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IN THE UNITED STATES DISTRICT COURT 

FOR THE DISTRICT OF NEW JERSEY 

 

                                                                                      

MONIB ZIRVI, M.D., Ph.D.   )     

  Plaintiff,   )    

v.      )  Case No.  

      ) 

ILLUMINA, INC., THERMO FISHER )  PLAINTIFF DEMANDS 

SCIENTIFIC, AKIN GUMP STRAUSS )  TRIAL BY JURY  

HAUER & FELD LLP,    ) 

LATHAM & WATKINS,   ) 

RIP FINST, SEAN BOYLE,   ) 

MATTHEW A. PEARSON,   )  

ANGELA VERRECCHIO,    ) 

ROGER CHIN, and    )  

DOUGLAS LUMISH    ) 

      ) 

               Defendants.   ) 

____________________________________) 
 

COMPLAINT 

Plaintiff, Dr. MONIB ZIRVI, by and through its undersigned counsel hereby sues 

Defendants, Illumina, Inc., ThermoFisher Scientific, Akin Gump Strauss Hauer & Feld LLP, 

Latham & Watkins, Rip Finst, Sean Boyle, Matthew A. Pearson, Angela Verrecchio, Roger Chin 

and Douglas Lumish, and states the following in support thereof: 

THE PARTIES 

1. Dr. MONIB ZIRVI (hereinafter “Plaintiff”) is an individual who has developed 

several trade secrets and intellectual property in the field of DNA diagnostics and DNA arrays, 

including the property at issue in this case and, at all times relevant, has been a practicing 
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physician-scientist with his principal location at 1 Diamond Hill Road, Berkeley Heights, NJ 

07922 in Union County. 

2. Defendant Illumina, Inc., is a corporation of the State of Delaware with a principal 

place of business in the State of California.  

3. Defendant ThermoFisher Scientific is a corporation of the State of Delaware with 

a principal place of business in the State of California.  

4. Defendant Attorneys Rip Finst and Sean Boyle of THERMO FISHER 

SCIENTIFIC INC., Matthew A. Pearson and Angela Verrecchio, of AKIN GUMP STRAUSS 

HAUER & FELD LLP, Roger Chin and Douglas Lumish of LATHAM & WATKINS are attorneys 

whose principal places of business are in the States of Pennsylvania and California. 

JURISDICTION AND VENUE 

5. This Court has exclusive jurisdiction to hear Court I pursuant to 28 U.S.C. § 

1338(a): “The district courts shall have original jurisdiction of any civil action arising under any 

Act of Congress relating to patents…. No State court shall have jurisdiction over any claim for 

relief arising under any Act of Congress relating to patents ….” 

6. This Court has supplemental jurisdiction to hear the remaining Counts II–IV under 

28 U.S. Code § 1367 (a) (2022) (“… in any civil action of which the district courts have original 

jurisdiction, the district courts shall have supplemental jurisdiction over all other claims that are 

so related to claims in the action within such original jurisdiction that they form part of the same 

case or controversy under Article III of the United States Constitution.”)   

7. Venue is governed by 28 U.S. Code § 1391(a) (2) proper in this case because the 

judicial district in which a substantial part of the events or omissions giving rise to the claim 

occurred in this district, and a substantial part of the property that is the subject of the action is 

situated in this district.  
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8. The acts complained of herein were directed against Plaintiff who, at all times

relevant, has been a practicing physician-scientist with his principal location at 1 Diamond Hill 

Road, Berkeley Heights, NJ 07922 in Union County. 

GENERAL ALLEGATIONS 

I. Factual Background

9. Plaintiff was a graduate student in the laboratory of Dr. Francis Barany at Cornell

University Medical College (now known as Weill Cornell Medicine) from August 1994 to January 

1999. 

10. During that time, the Barany laboratory was developing new technology in DNA

diagnostics, including new methods to detect cancer mutations to improve patient cancer care. 

11. After graduating from the laboratory, Plaintiff, on his own time, using his

equipment, relying on his knowledge of computer programming, independently developed a data 

set of ZipCode sequences to enable mass production and manufacture of DNA computer chips 

known as DNA microarrays. The ZipCode sequences he invented were protectable as 

patentable subject matter and as a trade secret. 

12. ZipCode sequences are necessary to identify cancer mutations and other DNA

applications, analogous to developing the operating system software for personal computers. (MS-

DOS, iOS, and Windows) 

13. Plaintiff’s intent was to incorporate the Zip Code Operating System (Zip Code

Chemistry) into the manufacture of DNA microchips and receive royalties through the licensing 

of the invention.     

14. The Zip Code Operating System invented independently by Plaintiff, and other

work done at the lab, was incorporated into Illumina patents, products, and SEC filings. The key 

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 3 of 378 PageID: 3Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 3 of 378 PageID: 840



 

Page 4 of 29 

difference is that Illumina, including its founders, renamed the Zirvi-Barany Zip Code Operating 

System as “Tag Sequences”, “Illumacodes”, “Illumicodes”, or other misleading names. All the 

while, Illumina’s source code of their software identified them as what the truly were, Plaintiff’s 

“ZipCodes.”   

15. Illumina’s illicit taking became the subject matter of multiple litigations between 

Cornell University, Cornell Research Foundation, Inc., Life Technologies Corporation, and 

Applied Biosystems, LLC versus Illumina. 

16. Throughout the litigation the Plaintiff was in communication with, and advised 

extensively by Attorneys for Cornell University, Cornell Research Foundation, Inc., PE Applied 

Biosystems, LLC, Life Technologies Corporation, and Thermo Fisher Scientific Inc., who 

represented to the Plaintiff that they were his counsel as well.    

17. At various points throughout the Cornell litigation, the Attorneys representing the 

Plaintiff included, Rip Finst and Sean Boyle of THERMO FISHER SCIENTIFIC INC., Matthew 

A. Pearson and Angela Verrecchio, of AKIN GUMP STRAUSS HAUER & FELD LLP, Roger 

Chin and Douglas Lumish of LATHAM & WATKINS. (Dr. Zirvi did not have direct contact 

with non-party attorneys Dianne B. Elderkin, Rachel J. Elsby, and Jason E. Weil of AKIN GUMP 

STRAUSS HAUER & FELD LLP). 

18. Plaintiff’s Attorneys advised him that his interests were aligned with Cornell 

University, Cornell Research Foundation, Inc., PE Applied Biosystems, LLC, Life Technologies 

Corporation, and Thermo Fisher Scientific Inc., and that these attorneys represented his interests. 

19. The Attorneys advised Plaintiff to not prepare for his deposition, to not review any 

documents, including his own patent filings, and not research facts related to Illumina, its founders, 

employees, and patent filings.  
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20. Instead, the Attorneys instructed and advised Plaintiff to answer questions with “I 

don’t know”, and “I don’t remember”, all explained to him as the best way to benefit Cornell and 

his rights against Illumina’s illicit taking. 

21. Attorneys for the Plaintiff withheld from Plaintiff that ThermoFisher was secretly 

collaborating with Illumina to develop “Ampliseq for Illumina” during the entire time they were 

representing Plaintiff – a knowingly deliberate conflict of interest.  The secret collaboration, which 

upon information and belief started at least three years prior, was publicly admitted to having 

occurred at least a year prior to January 30th, 2018, while the Cornell v. Illumina (1:10-cv-00433-

LPS) case was still active. See, this Complaint’s Exhibits 1 and 2. (respectively, 

Illumina_SEC_8k_Ampliseq_for_Illumina_01_30_2018_v02Hi copy 2 and see Exhibit 13 of 

Zirvi v US NIH et al. Case 3:20-cv-07648-MAS-DEA:  Bringing together two leaders: 

AmpliSeqTM for Illumina. https://www.youtube.com/watch?v=lWPaZX1TDa4). 

22. Plaintiff subsequently learned that other inventors from Patent application WO 

97/31256 were instructed to do the same. 

23. Attorneys for the Plaintiff repeatedly requested via phone calls, video 

teleconferences, and emails for Plaintiff to submit his expert analysis and findings that would 

strengthen the Cornell v Illumina (1:10-cv-00433-LPS) case, and Plaintiff spent hundreds of hours 

preparing such confidential analysis over a two-year period.    

24. Attorneys for ThermoFisher informed Plaintiff at the end of January 2017-

beginning of February 2017 that they were unhappy with the performance of Akin Gump, and thus 

were immediately bringing in Roger Chin and Doug Lumish of Latham & Watkins to take over 

the Cornell v Illumina case (1:10-cv-00433-LPS). None of these Attorneys informed Plaintiff of 
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their conflict of interest in they were simultaneously involved in a parallel and related case of 

Illumina v Life Technologies Corp (Thermo Fisher) Case 3:11-cv-03022-JAH-DHB. 

25. Between January 2017 and April 2017, Plaintiff sent Attorneys at ThermoFisher, 

Latham & Watkins and Akin Gump numerous emails containing bullet-proof evidence of fraud by 

Illumina which would have proven the claims by Cornell, yet such evidence was kept from the 

court in the Cornell v Illumina case (1:10-cv-00433-LPS). Plaintiff requested to file a declaration 

to introduce this evidence to the court, yet inexplicably, Attorneys denied this request. (See  Exhibit 

12 for Draft of Declaration written by Plaintiff and emailed about to Defendants including Rip 

Finst, Matthew Pearson, Roger Chin and Douglas Lumish shortly prior to the signing of the 

settlement agreement in Cornell v Illumina. Plaintiff specifically requested for their help to edit 

and submit this to the US District Court in Delaware as a Third Party with an interest.) 

26. Unbeknownst to Plaintiff or Cornell at the time, Cornell v Illumina (1:10-cv-00433-

LPS) was fraudulently settled by Illumina and ThermoFisher, simultaneously with several other 

lawsuits involving Illumina and ThermoFisher, in April 2017. Tellingly, Attorneys Roger Chin 

and Doug Lumish were working on the other cases involving Illumina and ThermoFisher but failed 

to disclose their obvious conflict of interest to either Plaintiff or Cornell. The settlements, while 

benefiting Illumina and ThermoFisher, completely undermined the rights of the Plaintiff.  

27. Plaintiff discovered through a review of public SEC filings that Illumina had filed 

a First Amendment Agreement to raise funds for many years. In this document, the definition of  

“Tag Sequences”  was redacted. When asked, Matthew Pearson said he knew about the First 

Amendment Agreement, and stated it had nothing to do with the inventors, including Plaintiff, as 

well as their rights as inventors under the Cornell v. Illumina suit. Matthew Pearson refused to 

share any details of the First Amendment Agreement, requiring Plaintiff to obtain a copy of the 
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unredacted First Amendment Agreement through a FOIA request to the SEC, which was received 

by Plaintiff on May 17, 2017 (Exhibit 3).  

28. In the redacted document, everything passed the words “ ‘Tag Sequence’ means ” 

was redacted. In the unredacted document, it continues as follows:  “Tag Sequence” means a set 

of oligonucleotide probes, developed pursuant to the Original Agreement or this First Amendment, 

which act independently of any target-sequence-specific analytical chemical reactions to allow the 

physical addressing of the products of a chemical reaction to locations on a solid support, such as 

the "addressable array-specific portion” of the oligonucleotide probes and their complements 

described in International Patent Application No. W097/31256 and that are designed for use in the 

Collaboration Product. The Parties will agree on the selection of Tag Sequences to be used in the 

Collaboration Product, subject to the approval of the Joint Steering Committee. 

29. International Patent Application No. W097/31256 is an invention that was 

submitted before Illumina even existed, with Dr. Zirvi as a coinventor. In the First Amendment 

Agreement, it states: “The Parties will share responsibility for defining and developing Tag 

Sequences for the Collaboration Product which will attempt to avoid third party intellectual 

property rights or other encumbrances.”  In other words, this was collusion by Illumina and 

ThermoFisher to apparently defraud third parties, such as Cornell and the Plaintiff. Dr. Zirvi 

informed Cornell of the findings in the unredacted First Amendment Agreement. 

30. Cornell, when it became aware of the apparent fraud and collusion between these 

two companies, filed a Rule 60(b)(6) motion to overturn this settlement agreement, attached hereto 

as Exhibit 4.   
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31. This motion was vigorously opposed by both Illumina and ThermoFisher, even 

though ThermoFisher was a Plaintiff allegedly representing Cornell’s and Plaintiff’s interests in 

the case against Illumina. 

32. Unbeknownst to Plaintiff or Cornell at the time, Illumina and ThermoFisher were 

secretly working together to develop the “Ampliseq for Illumina” product line during the Cornell 

v Illumina case. (See Exhibits 1 and 2). 

33. Illumina and ThermoFisher’s joint venture in the “Ampliseq for Illumina” product 

line strengthened their duopoly in the DNA sequencing and DNA microarrays market. 

34. Illumina has used its monopoly position in DNA sequencing to purchase Grail and 

claim that they have developed a “multi-cancer early detection” (MCED) test claiming to find 50 

different cancers at early stages, without any evidence of long-term prospective population base 

clinical trial to prove clinical utility for this test.   

35. Despite this fact, Illumina / Grail is attempting to unduly influence lawmakers to 

pass bills (117 HR 1947, To amend title XVIII of the Social Security Act to provide for Medicare 

coverage of multi-cancer early detection screening tests; 117 S 1873, To amend title XVIII of the 

Social Security Act to provide for Medicare coverage of multi-cancer early detection screening 

tests.) requiring Medicare to reimburse for this unproven test, misspending up to $60B in taxpayer 

funds per year. 

36. Moreover, under the guise of this “testing” to detect “early cancer” patients would 

unwittingly be providing all their private DNA information, which Illumina could resell for their 

own personal profit regardless of the end user’s purpose.              

37. At the foundation of the DNA analysis market is Plaintiff’s Zip Code Operating 

System that allows samples to be processed and reliable results obtained. 

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 8 of 378 PageID: 8Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 8 of 378 PageID: 845



 

Page 9 of 29 

38. The Plaintiff has not been recognized as an inventor on any of Illumina’s patents 

using the Zip Code Operating System; has not received royalties from Illumina’s use of Plaintiff’s 

Zip Code Operating System in their software and products Others have noted: “To paraphrase 

William Shakespeare’s Hamlet, something is rotten in the state of Illumina.”1 

39. Illumina and its founders and employees have incorporated the ZipCode Operating 

System and utilized Plaintiffs’ ZipCode sequences and designs to manufacture and commercialize 

numerous products. Illumina knowingly applied for these patents without including Plaintiff as an 

inventor and the patent claims would not have been issued had it not been for Illumina’s 

commercial success using ZipCode sequences and the ZipCode Operating System to determine 

the location of DNA sequences in the Sentrix arrays, GoldenGate assays and Infinium arrays as 

demonstrated by the software used to analyze .dmap files associated with these products. This 

software specifically calls the DNA sequences, used by Illumina in its products, ZipCode (and not 

by any other name or pseudonym). 

40. The patents were issued by the USPTO without Plaintiff as a named inventor solely 

because Illumina knowingly and fraudulently withheld this usurpation of intellectual property 

rights from the USPTO patent examiners (See First Amendment Agreement, Exhibit 3) by 

renaming ZipCode sequences as Addresses, DBL, decoders and adaptors as well as other 

pseudonym and not referencing Plaintiffs 465 and 4633 ZipCode sets which Kevin Gunderson and 

Mark Chee and Ilumina purloined as Illumacodes 1-16. (See Probes and Decoder Oligonucleotides 

patent application, in Expert analysis as filed in Zirvi v. US NIH et al. (Case 3:20-cv-07648-MAS-

DEA) as Exhibit 17, see Exhibit 5). Illumina’s “Tag Sequences” and Illumicodes and Illumacodes 

and DBLs and adaptors are all in fact derivatives of Plaintiff’s ZipCode sequences and ZipCode 

 
1 Open letter to Shareholders of Illumina, Inc., March 13th, 2023, Carl Icahn:  
(https://carlicahn.com/open-letter-to-shareholders-of-illumina-inc/) 
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Operating System. As others have noted: “Yet these individuals suffer no consequences or 

remorse. The members of Illumina’s management team and board of directors collectively own 

less than 0.1% of the company’s stock yet they feel entitled to take these reckless actions with our 

money.”2 

41. During the Cornell v. Illumina case, Attorneys Roger Chin, Doug Lumish, and Rip 

Finst presented “legal advice” that included knowingly false statements and deliberate omissions 

in two PowerPoint presentations (Exhibits 6 and 7). Tellingly, the First Amendment Agreement 

was never mentioned, let alone discussed in these presentations, thus allowing for a false and 

misleading legal analysis, including the misleading definition of ZipCodes. 

42. At the end of the Cornell v. Illumina case, Plaintiff was informed by Attorney Roger 

Chin that the protection of the purloined 16 Zip Code sequences was a trade-secret case and that 

Attorney Matthew Pearson had investigated bringing the action as a trade-secret case. See the 

email from Roger Chin addressed to Plaintiff and inventors (Exhibit 8). 

43. Based on Roger Chin’s legal advice, Plaintiff Zirvi filed Zirvi v. Flatley (Case 1:18-

cv-07003-JGK). As part of Zirvi v. US NIH et al. (Case 3:20-cv-07648-MAS-DEA) case, Expert 

Analysis revealed numerous additional instances of apparent fraud (see Exhibit 5), including, but 

not limited to the dependence of numerous Illumina patent filings and Illumina products on Zip 

Code sequences (i.e. Sentrix, Infinium Arrays.). These findings were subverted by Attorneys 

Matthew Pearson, Roger Chin, Doug Lumish, and Rip Finst. As others have noted: “In response 

to our letter, Illumina’s board did what boards do best. They used our money – and yours – to 

defend themselves against their own shareholders by hiring highly-paid bankers, lawyers and PR 

firms. In the process, they issued a press release and spoke to sell-side analysts to disseminate the 

 
2 Id. 
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incumbent board’s message. They make several points which are either misleading, improbable or 

are clear double speak.”3 

44. At the conclusion of Zirvi v. Flatley legal analysis of “storm warnings” of fraud and 

IP theft by Illumina should have commenced by the ThermoFisher Attorneys, who at the time were 

representing Cornell and all the inventors at the beginning of Cornell v. Illumina. 

45. The patents that Illumina filed that absolutely depend on ZipCodes to function 

include but are not limited to the following: 

a. 6355431 (the '5431 patent); Detection of nucleic acid amplification 

reactions using bead arrays Chee; Mark S. (Del Mar, CA), Gunderson; Kevin 

(Encinitas, CA) 

b. 6620584 (the '0584 patent); Combinatorial decoding of random nucleic acid 

arrays Chee; Mark (Del Mar, CA), Walt; David R. (Lexington, MA) 

c. 6770441 (the '0441 patent); Array compositions and methods of making 

same Dickinson; Todd (San Diego, CA), Coblentz; Kenneth D. (Del Mar, CA), 

Carlson; Edward (Oceanside, CA) 

d. 6812005 (the '2005 patent); Nucleic acid detection methods using universal 

priming Chee; Mark S. (Del Mar, CA), Auger; Steven R. (Norwell, MA), 

Stuelpnagel; John R. (Encinitas, CA) 

e. 6858394 (the '8394 patent); Composite arrays utilizing microspheres Fan; 

Jian-Bing (San Diego, CA), Stuelpnagel; John R. (Encinitas, CA), Chee; Mark S. 

(Del Mar, CA) 

f. 6890741 (the '0741 patent); Multiplexed detection of analytes Fan; Jian-

Bing (San Diego, CA), Stuelpnagel; John R. (Encinitas, CA), Chee; Mark S. (Del 

Mar, CA) 

 
3 Icahn Responds to IIlumina’s Obfuscations; March 15th, 2023, Carl Icahn:  
(https://carlicahn.com/icahn-responds-to-illuminas-obfuscations/) 
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g. 6913884 (the '3884 patent); Compositions and methods for repetitive use 

of genomic DNA Chee; Mark S. (Del Mar, CA), Czarnik; Anthony W. (San 

Diego, CA), Stuelpnagel; John R. (Encinitas, CA) 

h. 7033754 (the '3754 patent); Decoding of array sensors with microspheres

 Chee; Mark S. (Del Mar, CA), Czarnik; Anthony W. (San Diego, CA), 

Stuelpnagel; John R. (Encinitas, CA) 

i. 7060431 (the '0431 patent); Method of making and decoding of array 

sensors with microspheres Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. 

(Encinitas, CA), Czarnik; Anthony W. (San Diego, CA) 

j. 7166431 (the '6431 patent); Combinatorial decoding of random nucleic acid 

arrays Chee; Mark S. (Del Mar, CA), Walt; David R. (Lexington, MA) 

k. 7226734 (the '6734 patent); Multiplex decoding of array sensors with 

microspheres Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

l. 7361488 (the '1488 patent); Nucleic acid detection methods using universal 

priming Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

m. 7455971 (the '5971 patent); Multiplex decoding of array sensors with 

microspheres Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

n. 7510841 (the '0841 patent); Methods of making and using composite arrays 

for the detection of a plurality of target analytes Stuelpnagel; John (Encinitas, CA), 

Chee; Mark (Del Mar, CA), Auger; Steven (Norwell, MA) 

o. 7563576 (the '3576 patent); Combinatorial decoding of random nucleic acid 

arrays  Chee; Mark S. (Del Mar, CA), Walt; David R. (Lexington, MA) 

p. 7582420 (the '2420 patent); Multiplex nucleic acid reactions Shen; Mun-Jui 

Richard (Poway, CA), Oliphant; Arnold (Poway, CA), Butler; Scott L. (San Diego, 
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CA), Stuelpnagel; John E. (Encinitas, CA), Chee; Mark S. (Del Mar, CA), Kuhn; 

Kenneth M. (San Diego, CA), Fan; Jian-Bing (San Diego, CA) 

q. 7611869 (the '1869 patent); Multiplexed methylation detection methods 

Fan; Jian-Bing (San Diego, CA) 

r. 7612020 (the '2020 patent); Composite arrays utilizing microspheres with a 

hybridization chamber Fan; Jian-Bing (San Diego, CA), Chee; Mark S (Del Mar, 

CA) 

s. 7670810 (the '0810 patent); Methods and compositions for whole genome 

amplification and genotyping Shen; Mun-Jui Richard (Poway, CA), 

Oliphant; Arnold (Poway, CA), Butler; Scott L. (San Diego, CA), Stuelpnagel; 

John E. (Encinitas, CA), Chee; Mark S. (Del Mar, CA), Kuhn; Kenneth M. (San 

Diego, CA), Fan; Jian-Bing (San Diego, CA) 

t. 7776531 (the '6531 patent); Compositions and methods for stabilizing 

surface bound probes Fan; Jian-Bing (San Diego, CA) 

u. 7803537 (the '3537 patent); Parallel genotyping of multiple patient samples 

Fan; Jian-Bing (San Diego, CA), Chee; Mark S (Del Mar, CA) 

v. 7899626 (the '9626 patent); System and method of measuring methylation 

of nucleic acidsi Kruglyak; Semyon (San Diego, CA), Bibikova; Marina (San 

Diego, CA), Chudin; Eugene (Kirkland, WA) 

w. 7901897 (the '1897 patent); Methods of making arrays Kain; Robert (San 

Diego, CA) 

x. 7914988 (the '4988 patent); Gene expression profiles to predict relapse of 

prostate cancer Chudin; Eugene (Kirkland, WA), Lozach; Jean (San Diego, CA), 

Fan; Jian-Bing (San Diego, CA), Bibikova; Marina (San Diego, CA) 

y. 7955794 (the '5794 patent); Multiplex nucleic acid reactions Shen; Min-Jui 

Richard (San Diego, CA), Oliphant; Arnold (Poway, CA), Butler; Scott L. (San 
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Diego, CA), Stuelpnagel; John R. (Encinitas, CA), Chee; Mark S. (Del Mar, CA), 

Kuhn; Kenneth M. (San Diego, CA), Fan; Jian-Bing (San Diego, CA) 

z. 7960119 (the '0119 patent); Combinatorial decoding of random nucleic acid 

arrays Chee; Mark S. (Encinitas, CA), Walt; David R. (Lexington, MA) 

aa. 8003354 (the '3354 patent); Multiplex nucleic acid reactions Oliphant; 

Arnold (Poway, CA), Stuelpnagel; John R. (Encinitas, CA), Chee; Mark S. (Del 

Mar, CA), Butler; Scott L. (San Diego, CA), Fan; Jian-Bing (San Diego, CA), 

Shen; Min-Jui Richard (Poway, CA) 

bb. 8076063 (the '6063 patent); Multiplexed methylation detection methods 

Fan; Jian-Bing (San Diego, CA) 

cc. 8080380 (the '0380 patent); Use of microfluidic systems in the detection of 

target analytes using microsphere arrays Chee; Mark S. (Encinitas, CA), 

Dickinson; Todd A. (San Diego, CA), Gunderson; Kevin (Encinitas, CA), O'Neil; 

Don (San Juan Capistrano, CA), Stuelpnagel; John R. (Encinitas, CA) 

dd. 8110363 (the '0363 patent); Expression profiles to predict relapse of 

prostate cancer Chudin; Eugene (Kirkland, WA), Lozach; Jean (San Diego, CA), 

Fan; Jian-Bing (San Diego, CA), Bibikova; Marina (San Diego, CA) 

ee. 8150626 (the '0626 patent); Methods and compositions for diagnosing lung 

cancer with specific DNA methylation patterns Fan; Jian-Bing (San Diego, CA), 

Bibikova; Marina (San Diego, CA) 

ff. 8150627 (the '0627 patent); Methods and compositions for diagnosing lung 

cancer with specific DNA methylation patterns Fan; Jian-Bing (San Diego, CA), 

Bibikova; Marina (San Diego, CA) 

gg. 8206917 (the '6917 patent); Combinatorial decoding of random nucleic acid 

arrays Chee; Mark S. (Encinitas, CA), Walt; David R. (Lexington, MA) 

hh. 8288103 (the '8103 patent); Multiplex nucleic acid reactions Oliphant; 

Arnold (Sunnyvale, CA), Stuelpnagel; John R. (Encinitas, CA), Chee; Mark S. 
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(Encinitas, CA), Butler; Scott L. (Sandwich, GB), Fan; Jian-Bing (San Diego, 

CA), Shen; Min-Jui Richard (Poway, CA) 

ii. 8440407 (the '0407 patent); Gene expression profiles to predict relapse of 

prostate cancer Chudin; Eugene (Kirkland, WA), Lozach; Jean (San Diego, CA), 

Fan; Jian-Bing (San Diego, CA), Bibikova; Marina (San Diego, CA) 

jj. 8460865 (the '0865 patent); Multiplex decoding of array sensors with 

microspheres Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

kk. 8481268 (the '1268 patent); Use of microfluidic systems in the detection of 

target analytes using microsphere arrays Chee; Mark S. (Encinitas, CA), 

Dickinson; Todd A. (San Diego, CA), Gunderson; Kevin (Encinitas, CA), O'Neil; 

Don (San Juan Capistrano, CA), Stuelpnagel; John R. (Encinitas, CA) 

ll. 8486625 (the '6625 patent); Detection of nucleic acid reactions on bead 

arrays Chee; Mark S. (Encinitas, CA), Walt; David R. (Lexington, MA) 

mm. 8541207 (the '1207 patent); Preservation of information related to genomic 

DNA methylation Gormley; Niall Anthony (Nr. Saffron Walden, GB), Smith; 

Geoffrey Paul (Nr Saffron Walden, GB), Bentley; David (Nr Saffron Walden, 

GB), Rigatti; Roberto (Nr Saffron Walden, GB), Luo; Shujun (Hayward, CA) 

nn. 8563246 (the '3246 patent); Combinatorial decoding of random nucleic acid 

arrays Chee; Mark S. (Encinitas, CA), Walt; David R. (Lexington, MA) 

oo. 8628952 (the '8952 patent); Array kits and processing systems Lebl; Michal 

(San Diego, CA), Perbost; Michel (San Diego, CA), DeRosier; Chad F. (San 

Diego, CA), Nibbe; Mark J. (San Diego, CA), Burgett; Steve R. (San Diego, CA), 

Heiner; David L. (San Diego, CA) 

pp. 8741630 (the '1630 patent); Methods of detecting targets on an array 

Dickinson; Todd (San Diego, CA), Coblentz; Kenneth D. (San Diego, CA), 

Carlson; Edward (San Diego, CA) 
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qq. 8795967 (the '5967 patent); Multiplex decoding of array sensors with 

microspheres Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

rr. 8883424 (the '3424 patent); Use of microfluidic systems in the detection of 

target analytes using microsphere arrays Chee; Mark S. (Encinitas, CA), 

Dickinson; Todd A. (San Diego, CA), Gunderson; Kevin (Encinitas, CA), O'Neil; 

Don (San Juan Capistrano, CA) 

ss. 8895268 (the '5268 patent); Preservation of information related to genomic 

DNA methylation Kester; Henri A. (San Diego, CA) 

tt. 8906626 (the '6626 patent); Multiplex nucleic acid reactions Oliphant; 

Arnold (Sunnyvale, CA), Stuelpnagel; John R. (Santa Barbara, CA), Chee; Mark 

S. (Encinitas, CA), Butler; Scott L. (Sandwich, GB), Fan; Jian-Bing (San Diego, 

CA), Shen; Min-Jui Richard (Poway, CA) 

uu. 9045796 (the '5796 patent); Methods and compositions for whole genome 

amplification and genotyping Gunderson; Kevin (Encinitas, CA), 

Stuelpnagel; John R. (Encinitas, CA), Chee; Mark S. (Encinitas, CA), Fan; Jian-

Bing (San Diego, CA) 

vv. 9163283 (the '3283 patent); Combinatorial decoding of random nucleic acid 

arrays Chee; Mark S. (Encinitas, CA), Walt; David R. (Lexington, MA) 

ww. 9279148 (the '9148 patent); Detection of nucleic acid reactions on bead 

arrays Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

xx. 9289766 (the '9766 patent); Use of microfluidic systems in the detection of 

target analytes using microsphere arrays Chee; Mark S. (Encinitas, CA), 

Dickinson; Todd A. (San Diego, CA), Gunderson; Kevin (Encinitas, CA), O'Neil; 

Don (San Juan Capistrano, CA) 
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yy. 9399795 (the '9795 patent); Multiplex decoding of array sensors with 

microspheres Chee; Mark S. (Del Mar, CA), Stuelpnagel; John R. (Encinitas, CA), 

Czarnik; Anthony W. (San Diego, CA) 

zz. 9441267 (the '1267 patent);  Detection of nucleic acid reactions on bead 

arrays Oliphant; Arnold (Sunnyvale, CA), Stuelpnagel; John R. (Santa Barbara, 

CA), Chee; Mark S. (Encinitas, CA), Butler; Scott L. (Sandwich, GB), Fan; Jian-

Bing (San Diego, CA), Shen; Min-Jui Richard (Poway, CA). 

