,ies for 
SNP, th,:! ha~e t-.: rn de,crikJ o,<'r the )· ~<c> t5-7l Th,:><: 
<lpl>(U~d1es ,·~11 ~,11")' iu tenm uf lmw ,1\k k, .m: 1fo1:rllltia:1k<l 
e ~- tilt-. ,:,,. ol" rn:l"iei,· ~::<l h}hridi,.i::o,i v. i ~, sla,n digrnm­
de-11·.Jc 1•rd - ~'-"" OT "n l"<.•mh"crnt"nn w"th t'lll)llle,,ch 
~" l)N,\ r<>lyrne,1i~, f>l' DN ,\ J; g;,s.,s _ Adcl i1ion:11ly, t.h~«• 
arr rn,i.ches ~a:; •·ary in :he n~mre ot t,r,1h th.: ::..siay imtl ,ilt< 
auiJ lall<:iing .mu <ldo;,;ll<rn ,trntq;-ies. H01,n·c1 . mail ) l' l•r­
ronlly u,~d appm~d,e, shill~ a ,·o,ru11011 ic,,lurc m foal 
there is a rcqmre1nen1 foi"an .. rn pl11ic,,1io11 o1 th~ n.,i;ion bar­
boring lh" poiynl<.!rpln~m pn01 to udu,1! geuvtnfiug. PCR 
sij111illcaui.ly inne,u,,:,; the 1·opy 1111rnO<:r of ihc s,:,q iie11ce W 
t~ge,101yp,-;d. thn cby dfoc1il'cly ,-educing theromplcxi [)" 
,, f1hc 1.ar;:e1""1.ue11ce~andimpru,- ing the ah ,lil )' 10,liJTere11-
1ime con-ectand rncorrectg~norypecalls. Tr,1d11kme1\ly. :;taud­
arrl mulriple,r l'I" K ,s di(1kult 1odes1r,n and enahle at level~ 
lx)'l'lKi scv~ra l dc>iell 10..:1 pcr reat·tion (8l. E,•,:n wilh ,;are fu! 
opti mi1atio11 of i,1rm re3g~~1s (\1 1 aodeffo,1.~ to min;,n;1,; 11011-
•r""itie rrimer dimeM (10). multirle~ PCR is not a r11ut in• 
l~bornHxy \,,,;hiu~u~. A numl>cr ol alternauw ,1pproad1e, W 
slm1<l lll"~ mulhpl t: .~ PCR b"'"' ken descril, .,,J ,,ver (1.., )'"'"'· 
T~csc. include rhc u<,) ,.f universal prim,:r scqucncr.s NJ.Jed 
fo the ~nd, of !ocu<-~pe,.- ific ~equcnee~ ( l \ 1, th~ 11 cc of T'<"R 
SUP[Jrt:,:,i,>u i.11 wh!d 1 <Jlle Utrtt'l-,;,.:.,;ifi•: ;ni.mcr !,; \IOt:d iu 
cci:1i un,;l1011 ":ll1 1, ])Lit11er commou :o 111L,p1ers J'1:i,Se!:l Oi" 
ull DNA fr.tFm•1tLs \ 11, 11) and 1he \Is~ o( rr.:r,·h~niJt: , pher~•, 
wi th <'m":,1~<: tly :,n::d ell ,~rimer.: f(~ ;;,11i.1-rh,:«• l'CR :n1pl i­
(kai,on tl-1 1 Whi le ,;~<i! meL'mds do imr,.ove nn: l1 i1>1e~ing 
kv<is a,, wmparffi w1L'l ,mnJ;ml :ipprva..:h.:,. nun( of Jit 
dcs.oribo<l 1uclhl'<ls has u~11wn.tr.M<l re.\~hou, >i()(i..pl•" 
and thu.~ ar~ , ii i: of rnode,at~ ·.it i!ity fo l" a !t igh-tli ,nughJ>UI 

QIAGEN Ex.hibil 1006 
Page6 

1f T 1 1 1 A total of 99.4% of the SNPs targeted by 
locus-specific primers across nine individuals had a mean DS 
> 0.08. 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 pnmers were omitted 1n the 
primary reaction, 6.6% (of the 258 SNPs) had a m.ean 
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 
of locus-specific primers allo\vs specific target sequences to be 
amplified, and in the absence of primers, only small quantities 
of non-specific products are generated. 



Dr. Metzker Concedes That Amplification Does Not Occur 
Without the Locus-Specific Primers 

Demonstrative Exhibit - Not Evidence 17

Michael Metzker, 
Ph.D.

Petitioner’s Expert

EX1121.¶23

EX1121.¶19

IPR2025-00028: Paper 27, 13-14; IPR2025-00029: Paper 27, 13-14; EX2213.0037:20-38:19

-

amino block helps to prevent background genomic amplification." 55 Shapero 

(2004 )'s com111on primers will not produce ainplification products on their own 

independent of the target specific primer extension through the A2 adapter. 56 Siebert 

would be off-target events. Because those con1111on pnn1ers did not produce 

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



Dr. Bustamante Confirmed the Data Does Not Show Specificity

Demonstrative Exhibit - Not Evidence 18

Carlos Bustamante, 
Ph.D.

EX1120.0134:11-22

IPR2025-00028: Paper 27, 11; IPR2025-00029: Paper 27, 11

There is 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 

rate, correct? 

Q. Yes or no? 

A. There is no evidence either 

way. 



Delseny Reviews NGS Technologies

Demonstrative Exhibit - Not Evidence 19

Delseny

IPR2025-00028: Paper 17, 1-2; Paper 27, 6; IPR2025-00029: Paper 17, 1-2; Paper 27, 6; EX2107.¶¶148-149

EX1007.0407

Conten1Sll1118\111 llebleatSCienceOirect 

Plant Science 

journa l h om11 p111e: www.el 1e vler.co m t loce1et p leni.cl 

High throughput DNA sequencing: The new sequencing revolution 

Michel Delseny ~· •, Bin Hanb, Yue le Hsingc 
•t•li<n"""''"""'"~~«td<• l'l>r'•~UNlt50960/~../RD-Ur.u";wr,lcyofPrrpirr,oo. 58av.l'u"/Ndu1.66860h,pignon.fran,, 
,,~1,,ot f'mrtt/O'OfrwJ_..~. CMo mM..rrrn, cfSC"ic'"'"'-.500C"a<>INaoRll!Jd,S~o,u~ol2002lJ,a,/no 
,~r,1u1«f i1-ondM/miblol Biolom'. ~,n/0Sinn, !2JMO<l•"""ROl!d,JN:l. Nnn~ol!t; 1'1fp,I 1!52"1. TaJwan 

I 

High throughput DNA sequencing: The new sequencing revolution 

rvtiche l Delseny a,*, Bin Han b, Yue le Hsing c 

J . qbaml i, c~nome r D ,eloppernenr des Plantts UMR5~9 .. JR -UP. Un(ve ty of R,rp·gnq-r~ S: ·av. Paul Alduy, 66860 Perpignan, France 
b ariorud nm Ji G n Resea J~, Ch nes codemy ofScJ nce1 500 aoboa lloact s a agh 0023 ~, ina 
, \11 tur rl«11,rand Mi n bial iology.A a ~aS.lnt a ,12 adem'aR:oatl, :ec2, Nankan Ta ,pei 11529 Taiwan 

QIAGEN Exhibit I 007 



Delseny Provides No Motivation to Arrive at Challenged Claims

Demonstrative Exhibit - Not Evidence 20

Delseny

EX1007.0417, 421 

EX2117 (Han)

IPR2025-00028: Paper 17, 32-33; Paper 27, 15-16; IPR2025-00029: Paper 17, 32-33; Paper 27, 15-16; EX2107.¶¶191-196, 238-243 

.So f a.r, ge notyping has ,[ nvo l.ved mos t!y mi crosa te I li tes.t a tech­
no ~ogy with ]imited resol.ution and requiring much time and human 
resources .. The ultimate resolution is at the base-pair level and 
NGSTs now o en the :ROSsibility to genotype a Une by sequenling iti 
Provided a reference gen ·· , _ is avai i ab! e. This strategy has recently 
been iUustrated jn. de 112.51 in total 150 R]Ls derived from a. cross' 
between 93~ 11 x Nipp ,,, are. (the two indh:a and japonica rice 
reference genomes) were . --sequenced with use of the il]unlina 
machine and the· ba.rcode tee o]ogy. With th1s multiplexingt the 
seq uend ng of the 150 ] i ne 
al[1 1,500,000SNPs were d 
re oon1b i nation poj n ts (33. 
..... 35 x higher than that av 

(125] X. Huang. Q. Feng, Q. Qian. et al., High-throughput genotyping by whole 
genome sequencing, Genome Res. 19 (2009) 1068-1076 . 

time of acquisition of dat«-_ +-:. ~rx-p:c;:,-cc-r-,:rnnr7i'lilT['u-p~rv::;n;::r.:,-J~~----r---====================~ 

ods~ Such an approach can substitute for the genotyping microiarFa • 
strates:w because of its higher resolutlon. 



