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I. INTRODUCTION 

1. I, Dr. Paul T. Spellman, have been retained as an independent expert in 

the field of genetics and DNA sequencing. I submit this declaration on behalf of 

Petitioner Illumina, Inc., in the above-captioned inter partes review (“IPR”).  

2. I am being compensated for my time in connection with this IPR at my 

standard hourly consulting rate of $500/hour. I do not have any personal or financial 

stake or interest in the outcome of this proceeding and my compensation is in no 

way contingent on the nature of my analysis or the outcome of this IPR or any other 

proceeding.  

3. I am over 21 years of age and, if I am called upon to do so, I would be 

competent to testify as to the matters set forth herein. 

A. Qualifications and Experience 

4. I believe that I am qualified to serve as a technical expert in this matter 

based upon my qualifications, discussed in detail below. A copy of my curriculum 

vitae is attached as Appendix A to this declaration.  
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5. I am a Professor of Medicine in the Division of Hematology and 

Oncology as well as in the Department of Human Genetics at the University of 

California Los Angeles (“UCLA”) David Geffen School of Medicine. My research 

focuses on bioinformatics and genome sequencing, including developing improved 

sequencing techniques and applying genomic and computational technologies to 

improve human health. My research encompasses all phases of genomic research 

and sequencing, from technology and method development to application of 

technologies to answer critical questions in cancer biology, to population studies to 

understand the impact of genetic variation of disease, and to implementation trials 

that directly impact health. I have more than 25 years of experience in nucleic acid 

sequencing and have first-hand experience in designing multiplex sequencing 

assays. 

6. I graduated from the Massachusetts Institute of Technology in 1995 

with a Bachelor of Science in Biology. I then earned my Ph.D. in Genetics from the 

Stanford University School of Medicine in 2000.  
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7. Following my Ph.D., I conducted post-doctoral research from 2000 to 

2003 at the University of California Berkley Department of Molecular and Cellular 

Biology, studying gene regulation and genomics. From 2003 to 2011, I was a 

Scientist and Staff Scientist at the Lawrence Berkeley Lab, Life Science Division. 

In 2011, I also served as the Special Assistant to the Deputy Director of the National 

Cancer Institute.  

8. In 2011, I joined the Oregon Health & Science University (“OHSU”) 

School of Medicine first serving as an Associate Professor, then Professor with 

tenure, and then the Penny and Phil Knight Endowed Professor in Cancer Research 

Innovation. There, I studied the use of population genetics to help determine who is 

at risk for cancer, how to computationally analyze genomic data to identify early 

changes in cancers, and how to accurately screen different populations for the 

disease. My research also included using genetic and genomic approaches to 

understand the processes by which cancer develops, monitor disease, and identify 

therapeutic strategies. 
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9. I spent 12 years at the OHSU School of Medicine before joining the 

faculty of UCLA in 2023. During that time at OHSU, I held multiple leadership roles 

for programs relating to genomic sequencing, including serving as the Program 

Leader of the Quantitative Oncology Program, the Co-Director of the Cancer Early 

Detection Advanced Research (“CEDAR”) Center in the OHSU Knight Cancer 

Institute, and the Interim Director for the Program in Computational Biology. 

10. To date, I have authored about 200 publications, including 175 articles, 

3 book chapters, 5 letters to the editor, 12 literary reviews, and 4 abstracts, many of 

which relate to genomic research or apply genomic sequencing.  

11. Since 2002, I have served on 25 grant review committees, 6 conference 

planning committees, and over 30 project advisory, institutional, and editorial 

committees. I am also active in related professional societies, including having 

served as Treasurer and Board member for the Microarray Gene Expression Data 

Society and Data Coordination and as a member of the Management Working Group 

and Scientific Planning Committee for the International Cancer Genomics 

Consortium. 

12. I have served as a regular reviewer for journals relating to genome 

sequencing and biotechnology, including Bioinformatics, Nucleic Acids Research, 

Nature Communications, PLoS ONE, Cell Reports, Genome Research, and Genes, 

among others. 
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13. Since 2004, I have been awarded dozens of grants, fellowships, and 

other sources of funding for my work, including for studying topics such as 

developing cost effective sequence-based technologies, studying genes relating to 

breast and ovarian cancer, and analyzing genomic data. Currently, I have research 

funding for a systematic analysis of genetic and gene regulation information in 

clinical cohorts as part of the Genome Data Analysis Network and a clinical trial 

implementing genetic health screening for hereditary breast and ovarian cancer and 

Lynch syndromes. 

14. Over the years, my work has been highlighted by news media outlets, 

including by the Salem Statesman Journal. I have given over 80 guest lectures on 

my work, and I have taught over 50 courses, workshops, and seminars on topics 

including genetics, genome sequencing, biotechnology, and sequencing 

technologies. I have also served as an advisor to over 20 post-doctoral fellows and 

pre-doctoral graduate students.  

15. As high-throughput sequencing has come to dominate the technological 

basis of my career, I have been well aware of, and my lab routinely uses, unique and 

non-unique dual-index sequencing methods.  
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B. Materials Considered 

16. My analysis in this declaration is based on my education, personal 

knowledge, and professional and academic experience in the areas of genetics and 

DNA sequencing, including multiplex sequencing and dual-indexing methods. My 

analysis is particularly focused on the state of the art in December of 2010. 

17. In forming my opinions, I have considered the ’200 patent and other 

exhibits cited in my declaration, including those listed in Appendix B. I reserve the 

right to rely on documents cited in the appendices to this declaration, and to 

supplement my opinions in view of new materials and information that becomes 

available to me during this proceeding. 

II. LEVEL OF ORDINARY SKILL IN THE ART 

18. I understand that an assessment of a patent’s claims should be 

undertaken from the perspective of a person of ordinary skill in the art (“POSA”) as 

of the “effective filing date” of the patent claims. In performing my analysis, I have 

been asked to assume that the “effective filing date” of the ’200 patent is December 

23, 2010.  
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19. I understand that the level of ordinary skill in the art is determined by 

looking at; (1) the type of problems encountered in the art; (2) the prior-art solutions 

to those problems; (3) the rapidity with which innovations are made; (4) the 

sophistication of the technology; and (5) the educational level of active workers in 

the field. 

20. In my opinion, a POSA would have had (i) a Ph.D. in molecular 

biology, genetics, bioinformatics, or a related field and at least two years of 

experience in high-throughput sequencing technologies or (ii) a Master’s degree in 

one of the same fields with at least four years of experience in high-throughput 

sequencing technologies. As explained above in Section I.A, I had at least these 

qualifications by December 2010 and am qualified based on my education and 

experience to provide an opinion as to what a POSA would have known and 

concluded as of December 2010. Supra § I.A. 

III. SUMMARY OF OPINIONS 

21. I understand that this declaration accompanies a Petition for IPR 

involving U.S. Patent No. 11,768,200 (“the ’200 patent”) (EX1001). I understand 

that the earliest possible “effective filing date” for the ’200 patent is 

December 23, 2010. In performing my analysis, I have been asked to assume that 

the “effective filing date” of the ’200 patent is December 23, 2010. 
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22. The claims of the ’200 patent are directed to a method for validating the 

sequence of a nucleic acid analyte of interest in a multiplex sequencing reaction. As 

discussed below, the sequencing workflow typically involved several steps, 

including extracting template nucleic acids from samples, preparing those template 

nucleic acids for sequencing, and sequencing the products. It was often 

advantageous to use polymerase chain reaction (PCR) or other amplification 

methods to replicate the template during the sequencing workflow to increase the 

number of molecules available for sequencing. In the case of multiplex sequencing 

where multiple samples were sequenced simultaneously, sequencing products were 

combined (“pooled”) at various steps during the sequencing workflow to gain 

efficiencies and reduce costs, including for PCR or other forms of DNA 

amplification.  

23. Numerous different types of errors, however, could occur during this 

workflow. The original template could get damaged during extraction or 

amplification. Primers used for DNA amplification could be erroneously 

synthesized. Further, during DNA amplification, chimeric molecules consisting of 

two template nucleic acids could be formed. When these errors occurred in multiplex 

sequencing, the accuracy of sequencing could be significantly affected, resulting in 

erroneous sequences that did not exist in the original samples or misassignments of 

sequences to incorrect samples. 
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24. The claims of the ’200 patent purport to address these known problems 

by using a dual-indexing method. The claims recite that the sequence of a nucleic 

acid analyte of interest is validated by detecting the presence of two or more 

identifier sequences uniquely associated with the nucleic acid analyte of interest, 

sequencing the nucleic acid analyte of interest flanked with the two identifier 

sequences, and validating the sequence by analyzing both identifier sequences and 

excluding those sequences containing only one or an incorrect pair of identifier 

sequences.  

25. Based on my knowledge and experience and my review of the 

information described in this declaration, it is my opinion that claims 1-6 of the 

’200 patent are anticipated by two references, each of which disclosed every step of 

the claimed dual-indexing methods. 

26. First, Gloor et al., Cornell University Library arXiv:1007.5075v1 

(2010) (“Gloor”; EX1005), anticipates claims 1-6 of the ’200 patent. Gloor 

disclosed a multiplex sequencing method where nucleic acid analytes from multiple 

samples were tagged with a pair of identifier sequences. While Gloor repeated 

individual identifier sequences across multiple samples, the pairs of identifiers did 

not repeat, i.e., each pair of identifiers was uniquely associated with nucleic analytes 

of interest from a single sample. Using Illumina sequencing, Gloor sequenced 

nucleic acid analytes from multiple samples simultaneously. Gloor also validated 



IPR2024-00965 
U.S. Patent No. 11,768,200 

 

10 

the sequences of the analytes by analyzing the two identifiers present in each 

sequence, and excluding sequences that contained only one identifier or pairs of 

incorrect identifiers. Because Gloor discloses each limitation of the challenged 

claims, Gloor anticipates those claims. 

27. Parameswaran et al., Nucleic Acids Research (2007) 35:e130 

(“Parameswaran”; EX1004) also anticipates claims 1-6 of the ’200 patent. Like 

Gloor, Parameswaran disclosed multiplex sequencing methods where nucleic acid 

analytes of interest from each sample were tagged with a unique pair of identifier 

sequences. Using Roche 454 sequencing, Parameswaran sequenced nucleic acid 

analytes from multiple samples simultaneously. Parameswaran validated the 

sequences of the analytes by analyzing the two identifiers and separated sequences 

with only one identifier from those with two correct identifiers. Among those 

separated sequences, Parameswaran identified sequences containing incorrect pairs 

of identifiers and characterized them as “false-discover[ies]” constituting 

“misassignment[s]” of sequences. Because Parameswaran discloses each limitation 

of the challenged claims, Parameswaran anticipates those claims. 

28. In addition, it is my opinion that claims 1-6 of the ’200 patent would 

have been obvious to a person of ordinary skill in the art (“POSA”) as of 

December 23, 2010, over the combination of Parameswaran and Gloor. 
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29. Each and every element of the claims of the ’200 patent is found in the 

combination of Parameswaran and Gloor. As discussed below, a POSA would have 

been motivated to combine Parameswaran and Gloor with a reasonable expectation 

of success. Indeed, to maximize sequencing accuracy, cost, and efficiency, a POSA 

would have been motivated to use Parameswaran’s dual-indexing method, which 

identified different types of erroneous sequences produced during multiplex 

sequencing, with the Illumina sequencing used in Gloor. A POSA would have been 

motivated to exclude those erroneous sequences from further analysis to achieve 

“more accurate” Illumina sequencing. A POSA would have had a reasonable 

expectation of success in doing so because both Gloor and Parameswaran 

empirically demonstrated that erroneous sequences generated during a multiplex 

sequencing reaction can be readily identified using dual-indexing methods and 

excluded to improve accuracy.  

30. It is also my opinion that claims 1-6 of the ’200 patent would have 

been obvious to a POSA in view of Parameswaran and Binladen et al., PLoS ONE 

(2007) 2(2):e197 (“Binladen”; EX1029), another reference that used the Roche 454 

platform to sequence multiple samples simultaneously, and identified and discarded 

erroneous sequences using a dual-indexing method. To improve the accuracy of 

multiplex sequencing, a POSA would have been motivated to use the dual-indexing 

methods in Parameswaran and Binladen to identify and exclude erroneous 
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sequences. A POSA would have had a reasonable expectation of success in 

combining Parameswaran and Binladen because both references demonstrated that 

the presence or absence of dual indexes in sequences can be used to identify and 

exclude erroneous sequences, thereby lowering sequence misassignment rates.  

31. Claim 6 of the ’200 patent recites that the nucleic acid analytes of 

interest are on “on the surface of a flow cell” during the multiplex sequencing 

reaction. To the extent this requires direct attachment of the analytes to the surface 

of the flow cell, claim would have been also obvious to a POSA over the 

combination of Parameswaran, Binladen, and Bentley et al., Nature (2008) 

456:53-59 (“Bentley”; EX1006). Bentley teaches Illumina sequencing on the surface 

of a flow cell. EX1006 (Bentley), 2 (Figure 1). While Parameswaran and Binladen 

used Roche 454 sequencing, a POSA would have been motivated to use Illumina 

sequencing, as taught in Bentley, which was known to be faster, more efficient, and 

less expensive than Roche 454 sequencing. A POSA would have a reasonable 

expectation of success in making that switch in view of Bentley’s detailed guidance 

for performing Illumina sequencing.  

32. Thus, claims 1-6 of the ’200 patent would have been obvious to a POSA 

as of December 23, 2010. I am currently not aware of any objective evidence of non-

obviousness for the claims of the ’200 patent. I reserve the right to consider and 

comment on any such evidence after I sign this declaration. 
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IV. LEGAL STANDARDS 

33. The opinions I express in this declaration involve the application of my 

technical knowledge and experience in evaluating certain prior art with respect to 

the ’200 patent. In preparing this declaration, certain patent law concepts have been 

explained to me by counsel, including the legal standard for interpreting claims as 

well as those for assessing obviousness of a patent claim. 

34. I have been informed that, in IPR proceedings such as this one, the party 

challenging the patent bears the burden of proving unpatentability by a 

preponderance of the evidence. I understand that a preponderance of the evidence 

means “more likely than not.” 

35. I understand that patentability must be analyzed from the perspective 

of a POSA in the same field as the challenged patent as of the “effective filing date” 

of the claims. I understand that a POSA is a hypothetical individual presumed to 

know the relevant art as of the effective filing date of the claims.  

36. I understand that the Patent Trial and Appeal Board interprets claims 

based on their ordinary meaning as understood by a POSA at the time of the effective 

filing date in view of the claim language, patent specification, and prosecution 

history. I also understand that the specification may reveal a special definition given 

to a claim term by an inventor that differs from its ordinary meaning as understood 

by a POSA. In that case, I understand that the inventor’s definition governs.  
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37. I understand that a patent claim is invalid as anticipated if the claimed 

subject matter was described in a printed publication before the effective filing date. 

I have been informed that a patent claim is anticipated if a single prior art reference 

discloses all limitations of the claimed subject matter. I have been informed that the 

anticipatory prior art reference need not use the very same terms used in the patent 

claim. I also understand that a reference disclosing a method of using one 

composition within the scope of the claimed subject matter anticipates the claim. 

38. I understand that a patent claim is invalid if it would have been obvious 

to a person of ordinary skill in the art as of the effective filing date. I understand that 

assessing obviousness entails considering: (1) the scope and content of the prior art, 

(2) the differences between the prior art and the claimed invention, (3) the level of 

ordinary skill in the art, and (4) any secondary considerations of non-obviousness. 

39. I understand that a claim may be obvious based on a combination of 

multiple prior-art references, as well as based on the knowledge and skill of a POSA 

as of the effective filing date. I also understand that to combine prior-art references, 

there must have been a motivation that would have prompted a POSA to do so. In 

other words, obviousness requires a motivation to combine the features of the prior 

art. I further understand that a POSA must have reasonably expected that the 

combination would work. That is, obviousness requires a reasonable expectation of 

success in combining the prior art to achieve the claimed subject matter. I also 
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understand that, while obviousness requires a reasonable expectation of success, it 

does not require absolute predictability of success in achieving the claimed subject 

matter. 

40. I understand that a motivation to combine prior-art references may arise 

from a variety of sources, including, among other things, scientific literature, a need 

or unsolved problem in the field, or market demand.  

41. I also understand that a claim may be obvious if a POSA would have 

found it obvious to try combining a finite number of predictable solutions known in 

the art. For example, if one technique had been used to improve a method of using a 

device, and a POSA would recognize that the same technique was one of a limited 

number of solutions and would improve similar devices in the same way, a POSA 

may have found it obvious to try that same technique on similar devices. 

42. I understand that, when present, evidence of “secondary 

considerations” must be considered along with the other factual evidence relevant to 

obviousness. Such secondary considerations could include unexpected results, 

commercial success of products or processes using the invention, long-felt but unmet 

need for the invention, failure of others to make the invention, industry acceptance 

of the invention, or copying of the invention by others. I understand that, in order 

for such evidence to support nonobviousness, it must have a “nexus” to the features 

of the invention as claimed.  
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43. I have been informed that a dependent claim is a patent claim that refers 

back to another patent claim. I have been informed that a dependent claim includes 

all of the limitations of the claim to which it refers. 

V. BACKGROUND AND STATE OF THE ART 

A. First Generation Sequencing 

44. Deoxyribonucleic acid (“DNA”) carries genetic information. DNA 

consists of two “reverse complementary” strands made of deoxynucleotides where 

nucleotides are linked between their phosphate and deoxyribose portions. In DNA, 

there are four types of nucleotides, which respectively contain adenine (A), 

guanine (G), thymine (T), and cytosine (C) bases. The two strands of a DNA 

molecule are held together by hydrogen bond formation between complementary 

base pairs. EX1031 (Garland), 3. Specifically, guanine (G) is complementary to and 

pairs with cytosine (C) and adenine (A) is complementary to and pairs with 

thymine (T). EX1031 (Garland), 3. Each nucleotide has a 5’ phosphate (“5’” or 

“5’-P”) end and a 3’ hydroxide (“3’” or “3’-OH”) end that links to the 5’ end of the 

next nucleotide. During extension of a given DNA by enzymatic or chemical means, 

nucleotides are added to the 3’ end of the existing chain through the catalyzed 

reaction of a deoxynucleotide triphosphate (dNTP) being used to add the nucleotide 

releasing a diphosphate in the reaction. EX1031 (Garland), 38. 
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45. Knowing the sequence of a given DNA can be important for any 

number of reasons, including disease diagnosis, identifying disease-causing 

mutations, and confirming genetic identity. For the last five decades, many DNA-

sequencing techniques have been developed, most of which are based on the 

complementarity of the two strands in DNA.  

46. In 1977, Dr. Frederick Sanger published his method of DNA 

sequencing, now known as “Sanger-based sequencing,” which uses a technique 

known as non-reversible termination to determine the order of nucleotides in a strand 

of DNA. EX1009 (Sanger 1977). The traditional Sanger-based sequencing workflow 

began by amplifying a sequence of interest into millions of copies through in vivo 

cloning. EX1012 (Shendure), 2. Genomic DNA of a target sequence was 

fragmented, cloned into plasmid vectors, and then transformed to E. coli for 

amplification. EX1012 (Shendure), 2. For each sequencing reaction, a single 

bacterial colony was picked and plasmid DNA is isolated. EX1012 (Shendure), 2.  

47. Following amplification and isolation, reverse strand synthesis was 

performed on these copies using a known priming sequence upstream of the region 

to be sequenced. EX1010 (Kircher), 2-3; EX1011 (Metzker), 1-2; EX1012 

(Shendure), 1. Reverse strand synthesis used four pools of polymerization reactions, 

each with a mixture of dNTPs (i.e., dATP, dGTP, dCTP, and dTTP), plus one 

chemically labeled dideoxynucleoside triphosphate, a dNTP missing a hydroxyl 
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group at the ’3-end (i.e., ddATP, ddGTP, ddCTP, or ddTTP). EX1012 (Shendure), 1; 

EX1010 (Kircher), 2. In other words, four reactions were performed (consisting of 

dNTPs plus ddATP, ddGTP, ddCTP, or ddTTP), wherein polymerization of the 

nucleotides occurred by incorporation of dNTPs. EX1012 (Shendure), 1. 

Polymerization was stochastically terminated wherever the labeled 

dideoxynucleotides happened to be incorporated. EX1010 (Kircher), 2-3; EX1011 

(Metzker), 1-2; EX1012 (Shendure), 1. Incorporation of a dideoxynucleotide into 

the growing strand terminated DNA polymerization because dideoxynucleotides 

lack the 3’-OH group necessary for the phosphodiester bond formation that would 

have allowed polymerization to continue. EX1010 (Kircher), 2-3; EX1011 

(Metzker), 1-2; EX1012 (Shendure), 1. The dNTPs/ddNTP mixture thus causes 

random, non-reversible termination of the extension reaction, creating different 

copies of molecules extended to different lengths. EX1010 (Kircher), 2-3; EX1011 

(Metzker), 1-2; EX1012 (Shendure), 1-2.  

48. The resulting molecules were sorted by molecular weight via 

electrophoresis (corresponding to the point where a labeled dideoxynucleotide 

terminated polymerization), and signals generated from labels attached to the 

terminating dideoxynucleotides were detected to determine which nucleotides were 

added. EX1010 (Kircher), 2-3; EX1011 (Metzker), 1-2; EX1012 (Shendure), 1-2.  
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49. Although significant improvements were made to the technique after 

1977, Sanger-based sequencing remained time-consuming and expensive compared 

to later-developed techniques (“next generation sequencing”), described below. 

EX1010 (Kircher), 2. Among other disadvantages, Sanger-based sequencing 

required isolating every molecule to be sequenced separately and thus was limited 

to sequencing only one target sequence in each reaction.  

50. Consequently, Sanger-based sequencing was ill suited for sequencing 

thousands of target sequences in parallel. For example, Sanger-based sequencing 

was used in the first project of the Cancer Genome Atlas. See EX1035 (TCGA), 6. 

But it required massive amplification of DNA from more than one hundred 

specimens and then further amplification of thousands of individual targets to be 

sequenced in hundreds of samples. See EX1035 (TCGA), 1, 6.  

B. Next Generation Sequencing Techniques Available as of December 
2010 

51. Starting in the mid-2000s, “next-generation sequencing” techniques 

became commercially available, which greatly increased efficiency compared to 

traditional Sanger-based sequencing. See EX1022 (Li), Abstract. Among other 

advantages, “next generation sequencing” techniques facilitated first parallel 

sequencing (sequencing millions of molecules under one set of reaction conditions) 

and later “multiplex sequencing”—that is, the simultaneous sequencing of templates 
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from multiple samples during a single run. See infra § V.B.2; EX1023 (Choi), 1 

(reporting “massively parallel DNA sequencing” using next-generation sequencing).  

52. As of December 2010, Illumina and Roche 454 were two of the major 

“next-generation” sequencing platforms known in the art. See EX1004 

(Parameswaran), 1. Here, I provide a brief overview of the basic principles and the 

sequencing workflow behind Illumina and Roche 454 sequencing. 