46. But for the intentional acts and negligence of the attorneys representing Plaintiff in 

the Cornell case the Plaintiff would have been able to enforce his intellectual property rights 

against Illumina.  

47. But for the conspiring of all Defendants, Plaintiff Zirvi would have received the 

recognition and royalties on a series of patents (See: Czarnik v. Illumina, Case 1:05-cv-00400-

JJF). 

48. Plaintiff asserts that the failure to name Plaintiff as an inventor on the patents filed 

by the assignee has caused significant reputational harm. Plaintiff’s contributions to the 

development of the technology are significant and cannot be denied. The claimant has been 

acknowledged as a key contributor to the development of the technology. (See Exhibit 9 Affidavit 

of Dr. Francis Barany) However, the failure to name the claimant as an inventor on the patents has 

undermined the claimant's reputation and standing in the scientific community. 

49. The Plaintiff’s claim is based on 35 U.S.C. § 256, which provides for correction of 

inventorship in patents. Plaintiff believes that the assignee erred in failing to name Plaintiff as an 

inventor on the patents and that this error should be corrected.      

50. Exhibit 10 is the original provisional application 60/180,810 submitted by Jian-

Bing Fan for Illumina on Feb. 07, 2000. This provisional matured into the following patents which 

incorporate inventive concepts and steps of the Plaintiff: the ‘9148 patent, the ‘1267 patent, the 
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‘3354 patent, the ‘8103 patent, the ‘6626 patent, the ‘0536 patent, the ‘2005 patent, the ‘1488 

patent, the ‘3754 patent, the ‘0431 patent, the ‘5796 patent, the ‘6734 patent, the ‘5971 patent, the 

‘0865 patent, the ‘9795 patent, the ‘5794 patent, the ‘0741 patent, the ‘1869 patent, and the ‘6063 

patent.  

51. In the 60/180,810 provisional application JB Fan claims inventorship of Zip Code 

arrays (Universal Arrays) and zip-code sequences, as well as their combined use with PCR and 

ligation reactions. On the cover sheet, the box at the bottom was knowingly left unchecked for 

“Additional inventors are being named on separately numbered sheets attached hereto.”  The 

provisional application contains an NIH grant application within, wherein the last Figure (page 50) 

titled “Detection of Alternative Splicing on Zip-code Arrays and Comparison with RT-PCR” 

shows the use of Plaintiff’s Zip Code Array invention and completely dependent on Zip-code 

sequences to work. Tellingly, this smoking gun figure is missing from these issued patents, 

including US 6,812,005 patent (‘2005), as well as US 7,955,794 patent (‘5794). (See Exhibit 11) 

52. When Defendant Matthew Pearson was asked as to why Jian Bing Fan was not 

deposed in Cornell v Illumina, he stated that Illumina had taken him off the deposed witness list, 

even though a subpoena had been served and accepted by Illumina. Illumina stated that they “no 

longer knew where he was.” Plaintiff was able to track Jian Bing Fan’s fraudulent “exodus” to 

China with evidence of the assistance and knowledge of Illumina. (Exhibit 13) Despite being 

presented with all this information, Defendants Rip Finst, Matthew Pearson, Roger Chin and 

Douglas Lumish inexplicably made no attempt to contact or depose such a key witness, yet alone 

notify the Court of this obstruction of justice. This is further evidence of legal malpractice as other 

key witnesses including Mark Chee and David R. Walt were also not deposed. This is well below 
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the acceptable standard of legal practice in an intellectual property case involving multiple billions 

of dollars of revenue. 

53. Illumina has used US 7,955,794 patent to extract a $26.7 million judgment from 

Roche (Verinata Health, Inc. v. Ariosa Diagnostics, Inc., Case No. 12-cv-05501-SI), showing the 

value of the Patents derived from the Plaintiff’s inventive steps and contributions. The Defendants 

have all aided and abetted Illumina in its journey towards “a new low in corporate governance.” 4 

54. An analysis of the merits of legal malpractice claims has been performed by Jeff 

Oster (See Affidavit of Merit, Exhibit 14). 

COUNT I – FAILURE TO NAME PLAINTIFF ON PATENT 

55. Plaintiff repeats and re-alleges all of the paragraphs 1-54  above as if fully set forth 

herein.  

56. The Defendant, Illumina, has obtained the following issued patents which 

incorporate inventive steps derived from Plaintiff’s intellectual property and copyrights. The ‘5431 

patent, the ‘0584 patent, the ‘0441 patent, the ‘2005 patent, the ‘8394 patent, the ‘0741 patent, the 

‘3884 patent, the ‘3754 patent, the ‘0431 patent, the ‘6431 patent, the ‘6734 patent, the ‘1488 

patent, the ‘5971 patent, the ‘0841 patent, the ‘3576 patent, the ‘2420 patent, the ‘1869 patent, the 

‘2020 patent, the ‘0810 patent, the ‘6531 patent, the ‘3537 patent, the ‘9626 patent, the ‘1897 

patent, the ‘4988 patent, the ‘5794 patent, the ‘0119 patent, the ‘3354 patent, the ‘6063 patent, the 

‘0380 patent, the ‘0363 patent, the ‘0626 patent, the ‘0627 patent, the ‘6917 patent, the ‘8103 

patent, the ‘0407 patent, the ‘0865 patent, the ‘1268 patent, the ‘6625 patent, the ‘1207 patent, the 

‘3246 patent, the ‘8952 patent, the ‘1630 patent, the ‘5967 patent, the ‘3424 patent, the ‘5268 

patent, the ‘6626 patent, the ’5796 patent, the ‘3283 patent, the ‘9148 patent, the ‘9766 patent, the 

 
4 Icahn to Commence Investigation into Value Destruction by Illumina’s Board 
(https://carlicahn.com/icahn-to-commence-investigation-into-value-destruction-by-illuminas-board/) 
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‘9795 patent and the ‘1267 patent. These issued patents generally relate to the concepts of detecting 

a mutation, generic aberrations, copy number variations, or a cancer, etc., using ZipCodes and the 

ZipCode Operating System via universal addressable DNA arrays to analyze a sample. 

57. Plaintiff contributed novel concepts and work to the inventions claimed in the ‘5431 

patent, the ‘0584 patent, the ‘0441 patent, the ‘2005 patent, the ‘8394 patent, the ‘0741 patent, the 

‘3884 patent, the ‘3754 patent, the ‘0431 patent, the ‘6431 patent, the ‘6734 patent, the ‘1488 

patent, the ‘5971 patent, the ‘0841 patent, the ‘3576 patent, the ‘2420 patent, the ‘1869 patent, the 

‘2020 patent, the ‘0810 patent, the ‘6531 patent, the ‘3537 patent, the ‘9626 patent, the ‘1897 

patent, the ‘4988 patent, the ‘5794 patent, the ‘0119 patent, the ‘3354 patent, the ‘6063 patent, the 

‘0380 patent, the ’0363 patent, the ‘0626 patent, the ‘0627 patent, the ‘6917 patent, the ‘8103 

patent, the ‘0407 patent, the ‘0865 patent, the ‘1268 patent, the ‘6625 patent, the ‘1207 patent, the 

‘3246 patent, the ‘8952 patent, the ‘1630 patent, the ‘5967 patent, the ‘3424 patent, the ‘5268 

patent, the ‘6626 patent, the ‘5796 patent, the ‘3283 patent, the ‘9148 patent, the ‘9766 patent, the 

‘9795 patent and the ‘1267 patent. These contributions include, for example, applications of 

ZipCode sequences sets to decode the physical location or addresses of various DNA sequences 

in random bead arrays such as Sentrix and Infinium arrays. 

58. David R. Walt and Mark Chee and Jian Bing Fan and John R. Stuelpnagel, and 

others while employed at Illumina, received and used 20 of ZipCodes invented by the Plaintiff and 

confidential information via the Joint Development Agreement and Joint Steering Committee with 

Perkin Elmer Applied Biosystems and produced products including Sentrix arrays and GoldenGate 

assay and derivative arrays using multiple ZipCodes per bead such as Infinium arrays, including 

to conceive claimed inventions of the ‘5431 patent, the ‘0584 patent, the ‘0441 patent, the ‘2005 

patent, the ‘8394 patent, the ‘0741 patent, the ‘3884 patent, the ‘3754 patent, the ‘0431 patent, the 
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‘6431 patent, the ‘6734 patent, the ‘1488 patent, the ‘5971 patent, the ‘0841 patent, the ‘3576 

patent, the ‘2420 patent, the ‘1869 patent, the ‘2020 patent, the ‘0810 patent, the ‘6531 patent, the 

‘3537 patent, the ‘9626 patent, the ‘1897 patent, the ‘4988 patent, the ‘5794 patent, the ‘0119 

patent, the ‘3354 patent, the ‘6063 patent, the ‘0380 patent, the ‘0363 patent, the ‘0626 patent, the 

‘0627 patent, the ‘6917 patent, the ‘8103 patent, the ‘0407 patent, the ‘0865 patent, the ‘1268 

patent, the ‘6625 patent, the ‘1207 patent, the ‘3246 patent, the ‘8952 patent, the ‘1630 patent, the 

‘5967 patent, the ‘3424 patent, the ‘5268 patent, the ‘6626 patent, the ‘5796 patent, the ‘3283 

patent, the ‘9148 patent, the ‘9766 patent, the ‘9795 patent and the ‘1267 patent. 

59. There is a dispute as to the correct naming of inventors on the ‘5431 patent, the 

‘0584 patent, the ‘0441 patent, the ‘2005 patent, the ‘8394 patent, the ‘0741 patent, the ‘3884 

patent, the ‘3754 patent, the ‘0431 patent, the ‘6431 patent, the ‘6734 patent, the ‘1488 patent, the 

‘5971 patent, the ‘0841 patent, the ‘3576 patent, the ‘2420 patent, the ‘1869 patent, the ‘2020 

patent, the ‘0810 patent, the ‘6531 patent, the ‘3537 patent, the ‘9626 patent, the ‘1897 patent, the 

‘4988 patent, the ’5794 patent, the ‘0119 patent, the ‘3354 patent, the ‘6063 patent, the ‘0380 

patent, the ‘0363 patent, the ‘0626 patent, the ‘0627 patent, the ‘6917 patent, the ‘8103 patent, the 

‘0407 patent, the ‘0865 patent, the ‘1268 patent, the ‘6625 patent, the ‘1207 patent, the ‘3246 

patent, the ‘8952 patent, the ’1630 patent, the ‘5967 patent, the ‘3424 patent, the ‘5268 patent, the 

‘6626 patent, the ‘5796 patent, the ‘3283 patent, the ‘9148 patent, the ‘9766 patent, the ‘9795 

patent and the ‘1267 patent. 

60. Plaintiff requests that the Court issue a declaratory judgment correcting the 

inventorship of the patents at issue in this claim and adding Plaintiff Zirvi as a co-inventor pursuant 

to 35 USC § 256. 
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61. Plaintiff had to hire the undersigned attorneys and agree to pay attorney’s fees to 

the firm to represent him in this matter.  

PRAYER FOR RELIEF COUNT I 

62. The Plaintiff seeks relief under 35 U.S.C. § 256 and requests that the inventorship 

of the patents in question be corrected to include the Plaintiff as an inventor. In addition, Plaintiff 

seeks damages for reputational harm resulting from not being named as an inventor on the patents. 

The claimant requests damages to compensate for both the economic harm and the reputational 

harm caused by the assignee's failure to name the claimant as an inventor on the patents. 

WHEREFORE, Plaintiff prays for judgment as follows:  

(a) An order directing the Director of the United States Patent and Trademark Office to 

issue a certificate correcting inventorship of: the ‘5431 patent, the ‘0584 patent, the ‘0441 patent, 

the ‘2005 patent, the ‘8394 patent, the ‘0741 patent, the ‘3884 patent, the ‘3754 patent, the ‘0431 

patent, the ‘6431 patent, the ‘6734 patent, the ‘1488 patent, the ‘5971 patent, the ‘0841 patent, the 

‘3576 patent, the ‘2420 patent, the ‘1869 patent, the ‘2020 patent, the ‘0810 patent, the ‘6531 

patent, the ‘3537 patent, the ‘9626 patent, the ‘1897 patent, the ‘4988 patent, the ‘5794 patent, the 

‘0119 patent, the ‘3354 patent, the ‘6063 patent, the ‘0380 patent, the ‘0363 patent, the ‘0626 

patent, the ‘0627 patent, the ‘6917 patent, the ‘8103 patent, the ‘0407 patent, the ‘0865 patent, the 

‘1268 patent, the ‘6625 patent, the ‘1207 patent, the ‘3246 patent, the ‘8952 patent, the ‘1630 

patent, the ‘5967 patent, the ‘3424 patent, the ‘5268 patent, the ‘6626 patent, the ‘5796 patent, the 

‘3283 patent, the ‘9148 patent, the ‘9766 patent, the ’9795 patent and the ‘1267 patent, by including 

Plaintiff Zirvi as co-inventor of the claims is the patents;  
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(b) An order directing the Defendants to correct inventorship of any foreign or international 

patent based on patents in paragraph (a) by including Plaintiff Zirvi as co-inventor of the claims 

of those patents and pending applications;  

(c)  A declaration that this case be deemed exceptional pursuant to 35 USC section 285, as 

appropriate and provided by law;  

(d) Reasonable attorney’s fees, costs, and expenses, as appropriate and provided by law; 

and  

(e) Such other and further relief as the Court deems just and proper,   

COUNT II – LEGAL MALPRACTICE 

63. Plaintiff repeats and re-alleges all of the paragraphs 1-62  above as if fully set forth 

herein.  

64. Defendant Attorneys were negligent in their representation of Plaintiff in the 

Cornell case and subsequent settlement thereof when they failed to represent Plaintiff during 

settlement negotiations or failed to inform Plaintiff during the Cornell case that they were not 

going to represent Plaintiff's interest. 

65.  The Defendant Attorneys’ failure to represent, or inform Plaintiff to retain his own 

representation, was the proximate cause of damages, including, failing to be compensated or 

recognized under the Cornell case settlement agreement, and causing Plaintiff to lose rights of 

enforcement against Illumina in an individual matter because of a delay him bringing such action 

against Illumina, based upon representations that those claims would be resolved on behalf of the 

Plaintiff in the Cornell case. 
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66. Plaintiff's damages include lost compensation for the intellectual property that was 

incorporated into a series of Illumina patents and products since the time of Plaintiff’s invention. 

In addition, damages include all expenses incurred trying to enforce intellectual property rights 

against Illumina that the Federal Court of Appeals ultimately ruled were time-barred, even though 

Plaintiff’s counsel never advised of the potential that his claims could be barred. Indeed, Plaintiff’s 

counsel advised that there was no need to pursue individual claims, or representation because 

Plaintiff was represented and all ThermoFisher, Cornell, and the inventors’ interests were all 

aligned.  

67. The damage suffered by Plaintiff are actual and ascertainable damages that would 

not have been incurred by the Plaintiff but for the malpractice of Defendant Attorneys. 

68. In doing the acts alleged herein, Defendants acted with fraud, oppression and/or 

malice entitling Plaintiff to punitive damages according to proof at trial. 

PRAYER FOR RELIEF COUNT II 

WHEREFORE, Plaintiff’s pray for judgment as follows:  

69. A declaratory judgment that Defendants engaged in fraudulent conduct in violation 

of federal and state law; 

70. An award of compensatory and consequential damages, including but not limited 

to the costs and expenses associated with investigating and prosecuting this matter; 

71. An award of punitive damages to punish Defendants for their egregious, intentional 

and malicious conduct; 

72. An award of attorney's fees and other costs incurred in connection with this lawsuit; 

73. An order requiring Defendants to cease their fraudulent conduct and to take all 

necessary steps to remedy the harm caused to Plaintiff and other affected parties; 
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74.  An order compelling Defendants to provide a full and accurate accounting of all 

funds and assets obtained through their fraudulent conduct; 

75.  An order enjoining Defendants from engaging in similar fraudulent conduct in the 

future; 

76.  An order requiring Defendants to disgorge any ill-gotten profits obtained through 

their fraudulent conduct; 

77.  Any further relief that this Honorable Court deems just and proper. 

COUNT III – FRAUD 

78. Plaintiff repeats and re-alleges all of the paragraphs 1-77 above as if fully set forth 

herein.  

79. Defendants (ThermoFisher and the Attorneys) made material misrepresentations, 

and misrepresentations by omission, to Plaintiff. During the Cornell Case the Defendants stated 

that they would represent Plaintiff and in fact did represent Plaintiff in preparing and defending 

his deposition. 

80. Defendants made false statements that Plaintiff’s interest and ThermoFisher’s 

interest were aligned and therefore he didn't need his own attorney. 

81. Defendants made false statements that even if Plaintiff retained his own counsel, 

that counsel would not be allowed to participate in the litigation.    

82. Defendants intended that Plaintiff rely on these statements so that he would not hire 

his own attorneys to protect his interest in the intellectual property plaintiff had created and 

Illumina incorporated intuits into its own patents and products. 
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83. Defendants intended that Plaintiff relied on these statements so that he would not 

hire his own attorney to be involved in the negotiation of a settlement agreement between 

ThermoFisher and alumina, that directly affected Plaintiff's rights in his intellectual property. 

84. Plaintiff reasonably relied upon the assertions of ThermoFisher and its lawyers 

regarding the alignment of interest and the ThermoFisher lawyers’ ability to represent Plaintiff's 

interests during the litigation and settlement of the Cornell case. 

85. As a result of Plaintiff’s reasonable reliance under the false statement of 

ThermoFisher and its lawyers Plaintiff lost his right to be a party too, and compensated under, the 

settlement agreement in the Cornell case which included his intellectual property. 

86. The Plaintiff suffered further damage in a subsequent lawsuit against Illumina to 

enforce his rights when it was determined that the Defendants’ fraudulent and purposeful delay in 

Plaintiff asserting claims against Illumina time-barred his recovery of rightful royalties. 

87. In doing the acts alleged herein, Defendants acted with fraud, oppression and/or 

malice entitling Plaintiff to punitive damages according to proof at trial. 

PRAYER FOR RELIEF COUNT III 

WHEREFORE, Plaintiff’s pray for judgment as follows:  

88. Compensatory damages in an amount to be determined at trial, plus prejudgment 

interest; 

89.  Punitive damages in an amount to be determined at trial; 

90.  Costs, disbursements, and reasonable attorneys' fees incurred in this action under 

applicable law; 

91. Other relief that this Honorable Court deems just and proper. 
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COUNT IV – CIVIL CONSPIRACY 

Plaintiff alleges that Defendants: (1) a combination of two or more persons; (2) acting in 

concert to commit an unlawful act or commit a lawful act by unlawful means; (3) an agreement 

between the parties to inflict a wrong against or injury upon another; and (4) an overt act resulting 

in damages. See, Banco Popular N. Am. v. Gandi, 184 N.J. 161, 183 (2005). “Under New Jersey 

law, a claim for civil conspiracy cannot survive without a viable underlying tort….” Id. at 177-78. 

92. Plaintiff re-alleges and reincorporates paragraphs 1 through 91 as though fully set 

forth herein. 

93. Defendants in combination with one another, acting in concert, conspired to commit 

an unlawful act that deprived the Plaintiff of his intellectual property rights and did so while 

pretending to be engaged in a legitimate fight within the confines of a court case over the 

intellectual property. 

94. Defendants Illumina and Thermo Fisher had an agreement between each other to 

inflict harm upon Plaintiff by constructing an agreement that would make it impossible for Plaintiff 

the enforce his right to his intellectual property. 

95. Defendants ThermoFisher and their counsel Rip Finst, Sean Boyle, Roger Chin, 

and Douglas Lumish would feign to be averse to Illumina while at the same time working together 

to usurp Plaintiff’s Intellectual Property Rights for their own use and benefit. 

96. Defendants ThermoFisher and their counsel Rip Finst, Sean Boyle, Matthew A. 

Pearson, Angela Verrecchio, Roger Chin and Douglas Lumish failed to represent Plaintiff’s 

interests in the settlement agreement of April 2017. 
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97. Defendants ThermoFisher and their counsel Rip Finst, Sean Boyle, Roger Chin, 

and Douglas Lumish would overtly use a series of court proceedings and settlements to damage 

the Plaintiff and secure his Intellectual Property for themselves. 

98. Defendants’ Thermo Fisher and their counsel Rip Finst, Sean Boyle, Matthew A. 

Pearson, Roger Chin, and Douglas Lumish acts would provide Illumina and Thermo Fisher with a 

duopoly that has made the companies billions of dollars in profit and market cap over the last 

decade and has deprived the Plaintiff of the same during that time. 

99. In doing the acts alleged herein, Defendants acted with fraud, oppression and/or 

malice entitling Plaintiff to punitive damages according to proof at trial. 

PRAYER FOR RELIEF COUNT IV 

WHEREFORE, Plaintiff’s pray for judgment as follows:  

100. Compensatory damages in an amount to be determined at trial, plus prejudgment 

interest; 

101.  Punitive damages in an amount to be determined at trial; 

102.  Costs, disbursements, and reasonable attorneys' fees incurred in this action under 

applicable law; 

103. Other relief that this Honorable Court deems just and proper. 

 

JURY DEMAND 

The Plaintiff demands trial by a jury on all the triable issues of this complaint.  
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Respectfully submitted, 

LORIUM LAW

Counsel for Plaintiffs 
101 NE 3rd Ave, Suite 1800 
Fort Lauderdale, FL 33301  
Telephone: (954) 462-8000 
Facsimile: (954) 462-4300 

By: /s/ Joseph D. Garrity  
JOSEPH D. GARRITY, ESQ. 
Florida Bar No. 87531 
Primary Email 
jgarrity@loriumlaw.com 
Secondary Service Email 
GLT@loriumlaw.com 

Soliman & Associates, PC
Counsel for Plaintiffs
923 Haddonfield Rd., Ste. 300
Cherry Hill, NJ 08002
Telephone: (856) 324-8313
Facsimile:  (856) 324-9080

By: /s/ Ahmed Soliman
AHMED SOLIMAN, ESQ.
NJ Bar No. 016572010
Primary Email
soliman@solimanlegal.com
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UNITED STATES

SECURITIES AND EXCHANGE COMMISSION
Washington, D.C. 20549

Form 8-K
Current Report

Pursuant to Section 13 or 15(d) of the Securities Exchange Act of 1934

Date of Report (Date of earliest event reported): January 30, 2018

Illumina, Inc.
(Exact name of registrant as specified in its charter)

001-35406
(Commission File Number)

Delaware 33-0804655
(State or other jurisdiction of incorporation) (I.R.S. Employer Identification No.)

5200 Illumina Way, San Diego, CA 92122
(Address of principal executive offices) (Zip code)

(858) 202-4500
(Registrant’s telephone number, including area code)

N/A
(Former name or former address, if changed since last report)

Check the appropriate box below if the Form 8-K filing is intended to simultaneously satisfy the filing obligation of the registrant under any of the following
provisions:

o  Written communications pursuant to Rule 425 under the Securities Act (17 CFR 230.425)

o  Soliciting material pursuant to Rule 14a-12 under the Exchange Act (17 CFR 240.14a-12)

o  Pre-commencement communications pursuant to Rule 14d-2(b) under the Exchange Act (17 CFR 240.14d-2(b))

o  Pre-commencement communications pursuant to Rule 13e-4(c) under the Exchange Act (17 CFR 240.13e-4(c))

Indicate by check mark whether the registrant is an emerging growth company as defined in Rule 405 of the Securities Act of 1933 (§230.405 of this chapter)
or Rule 12b-2 of the Securities Exchange Act of 1934 (§240.12b-2 of this chapter).