Han Criticizes Methods Like MARA

Demonstrative Exhibit - Not Evidence 21

* * *

* * *

Han

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.¶¶191-196, 238-243 

Mcthods .. .:ooc.:u:JCO:.xoxo.,.0:.:.:..,.0:.:..,.,_._.JJ:o:u:Y., . .:u:.:. . .:.: x,., . .:ooc.:...:JCO:.xoxo.,.o:.:.:..o»:.:..,_._.JJu_m., . .: 

High-throughput genotyping by whole-genome 
resequencing 
Xuehui Huang,1•6 Qi Feng,1,2,6 Qian Qian,3' 6 Qiang Zhao,1•2,6 Lu Wang,1,6 

Ahong Wang, 1•6 Jianping Guan,1 Danlin Fan,1 Qijun Weng, 1 Tao Huang, 1 

Guojun Dong,3 Tao Sang, 1•4 and Bin Han 1,5, 7 

'Notional Center for Gene Ref>«lrch and lmtiWte o( Plant Phy>ialogy 011d Ecology, Shanghai lmtiw te5 of Sio/og,co/ Sdence5, O i irlese 
,kademy of S,~nc.n, Shonghoi 201)233, O,ino; 2Co/lege of life kience rmd 8ialechno,Ogy, S/wnghoi /i'1ulong Univer3/fy, Shanghai 
]00]41), China; 'Stare Key Lob ot R1(e Biology, C11r1w National Rici' Re,rorc/1 rmtitule, Chinese Academy of Agr1wlwral Soences, 
Hang~hov 3 10006, China; •Deportment of P!onr Biology, M ichigan Stare U11iver1ity, fo5! Lan;;ing, Michigan 48824, USA; 'Beijing 
lns11wte or Geoomics_ Ch1neoe ,kademyot Soence1, /leJJing 1000]9, Chma 

The next-gaie-ratlon seq 11enclng- technoloSY co11ple-d \'l'l rh rhe growing nurnl>er of ~Mme sequenres open~ 1he oppor­
tunl!y to r~n genotypJng straleg les for more el'f«th·e ceoerlc mapplnc and ceoome analy~s. We llave de1·elop,e,d 
a hlgh-th roughplll mer hod for geno1yping re<0mblnam populations utlll.1.lng whole-genome reseqnen<:lng dua genernOO 
by the lllumhw Genome Analyzer. A 1Jidin1: w!11dow approach is desicned to collectively examine genome-wide sin&le 
nucleotide polymorphism< for genotyjle ca lling and recom binatio11 bteakpoilll determln,tlon. Uslng t hi s method, we 
conmuct~ • cenftic map for 150 ria! r«o1nbina111 inbrt'd line, with an UflKtt'd !ll'lloty~ c..llinc accuracy of 99.94% 
~nd a resolutio n of n,combination hreJ k:pol1115 within a11 average of 40 kb. In com1l;lrison to 1he genetic map const111c1e<:I 
wlrh 287 l'CR.-0.W!d marh~ fo r che r ice pop11l~tion, the seqt1endng-based method was ·~20x fa,t e,r !n dalJ coll e<tion 
~nd JSX more precise In recon1btnation break:polm dflerrntn.,c lon. Using the sequencing-based genetk rn.ip, we IOCJ tl'd 
.1q11a nclcatlVi! tr3 lt locusof L1r,:eeffect onpl.1mhelif\tlnalOO-kbrt>ilon com.,lnl112 1he rlce Kireen l1!volmlonwgene. 
TI1rough <0mp111er simulation, we dfmons1rate thlt the metOOd ls rol>ust for dlffer..n t types of mapping populations 
dt:rived from Of"i-1nls111.1 with variable qu.i liTy of a-e nome ~eq11ences and Is feasible for 0ti-1nism1 with laree g,eno me 1i1es 
and low r,olymorphi5 ms. With cominuoui;; adv anus in m1uenci111r tftlmologies, this genome-based 111Hhod may n! !>l! ce 
the conven tional marhr-basM genDty11ing at)pro.ach 10 provirle a [X>Werful too! for la tge-.,ca le gene di.,rovery and fo1 
arlrlr-inga widerangeofbiological queitiom. 

[Supple=nul mate-ri.11 i5 available online al \'IWw.genome.orc. P5t'llrlomolecules harl>orillll L226,79t SNr~ identifierl 
between Otyz~ JildWI Sij>. Jndic: cv. 9311 and ~. /~/l()/1/ca cv. Nlpponlwe ~re ~vallab le ~i Jmp:l/www.n(ir..1c..rn/engllshl 
e<lataWSl!.htm. The raw lllumlna seq11enci11g da la are ava ilable In the EBI European Nucleotide Arc!i ive lflir. l /ftp.era . 
eb!..1c .11k: I Jwlth Jccesslon numberERAOCXX)78.I 

The firs I U!.<' of [)N,\ .t,as,>.;l m arkers dec.1~1 • ~o fa id th e s;wu ru.l ­
work /{11 X1-·nc,ll1covcw lhrou~h fof".wtl and rc,s.-rscgcm.·tks. Th,· 
1y~s of mJrkers and m e-rh ods for ronstmct.m:-: r:enetlc maps h~w 
e,·o1voo rJpldlr wlrh advana!s lu molerular Ololo,in· te<"imlques. 
Ille <U!\·clopment of l'CI! tr1ggi,r"'1 thQ hurst of a gQncrat lnn of 
markers th~t ~-0M1derablv s1mpLfie<I e.~rime111al procedures for 
rn~rkr ,k.-sl:~nl ui ~ml ,c,orh,~. H,m~·v., r, the,e ,11~rkcrs, Jlthouiti 
mll wlddy u/.00, h;wc~hnwn gr,lW1ng 1Jn1i1a1~1,L1 1nch romowmal 
C<l\'<'cra,:~, tm~. and COllt efftttlHn<"lS. ·nl<' de,·~lopmenl <J I 1'<'cH0-
111i c., ~,mu.1,t, ~11d t,M,1, h.i., ,~-t the ,t.o.~c for <cpl,,d ng tlic rn~rl cr­
ha;N matipmg ap1i,o..1ch with gen<ln-.e-ha:IN hlgh-thmughput 
,t rati,xk, 

Tl, e .i.•·•il.i.h ility ,,f 8~"" '" '" '~'-lu'""'--"' npoucJ the ..i,~ ,, t" 
high-throughput gc n~'lllng. ·1111~ was 111 ltlJllr accompll~hN hy 
;,dnpllng ml<,n• rr~ y , ,~·hnnllll(Y, whl<:h <k!N1S ,tni l<· m .. ·1, .... 11<1,· 
1~>l)'"""J'hl" "' (SNI',,) tlmrugl, hyl'1h.ll, .lr,~ gcu,m,1~ DN.\ I<> 

oligonudeotid~• ,potted on gtlle <-hip,. Thi , ~enotyplng melhcxl 

"Thn•Mll.honc0<1tr11,ut..i_.-,.t .. thhworl< 
'co,...,.ontllngwtlM>r, 
l •,_.I bho .......... n,; fu U-11-~ZHH 
Atlid • f.>llbl iiMd onlin, Mi"'" prlllL A,liCI<, •l\d pu bl lC•~on dat@ ••~ 
•thllp:/N,.,•,,.genom ... org/cgL'dOl.f10 .1 101/gr.0MS16. 1Ga. f re<'lyavalloble 
onlinc;i,,ooghthc(..""°"'</li/,carr;J,Opon~c,,opUon 