1. Overview of Sequencing Workflow 

53. Shortly after launching, “next-generation sequencing” techniques such 

as Roche 454 and Illumina “outperform[ed] the older Sanger-sequencing 

technologies by a factor of 100-1,000” and simultaneously “reduc[ed] the cost of 

sequencing.” EX1010 (Kircher), 1, 3, 5, 11. While the sequencing biochemistries 

used for Roche 454 and Illumina platforms differ, “their work flows are conceptually 

similar.” EX1012 (Shendure), 2. 
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Figure 1. General Sequencing Workflow 
(Revised from EX1012 (Shendure), 2 (Figure 1(b))) 

54. As shown in Figure 1, both platforms start with sample preparation. 

This involved extracting DNA from a sample (or extracting RNA and generating 

cDNA). EX1012 (Shendure), 2 (Figure 1b). Sample preparation also involved 
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attaching sequencer-specific adapters, which were used to immobilize copies of the 

DNA on a solid substrate during sequencing. Both platforms commonly used PCR 

to amplify the adapter-bound DNA molecules prior to sequencing. EX1012 

(Shendure), 2 (Figure 1b); EX1010 (Kircher), 4. While Roche 454 and Illumina 

platforms used their own platform-specific adapters, they shared many principles of 

operation and configuration. EX1021 (Craig), 1-2, 15; EX1014 (Meyer 2008), 2. 

Specifically, both platforms spatially amplify DNA on a substrate to run alternating 

cycles of enzyme-driven biochemical reaction and imaging-based data acquisition. 

EX1012 (Shendure), 2. In the following sections, each step is discussed in detail. 

2. Basic Principles Behind Illumina and Roche 454 Sequencing 

55. Unlike the traditional Sanger-based approach which sequenced only 

one target sequence per reaction, the Illumina and Roche 454 sequencing platforms 

provided higher throughput, resulting in more reads and substantial cost savings over 

traditional Sanger-based sequencing. For example, as of December 2010, it was 

estimated that the traditional Sanger-based method cost about $500 per megabase of 

sequence data. For the same amount of sequence data, Roche 454 sequencing cost 

about $20 and Illumina sequencing cost about $0.50. See EX1010 (Kircher), 10 

(comparing throughput, read length, sequencing quality, and cost of Sanger-based 

sequencing, Roche 454 sequencing, and Illumina sequencing). 
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56. Illumina and Roche 454 sequencing platforms both use versions of a 

method known as sequencing-by-synthesis, by which the sequences of single-

stranded template nucleic acids are determined by adding specific bases to the 

nucleic acid strands and then detecting the nucleotides incorporated into that strand 

(i.e., A, C, G, or T). EX1010 (Kircher), 3-6. While both Illumina and Roche 454 

sequencing use sequencing-by-synthesis, different signals are used to detect the 

nucleotides incorporated into the complementary strand. EX1011 (Metzker), 4-5, 

8-9; EX1010 (Kircher), 3-6.  

57. Figure 2 below provides a schematic drawing of Illumina sequencing, 

which became widely available by 2007. Illumina sequencing detects a unique 

fluorescent signal incorporated into the newly synthesized strand during each 

sequencing round, and this signal shows what nucleotide was incorporated. EX1010 

(Kircher), 5. Specifically, Illumina sequencing uses fluorescently labeled 

deoxynucleotide triphosphates (dNTPs) bound to reversible terminators. EX1006 

(Bentley), 1; EX1011 (Metzker), 4-5; EX1010 (Kircher), 4-6. After incorporation of 

each nucleotide, the polymerization reaction is halted because of the reversible 

terminator; no additional base can be added. EX1010 (Kircher), 4-6; EX1011 

(Metzker), 4-5. The polymerase and free dNTPs are washed off, and the fluorescent 

signal associated with the incorporated nucleotide is detected. EX1010 

(Kircher), 4-6; EX1011 (Metzker), 4-5. The fluorescent dye and terminator are then 
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cleaved, the 3’-OH group necessary for phosphodiester bond formation is 

regenerated, and the polymerization reaction is reconstituted with enzyme and 

dNTPs. EX1010 (Kircher), 4-6; EX1011 (Metzker), 4-5. Figure 2 depicts the time 

lapsed fluorescent signal readout for each respectively incorporated nucleotide.  
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Figure 2. Illumina Sequencing 
(EX1011 (Metzker), 6 (Figure 2)) 

58. Roche 454 sequencing was first released in October 2005. Roche 454 

sequencing uses a variant of sequencing by synthesis known as pyrosequencing, 
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which detects which nucleotides are incorporated based on the release of 

pyrophosphate and consequent generation of photons. EX1011 (Metzker), 8-9; 

EX1010 (Kircher), 3-4. During pyrosequencing, each of the four nucleotides 

sequentially flows over the template. EX1011 (Metzker), 8-9; EX1010 

(Kircher), 3-4. If the added nucleotides are complementary to the template, 

polymerases will incorporate the nucleotides. EX1011 (Metzker), 8-9; EX1010 

(Kircher), 3-4. This incorporation event produces a pyrophosphate, which is 

converted to a detectable light signal. DNA chains complementary to the template 

are extended by polymerase when the next nucleotide needed to extend the chain is 

present in the reaction and detected as light. EX1011 (Metzker), 8-9; EX1010 

(Kircher), 3-4. The remaining unincorporated nucleotides are washed away, and the 

next nucleotide is flowed over the template until all four nucleotides have been 

flowed. EX1011 (Metzker), 8-9; EX1010 (Kircher), 3-4. This cycle can be repeated 

until the full complement to the template is synthesized. EX1010 (Kircher), 3-4; 

EX1011 (Metzker), 8.  

3. Immobilization of Nucleic Acids of Interest 

59. Both Illumina and Roche 454 sequencing use a “flow cell” where fluids 

containing sequencing reagents can flow over the templates and their 

complementary strands in a controlled manner. EX1010 (Kircher), 3-4. In Illumina 

and Roche 454 sequencing, both ends of the template nucleic acid contain platform-
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specific adapter sequences that anneal (attach by hybridization) the template to 

complementary nucleotide sequences on the surface of substrates to keep those 

templates in place. EX1010 (Kircher), 3-6; EX1012 (Shendure), 2-6.  

60. For Illumina sequencing, that substrate is a material coated on the top 

of the flow cell, which contains oligonucleotides that are complementary to the 

Illumina adapter sequences. EX1010 (Kircher), 4-6; EX1025 (Illumina Technology 

Spotlight), 1-2; EX1011 (Metzker), 2-3; EX1012 (Shendure), 4-6. For Roche 454 

sequencing, the substrate is a microbead coated with oligonucleotides 

complementary to the Roche 454 adapter sequences. EX1010 (Kircher), 3-4; 

EX1011 (Metzker), 2-3; EX1012 (Shendure), 3-4. Nucleic acid-bound beads are 

then placed into Roche 454 miniaturized wells, which are arranged as a plate that 

houses one substrate coated bead per well. EX1010 (Kircher), 3-4; EX1011 

(Metzker), 2-3, 8-9; EX1012 (Shendure), 3-4. 

4. Amplification of Nucleic Acids of Interest 

61. For sequencing by synthesis methods, additional amplification of 

template molecules is typically needed to generate detectable signals during 

sequencing. As such, the extracted nucleic acids must be copied multiple times 

(i.e., amplified) such that the signals generated during sequencing achieve detectable 

levels. EX1011 (Metzker), 2.  
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62. Amplification relies on a laboratory process called the polymerase 

chain reaction (“PCR”). EX1010 (Kircher), 4-5. As depicted in Figure 3 below, 

during PCR, the two strands in a DNA molecule are separated, and each strand 

serves as a template for generating a reverse complementary strand in the presence 

of primers, free nucleotides, and polymerase enzymes.  EX1032 (PCR Background), 

1. The reaction is repeated, yielding exponential amplification such that thousands 

or millions of copies of the original DNA molecules are generated. Many DNA 

sequencing techniques, including both Illumina sequencing and Roche 454 

sequencing, incorporate PCR into the workflow, often several times. 

 

Figure 3. Schematic Drawing of PCR Reaction  
(EX1032 (PCR Background), 1) 

 
63. Both Illumina and Roche 454 sequencing require amplifying the 

templates to form thousands of copies prior to sequencing. EX1010 (Kircher), 4-5; 
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EX1012 (Shendure), 2. In Illumina sequencing, amplification occurs on the surface 

of a flow cell. EX1012 (Shendure), 4. Specifically, Illumina sequencing uses “bridge 

amplification,” depicted below in Figure 4, where each template is immobilized on 

the surface of a flow cell, folds over, and forms an arched, bridge-like shape for 

amplification. EX1012 (Shendure), 4. When the template is in this bridge position, 

a complementary strand is formed. EX1012 (Shendure), 4. Next, the resulting 

double-stranded molecule is denatured, leaving one template strand and one 

complementary strand attached to the flow cell, both of which then form new bridges 

to continue amplifying that template sequence. EX1012 (Shendure), 4. The result of 

this amplification process is a cluster of multiple copies of the template all bound to 

the surface of the flow cell in a narrowly defined area. EX1010 (Kircher), 5; EX1025 

(Illumina Technology Spotlight), 1-2; EX1011 (Metzker), 2-3; EX1012 

(Shendure), 4. This cluster of templates gives a stronger signal that is more easily 

read than a single strand alone would give, allowing a more accurate reading of 

which nucleotides are being incorporated in each sequencing step.  



IPR2024-00965 
U.S. Patent No. 11,768,200 

 

30 

 

Figure 4. Bridge Amplification 
(EX1012 (Shendure), 4 (Figure 2b)) 

64. In Roche 454 sequencing, amplification occurs on the surface of 

spherical solid substrates (microbeads). Specifically, Roche 454 sequencing uses 

“emulsion” PCR, which effectively creates millions of parallel PCRs amplifying the 

templates on the surface of beads. EX1010 (Kircher), 4; EX1011 (Metzker), 2-3; 

EX1012 (Shendure), 3-4. The result is similar to Illumina sequencing in that a large 

number of copies of the same template are bound to the surface of a single feature 

(bead), giving a stronger signal during sequencing. 

5. Generation of Sequence Reads and Sequences of Nucleic 
Acids of Interest 

65. Each sequencing run generates “sequence reads.” The length of 

sequence reads can vary. As of December 2010, Roche 454 protocols allowed reads 

of up to 200 to 300 bp nucleotides in length. EX1012 (Shendure), 4. When first 

introduced in 2007, Illumina sequencing reads typically were about 36 nucleotides 

in length without a high error rate. EX1012 (Shendure), 5. But as of July 2010, 

Illumina sequencing generated reads of about 150 nucleotides in length. EX1027 
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(Illumina Press Release), 1. Depending on the length of the template nucleic acids 

being sequenced, a given sequence read could therefore provide the partial or 

complete sequence for the corresponding template nucleic acid. 

66. By December 2010, both Illumina and Roche 454 platforms could be 

used for paired-end sequencing, which involved generating two sequence reads for 

the same target sequence, one running from each end of the target sequence. EX1010 

(Kircher), 5 (describing Illumina paired-end sequencing); EX1013 (Wiley) 

(disclosing Roche 454 paired-end sequencing); EX1027 (Illumina Press Release), 1. 

Paired-end sequencing provided multiple advantages, including increasing the 

overall length of template nucleic acids that could be sequenced. By combining reads 

from both ends of a template nucleic acid and matching up the two reads, one could 

completely sequence template nucleic acids that would otherwise be longer than the 

sequencer’s allowable read length. The use of paired end sequencing was well 

established in the art, being foundational to the first draft human genome sequence. 

The basic concept of paired-end sequencing is depicted in Figure 5 below. 

 

 

Figure 5. Paired-End Sequencing 
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6. Use of Sequence Identifiers in Multiplex Sequencing 

67. As discussed above, next-generation sequencing platforms were 

advantageous because they could produce so much sequence at such little cost. By 

December 2010, it became standard to sequence many samples in parallel, referred 

to as “multiplex” sequencing. Supra § V.B. Multiplex sequencing relies on the 

traceability of nucleic acids (i.e., the ability to determine the source of a given 

nucleic acid after its sequence is determined). This involved uniquely labeling 

nucleic acids derived from multiple sources so that the sequences derived from the 

labeled nucleic acids can be assigned to the correct source.  

68. Well before December 2010, researchers performed multiplex 

sequencing by incorporating sample-specific “identifier sequences” into the 

sequencing workflow. In this process, sample-specific “identifier sequences” were 

incorporated into nucleic acids from each sample, which were then sequenced 

simultaneously on the Illumina or Roche 454 platforms. The resulting sequencing 

reads, which determined the sequence of both the identifier sequence(s) and the 

template sequence, were then “demultiplexed” (i.e., allocated to the correct source) 

according to the identifier sequences with which they were associated. Sequences 

with missing, truncated, or altered identifier sequences were discarded. In the 

context of DNA sequencing, the term “identifier sequence” is synonymous with the 

terms “barcode,” “index,” and “tag.” 
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69. When next-generation sequencing methods were first introduced, 

researchers used one identifier sequence per template (i.e., “single indexing”). 

E.g., EX1015 (Meyer 2010), 4; EX1016 (Toloue), [0089]-[0090]. But researchers 

soon noticed limitations with single-indexing methods. For instance, single-indexing 

methods were more susceptible to errors resulting from primer synthesis, primer 

mismatch, damage to the original template, or errors during the sequencing process 

that mis-reported or disconnected the two ends of the sequence. See EX1004 

(Parameswaran), 7; EX1029 (Binladen), 6. Using single-indexing methods, it could 

be difficult to distinguish sequence reads that were assigned (or contained) the 

correct indexes from those with incorrectly assigned (or contained) indexes, and thus 

template sequences were sometimes misassigned to the wrong source.  

70. Problems with single indexes could also arise during PCR amplification 

when chimeric molecules of the template nucleic acids were formed—that is, 

erroneous combinations of at least two individual nucleic acid molecules that are 

from a single sample or from two different samples. EX1017 (Lahr), 1 (“Chimeras 

are formed when incompletely extended DNA fragments anneal to closely related 

sequences generating recombinants between starting templates.”); EX1018 

(Meyerhans), 1 (“[R]ecombinant or ‘shuffled’ molecules, i.e. molecules composed 

of parts of two different sequences artificially combined during PCR may be 

produced.”); EX1019 (Paabo), 1 (“[L]esions such as breaks, apurinic sites, and UV 
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damages in a DNA template can cause the extending primer to jump to another 

template during the polymerase chain reaction.”); EX1020 (Odelberg), 7 (“a 

template-switch can occur between two nascent extending strands.”). Figure 6 

below depicts a chimeric sequence resulting from the combination of template #1 

and template #2.  

 

Figure 6. Formulation of Chimeric Molecule During Sequencing Workflow  

71. As of December 2010, chimeric sequences generated during 

sequencing workflow were a widely recognized problem for next-generation 

sequencing platforms, including both Roche 454 and Illumina sequencing. 

See, e.g., EX1034 (Creer), 10, 13 (characterizing next-generation sequencing as “the 

ideal ‘breeding ground’ for [chimeric] DNA molecules,” especially when the 

experiments involve “the amplification of homologous regions from a large number 

of potentially highly related organisms”); EX1033 (Dai), 8-9 (reporting chimeric 
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sequence reads from Illumina sequencing). The presence of chimeric sequences was 

“worrisome” because “[i]t can be difficult to differentiate original haplotypes from 

chimeras” (i.e., differentiate sequences that were made of two independent 

molecules from those without an error). EX1017 (Lahr), 1; see also EX1033 (Dai), 

8-9 (“A key issue in paired-end/mate pair data analysis is the false chimeric 

sequences” from “chimeric sequences [that] are in fact candidates for gene fusion, 

inversion, insertion and/or deletion.”).  

72. Chimeric molecules arising from the combination of templates from 

different samples were problematic for multiplex sequencing, leading to 

misassignment of sequences to incorrect samples and lowering the overall accuracy 

of sequencing. As illustrated in Figure 6 above, when only one identifier sequence 

is used for sample identification, sequences resulting from chimeric molecules can 

be incorrectly assigned to different samples during demultiplexing. See EX1017 

(Lahr), 1. And, because such chimeric sequences may still have a barcode sequence 

that matches one of the barcodes being used in the multiplex reaction, it may not be 

possible to determine that the sequence is a chimeric sequence. 

73. By December 2010, it was also appreciated that “dual-indexing” 

methods—that is, methods in which two identifier sequences, one at each end of the 

molecules in a sample, were assigned to each sample—better facilitated 

identification and removal of incorrect sequences arising from the technical errors 
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discussed above. See EX1004 (Parameswaran), 7; EX1029 (Binladen), 5; EX1038 

(Maughan), Abstract (using “multiplex identifier (MID) barcodes” to sequence 

“pooled genomic reduction libraries” in “next-generation sequencing (454-

pyrosequencing and Illumina GAlle)”), 4 (“barcode primer pairs” were attached to 

“DNA fragments for each DNA sample”); supra ¶ 70. As explained below, at least 

two forms of dual-indexing were known as of December 2010: unique dual-indexing 

and non-unique dual-indexing. 

74. Unique dual-indexing uses two identifier sequences per sample and 

does not permit an identifier sequence to be used with more than one sample. See, 

e.g., EX1038 (Maughan), 3 (Table 1). Template nucleic acids from the same sample 

are therefore associated with a “distinct” or “unique” pair of identifier sequences, 

and each identifier sequence can be used only once across all samples. 

Parameswaran, for example, describes a unique dual-indexing method. EX1004 

(Parameswaran), 2 (“[W]e describe a high-information-content barcoding approach 

in which each sample is associated with two uniquely designed, 10-nucleotide 

barcodes.”), 14-15 (Supplementary Table 1A reciting identifier sequences that never 

repeat across samples). 

75. Figure 7 below provides an illustration of unique dual indexing. Here, 

identifier sequences at the 5’ end of the templates are represented by letters (A, B, 

C, etc.) and identifier sequences at the 3’ end of the templates are represented by 
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numbers (1, 2, 3, etc.). In addition to all combinations of identifier sequences 

(e.g., “A-1” or “I-9”) being unique to specific samples, each individual identifier 

sequence (e.g., A, I, 1, 9, etc.) is also unique to a specific sample. For instance, the 

5’ index of “A” is used in combination with the 3’ index of “1,” forming the identifier 

pair A-1, and neither “A” nor “1” is repeated for any other sample.  

 5’ Index (A, B, C, etc.) 

3’
 In

de
x 

(1
, 2

, 3
, 

et
c.

) 

A-1 B-2 C-3 D-4 E-5 F-6 

G-7 H-8 I-9 J-10 K-11 L-12 

M-13 N-14 O-15 P-16 Q-17 R-18 

S-19 T-20 U-21 V-22 W-23 X-24 

 
Figure 7. Unique Dual-indexing 

76. Because unique dual-indexing assigns templates from each sample to a 

unique pair of identifier sequences, sequences that contain a pair of identifier 

sequences that was not assigned to any sample reflect chimeric sequences, including 

those derived from cross-over errors, and thus can be discarded. EX1004 

(Parameswaran), 7; EX1029 (Binladen), 6. For example, in the table above, a 

sequence containing an expected pair of a 5’ index of “A” and index of “1” (i.e., A-1) 

would be kept, but a sequence with an unexpected pair of a 5’ index of “A” and a 

3’ index of “7” (i.e., A-7) could be discarded as it potentially resulted from an 

erroneous cross-over event or other problem during sequencing. 
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77. By contrast, non-unique dual-indexing also uses a pair of identifier 

sequences per sample, but an individual identifier sequence can be reused across 

different samples, so long as any given pair of two identifier sequences is never 

reused. In other words, each sample has a “distinct” or “unique” pair of identifier 

sequences, but the individual identifier sequences are not themselves necessarily 

unique to each sample. The Gloor reference, for example, describes a non-unique 

dual-indexing method. EX1005 (Gloor), 2 (“The combination of sequence tags at 

each end of the overlapped reads allowed us to use a small number of primers to 

uniquely tag a large number of samples.”); see also EX1016 

(Toloue), [0091]-[0092]. 

78. Figure 8 below provides an illustration of non-unique dual-indexing. 

As with the illustration of unique dual-indexing above, identifier sequences at the 

5’ end are represented by letters and identifier sequences at the 3’ end are 

represented by numbers. Every combination of identifier sequences (A-1, B-1, A-2, 

B-2, etc.) is unique, but individual identifier sequences have been reused. For 

example, the 5’ index of “A” was reused for six samples (A-1 through A-6), and the 

3’ index of “4” was reused for six samples (A-4 through F-4). 
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5’ Index 

A B C D E F 

3’
 In

de
x 

 

1 A-1 B-1 C-1 D-1 E-1 F-1 

2 A-2 B-2 C-2 D-2 E-2 F-2 

3 A-3 B-3 C-3 D-3 E-3 F-3 

4 A-4 B-4 C-4 D-4 E-4 F-4 

5 A-5 B-5 C-5 D-5 E-5 F-5 

6 A-6 B-6 C-6 D-6 E-6 F-6 

 
Figure 8. Non-Unique Dual-indexing 

79. Compared to unique dual-indexing, non-unique dual-indexing may 

require additional steps to identify and discard chimeric sequences. Consider the 

same example of a sequence containing a pair of a 5’ index of “A” and index of “1.” 

This sequence could be derived from a template nucleic acid containing a correct 

pair of a 5’ index of “A” and index of “1.” But this could also result from a cross-

over error where two templates, the first with a 5’ index of “A” and 3’ index of “2” 

(A-2) and the second containing a pair of a 5’ index of “B” and index of “1” (B-1) 

are combined during amplification. This error could result in the first template 

sequence erroneously having an identifier pair of A-1 and thus being matched to the 

wrong sample. To discern that this sequence is a true chimeric sequence, additional 
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analyses may be needed, including comparing the sequence against a reference 

sequence (if known) or other sequences to determine whether it is a composite of 

two correct sequences. EX1005 (Gloor), 8; EX1017 (Lahr), 4-5.  

80. Non-unique dual-indexing can nevertheless be beneficial over single 

indexing because it allows quick identification and discarding of sequences resulting 

from other types of technical errors, such as imperfect primer synthesis or 

amplification reactions. 

7. Resources available to a POSA before December 2010 

81. By December 2010, a POSA had access to a number of resources that 

made high throughput sequencing affordable and less burdensome. For example, kits 

for extracting nucleic acids from samples were commercially available. While these 

kits often came with detailed instructions, textbooks and review articles 

summarizing necessary laboratory techniques were also available. In addition, 

laboratory tools for collecting extracted nucleic acids, such as gels, columns, and 

beads, were commercially available. 

82. Sequencer manufacturers also offered commercial kits for library 

preparation, i.e., generating template nucleic acids suitable for sequencing. They 

also offered technical support lines that would assist users in designing appropriate 

protocols for library preparation to meet the users’ needs. For custom designed 

library preparation methods, commercial sources were available that would 
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synthesize the necessary custom oligonucleotides. See, e.g., EX1038 (Maughan), 4 

(purchasing barcoded primers from a commercial manufacture, Integrated DNA 

Technologies). 

83. Some laboratories owned sequencers themselves. But many 

universities also had centralized laboratories that would provide sequencing 

services. See, e.g., EX1038 (Maughan), 4 (performing Roche 454 and Illumina 

sequencing at the Brigham Young University DNA Sequencing Center and the HCI 

Microarray Core Facility at the University of Utah, respectively); EX1005 (Gloor), 

23-24 (performing Illumina sequencing at the Next-Generation Sequencing Facility 

in the Center for Applied Genomics at the Hospital for Sick Children in Toronto). 