Emerging growth company o  

If an emerging growth company, indicate by check mark if the registrant has elected not to use the extended transition period for complying with any new or
revised financial accounting standards provided pursuant to Section 13a of the Exchange Act. o    
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Item 2.02 Results of Operations and Financial Condition.

On January 30, 2018, Illumina, Inc. (the "Company") issued a press release announcing financial results for the fourth quarter and fiscal year ended
December 31, 2017. The full text of the Company’s press release is attached hereto as Exhibit 99.1.

The information furnished pursuant to this Item 2.02 shall not be deemed to be “filed” for purposes of Section 18 of the Securities Exchange Act of
1934 (the “Exchange Act”) or otherwise subject to the liabilities under that Section and shall not be deemed to be incorporated by reference into any filing of
the Company under the Securities Act of 1933 or the Exchange Act.
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Item 9.01 Financial Statements and Exhibits.

(d) Exhibits.

99.1    Press release dated January 30, 2018, announcing Illumina, Inc.’s financial results for the fourth quarter and fiscal year ended December 31, 2017.
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SIGNATURES

Pursuant to the requirements of the Securities Exchange Act of 1934, the Registrant has duly caused this report to be signed on its behalf by the undersigned
hereunto duly authorized.

     

 
 ILLUMINA, INC.

 
Date: January 30, 2018 By:  /s/ SAM A. SAMAD

   Sam A. Samad
   Senior Vice President and Chief Financial Officer
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Exhibit Number  Description

99.1
 

Press release dated January 30, 2018, announcing Illumina, Inc.’s financial results for the fourth quarter and fiscal year ended December
31, 2017.
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    Investors:

  Jacquie Ross, CFA

  858-882-2172

  ir@illumina.com

   

    Media:

    Eric Endicott

    858-882-6822

    pr@illumina.com

Illumina Reports Financial Results for Fourth Quarter and Fiscal Year 2017

San Diego -- (BUSINESS WIRE) - January 30, 2018 - Illumina, Inc. (NASDAQ:ILMN) today announced its financial results for the fourth quarter
and fiscal year 2017.

Fourth quarter 2017 results:

• Revenue of $778 million, a 26% increase compared to $619 million in the fourth quarter of 2016

• GAAP net income attributable to Illumina stockholders for the quarter of $68 million, or $0.46 per diluted share, compared to $124

million, or $0.84 per diluted share, for the fourth quarter of 2016; GAAP provision for income taxes for the fourth quarter of 2017

includes our provisional estimate of the one-time transition tax as a result of U.S. tax reform

• Non-GAAP net income attributable to Illumina stockholders for the quarter of $212 million, or $1.44 per diluted share, compared to $126

million, or $0.85 per diluted share, for the fourth quarter of 2016 (see the table entitled “Itemized Reconciliation Between GAAP and Non-

GAAP Net Income Attributable to Illumina Stockholders” for a reconciliation of GAAP and non-GAAP financial measures)

• Cash flow from operations of $294 million compared to $262 million in the fourth quarter of 2016

• Free cash flow (cash flow from operations less capital expenditures) of $218 million for the quarter, compared to $180 million in the

fourth quarter of 2016

Gross margin in the fourth quarter of 2017 was 69.7% compared to 67.7% in the prior year period. Excluding amortization of acquired

intangible assets, non-GAAP gross margin was 70.9% for the fourth quarter of 2017 compared to 69.5% in the prior year period.

Research and development (R&D) expenses for the fourth quarter of 2017 were $137 million compared to $130 million in the prior year

period. Excluding restructuring charges, non-GAAP R&D expenses as a percentage of revenue were 17.4%, including 0.7% attributable to

Helix. This compares to 21.0% in the prior year period, including 2.6% attributable to GRAIL and Helix.

Selling, general and administrative (SG&A) expenses for the fourth quarter of 2017 were $175 million compared to $146 million in the prior

year period. Excluding amortization of acquired intangible assets and restructuring
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charges, SG&A expenses as a percentage of revenue were 22.1%, including 1.2% attributable to Helix. This compares to 23.4% in the prior

year period, including 1.7% attributable to GRAIL and Helix.

Depreciation and amortization expenses were $40 million and capital expenditures for free cash flow purposes were $76 million during the

fourth quarter of 2017. At the close of the quarter, the company held $2.1 billion in cash, cash equivalents and short-term investments,

compared to $1.6 billion as of January 1, 2017.

Fiscal 2017 results:

• Revenue of $2,752 million, a 15% increase compared to $2,398 million in fiscal 2016

• GAAP net income attributable to Illumina stockholders of $726 million, or $4.92 per diluted share, compared to $463 million, or $3.07

per diluted share, in fiscal 2016; GAAP provision for income taxes for fiscal 2017 includes the provisional estimate of the one-time

transition tax referenced previously

• Non-GAAP net income attributable to Illumina stockholders of $591 million, or $4.00 per diluted share, compared to $503 million, or

$3.33 per diluted share, in fiscal 2016 (see the table entitled “Itemized Reconciliation Between GAAP and Non-GAAP Net Income

Attributable to Illumina Stockholders” for a reconciliation of these GAAP and non-GAAP financial measures)

• Cash flow from operations of $875 million compared to $779 million in fiscal 2016

• Free cash flow (cash flow from operations less capital expenditures) of $565 million, compared to $519 million in fiscal 2016

Gross margin for fiscal 2017 was 66.4% compared to 69.5% in the prior year. Excluding amortization and impairment of acquired intangible

assets, non-GAAP gross margin was 68.4% for fiscal 2017 compared to 71.3% in the prior year period.

Research and development (R&D) expenses for fiscal 2017 were $546 million compared to $504 million in the prior year. Excluding

restructuring charges and an impairment of in-process research and development, non-GAAP R&D expenses as a percentage of revenue were

19.6%, including 1.0% attributable to GRAIL and Helix. This compares to 21.0% in the prior year period, including 1.9% attributable to GRAIL

and Helix.

Selling, general and administrative (SG&A) expenses for fiscal 2017 were $674 million compared to $584 million in the prior year period.

Excluding amortization of acquired intangible assets, restructuring charges, performance-based compensation related to GRAIL Series B

financing, and acquisition related gain, SG&A expenses as a percentage of revenue were 23.9%, including 1.7% attributable to GRAIL and

Helix. This compares to 24.0% in the prior year period, including 1.2% attributable to GRAIL and Helix.

“With 26% revenue growth in the fourth quarter, and 15% for the full year, our 2017 results demonstrate customers’ growing demand across

both our sequencing and array portfolios,” said Francis deSouza, President and
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CEO. “From our NovaSeq and the recently launched iSeq, to our clinical portfolio that includes the VeriSeq NIPT Solution, NextSeqDx and

MiSeqDx, Illumina is well-positioned to continue to drive sequencing innovation and unlock the power of the genome.”

Updates since our last earnings release:

• Launched the iSeqTM 100 Sequencing System, a flexible benchtop sequencer priced at $19,900 designed to provide a fast and easy-

to-use system with unmatched accuracy

• Announced availability of AmpliSeq for Illumina, developed in partnership with Thermo Fisher Scientific

• Introduced the NextSeqTM 550Dx instrument, Illumina’s second FDA regulated CE-IVD market platform, to deliver the power of high-

throughput next-generation sequencing (NGS) to the clinical laboratory

• Partnered with KingMed Diagnostics to develop novel oncology and hereditary disease testing applications utilizing Illumina’s NGS

technology in China

• Appointed Gary S. Guthart to the company’s Board of Directors

• Appointed Aimee Hoyt to the position of Senior Vice President and Chief People Officer

• Repurchased $75 million of common stock in the fourth quarter under the previously announced share repurchase program

Financial outlook and guidance

The non-GAAP financial guidance discussed below reflects certain pro forma adjustments to assist in analyzing and assessing our core

operational performance. Please see our Reconciliation of Non-GAAP Financial Guidance included in this release for a reconciliation of the

GAAP and non-GAAP financial measures.

For fiscal 2018, the company is projecting 13% to 14% revenue growth, GAAP earnings per diluted share attributable to Illumina stockholders

of $4.14 to $4.24 and non-GAAP earnings per diluted share attributable to Illumina stockholders of $4.50 to $4.60.

Quarterly conference call information

The conference call will begin at 2:00 pm Pacific Time (5:00 pm Eastern Time) on Tuesday, January 30, 2018. Interested parties may access the

live teleconference through the Investor Relations section of Illumina’s web site under the “company” tab at www.illumina.com. Alternatively,

individuals can access the call by dialing 888-771-4371, or 1-847-585-4405 outside North America, both with passcode 46251622.

 

A replay of the conference call will be available from 4:30 pm Pacific Time (7:30 pm Eastern Time) on January 30, 2018 through February 6,

2018 by dialing 888-843-7419, or 1-630-652-3042 outside North America, both with passcode 46251622.
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Statement regarding use of non-GAAP financial measures

The company reports non-GAAP results for diluted net income per share, net income, gross margins, operating expenses, operating margins,

other income, and free cash flow in addition to, and not as a substitute for, or superior to, financial measures calculated in accordance with

GAAP. The company’s financial measures under GAAP include substantial charges such as amortization of acquired intangible assets, non-

cash interest expense associated with the company’s convertible debt instruments that may be settled in cash, and others that are listed in

the itemized reconciliations between GAAP and non-GAAP financial measures included in this press release. Management has excluded the

effects of these items in non-GAAP measures to assist investors in analyzing and assessing past and future operating performance.

Additionally, non-GAAP net income attributable to Illumina stockholders and diluted earnings per share attributable to Illumina stockholders

are key components of the financial metrics utilized by the company’s board of directors to measure, in part, management’s performance and

determine significant elements of management’s compensation.

The company encourages investors to carefully consider its results under GAAP, as well as its supplemental non-GAAP information and the

reconciliation between these presentations, to more fully understand its business. Reconciliations between GAAP and non-GAAP results are

presented in the tables of this release.

Use of forward-looking statements

This release contains forward-looking statements that involve risks and uncertainties, such as our financial outlook and guidance for fiscal

2018 and expectations regarding the launch of new products. Among the important factors that could cause actual results to differ materially

from those in any forward-looking statements are: (i) challenges inherent in developing, manufacturing, and launching new products and

services, including expanding manufacturing operations and reliance on third-party suppliers for critical components; (ii) the timing and mix of

customer orders among our products and services; (iii) the impact of recently launched or pre-announced products and services on existing

products and services; (iv) our ability to further develop and commercialize our instruments and consumables and to deploy new products,

services, and applications, and expand the markets, for our technology platforms; (v) our ability to manufacture robust instrumentation and

consumables; (vi) the success of products and services competitive with our own; (vii) our ability to successfully identify and integrate

acquired technologies, products, or businesses; (viii) our expectations and beliefs regarding future conduct and growth of the business and

the markets in which we operate; and (ix) the application of generally accepted accounting principles, which are highly complex and involve

many subjective assumptions, estimates, and judgments, together with other factors detailed in our filings with the Securities and Exchange

Commission, including our most recent filings on Forms 10-K and 10-Q, or in information disclosed in public conference calls, the date and

time of which are released beforehand. We undertake no obligation, and do not intend, to update these forward-looking statements, to

review or confirm analysts’ expectations, or to provide interim reports or updates on the progress of the current quarter.
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About Illumina

Illumina is improving human health by unlocking the power of the genome. Our focus on innovation has established us as the global leader in

DNA sequencing and array-based technologies, serving customers in the research, clinical and applied markets. Our products are used for

applications in the life sciences, oncology, reproductive health, agriculture and other emerging segments. To learn more,

visit www.illumina.com and follow @illumina.

# # #
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Illumina, Inc.

Condensed Consolidated Balance Sheets

(In millions)

    

 
December 31, 

2017  
January 1, 

2017

ASSETS (unaudited)   
Current assets:    

Cash and cash equivalents $ 1,225  $ 735

Short-term investments 920  824

Accounts receivable, net 411  381

Inventory 333  300

Prepaid expenses and other current assets 91  78

Total current assets 2,980  2,318

Property and equipment, net 931  713

Goodwill 771  776

Intangible assets, net 175  243

Deferred tax assets 88  123

Other assets 312  108

Total assets $ 5,257  $ 4,281

    

LIABILITIES AND STOCKHOLDERS’ EQUITY    
Current liabilities:    

Accounts payable $ 160  $ 138

Accrued liabilities 432  342

Build-to-suit lease liability 144  223

Long-term debt, current portion 10  2

Total current liabilities 746  705

Long-term debt 1,182  1,056

Other long-term liabilities 360  206

Redeemable noncontrolling interests 125  44

Stockholders’ equity 2,844  2,270

Total liabilities and stockholders’ equity $ 5,257  $ 4,281
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Illumina, Inc.

Condensed Consolidated Statements of Income

(In millions, except per share amounts)

(unaudited)

    

 Three Months Ended  Years Ended

 
December 31, 

2017  
January 1, 

2017  
December 31, 

2017  
January 1, 

2017

 Revenue:        
Product revenue $ 659  $ 525  $ 2,289  $ 2,032

Service and other revenue 119  94  463  366

Total revenue 778  619  2,752  2,398

 Cost of revenue:        
Cost of product revenue (a) 172  151  679  534

Cost of service and other revenue (a) 55  38  208  155

Amortization of acquired intangible assets 9  11  39  43

Total cost of revenue 236  200  926  732

Gross profit 542  419  1,826  1,666

 Operating expense:        
Research and development (a) 137  130  546  504

Selling, general and administrative (a) (b) 175  146  674  584

Legal contingencies —  —  —  (9)

Total operating expense 312  276  1,220  1,079

 Income from operations 230  143  606  587

Other (expense) income, net (6)  (9)  437  (26)

 Income before income taxes 224  134  1,043  561

Provision for income taxes 166  26  365  133

 Consolidated net income 58  108  678  428

Add: Net loss attributable to noncontrolling interests 10  16  48  35

 Net income attributable to Illumina stockholders $ 68  $ 124  $ 726  $ 463

Net income attributable to Illumina stockholders for earnings
per share (c) $ 68  $ 124  $ 725  $ 454

 Earnings per share attributable to Illumina stockholders:        
Basic $ 0.47  $ 0.84  $ 4.96  $ 3.09

Diluted $ 0.46  $ 0.84  $ 4.92  $ 3.07

 Shares used in computing earnings per common share:        
Basic 146  147  146  147

Diluted 148  148  148  148
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(a) Includes stock-based compensation expense for stock-based awards:     
      

 Three Months Ended  Years Ended

 
December 31, 

2017  
January 1, 

2017  
December 31, 

2017  
January 1, 

2017

Cost of product revenue $ 3  $ 3  $ 12  $ 9

Cost of service and other revenue —  —  2  2

Research and development 13  9  51  42

Selling, general and administrative 25  15  99  76

Stock-based compensation expense before taxes (1) $ 41  $ 27  $ 164  $ 129

(1) Includes stock-based compensation of $0.9 million and $3.5 million for Helix for the three months and year ended December 31, 2017, respectively,
and $10.1 million for GRAIL for the year ended December 31, 2017. This compares to stock-based compensation of $0.5 million and $2.4 million for
GRAIL and Helix for the three months and year ended January 1, 2017, respectively.

(b) Headquarter relocation expense of $0.4 million and $1.5 million was reclassified to selling, general and administrative expense for the three months and year
ended January 1, 2017, respectively, to conform to the current period presentation.
(c) Amount reflects the additional losses attributable to the common shareholders of GRAIL and Helix for earnings per share purposes.
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Illumina, Inc.

Condensed Consolidated Statements of Cash Flows

(In millions)

(unaudited)

        

 Three Months Ended  Years Ended

 
December 31, 

2017  
January 1, 

2017  
December 31, 

2017  
January 1, 

2017

Net cash provided by operating activities (a) $ 294  $ 262  $ 875  $ 779

Net cash used in investing activities (315)  (173)  (214)  (515)

Net cash used in financing activities (a) (109)  (145)  (176)  (296)

Effect of exchange rate changes on cash and cash equivalents 1  (4)  5  (2)

Net (decrease) increase in cash and cash equivalents (129)  (60)  490  (34)

Cash and cash equivalents, beginning of period 1,354  795  735  769

Cash and cash equivalents, end of period $ 1,225  $ 735  $ 1,225  $ 735

        

Calculation of free cash flow:        
Net cash provided by operating activities (a) $ 294  $ 262  $ 875  $ 779

Purchases of property and equipment (b) (76)  (82)  (310)  (260)

Free cash flow (c) $ 218  $ 180  $ 565  $ 519

(a) Excess tax expense of $19 million and tax benefit of $91 million related to stock-based compensation for the three months and year ended January 1, 2017,
respectively, was reclassified from cash used in financing activities to cash provided by operating activities as a result of the retrospective application of ASU
2016-09 adopted in Q1 2017.
(b) Excludes property and equipment recorded under build-to-suit lease accounting, which are non-cash expenditures, of $19 million and $79 million for the
three months and year ended December 31, 2017, respectively, and $25 million and $193 million for the three months and year ended January 1, 2017,
respectively.
(c) Free cash flow, which is a non-GAAP financial measure, is calculated as net cash provided by operating activities reduced by purchases of property and
equipment. Free cash flow is useful to management as it is one of the metrics used to evaluate our performance and to compare us with other companies in our
industry. However, our calculation of free cash flow may not be comparable to similar measures used by other companies.
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Illumina, Inc.

Results of Operations - Non-GAAP

(In millions, except per share amounts)

(unaudited)

     

ITEMIZED RECONCILIATION BETWEEN GAAP AND NON-GAAP EARNINGS PER SHARE ATTRIBUTABLE TO ILLUMINA STOCKHOLDERS:

 Three Months Ended  Years Ended

 
December 31, 

2017  
January 1, 

2017  
December 31, 

2017  
January 1, 

2017

GAAP earnings per share attributable to Illumina stockholders -
diluted $ 0.46  $ 0.84  $ 4.92  $ 3.07

Amortization of acquired intangible assets 0.07  0.08  0.30  0.33

Non-cash interest expense (a) 0.05  0.05  0.20  0.20

Restructuring (b) 0.03  —  0.03  —

Gain on deconsolidation of GRAIL (c) —  —  (3.07)  —

Impairments (d) —  —  0.15  —

Performance-based compensation related to GRAIL Series B
financing (e) —  —  0.03  —

Equity-method investment gain (f) —  —  (0.01)  —

Acquisition related gain (g) —  —  (0.01)  —

Legal contingencies (h) —  —  —  (0.06)

Contingent compensation expense (i) —  —  —  0.01

Headquarter relocation —  —  —  0.01

Deemed dividend (j) —  —  —  (0.01)

Incremental non-GAAP tax expense (k) (0.05)  (0.07)  0.80  (0.17)

Tax benefit related to cost-sharing arrangement (l) —  (0.05)  —  (0.05)

U.S. Tax Reform (m) 1.01  —  1.01  —

Excess tax benefit from share-based compensation (n) (0.13)  —  (0.35)  —

Non-GAAP earnings per share attributable to Illumina stockholders -
diluted (o) $ 1.44  $ 0.85  $ 4.00  $ 3.33

        

ITEMIZED RECONCILIATION BETWEEN GAAP AND NON-GAAP NET INCOME ATTRIBUTABLE TO ILLUMINA STOCKHOLDERS:

GAAP net income attributable to Illumina stockholders $ 68  $ 124  $ 726  $ 463

Amortization of acquired intangible assets 10  12  45  49

Non-cash interest expense (a) 8  8  30  30

Restructuring (b) 4  —  4  —

Gain on deconsolidation of GRAIL (c) —  —  (453)  —

Impairments (d) —  —  23  —

Performance-based compensation related to GRAIL Series B
financing (e) —  —  4  —

Equity-method investment gain (f) —  —  (2)  —

Acquisition related gain (g) —  —  (1)  —

Legal contingencies (h) —  —  —  (9)

Contingent compensation expense (i) —  —  —  2

Headquarter relocation —  —  —  1

Incremental non-GAAP tax expense (k) (7)  (11)  117  (26)

Tax benefit related to cost-sharing arrangement (l) —  (7)  —  (7)

U.S. Tax Reform (m) 150  —  150  —

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 46 of 378 PageID: 46Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 46 of 378 PageID: 883



Excess tax benefit from share-based compensation (n) (21)  —  (52)  —

Non-GAAP net income attributable to Illumina stockholders (o) $ 212  $ 126  $ 591  $ 503

All amounts in tables are rounded to the nearest millions, except as otherwise noted. As a result, certain amounts may not recalculate using the rounded
amounts provided.

(a) Non-cash interest expense is calculated in accordance with the authoritative accounting guidance for convertible debt instruments that may be settled in
cash.
(b) Amount consists primarily of employee costs related to the restructuring that occurred in Q4 2017.
(c) Amount represents the gain recognized as a result of the deconsolidation of GRAIL in Q1 2017. The $150 million tax effect of the gain is included in
incremental non-GAAP tax expense. Subsequent to the transaction, our remaining interest is treated as a cost-method investment.
(d) Amount represents impairment of an acquired intangible asset and in-process research and development of $18 million and $5 million, respectively.
(e) Amount represents performance-based stock which vested as a result of the financing, net of attribution to noncontrolling interest.
(f) Equity-method investment gain represents mark-to-market adjustments from our investment in Illumina Innovations Fund I, L.P.
(g) Acquisition related gain consists of change in fair value of contingent consideration.
(h) Legal contingencies for 2016 represent a reversal of previously recorded expense related to the settlement of patent litigation.
(i) Contingent compensation expense relates to contingent payments for post-combination services associated with an acquisition.
(j) Amount represents the impact of a deemed dividend, net of Illumina’s portion of the losses incurred by GRAIL’s common stockholders resulting from the
company’s common to preferred share exchange with GRAIL. The amount was added to net income attributable to Illumina stockholders for purposes of
calculating Illumina’s consolidated earnings per share. The deemed dividend, net of tax, was recorded through equity.
(k) Incremental non-GAAP tax expense reflects the tax impact related to the non-GAAP adjustments listed above.
(l) Tax benefit related to cost-sharing arrangement refers to the exclusion of stock compensation from prior period cost-sharing charges as a result of a tax court
ruling.
(m) In accordance with the Tax Cuts and Jobs Act enacted on December 22, 2017 (U.S. Tax Reform), amount primarily consists of a provisional estimate of the
one-time transition tax on earnings of certain foreign subsidiaries that were previously tax deferred.
(n) Excess tax benefits from share-based compensation are recorded as a discrete item within the provision for income taxes on the consolidated statement of
income pursuant to ASU 2016-09, which was previously recognized in additional paid-in capital on the consolidated statement of stockholders’ equity.
(o) Non-GAAP net income attributable to Illumina stockholders and diluted earnings per share attributable to Illumina stockholders exclude the effect of the pro
forma adjustments as detailed above. Non-GAAP net income attributable to Illumina stockholders and diluted earnings per share attributable to Illumina
stockholders are key components of the financial metrics utilized by the company’s board of directors to measure, in part, management’s performance and
determine significant elements of management’s compensation. Management has excluded the effects of these items in these measures to assist investors in
analyzing and assessing our past and future core operating performance.
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Illumina, Inc.

Results of Operations - Non-GAAP (continued)

(Dollars in millions)

(unaudited)

ITEMIZED RECONCILIATION BETWEEN GAAP AND NON-GAAP RESULTS OF OPERATIONS AS A PERCENT OF REVENUE:

 Three Months Ended  Years Ended

 
December 31, 

2017  
January 1, 

2017  
December 31, 

2017  
January 1, 

2017

GAAP gross profit $ 542  69.7 %  $ 419  67.7 %  $ 1,826  66.4 %  $ 1,666  69.5 %

Amortization of acquired intangible asset 9  1.2 %  11  1.8 %  39  1.4 %  43  1.8 %

Impairment of acquired intangible asset —  —  —  —  18  0.6 %  —  —

Non-GAAP gross profit (a) $ 551  70.9 %  $ 430  69.5 %  $ 1,883  68.4 %  $ 1,709  71.3 %

                

GAAP research and development expense $ 137  17.7 %  $ 130  21.0 %  $ 546  19.8 %  $ 504  21.0 %

Restructuring (b) (2)  (0.3)%  —  —  (2)  (0.1)%  —  —

Impairment of in-process research and
development —  —  —  —  (5)  (0.1)%  —  —

Non-GAAP research and development expense $ 135  17.4 %  $ 130  21.0 %  $ 539  19.6 %  $ 504  21.0 %

                

GAAP selling, general and administrative
expense $ 175  22.5 %  $ 146  23.6 %  $ 674  24.6 %  $ 584  24.4 %

Amortization of acquired intangible assets (1)  (0.1)%  (1)  (0.2)%  (6)  (0.2)%  (6)  (0.2)%

Restructuring (b) (2)  (0.3)%  —  —  (2)  (0.1)%  —  —

Performance-based compensation related to
GRAIL Series B financing (c) —  —  —  —  (10)  (0.4)%  —  —

Acquisition related gain (d) —  —  —  —  1  —  —  —

Contingent compensation expense (e) —  —  —  —  —  —  (2)  (0.1)%

Headquarter relocation —  —  —  —  —  —  (1)  (0.1)%

Non-GAAP selling, general and administrative
expense $ 172  22.1 %  $ 145  23.4 %  $ 657  23.9 %  $ 575  24.0 %

                

GAAP operating profit $ 230  29.6 %  $ 143  23.1 %  $ 606  22.0 %  $ 587  24.5 %

Amortization of acquired intangible assets 10  1.3 %  12  2.0 %  45  1.6 %  49  2.0 %

Restructuring (b) 4  0.5 %  —  —  4  0.1 %  —  — %

Legal contingencies (f) —  —  —  —  —  —  (9)  (0.4)%

Impairments —  —  —  —  23  0.9 %  —  —

Performance-based compensation related to
GRAIL Series B financing (c) —  —  —  —  10  0.4 %  —  —

Acquisition related gain (d) —  —  —  —  (1)  —  —  —

Contingent compensation expense (e) —  —  —  —  —  —  2  0.1 %

Headquarter relocation —  —  —  —  —  —  1  0.1 %

Non-GAAP operating profit (a) $ 244  31.4 %  $ 155  25.1 %  $ 687  25.0 %  $ 630  26.3 %

                

GAAP other (expense) income, net $ (6)  (0.8)%  $ (9)  (1.4)%  $ 437  15.9 %  $ (26)  (1.1)%

Non-cash interest expense (g) 8  1.1 %  8  1.2 %  30  1.2 %  30  1.3 %

Equity-method investment gain (h) —  —  —  —  (2)  (0.1)%  —  —

Gain on deconsolidation of GRAIL (i) —  —  —  —  (453)  (16.5)%  —  —

Non-GAAP other income (expense), net (a) $ 2  0.3 %  $ (1)  (0.2)%  $ 12  0.5 %  $ 4  0.2 %
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All amounts in tables are rounded to the nearest millions, except as otherwise noted. As a result, certain amounts may not recalculate using the rounded
amounts provided.