1066 Genome Research 
WWW.Joi"'"""''·'"!, 

s11lnlan1iallr impw,·~d lhe effkiern;y of ma rJ:;.er C(ll!eclion t•r 
allowinK (h<· tkt\'~1fon of hundi-...·d~ to thou:.aml1 <.>I markcn in 
a 1il~l~ ll)'b!ldlz.1uon (Wmreleret Jl. 1998). tt h.as l>ttn &ppl/M 10 
model ~y1tems such as hum~11. ArabliWpsis, and 1lce (Meabum 
et al. 2(,}6: Si<11;C• ct al. 20}6: Jc"-'mr cl al 200SJ. Although the 
i::oal of hls:h••hm ui:;hput was ad1iew,;I, seuou1 !Jmit.ll iom ~m.1m 
for tl,c ~TTJ)'-f"'"-'U 11o<.1eho<l. It i, IJhortuu.,, tlm~~con,umlug, ,,ml 
expensll"c m dec<lgn , 1mlducc, and pmt.:~11.s mlcmarra}> sul~d for 
l~tl!f l!Bppltl.'! ix,ptohllOn! 

11,e .i.cl,·<:111 CJf the HC>, li!<:ne,~li ,,n SC'{UCBci ll)I K-.;h m,loiw 
hold! the pr.imlse Im a mcthaOOlogi~al leap forward In ~n<llfJ'­
ln~ and i,·11<"lktnappin11-To" n '·"' '"'l'"''""ing 1<•,·hnl,l""'nnt 
,ml. ·u,uc1 ·11~ tl ,mug l,put h. > r.ilmtk :,f:~ ."­
tudc llu1a]soallow ~1multanrou1lr ~equcncl nga la1gcn umhcr11f 
,am111<,s u,lnl( a nml!lpl r",1 _,.,1uem1n)I s1Tat,,11y 1( ·1811( ,·t al 
2(Xl!I; O·u 1111 <:I ill . 200S). ·111,:,, c 1""-'111 t<:d mlw l ilclVdlLL<:\ 11dW 

pawd th~ "·•y for th~ d,,·,lopm,nt of a st'4uendn)\ ba,ed hlsh 
thmughpu! 11ennt:,1'iBM m"thnd that u, mhi n<..-. advantil):-C' of 
time .tn<.ic,>st eflu::1h·~11~-.,, Jen"' mJriac, cnYe~"ll"· Ii i Kl, m~ppl 11g 
arc\J1acyand 1e,0Ju tion, and mol'\'con1p;11;,bleienomeandge 
nctk:mar•san,,,nxmapptn11por111 atk ,n, a"cl n1xanl,m, 

Ile,, "" d,.c, ;t,,, the fm l high,llu0!.1gh~u\ ,;~1101\-ping 
melh(.'ll t hat u~! SN!¾ <lete,·w,t l,y whole genom~ ~~uenci11g 

Tecan Ex. 211 7, Page 1 of IO 
QL\GEN Sden('.CS, LLC v. Te-can Genomics - IPR202~00028 

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

, TP ,;:it Second, an individual SNP site is no longer a reliable 
marker or locus for genotyping due to several potential sources of 
sequence errors. .... • UlUl.lUt' n:aLu1t·~ Ul Lllt:, 1 r Udld 

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. 



Petitioner Fails to Show a Motivation to Combine

Demonstrative Exhibit - Not Evidence 22

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’l ULC, 97 F.4th at 886-87 (emphases original) (cleaned up)

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’l ULC v. Assembly Guidance Sys., Inc., 97 F.4th 882, 887 (Fed. Cir. 2024) 

IPR2025-00028: Paper 17, 18-20; Paper 27, 3, 23; IPR2025-00029: Paper 17, 18-20; Paper 27, 3, 23



Objective Indicia Reinforce Non-Obviousness

Demonstrative Exhibit - Not Evidence 23

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 



The Prior Art Discouraged the Claimed Methods

1. Syvänen (EX1012)

2. Delseny (EX1007) 

3. Han (EX2117)

4. Siebert (EX1101)

5. Miura (EX2047)

6. Tsoktouridis (EX2048)

7. Sohn (EX2050)

8. Quail 2008 (EX2053)

9. Quail 2011 (EX2071)

Demonstrative Exhibit - Not Evidence 24

10. Kozarewa (EX2054)

11. Aird (EX2042)

12. Metzker (EX1025)

13. Devon (EX2044)

14. Padegima (EX2045)

15. Arnold (EX2046)

16. Bower (EX2049)

17. Bronner (EX2155)

18. Almomani (EX2051)

19. Myllykangas (EX2052)

20. Grunenwald (EX2056)

21. Palka-Santini (EX2139)

22. Bustin (EX2018)

23. Bui (EX2138)

24. Howell (EX2130)

25. Moorthie (EX2169)

26. Ronaghi (EX2129)

IPR2025-00028: Paper 17, 35-47; Paper 27, 18-23; IPR2025-00029: Paper 17, 35-47; Paper 27, 18-23; EX2107.¶¶57-64, 272-274, 285-287 



The Prior Art Discouraged Use of Key Aspects of 
the Claimed Inventions

1. Delseny 
(EX1007)

2. Han 
(EX2117)

3. Siebert 
(EX1101)

4. Miura 
(EX2047)

5. Tsoktouridis 
(EX2048)

6. Sohn 
(EX2050)

7. Devon 
(EX2044)

8. Padegimas 
(EX2045)

9. Arnold 
(EX2046)

10. Bower 
(EX2049)

Demonstrative Exhibit - Not Evidence 25

Single Target-Specific Primer PCR Amplification

1. Syvänen 
(EX1012)

2. Tsoktouridis 
(EX2048)

3. Quail 2008 
(EX2053)

4. Quail 2011 
(EX2071)

5. Kozarewa 
(EX2054)

6. Aird (EX2042)

7. Metzker 
(EX1025)

8. Bronner 
(EX2155)

9. Almomani 
(EX2051)

10. Myllykangas 
(EX2052)

11. Grunenwald 
(EX2056)

IPR2025-00028: Paper 17, 35-47; Paper 27, 18-23; IPR2025-00029: Paper 17, 35-47; Paper 27, 18-23; EX2107.¶¶57-64, 272-274, 285-287 



Siebert Discouraged Claimed Use of a Single Primer

Demonstrative Exhibit - Not Evidence 26

EX1101.1087-88

Siebert

* * *

* * *

IPR2025-00028: Paper 17, 41-44; Paper 27, 21-22; IPR2025-00029: Paper 17, 41-44; Paper 27, 21-22; EX2107.¶¶61-62, 248-254, 285-287

Nur:ltic Acids Rtstarch. 1995. Vol. 23. No. 6 J081-W88 

An improved PCR method for walking in uncloned 
genomic DNA 
Paulo. Sktbert', Alex Chenchlk, David E. Kellogg, Konstanti n A. Lukyanov1 and 
Sergey A. Lukyanov1 

Clontech Laboratories, Inc., 4030 Fabian Way, Palo Alto. CA 94303-4607, USA and 1Shemyakin and 
Ovchinnikov Institute of Bloorganic Chemistry, Russian Academy of Sciences, ul. Miklukho-Maklaja 16/10. V-437 
Moscow 117871, Russia 

ReceM,dJillOU;lry4, 1ffi;Aocepled Fllbruary9,1995 

~,·eral PCR-bascd mcthod.s arc avail.able for walkjng from a 
blown region to aa unknown region in clom:tl or uneloned 
genomic DNA. Themcdtodsarc::ofthrcelypcS: inverse PCR (1), 
randomly primed PCR (2) and adap1or ligiltion PCR (3-6). 
HowCVCI, these methods bave oot been generally applied 10 
walking in uncloned genomic DNA be1:ause tht:y arc either 
coo1pJicatoo or indlicienl. R<lel!m illl{lru,·elllt'nt\ rn these 
1n.:tht:xll; hav.:Ot:t'naJ)fllied to uncloncd genomic DNA (7 ,6), 
bowt:va. walb h~~e been limikd to distonces of < I L:b. 