Large genome centers supported by, for example, the National Institute of Health 

(NIH), also housed many sequencers. In most cases, these centralized sequencing 

centers performed sequencing, i.e., users simply needed to drop off library 

preparation for sequencing. These sequencing centers also typically offered 

assistance for library preparation, if requested. See, e.g., EX1038 (Maughan), 4; 

EX1005 (Gloor), 23-24. 

VI. SUMMARY OF THE PRIOR ART 

A. Parameswaran (EX1004) 

84. Parameswaran (EX1004) is an article published in the journal Nucleic 

Acids Research. The article is titled “A pyrosequencing-tailored nucleotide barcode 
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design unveils opportunities for large-scale sample multiplexing.” EX1004 

(Parameswaran), Title. On top of the first page, the article indicates that it was 

published online on October 11, 2007. I understand from counsel that 

Parameswaran is prior art to the ’200 patent because it was published before 

December 23, 2010. 

85. Parameswaran describes a “novel barcoding approach to allow for 

pooling and sequencing of DNA from independent samples, and to facilitate 

subsequent segregation of sequencing capacity.” EX1004 

(Parameswaran), Abstract. Parameswaran’s barcoding approach uses “forward-

reverse barcode pairs” in which each barcode is 10 nucleotides in length and is 

“unique with respect to at least 4 nt positions.” EX1004 (Parameswaran), 1, 2 (“[W]e 

describe a high-information-content barcoding approach in which each sample is 

associated with two uniquely designed, 10-nucleotide barcodes.”); see also EX1004 

(Parameswaran), 14-17 (Supplementary Tables 1A and 1B providing a complete list 

of barcoded primers with barcodes between adapter and cloning linker sequences). 

These barcodes were designed “with care taken to avoid homopolymeric runs that 
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are particularly problematic in pyrosequencing technologies.”1 EX1004 

(Parameswaran), 4.  

86. Using Roche 454 sequencing, Parameswaran sequenced cDNA from 

two independent sets of 25 barcoded libraries. EX1004 (Parameswaran), 7. These 

libraries were prepared from RNAs derived from different in vitro and in vivo virus-

infected systems. EX1004 (Parameswaran), 7. As shown in Figure 9, three 

components were used to generate the forward and reverse primers used to construct 

these libraries, including: (1) Roche-specific forward and reverse adapters 

(“F-adapter” and “R-adapter”), (2) the forward and reverse barcodes (“F-barcode” 

and “R-barcode”), and (3) the forward and reverse cloning linkers 

(“F-Cloning-Linker” and “R-Cloning-Linker”).2 EX1004 (Parameswaran), 2, 3 

(“The template for the primers is: 454-Adapter:: Barcode:: Linker-Primer.”). 

 
 
1 A “homopolymeric” region refers to a stretch of nucleotides where multiple 

consecutive bases are the same. EX1012 (Shendure), 4. For example, sequencing the 

sequence TAGGGGTG contains a “homopolymeric” run of four guanine (G) bases 

in a row. EX1012 (Shendure), 4. 

2 Forward and reverse cloning linkers are used to construct the initial libraries of 

nucleic acids. EX1004 (Parameswaran), 2. 
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Supplementary Table 1A also provides the full sequences of forward and reverse 

primers used in Parameswaran. EX1004 (Parameswaran), Supp. Tables 1-2. 

 

Figure 9. Design of Forward and Reverse Primers 
(EX1004 (Parameswaran), 3 (Figure 1))  

87. In two sequencing runs, Parameswaran obtained 237,639 sequences 

(run I) and 271,777 sequences (run II). EX1004 (Parameswaran), 7. Parameswaran 

examined the integrity of these sequences using what it calls “barcode motifs,” each 

of which is a 13-nucleotide combination of: (1) a 10-nucleotide barcode sequence 

and (2) three bases from a cloning linker. EX1004 (Parameswaran), 7. 

Parameswaran states that it used these 13-nucleotide barcode motifs to ensure 

uniqueness of the barcodes and “reduce ambiguity” in assigning sequences to the 
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correct source beyond what was possible with the 10-nucleotide barcode. EX1004 

(Parameswaran), 7. 

88. Parameswaran reports that “94.53% (run I) and 94.08% (run II) of the 

sequences had perfect forward and reverse barcode motifs, 2.90% (run I) and 

3.24% (run II) of the sequences had perfect barcode motifs only at the 5’ end of the 

read, and 2.44% (run I) and 2.51% (run II) had perfect barcode motifs only at the 3’ 

end of the read.” EX1004 (Parameswaran), 7; see also EX1004 

(Parameswaran), Table 3. 

89. Parameswaran further divided sequences with only one perfect 

barcode motif match into three subcategories: “(i) perfect identity to an unexpected 

motif, resulting in an unassigned 5’-3’ motif combination (perfect, unexpected 

occurrence), (ii) a high-scoring partial match to the expected motif for that library 

(imperfect, expected occurrence) and (iii) no strong match to any barcode motif 

(imperfect, ambiguous occurrence).” EX1004 (Parameswaran), 7. In other words, 

sequences in the first subcategory contained an incorrect pair of identifiers, i.e., a 

pair comprised of one identifier correctly associated with the sample at issue and 

another identifier associated with another sample. Sequences in the second and third 

subcategories contained one correctly assigned identifier paired with an identifier 

that did not match or only partially matched a previously assigned identifier. 
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90. Parameswaran discusses possible technical errors that could contribute 

to these incorrect sequences. For example, Parameswaran explains that sequences 

in the first subcategory were attributable to “motifs with rare coincidental sequence 

matches (due to multiple fortuitous errors during barcode synthesis or sequencing), 

to contamination in PCR primer stocks, or to cross-contamination of template DNAs 

in the second round of PCR.” EX1004 (Parameswaran), 7. Parameswaran also 

explains that sequences in the second and third subcategories were attributable to 

“errors in sequencing,” “errors during conventional and/or emulsion PCR,” or 

“imperfections during the chemical synthesis of barcoded primers.” EX1004 

(Parameswaran), 7.  

91. Parameswaran categorized sequences in the first subcategory as a 

“false-discovery,” representing “misassignment” of sequences. See EX1004 

(Parameswaran), 7-8 (reporting less than 0.005% of a “false-discovery rate,” which 

translated to a “remarkably low misassignment rate”). According to Parameswaran, 

a “remarkably low misassignment rate (0.00042% and 0.0044% for two independent 

experiments) was obtained by requiring a match to the 10-base barcodes and 

additional three bases of the fixed linker.” EX1004 (Parameswaran), 8. 

92. Parameswaran states that its barcoding approach may “be compatible 

with other sequencing platforms.” EX1004 (Parameswaran), 8; see also EX1004 

(Parameswaran), 2 (“We also speculate on the use of these pyrosequencer-tailored 
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barcodes with other sequencing platforms.”). Parameswaran identifies Illumina 

sequencing is one of the “major high-throughput sequencing platforms . . . in use 

today.” EX1004 (Parameswaran), 1.  

B. Gloor (EX1005) 

93. Gloor is an article by Dr. Gregory Gloor et al. available from arXiv.org, 

dated July 28, 2010. EX1005 (Gloor), 1. The article was subsequently published in 

the journal PLoS ONE in October 2010 with minor changes. EX1024 (Gloor PLoS 

ONE). Gloor is titled “Microbiome profiling by Illumina sequencing of 

combinatorial sequence-tagged PCR products.” EX1005 (Gloor), Title. I understand 

from counsel that Gloor is prior art to the ’200 patent because it was published before 

December 23, 2010. 

94. Gloor describes a “[c]ombinatorial sequence tagging” approach used to 

“examine hundreds of samples with far fewer primers than is required when 

sequence tags are incorporated at only a single end,” resulting in “a low-cost, high-

throughput microbiome profiling method.” EX1005 (Gloor), Abstract. Gloor states 

that a “combination of sequence” tags was used, with one sequence tag attached to 

the end of each PCR primer to “uniquely” tag samples with a combination of 

identifiers for each sample. EX1005 (Gloor), 1-2. Table 2 of Gloor provides the 

sequences of the identifier sequence tags used, which are between three and six 

nucleotides long. EX1005 (Gloor), 6. 
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95. Gloor used a single “paired-end sequencing run” with Illumina 

sequencing to sequence the microbial V6 regions of 272 clinical samples. EX1005 

(Gloor), 1-2. The sequencing templates described in Gloor contain an 

L-tag (left tag), a left primer, a target polynucleotide sequence, a right primer, and 

an R-tag (right tag) in that order. EX1005 (Gloor), 2-3, 6. In other words, the 

sequencing templates each contained the sample nucleic acid region flanked by a 

pair of 3-6 nucleotide-long sequence identifiers, one at each end of the template. 

EX1005 (Gloor), 1-3, 5-6 (Table 2).  

 

Figure 10. Paired-End Sequencing 
(EX1005 (Gloor), 7 (Figure 2) (annotations added in red)) 

96. Because Gloor used Illumina paired-end sequencing (EX1005 

(Gloor), Abstract), the templates also included additional standard features 

necessary for that platform. See EX1010 (Kircher), 4. For example, the templates 
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included the sequencing primer priming sites (Seq1 and Seq2) flanking the L-tag 

and R-tag identifier sequences, followed by the Illumina-specific adapter sequences 

(P5 and P7). See EX1010 (Kircher), 4. 

97. Of note, Gloor states that the sequence tags were incorporated at the 

“3’” end of the PCR primers. EX1005 (Gloor), 2, 6, 22. A POSA would have 

understood that this was an error in the context of the primer designs discussed in 

Gloor. As shown in Figure 10 above, a POSA would have understood that the blue 

tags on the left and right sides of the PCR amplicon were at the 5’ end of the left and 

right primers (not the 3’ end). In contrast, the 3’ end of the left and right PCR primers 

are complementary to the 967-985 and 1078-1061 coordinates of the 16S mRNA 

segments, respectively. EX1005 (Gloor), 3. The fact that Gloor’s statement was 

erroneous is confirmed by its correction in a later version of Gloor published in 

October 2010. EX1024 (Gloor PLoS ONE), 1, 3, 11. 

98. Figure 10 above depicts the sequencing workflow used in the study. 

Illumina paired-end sequencing generated two sequence reads from one template 

nucleic acid, one read beginning from each end of the template and each 

76 nucleotides in length. EX1005 (Gloor), 7 (Figure 2). Because the template was 

about 110-130 nucleotides in length (EX1005 (Gloor), 3), each read contained either 

a first or second sequence identifier. EX1005 (Gloor), 6-7 (Figure 2). Together, these 
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sequence reads overlapped and provided the full sequence of the template nucleic 

acid.  

99. Applying this workflow to 272 clinical samples, Gloor reports that 

about 18 million sequence reads that were 76 nucleotides in length were collected. 

EX1005 (Gloor), 6-7. Using computer software, Gloor identified overlapping 

sequence reads and extracted about 12 million sequences that “contained two valid 

sequence tags and both primer sequences; allowing up to 3 mismatches per primer.” 

EX1005 (Gloor), 7. Gloor states that “[t]he sequences derived from the perfectly 

overlapping reads form the basis of the remainder of the analysis.” EX1005 

(Gloor), 7.  

100. Gloor also evaluated the sequences “with incorrect sequence tags” that 

were excluded from the remainder of the analysis. Gloor observed that many of these 

excluded sequences either completely lacked the first or second sequence identifier 

or had identifiers with errors that arose during synthesis or PCR amplification during 

the sequencing workflow. EX1005 (Gloor), 7-8. 

101. Gloor states that the “Illumina sequencing method generated ~ 12 

million useable reads at a cost of ~ 0.03 cents per read, an approximate order of 

magnitude cheaper than the per-read cost of pyrosequencing.” EX1005 (Gloor), 2. 

Gloor states that the “Illumina sequencing method has an exceedingly low error rate 

and that the majority of errors arise during the PCR amplification step.” EX1005 
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(Gloor), 2. And Gloor states that, “[s]ince Illumina sequencing is now capable of 

~ 100 nt long reads from each end of a DNA fragment, the methods described here 

can be easily adapted for paired-end sequencing of the microbial V3, V5, V6 and the 

eukaryotic V9 rRNA regions.” EX1005 (Gloor), 2. Gloor expressed no concern 

about applying and using dual indexes with Illumina sequencing. See generally 

EX1005 (Gloor). 

C. Binladen (EX1029) 

102. Binladen (EX1029), titled “The Use of Coded Primers Enables High-

Throughput Sequencing of Multiple Homolog Amplification Products by 

[Roche] 454 Parallel Sequencing” was published in February 2007. I understand 

from counsel that Binladen is prior art to the ’200 patent because it was published 

before December 23, 2010. 

103. Binladen discusses that next-generating sequencing platforms like 

Roche 454 greatly improved sequencing efficiency by sequencing a large number of 

samples simultaneously. EX1029 (Binladen), 1-2. Binladen explains that “pooling” 

PCR products from multiple samples, however, created a problem for “the 

subsequent identification of the sequence reads.” EX1029 (Binladen), 1-2.  

104. Binladen reports that it overcame this problem using a dual-indexing 

approach “where initial PCR primers are 5’-tagged with short nucleotide sequences 

(tags) in such a way that a unique tagged primer combination can be applied to each 
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specific DNA template source.” EX1029 (Binladen), 2. Binladen explains that using 

this method, “sequences can rapidly be sorted into their original template source 

using the tags.” EX1029 (Binladen), 2. 

105. Binladen prepared two sets of tags: (1) a first set containing “sixteen 

unique forward[] and sixteen reverse primers through the addition of 5’ dinucleotide 

tags” and (2) a second set consisting of “three further unique primer pairs” each 

containing 5’-end “tetranucleotide tails.” EX1029 (Binladen), 3. Following PCR 

with these tagged primers, nucleic acid analytes from each DNA sample were 

flanked with unique forward and reverse sequence tags. EX1029 (Binladen), 3. The 

amplified products were combined and sequenced using Roche 454 sequencing. 

EX1029 (Binladen), 2-3. Figure 11 below shows the sequencing workflow of 

Binladen. 

 



IPR2024-00965 
U.S. Patent No. 11,768,200 

 

53 

Figure 11. Sequencing Workflow in Binladen 
(EX1029 (Binladen), 2 (Figure 1)) 

106. Binladen sequenced mammalian mitochondrial DNAs from thirteen 

different species using Roche 454 sequencing. EX1029 (Binladen), 3. In Binladen, 

the read lengths were about 120 bases, which were shorter than the full sequences of 

the amplified nucleic acid analytes (133-141 bases). EX1029 (Binladen), 3. Binladen 

explains that approximately 50% of the analytes were sequenced from the forward 

primer while the remaining 50% were sequenced from the reverse primer. EX1029 

(Binladen), 3. Binladen further explains that it was therefore necessary “to label both 

the forward and reverse end of each PCR product.” EX1029 (Binladen), 3. 

107. Because “the correct association of tags and sequences [was] crucial to 

the approach,” Binladen “discarded all sequence reads without an exact match to any 

of the primers used in the studies.” EX1029 (Binladen), 5. Binladen evaluated these 

discarded sequences and identified: (1) those that failed to show any match to the 

primer sequences in general; (2) those that matched the core primer but lacked the 

5’ tag sequence; and (3) those with mismatches and/or insertion-deletions. EX1029 

(Binladen), 6. Binladen identified incorrect primer synthesis or errors in the 

sequencing-by-synthesis process as possible errors that led to these discarded 

sequences. EX1029 (Binladen), 6.  
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108. Binladen reports that nearly 90% of the remaining sequences “diverged 

by no more than 1bp from one of the reference sequences, and could thus be assigned 

to one of the taxa analysed in the study.” EX1029 (Binladen), 6. Binladen also 

reports that while 4-nucleotide tag primers lowered PCR efficiency, “overall the rate 

of sequence miss-assignment for these primers was lower than for the dinucleotide 

tags.” EX1029 (Binladen), 7; see also EX1029 (Binladen), 8 (Binladen reporting 

“the apparent reduced miss-assignment rates of the tetranucleotide tags”). Binladen 

concludes that its approach “will be of importance to a broad range of research areas 

where large-scale comparisons of homologous DNA sequences from multiple 

sources are needed.” EX1029 (Binladen), 8. 

D. Bentley (EX1006) 

109. Bentley (EX1006), titled “Accurate whole human genome sequencing 

using reversible terminator chemistry” was published on November 6, 2008. I 

understand from counsel that Bentley is prior art to the ’200 patent because it was 

published before December 23, 2010. 

110. At a high level, Bentley discloses Illumina sequencing, including the 

specific adapter sequences used during the process. More specifically, Bentley 

describes a “massively parallel synthetic sequencing approach” that first involved 

shearing DNA strands into double-stranded DNA fragments and ligating Illumina-

specific adapters on both ends. EX1006 (Bentley), 2 (Figure 1a); see also EX1006 
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(Bentley), 8, 13-14. Then, the DNA fragments were denatured into single strands 

and annealed to complementary oligonucleotides on a coating on the flow cell. 

EX1006 (Bentley), 2 (Figure 1b); see also EX1006 (Bentley), 8, 13-14, 15. 

111. The single-stranded DNA fragments were amplified on the surface of 

the flow cell using bridge amplification to form “clusters” of up to 1,000 identical 

copies of the single-stranded DNA fragments within close proximity (~ 1µm) for 

sequencing-by-synthesis. EX1006 (Bentley), 2 (Figure 1b); see also EX1006 

(Bentley), 8, 14-15. The complementary strands of the templates were then 

generated by re-synthesizing the second strands of the double-stranded DNAs and 

removing the original strands. EX1006 (Bentley), 2 (Figure 1c); see also EX1006 

(Bentley), 8, 14-15. 

 

Figure 12. Preparation of Samples 
(EX1006 (Bentley), 2 (Figure 1)) 
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112. To sequence the single-stranded DNA fragments, a “set of four 

reversible terminators, 3’-O-azidomethyl 2’-deoxynucleoside triphosphates (A, C, 

G and T), each labeled with a different removable fluorophore,” was used to obtain 

base-by-base nucleotide incorporation in a stepwise manner. EX1006 (Bentley), 1, 

26 (Figure S1a). After each cycle of incorporation, the identity of the inserted base 

was determined by laser-induced excitation of the fluorophores and imaging. 

EX1006 (Bentley), 1. The fluorescent dye and side arm were then removed to 

regenerate a 3’ hydroxyl group so that the next cycle of nucleotide addition could 

begin. EX1006 (Bentley), 1, 26 (Figure S1b). 
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Figure 13. Structure of Reversible Termination and Incorporated Nucleotides  
(EX1006 (Bentley), 26 (Figure S1)) 

VII. THE ’200 PATENT 

A. Overview 

113. The ’200 patent relates to “methods for maintaining the integrity and 

identification of a nucleic acid template in a multiplex sequencing reaction.” 

EX1001 (’200 patent), Abstract. The ’200 patent states that, in certain embodiments, 

“methods of the invention involve obtaining a template nucleic acid, incorporating 

a pair of sequence identifiers into the template, and sequencing the template.” 

EX1001 (’200 patent), Abstract.  

B. The Claims of the ’200 Patent 

114. I understand that Illumina is challenging the patentability of claims 1-6. 

Claim 1 is the sole independent claim. 

115. Claim 1 recites:  

A method for validating the sequence of a nucleic acid 

analyte of interest in a multiplex sequencing 

reaction, the method comprising: 

i) detecting the presence of two or more identifier 

sequences that are uniquely associated with the 

nucleic acid analyte of interest, 

wherein at least a first identifier sequence is incorporated 

into a 5’ portion of the nucleic acid analyte of 

interest and wherein at least a second identifier 
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sequence is incorporated into a 3’ portion of the 

nucleic acid analyte of interest, and 

wherein the first and second identifier sequences have four 

or more nucleotides and are different; 

ii) sequencing the first identifier sequence, the nucleic 

acid analyte of interest and the second identifier 

sequence; and 

iii) validating the sequence of the nucleic acid analyte of 

interest by analyzing both identifiers and excluding 

the sequences of those nucleic acid analytes of 

interest containing only one identifier or an 

incorrect pair of identifiers from sequence analysis 

of the multiplex sequencing reaction. 

EX1001 (’200 patent), claim 1. 

116. Claims 2-6, recite: 

Claim 2: The method of claim 1, wherein the identifier 

sequences are nucleic acid sequence tags. 

Claim 3: The method of claim 2, wherein the identifier 

sequences are barcode sequences. 

Claim 4: The method of claim 3, wherein the barcode 

sequences are from 4 to 20 nucleotides. 

Claim 5: The method of claim 4, wherein t [sic] barcode 

sequences are designed to have no homopolymer 

regions. 
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Claim 6: The method of claim 1, wherein the nucleic acid 

analyte of interest is on the surface of a flow cell. 

EX1001 (’200 patent), claims 2-6 (emphases added). 

C. Disclosures of the ’200 Patent 

117. The ’200 patent is directed to “methods for validating the results of a 

molecular detection assay and for enabling the detection of errors introduced in 

sample preparation.” EX1001 (’200 patent), 1:66-2:1. The methods use a pair of 

identifiers “designed such that each set of identifiers is correlated to a particular 

sample (e.g., material obtained from a particular patient or group of patients).” 

EX1001 (’200 patent), 3:15-19.  

118. The ’200 patent states that “heteroduplexes, i.e., improper pairing of 

template strands from different samples, may form during the amplification of the 

multiplexed samples.” EX1001 (’200 patent), 1:51-54. Figure 1 of the ’200 Patent, 

copied below, provides a “set of drawings depicting one example of how molecular 

overlap can lead to apparent high quality, but incorrect sequence data.” EX1001 

(’200 patent), 4:17-20, Figure 1.  
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Figure 14. Figure 1 of the ’200 Patent  
(EX1001 (’200 patent), Fig. 1) 

119. In Figure 14, which reproduces Figure 1 of the ’200 patent, patient A’s 

gene fragment (GA) is associated with one barcode (A), and patient B’s gene 

fragment (GA) is associated with another barcode (B). EX1001 (’200 patent), 

Figure 1. Figure 14 shows a heteroduplex (i.e., a chimeric molecule) formed during 

amplification with patient A’s gene fragment and patient B’s barcode. EX1001 

(’200 patent), 4:40-52, Figure 1. Because only one index is used, the ’200 patent 
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states that “patient A’s sequence data will be improperly and incorrectly associated 

with patient B.” EX1001 (’200 patent), 4:55-57, Figure 1. 

120. The ’200 patent also states that it provides a method that uses “two or 

more identifiers . . . uniquely associated with an analyte to be detected.” EX1001 

(’200 patent), 2:16-18. By requiring a unique combination of two or more identifiers 

associated with the analyte of interest, the ’200 patent states that “valid sequence 

data are confirmed by the presence of the pair of flanking identifiers” and 

“template[s] containing only one identifier or an incorrect pair (i.e., a pair or more 

of identifiers not associated with the same template) will be excluded from analysis.” 

EX1001 (’200 patent), 2:21-25.  