(a) Non-GAAP gross profit, included within non-GAAP operating profit, is a key measure of the effectiveness and efficiency of manufacturing processes, product
mix and the average selling prices of our products and services. Non-GAAP operating profit, and non-GAAP other income (expense), net, exclude the effects of
the pro forma adjustments as detailed above. Management has excluded the effects of these items in these measures to assist investors in analyzing and assessing
past and future operating performance.
(b) Amount consists primarily of employee costs related to the restructuring that occurred in Q4 2017.
(c) Amount represents performance-based stock which vested as a result of the financing.
(d) Acquisition related gain consists of change in fair value of contingent consideration.
(e) Contingent compensation expense relates to contingent payments for post-combination services associated with an acquisition.
(f) Legal contingencies for 2016 represent a reversal of previously recorded expense related to the settlement of patent litigation.
(g) Non-cash interest expense is calculated in accordance with the authoritative accounting guidance for convertible debt instruments that may be settled in cash
(h) Equity-method investment gain represents mark-to-market adjustments from our investment in Illumina Innovations Fund I, L.P
(i) Amount represents the gain recognized as a result of the deconsolidation of GRAIL in Q1 2017. Subsequent to the transaction, our remaining interest is
treated as a cost-method investment.
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Illumina, Inc.
Reconciliation of Non-GAAP Financial Guidance

Our future performance and financial results are subject to risks and uncertainties, and actual results could differ materially from the guidance set forth below.
Some of the factors that could affect our financial results are stated above in this press release. More information on potential factors that could affect our
financial results is included from time to time in the public reports filed with the Securities and Exchange Commission, including Form 10-K for the fiscal year
ended January 1, 2017 filed with the SEC on February 13, 2017, and Form 10-Q for the fiscal quarters ended April 2, 2017, July 2, 2017, and October 1, 2017.
We assume no obligation to update any forward-looking statements or information.

Fiscal Year 2018

GAAP diluted earnings per share attributable to Illumina stockholders $4.14 - $4.24

Amortization of acquired intangible assets 0.24

Non-cash interest expense (a) 0.21

Restructuring (b) 0.02

Incremental non-GAAP tax expense (c) (0.11)

Non-GAAP diluted earnings per share attributable to Illumina stockholders $4.50 - $4.60

(a) Non-cash interest expense is calculated in accordance with the authoritative accounting guidance for convertible debt instruments that may be settled in
cash.
(b) Amount consists primarily of employee severance and retention costs related to the restructuring that occurred in Q4 2017.
(c) Incremental non-GAAP tax expense reflects the tax impact related to the non-GAAP adjustments listed above.
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1Confidential, Expert Analysis, SDNY Case 2019

Bringing together two leaders: 
AmpliSeqTM for Illumina

https://www.youtube.com/watch?v=lWPaZX1TDa4

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 52 of 378 PageID: 52Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 52 of 378 PageID: 889

https://www.youtube.com/watch%3Fv=lWPaZX1TDa4


Confidential, Expert Analysis, SDNY Case 2019

January 8, 2018 - Illumina unexpectedly announces collaboration 
with Thermo Fisher with a joint product: “Ampliseq for Illumina”.
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Confidential, Expert Analysis, SDNY Case 2019

January 8, 2018 - Illumina CEO Francis deSouza admits secret 
collaboration with Thermo Fisher “started the conversation clearly 
well over a year ago”… meaning prior to the settlement agreement.
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Confidential, Expert Analysis, SDNY Case 2019

January 30, 2018 - Illumina highlights collaboration with Thermo 
Fisher joint product: “Ampliseq for Illumina” in SEC report.
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5Confidential, Expert Analysis, SDNY Case 2019

1. I’m Joydeep Goswami, President of Clinical 
Oncology and NGS at Thermo Scientific

2. My name is Mark Van Oene. I’m Illumina’s Chief 
Commercial officer

3. (Goswami, TMO) – Today I am really proud to be 
announcing a partnership with Illumina to bring 
the power of AmpliSeq library prep across all of 
Illumina’s sequencing platforms…
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6Confidential, Expert Analysis, SDNY Case 2019

4. (Oene, ILMN) – For both of us our customers are 
our number one priority. Our customers need that 
flexibility to choose the best solutions for their 
research. I’m really excite to bring AmpliSeq
technologies for Illumina sequencers to market.

5. (Oene, ILMN) – This gives our customers access 
to the high value AmpliSeq chemistries.  We’ve 
removed the barriers for them to integrate that 
with their existing technologies.

6. (Goswami, TMO) – Over several years customers 
on Illumina’s platforms have asked for AmpliSeq to 
be enabled on their instruments and part of that 
has been the ability of Ampliseq to be able to 
handle both DNA and RNA in a single workflow.

7. (Goswami, TMO) – To be able to handle complex 
FFPE samples especially where the quantity of DNA 
and RNA may be quite small.
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7Confidential, Expert Analysis, SDNY Case 2019

8. (Oene, ILMN) – We came together to create a 
seamless product and so Illumina next gen 
sequencing customers can order directly through 
Illumina now and know that we will have that 
seamless support from the Illumina organization as 
well…

9. (Oene, ILMN) – Customers regularly ask me if 
they can use this library prep approach on our 
sequencers.  So I’m really excited to give them the 
flexibility to do this and add this to their workflows 
on their systems.

10. (Goswami, TMO) – We’re really excited to be 
able to bring this jointly to our customers.  This 
partnership will have a huge impact by enabling 
customers across multiple platforms use Ampliseq
library prep to be able to conduct their 
experiments in NGS, but also then be able to more 
easily compare, share, and collaborate with those 
results and findings and insights across 
geographies and platforms.  
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Confidential, Expert Analysis, SDNY Case 2019

11. (Oene, ILMN) – We have a wide variety of tools
that exist today but customers continue to ask
about AmpliSeq and they love the simplicity of this
and the performance characteristics of it.

12. (Oene, ILMN) – So really excited to add this to
our portfolio of products for them to drive the
innovation and understanding of genetics.
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First A~~ment fq.f J,-il:J-~ Development Agreement 

This first amendment ("First Amendment"), entered into as of March 27, 2001, ("'First 
Amendment Date'') 1 is by and between ILLUMINA, INC., a Delaware corporation 
located ~t 9390 Towne Centre Drive, Suite 200, San Diego, CA ·92121-301S 
C'Illumina"), and PE CORPORATION (NY), a New York corporation, through its PE 
Biosystems Group, now known as its Applied Biosystems Group, located at 850 Lincoln 
Centre Drive, Foster City, CA 94404 ("PEB11

). 

Recitals 

The parties have entered into a Joint Development Agreement ( .. Original · 
Agreemcnt0

) having an Effective Date of November 8, 1999. 

This First Amendment, entered into pursuant to Section 13.7 of the Original 
Agreement. serves to amend the Original Agreement by providing for the development 
and commercializa.ti~n of Tag Sequence technology. 

NOW, THEREFORE, in consideration of the mutual obligations.in this First 
Amendment and in the Original Agreement, and for other good and valuable 
consideration, the receipt and sufficien~y of which are acknowledged, the parties to this 
First Amendment agree as follows: 

Amendment 

CONFIDENTIAL 
THEA TM ENT REQUESTED 

1. Definitions: Any words with initial capitalization that are used and not defined in 
this First Amendment will have the meanings set forth in the-Original Agreement. 

2. Add new Section 1.33 imm~diately after Section 1.32 of the Original Agreement 
as follows: 

· 1.33 •'Tag Se uence" means.la set of oligonucleotide probes, developed 
pursuant to the Original Agreement or this First Amendment, 
which act independently of any target-sequence-specific analytical 
chemical reactions to allow the physical addressing of the products. 
of a chemical reaction to locations on a solid support, such as the 
"addressable array-specific portion•• of the oligonucleotide probes 
and their complements described in International Patent 
Application No. W097/312S6, and that are designed for use in the 
Collaboration Product. The Parties will agree on the selection Tag 
Sequences to be used in the Collaboration Product, subject to the 
approval ofthe°Joint Steering Conunittee. 

2.181'r...l.ti(!Jllain confidential portions of this Exhibit were omitted py _m~ans o.fblackout of the text (the "Mark") . This, 
Exhibit has been filed separately with the Secretary of the CorAm1ss1on without the Mark pursuant to the Company s 
Application Requestin g Confidential Treatment under Rule 24b-2 under the 1934 Act. 

• ••• 
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Add the following to Section 3.1 of the Original Agreement immediately before g;: 
the last sentence of Section 3.1: · ~ g 3. 

4. 

The Parties will share responsibility for defining and developing 
Tag Sequences for the CoUaboration Product which will a"ttempt to .. 
avoid third party intellectual property rights or other 
encumbrances. 

Add new Sections 4.1.S and 4.1.6 immediately after Section 4.1.4 of the Origina 
Agreement as follows: 

4.1.5 Manufacture of Tag Sequences. It is understood that the Tag 

r-r, ~ 
i2-
--I· c::::, 
:x:, r-r, 

.r-r, ~ 
&:::I -c::ca rn r--
~ ,.,, 
c:, 

equences c p e omp ementary sets of oligonucleo-tides. one 
set of which will reside on the Assembled Arrays. and a second, 
complementary set which will be provided as part of the Reagents. 
In the Collaboration Field, Illumina will manufacture Tag 
Sequences for the Assembled Arrays and for use in decoding 
arrays; and PEB will manufacture Tag Sequences for the Reagents. 

' .... 

4.1.6 Use of Tag Sequences. The Parties agree that Tag Sequences will 
be used in the Collaboration Field by the Parties and purchasers of 
Collaboration Product. Tag Sequences may not be used by third 
parties outside the Collaboration Field unless the use is approved 
by the Joint Steei;ing Committee. 

5. Add new Section 6.1.4 immediately after Section 6.1.3 of the Original Agreement 
as follows: 

6.1.4. The Parties agree that any futellectual Property Rights-concerning 
Tag Sequences conceived after the Effective Date of the Original 
Agreement. whether Collaboration PEB futellectual Property, 
Collaboration Joint Intellectual Property, or Collaboration Illumina 
Intellectual Property, including the methods by which such Tag 
Sequences are designed, selected or made, as well as any 
compositions directed to such Tag Sequences, shall be deemed 
Collaboration Joint Intellectual Property . 

6. ,Continued Effect of Original Agreement. All provisions of the Original 
Agreement except as modified by this First .Amendmentt shall remain in full force 
1md effect and are hereby reaffirmed. Other than as stated in this First 
Amendment, this First Amendment will not operate as a waiver of any condition 
or obligation imposed on the Parties under the Original Agreement, 

7. Interpretation of Amendment. In the event of any conflict, inconsistency, or 
incongruity between any provision of thi's First Amendment and any provision of 

2'817_1.00C 2 

/ " 
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8. 

9. 

the Original Agreement, the provisions of this First Amendment will govern and 
control. 

sntire Agreement. This First Amendment, along with the Original Agreement 
constitute the sole agreements between the Parties relating -to the subject matter 
hereof and supersede all previous writings and understandings. Confidential · 
disclosures made under previously executed Confidentiality Agreements between 
the Parties will remain subject to the terms of those Confidentiality Agreements. 
No Party has been induced to enter into this Agreement by, nor is any Party relying 
on, any representation or warranty outside those exp~ly set forth in this 
Agreement. 

Counterparts. This First Amendment may be executed in any number of 
counterparts, and each counterpart will deemed an original instrument, but all 
counterparts together will constitute one agreement. 

[Signature page follows.] 

2'117_1.DOC 3 
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The Parties, through their authorized officers, have executed this First Amendment as of 
the First Amendment Date. 

ILLUMINA, INC. 

By:~ltnR.Sfue /projc( 

Name: _j& R$fi,,,f~ 
Title: \)r« ?..;i'J<i..\-~;;:1, Dt..,~ 

Date:_ 4 { z.. ( o\ 

25817_1.DOC 4 

PE CORPORATION· (NY), THROUGH 
ITS APPLIED BIOSYSTEMS GROUP 

By:.~ __ E_la_i_n_e __ J_._H_e_r_o_n __ ~~-,...'--~ 

Title: 
Applera Co~poration 

GeoerBJ Maoager, Molecular Biology Divis! 
. Applied Biosystems 

I>ate:.~3;...,;/...;;2 __ 9 __ /0~1~~---~~~~~~ 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF DELAWARE 

CORNELL UNIVERSITY, CORNELL ) 
RESEARCH FOUNDATION, INC., LIFE ) 
TECHNOLOGIES CORPORATION AND ) 
APPLIED BIOSYSTEMS, LLC, ) 

) C.A. No. 10-433-LPS-MPT
Plaintiffs, ) 

) 
v. ) ORAL ARGUMENT 

) REQUESTED 
ILLUMINA, INC., ) 

) 
Defendant. ) 

) 

PLAINTIFFS CORNELL UNIVERSITY AND CORNELL RESEARCH FOUNDATION, 
INC.’S OPENING BRIEF IN SUPPORT OF MOTION TO VACATE STIPULATION OF 

DISMISSAL PURSUANT TO RULE 60 AND TO RESCIND SETTLEMENT 
DOCUMENTS  OR, ALTERNATIVELY, FOR LEAVE TO CONDUCT 

DISCOVERY 

Dated:  June 21, 2017 
LECLAIRRYAN

Andrew L. Cole (No. 5712) 
800 North King Street, Suite 303 
Wilmington, DE 19801 
(302) 394-6817

Counsel for Plaintiffs Cornell University and 
Cornell Research Foundation, Inc. 
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NATURE AND STAGE OF THE PROCEEDINGS 

Plaintiffs Cornell University and Cornell Research Foundation, Inc. (referred to 

collectively as “Cornell” and individually as “Cornell University” and “CRF”) are plaintiffs in 

this action, jointly with Life Technologies Corporation and Applied Biosystems, LLC 

(collectively “Life Tech”).  The plaintiffs brought this lawsuit (the “Action”) against defendant 

Illumina, Inc. (“Illumina”) alleging infringement of certain patents.  The parties entered into a 

Settlement Agreement effective April 14, 2017 (the “Settlement Agreement”), and a stipulation 

of dismissal pursuant to the Settlement Agreement [D.I. 598] (the “Dismissal”) was entered on 

April 24, 2017.  Cornell now files this opening brief in support of its Motion to Vacate the 

Dismissal Pursuant to Rule 60 and to Rescind Settlement Documents  or, alternatively, 

for Leave to Conduct Discovery. 

SUMMARY OF THE ARGUMENT 

1. Pursuant to Rule 60 of the Federal Rules of Civil Procedure, Cornell seeks vacatur 

of the Dismissal entered in this Action,  

   

 

  

   

2. As the Court is aware, Cornell and Life Tech are co-plaintiffs in this Action 

directed against specific Illumina products (the “Accused Products”), that plaintiffs believe 

infringe certain patents owned by CRF and exclusively licensed to Life Technologies 

Corporation (the “Asserted Patents”).   
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3.  
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4.  

 

 

 

 

 

 

 

 

   

5.  

 

 

 

  

STATEMENT OF FACTS 

A. The Parties, This Action,  
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As the Court is aware, this Action was filed in 2010 with Cornell and Life Tech as co-

plaintiffs.  Dorn ¶ 9.  Throughout this Action, the co-plaintiffs have been represented by outside 

counsel selected by Life Tech.  Dorn ¶ 13.   

 

 

 

    

As discussed further below, Latham & Watkins was also counsel for Life Tech in a patent 

infringement lawsuit brought by Illumina against Life Tech in California.  Id. ¶ 14.   

This Action is directed against specified Illumina products which plaintiffs assert infringe 

15 patents licensed to Life Technologies Corporation [D.I. 298/299], and which will be 

referenced herein as the “CRF patents.”  Dorn ¶¶ 2, 10; Kelly ¶¶ 1, 6; Li ¶¶ 1, 6.  In addition, 

Cornell believes  
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B. The Settlement Discussions 
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C. The Dismissal Of The Action 

Pursuant to the Settlement Agreement, on April 18, 2017, the Dismissal was submitted to 

the Court along with the parties’ joint proposed stipulation to vacate the claim construction order 

and decisions in this Action.  [D.I. 595 and 596].  The Court held a telephonic hearing on April 

24, 2017 to discuss the Dismissal and the proposed joint stipulation to vacate the claim 

construction order and decisions.  Dorn ¶ 47.  During that teleconference, Delaware counsel of 

record for Life Tech and Cornell represented that in the context of the settlement, Cornell was 

seeking to preserve its rights, including by vacatur of the Court’s claim construction order and 

decisions, to avoid “a possible preclusive effect on them in any other litigation unrelated to 

Illumina or the case that is before Your Honor.”  [D.I. 600, Tr. at 4].  Id.  The Court entered the 

Dismissal that same day [D.I. 598], but declined to vacate the claim construction order and 
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decisions.  Id.

 

 

 

 

 

 

 

 

D.   
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  On that date, Illumina and Life Tech filed a Joint 

Motion to Dismiss a patent lawsuit brought by Illumina against Life Tech in the Southern 

District of California.  Id.; Kelly ¶ 25.  See Illumina, Inc. v. Life Technologies Corp. et al., No. 

11-CV-03022 (S.D. Cal.) (the “Illumina California Action”), stating that the: “parties have 

reached a Settlement Agreement to resolve this dispute without further litigation.”  (Case No. 11-

CV-03022, D.I. 91 at 2).  Id.  Latham & Watkins was counsel of record for Life Tech in the 

Illumina California Action.  Dorn ¶ 51.   

 

 

 

 

 

 

 

 

  

   

ARGUMENT 

A. Standards Under Rule 60 And Delaware Law On Rescinding A Contract 
 

1. Rule 60 Standards 

Rule 60(b) provides that a party may file a motion for relief from a final judgment for 

numerous reasons, including:  
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or (6) any other reason that justifies relief. 

Fed. R. Civ. P. 60(b) (2017).  A motion filed pursuant to Rule 60(b) is addressed to the sound 

discretion of the trial court guided by accepted legal principles applied in light of all relevant 

circumstances.  Pierce Assoc. Inc. v. Nemours Found., 865 F.2d 530, 548 (3d Cir. 1988); Lasky 

v. Cont’l Prods. Corp., 804 F.2d 250, 256 (3d Cir. 1986).    

  

  

 

.  As a result, Cornell seeks relief under Rule 60(b)(6), which “is 

a catch-all provision that allows relief for any other reason justifying relief from the operation of 

the judgment.”  United States v. Witco Corp., 76 F. Supp. 2d 519, 527 (D. Del. 1999) (quotation 

marks omitted).  A motion for relief under Rule 60(b)(6) is appropriate “when the movant shows 

any ... reason justifying relief from the operation of the judgment other than the more specific 

circumstances set out in Rules 60(b)(1)-(5).”  Gonzalez v. Crosby, 545 U.S. 524, 528 (2005) 

(citation and quotation marks omitted). Cases under Rule 60(b) have required “a movant 

seeking relief under Rule 60(b)(6) to show ‘extraordinary circumstances’ justifying the 

reopening of a final judgment.”  Id. at 535 (citation and quotation marks omitted). 

2. Jurisdiction Over Settlement Documents  

“It is well settled that a federal court has the inherent power to enforce and to consider 

challenges to settlements entered into in cases originally filed therein.”  Fox v. Consol. Rail 

Corp., 739 F.2d 929, 932 (3d Cir. 1984) (quoting Pearson v. Ecological Sci. Corp., 522 F.2d 171 

(5th Cir. 1975); cf. Washington Hosp. v. White, 889 F.2d 1294, 1298-99 (3d Cir. 1989).  The 

Court can do this without inquiring into, or requiring, an independent grounds for subject matter 
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jurisdiction for the enforcement/challenge suit.  See Aro Corp. v. Allied Witan Co., 531 F.2d 

1368, 1371 (6th Cir. 1976).  Accordingly, this Court is empowered to consider both vacating the 

Dismissal and rescinding the agreements entered into in connection with the settlement. 

3.  
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B. The Dismissal Should Be Vacated  
  

1.  

 

 

 

   

a.  
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.  
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.   

b.  
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1 Further, although not directly relevant to this motion, 
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2.  
 

a.  
 

 

 

  Exhibit B-1 to Dorn Exhibit B is the same 

as the Dismissal entered in this Action.  Id.  Thus, there can be no dispute that the Dismissal was 

submitted pursuant to the Settlement Agreement.   

 

 

 

2  
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b. Extraordinary Circumstances Are Present And Cornell 
Cannot Obtain Relief Under Any Other Provision of Rule 60  

To vacate a judgment under Rule 60(b)(6), the movant needs to show “extraordinary 

circumstances.”  Gonzalez, 545 U.S. at 535.  The circumstances here are certainly extraordinary.  
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C. If The Court Believes Further Evidence Is Needed To Support The Relief 
Requested, Cornell Should Be Granted Leave To Conduct Discovery  

 

However, Cornell has had no 

opportunity to seek discovery on Life Tech’s conduct to obtain further evidence.  Cornell has 

presented more than sufficient proofs to support the relief sought in this motion; however, if the 

Court believes more evidence should be presented, Cornell respectfully requests that the Court 

grant it the opportunity to conduct discovery into the issues presented in this motion.   

 

 

   

Courts have repeatedly granted requests for discovery in the context of Rule 60 

motions.   

 

 
 
 
 
 
 
 
 
 

  

  Many other courts have found that discovery is warranted when 

there is a dispute on the facts relating to relief requested under Rule 60.  See. e.g., Sheng v. 

Starkey Labs., Inc., 53 F.3d 192, 194 (8th Cir. 1995) (holding that evidentiary hearing had to 

be held to resolve both Rule 60 motions); Southerland v. Irons, 628 F.2d 978, 979 (6th Cir. 
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1980) (court scheduled evidentiary hearing on Rule 60 motion); Midwest Franchise Corp. v. 

Metromedia Rest. Grp., Inc., 177 F.R.D. 438, 441 (N.D. Iowa 1997) (holding that plaintiff had 

made necessary showing to warrant post-trial deposition of witness pursuant to Rule 60(b)(2) 

motion);  

 

   

CONCLUSION 

For the above reasons, the Dismissal should be vacated and the Settlement Agreement 

and the  or 

in the alternative, Cornell should be granted leave to conduct discovery before the Court rules on 

this motion. 
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Illumina and PE Biosystems 
colluded to defraud Zip Code 

Inventors 

Confidential, Expert Analysis, SDNY Case 2019
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Background and Chronology 
for Attempts by Illumina 

Employees to Re-Patent Zip 
Code Inventors Intellectual 

Property
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Timeline for RICO Complaint
• January, 2018 – Illumina CEO Francis deSouza admits secret collaboration with Thermo Fisher 

“started the conversation clearly well over a year ago”… meaning prior to the April 2017 
settlement agreement (see below).  Discovery will reveal if this secret collaboration started 
over 3 years earlier in 2015, i.e. prior to the Markman and bulk of the Cornell v Illumina case 
(1:10-cv-00433-LPS). 

• April, 2017 – Life Technologies (ThermoFisher) and Illumina fraudulently colluded to induce 
settlement of Cornell v Illumina in Delaware (1:10-cv-00433-LPS). This eventually was 
contested by a Rule 60(b)(6) Motion filed by Cornell once they became aware of Illumina’s 
and ThrmoFisher’s deception. This triggered a series of FOIA requests on Illumina SEC filings 
and NIH Grants in April and May 2017 by Plaintiff Zirvi.

• January, 2015 – Illumina in-house attorney, William Noon, files a highly unusual FOIA request 
to the NIH for copies of Illumina’s own NIH SBIR Grants:

– 1R21HG001911-01
– 1R44HG002003-01
– 1R43CA081952-01
– 1R43CA083398-01

Confidential, Expert Analysis, SDNY Case 2019
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January 8, 2018 - Illumina unexpectedly announces collaboration 
with Thermo Fisher with a joint product: “Ampliseq for Illumina”.
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January 8, 2018 - Illumina CEO Francis deSouza admits secret 
collaboration with Thermo Fisher “started the conversation clearly 
well over a year ago”… meaning prior to the settlement agreement.
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Timeline of Inventions

1999 2000 2001

J F M A M J J A S O N D J F M A M J J A S O N D

M. Chee, at Illumina
submits continuation of 
‘754 to decode beads. 
No examples. No 
Figures. Not used by 
Illumina.

Barany submits ‘594 
patent.  Teaches PCR-
LDR, zip codes, 
Universal arrays. K-
ras, BRCA1, BRCA2 
Includes substantial 
data.

J-B Fan (& Lockhart) still 
at Affy submit 
“Universal Arrays” 
patent application.  
Never issues.

M. Chee & D. Walt 
submit ‘584 using 12-
mer, with hybridization  
of last 4 bases to 
decode beads. Not 
used by Illumina.

M. Chee & Gunderson 
submit ‘431 using LDR 
and zip code capture. 

M. Chee & Illumina 
submit ‘732 using 
nanocrystals to decode 
beads. Not used by 
Illumina.

Barany sends PEB 4,633
zip code sequences.

Illumina and PEB sign 
Joint Development 
Agreement. 

Lockhart at Affy
submit “Tag 
(Universal) Arrays” 
‘564 application.  

Barany submits ‘965 
patent.  Teaches PCR-
LDR, 4,633 zip codes, 
Universal arrays. K-
ras. Includes 
substantial data.

M. Chee & Gunderson 
at Illumina submit 
“universal array” 
sequences, plagiarizes 
16 of Zirvi-Barany zip 
codes. Copies all 
important aspects of 
zip codes from ‘917 -
1996. Never issues.

M. Chee, at Illumina
submits continuation of 
‘754 to decode beads. 
Uses 16 zip codes with 
hybridization; example 
1 is misleading.

M. Chee, at Illumina
submit other 
continuations of ‘754 to 
decode beads. Primer 
extension, and FRET. 
Not used by Illumina.

Zirvi-Barany develop 4,633
zip code sequences.

Illumina and PEB sign Amendment 
to Joint Development Agreement for 
“Tag sequences” March, 2001. 
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Timeline of Inventions

1997 1998 1999

J F M A M J J A S O N D J F M A M J J A S O N D

D. Walt of Tufts submits 
‘884 patent claims dye 
encoding of beads. Not 
used by Illumina. No 
mention of universal 
array or zip codes.

M. Chee, at Illumina
submits ‘754 
application  to decode 
beads. Example relates 
to enzyme-based 
sensor. Not used by 
Illumina.

M. Chee, at Illumina
submits ‘431 application  
to decode microsphere 
array sensors. Example 
relates to enzyme-based 
sensor. Not used by 
Illumina.

K. Gunderson & M. 
Chee, from time at Affy
submit ‘913 application, 
sequencing by ligation 
on array.  Never issues.

M. Chee, at Illumina
submits continuation of 
‘754  to decode beads. 
Not used by Illumina.

M. Chee, becomes 
Director of Genomic 
Research at Affy
Was aware of “Tag 
(Universal) Arrays”, 
patent application.  
Never issues.