We haveinvestigared1heapplK'ationof'longandt1CCuratc 
PCR' (9,10) to walking in tmcloned 11cnomic DNA. We initie.Uy 
examined the use of 'unprcdicubl}' primed PCR' (3 ), a new 
method based on randomly p,imcd PCR Md 'vcci,vene PCR' 
(5). which is based upon adaptor ligation. As a model system we 
attc:mpted to walk upstream from eAon I of the humantisslll':-l)' P,:: 
pl&mioogen a.:tivatoc (TPA) ge11e whid.1 has been prcviou~ly 
dw-.... -teri7.ed( II). 

In ou~ hands boch 'unpredictably primed PCR' wxl ·vecton:tte 
PCR' generated multiple PCR prodtL"lSCVl:11 after~ PCR Wa'l 
performed. Although upon analysis some of Ille PCR produru 
were found to be derived from suo.:es!tful walks. the presence of 
multiple PCR products wuuld ,omplicatc fwther characlt'ril.uion 
withoof Swthem bloi hybridil.00011 oc eAlensive cloning. 

We l!ave improved upon the a,faptnr ligation me1t,nd by 
combining ' vccloreue PCR" "'ilh & newly deveJ(lped method 
tenned ' suppres.sionPCR'(l2).AspecialadaJ14or_isligated101he 

primen. lbc enzymes used were se!ecM:I because they ha.\'C 
s.i1-b.<tse recognition !lites and generate blunt end~. 

TIie ,;equencc., of the walking adaptor and primers are ~bown 
in Figure J. One end of !he adap1or is l>lunt so tllat it will ligate 
to both eudi; of any DNA fragment gem:rall'd by restriction 
eneyrnes tllal: }'ield blunt ends. The ildap1or also contains two rare 
restrictiooenzyme &i1e,forNotl (s!l!ggeredends)andS,jl/S,,,,,J 
(blun1ends)1aallowcloningin1ocomrnonlyusedvec1orssuchns 
pBtuescripi(StratageoeJ. 

llle·vcc1arenc· femure of1heada])1oris 1hepresenceofan 
amine group on the 3'-end of the lower strand. This blocks 

r_- .:~~ I 

. ,t '·~~ 
~~ 

Fljp't l .(A)Sc<tOCIICC>oflhcw~~-~ pnnlC>'S /llld 
g< l>0•5pocilic p,in-cJ'\. (l,) lll ~lnlliwiul thc ..,~un PCRoO'o,,.~ Str.u:um, 
or PCR pl\llb:t, fonnr<I b~ DO!l->{''""flc mlj)ltfioOO!l. The ~n:es or. lhe­
emk of llt• proJUCIS wntain in,l!nld ""1>'1;nal "'I''"'" ~nd ... ,~ fo:m 
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polymerase catalyz.cd e:uen,ion of the tower adap(OT strand, 
preventing the generation of the primerbioding site unless a 
defined. dismL ga1e-spc,cifk pnmer eAtl.'nds a DNA strand 
opposite 1he upper strand oflhc adapter. The ·supprcs.~ion PCR' 
t«:hoologyosesanadaptorprimerwhkhis shonerin lengththan 
the &daptorand is eapablc of hybridizing to th.: outer primocr 
binding siti,. If any PCR p1oducls are gent:rll!ed whi<.it contain 
double-str.mdedadaptorsequencesatbothends(duetonon­
spe,;ific DNA synthesis), the ends, of the individual DNA strallds 
will form 'panhandle" scructures following evcry denaturation 
step,tluetothc pm;enccofiovcnedtenninalrepeau (Fig. lB. ) 
These structures arc more stabk than the primer-1e:nplate hybrid 
and thcn:forc will ,u~ss exponential amplification. Howe,er, 
when adi:,tal gene-specific primer extends II DNA strnnd through 
th:: adaptor. lhe eAtcnsion produ~1 will contain t~e adaptor 
,'laJuenc.eonly on one cod and thus cannot fOffil the 'padi.tndle' 
SITUctllrC. PCR amplification cai1 lhe11 proceed normally. 

To prepare 1he adaptor,ligateid DNA. 2.5 µg of human genomic 
DNA (Oontl!Ch) is tligested in IOOµlrea::tion volume~ with SOU 
of restriction enzyme overnight at 37°C using b,dTers recom­
mended by the supplier (Lif~ T.-.chnologie:.). The DNA was 
l'Xtraefed once with phenollchlorofon-nlisoamyl alcohol 
(25:24:l)volt\'ol.oncewhhcblorofomt.andthenprecipitac:edby 
addition of ]/10th vol 3M N;iOAc, 20 µg glycogen (molecular 
biology grade, Boehringer Mannheim) aAd 2 ~ol of95% EtOH. 

IDT Exhibit 1007.0001 

T 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 genomtc 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 
perfonned. 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. 
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An improved PCR method for walking in uncloned 
genomic DNA 
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Figure 1. (A) Sequences of the walking adaptor and adaptor primers and 
gene-specific primers. (8) Illustration of the suppression PCR effect. Structure 
of PCR products formed by non-specific amplification. The sequences on the 
ends of the products contain inverted terminal repeats and will form 
·panhandle' structures which suppress PCR. 

Primary PCR reactions were conducted in 50 µl volumes 
containing 1 µl of ligated and diluted DNA, 40 mM Tris-HCl, pH 
9.3, 85 mM KOAc, 1.1 mM MgOAc, 0.4 µM adaptor primer APl 
and gene-specific primer, and 0.9 µl of TthNent 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 µl 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 µl 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 µl of PCR products were 
mixed with 1.2 µl of 10 x enzyme buffer and 10 U restriction 
enzyme (Life Technologies) and incubated for 4 h at 37 ° C. 
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1 INTRODUCTION 
Conventional PCR uses a pair of unique primers to selectively 
amplify the target sequence. The specificity of amplification is 
thus achieved by a synergistic effect between the specificities of 
the two primers. In contrast, some PCR applications use only a 
single unique primer in combination with a common primer. 

competitive PCR (ATAC-PCR) Kato, 1997 and so forth. The 
specificity of the PCR in these applications depends solely on 

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

l____,,,==~--,-..,,,,--,;r.i~~~==========-----------
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Several PCR 
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1nethods have been 
amplify unknown 

C' 'l: 

Coinparison of these methods revealed 
no simplicity, lo\v reproducibi1 ity~ 
high backgrounds of nonspecific PCR 
products, inefficient hon1opolyn1er 
tailing, small PCR product amplifi­
cation, and laborious time-consu1ning 
procedures (5-8,11,12). 
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ABSTRACT lh~ll'l 1.',e jf(•1•-s,m:i '.1c l' ' i111c,, .&.,.-~~u,li11.;I), 1h~; ~•~ ,, ·1c,1 pbf:i<~-1 
Motivation: In cont•asl wilh ~-onvenlional PCFI usir111 a Ptti • c;,f spe,.:i r,c "it~ n, ,n-,1ia.1fic a1 npl,11 ,~1iou pmd\1.:1, dai ,·cJ 1mm ~r,.,;3.lleJ 
p,ime'tl.llOffle tl{lplicaliona uHi;:en 1icn~ i;,iciur. p•1rnc, in oom!i'>ahon '(>ft-tar~c:1<· 
l'litn;;, tomn"IOl1 prmet, ~._,,,ret)y ray.ng G,i)i;;fy on U)(: !Qrr,·,er lor stJ.,O. Th=· µ."-'bkmli m;,y be ~ch~J b)' '-'J", 111.1 .:,0.:! 1he ?CR n 11,Jilicn~, 
I~. Tnese appl1cabons include rapid atY'4)Ucalion ot cDNA ends 1n,.:h,J i111: I.be uunt"":1liug lt'"Llll)CJ'1UU!e ill!J lhe l.:<.•ll,;t'llU ~UOll> lfi 

jRACE). ae19;,tor-ta(l90d coriip~M PCR. (ATAC-PCc:t) PCF!- Ml . c\N"IP•. prim~n; .i.nJ the, 1erapble While me1tW:1 h:!>r 