121. Figure 2 of the ’200 Patent, reproduced below as Figure 15, “shows a 

set of drawings depicting how methods of the invention allow one to detect, during 

analysis, whether the integrity of a patient’s sample was maintained during a 

multiplex sequencing reaction.” EX1001 (’200 patent), 4:64-5:1, Figure 2.  
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Figure 15. Figure 2 of the ’200 Patent 
(EX1001 (’200 patent), Figure 2) 

122. In Figure 15, patient A’s gene fragment (GA) is flanked with two 

barcodes (A1 and A2), and patient B’s gene fragment (GB) is flanked with two other 

barcodes (B1 and B2). EX1001 (’200 patent), Figure 2. Figure 15 shows a 

heteroduplex (i.e., chimeric molecule) formed during amplification by a cross-over 

error, illustrated by the fact that patient A’s gene fragment is flanked by patient A’s 

first barcode (A1) and patient B’s second barcode (B2). EX1001 (’200 patent), 
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5:59-62, Figure 2. The ’200 patent states that, “[w]hile each barcode sequence on its 

own is a valid barcode sequence, taken together, the two barcode sequences do not 

form a valid barcode sequence pair.” EX1001 (’200 patent), 5:62-65. Because a 

unique combination of barcodes is associated with each sample, the ’200 patent 

states that the heteroduplex “would be recognized as invalid” during data analysis 

“because the data contains an invalid barcode sequence pair.” EX1001 (’200 patent), 

5:66-6:1. 

123. Figure 16, which reproduces Figure 3 of the ’200 Patent, provides a 

“graph showing that methods of the invention dramatically reduce false positives in 

a multiplex sequencing reaction.” EX1001 (’200 patent), 6:7-9, Figure 3.  

 
 

Figure 16. Figure 3 of the ’200 Patent 
(EX1001 (’200 patent), Figure 3) 
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124. Figure 16 compares the “crossover” rate between two sample 

preparation procedures: (i) a single barcode attached to template molecules before 

pooling and sequencing and (ii) a unique combination of two barcode sequences 

attached to template molecules before pooling and sequencing. EX1001 

(’200 patent), 6:7-17, Figure 3. The ’200 patent states that Figure 16 shows that 

“methods of the invention dramatically reduce false positives in a multiplex 

sequencing reaction.” EX1001 (’200 patent), 6:53-55.  

125. But the ’200 patent provides no information about the nucleotide 

sequences of the barcodes used, specific barcode designs, or the considerations used 

in designing the barcodes—not in Figure 3, nor anywhere in the patent as a whole. 

See generally EX1001 (’200 patent). Likewise, the ’200 patent provides no 

information about the source of the samples or the library preparation protocols used 

in the study. See generally EX1001 (’200 patent). The patent also fails to mention 

which sequencing platform was used in the study. See generally EX1001 

(’200 patent). 

126. Notably, the ’200 patent provides no new guidance regarding 

laboratory chemistry for how to design, make, or use methods for dual-index 

sequencing. In fact, the ’200 patent states that “[n]umerous techniques are known 

for detecting sequence and for identifying barcodes and some are exemplified below. 

However, the exact means for detecting and compiling sequence data does not affect 
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the function of the invention.” EX1001 (’200 patent), 3:44-48. Further, the patent 

generally refers to existing scientific and patent publications in discussing: (1) the 

preparation of biological samples for sequencing (EX1001 (’200 patent), cols. 7-8); 

(2) barcode sequence design (EX1001 (’200 patent), cols. 8-10); (3) the 

amplification of barcoded templates (EX1001 (’200 patent), cols. 10-18); and 

(4) sequencing methods and platforms (EX1001 (’200 patent), cols. 18-20). See also 

EX1001 (’200 patent), 20:40-45 (“any sequencing methodology which relies on 

successive incorporation of nucleotides into a polynucleotide chain can be used”). 

D. Prosecution History 

127. From counsel, I understand that the ’200 patent belongs to the same 

patent family as U.S. Patent No. 9,163,281 (“the ’281 patent”; EX1030) and shares 

substantially the same specification with the ’281 patent. As illustrated below, the 

claimed subject matter of the ’200 patent is substantially similar to that of the 

’281 patent, except that the ’200 patent requires the two identifiers to be “different” 

whereas the ’281 patent requires the two identifiers to be “the same.”  

’281 Patent, Claims 1 & 2 ’200 Patent, Claim 1 
1. A method for validating the integrity 

of a nucleic acid template in a 

multiplex sequencing reaction, the 

method comprising: 

obtaining a template nucleic acid; 

1. A method for validating the 

sequence of a nucleic acid analyte of 

interest in a multiplex sequencing 

reaction, the method comprising: 
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’281 Patent, Claims 1 & 2 ’200 Patent, Claim 1 
 

 

 

 

 

 

 

 

 

 

incorporating at least two of the 

same sequence identifiers into the 

template, wherein the sequence 

identifiers comprise four or more 

nucleotides; 

sequencing the template to generate 

sequence reads, and 

analyzing the sequence reads to 

determine if the two incorporated 

sequence identifiers remain associated 

with the template, thereby validating 

the integrity of the nucleic acid 

template in a multiplex sequencing 

reaction. 

 

i) detecting the presence of two or 

more identifier sequences that are 

uniquely associated with the nucleic 

acid analyte of interest, 

wherein at least a first identifier 

sequence is incorporated into a 5’ 

portion of the nucleic acid analyte of 

interest and wherein at least a second 

identifier sequence is incorporated into 

a 3’ portion of the nucleic acid analyte 

of interest, and 

wherein the first and second 

identifier sequences have four or more 

nucleotides and are different; 

ii) sequencing the first identifier 

sequence, the nucleic acid analyte of 

interest and the second identifier 

sequence; and 

iii) validating the sequence of the 

nucleic acid analyte of interest by 

analyzing both identifiers and 

excluding the sequences of those 

nucleic acid analytes of interest 

containing only one identifier or an 

incorrect pair of identifiers from 
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’281 Patent, Claims 1 & 2 ’200 Patent, Claim 1 
2. The method according to claim 1, 

wherein a first identifier is incorporated 

into a 5’ portion of the template and a 

second identifier is incorporated into a 

3’ portion of the template. 

sequence analysis of the multiplex 

sequencing reaction. 

 
1. Prosecution History of the ’281 Patent 

128. The ’281 patent was filed with claims directed to a “method for 

validating the integrity of a nucleic acid template in a multiplex sequencing reaction” 

by “incorporating at least two sequence identifiers into the template.” EX1026 

(’281 patent file history), 34. The claims were later amended to include an additional 

step of “analyzing the sequence reads to determine if the two incorporated sequence 

identifiers remain associated with the template, thereby validating the integrity of 

the nucleic acid template in a multiplex sequencing reaction.” EX1026 (’281 patent 

file history), 146-148, 165-176. 

129. The Examiner rejected the amended claims, contending that 

Parameswaran anticipates the claims. EX1026 (’281 patent file history), 184-185. 

In response, the applicant amended the claims to “incorporate[] at least two of the 

same sequence identifiers into the template.” EX1026 (’281 patent file history), 

262-274. The applicant also argued that the amended claims are different from 
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Parameswaran because Parameswaran “requires attaching barcodes that are not the 

same.” EX1026 (’281 patent file history), 394-95 (emphasis in original). 

130. The Examiner maintained the anticipation rejection, asserting that at 

least one pair of 10-nucleotide barcode sequences used in Parameswaran shared 

three identical nucleotides. EX1026 (’281 patent file history), 415-417. In response, 

the applicant amended the claims by adding a length limitation, i.e., that the claimed 

two sequence identifiers must be “the same” and “comprise four or more 

nucleotides.” EX1026 (’281 patent file history), 444-456. The applicant also argued 

that Parameswaran does not anticipate the amended claims because it “reports a 

method of sequencing that involves attaching a forward barcode and a reverse 

barcode to a nucleic acid template, the forward and reverse barcodes having 

different designs from each other.” EX1026 (’281 patent file history), 452-453.  

131. The Examiner allowed the claims and noted that the “amendments 

overcame the previously presented rejections.” EX1026 (’281 patent file 

history), 458-464.  

2. Prosecution History of the ’200 Patent 

132. The ’200 patent issued without facing any anticipation or obviousness 

rejection over Parameswaran or any other prior art reference. In allowing the 

’200 patent, the Examiner noted that “no references were found teaching or 

suggesting” the claims of the ’200 patent. EX1007 (’200 patent file 
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history), 395-401. The Examiner apparently overlooked her prior observation that 

Parameswaran discloses the use of two identifier sequences that are “different” to 

validate the integrity of a nucleic acid template in a multiplex sequencing reaction. 

E. Claim Construction 

133. In my analysis, I have read all claim terms as having their ordinary 

meaning as understood by a POSA. 

VIII. THE CHALLENGED CLAIMS ARE UNPATENTABLE OVER THE 
PRIOR ART 

134. In my opinion, claims 1-6 are anticipated by Gloor and Parameswaran. 

Further, claims 1-6 would have been obvious to a POSA at the earliest “effective 

filing date” of the ’200 patent. 

A. Ground 1: Claims 1-6 Are Anticipated by Gloor  

135. As explained below, claims 1-6 of the ’200 patent are anticipated by 

Gloor (EX1005) because Gloor discloses each and every limitation of claims 1-6. 

Supra § VI.B. 

1. Claim 1 is Anticipated by Gloor  

a) 1[pre]: “A method for validating the sequence of a 
nucleic acid analyte of interest in a multiplex 
sequencing reaction” 

136. Gloor discloses this limitation. Using Illumina sequencing, Gloor 

sequenced nucleic acids derived from 272 clinical samples that had been amplified 

using “combinatorial sequence tags attached to PCR primers.” EX1005 
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(Gloor), Abstract. Each nucleic acid analyte of interest was attached a pair of 

sequence tags (i.e. the “identifier sequences” used in claim 1[a]). EX1005 (Gloor), 

7 (Figure 2). These combinatorial pairs of sequence tags were unique, i.e., nucleic 

acid analytes of interest from each sample had their own pairs of identifier 

sequences, and no two samples shared the same pair. EX1005 (Gloor), Table 2 

(listing sequence tags used to create combinatorial pairs); see also Ex1005 (Gloor), 2 

(“[w]e used paired-end sequencing in combination with unique sequence tags”).  

137. Gloor used these unique pairs of sequence tags to validate the 

sequences of the nucleic acid analytes of interest. In Gloor, the paired-end reads for 

a single nucleic acid analyte of interest included an overlap between the sequence 

reads. In other words, two overlapping sequence reads were combined to provide the 

sequence of a single nucleic acid analyte of interest. EX1005 (Gloor), 7. Gloor 

discloses that, of the 18,047,860 reads obtained, 14,960,488 reads had a perfect 

overlap of between 10-50 nucleotides. EX1005 (Gloor), 7. 

138. From these sequences with perfect overlap, Gloor detected the presence 

of both identifier sequences, and extracted sequences “with proper primer sequences 

and correct sequence tags.” EX1005 (Gloor), 7. For “the remainder of the analysis,” 

Gloor only used sequences with “two valid sequence tags and both primer 

sequences.” EX1005 (Gloor), 7-8. Gloor concludes that its study showed that 

“sequence clustering of the large number of reads derived from Illumina sequencing 



IPR2024-00965 
U.S. Patent No. 11,768,200 

 

71 

would be more accurate” by accounting for, e.g., the underlying error rates. EX1005 

(Gloor), 22-23. In other words, Gloor recognizes that its dual-indexing method led 

to “more accurate” assignments of sequences in Illumina multiplex sequencing. 

139. Gloor also examined the sequences with “incorrect sequence tags” that 

were excluded from further analysis. EX1005 (Gloor), 7-8. Gloor reports that many 

of those sequences completely “lack[ed] the left or right end sequence tag.” EX1005 

(Gloor), 7-8. In some cases, they contained sequence tags that were truncated, 

included additional bases, or had misincorporated bases. EX1005 (Gloor), 7-8. 

Gloor explains that by imposing “the strict requirement for proper sequence tag and 

primer sequences on the left and right ends,” many erroneous sequences were 

eliminated. EX1005 (Gloor), 22.  

140. In sum, Gloor used Illumina sequencing to sequence nucleic acid 

analytes of interest from multiple samples simultaneously (i.e., multiplex 

sequencing), validated the sequences of those analytes by detecting the presence of 

two identifier sequences in each sequence, and excluded sequences that contained 

only one tag or incorrect tags. Thus, Gloor discloses a method of “validating the 

sequence of a nucleic acid analyte of interest in a multiplex sequencing reaction.” 
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b) 1[a]: “detecting the presence of two or more identifier 
sequences that are uniquely associated with the nucleic 
acid analyte of interest” 

141. Gloor discloses this limitation. First, Gloor discloses “two or more 

identifier sequences that are uniquely associated with the nucleic acid analyte of 

interest.” As discussed above (supra § VI.B), Gloor extracted nucleic acids from 

272 clinical samples and amplified them using “combinatorial sequence tags 

attached to PCR primers.” EX1005 (Gloor), Abstract. Gloor states that the tags, 

referred to as the “L-tag” and “R-tag,” were added to the forward and reverse PCR 

primers before Illumina paired-end sequencing, respectively. EX1005 (Gloor), 2, 6. 

While multiple samples used the same left or right identifier sequence, the pair of 

identifier sequences was unique to that sample (i.e., non-unique dual-indexing). 

EX1005 (Gloor), Abstract (explaining that 272 clinical samples were attached to 

“combinatorial sequence tags”), Table 2 (listing 18 left identifier sequences and 

16 right identifier sequences), 2 (“[w]e used paired-end sequencing in combination 

with unique sequence tags”). Thus, Gloor discloses “two or more identifier 

sequences that are uniquely associated with the nucleic acid analyte of interest.” 

142. Gloor also discloses a method in which the presence of those identifier 

sequences is detected. Gloor sequenced the amplified nucleic acid analytes and 

detected the presence of both identifier sequences on the 5’ and 3’ ends of each 

nucleic acid analyte of interest. EX1005 (Gloor), 7 (identifying “sequences 
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contain[ing] two valid sequence tags and both primer sequences”); see also EX1005 

(Gloor), 6 (Figure 2) (illustrating the detection of sequences, each containing two 

identifier sequences).  

143. As such, Gloor discloses a method of detecting the presence of at least 

two identifier sequences, where the pair of identifiers are “uniquely associated with 

the nucleic acid analyte of interest.”  

c) 1[b]: “at least a first identifier sequence is incorporated 
into a 5’ portion of the nucleic acid analyte of interest 
and wherein at least a second identifier sequence is 
incorporated into a 3’ portion of the nucleic acid 
analyte of interest” 

144. Gloor discloses this claim limitation. Figure 2 of Gloor depicts the 

arrangement of the two identifier sequences and the nucleic acid analyte of interest. 

EX1005 (Gloor), 7 (Figure 2). As annotated in Figure 17 below, Gloor discloses 

that the “L-tag” (corresponding to the “first identifier sequence” in claim 1[b]) was 

incorporated into the 5’ portion of the nucleic acid analyte of interest, and the 

“R-tag” (corresponding to the “second identifier sequence” in claim 1[b]) was 

incorporated into the 3’ portion of the nucleic acid analyte of interest. EX1005 

(Gloor), 2 (“combination of sequence tags at each end of the overlapped reads”), 5-6 

(describing “left-side” and “right-side” sequence tags incorporated into the “end of 

the PCR primers”).  
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Figure 17. Paired-End Sequencing 
(EX1005 (Gloor), 7 (Figure 2) (annotations added in red)) 

As such, Gloor discloses that “the first identifier sequence is incorporated into a 

5’ portion of the nucleic acid analyte of interest and wherein at least a second 

identifier sequence is incorporated into a 3’ portion of the nucleic acid analyte of 

interest.” 

d) 1[c]: “the first and second identifier sequences have 
four or more nucleotides and are different” 

145. Gloor discloses this claim limitation. The sequence tags used in Gloor 

were “between 3 and 6 nucleotides long.” EX1005 (Gloor), 5. As shown in Table 2 

and reproduced as Figure 18 below, the majority of these sequence tags had four or 

more nucleotides. EX1005 (Gloor), 6 (Table 2).  
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Figure 18. Identifier Sequences Used in Gloor 
(EX1005 (Gloor), 6 (Table 2)) 

146. As shown above, the two identifier sequences used in many pairs were 

different from each other. For example, the “0-v6L” left tag has six nucleotides 

(“catgcg”) and the “1-v6R” right tag has five nucleotides (“actgc”) and these tags 

are different from each other. Likewise, the “0-v6L” left tag has six nucleotides 

(“catgcg”) and the “2-v6R” right tag has five nucleotides (“agcta”) and these tags 

are different from each other.  
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147. As such, Gloor discloses many identifier sequences constituting “first 

and second identifier sequences [that] have four or more nucleotides and are 

different.” 

e) 1[d]: “sequencing the first identifier sequence, the 
nucleic acid analyte of interest and the second 
identifier sequence” 

148. Gloor discloses this claim limitation. Gloor states that “[a]mplified 

PCR products are sequenced using an Illumina paired-end protocol to generate 

millions of overlapping reads.” EX1005 (Gloor), Abstract. As illustrated in 

Figure 17 (supra § VIII.A.1.c)), each sequence read contained the sequence of the 

left tag and the nucleic acid analyte of interest, or the right tag and the nucleic acid 

analyte of interest. EX1005 (Gloor), 6 (Figure 2). Gloor compiled the sequence of 

each analyte of interest based on substantially overlapping sequence reads. EX1005 

(Gloor), 7. Thus, the sequences of the analytes each contained the left tag 

(corresponding to the “first identifier sequence” in claim 1[d]), the nucleic acid 

analyte of interest, and the right tag (corresponding to the “the second identifier 

sequence” in claim 1[d]). EX1005 (Gloor), 6 (Figure 2).  

149. As such, Gloor discloses a method that involves “sequencing the first 

identifier sequence, the nucleic acid analyte of interest and the second identifier 

sequence.” 
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f) 1[e]: “validating the sequence of the nucleic acid 
analyte of interest by analyzing both identifiers and 
excluding the sequences of those nucleic acid analytes 
of interest containing only one identifier or an 
incorrect pair of identifiers from sequence analysis of 
the multiplex sequencing reaction” 

150. Gloor discloses this limitation. As discussed above (supra 

§§ VIII.A.1.a), VIII.A.1.c), VIII.A.1.e)), Gloor disclosed a method of sequencing a 

nucleic acid analyte of interest wherein each analyte was flanked by a uniquely 

associated pair of left and right tags. EX1005 (Gloor), 6, 22. Gloor used an “Illumina 

paired-end protocol to generate millions of overlapping reads.” EX1005 (Gloor), 

Abstract. Gloor compiled those sequence reads based on substantial overlap and 

“extract[ed] overlapping reads with proper primer sequences and correct sequence 

tags.” EX1005 (Gloor), 7. Of the about 18 million sequence reads collected, Gloor 

identified about 12 million sequences that “contained two valid sequence tags and 

both primer sequences,” which “form[ed] the basis of the remainder of the analysis.” 

EX1005 (Gloor), 7. Gloor concludes that its dual-indexing method led to “more 

accurate” sequence assignments. EX1005 (Gloor), 22-23. As such, Gloor discloses 

“validating the sequence of the nucleic acid analyte of interest by analyzing both 

identifiers.” 

151. Gloor also examined sequences with “incorrect sequence tags” that 

were excluded from the remainder of the analysis, and reports that these sequences 



IPR2024-00965 
U.S. Patent No. 11,768,200 

 

78 

completely “lack[ed] the left or right end sequence tag” (i.e., sequences having only 

one identifier sequence) or contained truncated tags, tags with additional bases, or 

tags with misincorporated bases (i.e., sequences with incorrect pair of identifiers). 

EX1005 (Gloor), 7-8; see also EX1005 (Gloor), 22 (erroneous sequences were 

removed from further analysis by applying “the strict requirement for proper 

sequence tag and primer sequences on the left and right ends”). As such, Gloor 

discloses “validating the sequence of the nucleic acid analyte of interest by analyzing 

both identifiers and excluding the sequences of those nucleic acid analytes of interest 

containing only one identifier or an incorrect pair of identifiers from sequence 

analysis of the multiplex sequencing reaction.”  

152. Gloor therefore anticipates claim 1 because it discloses each and every 

element of the claim. 

2. Dependent Claims 2-6 Are Anticipated by Gloor 

153. For the reasons stated above in Section VIII.A.1 and below, dependent 

claims 2-6 are also anticipated by Gloor. 

a) Dependent Claims 2 & 3 

154. Dependent claim 2 recites the method of claim 1, “wherein the 

identifier sequences are nucleic acid sequence tags.” Gloor anticipates dependent 

claim 2. Dependent claim 3 recites the method of claim 2, “wherein the identifiers 
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are barcode sequences.” The ’200 patent states that nucleic acid barcodes can be 

used as identifier sequences. EX1001 (’200 patent), 2:16-20. 

155. Gloor discloses a barcoding approach using a “combination of 

sequence tags at each end” of PCR primers. EX1005 (Gloor), 2. Gloor also discloses 

that the sequence tags were nucleic acid sequence tags. EX1005 (Gloor), 5-6 (stating 

that its identifier sequences were “between 3 and 6 nucleotides long”). As shown in 

Table 2, the identifier sequences were nucleic acid sequence tags. EX1005 (Gloor), 

5-6 (Table 2). Thus, Gloor discloses identifier sequences that are nucleic acid 

sequence tags and barcode sequences. As such, Gloor discloses dependent claims 2 

and 3. 

b) Dependent Claim 4 

156. Dependent claim 4 recites the method of claim 3, “wherein the barcode 

sequences are from 4 to 20 nucleotides.” Gloor anticipates dependent claim 4. 

157. Gloor provides the sequences of left- and right-side identifier 

sequences in Table 2. EX1005 (Gloor), 6 (Table 2). As shown in Table 2, the 

majority of the barcode sequences Gloor used had four or more nucleotides. As 

noted above, I understand that a reference disclosing use of one composition within 

the scope of the claimed subject matter anticipates the claim. As such, Gloor 

discloses dependent claim 4.  
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c) Dependent Claim 5 

158. Dependent claim 5 recites the method of 4, “wherein t [sic] barcode 

sequences are designed to have no homopolymer regions.” Gloor anticipates 

dependent claim 5. 

159. Gloor provides the sequences of left- and right-side identifier 

sequences in Table 2. EX1005 (Gloor), 6 (Table 2). As shown in Table 2, Gloor 

utilized barcode sequences without homopolymeric runs. EX1005 

(Gloor), 6 (Table 2). For instance, the sequence “catgcg” corresponding to “0-v6L” 

and the sequence “actgc” corresponding to “1-v6R” contain no consecutively 

repeated nucleotides. EX1005 (Gloor), 6 (Table 2) (showing that the identifier 

sequences contain no consecutively repeated nucleotides). Thus, the barcode 

sequences were designed to have no homopolymer regions. As such, Gloor discloses 

dependent claim 5. 

d) Dependent Claim 6 

160. Dependent claim 6 recites the method of claim 1, “wherein the nucleic 

acid analyte of interest is on the surface of a flow cell.” Gloor anticipates dependent 

claim 6. 

161. Gloor discloses use of Illumina sequencing, which involved attaching 

nucleic acid analytes on the surface of a flow cell. Supra §§ VI.B, V.B.3; EX1025 

(Illumina Technology Spotlight), 1-2. As such, Gloor discloses dependent claim 6. 
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B. Ground 2: Claims 1-6 Are Anticipated by Parameswaran  

162. As explained below, claims 1-6 of the ’200 patent are anticipated by 

Parameswaran (EX1004) because Parameswaran discloses each and every 

limitation of claims 1-6. Supra § VI.A. 