D. Walt of Tufts, M. 
Chee, and J. Stuelpnagel 
form Illumina
No mention of universal 
array or zip codes.
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Timeline of Inventions

1995 1996 1997

J F M A M J J A S O N D J F M A M J J A S O N D

Barany collaborates with D. 
Walt of Tufts.  Barany 
explains zip code chemistry, 
ligase detection, and their 
use on addressable arrays for 
encoding and decoding DNA. 

Barany submits ‘917 
series patent.  
Teaches PCR-LDR, zip 
codes, Universal 
arrays.  Includes 
substantial data.

Barany submits ‘470 series 
patent.  Teaches PCR-PCR-
LDR; LDR-PCR; PCR-PCR; 
zip code capture;  zip-code 
primers.  Includes 
substantial data.

D. Walt of Tufts publishes
use of beads and a
hexagonal fiber-optic
layout to detect DNA.
Relies on pre-hybridization
with known sequences to
mRNA. Does not use zip
codes.

D. Walt admits he is not co-
inventor of zip code
chemistry or universal arrays.
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Timeline of Inventions

1993 1994 1995

J F M A M J J A S O N D J F M A M J J A S O N D

F. Barany, G. Barany, R. Hammer, 
and M. Lubin conceive of and 
design primers and probes for 
PCR-PCR-LDR, LDR-PCR, and zip-
code universal arrays.

The Barany  Feb. 1994 NCI grant 
contained all the fundamental 
ideas; PCR-PCR-LDR; LDR-PCR; 
PCR-PCR; universal primers, Zip-
code Universal Arrays, including 
the 24-mer zip-codes.

NCI grant reviewed by 
S. Fodor of Affy.  Learns 
about zip code array 
and other Barany Lab 
IP. Gives poor score.

Affy patent application removes 
S. Fodor as co-inventor, claims 
nucleotide analogue IP.  Senior 
author is M. Chee. All claims 
deemed invalid in light of Cornell 
interference.
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Concluding Remarks on the Timeline
1.  Affymetrix employee Steve Fodor had detailed knowledge about the confidential Barany 1994 NCI grant submission, which 
described zip code chemistry, zip code primers, combining PCR with ligase detection reactions (LDR )and universal arrays.

2. David Walt, founder of Illumina (with Mark Chee and others, April 1998) reads draft of Barany’s ‘917 patent application, and 
acknowledges to Mike Goldman on November 22nd, 1995 that he is not an inventor of zip code arrays.

3.  Mark Chee, Kevin Gunderson, and J-B. Fan all worked at Affymetrix, and knew of zip code arrays prior to joining Illumina.

4.  Affymetrix employees, including J-B. Fan, submit patent applications on March 26th, 1999, and April 6th, 2000 (as well as 
publications) using Universal arrays of 20-mer zip code sequences, they termed “Tag arrays” and “Tag Sequences”.

5.  David Walt and Mark Chee submit patent applications on May 20th, 1999, both for Illumina and Tufts describing other ways to 
encode for bead-arrays, i.e. nano-crystals, or sequencing by hybridization of 12-mers. In fact, Illumina failed to commercialize 7 of 
their own approaches for decoding which bead is in a given location.

6.  Mark Chee, Kevin Gunderson, and J-B. Fan, submit several patent applications and publications using Universal arrays, with 24-
mer zip codes AFTER the Nov. 9th, 1999 collaboration with ABI (PE-Biosystems) was announced.

7.  Mark Chee and Kevin Gunderson had access to the confidential Zirvi-Barany unpublished 465 zip-code list – which was never 
published – from PEB some time between February 1999, (when Zirvi-Barany designed them and provided to PEB shortly 
thereafter,) and August 25th, 2000, when Illumina tried to re-patent Zirvi-Barany’s zip codes.

8.  Mark Chee and other Illumina employees file provisional application 60172106 on December 23rd, 1999 (claimed in both 
US7033754 and US7226734) where in Example 1, they claim to demonstrate identification of “16 zip codes” through 4 decoding 
steps, but knowingly and willfully conceal zip code sequences as well as hybridization and washing conditions used.

9.  Mark Chee and Kevin Gunderson submit a patent application on August 25th, 2000 where they claimed to “generate a list of 
about 4,000 zip-codes, with special properties”, which they call “Illumacodes” – such special properties were invented by Barany
Lab in the ‘917 application of 1996.  In Table 2, the first 16 zip codes are EXACTLY the same sequence as 16 of the first 52 Zirvi-
Barany 24-mer zip-codes of the unpublished 465 list, and are in the identical order as that list, and thus were plagiarized. 
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Illumina and PE Biosystems 
Collaboration Requires Barany 

Lab’s Zip Code Chemistry 
(covered by WO 97/31256 

patent) for David Walt’s Bead 
Arrays to Work
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Joint Development Agreement, November 9th, 1999

Illumina makes randomly “Assembled Arrays”, invented by Dr. David Walt, while Dr. Francis Barany and 
team invented “Zip Code Chemistry” to make “Addressable Arrays” .  On their own, randomly 
assembled bead arrays do not work for DNA analysis like SNP genotyping.  The zip code chemistry of 
Barany Lab’s IP not only works on traditional DNA arrays, but is also the enabling technology that 
allows the random bead arrays to work for DNA analysis. 
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Barany teaches Walt about ligation assays, zip codes, and Universal arrays:

David Walt admits that he did not invent zip codes and Universal arrays.
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Illumina and PE Biosystems 
Collude to Defraud Zip Code 

Inventors 
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First Amendment to Joint Development Agreement, March 27th, 2001

Illumina and PE Biosystems, deliberately colluded to provide “for the development and 
commercialization of Tag Sequence technology”, which is really the “Zip Code Chemistry” invented in 
the Barany Lab.  There is one and only one logical reason to redact the definition of “Tag Sequence” in 
this SEC document: To prevent the true inventors from finding out that Illumina and PE Biosystems 
were colluding to develop and commercialize sequences that infringed on the inventor’s intellectual 
property.  This was part of a deliberate strategy to re-name the inventors’s zip codes with other names 
to obfuscate their origin. 
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First Amendment to Joint Development Agreement, March 27th, 2001

Further, Illumina and PE Biosystems, deliberately colluded to develop “Tag Sequences for the 
Collaboration, which will attempt to avoid third party intellectual property rights or other 
encumbrances”, in other words, to defraud the rightful inventors of royalties for the “Zip Code 
Chemistry”.  As this sentence was (accidentally) left un-redacted, when we asked about this section, Dr. 
Barany were falsely told by the lawyers that this did not refer to the true inventors intellectual property.  
The redacted section (4.1.5) clearly shows that Illumina and PE colluded to divide the responsibilities for 
manufacturing Tag sequences on assembled arrays (Illumina) and Tag sequences for reagents (PE).  Since 
Tag sequences are synonymous to zip codes (section 1.33), uncovering this redacted section 
demonstrates that Illumina knew all along that zip codes work on both the array and in solution.  
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First Amendment to Joint Development Agreement, March 27th, 2001

Illumina and PE Biosystems, deliberately colluded to jointly own “any Intellectual Property rights 
concerning Tag Sequences”,… “including the methods by which such Tag Sequences are designed, 
selected or made, as well as any compositions directed to such Tag sequences.”  In other words, 
Illumina and PE Biosystems acknowledge the high value of “Tag sequences”,  which per the redacted 
section 1.33 “Tag sequences mean” is really the intellectual property of WO97/31256, i.e. the “Zip 
Code Chemistry” invented by the Barany Lab. 
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Illumina’s GoldenGate Assay and 
Tag Sequences Infringe on the 
Zip Code inventors Intellectual 

Property 
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Illumina – PE-Biosystems settlement agreement, August 18th, 2004

In this redacted section, Illumina admits that their “GoldenGate™” assay, uses Barany’s LDR-PCR-Zip 
Code Chemistry technology, which is covered in the ‘917, ‘470, and ‘293 series patents.  Again, the 
rightful inventors were harmed by deliberately redacting this section.  Thus, Illumina deliberately set 
out to defraud the true inventors of royalties due from patents and trade secrets covering Barany’s “Zip 
code chemistry”, “Ligase Detection”, and “Addressable Arrays” inventions.
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Illumina and/or PE Biosystems, deliberately redacted the actual “Tag Sequences” from the 2004 
settlement agreement, to deprive the true inventors of rightful royalties.  The recent FOIA request 
revealed “Tag sequences” be 24 to 26 + 2 bases in length (addition of an extra “T” to both the 3’ and 5’ 
end does not materially affect the performance characteristics of these sequences); Tag sequences 
differ from each other by 25% or more within those 24-26 bases, and are designed to operate under 
uniform hybridization conditions, in other words, they literally infringe upon the intellectual property 
of WO97/31256, i.e. the “Zip Code Chemistry” invented by the Barany Lab. 
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Illumina
Plagiarizes the Zirvi-
Barany Zip Codes
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Zip-code Array, Zip, Decoder sequence, IllumaCode, IllumiCode, 
Probe sequence, BeadArray capture probes, Adapter Sequence, 

In these Illumina patent applications, Illumina uses the terms “Zip-code Array”, “Zip”, “Decoder 
sequence”, “IllumaCode”, “Probe sequence”, and “BeadArray capture probes” to describe Zirvi-
Barany’s (exact) 24-mer zip code sequences.
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In this Illumina publication describing chemistry for Infinium arrays, Illumina uses the terms “Capture 
Probe”, and “target” to describe Zirvi-Barany’s exact 24-mer zip code sequences (with an extra T on 
the 5’ end).

Zip code, cZip, Decoders, IllumaCode, IllumiCode, Capture Probe, 
Bead identifier, Target, Universal Tag Sequence
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Zip code, cZip, Decoders, IllumaCode, IllumiCode, Capture Probe, 
Target, Address 1, Address 2, Universal Tag Sequence

In this Illumina publication describing chemistry for Infinium arrays, Illumina uses the terms “Capture 
Probe”, “target”, “Address 1” and “Address 2” to describe Zrivi-Barany’s exact 24-mer zip code 
sequences (with an extra T on the 5’ end).
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A closer look at one of the 16 zip codes: TTGAAAAGCCTACACGACGGCGAA

Chances of 9 new “Illumacode” zip code sequences matching exactly to Zirvi-Barany’s earlier work?  
One in 10130 or a Googol (1 x 10100) times the total number of stars in the Universe (1 x 1029)!
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The 16 zip codes in original unpublished 465 order  9 of the 16 zip codes in final 4,633 patent order  

The 16 zip codes listed in Illumina’s US20030096239 are in the same order as the original unpublished 465  

Chances of first 4 bases of 16 zip code sequences matching TTGA, which is our first tetramer?  
One in 3 x 1038 or more than a billion times the total number of stars in the Universe! (1 x 1029)

The 16 zip codes, plagiarized from Zirvi-Barany’s unpublished document in the identical order:
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An unexplained coincidence?

Barany et al., filed, April 14, 2000

Illumina, filed Aug. 25, 2000 – Never Issues
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USPTO archives of all the Illumina filings 
and patent office correspondence may 
now be found relating to the plagiarized 
Zirvi-Barany zip codes
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Illumina tries to re-patent Zirvi-Barany’s Zip code sequences, 
renames them “IllumaCode ID”, and later “Seq. ID No.”. 
Barany et al., filed, April 14, 2000 Illumina, filed Aug. 25, 2000 – Never Issues

Illumina – enabled by PE Biosystems providing them Zirvi-Barany’s unpublished trade secret sequences sometime in 
1999-2000 – attempted to re-patent Zirvi-Barany’s exact zip code sequences.  This is part of a deliberate strategy by 
Illumina and PE Biosystems – as evidenced by the un-redacted “First amendment to the Joint development 
agreement” to systematically and fraudulently purloin the true inventors intellectual property.
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Gunderson & Chee plagiarized Zirvi-Barany’s zip codes, 
which were used to achieve Illumina bead decoding.

Illumina – enabled by PE Biosystems providing them Zirvi-Barany’s unpublished trade secret sequences sometime in 
1999-2000 – attempted to re-patent Zirvi-Barany’s exact zip code sequences.  This is part of a deliberate strategy by 
Illumina and PE Biosystems – as evidenced by the un-redacted “First amendment to the Joint development 
agreement” to systematically and fraudulently purloin the true inventors intellectual property.

Case 3:20-cv-07648-MAS-DEA   Document 1-17   Filed 06/23/20   Page 31 of 71 PageID: 387Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 121 of 378 PageID: 121Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 121 of 378 PageID: 958



31Confidential, Expert Analysis, SDNY Case 2019

Zirvi-Barany describe properties of 
zip code addresses;
Illumina plagiarizes:
Zip code length of 24-mer.
“IllumaCodes” 24-mer Illumina Adapter sequences, 
“randomly picked by computer”.  In actuality, they seeded 
the program with 16 Zirvi-Barany zip codes.

Zirvi-Barany describe uniform hybridization. >85% of Tm 
values within the range of 75 – 80 C inclusive.
Illumina claims random 24-mers with Tm centered around 
72°C  and with a spread of 5 degrees which would be 67-
77°C. In actuality, ”IllumaCode” sequences also had Tm 
range of mostly 75-80°C inclusive, and almost all were 74-
81°C, which is centered on the exact range as the Zirvi-
Barany zip codes. 

Barany Lab describe 25% or greater differences between 
two zip codes.  For 24-mers, that equals probe-decoder 
complementarity score <= 18.
Illumina claims “Probe-Decoder complementarity Score < 
14”. In actuality; there are: 
1,461 pairs with complementarity score of 14; 

338 pairs with complementarity score of 15; 
70 pairs with complementarity score of 16; 
22 pairs with complementarity score of 17; and

1 pair with complementarity score of 18; 
In other words 18/24 = 25% or greater differences - exactly 
matches Barany Lab teaching.  

Illumina Application: Gunderson & Chee, Fig. 1
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Illumina submits full application 09/940,185 on August 27, 2001: 

Kevin Gunderson and Mark Chee sign their name on 
February 4, 2003 to declare:

“I believe that I am the original, first, and joint inventor 
of the subject matter which is claimed and for which a 
patent is sought on the invention entitled: Probes and 
decoder oligonucleotides.”

“I have reviewed and understand the contents of the 
above-identified specification, including the claims, as 
amended by any amendment referred to above. I 
acknowledge the duty to disclose information which is 
material to patentability as defined in 37 C.F.R. § 1.56.”

Illumina provides false statements to the USPTO, claiming 
to have invented “Probes and decoder oligonucleotides” 
when in fact they plagiarized the first 16 zipcodes directly 
from an unpublished Zirvi-Barany document they 
obtained through Illumina’s collaboration with PE-
Biosystems.  They did this to avoid paying the true 
inventors their rightful royalties.
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Illumina submits provisional application 60/227,948 (M. Chee and K. Gunderson) on August 25, 2000: 

Illumina attempt to re-patent Zirvi-Barany’s exact zip code sequences; accidentally leaves one with wrong ID in Table 
1, includes all in Table 2, and has them in a bizarre order in tables 3 & 4.
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Full Appl., (K. Gunderson) on August 27, 2001Illumina submits provisional application 60/227,948 
(M. Chee and K. Gunderson) on August 25, 2000: 

Illumina attempt to re-patent Zirvi-Barany’s exact zip code sequences; changes “IllumaCode ID” to “Seq. ID No.”, and 
drops Mark Chee as inventor when moving from provisional to full application.  What are they trying to hide?
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Illumina submits full application 09/940,185 = WO 2002016649 on August 27, 2001: 

Illumina submits full application of “Probes 
and Decoder Oligonucleotides” on August 27, 
2001, which deletes the words “universal 
arrays” in the abstract to the patent office.

Illumina attempt to re-patent Zirvi-Barany’s exact zip code sequences; deletes the words “universal arrays” in the 
abstract to the USPTO, in an effort to hide that Illumina’s application is really the intellectual property of 
WO97/31256, i.e. the “Zip Code Chemistry” invented by the Barany lab.
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Illumina own provisional patent application shows that 
Universal Bead Arrays are Zip Code Arrays.

Illumina admits – 4 years after Barany Lab’s zip code patent was filed – that “Illumina has developed 
Universal BeadArrays with 128 unique addresses that hybridize efficiently and with high specificity”. 
Such “Universal BeadArrays” are called Zip-Code Arrays and shown to work in their last figure, which 
tellingly is deleted from all subsequent patent applications from this patent family.  

Illumina 60/180810 Provisional, Filed Feb. 7, 2000
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Illumina attempts to hastily rename probes containing zip codes as “adapters”. 

Illumina Provisional 60/311,194, Filed Aug. 9, 2001

Illumina hastily submits provisional 60/311,194 on Aug. 9, 2001, tries to rename probes containing zip 
codes, universal priming sequences, and target sequences as “adapters” 
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38

Illumina Makes Further Use of Barany 
Lab’s Intellectual Property and Exact Zip 
Codes, and Uses Seventeen Different 
Alternative Names, to Obfuscate the 

Origin of Zip Codes to the USPTO and 
the Court 

Confidential, Expert Analysis, SDNY Case 2019
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The term “zip code” enters Illumina patent applications only after JDA signed with PEB on 
November 9th, 1999

60090473 as originally filed on June 24, 1998
• All figures relate to using enzymes or antibodies on the surface of beads, none were retained in final application.

09189543 as originally filed on Nov. 10, 1998
• This version has no examples and no figures, and no explanation of decoding.  No mention or thought of zip codes.

09344526 as originally filed on June 24, 1999 = US7060431
• This version has no examples and no figures, and no explanation of decoding.  No mention or thought of zip codes.

60172106 as originally filed on Dec. 23, 1999
• Illumina officially begins collaboration with PE-Biosystems on 11-9-1999 – which had access to confidential Zirvi-Barany 

465 set Zip codes and Zirvi-Barany Intellectual Property including trade secrets
• Example 1 and Figure 1 now show for the first time; decoding arrays, clearly using zip code idea, but deliberately 

concealed the sequence of oligonucleotides used and the actual hybridization and wash conditions they used.

60235531 as originally filed on Sept. 26, 2000
• Similar to above, highlight success of error correction, which is solely dependent on using zip code sequences.

09748706 as originally filed on Dec. 22, 2000 = US7033754
• Propose primer-extension approach to decode arrays, no evidence this ever worked.  They accidentally use the words “zip 

code loci” in example 6. Imagine if Samsung had used the word “iPhone” in their patents with no explanation.

60302213 as originally filed on June 28, 2001
• No new examples provided, but some hastily thrown together figures speculating use of reversible terminators for 

decoding, in combination with zip codes. An exonuclease approach for decoding is described, but it will not work.  
Illumina plagiarizes the word “zipcode” zip code”  or “cZip” 16 times, without ever defining the words.

10187321 as originally filed on June 28, 2002 = US7226734
• No new examples, but one new figure is provided with no data.  The figure reveals that approximately 1520 beads were 

correctly decoded – this matches the 1536 – 16 = 1520 functional bead types in the Gunderson et. al 2004 paper wherein 
the same data was derived by serial hybridization of pools to zip code oligonucleotides onto the addressable arrays.
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09748706 as originally filed on Dec. 22, 2000 = US7033754
• Propose primer-extension approach to decode arrays, no evidence this ever worked.  They accidentally use the words “zip 

code loci” in example 6. Imagine if Samsung had used the word “iPhone” in their patents with no explanation.

60302213 as originally filed on June 28, 2001
• No new examples provided, but some hastily thrown together figures speculating use of reversible terminators for 

decoding, in combination with zip codes. An exonuclease approach for decoding is described, but it will not work.  
Illumina plagiarizes the word “zipcode” zip code”  or “cZip” 16 times, without ever defining the words.

09748706 as originally filed on Dec. 22, 2000:
Illumina lawyers probably instructed inventors to 
remove the word “zipcode” from the patent 
application, but in their rush, they missed “zip code 
loci” in example 6, because it has a space between 
“zip” and “code”. No explanation given for the term.

60302213 as originally 
filed on June 28, 2001:
Illumina lawyers probably 
figured the collaboration 
with PE-Biosystems is 
going well, so left in 
“zipcode”, “zipcodes”, “zip 
code loci” “zip codes” and 
“cZip”.

The term “zip code” enters Illumina patent applications only after JDA signed with PEB on 
November 9th, 1999
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Illumina’s Proprietary Software 
Retains Fingerprints of Zip Code 

Inventors Intellectual Property
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DMAP files are collections of Zip codes/Capture Oligonucleotides 1
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David Walt testimony on March 6, 2013 at Syntrix trial:

David Walt admits that one needs to specify the location of each bead 
just by defining two dimensions: an X-dimension and a Y-dimension.  In 
other words the location of each bead is defined before use.

Case 3:20-cv-07648-MAS-DEA   Document 1-17   Filed 06/23/20   Page 44 of 71 PageID: 400Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 134 of 378 PageID: 134Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 134 of 378 PageID: 971



44Confidential, Expert Analysis, SDNY Case 2019

The term "ZipCode" is used as a variable in multiple areas for software to identify/decode beads with XY 
addresses, just as in Universal Zip Code arrays as described by Barany Lab IP.  It means that Illumina programmers 
thought of the sequences as "ZipCode" sequences in DMAP files used by Illumina. 

There is no "area code" or "phone number" in any of the .dll files. There is also a parameter in the ZipCode data 
structure titled "ExcludeFromObfuscationAttribute" indicating they were trying to keep this data secret. 

In File IlmnDataFiles.dll:

Int16 DESCryptoServiceProvider SymmetricAlgorithm set_Mode PaddingMode set_Padding set_IV set_Key ICryptoTransform CreateEncryptor CryptoStream CryptoStreamMode
FlushFinalBlock WriteByte FileNotFoundException ReadByte CreateDecryptor get_Position FileLoadException NotSupportedException SetLength
ExcludeFromObfuscationAttribute RuntimeTypeHandle GetTypeFromHandle System.Xml.Serialization XmlSerializer Serialize get_BaseStream IsNaN Deserialize
ReadChars GetFileName ReadInt16 Read

Int64 BackgroundMean BackgroundStdDev ZipCode StdDev Mean Median NumNonOutlierBeads TrimmedMean Read

In File CommonVeraScan.dll:

LARGE_INTEGER ZipCode CoreData CoreDataArray CoreStatus Sorting EventRecursionBlocker EventBarrier RegistrationFormat RegistrationModeEnum
RegistrationScoreStruct RegistrationParameters Polynomial Illumina.Common.LinearAlgebra IMatrix ICholeskyDecomposition ILuDecomposition IQrDecomposition
ISingularValueDecomposition IEigenvalueDecomposition Matrix CholeskyDecomposition LuDecomposition QrDecomposition SingularValueDecomposition
EigenvalueDecomposition MathHelper ILog Illumina DriveType DiskSpaceInfo VolumeInfo SystemUtils MathSupportFunctions ImageChangedEventArgs
ImageSizeChangedEventArgs ImageSizeChangedEventHandler VisibilityChangedEventHandler IImageBase XYZIntPoint ProfileEventHandler Profiler ClonedProfilerData
ProfileContextValue ProfileContextData ProfileContext Filename AdditionalContextException MultiException TransformationType Transformation TransformAttributes
ProfileEvent EventType ProfileEventArgs EventsHelper AsyncFire mscorlib System ValueType Object Enum ICloneable EventArgs TEventArgs MulticastDelegate IDisposable
Attribute ApplicationException X Y .ctor LoadLocations SaveLocations Z System.Drawing PointF GetHashCode Equals op_Equality op_Inequality String 
IsActualVersionA_AtLeast_TargetVersionB _Value value__ Synchronous Asynchronous GreenCY3 RedCY5 BeadEnd DistalEnd ArrayMatrix

Drawing2D ToAltString CalculateOrthogonality Invert TransformPoints TransformPoint TransformVectors TransformVector Transform InverseTransform Invert3x3 ConvertArray
invert3x3 mult3x3WithVec mult3x3 Multiply3x3Precise CreateMatrix CreateTransformation CreateTransformationRobust Elements XOffset YOffset Rotation XScaling YScaling
Shear Timestamp Type Context ActivityName ActivityFullName get_Event _event AsyncFireCleanUp Delegate InvokeDelegateBlocking InvokeDelegateHybrid FireEventBlocking
FireEventAsync x y FilePath Locs OutputPath z orig obj left right actualVersionA featureVersionB numberOfSignificantSegments okIfUndefinedVersionA

resultIfUndefinedVersionA zipcode Xvalues Yvalues slope intercept System.Runtime.InteropServices OutAttribute list mad sortedList stddev sortedValues p lowerBound
upperBound xyCoords zCoords.

Why is the term “ZipCode” in Illumina’s software? Part 2
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Why is the term “ZipCode” in Illumina’s software? Part 1A

“DMAP files identify bead locations on your BeadChip and quantify the signal 
associated with each bead.”
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Why is the term “ZipCode” in Illumina’s software? Part 1B
Each BeadChip requires the user to 
download a DMAP file for that array.
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Why is the term “ZipCode” in Illumina’s software? Part 4

Screenshot showing data structures labeled ZipCode in multiple places in these two 
important Dynamically Linked Libraries (.dll files) used by the DMAP software critical 
for determining the location of beads on a BeadChip and other Illumina arrays.
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Why is the term “ZipCode” in Illumina’s software? Part 3

Screenshot showing data structures labeled ZipCode in multiple places in these two 
important Dynamically Linked Libraries (.dll files) used by the DMAP software critical 
for determining the location of beads on a BeadChip and other Illumina arrays.
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Why is the term “zipcode” in Illumina’s software? Part 5
Screenshot showing data structures labeled “ZipCode” and “zipcode” in multiple places in these 
two important Dynamically Linked Libraries (.dll files) used by the DMAP software critical for 
determining the location of beads on a BeadChip and other Illumina arrays.  This even lists “X 
values” and “Y values” right after the word “zipcode”.
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Illumina’s Own FOIA Request to 
the NIH on Illumina’s Grant 

Applications Triggers the True 
Inventors to Follow Illumina’s 

Trail 
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Illumina unusual January 
05, 2015 FOIA request for 
copies of its own grants:
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Illumina: Fan SBIR 1R43CA097851-01 Grant, submitted November 30, 2001

Applicants are aware that reviewers penalize NIH grant applications that are not properly referenced.  Thus, 
Zirvi’s FOIA request reveals for the first time that Illumina’s J.B. Fan admits that the highly multiplexed method 
for SNP genotyping is based on direct ligation of two oligonucleotides that “hybridize contiguously”  with readout 
on “random arrays of universal capture probes”, and properly cites Gerry-Barany 1999.  Other than Illumina’s 
provisional patent application 60/180810 (submitted by J.B. Fan, with an embedded grant section written by Fu, 
where the word “Zip code Array” was accidentally left in a Figure), Illumina consistently tried to obfuscate that 
their bead arrays were literally zip code arrays as described by Barany Lab in the WO97/31256 patent. 
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Illumina: Fan SBIR 1R43CA097851-01 Grant, submitted November 30, 2001

Through a FOIA request, Zirvi learns that Illumina’s J.B. Fan grant application to the NIH on November 30, 2001, 
literally infringes on Barany Lab’s LDR-PCR technology as covered in Barany Lab’s ‘917 patent filed Feb 9, 1996, 
Barany Lab’s ‘470 patent filed May 29, 1996, and Barany Lab’s ‘293 patent filed Jan 6, 1999.  It is a direct ligation 
(i.e. LDR) followed by PCR amplification with universal PCR primers, followed by zip-code capture on a solid 
support.  These are outside the scope of the original Joint Development Agreement between Illumina and PE 
Biosystems, which only covered the IP in WO97/31256 patent (‘917 series).  PE Biosystems, which was 
responsible for overseeing the collaboration through a joint steering committee, deliberately withheld 
knowledge of this infringement to defraud the true inventors. 
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Illumina: Chee SBIR 1U54HG002753-01 Grant, submitted May 28, 2002

Through a very recent FOIA request, Zirvi learns that Illumina’s Mark Chee submitted a grant application to the 
NIH on May 28th, 2002, and Figure 6 reveals that this grant is completely based on Barany Lab’s LDR-PCR 
technology as covered in Barany LAb’s ‘917, ‘470, and ‘293 patent families. Illumina forgot to redact the figure 
legend which states “If an allele-specific oligonucleotide is complementary to the genomic DNA, a ligation 
product is formed” literally as described in the Barany Lab patents.  
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Illumina: Chee SBIR 1U54HG002753-01 Grant, submitted May 28, 2002

Through a very recent FOIA request, Zirvi learns that Illumina’s Mark Chee submitted a grant application to the 
NIH on May 28th, 2002, and Figure 6 legend continued reveals that this grant is completely based on Barany 
Lab’s LDR-PCR technology as covered in Barany Lab’s ‘917, ‘470, and ‘293 patent families. Zirvi’s FOIA request 
reveals for the first time that Illumina’s M. Chee admits that the “assay products can be readout on a universal 
array” and properly cites Gerry-Barany 1999.  Again, Illumina chose to redact a key sentence about the Barany 
Lab’s Universal arrays. Since the material is over 15 years old, it is difficult to understand what would be 
proprietary, or suitable for a patent submission.  Discovery of an un-redacted version of this application would 
reveal if Illumina deliberately hid information from the NIH to fraudulently obtain US government funding. 
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Illumina and PE Biosystems both 
have defrauded the True Inventors 

of Rightful Royalties: Appendix 
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Gerry-Barany Publication , Sept. 17, 1999

Gerry-Barany JMB 1999 publication: Zip code, cZip, cZ1, Zip1, Z1. 