\Ve 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 pmity, 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 p1imer 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. 
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The most serious problems of the PCR-based genome walki11g 1nethods are low ampli­

fication efficiency and non-specific amplification. That is, unwanted genes are 

a1nplified together.,. which makes it difficult to distinguish amplification of desired 

genes. To improve this proble111, co1nplicated multi-step methods were developed, 

111cludirtg secondary PCR, purification of desired PCR products using biotirty1ated 

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

has not yetbeen achieved. 
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Syvänen Teaches Away From Claimed Amplification
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EX1012.0939

EX1012.0940

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.¶¶170-173, 234-236, 252

Rf. VH WS 

ACCESSI NG GENETIC VARIATION: 

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 products39A1,42•80• 

GENOTYPING SINGLE NUCLEOTIDE 
POLYMORPHISMS 

t Jr11Ji-.stitml1rig tta, rf'l'.1t1crn,illp t imwoo-11 g,c,ilfltic v:1n.1tio11 and t::ici::~:al firnt:l1011 Cfl .1 ,.JArllllnK: 

:i:.ilt1 1i, Hxpocta:J ID J)l(Md!! t1 mcJclrrH 1ti:d (IBW 111ji:it1t:; 11\10 tllP. l wf:g)I, ll'.'OIUtlOCI illid 

1X11h:)phys~ogy of huiroris ario orru spoc:les. The hor.e mar single nucloollOO 
r;olyrno'µl isms {SNPs) wil l ~bv-1 ~s that undctieccrrplex d::;easeto be W!Ufed. togetta 
with Pf0\78CC in 1cl8rllifying large sets of SNPs, are thsl ctiving forces behind intense effo"ts to 

c:::1ablisti the tocllndogy for l.Yg:) scale an.:w~s of SNPs. New gcn:i1,1X"(J mct11ocr; that arc 
hlgh throo;ihp1Jt.occtratcandcl"alparcurget1tlynoo:Jc-dforoaInIng lLl l acccss101i-c 
at:lln:tantgenellcva1.atloooforg:irilsms. 

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 

~ <!i 2001 Macmil~n Mag~.<ines ltd 

QIAGENExhibi t 10 12 
Page 1 

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 

DIMERS and other spurious amplification products that 
will not be distinguished from the actual PCR products. 



Syvänen Praises Methods That Exclude PCR Amplification
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IPR2025-00028: Paper 17, 36-37; Paper 27, 16-18
IPR2025-00029: Paper 17, 36-37; Paper 27, 16-18

* * *

EX1012.0934

Table 2 I Features of SNP-genotyping methods 

Rf.VHWS 

ACCESSING GENETIC VARIATION: 
GENOTYPING SINGLE NUCLEOTIDE 
POLYMORPHISMS 

Method 

Hybridization methods 

Reverse dot blot28 

GeneChip microarrays39 

DASH44 

PNA46 and LNA48 probes 

TaqMan49•50 

Molecular Beacons51•52 

Allele-specific PCR 

Intercalating dye60 

FRET primers61 •62 

AlphaScreen64 

Primer extension 

SNPstream, GBA68 

Multi lex minise uencin 

Ligase chain reaction 102 

Padlock probes 108 

Alternative to PCR 

Localized detection 

Invader assay11 2 PCR amplification avoided 

m,nlaily,;,n J (heiirli,1ri~u l ion<li.:h•.,..□•□<lwilhi11 

po1,ul•b"11.<arc0Cir~......_,""'1'"'· 

QJAGENExhibit 1012 
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Ligase chain reaction 102 

Padlock probes108 

o 1ng c1rc e amp 1 1ca 10n 

Endonuclease cleavage 

Invader assay112 

Most significant advantage Disadvantage 

Widely used Limited genotype discrimination 

Multiplexing possible Prone to non-specific background 

Very high probe density High failure rates" ·", expensive 

Inexpensive labelling method Complex design rules 

Specific as ASO probes Not widely available 

Simplicity of assay Expensive probes 

Simplicity of assay Expensive probes 

Real-time PCR assay Requires optimization 

Inexpensive labelling method Non-specific products detected 

Simplicity of assay Expensive primers 

Detects specific product Expensive probes 

Accurate genotyping Similar reagents as in PCR 

Inexpensive and robust Multiple detection steps 

Multi lexin ca aci Size se aration ste 

Lower efficiency than PCR 

Probes difficult to produce 

Requires large amount of DNA 

Alternative to PCR 

Localized detection 

1gna amp 1 1ca 10n 

PCR amplification avoided 

Lower efficiency than PCR 

Probes difficult to produce 

Requires large amount of DNA 

Special feature 

Precursor to microarrays 

High-tech manufacturing process•0 

Dedicated instrument 

Innovative chemical design 

Quantitative real-time PCR 

Versatile stem-loop structure 

Accurate quantification138 

Universal FRET primers 

Applicable to ASO hybridization 

Automated high-throughput process 

DNA 

Thermostable ligase 

Avoids target amplification 

Interesting FLAP endonuclease 

Thermostable ligase 

Avoids target amplification 

ase on c1rcu arize 
oligonucleotides 

Interesting FLAP endonuclease 

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; 
TDI , template-directed incorporation. 



The Prior Art Taught Away From Using PCR Amplification
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Quail 2008 Quail 2011

Kozarewa

EX2053.1008

EX2071.0010

EX2054.0291

IPR2025-00028: Paper 17, 44-45; Paper 27, 19-20; IPR2025-00029: Paper 17, 44-45; Paper 27, 19-20; EX2107.¶¶63-64, 252-254

Sequencing without PCR. \Ve have found that it is unnecessary to 
retain the PCR step to enrich for properly ligated fragments, so long 
as only those fragments with an adapter at either end can be quanti­
fied, as only they will yield dusters that can be sequenced. This can 
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 
non complementary oligos with a phosphorothioate linkage ben,veen 
the n,vo bases at the 3' end of one strand. From a starting amount 
of 5 µg of DNA and fractionation by AFA, we can obtain sufficient 
paired-end DNA for > 400 lanes of high-density dusters, or 100 lanes 
if nebulization is used to fragment the DNA. The obvious benefits 
of this are that PCR duplicates are absent: ,v 't • , 

Libraries prepared without PCR arnplification 1 perforrned 
best .. Ll.L "-' L.&.t 1..1-1.1.."-" ... ... "" "......... ...... IL, .. "-' ... .11."''"' , 

+0 + Here we present an amplification-free method of 
library preparation, in which the cluster amplification step, 
rather than the PCR, enriches for fully ligated template strands, 
reducing the incidence of duplicate sequences, improving read 
mapping and single nucleotide polymorphism calling and aiding 
de novo assembly. 