1. Claim 1 Is Anticipated by Parameswaran 

a) 1[pre]: “A method for validating the sequence of a 
nucleic acid analyte of interest in a multiplex 
sequencing reaction” 

163. Parameswaran discloses this limitation. Using a Roche 454 platform, 

Parameswaran sequenced “DNA from two independent sets of 25 barcoded 

libraries.” EX1004 (Parameswaran), 7. “[E]ach sample [was] associated with two 

uniquely designed, 10-nucleotide barcodes.” EX1004 (Parameswaran), 2. 

Parameswaran further “require[d] a match to the 10-base barcodes and additional 

three bases of the fixed linker” to facilitate “unambiguous assignment of nucleic acid 

sequences from a mixture of libraries from up to 48 different samples.” EX1004 

(Parameswaran), 8. Parameswaran describes the combination of the 10-nucleotide 

barcode plus three nucleotides from the linker sequence as a 13-nucleotide “barcode 

motif” (i.e., the “identifier sequence” used in claim 1[a]). EX1004 

(Parameswaran), 6.  

164. Parameswaran reports that around 94% of sequences retained a correct 

pair of both forward and reverse barcode motifs. EX1004 (Parameswaran), 7. That 
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is, the forward and reverse barcode motifs matched the sequences of the 

10-nucleotide barcodes and three nucleotides from the adjacent linkers and, 

additionally, the forward barcode motif was paired with the correct reverse barcode 

motif. Parameswaran reports that sequences with two matching barcode motifs were 

accurately and unambiguously assigned to their originating sample, i.e., their 

sequences were validated. EX1004 (Parameswaran), 8 (“any sequence with both 

5’ and 3’ barcode motifs will be placed with reasonable accuracy into the correct 

bin”). 

165. Parameswaran also reports that about 5-6% of sequences had a perfect 

barcode motif at only one end. EX1004 (Parameswaran), 7. Those sequences 

included sequences with a partial or no identifier barcode motif on the other end 

(i.e., sequences with only one identifier) or sequences with a pair of mismatched (or 

“misassigned”) barcode motifs. EX1004 (Parameswaran), 7. Parameswaran states 

that the latter subset of sequences has “perfect identity to an unexpected motif, 

resulting in an unassigned 5’-3’ motif combination (perfect, unexpected 

occurrence).” EX1004 (Parameswaran), 7. In those sequences, both the forward and 

reverse barcode motifs matched the sequences of valid barcode motifs used in the 

multiplex reaction, but the forward barcode motif was paired with an incorrect 

reverse barcode motif. In other words, both the forward and reverse barcode motifs 

corresponded to valid barcode motifs, but each was associated with a different 
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sample.3 As Parameswaran explains, various errors could be responsible for 

sequences with one barcode motif or mismatched barcode motifs, including, for 

example, cross-contamination of DNA templates, errors in sequencing-by-synthesis, 

errors in emulsion PCR, and barcoded primer synthesis errors. EX1004 

(Parameswaran), 7.  

166. Parameswaran refers to the sequences that contain “unexpected perfect 

pairings of unmatched forward and reverse barcodes” as “false-discover[ies],” 

representing misassignments of sequences to incorrect samples. EX1004 

(Parameswaran), Abstract, 8. Parameswaran states that a “remarkably low 

misassignment rate (0.00042% and 0.0044% for two independent experiments) was 

obtained by requiring a match to the 10-base barcodes and additional three bases of 

the fixed linker” (i.e., the forward and reverse barcode motifs). EX1004 

(Parameswaran), 8. Parameswaran further states that “[t]he low false-discovery rate 

 
 
3 Referring to the illustrative example that I provided above (supra, § V.B.6), if the 

correct barcode pair for a given template sequence was “H-8,” a “misassigned” 

barcode motif in Parameswaran would have the 5’ identifier “H” paired with a 

different 3’ identifier (e.g., H-2 or H-14) or would have the 3’ identifier “8” paired 

with a different 5’ identifier (e.g., A-8 or J-8). 
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for perfect matches strengthens the argument that any sequence with both 5’ and 3’ 

barcode motifs will be placed with reasonable accuracy into the correct bin.” 

EX1004 (Parameswaran), 8. In other words, Parameswaran teaches that lowering 

the false discovery (misassignment) rate allows sequences to be assigned to correct 

samples more accurately. 

167. In sum, Parameswaran sequenced multiple nucleic acid analytes of 

interest simultaneously (i.e., multiplex) using Roche 454 sequencing and validated 

the sequences of those analytes by detecting the presence of two identifier sequences 

in each sequence. Parameswaran separately identified erroneous sequences with 

only one barcode motif or a pair of mismatched barcode motifs, the latter of which 

was recognized as a “misassignment.” EX1004 (Parameswaran), 2, 8. 

Parameswaran therefore discloses a “method for validating the sequence of a 

nucleic acid analyte of interest in a multiplex sequencing reaction.”  

b) 1[a]: “detecting the presence of two or more identifier 
sequences that are uniquely associated with the nucleic 
acid analyte of interest” 

168. Parameswaran discloses this limitation. First, Parameswaran discloses 

“two or more identifier sequences that are uniquely associated with the nucleic acid 

analyte of interest.” As discussed above (supra § VI.A), Parameswaran attached 

“two uniquely designed, 10-nucleotide barcodes” to nucleic acid analytes of interest 

using nucleotide linkers. EX1004 (Parameswaran), 2. Parameswaran “require[d] a 
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match to the 10-base barcodes and additional three bases of the fixed linker” 

(“barcode motifs”) to facilitate “unambiguous assignment of nucleic acid sequences 

from a mixture of libraries from up to 48 different samples.” EX1004 

(Parameswaran), 8. As shown in Supplementary Table 1 of Parameswaran, no 

barcode motif repeated across samples, i.e., each pair of barcode motifs was 

“uniquely” associated with nucleic acid analytes of interest from a specific sample. 

EX1004 (Parameswaran), 14-17 (Supplementary Table 1).  

169. Parameswaran also discloses a method in which the presence of two or 

more identifier sequences was detected. Parameswaran amplified the nucleic acid 

analytes of interest containing a pair of barcode motifs and sequenced them. EX1004 

(Parameswaran), 7-8. Parameswaran detected about 94% of sequences having a pair 

of perfect forward and reverse barcode motifs associated with its originating sample. 

EX1004 (Parameswaran), 7.  

170. As such, Parameswaran discloses “detecting the presence of at least 

two identifier sequences, each of which is uniquely associated with the nucleic acid 

analyte of interest.” 
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c) 1[b]: “at least a first identifier sequence is incorporated 
into a 5’ portion of the nucleic acid analyte of interest 
and wherein at least a second identifier sequence is 
incorporated into a 3’ portion of the nucleic acid 
analyte of interest” 

171. Parameswaran discloses this claim limitation. Parameswaran states 

that each nucleic acid analyte was attached to a pair of 13-nucleotide “barcode 

motifs,” each of which was made of a 10-nucleotide barcode and three nucleotides 

from an adjacent linker. EX1004 (Parameswaran), 2, 7. Figure 19 provides a 

schematic of the template nucleic acids with barcodes (i.e., F-Barcode, R-Barcode) 

and linkers (collectively, “barcode motifs” or “identifier sequences”) incorporated 

into the 5’ and 3’ ends of each nucleic acid analyte of interest.  

 

Figure 19. Design of Forward and Reverse Primers 
(EX1004 (Parameswaran), 3 (Figure 1C) (annotations added)) 

The forward barcode motif, corresponding to the “first identifier sequence” in claim 

1[c], consisted of the “F-Barcode” and three nucleotides from the from the adjacent 

linkers to form barcode motifs at the 5’ end of the nucleic acid analyte. EX1004 

(Parameswaran), 5. The reverse barcode motif, corresponding to the “second 

identifier sequence” in claim 1[c], consisted of the “R-Barcode” and three 
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nucleotides from the adjacent linkers to form barcode motifs at the 3’ end of the 

nucleic acid analyte. EX1004 (Parameswaran), 5.  

172. As such, Parameswaran discloses a method that involves “at least a 

first identifier sequence is incorporated into a 5’ portion of the nucleic acid analyte 

of interest and wherein at least a second identifier sequence is incorporated into a 

3’ portion of the nucleic acid analyte of interest.” 

d) 1[c]: “the first and second identifier sequences have 
four or more nucleotides and are different” 

173. Parameswaran discloses this limitation. Parameswaran explains that 

each nucleic acid analyte of interest was attached to a pair of “10-nucleotide” 

barcodes, which “differ[ed] from each other at multiple positions (by at least 4 nt).” 

EX1004 (Parameswaran), 2. To ensure that all samples were uniquely dual-indexed, 

Parameswaran combined three nucleotides from the adjacent linkers with the 

forward and reverse barcodes, creating a pair of 13-nucleotide “barcode motifs.” 

EX1004 (Parameswaran), 7; see also EX1004 (Parameswaran), 14-17 

(Supplementary Table 1) (showing that each barcode motif was different from one 

another, and no barcode motif was repeated across samples). 

174. Thus, the forward and reverse barcode motifs used in Parameswaran 

are the “first and second identifier sequences [that] have four or more nucleotides 

and are different.”  
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e) 1[d]: “sequencing the first identifier sequence, the 
nucleic acid analyte of interest and the second 
identifier sequence” 

175. Parameswaran discloses this limitation. Parameswaran describes a 

multiplex sequencing reaction where nucleic acid analytes of interests containing the 

first and second identifier sequences were sequenced. Figure 1C in Parameswaran 

depicts sequences generated from this reaction. As reproduced again in Figure 19 

below, each sequence included the forward barcode motif (corresponding to the 

“first identifier sequence” in claim 1[d]), the nucleic acid analyte of interest, and the 

reverse barcode motif (corresponding to the “second identifier sequence” in claim 

1[d]). EX1004 (Parameswaran), 3 (Figure 1C). 

 
Figure 19. Design of Forward and Reverse Primers 

(EX1004 (Parameswaran), 3 (Figure 1C) (annotations added)) 
 
As such, Parameswaran discloses “sequencing the first identifier sequence, the 

nucleic acid analyte of interest and the second identifier sequence.” 
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f) 1[e]: “validating the sequence of the nucleic acid 
analyte of interest by analyzing both identifiers and 
excluding the sequences of those nucleic acid analytes 
of interest containing only one identifier or an 
incorrect pair of identifiers from sequence analysis of 
the multiplex sequencing reaction” 

176. Parameswaran discloses this limitation. As discussed above (supra 

§§ VIII.B.1.a), VIII.B.1.c) VIII.B.1.e)), Parameswaran describes a method for 

sequencing nucleic acid analytes from multiple samples that are each associated with 

a unique pair of forward and reverse barcode motifs, analyzing the barcode motifs 

present in each sequence, and validating the sequence of the nucleic acid analyte of 

interest. EX1004 (Parameswaran), 7 (reporting that about 94% of sequences had 

perfect forward and reverse barcode motifs on both ends); see also EX1004 

(Parameswaran), 8 (“any sequence with both 5’ and 3’ barcode motifs will be placed 

with reasonable accuracy into the correct bin”). Thus, Parameswaran discloses 

“validating the sequence of the nucleic acid analyte of interest by analyzing both 

identifiers.” 

177. While the majority of sequences reported in Parameswaran retained a 

correct pair of forward and reverse barcode motifs, about 5-6% of sequences 

contained only one perfect barcode motif, or a pair of mismatched (or 

“misassigned”) barcode motifs. EX1004 (Parameswaran), 7. Parameswaran refers 

to the sequences with misassigned barcode motif pairs as “false-discover[ies],” 
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constituting “misassignment[s]” of sequences to incorrect samples. EX1004 

(Parameswaran), Abstract, 6, 8. Parameswaran explained that these sequences with 

one barcode motif or mismatched barcode motifs may have arisen from various 

errors such as cross-contamination of DNA templates and errors during sequencing-

by-synthesis and emulsion PCR. EX1004 (Parameswaran), 7.  

178. Parameswaran states that “[f]or our purposes, all sequences with a 

match to one of the two expected sequence motifs were considered as true members 

of the corresponding dataset.” EX1004 (Parameswaran), 8. But Parameswaran also 

explains that sequences with mismatched barcode motifs could be attributed to 

various errors and refers to such sequences as “false-discovery,” representing 

misassignments of sequences to incorrect samples. EX1004 (Parameswaran), 7, 

Abstract, 8. Parameswaran reports that the “false-discovery rate” in two 

independent experiments was 0.00042% and 0.0044%, reflecting a “remarkably low 

misassignment rate.” EX1004 (Parameswaran), 7-8.  

179. Parameswaran thus recognizes that mismatched sequences are 

erroneous and that reducing the rate of such “false discovery” would decrease the 

rate at which sequences are assigned to incorrect samples. EX1004 

(Parameswaran), 7-8. Parameswaran calls out the low incidence of such errors when 

requiring a match to the 13-base barcode motif as an advantage of its unique dual-

barcoding method. EX1004 (Parameswaran), 8. Further, Parameswaran links 
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sequencing accuracy with the presence of both barcode motifs, stating that “any 

sequence with both 5’ and 3’ barcode motifs will be placed with reasonable accuracy 

into the correct bin.” EX1004 (Parameswaran), 8. Thus, Parameswaran discloses a 

method where erroneous sequences containing one identifier or an incorrect pair of 

identifiers can be discarded as erroneous, resulting in decreased misassignment of 

sequences to the corresponding samples.  

180. As such, Parameswaran discloses “validating the sequence of the 

nucleic acid analyte of interest by analyzing both identifiers and excluding the 

sequences of those nucleic acid analytes of interest containing only one identifier or 

an incorrect pair of identifiers from sequence analysis of the multiplex sequencing 

reaction.”  

181. As such, I conclude Parameswaran anticipates claim 1 as it discloses 

each and every element of the claim. 

2. Dependent Claims 2-6 Are Anticipated by Parameswaran  

182. For the reasons stated above in Section VIII.A.1 and below, dependent 

claims 2-6 are anticipated by Parameswaran. 

a) Dependent Claims 2 & 3 

183. Dependent claim 2 recites the method of claim 1, “wherein the 

identifier sequences are nucleic acid sequence tags.” Parameswaran anticipates 

dependent claim 2. Dependent claim 3 recites the method of claim 2, “wherein the 
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identifier sequences are barcode sequences.” The ’200 patent states that nucleic acid 

barcodes can be used as identifier sequences. EX1001 (’200 patent), 2:16-20. 

184. Parameswaran describes a “high-information-content barcoding 

approach in which each sample is associated with two uniquely designed, 

10-nucleotide barcodes.” EX1004 (Parameswaran), 2 (emphasis added). 

Parameswaran explains that the ten nucleotide barcodes (made of A, G, C, and T) 

and three nucleotides from adjacent linkers (also made of A, G, C, and T) were used 

as “barcode motifs,” or identifier sequences. EX1004 (Parameswaran), 5 

(Table 2), 7, 14-17 (Suppl. Table 1). The barcode motifs in Parameswaran thus are 

nucleic acid sequence tags and barcode sequences. As such, Parameswaran 

discloses dependent claims 2 and 3. 

b) Dependent Claim 4  

185. Dependent claim 4 recites the method of claim 3, “wherein the barcode 

sequences are from 4 to 20 nucleotides.” Parameswaran anticipates dependent 

claim 4. 

186. Parameswaran explains its barcode motifs include “10-nucleotide 

barcodes” and three nucleotides from adjoining linkers (totaling 13 nucleotides in 

length). EX1004 (Parameswaran), 2, 7-8. As such, Parameswaran discloses 

dependent claim 4.  
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c) Dependent Claim 5  

187. Dependent claim 5 recites the method of claim 4, “wherein t [sic] 

barcode sequences are designed to have no homopolymer regions.” Parameswaran 

anticipates dependent claim 5. 

188. Parameswaran describes that its “barcode design [] facilitated 

unambiguous assignment, with care taken to avoid homopolymeric runs.” EX1004 

(Parameswaran), 4. Parameswaran further explains “[t]his design avoids significant 

problems due to error rate at homopolymeric runs of nucleotides.” EX1004 

(Parameswaran), 4. As such, Parameswaran discloses dependent claim 5.  

d) Dependent Claim 6  

189. Dependent claim 6 recites the method of claim 1, “wherein the nucleic 

acid analyte of interest is on the surface of a flow cell.” Parameswaran anticipates 

dependent claim 6. 

190. Dependent claim 6 does not require the analyte of interest be attached 

to the surface of a flow cell. Instead, dependent claim 6 only requires the analyte to 

be “on the surface of a flow cell.” Parameswaran discloses a method of sequencing 

using a Roche 454 platform, which involves attaching a nucleic acid analyte of 

interest to beads and placing those beads in a flow cell. EX1010 (Kircher), 3-4; 

EX1011 (Metzker), 2-3; EX1012 (Shendure), 3-4; EX1028 (Roche 454 Manual), 

6-8 (depicting bead-bound nucleic acid analytes placed in wells of a flow cell); supra 
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§§ V.B.2-3, VI.A. As such, Parameswaran discloses a method where “the nucleic 

acid analyte of interest is on the surface of a flow cell.” 

C. Ground 3: Claims 1-6 Would Have Been Obvious Over 
Parameswaran and Gloor  

191. As I explain above (supra §§ VIII.A-VIII.A.2.d), VIII.B-VIII.B.2.d)), 

Parameswaran and Gloor disclose each and every claim limitation of claims 1-6 of 

the ’200 patent.  

192. Further, the combination of Parameswaran and Gloor renders obvious 

claims of 1-6 of the ’200 patent. Supra §§ VI.A-B. Both Parameswaran and Gloor 

would have motivated a POSA to validate the sequence of a nucleic acid analyte of 

interest by detecting the presence of two identifiers attached to each end of the 

analyte and excluding unwanted sequences derived from technical errors, including 

those that contain only one identifier or an incorrect pair of identifiers. Both 

Parameswaran and Gloor would have motivated a POSA to use Illumina 

sequencing, which was known to be more efficient, less expensive, and faster than 

Roche 454 sequencing. A POSA would have had a reasonable expectation of success 

in doing so because each reference empirically demonstrated the feasibility of using 

dual identifiers to exclude unwanted sequences during Roche 454 and Illumina 

multiplex sequencing. As such, claims 1-6 would have been obvious to a POSA as 

of December 23, 2010, over the combination of Parameswaran and Gloor.  
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1. Claim 1 Would Have Been Obvious Over Parameswaran and 
Gloor  

a) 1[pre]: “A method for validating the sequence of a 
nucleic acid analyte of interest in a multiplex 
sequencing reaction” 

193. As I explain above, both Parameswaran and Gloor disclose this 

limitation. Supra §§ VIII.B.1.a), VIII.A.1.a). 

b) 1[a]: “detecting the presence of two or more identifier 
sequences that are uniquely associated with the nucleic 
acid analyte of interest” 

194. As I explain above, both Parameswaran and Gloor disclose this 

limitation. Supra §§ VIII.B.1.b), VIII.A.1.b). 

c) 1[b]: “at least a first identifier sequence is incorporated 
into a 5’ portion of the nucleic acid analyte of interest 
and wherein at least a second identifier sequence is 
incorporated into a 3’ portion of the nucleic acid 
analyte of interest” 

195. As I explain above, both Parameswaran and Gloor disclose this 

limitation. Supra §§ VIII.B.1.c), VIII.A.1.c). 

d) 1[c]: “the first and second identifier sequences have 
four or more nucleotides and are different” 

196. As I explain above, both Parameswaran and Gloor disclose this 

limitation. Supra §§ VIII.B.1.d), VIII.A.1.d).  

197. While Gloor included some identifier sequences that were three 

nucleotides in length (EX1005 (Gloor), 5 (Table 2)), it would have been obvious to 
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use sequence tags that were four or more nucleotides long. Most of the identifier 

sequences in Gloor were four or more nucleotides long. EX1005 (Gloor), 5 (Table 

2). Further, Parameswaran, which used 13-nucleotide barcode motifs, explains that 

longer sequence identifiers allowed for “definitive assignment.” EX1004 

(Parameswaran), 4, 7. Further, both Parameswaran and Gloor used “different” 

sequence identifiers, which could be beneficial for reducing sequencing error 

because the “same” sequence identifiers could cause analytes to be annealed together 

due to the perfect homology between the two sequence identifiers, creating 

unwanted chimeric molecules. 

e) 1[d]: “sequencing the first identifier sequence, the 
nucleic acid analyte of interest and the second 
identifier sequence” 

198. As I explain above, both Parameswaran and Gloor disclose this 

limitation. Supra §§ VIII.B.1.e), VIII.A.1.e). 

f) 1[e]: “validating the sequence of the nucleic acid 
analyte of interest by analyzing both identifiers and 
excluding the sequences of those nucleic acid analytes 
of interest containing only one identifier or an 
incorrect pair of identifiers from sequence analysis of 
the multiplex sequencing reaction” 

i. Parameswaran discloses claim 1[e] 

199. Parameswaran discloses this limitation. Supra § VIII.B.1.f). As 

discussed above, Parameswaran describes a method that determined that about 94% 

of sequences had perfect forward and reverse barcodes, thereby validating the 
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sequences for these nucleic acid analytes of interest. EX1004 (Parameswaran), 7, 8 

(“any sequence with both 5’ and 3’ barcode motifs will be placed with reasonable 

accuracy into the correct bin”). 

200. A POSA reading Parameswaran would have understood that it 

discloses sequencing methods configured to identify erroneous sequences that have 

only one perfect barcode motif, which can be kept or discarded depending on the 

goals of the project. Parameswaran detected sequences lacking any match to the 

expected barcode motifs, and “discarded” them from further analysis. EX1004 

(Parameswaran), 8. While Parameswaran indicates that “[f]or our purposes, all 

sequences with a match to one of the two expected sequence motifs were considered 

as true members of the corresponding dataset,” Parameswaran also states that 

sequences with mismatched barcode motifs, which it calls a “false-discovery,” arise 

due to various errors and represent misassignments of sequences to incorrect 

samples. EX1004 (Parameswaran), 7. Parameswaran further discloses that it is 

desirable to reduce the “false-discovery rate,” noting that its 13-base barcode motifs 

led to a “remarkably low misassignment rate” of 0.00042% and 0.0044%. EX1004 

(Parameswaran), 7-8. A POSA would have understood that Parameswaran 

identifies these sequences with mismatched barcode motifs as resulting from errors 

and leading to undesirable misassignment of sequences to incorrect samples. 

EX1004 (Parameswaran), 8. A POSA would have understood that such sequences 
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could be excluded to increase accuracy. Indeed, Parameswaran states that “any 

sequence with both 5’ and 3’ barcode motifs will be placed with reasonable 

accuracy into the correct bin.” EX1004 (Parameswaran), 8. 

ii. Gloor discloses claim 1[e] 

201. As explained above, Gloor discloses this limitation. Supra 

§ VIII.A.1.f). Specifically, Gloor discloses the “extraction” of sequences with 

“correct sequence tags,” the identification of sequences that “contained two valid 

sequence tags,” and the exclusion of sequences with “incorrect sequence tags” from 

“the remainder of the analysis.” EX1005 (Gloor), 7. Gloor explains that the excluded 

sequences lacked the first or second sequence identifier (i.e., only contained one 

identifier) or contained errors in the first or second sequence identifiers (i.e., an 

incorrect pair of identifiers). EX1005 (Gloor), 7-8. Gloor thus discloses “validating 

the sequence of the nucleic acid analyte of interest” by: (1) “analyzing both 

identifiers” and (2) “excluding the sequences of those nucleic acid analytes of 

interest containing only one identifier or an incorrect pair of identifiers from 

sequence analysis of the multiplex sequencing reaction.”  