Complementary 
zip code (cZ1) on 
probe

Zip code (Z1) 
on array

Zip code 
(Zip1) on 
array

Zip code 
(Zip1) on 
probe
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Barany Lab Intellectual Property: Zip code, Complementary Zip code, Zip1, Z1.

Barany et al., Filed Feb 9, 1996

Zip code (Z1) 
on probe

Zip 
code

Zip code
Capture

Zip code (Z1) 
on Array

Zip code 
(Z1) on 

upstream 
probe

Zip code (Z1) on 
downstream probe

Zip code (Z1) 
on Array

Zip code 
(Z11) on 

Array

Zip code (12, 
14) on Array

Complementary Zip code (comp 12, 
and comp 14) on Probe

1994 NCI grant application had “zip code” tail on LDR product, and universal 
“complementary zip code” on the array.
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Joint Development Agreement, November 9th, 1999

Illumina’s intellectual property should have been reviewed by PE Biosystems.  Thus, PE Biosystems was 
an “enabler” for Illumina, and did not notify the true inventors that their IP was being used or copied.
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Zip code, cZip, Decoders, IllumaCode, IllumiCode, Capture Probe, 
Bead identifier, Adapter Sequence, Universal Tag Sequence

Ligation
step

Zip code
Capture

In these hastily drawn Illumina patent application figures, Illumina uses the terms “adapter sequence” and “capture probe” to describe 
Barany Lab’s zip code sequences.
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Illumina submits provisional application 60/135,123 (K. Gunderson) on May 20, 1999: 

∂

PCR primers with
Zip codes!

Zip code capture oligos
on solid support!

Barany Lab Patent

Illumina attempts to re-patent Barany Lab’s 
universal arrays and zip code primers, by trying 
to rename them as “adapter”.
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Illumina’s provisional application 60/135,123 (K. Gunderson)  tries to re-patent Barany Lab’s ideas from 3 years earlier.

Barany Lab 
Patent

Illumina, Filed May 20, 1999Barany et al., Filed Feb 9, 1996

Adapter probe: substantially complementary to the capture probe and 
to a target sequences

Capture 
probe

Ligation product: attaches 
label to target sequenceAdapter probe 

captured on 
universal array

Universal array
on a solid support

Illumina substitutes the terms “adapter sequence” and “capture probe” instead of Barany Lab’s term “zip code”.
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Illumina submits provisional application 60/135,123 (K. Gunderson) on May 20, 1999: Claims to be 
first to describe “Universal adapters”, which is just another term for Barany LAb’s “zip codes”.

Illumina attempts to re-patent Barany Lab’s universal arrays and zip code primers, 
shamelessly claiming ““Universal adapters” first described here”.
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60/180810 Provisional application filed by Jian-Bing Fan of Illumina, February 7, 2000

Illumina admits – 4 years after Barany Lab’s zip code patent was filed – that “in order to make use of 
the array, the identity of the bead at each location must be determined”. Illumina admits that they use 
“PE Biosystems’ ZipCodeTM chemistry.”  Fu, who wrote the grant application admits the zip-code arrays 
were invented by Gerry-Barany, 1999, while Fan puts in a fake reference to claim the same year.  
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Illumina: Fan SBIR 1R43CA097851-01 Grant, submitted November 30, 2001

Through a Zirvi FOIA request, the inventors learn that Illumina’s J.B. Fan submitted a grant application to the NIH 
on November 30, 2001.  In this funded application, Illumina boasts the ability to generate more than a million 
genotypes per instrument per day, but fraudulently conceal that they use the Barany Lab IP and trade secrets. 
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Illumina: Fan SBIR 1R43CA097851-01 Grant, submitted November 30, 2001

Through a Zirvi FOIA request, the true inventors learn that Illumina’s J.B. Fan grant application to the NIH on November 
30, 2001, which literally infringes upon Barany Lab’s ‘917, ‘470, and ‘293 patents using direct LDR-PCR with zip code 
array capture, shows “accurate” and “reproducible” results with multiplexing 96 SNPs per reaction, and claims good 
results with a 384 multiplex.  This newly revealed information shows that contrary to Illumina’s assertions, LDR-PCR 
works just fine without the need to do a “gap-LCR” step, and that the two are functionally equivalent.
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Illumina: Fan SBIR 1R43CA097851-01 Grant, submitted November 30, 2001

Through a Zirvi FOIA request, the true inventors learn that Illumina’s J.B. Fan grant application to the NIH on 
November 30, 2001, which literally infringes upon Barany Lab’s ‘917, ‘470, and ‘293 patents using direct LDR-PCR 
with zip code array capture, was funded to do work invented by the Barany Lab.  Illlumina understood that Barany 
Lab’s technology was “advantageous over other methylation detection methods” and cites the exact advantages 
that were articulated in Barany Lab’s IP and trade secrets.  Further, the grant highlights the Illumina and Applied 
Biosystems partnership, implying that Applied Biosystems was fully aware of this work, yet deliberately withheld 
Illumina’s infringement to defraud the true inventors.
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Illumina: Chee SBIR 1U54HG002753-01 Grant, submitted May 28, 2002

Through a Zirvi FOIA request, the true inventors learn that Illumina’s Mark Chee fraudulently submitted a grant 
application to the NIH on May 28th, 2002, which was subsequently funded for $15,355,660.  Thus, the true 
inventors learn for the first time that Illumina was paid over $15 million by the NIH to develop highly parallel SNP 
genotyping based on Barany Lab’s LDR-PCR technology as covered in Barany Lab’s ‘917 patent filed Feb 9, 1996, 
Barany Lab’s ‘470 patent filed May 29, 1996, and Barany Lab’s ‘293 patent filed Jan 6, 1999.
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Illumina: Chee SBIR 1U54HG002753-01 Grant, submitted May 28, 2002

Through a Zirvi FOIA request, the true inventors learn that Illumina’s Mark Chee fraudulently submitted a 
grant application to the NIH on May 28th, 2002, that is completely based on Barany Lab’s LDR-PCR technology 
as covered in Barany Lab’s ‘917 patent filed Feb 9, 1996, Barany Lab’s ‘470 patent filed May 29, 1996, and 
Barany Lab’s ‘293 patent filed Jan 6, 1999.  The entire integrated system is completely dependent on Barany 
Lab’s zip code arrays and LDR-PCR reactions, without these critical components, the system would not exist.
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Illumina: Chee SBIR 1U54HG002753-01 Grant, submitted May 28, 2002

Through a Zirvi FOIA request, the true inventors learn that Illumina’s Mark Chee fraudulently submitted a 
grant application to the NIH on May 28th, 2002, that is completely based on Barany Lab’s LDR-PCR technology 
as covered in Barany Lab’s ‘917 patent filed Feb 9, 1996, Barany Lab’s ‘470 patent filed May 29, 1996, and 
Barany Lab’s ‘293 patent filed Jan 6, 1999.  The grant boasts 1,152-plex LDR-PCR with zip code capture 
reactions, however Illumina chose to redact Figure 3 and supporting information.  Since the material is over 15 
years old, it is difficult to understand what would be proprietary, or suitable for a patent submission.  
Discovery of an un-redacted version of this application would reveal if Illumina is hiding information to deprive 
the true inventors of rightful royalties.  
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The Affidavit of Dr. Francis Barany 

1. My name is Dr. Francis Barany.  I make this affidavit based on my own personal knowledge.

2. I am a Professor of Microbiology at Weill Cornell Medicine, I am best known for inventing the ligase chain
reaction (LCR), ligase detection reaction (LDR), and Universal DNA arrays currently used worldwide to
diagnose genetic diseases, detect infectious pathogens, and identify cancer mutations and other diseases
using DNA microarrays and targeted next-generation sequencing (NGS). As of this writing, I hold 74 (US) and
over 100 (international) patents widely used in molecular diagnostic and sequencing.

3. I am a National Academy of Inventors fellow (2016). I was also named to the 2004 "Scientific American 50"
— Scientific American magazine's prestigious annual list recognizing leadership in science and technology
from the past year. I was included as "Research Leader in Medical Diagnostics," for my leadership role in the
development of a universal array genomic chip that allows for the rapid and accurate detection of cancers and
other diseases — especially breast and colon cancer. The Universal Zip Code DNA array, unlike previous
mutation-detection methods of its kind, is the first programmable DNA array. It does not require a redesign
each time a new gene is discovered. The universal array's unique design may use ligation primers that guide a
fluorescence-labeled signals to array "addresses" that indicate disease. This Universal Zip Code DNA array
and other technologies developed in my laboratory were licensed to Applied Biosystems.

4. Dr. Monib Zirvi, MD/PhD, graduated with a PhD from my laboratory at Weill Cornell Medicine in January of
1999. He joined my laboratory in August of 1994. Dr. Zirvi is a co-inventor of the “Universal Zip Code DNA
array” and is a co-inventor of 20 issued US patents with me. Furthermore, at my request after he had
graduated from my lab, Dr. Zirvi designed sets of Zip Code DNA sequences for use in creating Universal DNA
Arrays. Using his expertise in Computer Engineering and programming, Dr. Zirvi designed and selected both a
4633 Zip Code set and a 465 Zip Code set for creation of large Universal Zip Code Arrays. He did this on his
time and using his own equipment and I have retained copies of that work since 1999 which he helped me
label on my computer. As such he is the primary co-author of those sets and a co-inventor of Universal Zip
Code DNA arrays as described in international patent application WO97/31256.

5. These Zip Code sets in electronic files were shared in confidence with Applied Biosystems and somehow
wound up in the hands of Illumina. In August 2015, Dr. Zirvi and I were shocked to discover that Illumina had
submitted a patent application to the USPTO falsely declaring that they had invented Illumacodes (one of many
pseudonyms they use for Zip Code sequences to obfuscate the true origin of this intellectual property). In fact,
Illumacodes 1 through 16 were verbatim copies of 16 Zip Code sequences from one of Dr. Zirvi’s 465 Zip Code
unpublished files.  Further, Dr. Zirvi found that Illumina used the word “ZipCode” multiple times in their DMAP
software to decode all Illumina arrays.

6. Dr. Zirvi diligently attempted to help Cornell and ThermoFisher (which now owns Applied Biosystems) in
Cornell v Illumina (1:10-cv-00433-LPS) case to obtain rightful royalties and recognition as inventors of the Zip
Code technology from Illumina for this infringement of our intellectual property.  Throughout this litigation, the
academic inventors were told that attorneys Matthew Pearson of Akin Gump and Roger Chin and Douglas
Lumish of Latham and Watkins represented the inventors’ interests, and that all interests were aligned.

7. However, while the Cornell v Illumina case was taking place, Illumina and ThermoFisher were secretly
working together on a product called “Ampliseq for Illumina” while pretending to be adversaries in the case.
On information and belief this collaboration was initiated at least as early as January 2015, prior even to the
Markman hearing, and did not become publicly known until January of 2018.  This fraud was kept hidden from
Cornell, which filed a Rule 60(b) motion against both Illumina and ThermoFisher.
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8. Illumina has used Zip Code technology to obtain a dominant position in genomics and DNA sequencing. 
Illumina has employed a strategy of “efficient infringement” against academic inventors by refusing to pay 
royalties and filing IPRs and ex partes to overwhelm intellectual property right holders with legal costs. This 
strategy is used as a sword and shield to avoid “third party intellectual property rights and other 
encumbrances,” as Illumina stated in the unredacted First Amendment Agreement obtained from the SEC. 
 
9. Tellingly, during and after the time that Illumina and ThermoFisher were colluding to defraud Cornell in the 
Cornell v Illumina case, both companies were working with security forces of the Chinese Communist 
government to differentiate Uyghurs from Han Chinese, as part of their apartheid efforts to subjugate and 
detain the Muslim Uyghur minorities in modern day concentration camps. (See: 
https://www.justsecurity.org/64605/scientists-are-aiding-apartheid-in-china/ ).  As a son of two survivors of Nazi 
concentration camps, this begs the question: Can these companies be trusted with huge databases of 
confidential DNA information from US Citizens? 
 
10. Now, Illumina/Grail is attempting to use their monopoly position in NGS and lobbying efforts to influence 
the US Congress and Senate to allow them to obtain control of the nascent, and yet unproven, Multi-Cancer 
Early Detection liquid biopsy technology (MCED).  These tests claim to identify early cancers from a blood 
sample, yet there is currently no evidence of clinical utility, in other words, no evidence that they will save any 
lives.  Briefly, the reasons are that the Illumina/Grail MCED assay:  

i. Misses most of the truly early cancers,  
ii. Some cancers would be detected anyway due to symptoms, and  
iii. Most cancers they do detect are late-stage cancers where the patient eventually dies, so the patient 

doesn’t benefit from the “early” detection.  
 
11. Illumina is trying to force its acquisition of Grail, despite a standstill order by antitrust regulators. Illumina is 
attempting to extract ~$60 billion annually from US taxpayers, or about 7% of the current Medicare budget. 
This is despite the risk of adverse outcomes from unnecessary invasive procedures from the up to 60% false 
positive results from Illumina/Grail tests. In the interest of the future of academic research and, more 
importantly, the economic viability and future of the national healthcare system, I am compelled to file this 
affidavit in support of Dr. Zirvi’s legal action. 
 
Respectfully submitted on February    , 2023: 
 
 
 
Professor Francis Barany 
National Academy of Inventors Fellow 
Dept. of Microbiology & Immunology 
Weill Cornell Medicine 
  
Tel    212.746.6509 or 6507 or 6524 
barany@med.cornell.edu 
  
Mobile 917.957.3976 
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State of Texas

County of Bell

This instrument was acknowledged before me by means of an interactive two-way

audio and video communication on 02/06/2023 by Dr. Francis Barany.

Notarized online using audio-video communication
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INVENTION DISCLOSURE FORM 

This form is provided to permit evaluation of the patent potential of company 
inventions, and to facilitate preparation of patent applications when warranted. 
Please fill in each space as completely as possible, and use additional sheets 
when necessary. 

1. Name: Jian-Bing Fan 

2. Date: 

3. State the Title of the Invention: 

Genome-wide gene expression profiling, alternative splicing monitoring and 
genotyping with direct template annealing, oligo-ligation and general 
amplification. 

4. Describe the invention: Use additional sheets if necessary. Attach 
descriptive materials such as drawings, sketches, photographs, etc. which may 
help illustrate the invention. Delineate new and important features. Make sure 
to include both the preferred embodiment as presently identified, and alternative 

~ constructions, procedures or equivalent components which can accomplish the 
same result as the preferred embodiment. 

We describe here a very flexible approach for gene expression profiling, 
alternative splicing monitoring and genotyping, without any prior 
amplification of specific targets (please see attached experimental schemes). 

5. State the primary purpose of the invention, including the need satisfied or 
problem solved by the invention: 

The invention provides a powerful approach for genome-wide gene 
expression profiling, altemative splicing monitoring and genotyping. 

6. Please list what you feel is the prior art: please include references, articles, 
talks, abstracts, patents, etc. which are relevant to either the state of the prior art 
or to the invention. Please include dates and provide copies whenever possible: 

PCR. 
OLA genotyping. 

.- 1 
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7. Are there any publications, abstracts, submitted manuscripts, talks, etc. on 
this work (either already done or in the works)? Please provide details and 
dates: 

None. 

8. Compare new and important features of the invention with the prior art, 
explaining why and how the invention is better: 

The novelty of this invention combines the flexibility derived from the bar
coding approach, the specificity offered by the oligo•ligation assay, and the 
intrinsic high sensitivity coming from the general amplifkation procedure. It 
provides a powerful approach for genome-wide gene expression profiling, 
alternative splicing monitoring and genotyping, without any specific prior 
amplification of targeted genomic regions. 

9. Please list known competitors or alternate technologies which solve the 
same problem: 

None. 

10. Are there commercial products you envision? Please describe: 

No. 

11. What are the immediate research plans or steps to be taken: 

We are testing the sensitivity, accuraC'.y and the quantitative performance of 
this method, in collaboration with our collaborators at UCSD. We have 
submitted a grant proposal to National Cancer Institute in 

12. What are the longer term research plans or steps to be taken: 

We will implement this procedure in our gene expression profiling project, 
cancer molecular classification project, and genotyping projects. 

13. Earliest date and place invention was conceived, and substance of 
conception (identify people and records to support date and place, such as 
notebook numbers and pages): 

Invented in 
preparation). 

at Illumina and UCSD (grant proposal 

Please also see related Illumina invention disclosures filed previously. 

- 1 
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14. Name, title, signature, and address of each person who made an 
intellectual contribution .to the invention described in this disclosure: 
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Introduction: 
~ 

"rhe strategy is designed to provide a very sensitive and accurate approach for 
genome-wide gene expression profiling, alternative splicing monitoring and 
genotyping, without any target-specific amplification. 

Part I: 

1. As shown in Figure 1, oligos are synthesized such that each will consist of 
4 parts (from 5' to 3'; please note the direction drawn is from right to left): . 

• An upstream universal priming site (U), 
• An unique zip-code sequence (Zip) to target the oligo to a specific 

address on the array, 
• A sequence complementary to a gene-specific exon sequence (EX, in 

Figure la), or a specific splice junction (SJ, in Figure lb), and 
• A downstream universal priming site (D). 

2. Many different oligos, corresponding to many different genes or splicing 
j~nctions can be pooled for specific applications. Pooled oligos will be annealed 
t6 total RNA er poly(Ar mRNAfrom cells on tissues . 

.J ---~ 0 L ( i)•vlh 

3. Oligos annealed to mRNA~.-.will be PCR-amplified using the two universal · 
primers. _,.,. c.. c: o"'A > ·· 

• One of the primers can be chemically or fluorescently labeled, for 
example, biotinylated .. · 

• The PCR products can be labeled after PCR amplification. 
• The number of PCR cycles will be optimized to obtain sufficient 

products and at the same time maintain the original ratio of individual 
oligos. 

4. The PCR products will be hybridized to an array and the hybridization 
signals will be detected and quantified. 

~ 

• The array can be a universal array corresponding to the Zip-code used 
in the assay. 

• The array can also be a customized array corresponding to the specific 
targets tested in the assay (i.e. the specific genes or gene splicing 
junctions). 

5. Individual gene expression level or splicing events will then be detected 
and quantified by analyzing the array data. 

·, 
• 
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• Samples from different cells or cell stages can be labeled differently 
and differences in gene expression or alternative splicing will be 
revealed by co-hybridization. 

I MUI.... r,,JV 

6. The experimental scheme described here is advantageous over standard 
array·based gene expression protocols in several respects: (1) This method has 
the potent1al to detect gene expression or alternative splicing events from a single 
cell or a few cells because of signal amplification of annealed oligos. (2) It allows 
oligos to hybridize directly with their RNA targets, thereby omitting a cDNA 
conversion step. (3) The hybridization reaction takes place in solution instead of 
on a surface so that DNA and RNA hybridize more predictably according to 
their thermodynamic properties. (4) The poly (A)" RNA selection step eliminates 
excess oligos as well as those that are nonspecifically annealed to RNA (in the 
presence of rRNAs and tRNAs as competitors) or stick to the container surface. 
As a result, isolated oligos will reflect the level of individual gene expression 
level or splicing events in cells and the background signal should be significantly 
reduced. (5) The use of universal primers avoids biased signal amplification in 
PCR. The major potential pitfall of this approach is nonspecific annealing of 
oligos. As a result, those oligos will be amplified, which may surpass specific 
signals resulting from specific annealing. This may be especially problematic 
with rare mRNA isoforms. · 

Part II: 

Therefore, an alternative approach is proposed in the following: 

1. As shown in Figure 2, two oligos as a set are synthesized for each 
assay, instead of a single long oligo. 

• The upstream oligo will consist of three parts (from S' to 3'): the 
upstream universal priming site, a zip-code sequence, and a sequence 
complementary to a gene-spedfic exon sequence (Figure 2a), a specific 
splicing junction sequence (Figure 2b), or a specific genomic region 
containing a polymorphic site need to be tested (Figure 2c). 

• The downstream oligo will also have three parts (from 5' to 3'): a 
sequence complementary to the downstream exonic sequence (Figure 
2a and 2b) or genomic sequence (Figure 2c) that is immediately 
adjacent to the region covered by the upstream oligo, a different zip
code sequence, and the downstream universal priming site. 

• The relative positions of the target-specific sequences in the upstream 
and the downstream oligos can be adjusted. 

• At least two-allele specific upstream (with the variable base at the 3'
end) or downstream (with the variable base at the S'-end) oligos will 

i 
"' 
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be designed for the genotyping application. The allele-specific oligos 
will be specified with specific zip-code. The discriminative ligation 
with the allele-specific oligos will be used to determine the genotypes 
in the samples analyzed. 

• The downstream oligo will be kinased so that it contains a 5'
phosphate prior to ligation. 

• The second zip-code sequence in the downstream oligo can be omitted. 
• To further increase the oligo annealing and ligation specificity, thereby . 

increasing the accuracy of the assay, a third oligo can be designed 
(Figure 2d). In this way, correct oligo annealing at three adjacent 
postions and two ligation events are required to generate an PCR
amplifiable template. The upstream, downstream and the third oligos 
can be designed in which the third oligo is placed in between the 
upstream and the downstream oligos (Figure 2d). 

• The third oligo can be as short as an 8-rner or 9·mer, so that a library of 
. all possible third oligos can be pre-generated. 
· co~A · 

2. Nhe target-specific sets of oligos will be annealed to total RNA or poly (Ar 
RNA,\,~-genomic DNA. A ligation reaction is carried out as to link the upstream· 

~ (and the middle) and the downstream oligos that are bridged together through 
" splicedtmRNA or genomic DNA. 

reaction can be carried out with T4 DNA ligase or thermostable 
A ligase at higher ligation temperatures. ~, . 

3. After the ligation step, oligos will be PCR-amplified using two universal 
primers. All the subsequent procedures will be carried out as described in 
Part I (2-5) (see above). 

4. The oligo-ligation procedu.re will prevent oligos that are nonspecifica11y 
stuck from being amplified, thereby increasing the accuracy of the assay. 

5. Furthermore, since each ligated and amplified target will have two zip
code sequences so that two separate probes on the array will be measured 
for one particular assay target (gene, splicing event or SNP), which will 
reduce hybridization variation associated with individual zip-code 
sequences. 

~Part III: 

In conclusion, the experimental procedure described above combines efficiency 
and accuracy to conduct a parallel, genome-wide analysis of gene expression, 
alternative splicing and genotyping. The technology is novel in multiple aspects 

- . · ... 
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as described above and will have a broad impact on both basic and clinical 
research. 

-·-· ·- - ..... ---·-· ' 
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Figure ta: A flow chitt for 1n1y·b11ed dttKllon of pn1 upreulon 
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Figure 2..1, Genom~·wlde gene t11pre11o1lon p.roflllft41 utlng ollplipUon 1trate1Y 
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The R21 phase studies --~ 
a. Specific Aims . _ . .. . 

Alternative RNA splicing is widespread m higher eukaryot1c cells and plays a\ aal role in ge~e 
expression. However, detection and analysis of alternative sp\icing.~urrent~y rel_y on RNase ~rote_cuon and 
RT-PCR assays. which are labor intensive, inefficient, and low scale, especially m _th_e era ~f tunctwna\ 
genomics. Here, we propose to develop a parallel assay syst~m for alternative ~pl1cmg usmg_the ~alest DNA 
array technology. Briefly, we plan to use a sequence addressing str_ategy that _will al_low i:nu\t1ple~cd assays 
to be analyzed in parallel on an oligonuc:leotide probe array. We will synthesize D\A ohgos so that each 
contains a 20 nt target sequence complementary to a specific splice junction and a unique 20 nt .. zip-code" 
sequence. Using this zip-code system, large numbers of alternative splicing evencs can be simultaneously 
detected with pooled oligos, and individual alternative splicing events can be resolved spatially by 
hybridization of the assay oligonucleotides to different zip-code probes on a ·'uni,·ersal" array. This project 
will be carried out in close collaboration between my laboratory at UCSD and Hlumina, Inc., an array 
technology company based in San Diego. Our assay explores molecular alterations at the RNA processing 

d.Jevel, which is complementary to those based on monitoring gene expression. Because specific alternative 
~'.:$plicing events are known to be associated with various types of cancer, the technology developed in this 
}"proposal will provide a powerful tool in cancer classification, diagnosis, disease target identification. high 
:;;!~hroughput drug screening, and mechanistic studies. Our specific aims in this exploratory phase are to: 

~;!Ai~ 1: Establish a set of criteria for selecting splice junction targets. 
;·:;~ We plan to develop computational tools based on a series of selection criteria to help the selection of 
;),;zip-code sequeJ\ces and couple them with alternative splicing target sequences. These tools will aid in our 
:·"experimental design, and importantly, they will become integrated components of a systematic large-scale 

r:;)parallel analysis of alternative splicing in the future. 
:r;]~Aim 2: ProYe the concept with alternative splicing reporters in transiently transfected cells. 
i~;;; We intend to express two well-characterized alternative splicing reporters. P-thalassemia and E 1 A, in 
r~HeLa and COS cells and assay their splicing patterns by standard RT-PCR techniques and by the proposed 
J]iONA array-based assay. This experimental system will allow us to systematically develop optimal 

experimental conditions and establish appropriate controls for the array-based assay. 
Aim 3: Validate the technology on endogenous transcripts in model systems. 