Petitioner’s Expert Taught Away From Using PCR With NGS
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Metzker

EX1025.0041

IPR2025-00028: Paper 17, 40-41; Paper 27, 7; IPR2025-00029: Paper 17, 40-41; Paper 27, 7; EX2107.¶¶255-259

Sequencing technologies -
the next generation 
Mic/U,1('il.Metzfft!r• • 

w w ws ii 

Abstract I [lemi,rd '1111 never l:l~n gre!lter ror revolutio1rnry tech110log ie1, that de!ive, 

f.i~l. inC)<l)Cll~ iVL' .ind ,1ccu1.itc genome irifotnhlt ion. Tl1 is <.h.:i lk 11gc h,is c.it ... tyscd the 

dr:-vclopnw nt of ncx1·gcner,1t ion scqL1c-11cing {!'.IGS) tcch1,olog1<cs. The inc1<pcnsivc 
product ion of lorgc volumes of scquor,cc dat,1 is the pri ,~1 111y odvnntago ,:,vci convcntionul 

methods. Here, I pre$ent a techr. ica l review of template prepanHio:,, se9u-e ne:ir.g m,d 
im119i 11g. g,.11011.e <1 lignmem and <1>»t111bly <1pprOdLhe~. 1111d Iect:1ot a<lw,nces in cur rt: ,l l 
and near term commerci1.1lly 1wai!able NG:5 instrumerm. I a!~o outl 111e the broad n1nge of 

applir.Mk,n~ for tJGS 1ed1noloq,~. in addlt ioll to pr-0vici i rl!=19Uide li r>es for plat form 

se! .. c t ion to i,ddress biological qLJesl ;en s of interest 

VO LUME 11. I JANUARY 2010 I 31 
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stu(lies. 'The concept of targeting specific regions of the 
genon1e is ,vell established, with PC:R being the rnost 
'"'idely used rnethod, albeit on a sn1all scale. PC~Il coupled 
with Sanger sequencing is suitably .matched for analysing 
a handful of candidate genes65, but coupling PCR with 
high-throughput NGS platforn1s for targeting strategies 
is not practical, as san1ple preparation would require 
handling tens of thousands of primers individually or 
in large n1ultiplex groups to n1eet the needs of a single 
instrwnent run. A recent article by Frazer and colleagues 



Long-Felt, Unmet Needs Persisted As of the Priority Date
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“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.”Ernani,

EX2009.0001 
(August 2009) 

“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.”

Grunenwald, 
EX2056.0003 
(August 2010) 

“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.”

Moorthie, 
EX2169.0007 

(October 2011) 

“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 issues include being susceptible to 
coverage biases secondary to amplification and 
molecular artifacts.”

Myllykangas, 
EX2052.0002 

(December 2011) 

IPR2025-00028: Paper 17, 57-59; Paper 27, 25; IPR2025-00029: Paper 17, 57-59; Paper 27, 25; EX2107.¶¶288-292

_.,_ __ ,_,..,. __ -

WNm.Wi'NH111NNU. 



Long-Felt, Unmet Needs Persisted After Shapero
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Shapero
Dec. 15, 2004
EX1006

NGS Commercially Available
2007

Delseny
Aug. 3, 2010

EX1007

Patent 
Priority Date
Jan. 26, 2012
EX1001

Ernani
Aug. 2009

EX2009

Grunenwald
Aug. 2010

EX2056

Moorthie 
Oct. 2011
EX2169

Myllykangas 
Dec. 2011
EX2052

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.¶¶288-292

--~.------=-
-.,..--;-:=;: 
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Industry Praised Tecan’s SPET Inventions
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EX2065.0001-02, 12-13

Barchi

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.¶¶293-298

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. Its reliance on single primers, rather than on primer pairs, greatly simplifies 

panel design, and allows higher levels of multiplexing than PCR-based genotyping. 

<)f'f.N l<.<X:ESS Gius9Ppa l.. oonardo Rotino', 5Mgio Lantari", Jaime ProhMs•' and G1ovanniGir1/icuw'' 

Recently Nugen@developed the single primer enrichment 
technology (SPE'I, United States Patent 9,650,628), which is a 
customizable solution for targeted sequencing at an affordable 
price. SPET requires a priori genomic or transcriptomic 

R_,--1: o;;i.,:;;y,o ,,, eggi; am, res~"""'Y· Ie vas maJOn Jo 10 ma1Kers was rarisen aore o 1,:,,21i ea 
Ae>c41p;,od; ;S.r.l'/2orr, species that di11emed up to 3.4 mil 'ion yeats w,p (So!anum penne!iii !or tomato ar.c' 

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

Tecan Ex. 2065, Page 1 of 17 
JOT, Inc. v. Tecan Genomics - IPR2025-00015 

approaches (Scheben et al., 2017). Furthermore, SPET provides 
the ability of multiplexing thousands of samples in a single 
sequencing run, which can be genotyped with tens of thousands 
of probes, and with a good coverage at target sites. Finally, thanks 
to the sequencing of the genomic regions around the target 
SNPs, SPET allows the discovery of thousands of novel SNPs not 
originally included in the panel. 



Industry Praised Tecan’s SPET Inventions
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EX2067.0003

Smith

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.¶¶293-298

Growing Options 
DNA 
{,,...', ,(a~[~t)i --- i -- : 
·-.. ./ '----· ·---
June 17, 2021 : ;'.e:i!i:f' ~,.1: tr. 

Enrich ing sample DNA for t 
one practical advantage. It 
and both faster . It can rid a 
prior to sequencing. Two m 

amplicon-based) are well-es 

have emerged from recent 

and the CRISPR/Cas9 gene 

Hybridization-base 

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

Also known as the hybrid-ca.--------------,;===============================================-~ 
complementary probes that hybridize to and capture ONA fragments contain ing 

the target sequences. Probes usually contain barcodes and/or unique molecular 

identifie rs (U M ls). This metl1od is especially suited for targeting larger reg ions in 

whole-exome sequencing, and for targets involving structural changes. The lower 
specific ity of hybridization probes makes them less wel l-suited for smal ler panels, 

h!t;ls:i•V.v1wblccompaM.::ol';l/E:l:lorlalArtlcles'S76N5Cfowlr,g-01)1icn!rfer-~rlehln:,-Thrget-DNAI 1/~C 

T~llll Ex. 2067. P1<tt-. 1 1of iO 
JUT, Irl e. v. Te-can Ger.omics - IPRW:?5--000!5 
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EX2068.0548

Scaglione

EX2068.0550  

EX2068.0548

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.¶¶293-298

paradigm of GBS experiments. Unlike other n1ethods, this tech­
nique allows for the execution of cost-effective genotyping ex­
periments while providing full control on target sites. This is 

perilnents while providing full control on target sites. This is 
mainly achieved by the c01nbination of (1) a high efficiency en­
richment system to target a pre-defined number of loci; (2) the 

") Tb~ A111,l;.11 (> f 2:)19. P i1L>l,~lK(l l>) ();.f,nd Llnl\'l.n,ly PIT.,~, Uli l!d1.,1f .;if 1h, i\nnal.s of D<.>1;1ll:• Cvm11,,n) 
''' 02.,'·L ·""""~,\. f'rn , • >11,, 1.Jc. ~-,n·Hl:j .,i.m·1l.., ,cr , ·,,,!u, m 

Tecan .Ex. 2068, Page L of9 
JOT, Inc. v. Tecan Genomics - IPR2025-00015 

given locus; (3) the scalability to tens of thousands of probes in 
a single reaction; and ( 4) the removal of PCR duplicates even 
in the absence of variation of the mapping co-ordinates for a 

in every locus. Our results suggest that SPET genotyping is a 
very effective approach for genotyping a large nmnber of loci, 
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. 
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EX2069.0002

Benjamino

IPR2025-00028: Paper 17, 59-61; Paper 27, 25-26; IPR2025-00029: Paper 17, 59-61; Paper 27, 25-26; EX2107.¶¶293-298

Genome-Based Targeted Sequencing as a Reproducible 
Microbial Community~P_ro_fil_in~ A_ss~a _______________________________________________ _ 

~: •Jacquelynn B<:mjamino,• Benjamin l.copol 

",.<;V,'/>(7 Cl!rr!'e1tsequ!'fl cm9 •ba!edme1 

rely on mart-N ge-m.• (e.g. 165 rliNA) or 
aMl}·s,s. Wep~ :;e:i1anapp1ooch based on 
a highlymultiplu.edcligont:cleotidc prob 
(microb;al abundancu from genc,me tagg~ 
rorwMd, cu~t-<-ff,xfr.re :nivubiorne p11.>(:l ing 
1fS rRNA and rnWGS sl!ategie!>. Tl,e "~ ~ u 
rigr;rous proba des;ign c ri leria enabled ro~ 
To t<eSt the ut il ity of the MA-GenTA a;say, 

sequencesrepresentingbacteri .. preientin 
the MA GenTA data wilh mWGS dnt:1 den 
U.0 1% rel;i11ve;ibundance ,md ;i >imilar n..1 
~>Plhithelncompletene!»oftherefe1tn 
sca:ing (t.MVS) d ustern19 bdsed on lhe 
g roo,p, was r.o"sisU>nl bt'IWN'll MA-G,>nl" 

G@nTA repr,;mrnls a pol <!n l i~lly lll>!ful n 

prc,li iing b~s<!d on reierence genome,. 