2. A POSA Would Have Been Motivated to Combine 
Parameswaran and Gloor 

202. A POSA in December 2010 would have been motivated to combine 

Parameswaran and Gloor for several reasons. First, a POSA reading Parameswaran 
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and Gloor would have understood that multiplex sequencing could result in 

erroneous sequences due to errors such as incorrect synthesis of barcoded primers, 

cross-contamination of template DNAs, molecular overlap of template nucleic acids, 

and other errors arising during PCR amplification. EX1004 (Parameswaran), 7; 

EX1005 (Gloor), 7-8. A POSA would have understood that erroneous sequences 

were undesirable, leading to “misassignment[s]” of sequences in multiplex 

sequencing. EX1004 (Parameswaran), Abstract; see also EX1005 (Gloor) 23 

(disclosing that methods that accounted for errors would lead to “more accurate” 

Illumina sequencing). Parameswaran and Gloor both disclose the use of distinct 

pairs of sequence identifiers to reduce errors during multiplex sequencing. To reduce 

technical errors that occur during multiplex sequencing, a POSA would have been 

motivated to combine and use the dual indexing methods in Parameswaran and 

Gloor. 

203. Second, a POSA would have been particularly motivated to use 

Parameswaran’s unique dual-indexing methods, which would allow the POSA to 

identify and exclude chimeric sequences. As of December 2010, a POSA would have 

known that chimeric sequences were problematic for next-generation sequencing 

platforms that used PCR amplification, including Illumina sequencing. See supra 

§ V.B.6. Parameswaran’s unique dual-indexing methods identified various types of 

erroneous sequences, including those that contain a pair of mismatched barcode 
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motifs as would result from a chimeric molecule. EX1004 (Parameswaran), 7. A 

POSA would have known that the unique dual-indexing method disclosed in 

Parameswaran made it possible to compare pairs of identifiers assigned to nucleic 

acid samples to those actually detected in the sequences, allowing the POSA to 

identify and exclude chimeric sequences containing an incorrect pair of identifiers. 

In contrast, because Gloor repeated individual sequence identifiers across different 

samples, additional bioinformatic analyses were needed to identify and discard 

chimeric sequences. EX1005, 8-9 (identifying “putative chimeric sequences” by 

comparing obtained sequences themselves and against known reference sequences). 

A POSA would have understood that Parameswaran’s unique dual indexing 

methods identifies chimeric sequences and would have been motivated to use them 

to improve sequencing accuracy. 

204. Third, a POSA would have been particularly motivated to apply the 

barcoding method of Parameswaran for Illumina sequencing as disclosed in Gloor, 

as Illumina sequencing was faster, more efficient, and less expensive. The 

throughput of Illumina sequencers was approximately 5,000 Mb/day, far higher than 

the 750 Mb/day throughput of Roche 454 sequencers. EX1010 (Kircher), 10 (Table 

1). And the cost of Illumina sequencers was an order of magnitude lower than 

Roche 454 sequences—approximately $0.50/Mb compared to $20/Mb with Roche 

454 sequencers. EX1010 (Kircher), 10 (Table 1). As Gloor states, the “Illumina 
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sequencing method generated ~ 12 million useable reads at a cost of ~ 0.03 cents per 

read, an approximate order of magnitude cheaper than the per-read cost of 

pyrosequencing.” EX1005 (Gloor), 2. These efficiency and cost advantages would 

have been strong motivators for anyone working in DNA sequencing to use Illumina 

sequencers. In my laboratory as of December 2010, we used Illumina sequencers 

over Roche 454 sequencers because, among other reasons, Illumina sequencers were 

faster and cheaper. EX1011 (Metzker), 34 (“Currently, the Illumina/Solexa Genome 

Analyzer (GA) dominates the [next-generation sequencing] market.”). 

205. A POSA would have known that the greater efficiency and lower cost 

of Illumina sequencing are due in part to the fact that Roche 454 sequencing, as used 

in Parameswaran, required a multi-step process to amplify template nucleic acids, 

involving amplifying templates on beads, separating beads with the amplified 

templates, and placing selected beads into wells on a flow cell. EX1011 (Metzker), 3 

(describing Roche 454 amplification workflow), EX1012 (Shendure), 1 (same). 

Further, this process was often performed manually, adding cost and increasing the 

time needed for sequencing. EX1028 (Roche 454 Manual), 6-9. In contrast, Illumina 

sequencing offered a simpler process in which amplifying templates on the surface 

of a flow cell was performed using an automated system, thereby decreasing cost 

and user time. EX1025 (Illumina Technology Spotlight), 1. 
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206. Fourth, a POSA would have been motivated to try Illumina sequencing 

in view of the express teachings in both Parameswaran and Gloor. As of December 

2010, a POSA would have known that dual-indexing methods were platform-

agnostic. While Parameswaran used a Roche 454 platform, Parameswaran explains 

that its barcodes “may also be compatible with other sequencing platforms,” and 

specifically identifies Illumina sequencing as a major high throughput sequencing 

platform. EX1004 (Parameswaran), 1, 8. Similarly, Gloor identifies “454 

pyrosequencing” as a multiplex sequencing platform, but explains that Illumina 

sequencing had a “substantially lower error rate.” EX1005 (Gloor), 12. This express 

teaching in Parameswaran would have motivated a POSA to use Illumina 

sequencing, as already done in Gloor. 

207. Further, given that there were only a limited number of platforms, it 

would have been obvious for a POSA to try Parameswaran’s unique dual-indexing 

method with one of the other sequencing platforms in place of Roche 454 

sequencing, as Parameswaran suggests. In fact, researchers in the sequencing field 

had already done so. See generally EX1038 (Maughan). For example, Maughan 

sequenced two sets of nucleic acid libraries from 60 individual samples, using both 

Roche 454 and Illumina sequencers. EX1038 (Maughan), Abstract. Maughan used 

unique dual indexing for both platforms, where a unique “pair” of barcodes was 

incorporated into nucleic acids from each sample. EX1038 (Maughan), 4; see also 
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EX1038 (Maughan), 3 (Table 1). Maughan reinforces that it would have been 

obvious for a POSA to perform unique dual indexing using any known sequencer. 

This is consistent with the acknowledgement in the ’200 patent that “essentially any 

sequencing methodology which relies on successive incorporation of nucleotides 

into a polynucleotide chain can be used.” EX1001 (’200 patent), 20:40-45; see supra 

§ VII.C. 

208. As such, for at least these reasons, a POSA would have been motivated 

to combine Parameswaran and Gloor to validate the sequence of a nucleic acid 

analyte of interest by excluding undesirable sequence reads such as those containing 

only one identifier or an incorrect pair of identifiers.  

3. A POSA Would Have Had a Reasonable Expectation of 
Success in Combining Parameswaran and Gloor 

209. A POSA in December 2010 would have had a reasonable expectation 

of success in combining Parameswaran and Gloor to perform the claimed methods. 

As summarized above, both Parameswaran and Gloor disclosed detailed procedures 

for: (1) dual indexing nucleic acid analytes of interest from multiple samples; 

(2) sequencing them simultaneously using next-generation sequencers; (3) detecting 

first and second identifier sequences; and (4) validating the sequences of analytes of 

interest by excluding sequences containing only one identifier or incorrect pairs of 

identifiers. Supra §§ VIII.A.1, VIII.B.1, VIII.C.1. Following the teachings of 
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Parameswaran and Gloor, a POSA would have reasonably expected that the 

sequences of nucleic acid analytes of interest in a multiplex sequencing reaction 

would be successfully validated. 

210. A POSA would have reasonably expected that the claimed methods 

could be successfully performed with either the Roche 454 or Illumina sequencing 

platforms. Parameswaran used unique dual indexing on a Roche 454 sequencer, 

explained that its methods would be compatible “with other sequencing platforms,” 

and identified Illumina sequencing as one of the “major high-throughput sequencing 

platforms.” EX1004 (Parameswaran), 1, 2, 8. Gloor similarly performed dual 

indexing, but did so on an Illumina sequencer. EX1005 (Gloor), Abstract, 6-8; supra 

§§ VI.B, VIII.A, VIII.A.2.d). In view of these successful demonstrations, a POSA 

would have had a reasonable expectation of success in combining Parameswaran 

and Gloor.  

211. A POSA would also have had a reasonable expectation of success in 

applying Parameswaran’s unique dual indexing method on an Illumina sequencer 

as disclosed in Gloor. A POSA would have understood that performing the unique 

dual-indexing method described in Parameswaran with an Illumina sequencer as 

disclosed in Gloor simply required exchanging Roche-specific adapter sequences 

with Illumina-specific adapter sequences and other minor modifications. Compare 

EX1004 (Parameswaran), 14-15 (listing Roche-specific adapter sequences in the 
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same column as barcode and cloning linker sequences) with EX1006 

(Bentley), 13-14 (listing sequences of “adapters for the preparation of paired read 

libraries” used for Illumina sequencing); see EX1015 (Meyer 2010), 1. A POSA 

would have appreciated that these modifications did not require changing the 

fundamental aspect of the dual barcoding methods disclosed in Parameswaran or 

Gloor.  

212. Maughan empirically demonstrates this point. Supra § VIII.C.2. In 

Maughan, researchers performed unique dual-index sequencing using both Roche 

454 and Illumina sequencers. EX1038 (Maughan), Abstract; EX1038 (Maughan), 4, 

3 (Table 1). Notably, Maughan used the same set of barcode pairs for both platforms 

(EX1038 (Maughan), 3 (Table 1), illustrating that: (1) changing sequencers does not 

change the fundamental aspect of dual indexing and (2) the change can be 

successfully made with only minor modifications. 

213. Notably, no novel or nonobvious chemistry would have been needed to 

perform Parameswaran’s unique dual-indexing on an Illumina sequencer. The 

’200 patent acknowledges this fact and its disclosure refers to the general knowledge 

in describing the required (and non-novel) chemistry. Supra § VII.C. For example, 

it states that “[n]umerous techniques are known for detecting sequence and for 

identifying barcodes and some are exemplified below. However, the exact means for 
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detecting and compiling sequence data does not affect the function of the invention.” 

EX1001 (’200 patent), 3:44-48.  

214. A POSA would also have understood that the read lengths for Illumina 

sequencers disclosed in Gloor were long enough to perform the dual-indexing 

methods disclosed in Parameswaran. As of December 2010, Illumina sequencers 

were capable of “high-quality paired end reads of 150 base pairs (bp).” EX1027 

(July 2010 Press Release), 1. The read lengths required for sequencing each 

Parameswaran template nucleic acid were between 71 and 81 nucleotides: two 

barcodes (10 nucleotides each), two cloning linkers (16-17 nucleotides each), and 

one small RNA insert (19-27 nucleotides). EX1004 (Parameswaran), 3 (Figure 1).4 

Gloor successfully conducted Illumina paired-end sequencing on molecules using 

read lengths of 76 nucleotides, and moreover states that “Illumina sequencing is now 

capable [of] ~ 100 [nucleotide] long reads from each end of a DNA fragment.” 

 
 
4 Adapter sequences are not included within the total read length because one adapter 

is annealed to the sequencing primer (and therefore not sequenced), and the other 

adapter is located sequentially after the two barcodes and small RNA insert and 

therefore not necessary for obtaining the sequence of the insert or assigning the 

sequencing reads to its original sample. 
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EX1005 (Gloor), 6-7, 2. As such, Illumina sequencers could sequence the read 

lengths of the molecules used in Parameswaran. 

215. Based on the foregoing, I conclude that claim 1 of the ’200 patent would 

have been obvious over the combination of Parameswaran and Gloor. 

4. Dependent Claims 2-6 Would Have Been Obvious Over the 
Combination of Parameswaran and Gloor 

216. For the reasons stated above in Section VIII.C.1 and below, the 

additional limitations of dependent claims 2-6 would have been obvious over the 

combination of Parameswaran and Gloor. 

a) Dependent Claims 2 & 3 

217. Dependent claim 2 recites the “method of claim 1, wherein the 

identifier sequences are nucleic acid sequence tags.” Dependent claim 3 recites the 

“method of claim 2, wherein the identifier sequences are barcode sequences.” As 

detailed above, Parameswaran and Gloor both disclosed methods of using identifier 

sequences that are nucleic acid sequence tags and barcode sequences. Supra 

§§ VIII.B.2.a) (Parameswaran), VIII.A.2.a) (Gloor). A POSA would have been 

motivated, with a reasonable expectation of success, to combine Parameswaran and 

Gloor for the reasons set forth above. Supra §§ VIII.C.2-3. 

b) Dependent Claim 4  

218. Dependent claim 4 recites the “method of claim 3, wherein the barcode 

sequences are from 4 to 20 nucleotides.” As detailed above, Parameswaran and 
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Gloor both disclose barcode sequences that are 4 to 20 nucleotides. 

Supra §§ VIII.B.2.b) (Parameswaran), VIII.A.2.b) (Gloor). A POSA would have 

been motivated, with a reasonable expectation of success, to combine 

Parameswaran and Gloor for the reasons set forth above. Supra §§ VIII.C.2-3. 

c) Dependent Claim 5  

219. Claim 5 recites the “method of claim 4, wherein t [sic] barcode 

sequences are designed to have no homopolymer regions.” As detailed above, 

Parameswaran and Gloor both disclose barcode sequences that are designed to have 

no homopolymer regions. Supra §§ VIII.B.2.c) (Parameswaran), 

VIII.A.2.c) (Gloor). A POSA would have been motivated, with a reasonable 

expectation of success, to combine Parameswaran and Gloor for the reasons set 

forth above. Supra §§ VIII.C.2-3. 

d) Dependent Claim 6  

220. Claim 6 recites the “method of claim 1, wherein the nucleic acid analyte 

of interest is on the surface of a flow cell.” Claim 6 does not require attaching the 

analyte to the surface of a flow cell, instead only requiring the nucleic acid analyte 

of interest to be “on the surface of a flow cell.” As detailed above, Parameswaran 

and Gloor both disclose a nucleic acid analyte of interest on the surface of a flow 

cell. Supra §§ VIII.B.2.d) (Parameswaran), VIII.A.2.d) (Gloor).  
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221. Further, even if the claim required attaching analytes to the surface of 

a flow cell, Gloor teaches this limitation. Supra § VIII.A.2.d) (Gloor). As explained 

above, Illumina sequencing involved attaching nucleic acid analytes to the surface 

of a flow cell. See supra §§ V.B.3-4. Further, as of December 2010, a POSA would 

have been motivated to use Illumina sequencing, as it was understood to be more 

efficient, less expensive, and faster than Roche 454 sequencers with lower error 

rates. Supra §§ VIII.C.2-3. As such, a POSA would have been motivated, with a 

reasonable expectation of success, to combine Parameswaran and Gloor for the 

reasons set forth above. Supra §§ VIII.C.2-3. 

D. Ground 4: Claims 1-6 Would Have Been Obvious Over 
Parameswaran and Binladen 

222. As I explain above (supra § VIII.B), Parameswaran discloses each and 

every claim limitation of claims 1-6 of the ’200 patent. As discussed below, Binladen 

also teaches many of the limitations of claims 1-6. 

223. For the reasons discussed below, the combination of Parameswaran 

and Binladen renders obvious claims 1-6 of the ’200 patent. Supra §§ VI.A, VI.C. 

A POSA would have been motivated to combine Parameswaran and Binladen to 

improve the accuracy of sequencing. In fact, Parameswaran itself studied the dual-

indexing methods disclosed in Binladen, developed an improved dual-indexing 

method using longer unique identifier sequences, and demonstrated that its improved 
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methods led to “a more definitive assignment of samples and/or for enhanced 

multiplexing capabilities.” EX1004 (Parameswaran), 2. Further, a POSA would 

have had a reasonable expectation of success in combining Parameswaran and 

Binladen because each reference demonstrated the feasibility of using dual 

identifiers to exclude unwanted sequences during multiplex sequencing. As such, 

Parameswaran and Binladen render claims 1-6 obvious.  

1. Claim 1 Would Have Been Obvious Over Parameswaran and 
Binladen 

a) 1[pre]: “A method for validating the sequence of a 
nucleic acid analyte of interest in a multiplex 
sequencing reaction” 

224. As I explain above, Parameswaran discloses this limitation. Supra 

§ VIII.C.1.a). 

225. Binladen also discloses this limitation. Using the Roche 454 sequencing 

platform, Binladen sequenced DNA samples extracted from thirteen species. 

EX1029 (Binladen), Abstract. Each nucleic acid analyte was dual-indexed with 

forward and reverse primers, the 5’ end of which additionally contained sequence 

tags (i.e., the “identifier sequences” in claim 1[a]). EX1029 (Binladen), 2 (Figure 1), 

3.  

226. As Binladen explains, “the correct association of tags and sequences 

[was] crucial to the approach.” EX1029 (Binladen), 5. Indeed, Binladen expressly 
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“discarded all sequence reads without an exact match to any of the primers used in 

the studies.” EX1029 (Binladen), 5. Binladen examined those discarded sequences 

in detail, and identified sequences that “lacked the 5’ tag sequence.” EX1029 

(Binladen), 6. Only the remaining sequences were aligned against the reference 

sequences and assigned to the corresponding samples. EX1029 (Binladen), 6 (“The 

remaining 6307 sequences were identified through a global alignment to the 

13 reference sequences. Of these, 5642 sequences (89%) diverged by no more than 

1bp from one of the reference sequences, and could thus be assigned to one of the 

taxa analysed in the study.”).  

227. As such, Binladen discloses a “method for validating the sequence of a 

nucleic acid analyte of interest in a multiplex sequencing reaction.” 

b) 1[a]: “detecting the presence of two or more identifier 
sequences that are uniquely associated with the nucleic 
acid analyte of interest” 

228. As I explain above, Parameswaran discloses this limitation. 

Supra § VIII.C.1.b). 

229. Binladen also discloses a method of using pairs of identifier sequences. 

EX1029 (Binladen), 3 But unlike Parameswaran, Binladen reused pairs of identifier 

sequences across the nucleic acid analytes of interest. EX1029 (Binladen), 3. 

Identifier sequences were used for several different extractions “[t]o increase the 
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number of different PCR products that we could pool into the GS20-reaction beyond 

a single product from each of available thirteen extractions.” EX1029 (Binladen), 3. 

c) 1[b]: “at least a first identifier sequence is incorporated 
into a 5’ portion of the nucleic acid analyte of interest 
and wherein at least a second identifier sequence is 
incorporated into a 3’ portion of the nucleic acid 
analyte of interest” 

230. As I explain above, Parameswaran discloses this limitation. 

Supra § VIII.C.1.c). 

231. Binladen also discloses this limitation. As depicted in Figure 21 below, 

Binladen “label[ed] both the forward and reverse end of each PCR product” using 

sequence tags. EX1029 (Binladen), 3. Upon PCR, the forward and reverse tags were 

incorporated to the 5’- and 3’-end of each nucleic acid analyte of interest, 

respectively. EX1029 (Binladen), 2 (Figure 1). The forward tag incorporated to the 

5’-end of the nucleic acid analyte of interest constitutes the “first identifier sequence 

incorporated into a 5’ portion of the nucleic acid analyte of interest.” The reverse tag 

incorporated to the 3’-end of the nucleic acid analyte of interest constitutes the 

“second identifier sequence incorporated into a 3’ portion of the nucleic acid analyte 

of interest.” 
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Figure 21. Application of primer tags to the GS20 sequencing-by-synthesis. 
(EX1029 (Binladen), 2 (Figure 1 annotated with red text and brackets)) 

232. As such, Binladen discloses that “the first identifier sequence is 

incorporated into a 5’ portion of the nucleic acid analyte of interest and wherein at 

least a second identifier sequence is incorporated into a 3’ portion of the nucleic acid 

analyte of interest.” 

d) 1[c]: “the first and second identifier sequences have 
four or more nucleotides and are different” 

233. As I explain above, Parameswaran discloses this limitation. 

Supra § VIII.C.1.d). 

234. Binladen also discloses this limitation. As shown in Binladen Tables 1 

and 3, Binladen used three pairs of first and second identifier sequences that were 
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four nucleotides long and were different. EX1029 (Binladen), 3 (Table 1), 7 

(Table 3) (Tags 4A*, 4B*, and 4C*). Specifically, the 4A* pair included the forward 

tag “gcta” and the reverse tag “gtca.” EX1029 (Binladen), 7 (Table 3). The 4B* pair 

included the forward tag “tcag” and the reverse tag “tgac.” EX1029 (Binladen), 7 

(Table 3). The 4C* pair included the forward tag “ctag” and the reverse tag “tagc.” 

EX1029 (Binladen), 7 (Table 3).  

235. While Binladen also used pairs of dinucleotide tags, it explained that 

“miss-assignment for these [4-nucleotide tag] primers was lower than for the 

dinucleotide tags.” EX1029 (Binladen), 7. In assessing Binladen, Parameswaran 

also noted that the longer sequence identifiers allowed for “more definitive 

assignment.” EX1004 (Parameswaran), 2. Further, both Parameswaran and 

Binladen used “different” sequence identifiers, which could be beneficial for 

reducing sequencing error because the “same” sequence identifiers could cause 

analytes to be annealed together due to the perfect homology between the two 

sequence identifiers, creating unwanted chimeric molecules. 

e) 1[d]: “sequencing the first identifier sequence, the 
nucleic acid analyte of interest and the second 
identifier sequence” 

236. As I explain above, Parameswaran discloses this limitation. 

Supra § VIII.C.1.e). 
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237. Binladen also discloses this limitation. As Binladen explains, 

“approximately 50% of each PCR product will be sequenced from the orientation of 

the forward primer, and 50% from the orientation of the reverse primer.” EX1029 

(Binladen), 3. As shown in Figure 21 above, these sequence reads in combination 

cover the nucleic acid analyte of interest, flanked by the forward tag (i.e., the first 

identifier sequence in claim 1[d]) and the reverse tag (i.e., the second identifier 

sequence in claim 1[d]). EX1029 (Binladen), 2 (Figure 1); supra § VIII.D.1.c). 

Binladen further explains that these sequence reads were “globally aligned to the 

thirteen reference sequences . . . using direct and reverse complementation,” which 

necessarily involved sequencing and analyzing the first identifier sequence, the 

nucleic acid analyte of interest, and the second identifier sequence. See EX1029 

(Binladen), 5.  

238. Thus, Binladen discloses sequencing the first identifier sequence, the 

nucleic acid analyte of interest, and the second identifier sequence. 

f) 1[e]: “validating the sequence of the nucleic acid 
analyte of interest by analyzing both identifiers and 
excluding the sequences of those nucleic acid analytes 
of interest containing only one identifier or an 
incorrect pair of identifiers from sequence analysis of 
the multiplex sequencing reaction” 

239. As I explain above, Parameswaran discloses this limitation. 

Supra § VIII.C.1.f). 
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240. Binladen also discloses this limitation. As discussed above, in 

Binladen, “all sequence reads without an exact match to any of the primers used in 

the studies” were “discarded,” the remaining sequences with the correct forward and 

reverse tags were compared against the reference sequences using “direct and 

reverse complementation,” and nearly 90% of those sequences were “assigned to 

one of the taxa analysed in the study.” EX1029 (Binladen), 5-6. As such, Binladen 

discloses a method for “validating the sequence of the nucleic acid analyte of interest 

by analyzing both identifiers.” 