To prepare for its application in cancer classification, it is essential to validate the experimental 
strategy on endogenously expressed genes because the complexity of the system will be greater than that of 
transiently transfected splicing reporters. We plan to select a group of well-documented altemati ve splicing 
events, zip-code their splice junctions, and test their splicing patterns in a few model cell lines. Some known 
cell-specific alternative splicing events will be included as internal controls in these experiments. In these 
studies, we will systematically improve the accuracy and efficiency of the assay system. 

b. ~ Background and Significance 
Genes in higher eukaryotic celts contain intrans, which are remoYed during RNA processing to 

generate mature functional mRNAs. In most cases, the removal of intrans is efficient, and lhus these 
splicing events a~e constitutive .. However, many transcripts are alternatively processed to generate multiple 
~RN~s from a sm~le mR~A precursor (pre-mRNA) through the use of different 5 · or 3' splice sites, exon 
mclus1on or exclusion, and mtron retention. The complexity of gene expression is further increased in many 
c~ses by coupling alterr~ative splicing with alternative promoters and the use of alt~mative polyadenylation 
sites. Based on conipanson among expressed sequence tags (ESTs) in databases, it is estimated that as many 

Pr\GE il 
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as 30o/o of genes in humans exhibit alternative splicing (Gelfand et _al.. 1999_), Consid.ering: that on~ transcript 
often gives rise to more than two isoforms. the number of al~emativ~ly spltced mR~As m.il~ surpa_s"'s"' the 
total number of genes that are expressed in a higher eukaryot1c organism. Because alt~mau, ely spl 1.1,;~d 
transcripts may encode protein isoforms that have distinct functions, it be~omes a m~Jor challenge H~ 

functional genomics to relate a biological function not only to the expression of spec, fi~ genes but :i.b.o to 
their isoforrns resulting from post-transcriptional processing. This 'is particularly pert_ment to can.:er_ 
research as molecular alterations during malignancy may result from changes not only 1n gene exprl!ss1on but 

also in RNA processing 

Importance of Alternative Splicing in Biology and Medicine: Alternative splicing plays a \'ital ro~e in 
biology and medicine. Here I describe a few examples where the functional consequences of allemat1\·e 

splicing are well documented. 
FGFR2/KGFR: Epithelial cells secrete acidic Fibroblast Growth Factor (aFGF), \\'hich binds and activates 
its receptor FGFR2 on the cell surface of fibroblasts. Conversely. fibroblasts secrete Keratinocyte Gro\vth 
Factor (KGF), which binds and activates KGFR on epithelial cells. Interestingly, FGFR2 and KGFR are 

!f'/generated from the same pre-mRNA by alternative splicing (Miki et al., 1992). Such cell-specific alternative 
ii:i~plicing must be tightly regulated because cells expressing both a growth factor and its specific receptor will 
~,,be transformed to uncontrolled growth. 
1f~PAp~ptotic regulators: A number of apoptotic regulators such as Bcl-x, Ced-4, and Caspase-2 (lch-1) have 
1t;~wo.;isoforms generated by alternative splicing (reviewed by Jiang and Wu, 1999}. In each case, one form 
;iJpromotes programmed cell death and the other prevents cell death. Thus, altemati\'e splicing pro\'ides a life 

r:~ordeath choice in detennining and regulating the ratio of these isofonns. ~ 
'.t;CD44: This important cell surface molecule is involved in tissue-specific targeting ofT cells. B cells, and 
f:1macrophages in the immune system as well as in cell adhesion and signal transduction. The transcript has IO 
:r'Ualtemative exons, which are included/excluded in combination to generate numerous isoforms. Alterations in 
~;~CD44 splicing are among the best tumor markers (reviewed by Goodison and Tarin. 1998). CD44 
,i'.;~altemative splicing appears to be regulated by cytokines and by oncogenic activation. and the·fnclusion of a 
:r:~specific exon (v6) was shown to cause tumor metastasis in a model system (Gunthert et al., 1992). 
'".AML 1: This t1"anscription factor is required for granulocyte differentiation. The protein contains an N-

terminal DNA binding and protein dimerization domain, and a C-tenninal transcriptional activation domain. 
In 20% of acute myelogenous leukemia (AML) patients, the N-tenninal sequence of AML I is fused to . 
sequences from other chromosomes via chromosome translocation. However, in many AML cases, no 
chromosome trans location is detected., but a change in alternative splicing of AML l pre-mRNA appears 
instead. Alternative splicing results in a tnmcated version of AML 1, which was shown to suppress 
granulocyte differentiation (Tanaka, et al., 1995). Thus, some fraction of AML cases may be triggered by a 
malfunction in splicing control and regulation. 

. In conclusion. alternative splicing is associated with important biological e\·ents, and in many cases, 
th~pattem or alteration of alternative splicing may be markers for specific diseases and/or targets for disease 
prevention and intervention. 

The splicing problem in the post-genome era:· The above examples demonstrate that alternative splicing is 
widespread and plays a critical role in the regulation of gene expression in development, differentiation and 
disease. However, the functional significance, if any, of reported alternative splicing in the vast majority of 
cases remains to be determined. Furthennore, evidence for numerous alternative splicing events is emerging 
from comparison between cDNA (mostly ESTs) and genomic seqL1ences. HoweYer, this large number of 

l'AGE 1,2 
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mRNA isoforms may arise in se .. ·eral ways: (I) True isoforms resulting from alternative splicing~ (2) 
Aberrant transcripts due to mutations in splicing signals (e.g. mutations in splice sites). (3) Contamination 
with intron-containing nuclear pre-mRNA. and (4) Experimental errors in library construction and 
sequencing. The first two classes should be further investigated. but the latter two classes :ire artifacts and 
should be eliminated. The problem is that, while the number of potential mRNA isoforms is ('lvern helming. 
we are still relying on conventional melhods, such as RNase protection and RT-PCR. to detect and analyze 
individual splicing events. Therefore. we are faced with the challenge of developing an nssay that will allow 
parallel analysis of a large number of alternative splicing e\'ents. and to make biological sens~ of them. 

Current Approaches: In the past decade, .microarray technology has revolutioni·zed biomedical research and 
the utility of the technology has been demonstrated in monitoring gene expression (Lockhart et al.. 1996), 
resequencing {Chee et al., 1996), and genotyping single nucleotide polymorphisms (SNPs) (Wang et at., 
1998). Here, I briefly describe the major varieties of microarray technology and discuss ho,,· they might be 
ada~ted for large scale analysis of alternative splicing. 

,j . 

cDNA microarrays: This technique was pioneered by Pat Brown and co-workers, and basically involves 
spotting PCR products of individual genes onto solid supports (membrane or glass) to form a microarray 

~:l{Schena, et al., 1995). Total RNA isolated from cells or tissues is converted to cDNAs flanked by a T7 
~;;promoter for in vitro transcription. Fluorescently labeled transcripts are hybridized to the microarray. This 
~;$imple and powerful technique may be adapted to alternative splicing analysis, by spotting cDNA fragments 
;l::~erived from alternatively spliced regions. However, there are two major problems with this approach. 
f;tfirst, not every isofonn is associated with a unique sequence. For example, if an intron is included in one 
:Hsofonn and excluded in the other, sequences tn the intron can be spotted to detect the intron-inclusion 
tifsoform, but there is no specific sequence that can be used to detect the intron-exclusion isoform (because all 
:

1,;~xonic sequences are common to both isoforrns). Secondly, many alternatively spliced mRNAs differ in 
1'.lfmall regions (e.g. using two splice sites that are a few nucleotides away from each other, inclusion/exclusion 
Hi>f a tiny ex.on, etc.). In these cases. there would be no specific sequence to spot. Therefore. the cDNA 
:;;~rray is not a universal approach·io the alternative splicing problem. 
it;btigonucleotidearrays: Represented by DNA arrays manufactured by Affymetrix. DNA oligos are directly 
t:~ynthesized on a glass surface to produce a high-density microarray {Fodor et al., 1991 ). The advantage of a 

high density aTTay is that it allows large redundancy and controls to be built in for each hybridization event. 
For example, about 20 gene-specific oligos are used to obtain an average expression profile of individual 
gen,s, and equal numbers of mismatch oligos (containing a mismatch in the central location of each specific 

',) 

oligo) are used to eliminate background. This technology may be adapted for alternative splicing by selecting 
oligos that are complementary to alternatively spliced regions. However, this strategy has the same 
dra\vback as the cDNA microarray because small alternatively spliced regions will limit the selection of a 
unique set of oligos. 

One idea is to synthesize oligos that are complementary to specific splice junction sequences. 
However, there are multiple obstacles in pursuing this direction: First, one has to convince Affymetrix to 
manufacture such a specialized array for alternative splicing. Secondly. standard experimental protocols 
involve conversion of total RNA co cDNA, during which a T7 promoter sequence is incorporated into each 
cDNA molecule. This will allow in vitro transcription in the presence of labeled substrates to prepare 
targets for hybridization on arrays. However, the majority of labeled targets derh·ed from total RNA are not 
specifically complementary to splice junction sequences and specific signals for splice junctions can be 
overwhelmed by those derived from constitutive exons. The latter problem may b~ overcome by adapting 
the strategy used in the SNP assay (Cargill el al., 1999). Specifically, one can PCR-amplify a set of 
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alteJatively spliced regions and then hybridize the targets to an oligo microarray c~ntaining spl_ice _Junc~ion. 
sequences. The problem is that this approach is almosl as slow as RT-PCR analym. not ment1onmg t at tt 

also requires specialized arrays. 8 dA TM 
Assembled Arrays: lllumina, tnc. is developing a new type of array techno~ogy. called the ea rray . 
There are two key parts to the technology, \vhich was invented by ?r. Da.v1d Wa\t and c~\lea~ues~ at Tufts 
University (Michael et al.. 1998). The first is an array of we\ls patterned into a~ optical ~ma_g1.ng t1b,:r, 
consisting of a bundle of individual fibers arranged in a hexagonally packed matnx .. Each md1v!duat flbe_r has 
a light-conducting inner core that can be chemically etched a~ a different.rate f~orn lt5 surround~ng cl.add1~g. 
As shown in Figure t, by treating the polished end of an opuc~l fiber with ac1~. an arra~ of ~11cro\,.ells 1s 
generated, with geometry and dimensions of the array deterrnmed by the physical spec_,ficauons o: the 
optical fiber. In the second part, the individual wells in the etched fiber can be filled with_ be~~s sltghtly 
smaller in diameter than the welts. A suspension of beads is deposited on the array. and ind1v1du:il spheres 

randomly seule into each well as liquid evaporates. 

Figure I. Atomic force micrograph 
.,i,pf-3.6 micron diameter microwells 
!':j,,abricated by chemically etching a 

1[;polished 1 ,000 micron diameter 
('./)im~ing fiber (left). Each microwell is 
t'.;tthen tilled with a single 3.1 micron 
:rndiameter microsphere (right), on 
[(,ikwhich about 107 molecules of a 
(}specific oligonucleotide sequence is 

I 

I . . 

---·; 

,, · attached. 
t::J 
IH These randomly ordered arrays offer some important advantages over con,·entional arrays: (1) 
:!::~Miniaturization and Scalability. Arrays are fonned by a self-assembly process that is substantially size-
1::; independent. Currently, lllumina uses arrays with more than 13,000 wells in a l.2 x 1.2 mm area with beads 
;f.:~ithat are - 5 microns in diameter. However, fiber-optic packing densities can be increased more than 100-fold 
.. ,. over those already achieved. For example, arrays have been assembled with 0.2 micron diameter beads in 0.5 

micron fibers (Michael et al., 1998). (2) Flexibility. Since arrays can be assembled rapidly, it is possible to 
change the composition of the probe set easily and at will. New oligonucleotide probes on beads can be 
prepared within one day, and assays can be revised or updated simply by the addition of new beads. The 
ability to easily make new arrays allows much more flexibility in designing and perfonning experiments in 
response to new dam. (3) ManufacturabilitY, A single synthesis of bend-linked oligonucleotides can 
provide sufficient material for millions of arrays. This unprecedented scale, coupled with the simple and 
rapid array assembly process, results in low manufacturing costs and highly reproducible arrays which 
sh~uld make the technology more accessible, and help speed the transition to clinical application. 

In order to make use of the array, the identity of the beads at each location must be detennined. 
Illumina, Inc. has developed proprietary methods of rapidly and efficiently decoding an entire array which 
may contain up to 2,000 unique probe sequences. In order to make the technolo~v available to researchers 
worldwide, Illumina has recently partnered with PE Biosystems to commerciali;; the BeadArra/M 
technology in combination with PE Biosystems' ZipCodeTM chemistry. As shown in Figure 2, 
hybridization to the bead arrays is straightfor\\'ard and has been demonstrated in Dr. Walt's laboratory at 
Tufts University and at Illumina. 
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Figure l. Image of a randomly 
ordered array of beads hybridized 
to fluorescently labeled target 
DNA. There are - 1,000 elements 
in this particular array, which is 
approximately the diameter of a 
single spot in a typical cDNA 
microarray. The chemistry in each 
well is physically separated from 
adjacent wells. Hence fluorescent 
signals from individual beads are 
well separated and distinct from 
each other, as can be seen from the 
magnified image in the figure . 

. oe;,. IOOµm 

~L;rhe addressable array strategy: · · 
~~;fro ~void the disadvantage of designing new arrays for each new set of targets, an alternative approach is to 
iJ:ProVide an array that is «universal" and can be used for any set of biological targets. This allows an 
if;;~nvestigator to use the sa~e array for different target sequences, which removes the need for costly 
?Jspecia\ized designs. A universal array of thls type has been described { Gerry et al., 1999). Such an array 
t:~consists of a set of artificially generated probes that are sufficiently long and\unique to hybridize with high 
!'\"specificity. These probes act as addresses or "zip-codes" on an array. In order to make use of the array> 
;,,1carget sequences to be analyzed are linked with specific zip-code sequences (after PCR amplification, the 
imcomplementary zip-code sequence will be used io hybridize to the zip-code probes on the array). Thus, 
tJany set of targets can be analyzed using the same set of zip-codes by attaching them to appropriate targets. 
'.'.:~This approach has been used for point mmation and SNP nnolysis (Gerry cc al., 1999; Fan et al., 1999). 
!~~ A some"vhat similar appronch has been used for a different type of application (Shoemaker et al., 
,;,\J 1996). (n this case, yeast strains were constructed to coma.in in \'i vo "tags·· in order to carry out parallel 

analysis of yeast deletion mutants (Shoemnker et aL. 1996; Winzeler et al.. 1999). Briefly. the authors 
deleted individual open reading frames (ORFs) in S. cercdsiae, leaving behlnd two unique tag sequences in 
the genome to serve as molecular "bar-cod I!$'' for t!ach sped 11c de kt ion e\·ent. Each bar-code was flanked by 
two universal primer sites for PCR omplitication from yenst genomic DNA. Hundreds of yeast strains (each 
containing deletion of a single ORF) wer~ r~)oled to monitor their growth in a competitive fashion. At each 
growth point, DNA was isolated and each b:\r-code amplif1ed using two uni\'ersal primers. The PCR 
products were labeled (using biotinylated t1..xwnrd primer) and hybridized to a "tag" array for soning and 
qu~ntitation. Unfortunately, these arrays urc-not y~t easily available. 

Currently, Illumina has devdopcd u11ivers::il I3eadArrnys T-'
1 with 128 unique addresses that hybridize 

efficiently and with high specificity. Devekipment or arr::iys with up to 2.000 addresses is in progress. In 
addition, Illumina has developed an arr.iy format that allO\\"S for con\·cnient parallel processing of many 
samples. This fonnat, the Array of Array51 '-1, c0mpriscs rmiltipk fiber optic bundle arrays set in a block. 
Each array addresses an individual well in ri micr~,titcr pl,llc. S,,rnple~ nr~ rrcpared in wells in a microtiter 
format, and the array block is then used to :malyzc all tht: s~1mrles in parallel, instead of one at a time as in 
conventional array experimentation. 
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After examination of various microa.rray techniques, we conclude that it is most advantageous to 
make use of the universal (zip-code addressable) l\lumina BeadArra/M for scateable parallel alternative 
splicing analysis, as described below. The willingness of Dr. Fan to collaborate with us, lllumina's 
willingness to provide access to the technology, and the fact that 1\lumina is located nearby (-5 minutes from 
UCSD) are all advantages. In addition, as outlined above, we believe the BeadArra/~

1 
technology offers 

advantages in minaturization, flexibility, format and cost. '' 

Our e.r:perimantal strategy: The strategy is designed based on the follo\ving considerations: ( 1) We would 
like to develop an assay that can be used by individual investigators who have no access to specialized 
arrays. (2) We would like to avoid the requirement for PCR-amplification of alternatively spliced regions. 
(3) We hope to develop an assay that has maximal sensitivity. The criteria are selected to enable cost
effective large scale analysis of the role of altemative splicing events in cancer pathogenesis and progression. 

These requirements are fulfilled in the following experimental scheme: 
As diagrammed in Figure 3 

(please keep the figure and the 
tJ\dea behind it confidential), we 
t\r,"ill synthesize oligos such that 
J,;,eacb will consist of 4 parts (from 
{{5. to 3 '; note the direction from 
:~fright to left): an upstream 
i::;~niversal 18 nt priming site (U), a 
bunique 20 nt zii:,-code sequence 
··(Zip) to target the oligo to a 

tJspecific address on the array, a 20 
r[pnt sequence complementary to a 
!;;~specific splice junction (SJ), and a 
~:~downstream universal 18 nt 

!:t~priming site (D). The total length 
r" will be 18+20+20+ J 8=76mer. 

Many different oligos may be 
pooled to form groups for specific 
applications. Pooled oligos will be 
hybridized to total RNA from 
cells or tissues under conditions 
(high salt, SOS, etc.), which 
minimize the impact of Tm on 
hyeridization as well as problems 
of.non-specific sticking (to carrier 
RNA, to tube surface, etc.). After 
hybridization, we will carry out 
selection of poly(Ar mRNA on 
oligo-dT columns, and splice 
junction oligos annealed to 
mRNAs will be PCR-amplified 

Figure 3: A flow chart for array•based detection of RNA altemative spiking 

Hybrldlutlon ollgo: 
0 (18nt) SJ (10•10nt) Zip (20nt) 

3' t l l l 7 7 - :.. ,. 

U (18nt) 
S S S S S15' 

U: upstream universal priming site 
Zip: 
SJ; 
0; 

unique sequence as a molecular '"zip·code~ 
gene-specific splice !unction. 10 nt on each side of ligated exons 
downstream unlve11.al prirring site 

splice Junction 

mRNA; Cap~~~~~~~'..----~---~--<A~ 

Hybridize to total RNA 
and then select tor 
poty(A)+ mRfA splice junction 

' Cap ---~:=iiiiiiiE~~-:-----<A)n 

'~ t '~. 
Amplify signal by PCR: 
(D primer is biotinylated) 

Hybridize and 
stain with labeled 
streptavldln: 

z Ip-code array 

.. 
2222 7>5' 

using two universal primers (the forward primer will be biotinylated). The number of PCR cycles will be 

PAGE~ 
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0 
ti;ized 

10 
obtain sufficient products and at the same time maintain the original ratio of in~i~·id~al ol_igos. 

p d ·11 b h b 'd' d to BeadArraysTM manufactured by lllumina and hybnd1zat1on s,gna\s 
The PCR pro ucts ,v1 e y n 1ze . . . . l' . 

,·11 b detected and quantified by staining with fluorescently labeled strepta\'1dm. lnd1"1dual sp tctng evenls 
::n t:en be detected and quantified by imaging the arrays. Samples from differe~t cells or t~e san~e.cells. 
grown in different conditions will be labeled wi~h different colors a~~ differe~ces in a\tematt\e spll~mg w,l\ 
be revealed by co-hybridization. As described m the Methods section, a senes of controls\\ 111 be included 

and potential pitfalls of this approach will be addressed. . . . 
Throughout this technology development phase, we are going to collaborate with Dr. J1an-B1ng: Fan 

at Illumina for a number of reasons. First. no array of the type needed for these experiments is commercially 
available. Or. Fan is able to provide us with access to state.of.the-art atTay technology prior to its 
commercial introduction. Secondly. in the R21 phas_e the hybridization and data collection will be done on 
existing equipment at lllumina. As a result, the expense of carrying out the array analysis is kept to a 
minimum. Most importantly, we share common scientific interests in exploring ne1,1,· applications of array 
technology. We believe that this collaborative effort will benefit both basic scientific research and 
technol.ogy development, and lead to the provision of new tools for the scientific community. 

g:iUniqueness of the assay: This experimental scheme diagrammed in Figure 3 is advantageous over standard 
~;;:~arr,·based gene expression protocols in several respects: ( 1) Although we have not yet detennined the 
~:~minimal amount of total RN A required for each experiment, this method has the potential to detect 
ff:!altemative splicing events from a single cell because of signal amplification of annealed oligos after poly (Af 
;/"';'selection. (2) It allows oligos to hybridize directly with their RNA targets, thereby omitting a cDNA 
~:::;conversion step. (3) The hybridization reaction takes place in solution instead of on a surface so that DNR 
;:''!'" and RNA behave more predictably according to their thermodynamic properties. (4) The poly (A}"'" RNA 

selection step eliminates excess oligos as well as those that are nonspecifically hybridized to RNA (in the 
presence of rRNAs and tRNAs as competitors) or stick to the container surface. As a result, isolated oligos 
will reflect the level of individual splicing events in cells and the background signal should be significantly 
reduced. (5) After the initial poly (A)"' RNA selection, the use of universal primers a1,·oids biased signal 
amplification by PCR. 

In conclusion, if the proposed project is successful. it will provide a powerful tool in cancer 
classification and target identification. The technology is no\'el in multiple aspects as described above and 
will have a broad impact on both basic and clinical research. 

c. Preliminary Studies/Progress Report ( evidence for feasibility) 
Every array experiment involves a number of components: ( t) Target identification. From over a 

decade of work in the splicing field, we have collected many examples of altemati\'e spiking events and·their 
rel~vance to biology and medicine. In this R2 l phase, we aim to develop an array-based assay for alternative 
~piking using a limited number of targets. In the next R33 phase, \Ve plan to enlarge the assay, first to 
mclude as many reported examples of alternative splicing as possible, and then mo\'e to test those .derived 
fr~m the search for splicing events related to specific pathogenetic processes. (2) Preparation of arrays. 
Smee we_ plan to develop the alternative splicing assay on a standard platform, we will need a steady supply 
of the universal arrays. By jointly developing the technology with lllumina, we will ha~·e access to their 
array~ thro~gh a colla~orative arrangement. Our collaborator, Dr. Jian~Bing Fan, has many years of 
experience in developing array technology previously at Affymetrix and now at 111umina. He has co
a~thored a s~ries of po.~er~ on the development and application of array technology through collaborations 
with leaders in academia, including Ors. Eric Lander, Francis Collins, Pui-Yan Kwok. and Aravinda 

PAO~ il 
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Cha:ravani (see Dr. fan's CV). (3) Assay development. As detailed ~elow.' we have des_i~ed. a systematic 
a roach Protocols for RNA isolation. poly(Ay' selection. PCR ampltficauon. and hyb_nd1zat1on are 
PP d d · The use of arrays for quantitative analysis of RNA transcripts has been estabhshed (Schena et al.i 

stan ar · · · · 1· · · ences and 
i 995; Lockhart et al.. 1996). The uniqueness of our approach. lies 1n usmg sp ice Juncuon sequ . . 
conducting initial hybridization with total RNA inst~ad. of usmg P~~·a":'phfied ~roducts. T~e. k~) to 
success is to develop experimental conditions to max1m1ze the hybrtd1zat1on efftc1ency. and mm1m1ze 
background. (4) Data analysis. Our collaborators, Dr. ~ichael Gribskov at the San Diego ~up~r~o:npute~ 
Center and Dr. Michael Q. Zhang at the Cold Spring Harbor Laboratory, are world. ex pens m ~tom tormat1cs, 
and they will work with us in this project to develop computer programs for experimental design a_nd data 
analysis. We will explore a number of academic and commercial software packages for data analysis, 
including GeneCluster (Whitehead, MIT) and GeneSpring (Silicon Genetics). In addition. we plan to_ 
develop our own data analysis and presentation software by modifying the current software called High
Density Array Pattern Interpreter (HAPl) under development in Dr. Gribskov's laboratory. 

d. Research.Design and Methods 
:+Aim 1: Establish a set of criteria for selecting splice junction targets. 
;,7ST11e BeadArray7M rechnology developed at 11/umina: At Illumina. individual oligonucleotide probes are 
:i"sy~hesized on beads. A mixture of beads is then loaded onto the tip of a fiber optic bundle to form a 
fPrandomty ordered array of beads in wells. Because the array is assembled randomly, a decoding procedure is 
;i;used to identify sequ~nces at each address. A large number of the Illumina BeadArrays™ can be prepared 
;c; rapidly and cost-effectively, therefore allowing parallel analysis of a large number of alternative splicing 
:;::;events in multiple samples. All experiments involv'ing hybridization to the BeadArrays1M, including imaging 
\"" and data analysis in this R21 phase will be conducted by Dr. Jian-Bing Fan at lllumina. 

:f'P Selection criteria for oligos that are complementary to specific splice junction sequences: Splice junction 
f;:~ sequences are being compiled in our lab. In principle, each 20 nt oligo will be complementary to 10 nt on 
.,,,J each side of a splice junction so that it ·will only hybridize to spliced mRNA. Such a strategy has been 

applied to detect co-transcriptional splicing in the nucleus (Zhang et al., 1994). To control for hybridization 
efficiency and specificity, we will choose target sequences with a similar Tm (annealing temperature) and 
minimal potential to cross-hybridize to unrelated mRNAs. For this purpose, we may slide oligos either 
upstream or downstream of splice junctions in order to choose sequences with relatively similar Tm values. 
We will also BLAST search each potential target sequence against the GenBank database to select against 
sequences that contain larger than 75% sequence identity to other mRNAs (in the other words, we will 
select sequences which contain at least 5 nt mismatches to unrelated mRNA in the database). In 
collaboration with Dr. Gribskov, we will develop software to aid in the selection. This software will 
in~rpornte accurate calculations of Tm based on dinuc!eotide composition, as well as automatic filtering of 
fold back sequences and screening for spurious matches to sequences in genomic databases. 