:•·.•·r. :;n,~,,a Ni!,., muhv<Js ror prd: lin,1 lh 
appronch.:!s to undH>tandin;i th(: composi 
:n this study,wc combined bacterial gen 
muillplexe<l ,ingti'. prime, ;,xt.,n~:on reau 

commu11 ities. llsing stool from variolls mo 
rnrmedMAGenTA.was benchrr.nrk.t;d.:.gal 

9~r10me ~quendng methods and <le live,e 
Ing dll!.<t. Sioc.l' tl1f' ,m,b.>,; WMf' !Jf'l\f'.r<ttt'<J 
al~o ahlf' to providf' hmctional mllhway 
assayed samples. The me1hod is mote in 
h.!in g ,,.,, co~tly t h~n metagf'n01m, shollJll 

~;-"he pr=mary mol<:>tul~r methods fo, d<>t 

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

assay's single primer extension reaction that is widely used for genotyping (17, 18) and 

implemented it as a quantitative, straightforward, and cost-effective method for profil­

ing mouse microbial communities based on the iMGMC hqMAGs. 

Jo onm¥ke1 genesequenc1ngor'M'ole· 
The 16$ rRNA marker gene has b<!en w1dd 
acrossdi,·@rs@@cmysl@ms( l ,2).Usingthis m::;;;:,.tl,o;;;-;d ,,;;;;;~o;;;;;;nom;;;-;,cc;;;;lass;;;;;ificu;:;;;tion;-;;;-or,;;;;-h• ;;;;-bac ----,-,-:;,,.':?:'!,."'!:,>:l'.'~,~ » "" .. .,.,.,; ....,,,:=; ."" . . :=::- ~c;=================================================~~ 
terial community can be obtained ~t mod@,t cmt .:.nd a resolution If.at rang@; from : ; !·M--.,! ,: ~.:-,; t❖:et{ 1( 1U:U:,~,i,::: 

rnbSPf,Cies 10 family lf!v~. d@Pf,nding Or1 the 16$ rRNA s,e,gment tlle>l is sequenc@C : : :s·~:-t,:::1~~1"'~J~S'~tl'l~:::: 
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~ ;.:

0
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Shapero
Dec. 15, 2004
EX1006

Delseny
Aug. 3, 2010
EX1007

Patent 
Priority Date
Jan. 26, 2012
EX1001

Ernani
Aug. 2009

EX2009

Grunenwald
Aug. 2010
EX2056

Moorthie 
Oct. 2011
EX2169

Myllykangas 
Dec. 2011
EX2052

Tecan’s Ovation
2015
EX2083

Praise: Barchi
Aug. 2019
EX2065

Praise: Smith
June 2021
EX2067

Praise: Scaglione
Mar. 2019
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Mar./Apr. 2021
EX2069
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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.¶¶272-274, 293-298
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Shapero Did Not Solve the Long-Felt, Unmet Needs
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“impractical for assaying a selected set of 
SNPs in specific genomic regions, and [is] 
usually beyond the reach of small to medium 
sized laboratories with limited resources.”Bui,

EX2138.0002 
(January 2009)

“involve[d] multiple steps starting with 
enzymatic digestion of the template DNA, 
ligation to adapters, primer extension and 
finally two subsequent PCR reactions. Such 
multi-step approaches are time consuming 
and prone to contamination and therefore 
have not been recommended for 
bacteriological routine diagnostics.”

Palka-Santini,
EX2139.0010 

(January 2009) 

“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.”

Liu,
EX2141.0002 
(August 2012)

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.¶¶272-274, 293-298
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Secondary Considerations Relevant When Combination Is Novel
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The Board acknowledged Medtronic showed every element of the Side Opening 
Claims was individually known in 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.

EX2107.¶276

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

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 

,r,r 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." 



Benefits of Invention Need Not Be Claimed
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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. 

IPR2025-00028: Paper 27, 25-26; IPR2025-00029: Paper 27, 25-26

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



Petitioner Misconstrues the Art Discussing Shapero
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Shapero Palka-Santini

EX2139.0001EX1006.0001

Paper 22, 20

IPR2025-00028: Paper 27, 20-21; IPR2025-00029: Paper 27, 20-21

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

results. EX2130 is only stating that Shapero docs not produce zero undesired 

MARA: a novel approact, tor hlghly multlplex8d 
locus-specltlc SNP genotyplng using 
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Petitioner Misapplies the Law on Copying
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Sam to address Evidence of access and substantial similarity is evidence of copying. Medtronic's 
argument is tantamount to requiring that copying can be proven only by direct 
evidence “such as photos of patented features or disassembly of products,” Liqwd, 
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



QIAGEN Had Access to Claimed Technology 
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* * *

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

IPR2025-00028: Paper 17, 62-64; Paper 27, 26-27; IPR2025-00029: Paper 17, 62-64; Paper 27, 26-27; EX2107.¶¶299-304 

C.:.se 1:23-.:'J•01 115-GBW Dccumrnt 11 F:lad 01!05/24 Pa;ie· 1 ot 33 Pa;;e10 # : 200 

TN THE UNITED STATES DISTRICT COURT 
FOR THF, OISTRTCTOFDF.l ,AWARf, 

TECANGENOMICS, TNC .. 

Plain ti ff, 

QJAGEN SClliNCES, LLC, QlAGEN 
GA ITHERSBURG, LLC f/k/a QTAGEN 
GAITHFRSRURG, TNC., QIAGF.N GM"RH, 
an<l QIAGEN N.V., 

Defendants. 

C.A. No. '.!3-111 5-GB\V 

. IIJRY TRIAL DEl\1A!\DED 

DEFEl\"DANTS" A NSWER A ND DEFENSES 

Defendants QJAGE!\ Sci ences, LLC, QIAGEN Gaithersburg, LLC, QJAGEN GmbH, and 

Q IAGE'\/ N.V. (r.:ollt:ctively "QIAGE'\/' '), by and through the undersigned anomeys, hereby 

provides the fo ll owing answer and defen ses in response to the Complaint ofTecan Genomics, Inc. 

("Tecan''). To th e extent not specifi cally admitted herein. the allegations of the Complaint are 

denied QIAGEN denies any all egations that may be implied by or inferred from the headings of 

the Complaint. 

ANSWER 

Nature oflhe A clion 

Tecan Genomics brings this action to halt Defendants' infringement of, and seek 
damages for, Defendants' past. ongoing, and future acts of infringement of U.S "Patent Nos. 
10,036,0 12 ("the ·0 12 patent"), 10,876,108 ("the • 108 patenc'"), 11 ,098)57 ("' the '357 patent"), 
and I 1,725,24 1 ('" the '24 1 patent") (collectively "the Asserted Patents") (aUached hereto as 
Exhibits l-4 respectively). 

RESPONSE: QIAGEN admits that Tecan 's Complaint purpons to allege claims for past, ongoing, 

and futu re acts of infri ngement of U.S . Patent l\os. 10,036,0 12 ("" the '0 12 pa1ent" '), 10,876, 108 

("the '108 patent"), 11.098}57 ("the '3 57 patent"), and 11,725,241 ("the ' 241 patent" ) 

Tecan Ex. 2170, Page 1 of 88 
QTA GEN Sdences, LLC v. Teca n Genomics - IPR2025-00028 

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

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

NuGEN related to QIAGEN's potential acquisition of NuGEN began m December 2013 . 