241. Binladen also validated the sequence of the nucleic acid analyte of 

interest by excluding erroneous sequences derived from various technical errors. 

Binladen explains that each analyte generated two sets of sequence reads—each 

containing either the forward or reverse tag—collectively constituting the entire 

sequence of the analyte. EX1029, 3. Following sequencing, Binladen “discarded all 

sequence reads without an exact match to any of the primers used in the studies” 

(EX1029 (Binladen), 5), including all sequences that “lacked the 5’ tag sequence” 

(EX1029 (Binladen), 6). By excluding sequence reads lacking an identifier, 

Binladen necessarily excluded the sequences of analytes containing only one 

identifier or an incorrect pair of identifiers. As such, Binladen discloses “validating 

the sequence of the nucleic acid analyte of interest by analyzing both identifiers and 

excluding the sequences of those nucleic acid analytes of interest containing only 
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one identifier or an incorrect pair of identifiers from sequence analysis of the 

multiplex sequencing reaction.” 

2. A POSA Would Have Been Motivated to Combine 
Parameswaran and Binladen 

242. A POSA in December 2010 would have been motivated to combine 

Parameswaran and Binladen. From Parameswaran and Binladen, a POSA would 

have understood that multiplex sequencing could produce unwanted erroneous 

sequences due to technical errors. EX1004 (Parameswaran), 7 (identifying “cross-

contamination of template DNAs” as a potential source of erroneous sequences 

containing mismatched barcode motifs); EX1029 (Binladen), 6 (explaining that 

erroneous sequences like those “lack[ing] the 5’ tag sequence” could result from 

“errors arising during the primer synthesis process” or errors in sequencing-by-

synthesis). From Parameswaran and Binladen, a POSA would have also recognized 

that these erroneous sequences could negatively affect the accuracy of sequencing, 

for example, causing “misassignment[s]” of sequences to incorrect samples. 

EX1004 (Parameswaran), Abstract; EX1029 (Binladen), Abstract (discussing “miss-

assignment” rates). 

243. To address this problem, a POSA would have been motivated to use the 

dual-indexing methods disclosed in Parameswaran and Binladen, which would 

allow a POSA to identify and discard erroneous sequences based on the absence of 
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correct identifiers. As summarized above, both Parameswaran and Binladen used 

dual-identifiers to differentiate and validate correct sequences obtained from various 

samples, versus erroneous sequences that arose through a variety of errors. EX1004 

(Parameswaran), 8 (discussing the “remarkably low misassignment rate” achieved 

by its unique dual-indexing approach); EX1029 (Binladen), 6 (explaining that 0.4% 

of sequences were “miss-assigned to an incorrect identity”). Using the dual-indexing 

methods of Parameswaran and Binladen, a POSA would have been motivated to 

verify the sequences of nucleic acid analytes of interests and exclude erroneous 

sequences that could otherwise lead to sequence misassignments.  

244. Any modification needed to adopt the dual-indexing methods of 

Parameswaran and Binladen would have been insignificant, as illustrated by these 

references. As discussed, Binladen used di-nucleotide and tetra-nucleotide identifier 

sequences, and observed that the longer sequence identifiers resulted in lower 

misassignment rates. EX1029 (Binladen), 7. Parameswaran characterized the dual-

indexing methods disclosed in Binladen as “valuable,” but explained that some 

applications “call for a more definitive assignment of samples and/or for enhanced 

multiplexing capabilities.” EX1004 (Parameswaran), 2. To achieve that goal, 

Parameswaran used “10-base barcodes that differ from each other at multiple 

positions (by at least 4 nt).” EX1004 (Parameswaran), 2. Moreover, to further 

“facilitate[] resolution of ambiguities,” Parameswaran devised 13-nucleotide 
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barcode motifs by combining the 10-base barcodes and three nucleotides from the 

adjacent linkers. EX1004 (Parameswaran), 2, 7-8. Parameswaran also adopted a 

unique dual-indexing method where analytes from each sample were uniquely dual-

indexed. These minor modifications led to a significantly lower misassignment rate. 

Compare EX1004 (Parameswaran), Abstract (reporting a < 0.005% misassignment 

rate) with EX1029 (Binladen), Abstract (reporting a < 0.4% misassignment rate). A 

POSA as of December 2010 would have been motivated to combine Parameswaran 

and Binladen to achieve the claimed validation methods. 

3. A POSA Would Have Had a Reasonable Expectation of 
Success in Combining Parameswaran and Binladen 

245. A POSA in December 2010 would have had a reasonable expectation 

of success in combining Parameswaran and Binladen to perform the claimed 

methods. As summarized above, both Parameswaran and Binladen disclosed 

detailed procedures for: (1) dual indexing nucleic acid analytes of interest from 

multiple samples; (2) sequencing them simultaneously using next-generation 

sequencers; (3) detecting first and second identifier sequences; and (4) validating the 

sequences of analytes of interest by excluding sequences containing only one 

identifier or incorrect pairs of identifiers. Supra §§ VIII.B.1, VIII.D.1. Following the 

teachings of Parameswaran and Binladen, a POSA would have reasonably expected 

that the sequences of nucleic acid analytes of interest in a multiplex sequencing 
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reaction would be successfully validated. In fact, a POSA reading Parameswaran 

would understand that it disclosed doing so. Supra §§ VI.A, VIII.B.1. 

246. Based on the foregoing, claim 1 of the ’200 patent would have been 

obvious to a POSA as of December 23, 2010, over the combination of 

Parameswaran and Binladen. 

4. Dependent Claims 2-6 Would Have Been Obvious Over the 
Combination of Parameswaran and Binladen 

247. For the reasons stated above in Section VIII.D.1 and below, dependent 

claims 2-6 also would have been obvious to a POSA over the combination of 

Parameswaran and Binladen. 

a) Dependent Claims 2 & 3 

248. Dependent claim 2 recites the “method of claim 1, wherein the 

identifier sequences are nucleic acid sequence tags.” Dependent claim 3 recites the 

“method of claim 2, wherein the identifier sequences are barcode sequences.” As 

detailed above, Parameswaran discloses a method of using identifier sequences that 

are nucleic acid sequence tags and barcode sequences. Supra § VIII.C.2.a). Binladen 

likewise discloses identifier sequences that are nucleic acid sequence tags and 

barcode sequences. EX1029 (Binladen), 3. For instance, Binladen disclosed 

“dinucleotide tags” and “tetranucleotide tags,” each of which was made of nucleic 

acids, was incorporated into the nucleic acid analytes of interests, and functioned as 
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a barcode sequence. EX1029 (Binladen), 3, 6-7 (Table 3). A POSA would have been 

motivated, with a reasonable expectation of success, to combine Parameswaran and 

Binladen for the reasons set forth above. Supra §§ VIII.D.2-3. 

b) Dependent Claim 4  

249. Dependent claim 4 recites the “method of claim 3, wherein the barcode 

sequences are from 4 to 20 nucleotides.” As detailed above, Parameswaran 

discloses barcode sequences that are 4 to 20 nucleotides. Supra § VIII.C.2.b). As 

illustrated in Tables 1 and 3, Binladen likewise discloses the use of barcode 

sequences that are 4 nucleotides in length. EX1029 (Binladen), 3 (Table 1), 7 

(Table 3). Specifically, as shown in Table 3, each of the 4A*, 4B*, and 4C* pairs 

included two 4-nucleotide tags. EX1029 (Binladen), 7 (Table 3). A POSA would 

have been motivated, with a reasonable expectation of success, to combine 

Parameswaran and Binladen for the reasons set forth above. Supra §§ VIII.D.2-3. 

c) Dependent Claim 5  

250. Claim 5 recites the “method of claim 4, wherein t [sic] barcode 

sequences are designed to have no homopolymer regions.” As detailed above, 

Parameswaran discloses barcode sequences that were designed to have no 

homopolymer regions. Supra § VIII.C.2.c). As illustrated in Tables 1 and 3, 

Binladen likewise discloses 4-nucleotide identifier sequences having no 

homopolymer regions. EX1029 (Binladen), 3 (Table 1), 7 (Table 3). A POSA would 
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have been motivated, with a reasonable expectation of success, to combine 

Parameswaran and Binladen for the reasons set forth above. Supra §§ VIII.D.2-3.  

d) Dependent Claim 6  

251. Claim 6 recites the “method of claim 1, wherein the nucleic acid analyte 

of interest is on the surface of a flow cell.” Claim 6 does not require attaching the 

analyte to the surface of a flow cell, instead only requiring the nucleic acid analyte 

of interest to be “on the surface of a flow cell.” As detailed above, Parameswaran, 

which used Roche 454 sequencing, disclosed a nucleic acid analyte of interest on the 

surface of a flow cell. Supra § VIII.C.2.d). Binladen likewise used Roche 454 

sequencing, which similarly involved placing nucleic acid analytes of interest on the 

surface of a flow cell. EX1028 (Roche 454 Manual), 6-8. A POSA would have been 

motivated, with a reasonable expectation of success, to combine Parameswaran and 

Binladen for the reasons set forth above. Supra §§ VIII.D.2-3. 

E. Ground 5: Claims 6 Would Have Been Obvious Over 
Parameswaran, Binladen, and Bentley 

252. Claim 6 recites the “method of claim 1, wherein the nucleic acid analyte 

of interest is on the surface of a flow cell.” As discussed above, claim 6 does not 

require attaching the analyte to the surface of a flow cell, instead only requiring the 

nucleic acid analyte of interest to be “on the surface of a flow cell.” 
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Supra §§ VIII.C.4.e), VIII.D.4.e). Parameswaran and Binladen disclose this 

limitation. Supra § VIII.D.4.e). 

253. Even if the claim required attaching analytes to the surface of a flow 

cell, Bentley discloses this limitation. Supra § VI.D. Bentley discloses Illumina 

sequencing, where the nucleic acid analytes of interest were sequenced on the 

surface of a flow cell. EX1006 (Bentley), 1-2. Specifically, Bentley explains that 

“[w]e generated high-density single-molecule arrays of genomic DNA fragments 

attached to the surface of the reaction chamber (the flow cell) and used isothermal 

‘bridging’ amplification to form DNA ‘clusters’ from each fragment.” EX1006 

(Bentley), 1-2 (“we generated 1-2 Gb of high-quality purity filtered sequence per 

flow cell”).  

254. A POSA would have been motivated to combine Parameswaran, 

Binladen, and Bentley with a reasonable expectation of success. As discussed above, 

as of December 2010, a POSA would have been motivated to use the dual barcoding 

methods of Parameswaran and Binladen with Illumina sequencing as disclosed in 

Bentley, as Illumina sequencing was understood to be more efficient, less expensive, 

and faster than Roche 454 sequencing with lower error rates. Supra § VIII.D.2. 

A POSA would have been further motivated to use the dual indexing methods of 

Parameswaran and Binladen on an Illumina sequencer to reduce error rates by 
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identifying and excluding sequences with only one identifier or incorrect pairs of 

identifiers. Supra § VIII.D.2. 

255. Further, a POSA would have had a reasonable expectation of success 

in combining Parameswaran, Binladen, and Bentley. Supra § VIII.D.3. 

Parameswaran explains that its dual-indexing method would be compatible “with 

other sequencing platforms,” and identified Illumina sequencing as one of the “major 

high-throughput sequencing platforms.” EX1004 (Parameswaran), 1, 2, 8. A POSA 

would have reasonably expected that this dual-indexing method could be used on 

the Illumina sequencing platform used in Bentley by simply swapping Roche 454 

adapters for Illumina-specific adapters and making minor, routine modifications to 

the sequencing workflow. EX1015 (Meyer 2010), 1; supra §§ VIII.C.3, VIII.D.3. A 

POSA would have understood that these modifications do not require altering the 

fundamental aspect of the dual-indexing methods disclosed in Parameswaran and 

Binladen. In fact, before December 2010, researchers had already performed dual-

index sequencing on both Roche 454 and Illumina sequencers using the same set of 

barcode pairs for both platforms. See generally EX1038 (Maughan). 

256. The relatively short read lengths reported in Bentley do not change my 

conclusion. Bentley, which was published in 2008, discloses read lengths of 

35-bases. EX1006 (Bentley), Abstract. A POSA as of December 2010, however, 

would have known that the read length of Illumina sequencing had significantly 
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increased, surpassing the read lengths required for Binladen’s and Parameswaran’s 

dual-index sequencing. Indeed, by December 2010, Illumina sequencers were 

capable of “high-quality paired end reads of 150 base pairs (bp).” EX1027 

(July 2010 Press Release), 1. This is longer than the “full sequence” of 133-141 bp 

products (including primers) sequenced in Binladen and is nearly two-fold longer 

than the read lengths required for each template nucleic acid in Parameswaran. See 

EX1029 (Binladen), 3; EX1004 (Parameswaran), 3 (Figure 1) (the read lengths 

between 71 and 81 nucleotides: two barcodes (10 nucleotides each), two cloning 

linkers (16-17 nucleotides each), and one small RNA insert (19-27 nucleotides)). 

Thus, a POSA in December 2010 would have known that Illumina sequencing was 

available and appropriate for Parameswaran’s or Binladen’s dual-indexing method 

and would have had a reasonable expectation of success. 

257. Thus, a POSA would have been motivated, with a reasonable 

expectation of success, to combine Parameswaran, Binladen, and Bentley for the 

reasons set forth above. Supra §§ VIII.D.2-3, VIII.C.2-3. 

F. No Unexpected Results or Other Evidence of Nonobviousness 

258. I did not identify any evidence, such as unexpected results, that would 

support the nonobviousness of the claims of the ’200 patent. I reserve the right to 

address any such evidence if it is identified by Molecular Loop or its experts. 
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259. The ’200 patent asserts that “FIG. 3 also provides data showing that 

methods of the invention dramatically reduce false positives in a multiplex 

sequencing reaction.” EX1001 (’200 patent), 6:53-55. But the ’200 patent only 

compared single-indexing versus dual-indexing. Supra § VII.C. A POSA would 

have already known that previously disclosed methods of dual-indexing were 

superior to single indexing for validating the sequence of nucleic acid analytes of 

interest. EX1004 (Parameswaran), 7; EX1005 (Gloor), 1-2; EX1029 (Binladen), 5. 

Further, as the ’200 patent acknowledges, “[n]umerous techniques are known for 

detecting sequence and for identifying barcodes…[h]owever, the exact means for 

detecting and compiling sequence data does not affect the function of the invention.” 

EX1001 (’200 patent), 3:44-48. 

IX. CONCLUSION 

260. For the reasons detailed above, it is my opinion that claims 1-6 of the 

’200 patent are anticipated and would have been obvious to a POSA as of the 

effective filing date.   
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2011   Faculty review of Junior Faculty candidate Katholieke Universitet Leuven 
 
Editorial and Ad Hoc Review Activities: 
Regular reviewer for many journals including Bioinformatics, NAR, Nature Communications, 
PLoS ONE, Cell Reports, Genome Research, Genes, etc… 
 
Institutional Review Activities: 
2011 –  OHSU Genomics Advisory Committee 
2011 – 2012 OHSU Computational Biology Task Force 
2011 – 2012 OCSSB Biology Faculty Search Committee 
2011 – 2012 OCSSB Bioinformatics/Computational Biology Faculty Search Committee 
2012   Hematology and Oncology Division Chair Search Committee 
2012 – 2013 DNA Service Committee, Tom Keller 
2012 – 2016 Task Force 3, hosted by Molecular & Medical Genetics Chair, Dr. Susan Hayflick 
2012   Director of Computational Biology Search Committee 
2012 – 2016 Intel – OHSU Project Working Group 
2012   OCSSB Pilot Project Review Committee 
2018 – 2019 Center for Spoken Language Understanding Review Committee 
 
Institutional Committees: 
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2008 – 2010 LBL Computing task force  
2011 – 2019 PMCB Admissions Committee 
2012 – 2018 OHSU Research Committee 
2016 – 2018 Molecular and Medical Genetics Diversity Committee 
2017 –  OHSU School of Medicine Diversity Affairs Committee 
2018 –  Medical Scientist Training Program MD/PhD Dual Degree Program Committee 
2021  OHSU Faculty Compensation Committee  
 
Community Service:   
Regular external reviewer for P&T committees including, Harvard, Ontario Institute for Cancer 
Research, Boston University, Stanford, Harvard School of Medicine, The Ohio State University, 
Koc University, University of British Columbia 
 
HONORS & AWARDS 
2018   Penny and Phil Knight Endowed Professorship in Cancer Research Innovation  
2020  AACR Team Science Award: THE CANCER GENOME ATLAS (TCGA) 

PILOT PROJECT  
 
RESEARCH GRANTS AND FELLOWSHIPS RECEIVED 
 
Grants and Contracts: 
 
Systems-Based Predictions of Responses to Cancer Therapy. NIH/NCI U54 CA112970. 
$250,000 Role: Project 1 Leader. (PI Gray, Joe W.) 50% effort. 09/30/04-08/31/10      
            
NIH/NHGRI P41 G003619-01. Role: Project Leader. (PI Catherine Ball). 20% effort. 8/1/2005-
7/31/2008 
  
Development of cost effective sequence-based technologies to identify genome. Department of 
Energy DE-AC02-05CH11231. Role: Co-PI (PI Pennachio, Len) 5% effort. 10/1/05-9/30/07  
 
Development of RPPA data modules for caArray. National Cancer Institute Y1-CO-6120-01. 
135,000. Role: PI. 10% effort. 09/19/06-07/31/09 
       
Univ. of Calif., San Francisco (NIH/NCI Prime) U24 CA126477 Role: Scientist (PI Fisher, 
Susan J.) 20% effort. 09/26/06-08/31/11    
 
The Berkeley Cancer Genome Center NIH/NCI. U24 CA126551 $1,250,000 CoPI (PI Gray, Joe 
W.) 30% effort 09/28/06-08/31/10 
   
SPORE in Breast Cancer Univ. of Calif., San Francisco (NIH/NCI Prime) P50 CA058207. 
$53,820. Role: Co-investigator (PI van’t Veer, Laura). 8% effort. 09/30/07-11/30/12 
 
TCGA Data Analysis Center at Berkeley NIH/NCI U24 CA143799. $537,280. Role: PI 20% 
effort. 09/30/09-07/31/14  
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Model-based Predictions of Responses to RTK Pathway Therapies. NIH/NCI. U54 CA112970 
$520,700 Role: Project 1 PI and Data & Model Repository Core PI. (PI Gray, Joe W.) 17% 
effort. 09/1/10-02/28/15. 
 
Enhancing the Breadth and Efficacy of Therapeutic Vaccines for Breast Cancer. DoD 
BC100597P1. $383,443. Role: PI 30% effort 9/30/11-9/29/15 
 
Complications During Long-duration Space Missions NSBRI/Baylor CA04201. $232,073. Role 
CoI (PI: Lindner, Jonathan) 0.36 calendar months 06/01/15-05/31/17.                
   
Extrinsic Perturbations of Cell Physiology and Associated Regulatory Networks NIH/NHGRI 
U54HG008100. $1,396,812. Role CoI (PI: Gray). 0.6 calendar months 09/10/14-06/30/20                  
 
Intratumor heterogeneity underlying treatment resistance in HER2+ breast tumors NIH/NCI 
U01CA195469). $165,999. (PI: Gray, Michor, Polyak, Spellman – Multip-PI) 0.84 calendar 
months 06/01/15-05/31/20                  
 
Control of genetic and epigenetic instabilities by lincRNA genes NIH/NIHMS R01GM114162 
$192,500. CoI (PI:Thayer) 0.6 calendar months 09/17/15-06/30/19                  
 
Integrative approach to heterogeneity in breast metastasis. UCSF/NIH U01CA199315 
$166,414. (PI: Werb and Spellman) 1.8 calendar months 06/01/16-05/31/21 
 
OHSU Center for Specialized Data Analysis as part of the GDAN NIH/NCI U24CA210957). 
$273,900. (PI: Spellman / Margolin) – Multi-PI 2.4 calendar months 09/13/16-08/31/21 
 
Molecular Changes Associated with Initial Steps of Breast Cancer Metastasis for Risk 
Stratification and Therapy Development DOD/BCRP BC151431P1 $148,059. (PI: Spellman).  
0.48 calendar months 09/30/16-08/31/19 
 
Quantitative Oncology NIH/NCI 5P30CA069533. $190,837 total cost. (PI Spellman). 0.9 
calendar months 07/01/17-06/30/22 
 
Evaluation of Population Based Testing for HBOC and Lynch Syndromes $4,627,812 direct 
costs. (MPI Spellman / Shannon). 1.2 cal. 06/10/2020-05/31/2025 
 
OHSU Center for Specialized Data Analysis as part of the GDAN U24CA264007. $369,600/year 
total cost. PI: Spellman / Ellrott – Multi-PI 2.4 calendar months 09/01/21-08/31/26 
 
Examining the Impact of Structural Racism on African American Non-Small Cell Lung Cancer 
Mutational Signatures and Outcomes ~100,000 direct/year 1R37CA284040-01A1 (PI 
Erhunmwunsee) 1.2 calendar months 05/10/24-05/09/31 
 
Other Support (Include Title, Source, PI, Amount Period, and % Effort) 
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Molecular Predictors of Drug Response in Breast Cancer SmithKline Beecham Corporation 
Role: Scientist (Gray, Joe W.) 5% effort 01/27/06-01/26/10 
 
MIPS Analysis The Buck Institute Role: PI (Spellman, Paul T.) 2% effort. 05/01/07-04/30/08 
             
An Integrated Approach to Targeting Breast Cancer Molecular Subtypes and Their 'Resistance' 
Phenotypes University of California at Los Angeles (American Association for Cancer 
Research/Stand Up To Cancer, Prime) SU2C-AACR-DT0409. $915,164 Role: Co-Investigator 
10% effort (PI: Slamon, Dennis J. and Gray, Joe W.) 10/01/09 – 09/30/12 
 
The development of the ovarian cancer genome Anna Fuller Fund $100,000. Role: PI (Spellman, 
Paul T.) 0% effort 03/01/12-02/28/14  
              
Identification of breast cancer-specific antigen targets for development of anti-cancer vaccines 
National Philanthropic Trust National Breast Cancer Coalition – Artemis Project. $129,714. 
Role: PI 10% effort (Spellman, Paul T.) 8/1/12-7/31/13 
 
Restoring hormone sensitivity of late recurrences in breast cancer patients. Promise Grant 
(O’Malley, Bert W) Susan G. Komen Foundation / Baylor College of Medicine. $134,838. 
Role: Co-investigator (Gray) 2% effort 09/13/12-09/12/17 
 
Accelerator-Rich Architectures with Applications to Healthcare Intel/UCLA. $25,974 (PI: Cong) 
0.6 calendar months 01/01/14-08/31/17 
 
ctDNA profiling to detect early recurrence Prospect Creek Foundation $238,096. (PI: Gray) 0.6 
calendar months 10/01/15-09/30/17 
         
ctDNA profiling to detect early recurrence Prospect Creek Foundation $158,730. (Gray) 0.6 cal. 
mos. 10/01/15-09/30/18 