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

QIAGEN admits that QIAGEN's due diligence involved discussions with QIAGEN employees 

and reviewing vanous documents. denies tha+ it rece1 e<l unfettered acce..,.., tll 

RESPONSE: QIAGEN admits that it received certain detailed information on NuGEN 

technologies. Jt at tnis time QIA(d is unable !o ctete mme ifQIA(d reqt...es+e<l from 



Tecan Published the Patented Workflow in 2013
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EX2171.0001

IPR2025-00028: Paper 17, 62-64; Paper 27, 26-27; IPR2025-00029: Paper 17, 62-64; Paper 27, 26-27; EX2107.¶¶299-304 
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Tecao Ex. 2171, Page 1 of24 
QlAGEN Sciences, LLC v. Tecan Genomits -1PR202~00028 

Publication Classification 
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C12N 15/10 (2006.01) 
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CPC .................................. C12N 15/1068 (2013.01 ) 
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Tecan Published Its Ovation Workflow in 2015
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EX2083.0002-03

IPR2025-00028: Paper 17, 62-64; Paper 27, 26-27; IPR2025-00029: Paper 17, 62-64; Paper 27, 26-27; EX2107.¶¶299-304 
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An Efficient Method for I dentifying Gene 
Fusions by Targeted RNA Sequencing fro 
Fresh Frozen and FFPE Samples 
Jo11ath1111 A. s001111e11:, Mlcnene Dimon••. 1-Chlrig Wang, Steph~nte C. Huelga, Oour, 
A.AmorO"'..c' 
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Abstract 

Fu3ion genes are known to be key di'lvers of tumor g1owth in aeveral types of cane 

dilionally.d€tectingfuslongerieshasbe611adi1Hcult lf.lskbasedon fluorescenlin 
h•)'brld,zat!on to detect chromosomal abne>rmalllles. More recently. RN.'\ sequer.c1r1 
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~q11enc1 11 !J tt1a11s cusIom11.able 10 any target genes, is simple to tise, and efhc ieI1ll 

Uet~cts ~'!ene fusions. Using SPET lo targe1 5701 exons of 4()1 known c.:i.ncer fusio 

Mr s6quencir,g, we were able to Identify i<MW/1 and previously unreported geI1e lu 

from botl 1 tmsh•1rozer1 and lormalin-fixed paraffin-embedded (FFPE) tissue RNA i 
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QIAGEN’s Later Workflow Is Substantially the Same As 
Tecan’s Ovation Workflow 
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EX2107.¶¶301-303

IPR2025-00028: Paper 17, 62-64, Paper 27, 26-27; IPR2025-00029: Paper 17, 62-64, Paper 27, 26-27; EX2107.¶¶299-304 

Ovation Target Enrichment QIAseq Targeted DNA Panel 

------1:P--------- 5' 
5' ----------------

5' --- - uMI 

Library construction with U/ 
and sample indexing 

UMI _ _ _ _ 

Target enrichment by 
Single Primer Extension 

5' --- - - - - --0--------------
--+ 

FP ......... 

Sample indexing ond 
omplificotion 

5' ___ _ _ _ _ __ .,_ ____ _ 

--+ 
UP 

UMI : Unique molecular index 
: Gene specific primer 

FP: Forward primer 

~p 
Sequencing-ready 
library 

UP: Universal primer 
SIP: Sample index primer 



QIAGEN Marketed Its Copied Products As “Revolutionary”
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* * *

EX2147.0005 (January 2018) 

EX2148.0002 (February 2018) 

* * *

* * *

EX2146.0006 (August 2016) 

* * *

* * *

IPR2025-00028: Paper 17, 64-67, Paper 27, 27; IPR2025-00029: Paper 17, 64-67, Paper 27, 27; EX2107.¶¶305-309 

~~:;s;,~. ~ 
o,-, 

January 29, 2018 I Genomics 

QIAseq and Single Primer Extension 

Chemistry: Redefining Amplicon-Based NGS 

Compared to existing targeted enrichment approaches, the SPE method relies on single end adapter 

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 . 

QIAseq™ SPE technology for lllumina®: Redefining amplicon 
sequencing 

Single primer extension (SPE) is a revolutionary approach that redefines amplicon-based enrichment 

and sequencing . With SPE, each genomic region is ta rgeted by only one region-specific primer plus 

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

QIAseq SPE technology for lllumina: Redefining amplicon sequencing 02/2018 

Novel approach to detect and quantify fusion genes 

QIAseq Targeted RNAscan Panel lcat. nos. 333602, 333605, 333625 and 333645) 

Short library fragments 

How does this benefit you? 

Does not count PCR duplicates, accurate quantification of fusion transcripts, 
higher sensitivity 

Detect both known and novel fusion genes 

Requires low amount of RNA 

Suitable for low yield, poor quality RNA samples 

Exploring new frontiers with next-generation sequencing 08/2016 



QIAGEN Repeatedly Extolled Using a Single Primer
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EX2148.0001-02
EX2148.0002-03IPR2025-00028: Paper 17, 64-67, Paper 27, 27; IPR2025-00029: Paper 17, 64-67, Paper 27, 27; EX2107.¶¶305-309 

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 l) 

• Need of a large contiguous stretch of the targeted regions to cover two primers for a nested 

PCR design (see Figure 2) 

• 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) 

• Inefficiency to cover entire CDS regions 

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) . 

- - -
______ __JH ~_~f-----
Library 
adapter ® Figure 4. Primer design using single primer extension (SPE). 

Amplicon-based enrich ment is performed in a single reaction 

regardless of the size of targeted reg ions. 

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 

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) . 
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QIAGEN’s Novel Copying Defense
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EX2213.0069:18-70:5

Michael Metzker, 
Ph.D.

Petitioner’s Expert

Paper 22, 24

IPR2025-00028: Paper 27, 26-27; Paper 33, 1-7; IPR2025-00029: Paper 27, 26-27; Paper 33, 1-7 

Ql.<«r,S.m•"',•I.<:. 
1'<"""-"'· 

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. Bustan1ante admitted, however, the QIAGEN workflow is closer to 

the Shapero workflow than PO's. EXl 120.390:2-402:9. 

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 o ut that 

I was present during Dr . Bustarnante's 

deposition when these questions were asked , 

and I do agree with thi s -- wi th the steps 

that were shown to be side by side that the 

Shapero workf l ow was closer to the Qiagen 

workflow than the Tecan workflow . 



QIAGEN Argued the Opposite to the Federal Courts
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EX2205.0068

EX2206.0026

EX2207.0011

IPR2025-00028: Paper 27, 26-27; Paper 33, 1-7; IPR2025-00029: Paper 27, 26-27; Paper 33, 1-7 

===--':;,:_.: 
··~-

U.htlo'""!ffQ'._,,1,.,.,.1, 
r..-,.t"tll,m,IQ'.-
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A. 

B. 

The Accused QIAGEN Products Use Only One PCR Step With a Gene Specific 
Primer Fol lowed by One Universal PCR Step ...................................................... 29 

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 ... .... .... .... ...... .. .... ... .... .. ........ .. .... .... ...... .. .... .... .... .... .... ... ..... 32 

rnmp n<;c,r. of r -;u 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. c.he <; pre t.Ud<; co 1tam ne ted , d 1ot0r, nu tar et '>Pt'l fie: 

This mcludt:s the UP, FP an<l ';IP. J 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. 



QIAGEN Represented the Opposite to the Patent Offices
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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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1. 

1.1 

Clarity (Art. 84 EPC) 

In the IPRP, item VIII, claim 1 is considered to jack clarity as the Examiner considers tha t 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 ." Th is 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. 
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2-primer amplicon design 

EGFR Exon 21- EGFR Exon 21-
specific primer specific primer 

...... +-------------EGFR Exon 21 

Two primers are required to define a targeted 
region 

• 

• 

• 

• 

• 

Outcomes: 

Increased risk of primer dimers and dropouts 

Lower uniformity 

Multiple pools of primers might be required 

Low library complexity 

Increasing panel content might require primer 
redesign 

Teca 

QlAGENSciences, LLCv.TecanGen~ ~===,======================'-

SPE amplicon design - QIAseq 

Universal primer ...... EGFR Exon 21-
specific primer 

+-L-------------EGFR Exon 21 

Only one primer is required to define a targeted 
region 

• 

• 

• 

• 

• 

Outcomes: 

Lower risk of primer dimers and dropouts 

Higher uniformity 

Only a single pool of primers required 

Higher library complexity 

Increasing panel content does not require primer 
redesign 
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