Widespread Testing for Cancer Risk Syndromes Knight Cancer Institute $311,373. (Spellman). 
09/01/17-08/31/18 

LECTURES AND PRESENTATIONS 
International and National 

1. First Virtual Conference on Genomics and Bioinformatics, October 15-16 2001, Fargo, 
ND. “Development of MAGE-ML”  

2. 6th annual Advancing Pathology Informatics, Imaging, and the Internet conference, 
October 4-6 2002, Pittsburgh, PA. “MAML: The Gene Expression Microarray 
Experience with Data Exchange Standards” 

3. Chips to Hits, October 27-31, 2002, Philadelphia, PA. “Design and Implementation of 
MAGE-ML” 

4. Gordon Research Conference on Aging workshop, March 14-15, 2003, Ventura, CA, 
“Challenges with Microarray Data” 
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5. Ontario Microarray Network Technology Symposium, November 2003, Toronto ON, 
Canada. “MGED & MAGE” 

6. Conference speaker, AACR Annual Meeting, April 12-16, 2007, Los Angeles, CA. “MIP 
Based Allele Copy Number Measurements” 

7. International Congress on Radiation Research, July 8-12, 2007, San Francisco, CA. 
“Systems Biology of Cancer” 

8. International Cancer Genomics Consortium Planning Meeting, October 1-2, 2007, 
Toronto, ON, Canada. “Data Integration, Analysis, and Visualization” 

9. Society for Neuro-oncology, November 16-18, 2007, Dallas, TX. “A TCGA GBM Data 
Primer”  

10. Biology of GBM TCGA Workshop, Mar 24-25, 2008, Bethesda, MD. “An update on 
GBM Analyses” 

11. European Association of Cancer Research Biannual Meeting, July 5-8, 2008, Lyon, 
France. “An In Vitro Systems Approach to Predicting and Understanding Clinical 
Responses to Molecularly Targeted Therapeutics”  

12. RECOMB -- Computation Cancer Biology, September 19-20, 2008, San Diego, CA. 
“Systems Biology of Cancer at LBL” 

13. IBC Assay and Screening Advancements, September 24-26, 2008, San Diego, CA. 
“Genomic Approaches to Understanding Cancer Biology and Treatment” 

14. Symposium on Clinical Care in Oncology, October 17-19, 2008, Huntington Beach, CA. 
“Genomic Approaches to Understanding Cancer Biology and Treatment”  

15. HCCS 2008, November 12-15, 2008, Singapore. “Genomic Approaches to 
Understanding Cancer Biology and Treatment” 

16. 1st ICGC Scientific Planning Committee Meeting, November 15-17, 2008, Washington 
DC. “State of Ovarian Omics” 

17. Mouse Models of Human Cancer Consortium Steering Committee meeting, January 11-
12, 2009, San Francisco, CA. “Interpretations of Cancer Genomes Through Integrative 
Genomics” 

18. ICBP/CISNET meeting, March 24-25, 2009, Washington, DC 
19. Keystone: Targeted Cancer Therapies, March 27-31, 2009, Whistler, BC, Canada, “Omic 

approaches to predictive markers” 
20. AACR, April 21, 2009, Denver CO. NCI special session on TCGA. “A Preliminary Look 

at Data from the Serous Ovarian Carcinoma Project” 
21. 3rd Int'l Symposium on Cancer Metastasis and the Lymphovascular System: Basis for 

Rational Therapy, May 6-9, 2009, San Francisco, CA. “Omic approaches to predictive 
markers” 

22. WNAR/IMS, June 14-17, 2009, Portland, OR. “Next-gen Sequencing and RNAseq Data: 
An Overview” 

23. Second ICGC Scientific Planning Committee Meeting, June 22-24, 2009, Hinxton, UK. 
“Update on TCGA” 

24. Clinical Proteomic Technologies Strategy Workshop: Implementation of a New Cancer 
Biomarker Development Process, September 8-9, 2009, Bethesda, MD. “Subtypes and 
Mutations” 

25. University of Southern California, November 12, 2009, Los Angeles, CA. Department of 
Molecular and Computational Biology. “A Look at the TCGA Pilot Project” 
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26. Integrating Knowledge of Inherited Genetic Variation and Acquired Somatic Alterations 
in Cancer Tissues: Promising Scientific Opportunities, December 1-2, 2009, Bethesda, 
MD. “TCGA Ovarian Cancer Project” 

27. 3rd Scientific Workshop of the International Cancer Genome Consortium (ICGC), March 
21-23, 2010, Madrid, Spain. “Large scale genomic studies of serous ovarian carcinoma” 

28. Intelligent Systems for Molecular Biology 2010. Boston MA July 11, 2010, “Pancreas 
and Kidney Projects within TCGA” 

29. Targeting Cancer Genomics and Cancer Mutations, Burlingame CA, August 2-4, 2010, 
“Molecular Subtype Specific Responses to Anticancer Compounds in Breast Cancer” 

30. AMATA 2010, September 15, 2010, Hobart Australia. Keynote Speaker Title “Systems 
Biology of Cancer” 

31. 4th AACR Conference on Molecular Diagnostics, Denver CO, September 27-30, 2010, 
“Impact of Systems Biology on Molecular Diagnostics” 

32. Bridging the Gap in Biomedical Genetics: Integrating Bioinformatics and Medical 
Informatics, October 27-29, 2010, Hinxton UK, “The Ovarian Cancer Genome” 

33. Walter and Eliza Hall Institute, November 23, 2010, Melbourne, Australia, “Systems 
Biology of Cancer” 

34. 4th Scientific Workshop of the International Cancer Genome Consortium (ICGC), 
December 1-3, 2010, Couran Cove, Australia, “The Ovarian Cancer Genome” 

35. Pacific Symposium on Biocomputing, January 3-7, 2011, Kona HI, “A Challenge in 
Network Reconstruction – The Cancer Genome Atlas” 

36. AACR-NCI Conference on Systems Biology: Confronting the Complexity of Cancer, 
February 27- March 2, 2011, La Jolla CA, “The Cancer Genome Atlas” 

37. AACR-NCI Conference on Systems Biology: Confronting the Complexity of Cancer, 
February 27- March 2, 2011 La Jolla CA, “Therapeutic Insights from Integrated Cancer 
Genomics – Breast Cancer as an Example” 

38. EDRN, March 8-10, 2011, Los Angeles, CA, “The Cancer Genome Atlas” 
39. Mouse Models of Human Cancer Consortium, June 21-2, 2011, Bethesda MD, 

“MMHCC Genetics Group  Mouse TCGA” 
40. NCI Workshop on Criteria for Use of Omics-Based Predictors in Clinical Trials, June 23-

4, 2011, Bethesda MD, “Sample Reuse in Large Scale Gene Expression Studies” 
41. Spanish Association for Cancer Research XIII National Conference (ASEICA), 

September 21-3, 2011, Salmanaca, Spain, “The Cancer Genome Atlas” 
42. EORTC-NCI-ASCO Annual Meeting on “Molecular Markers in Cancer”, October 25-7, 

2011, Brussels Belgium, “TCGA-Success Story in Ovarian Cancer” 
43. US HUPO, San Francisco, CA, March 4-7, 2012, “Lessons from TCGA” 
44. Frontiers in Cancer, Karolinska, Stockholm Sweden, March 8-9, 2012, “Systems 

Approaches to Cancer” 
45. Biology of Genomes, Cold Spring Harbor Laboratory, May 8-12, 2012, “The Evolving 

Cancer Genome” 
46. GAME-ON, Washington DC, July 27-29, 2012, “Systems Approaches to Cancer 

Biology” 
47. Netherland Cancer Institute, Amsterdam, December 12, 2012, “Cancer Genomics” 
48. Komen Foundation Global Summit on Women’s Health, February 4, 2013, Panelist on 

use of technology to fight breast cancer  
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49. National Breast Cancer Coalition, Project Artemis Meeting, March 9-11, 2013, “Antigens 
for Preventative Vaccine Development” 

50. American Association for Cancer Research Annual Meeting, Washington DC, April 6-
10, 2013, “Reconstruction of Distinct Signaling Networks in Breast Cancer Cell Lines” 

51. 10th International Workshop on Advanced Genomics, Tokyo, Japan, May 21-23, 2013, 
“Application of Genomic Technologies to the Understanding of Cancer” 

52. Stanford University Cancer Systems Biology Seminar Series, August 23, 2013 “The 
Thousand Faces of Breast Cancer” 

53. American Society for Biochemistry and Molecular Biology Annual Meeting, April 27, 
2014, “Reconstructing Signaling Networks in Cancer” 

54. Early Detection Research Network Meeting, September 10, 2014, “Impact Of The TCGA 
In Ovarian Cancer” 

55. AACR Special Meeting on Computational and Systems Biology, February 7, 2015, 
“Reconstructing Signaling Networks in Cancer” 

56. MSKCC Invited Seminar Series, Systems Biology Seminar, April 8, 2015, “Two Topics 
in Cancer” 

57. 6th Pac Rim Breast & Prostate Meeting, June 23, 2015,“Chronological Dating of 
Chromosome Duplications in Tumor Development 

58. Computation Cancer Biology, Simons Institute, Berkeley CA, February 3, 2016, 
“Evolutionary Processes, Constraints and Drivers in Kidney (and other?) Cancers” 

59. University of Texas Health Sciences Department of Integrative Biology Seminar Series, 
March 21, 2016, “Genomic Approaches to Studying Cancer” 

60. Columbia University Department of Systems Biology Seminar Series, April 27, 2016, 
“Genomic Approaches to Studying Cancer” 

61. OHSU/CRUK Early Detection Conferences, June 22, 2016, “Genomic Approaches it 
Studying Early Cancer Etiology” 

62. International Association of Breast Cancer Research Komen Public Seminar, August 
2016, “Blood Based Screening for Breast Cancer Early Detection” 

63. International Association of Breast Cancer Research, August 2, 2016, “Chronological 
Dating of Chromosome Duplications in Tumor Development” 

64. CRUK Manchester Conference on Early Detection, September 28, 2016, “Chronological 
Dating of Chromosome Duplications in Tumor Development” 

65. SWOG Radiation Symposium, April 29, 2017, “A Proposed Study to Evaluate the 
Benefit of Radiation in Mastectomy Treated Breast Cancer” 

66. Case Western Reserve Seminar Series, May 18, 2017, “Proteomic and Genomic 
Approaches to Studying Cancer” 

67. Jackson Laboratory Course, August 13, 2017, “Circulating-Tumor DNA” 
68. UCSF Breast Oncology Program, October 25, 2017, “Breast Cancer Risk and 

Monitoring” 
69. Stanford Genetics 65th Anniversary, July 26-27, 2018, “Walk with me: Making a Team 

Scientist” 
70. AACR Annual Meeting, March 30, 2019, “ Key Questions in ctDNA Analysis” 
71. ASHG, November 2, 2023, “HOP POP” 
72. DREAM RECOMB Keynote, November 30, 2023, “Constraints on Tumor Development” 
73. PMWC, January 26, 2024, “HOP POP” 
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Regional and Local 

1. UCSF Cancer Genetics Program, September 8, 2009. “Cancer Genomes: what will we 
find” 

2. UCSF Breast Oncology Program, UCSF San Francisco, CA January 29, 2010. “A Look 
at the TCGA Project GBM, Ovarian, & Breast” 

3. Illumina Users Meeting, March 7-9, 2010. Napa CA. “Large scale genomic studies of 
serous ovarian carcinoma”  

4. Biomedical Engineering Weekly Seminar, June 1, 2011, “Tackling the Complexity of 
Cancer Using Systems Biology” 

5. Knight Cancer Institute, Weekly Seminar, October 4, 2011, “Systems approaches to 
understanding cancer” 

6. Reed College, Weekly Seminar, April 4, 2014, “Reconstructing Signaling Networks in 
Cancer” 

7. DNA Damage Symposium, October 24, 2014, “Plasma-based Sequencing to Characterize 
Cancers and Recurrences” 

8. Portland State University Systems Science Seminar Series, December 5, 2014, 
“Reconstructing Signaling Networks in Cancer” 

9. OHSU Molecular and Medical Genetics Grand Rounds, April 16 2015, “cfDNA and 
ctDNA” 

10. Center for Domain Specific Computing, October 24, 2016, “Chronological Dating of 
Chromosome Duplications in Tumor Development” 

11. OHSU Molecular and Medical Genetics Grand Rounds, November 3, 2016, “cfDNA and 
ctDNA” 

12. OHSU Medical Oncology Fellow Seminar Series, February 10, 2017, “Genetic 
Constraints on Tumor Evolution” 

 
TEACHING ACTIVITIES 
Teaching  
Winter 2012  CON663, One lecture, Systems Biology 
Winter 2012  CANB610, Eight classes, guided journal club format 
Spring 2012  CELL616, One lecture, Predictors of Response in Breast and Ovarian Cancer 
Spring 2012  CON668, One lecture, 2nd Generation Sequencing Technologies and Applications 
Fall 2012 CON650, One lecture, Practice and Ethics of Science 
Winter 2013 Cell Structure Function, one lecture, The Human Genome 
Winter 2013  CON663, One lecture, Systems Biology 
Spring 2013  CELL616, One lecture, Predictors of Response in Breast and Ovarian Cancer 
Spring 2013 CON665, One lecture, Cancer Genetics 
Spring 2014 Course Director CELL616 
Spring 2014  CELL616, One lecture, Predictors of Response in Breast and Ovarian Cancer 
Fall 2014 CONJ670, One lecture, DNA sequencing technologies 
Winter 2015 CON663, One lecture and one journal club, Systems Biology  
Winter 2015 Course Director CONJ671 
Winter 2015 CONJ671, One lecture DNA Sequence analysis 
Spring 2015 Course Director CELL616 
Spring 2016 Course Director CELL616 
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Fall 2017 Fundamentals, four lectures 
Winter 2017  Course Director CONJ671 
Fall 2018 Fundamentals, three lectures 
Fall 2019 Fundamentals, three lectures 
Spring 2020 CONJ665 Development, Differentiation and Disease 
Fall 2020 Fundamentals, GWAS and Gene Expression I & II 
Fall 2021 Fundamentals, GWAS, Population Genetics, and Gene Expression I & II 
Winter 2024 Bioinformatics 
 
Ad hoc 

1.   UC Davis, Bioinformatics Summer Course. August 2-7, 2001. Title “Clustering Gene  
 Expression Data” 

2.   UC Berkeley Special Seminar Series in Statistical Genomics. September 12, 2002. Title 
“Domains of Similar Expression in Drosophila melanogaster” 

3.   UC Berkeley Special Seminar Series in Statistical Genomics. November 2, 2006. Title 
“Systematic Approaches for Characterizing Cancer”. 

4.   ACED February 15, 2022 Title “Cancer Genomics” 
 

Education Grants and Contracts 
2010 – 2011 Postdoctoral Fellowship Advisor CHIR, Obi Griffith 
2010 – 2011 Postdoctoral Fellowship Advisor – BAEF, Anneleen Daemen 
2018 – 2021 PhD fellowship advisor – F99/R00, Michael Heskett 
 
Workshop Presentations Invited guest lectures in courses or educational seminars (* items had 
both research and didactic content and are in both sections of CV) 

1.   First Virtual Conference on Genomics and Bioinformatics, October 15-16, 2001, Fargo, 
ND. “Development of MAGE-ML”* 

2.   6th annual Advancing Pathology Informatics, Imaging, and the Internet conference, 
October 4-6 2002, Pittsburgh, PA. “MAML: The Gene Expression Microarray 
Experience with Data Exchange Standards”* 

3.   Chips to Hits, October 27-31, 2002, Philadelphia, PA. “Design and Implementation of 
MAGE-ML”* 

4.   Gordon Research Conference on Aging workshop, March 14-15, 2003 Ventura, CA, 
“Challenges with Microarray Data”* 

5.   Ontario Microarray Network Technology Symposium, November 2003, Toronto ON, 
Canada. “MGED & MAGE”* 

6.   Workshop Speaker, Emerging Genomic Technologies and Data Integration Problems, 
December 2004, Ohio State University, Columbus, OH. “A System for Studying Cancer” 

7.   International Cancer Genomics Consortium Planning Meeting, October 1-2, 2007, 
Toronto, ON, Canada. “Data Integration, Analysis, and Visualization”* 

8.   Society for Neuro-oncology, November 16-18, 2007, Dallas, TX. “A TCGA GBM Data 
Primer”* 

9.   Biology of GBM TCGA Workshop, Mar 24-25, 2008, Bethesda, MD. “An update on 
GBM Analyses”* 

10.  1st ICGC Scientific Planning Committee Meeting, November 15-17, 2008, Washington 
DC. “State of Ovarian Omics”* 
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11. AACR, April 21, 2009, Denver CO. NCI special session on TCGA. “A Preliminary Look 
at Data from the Serous Ovarian Carcinoma Project”* 

12. Second ICGC Scientific Planning Committee Meeting, June 22-24, 2009, Hinxton, UK. 
“Update on TCGA”* 

13. WNAR/IMS, June 14-17, 2009, Portland, OR. “Next-gen Sequencing and RNAseq Data: 
An Overview”* 

14. Clinical Proteomic Technologies Strategy Workshop: Implementation of a New Cancer 
Biomarker Development Process, September 8-9, 2009, Bethesda, MD. “Subtypes and 
Mutations”* 

15. Integrating Knowledge of Inherited Genetic Variation and Acquired Somatic Alterations 
in Cancer Tissues: Promising Scientific Opportunities, December 1-2, 2009, Bethesda, 
MD. “TCGA Ovarian Cancer Project”* 

16. 2010 Workshop co-organizer on TCGA, at ISMB 2010 
17. 3rd Scientific Workshop of the International Cancer Genome Consortium (ICGC), March 

21-23, 2010, Madrid, Spain. “Large Scale Genomic Studies of Serous Ovarian 
Carcinoma”* 

18. 4th Scientific Workshop of the International Cancer Genome Consortium (ICGC), 
December 1-3, 2010, Couran Cove, Australia, “The Ovarian Cancer Genome”* 

19. AACR. Orlando FL April 3-6, 2011. “The effect of Technology Development on TCGA 
Direction” 

20. San Antonio Breast Cancer Symposium, December 8-12, 2011, San Antonio, TX. 
“Impact of Systems Biology on Breast Cancer”. Educational session 

21. American Society for Clinical Oncology, June 1-5, 2012, Chicago, IL. “Impact of the 
Cancer Genome Atlas in Ovarian Cancer”. Education session 

 
Curriculum Development 

1. OHSU Biostatistics Course Committee 2012 
    

Development of Educational Resources 
1. ICGC Bioinformatics and Data Sharing workgroups Toolbox development 

Working with Dr. Lincoln Stein of OICR, supervise the development of an online 
reference for all topics relevant to ICGC participants, including but not limited to 
(1) white papers on best practices, (2) specific protocols, (3) curation of reference 
data sets (4) specification of standard definitions (5) specific special topics in 
sequencing, pathway analysis and data submission. 
  

Mentoring and Advising 
Postdoctoral and Predoctoral Mentoring: 
          
I have completed mentoring thirteen post-doctoral fellows and five graduate students. I am 
currently training three doctoral students and three post-doctoral fellows.  
 

1. Laura M. Heiser, Ph.D. Neuroscience. Postdoctoral fellow 2005-2008. Current 
position: Associate Professor, Oregon Health and Sciences University. Focus: 
development of cancer cell line signaling models that predict pathway activity. 

2. Amrita Ray, Ph.D. Statistical Genetics. Postdoctoral fellow 2007-2009. Current 
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position: Senior Data Scientist, Microsoft. Focus: development of methods to identify 
genetic influences on gene expression and copy number abnormalities in cancer. 

3. Anguraj Sadananam, Ph.D. Cellular Biology. Postdoctoral fellow joint with Joe W. 
Gray 2007-2010. Current position: Team Leader ICR, Sutton, UK. Foci: (1) 
development of methods to identify fusion genes in breast cancer (2) identification of 
predictors of therapeutic response in cancer cell lines. 

4. Steffen Durinck, Ph.D. Bioengineering. Postdoctoral fellow 2008-2009. Current 
position: Scientist, Genentech. Focus: development of methods to analyze RNAseq 
data.  

5. William J. Gibb, Ph.D. Mechanical engineering. Postdoctoral fellow 2008-2010. 
Current position: Senior Bioinformatics Scientist, Genomic Health. Focus: 
Classification of breast cancer cell lines. 

6. Francois Pepin, Ph.D. Bioinformatics. Postdoctoral fellow 2010-2011. Current 
position: Bioinformatics Senior Manager, Roche Sequencing Solutions. Focus: 
development of methods to process shRNA synthetic lethality data. 

7. Anneleen Daemen, Ph.D. Computer Science. Postdoctoral fellow 2010-2011. Current 
position, Bioinformatics Scientist, Genentech. Focus: development of predictors of 
therapeutic response from cell line data. 

8. Obi L. Griffith, Ph.D. Bioinformatics. Postdoctoral fellow joint with Joe W. Gray 
2010-2012. Current position, Assistant Professor, Washington University. Focus: Use 
of tumor profiling data to predict patient outcomes.  

9. Suzanne Fei, Ph.D. Bioinformatics. Postdoctoral fellow 2011-2015. Current position, 
Computational Genomics Core Director, OHSU. Focus: identification of genotypic 
influences on mutation spectra in kidney cancer.     

10. Amanda Esch, Ph.D. Post-doctoral fellow 2011-2014. Current position, Senior product 
application scientist, Fluidigm. Focus: development of mass tagged antibodies for 
multiplexed flow cytometry analyses of tumor cell signaling. 

11. Brett Johnson, Ph.D. Post-doctoral fellow 2015-2017. Focus: Genomic studies of 
pancreatic cancer. Current position staff at OHSU 

12. Ece Eksi, Ph.D. CEDAR post-doctoral fellow 2017-present. Focus: Single cells 
epigenomic analyses of prostate cancer. 

13. Josiah Wagner, Ph.D. CEDAR post-doctoral fellow. 2017-2021 Development of assays 
to detect cancer early. Current position staff at Providence Health. 

14. Kathryn Baker, PhD. CEDAR Post-doctoral fellow 2019-2021. Focus: use of ctDNA in 
cancer early detection. Current position Natera. 

15. Timothy Butler, graduate student, 2011-2016, post-doctoral fellow 2016-2017. Current 
position, postdoctoral fellow, Post-doctoral fellow Wellcome Trust Sanger Institute, 
Peter Campbell, mentor. Focus: Analysis of somatic mutations in rare tumors types; 
development of diagnostic applications of tumor burden/recurrence using unique DNA 
sequences. 

16. Asia Mitchell, graduate student, 2012-2018. Focus: Integration of large-scale data into 
networks to identify genomic causes of aberrant signaling in cancer. Current position 
Helix 

17. Michael Heskett, graduate student 2016-2021. Focus: Long non-coding RNAs that 
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regulate chromosome dynamics. Current position: Postdoctoral fellow with Christina 
Curtis at Stanford. 

18. Burcu Gurun-Demir, graduate student 2019-2023. Focus: Selection of common drivers 
in clonal hematopoiesis. Current Position MD student at OHSU 

19. Chris Boniface 2019-2023. Focus: Use of ctDNA to study tumor biology. Current 
Position Postdoctoral Fellow OHSU 
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