In theory, only about 1% of the human genome {3Xl09 bp) encodes mRNA so that the sequence 
complexity ofmRNA is about 3XI0 7 (assuming here that these sequences are randomly distributed), which 
is less than the sequence complexity of random 13 nt sequences ( 413 = 6. 7X J 07). Thus, sequences of longer 
than 13 nt should be unique in human mRNA. Funhennore, splicing·signals are mostly conserved in introns 
rather than in exons and exon-exon junction sequences are relatively diverse (Burne et al., 1998). Thus, it 
should be feasible to select a unique sequence of 20 nt in length around the splice junction region for each 
alternative splicing event. In case the composition of some specific splice junction sequences still precludes 

PACE~ 
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\ d e Tm values and/or potentia\ cross· 
their selections as hybridization targets (for examp e. ue to extrem . . . 
hybridization), we wi\l slide targets away from the junction regions toward alternative e~on region~. 

Aim 2: Prove the concept with alternative splicing reporters in transiently transfected ~ells. . 
To detennine the feasibility of the proposed e;xperimental scheme for large scale analysis,,,·~ wi\l 

first use the ~·thalassemia and ElA splicing reporters. which are cloned into the pcDNA3 eukaryotic 
expression vector. to establish experimental conditions. These splicing reporters are commonly u~ed for 
splice site selection experiments in transfected cells (Caceres et al., 1994). Each pre·m~NA contat~s thr~e 
alternative s I splice sites, which compete for a common 3' splice site. The ~·thalassemta reporter ts derived 
from a mutant ~·globin gene and the ElA reporter is a DNA virus transcription unit Thus, they have no 
~ounterparts in most human and mouse cell lines. Moreover, it was previously shown that overexpression 
of a splicing regulator (such as ASF/SF2, a member of the SR family of proteins) could induce the selection 
of proximal splice sites in both cases (Caceres et al., 1994). Therefore, we will also be able to compare their 
alternative splicing in the same cell type in the presence or absence of a splicing regulator. 

_, We will synthesize 6 specific o\igos, each of which contains (from 5' to 3') the T7 promoter 
~;[~equence (sense strand), a unique zip-code sequence, a target sequence complementary to a specific splice 
;:::;unttion, and the T3 promoter sequence (antisense strand), As described in detail below, these oligos will be 
,~t;thybridized to total RNA from transfected and mock-transfected cells. After poly (A)"' selection, the T7 and 
tJT3 promoter sequences will serve as the universal primer binding sites for PCR-amplification, and the 
{\Iproducts will be labeled and hybridized to the universal array. To improve the signal-to-noise ratio, two 18 

oligos complementary to the priming sites will be added to the hybridization mix in both solution and 
'" _ array hybridization reactions to reduce nonspecific sticking of oligos through the priming sites. 

A series of control oligos: To obtain meaningful hybridization results, a number of controls will be built 
into the assay. We are considering two types of controls: 
Control for variation in gene expression: When we compare splice site selection in total RNA derived from 
two different cell types or from the same cell type but grown under different conditions, we need to 
nonnalize the expression level of a gene before comparing the absolute level of a specific mRNA isoform of 
the gene. For this purpose, an oligo complementary to a common constitutive exon sequence for each 
transcript will be included. The exonic regions \.Vilt be selected for their G+C content. secondary structure, 
and uniqueness in the genome using the same criteria as those for selecting splicing junction targets. It 
should be pointed out that this comrol may not be essential if we only compare the ratios of different · 
mRNA isoforrns from different samples (for example, an increase of isoform A should be accompanied by a 
decrease of isofonn 8 for a switch in splice site selection from B to A). In the R2 l phase, we plan to 
in"lude the expression level controls in our experiments and determine whether these controls are required 
for" quantitative comparison. We would like to eliminate non-essential controls for economic considerations, 
especially for large scale assays in the R33 phase. 
Control for hybridiz:ation specificitv: This control is crucial because target oligos may nonspecifically stick 
to unrelated mRNAs (via either its zip-code or splice junction sequences or both). These nonspecific 
binding events will be PCR-amplified, ,vhich may overwhelm specific hybridization signals. To overcome 
this problem, we \.\'ill include a mismatch control for each target oligo. Such a mismatch control will contain 
two mutations in the splice junction region, one in the middle of the upstream 1 Ont am1 and the other in the 
midd_le of the downstr~am l Ont am1. According to a previous study of artificial mismatch hybridization, the 
locations of the two nus matches are sufficient lo provide a critical hybridization specificity control (Guo et 
al., 1997). To control for the "sticky" problem, each pair of speci fie target sequence and its mismatch 
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. . de se uence S ecific oligos and their mismatch controls wil\ be 
control will be encoded with the same z1p:co . \q 1· . pf t t"l RNA A~er polv (A f selection and 

1 d d h b "d·zed lo two 1denttca a 1quots o o" · · 
separately ~oo ~ an ~ n I l r ~ ools wilt be labeled with two different fluorophors lsay green 
PCR·amphficauon, spec1fic and contro o i~o p h t o\ pool) respectively. The products will be mi~ed 
for the specific oligo pool and red for the m1smatc con r. als i·n' these experiments. If a mismatch contra\ 

b ·d· d th ay We expect greater green sign . andco-hy n ,ze to earr . . . l d hd l'fied andasaresult.itwillco• 
oligo is nonspecifically stuck to RNA, however, It will be se. ect~ a amp I t .' thl!se control 
h ·bddize \vith the specific oligo on the universal array to give '.1se to a ~ellow s1g~al, Through 
e~periments, we will establish experimental con~iti~ns that ach1e\'e a sat1.sfactory signal (generated by 
specific oligo targets) to noise (produced by their mismatch controls) ratio. 

Experimental procedures: He La or COS-7 cells in t O cm dishes (about 3X l 0
6 

cells) will be transfe~ted wi_th 
a splicing reporter or mock-transfected. Total RNA will be isolated using TRlzolnt reagent_ from G1bco Life 
Technologies (each 10 cm culture would yield about l to 3 ug total RNA) and resus~ende~ 1n. 20 ul TE 
buffer. Poly (Af selection will be conducted using the mRN~ isolation kit fro"":i M1lleny1 ~1otec. 
According to instructions from the manufacturer, total RNA will be heated to 65 C for 3 min. and then 

,~',placed on ice before mixing with 100 ul of Binding Buffer containing 0.5 M NaCl and I% SDS ac-room 
;liemperature. 25 u1 of Oligo (dT) MicroBeads will be added to the mixture, and without fun.her incubation, 
rthe mixture will be loaded onto a MACS column in a magnetic field. After ex.tensive washing, poly(A)"' 
fflrnRNA retained on the column will be eluted in a low salt buffer or with H20. 
:~;;~ Oligo (dT) of 24 nt in length is able to bind efficiently and specifically to the poly (Ar sequence 
'.b\tunder these conditions. Thus, splice junction oligos of 20 nt length with a high G+C content should also 
\~:::bind to specific mRNAs. In our application, we plan to mix 0.1 ug of total RNA from transfected or mock
!', transfected cells respectively with pooled oligos (0.01 pmole each, which is in large excess of RNA 
('.)molecules) in the high salt binding buffer. After the poly (Af selection, we will PCR amplify oligos 
::'Uattached to mRNA and analyze the PCR products on agarose gels. We expect to detect specific PCR 
()products with mRNA from transfected cells, but not with mRNA from mock-transfected cells. We wil\ 
::;:! detennine the minimal number of PCR cycles that are required to amplify the signal from mRNA derived 
~it from transfected cells and the maximal number of PCR cycles without amplifying the signal associated with 
7"'* mRNA from mock-transfected cells. These experiments ,vill be carried out repeatedly to establish an 

appropriate salt concentration, annealing temperature, and washing stringency in order to minimize 
background and maximize the sensitivity of the assay. 
Control the specificity: Once the right conditions are identified, we will divide total RNA from transfected 
cells into two aliquots, one for hybridization with specific oligos and the other with corresponding mismatch 
controls, We will carry out poly (Ar selection and PCR amplification in parallel. Ideally, \\'e expect to 
de~ect PCR products with specific oligos, but not their mismatch controls. Some PCR signal with mismatch 
cotitrols may persist, which would indicate nonspecific sticking of one or a few control oligos. To find out. 
which of these controls are sticky, we will label specific oligos with one color (red) and their mismatch 
controls with a·nother (green), and co.hybridize them to the universal array. A red signal will indicate 
specific binding of a splice junction target, and a yellow· signal will indicate nonspecific hybridization. We 
will then redesign that pair of oligos by sliding the target region upstream or downstream of the splicing 
junction and retest the specificity of the new target sequence. In parallel, we will also adjust experimental 
conditions to eliminate this sticky background problem. 
Quantify the difference: Our next step is to determine whether \1.·e can quantitate alternative splicing using 
array technology. For this purpose, we will prepare total RNA from cells that are (1) mock-transfected, (2) 
transfected with a splicing reporter, and (3) co-tmnsfected with the splicing report,:r and a splicing regulator 

PAGE~ 
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t · ASF/SF2) We wil\ carry out conventional RT-PCR analysis of the splicing 
(su~u::/~oe :b~af;~he::plicing pat~em in the presence or absence of the splicing regulator. On/ga;se gels, 
:: will first make sure that input oligos can be isolated and amplified with mR~A from trans ecte or co
transfected cells. but nol from mock-transfected cells. We will then label splice Junction targets anneal~d to 

RNA from transfected cells with one color and those annealed to mRNA from co-tran~fected ce\\s w,th .~ 
:fferent color. These samples ,viii be co-hybridized to the universal array. The data \v1H be comp:ired \\ 1th 

those obtained with conventional RT-PCR analysis. . . . . . 
Determine the sensitivity: Final\y, we will determine the sens1t1~·tty of the propo:.ed ex~en~ental scheme. 
Because the splicing reporters are overexpressed, it may be ~e~auvely easy to .detect their spliced_ products 
with either PCR or using the array. To determine the sensit1v1ty of our exp~m~ental P:otoc~l, "e plan to 
mix total RNA from mock-transfected cel\s with that from transfected cells m d1fferent1al ratios and 
determine the minimal amount of total RNA required to obtain a positive result. Because of PCR 
amplification after the poly {Ar selection step, it may be possible to detect specific splicing signals from 

total RNA isolated from a single cell. 

i),Aim 3: Validate the technology on endogenous transcripts in model systems. 
;;:f i ~ Our assay is designed to detect altemative splicing of endogenous transc~ipts .. Initially. we plan to 
}i,kselect a handful of well-documented alternative splicing events for the test. As listed in Table 1 on the next 
:j:::~page, these genes are widely expressed so that we will be able to detect their splicing in commonly used 
r?human cell lines. We will focus our comparison on fibroblasts and epithelial cells so that we can monitor 
pia\temative splicing of FGFR2/KGFR as internal controls for cell-specific alternative splicing (as described in 
t'"sackground, FGFR2 is ~xpressed in fibroblasts and KGFR in epithelial cells). The results of the array 

. experiments will be verified by R T-PCR. 

Specificity control using mismatch oligos: In this R2 I phase, the most important work is to establish 
standard experimental conditions for solution and array hybridization and for PCR-amplification. In these 
experiments, the mismatch controls are critical. As described above, we will prepare a mismatch control for 
each splice junction target, and both the splice junction target and its mismatch control will be encoded with 
the same zip-code sequence. Specific splice junction targets will be pooled and their mismatch controls will 
be pooled separately. We will isolate total RNA from He La (epithelial) and Wl-3S ( fibroblast) cells. One 
aliquot of He La RNA will be hybridized to splice junction targets and the amplified products will be labeled 
with red. The other aliquot of He La RNA will be hybridized to the pool of mismatch controls and the 
amplified products will be labeled with green. Similarly, one aliquot of WI-38 RNA will be hybridized to 
splice junction targets, but the amplified products \Vilt be labeled with green and the other aliquot with the 
mi.smatch controls and the amplified products labeled with red. These four samples ,vill be mixed in 4 pairs 
fo~co-hybridii:ation to the universal array. . 

The first pair will be the mix of red {specific) and green (mismatch control) signals from He La and the 
second will be the mix of green (specific) and red (mismatch control) signals from Wl-38 (note that the order 
of colors is reversed with their mismatch controls). These two pairs will provide ccmtrols for hybridization 
specificity. For example, we expect the most red hybridization signal with RNA from HeLa cells and the 
most green hybridization signal with RNA from Wl-38 cells. A yellow signal will indicate a nonspecific 
sticky problem associated with that particular pair of target and its mismatch control. 

. ~tis expected that a sticky pair of oligos will have a similar nonspecific binding problem regardless of 
the ongm of total RNA. To confirm this prediction> the third pair will include red 2nd green mismatch 
control signals from both cell lines. Yellow hybridization on the array will indicatt a nonspecific sticky 
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problem. In this cose, the oligos wi 11 need lo be redesigned by choosing a di fferen l region near the altemati ve 

exon or using a different zip-code sequence. Vl 38 1l 
· The founh pair will be the mix of red and green splice junction targets from He La and\ : ce s. 

This mi)\ will report the difference of individual alternative sp\icing events b_et~c~n th: two cell hoes. As 
· I controls KGFR should be specific for HeLa cells and thus the hybr1d1zatton signal should be red. ~:~::rsely, FGFR2 should be specific for Wl-38 so that th~ h~brid1z~t~on signal.should be g'.een. A ye\low 
signal with a particular splice junction target will indicate a stmtlar sphcmg event 1~ both cell Imes. 

Table J. S0\icin2 tare:ets selected for the R21 ohase studies 
Gene Name 

'.! 
) 

4 
5 
6 
7 
8 
9 

acetylcholinesterasc 
agrin 
AML.1 
ASF/SF2 
Bcl-x 
BRCAI 
C-SfC 

rho 
t!:)~ 

calcium channel, alphal A 
calcium channel, alphalB 
caspase 1 (lCE) 

~ caspase 2 (lch- l) 
CD4S 
clathrin'lighl chain B 
cytochrome P4SO, aromatase 
estrogen receptor I ttH 

t:016 
7 

f'.J~; 

~il 
'':o:.124 

~!~l 
28 
29 
30 
31 
32 
33 
34 
35 
36 ~ 
37 
38 
39 
40 
41 
42 
43 

estrogen receptor 2 
fas ligand 
FGFR2 
fibronectin l 
fyn 
glutamate receptor NMDA R 1 
Hel-Nl 
insulin receptor 
imesrin beta 
jun kinase 2 
MUCI 
myosin heavy chain 
NCAM 
nNOS 
plS CDK inhibitor 2B (INK4b) 
pl6 CDK inhibitor 2A (ARF) 
presenilin 2 
prostate-specif1cantigen 
SMN 
SRp40 
tau 
rd om erase 
trans former 2 beta 
tropomyosin 1 (alpha) 
tropomyosin 2 (beta) 
troronin T3 
VE.GFR-1 
\\'ilms. tumor 1 

Functional Siimificance 
synapse maturation 
AChR clustering at synapses 
transcriptional activation. 
mRNA splicing regulation . 
apoptosis regulation 
transcriptional activation 
signal transduction regulation 
neurotransmitterrclease 
neurotransmitterrtlease 
apoptotic rei1Jlation 
apoptotic regulation 
T cell maturation 
receptor~mediatedendocytosis 
steroid honnone synthesis 
hormone response 
hormone response 
apoptotic: regulacion 
signal transduction 
wound healing 
growth control 
neurotransmi ss ion 
mRNA turnover 
signal transduction 
cell adhesion 
transcriptionalcofactor 
cell surface tumor marker 
musc:le contraction 
cell adl:lesion 
neurotransmission 
cell cycle control 
cell cvcle control 
apoptotic regulation 
cell surface tumor marker 
spinal motor neuron survival 
mRNA splicing regulation 
neuronal maturation 
chromos('lmal integrity and growth control 
mRNA splicing regulation 
muscle contraction 
muscle contraction 
musdt contraction 
angiogene;is and vascular permeability 
trnnmiptional regulation 

Selcctedl.efer.:nce 
Luo et al.. ·9S 
Fems et al.. '9::!. 
Tanaka et al.. ·97 
Ge et nL '91 
Boise et al. '93 
Cui et al.. ·~s 
Modafferi and Black •99 
Bourinet ct al.. •99 
Un et al.. •99 
Alnemri el al. '9S 
Jiang et al. '9S 
R.atcch et al. '97 
Daou.d et al. •99 
Utsumi et at. '96 
Balleinc et al. '99 
Hanstein ct al. •99 
Rub,mi et al. '96 
Luqmani et al. '95 
Vogelezang et al. •99 
Weil et al. '99 
Koltehine et al. '96 
King '94 
Moller el al. '89 
Meredith et al. '9$ 
Bost et al. '99 
Baruch ct al. '99 
Haase: and l\lora.no '96 
Rafuse and Landmesser '9E 
Wang et al. '99 
Tsubari et al. '97 
Robertson and Jones '99 
Sato ct al. •99 
Su c1 al. '9.5 
Lorson ct al. '99 
Du et 31. •93 
Varani et al. •99 
Ulaner et al. '98 
Daoud et al. '99 
Kashiwada e:t al. '97 
Gimona et al. '95 
Ogut e1 al. '99 
He et al. '99 
Webster et al. '97 

Determination of the sehsitivity of the assay wit!, endogenous transcripts: Althou12h we mav obtain 
sufficient information about the sensitivity of the assay by titrating RNA from tran;fected c;Jls as described 
above, we plan to detennine the assay's sensici,·ity using endogenous transcripts. By Northern blotting 
analysis or by quantilative RT-PCR, we will det~rmine the abundance of individual transcripts in the group 

MOE il 
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we selected for these initial phase studies. By comparison with an RNA standard. w.e sh~ul~ be able to 
estimate the copy number per celt of individual transcripts. We \1,,·il\ then make a serial d1lut1on of total RNA 
from HeLa cells and determine the minimal amount of RNA required to obtain a reliable result on alternative 
splicing of endogenous transcripts. This will indicate how many cells are required and also estimate how 

many copies of each transcript are required for our assay. · 

Potential pitfalls and solutio12s: An alternative approach: . The major potential pitfall of our approach is 
nonspecific annealing of oligos. As a result, those oligos wi\l be amplified, which may surpass specific 
signals resulting from specific annealing. This may be especially problematic with rare mRNA isoforms. 
Although we have designed critical controls for each oligo target, ic will serious I>· jeopardize our experimental 

. strategy if a large number of oligo targets have the sticky problem. ln considering an alternative approach, 
we may modify our experimental procedure in the following way: 

As shown in Figure 4 (please keep Figurr 4: Tht two·oligo hybridization al\d ligatlOCI ,tnttgy 

the figure and the idea behind it 
confidential), we will make two oligos as a 

f'hset.for each splicing event instead of 
"'· .. f' tjsynthesizing a single long oligo. The 
;~,, upstream oligo will consist of three parts 

Up1traam oligo: 

. Down1tt11m oUoo: 

U: 
Zip I: 

SJ 110•10no z.~ 1 (20,t) U(t8n1J 
3' r " I t l l 2 Kl' 

0(18nll z,~2l~tl e.s12onu 
3' l s S s s .. · , », 61 

IIPIVHm l.l!Wlflllf pri1T111-; s,te 

~{!( from 5' to 3 '): the 18 nt upstream universal 
~;{priming site, a 20 nt zip-code sequence, and a 
r::20 nt sequence complementary to a specific 

Z-192: 
SJ: 

un.iQut sequence• l mo;«ular ·z~octe· 
a differer& zil),cOOe 
otnt-s'*'llc: splice jui\c:e•. 1 o II oi, each side ofliQatld uorw 
t1onie te(J.lanc• Adja.c:ri i:: the &pkt junction 

' splicing junction sequence. Similarly, the 
... downstream oligo will also have three parts 

ES: 
0: dowl'ISI/Hm universal i:,,,:, .. r.g site 

1::,c1 junctiOII 

' ml.NA: Cap ------- ..... -----1"-ln 

(from 51 tO J '): a 2Q nt Sequence HybtldlH to total RNA: 1 
complementary to the downstream exonic l i~.oajuroiion 

h 
. mRNA: Cap --:::cz:i=z~~~·-.::::-~A) 

sequence t at 1s immediately adjacent to the 
3

. ,.............-· • · , ~. n 

region covered by the upstream oligo, a se111:1 p11t)'(A>• "'"N" / ~ \ 

d
'ffi 20 tf'dllg11e1h!oll;ps: 
1 erent nt zip-code sequence, and the 18 s;;'r::eiunc:~o" 

nt downstream universal priming site. The mRNA: ca:, ---::;;;;;;;;;;;;;;J1;;;;!?;;;;:-~ • ~A.ln 

downstream oligo will be kinased (so that it .,,-/ , Ampllty S1gn1I by PCA: 3' / ~ 
Contains a 5'-phosphate) before use. These (Oprirna•isbiocinylaitd) 

target sets will be hybridized to total RNA. e---e-
Paramagnetic oligo (dT) beads will be added 

3
·' s 

5 5 
s ' 

to the mix. After loading to the poly (A}" 
se~ction column and extensive washing in 
the magnetic field, the column will be 
removed from the magnetic filed so that the 
oligo (dT) beads is no longer magnetic which 
will allow the recovery of the attached 

Mybrldln ta !he 1lp-c:t:1dt 
array• I'd stan with 
l.l~led Slf~IAVldn: 

.; •l..:..i...:.... 

Zipl 

-Z I t l zs· 

mRNA with annealed oligos (along with the Ll~~_.....--......_ 3• 

oligo (dT) beads) by washing the column z;i,
2 

- '-/ 

~~:h\:i~r~~:n !:is procedur~ is ~ssential.to make sure that oligos remain hybridized to their RNA targets. 
rry out the ligation reaction at room temperature (or higher) usin!Z T 4 DNA ligase' to link the 

u~s~e~m and the ~own~tream ~ligos that are bridged together lhrough spliced mi\A. This reaction should 
\\Or smce many investigators m the splicing field have been ligating RNA fragments bridged by DNA 

J'AOE i.1 
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. . and Sha . l 992). If necessary, we may further increase the. \igat~on 
sequences with T4 ~NA hgase_<Moore ble 1sc DNA ligase at higher ligation temperatures, which wtH 
stringency and effic1enc7 by us1ngdthhermostalt ·11 be compared with those obtained with T4 DNA ligase. 
b d te ined by experiments, an t e resu w1 • . d ··11 b 
:fte~ t:ligation step, oligos will be PCR-amplified using t'\\'O universal primers and the pro ucts \\ I e 

applied to the universal array. . · . f b · ra ted d 
This procedure will prevent oligos that are nonspec1tically stuck elsewhere r~m . :mg lea an . 

subsequently amplified, thereby eliminating the background problem. Because of this crmcal ad~·an~age~ \~ e 
may not need mismatch controls for each set of oligos (although we shall experime_ntally deterrn

1
n: ~f this is 

the case). Thus, this assay strategy may be more economical. furthermore, each ligated and amphtted. target 
will have two zip-code sequences so that we can detect them on two separate probes on the .array· whtch . 
will reduce hybridization variation associated with individual zip-code sequences. I w~uld hke to ~mphas1ze 

here that although we describe this alternative approach in this third aim which focu_ses on a\terna.uve . 
splicing of endogenous transcripts, it may be advantageous to compare the sin~le ollgo method wnh this 
double oligo approach in the second aim. We therefore plan to test both experimenca\ procedu~es throughout 

this R2 \ phase. . 
it'f'i lfl In conclusion, we \Vilt establish an experimental procedure that combines efficiency and accuracy to 
~[~onduct parallel analysis of alternative splicing events in model cellular systems in this R2 l phase, and then 
1textend the assay to large scale analysis in the next R33 phase. 

~;~Milestones for the R21 phase. 
;;,,,: We anticipate reaching two milestones to conclude the R2 l phase in about a year. Specifically: 

~ 1. We should be able to develop the assay so that we can use it to detennine splice site selection of the 
· chosen alternative splicing reporters in transfected cells. The results should match those obtained with 

conventional analyses. 
2. A standardized set of controls and experimental conditions should be established and optimized for 
detecting the splicing pattern of endogenous transcripts in model cell lines. Again, the results should match 
those generated by conventional methods such as RT-PCR or RNase protection. 

The R33 phase studies 
a.· Specific Aims 

The assay' developed in the R21 phase for large scale analysis of alternative splicing will pave the 
way for an organized effort to apply the technology to both basic and clinical research. We plan to pursue 
the folloi.ving areas through a multilateral collaboration involving Drs. Jian-Bing Fan and Mark Che.eat 
Ill~mina, Dr. Michael Gribskov at the San Diego Supercomputer Center, Dr. Michael Q. Zhang at Cold 
Spring Harbor laboratory, Dr. David Tarin at the UCSD Cancer Center, and our laboratory in the · 
Department of Cellular and Molecular Medicine, UCSD. 
Aim 1: Construction of a database for e~perimental design and data presentation. 

Om assay for parallel analysis of alternative splicing requires a database for target collection and 
classification for experimental design as welt as for documentation of the experimental data. Although a 
database for alternative splicing was recently published, it is incomplete and has a quality problem because 
construction of this database relies solely on computer analysis, which often amplifies artifacts in original 
sequence databases. In this proposal, we describe a strategy to combine computer analysis with manual 
annotation for target identification and data analysis. 
Aim 2: Parallel analysis of alternative splicing in cell and animal models. 

We plan to enlarge our assay in a step-wise fashion to include most reported alternative splicing 
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. . . accordin to lheir functions and relative abundance in cells 
events m mice and hu":'ans. We will gro~p gene~ their a~temative splicing in model eel\ lines. As a test 
and validate target design for each gene y assbay~ng h in order to identify alternative splicing. events 

tan to apply the technology to our as1c researc . _ \I 
~::~~:er!sponsive to signal transduction pathways or regulated by a specific splicing regulalor m ce s 

and/or in knockout mice. ·= • ·n f 
Aim 3: Applications in cancer research: developing new _tools for d1~ease clas~1. 1ca ~o~. 

In this application, we propose a new approach in \\,foch changes in alttmau.e sphcmg patterns a.re 
compared as independent variables with morphological and clinical parameters. We plan to collaborate wtth 
D . Tarin 's Molecular Pathology group to analyze their collection of breast and prostate cancer snmples. 
T~e main objective is to find sets of molecular and cellular characteristics which can ass~ss more accurately 
the aggressiveness of the. rumor. If successful, we may also extend the assay to other diseases. 
Aim 4: Assay development for both small and large-scale application~. _ . . . 

We believe that the technology described in this proposal has wide apphcauon tn both basic and 
clinical research. To make this technology useful and accessible to a variety of researchers, we will work 
closely with our collaborators at l\lumina to develop various combinations of splice-site assays for small and 

911arge-scale applications of the technology in both academia and industry. 
ib:,J 

~;::;b. Background and Significance 
if; Ahemative splicing represents a major chatlenge in the post-genome era. In the recent "Genome 
J:fi Issue" of Science, an article used a gene called erythrocyte protein 4. l to illustrate that because many exons 
:/:,;~that are known to be included or excluded during RNA processing, as many as 900 different transcripts may 

be generated through alternative splicing (Pennisi, 1999). As a community, we Jo not even have a database 
' · to list reported alternative splicing events in the literature, not to mention those deri\'ed from comparison 

wi,h EST databases. This problem is further complicated by numerous sequencing errors in the existing 
DNA and protein databases, and as a result, artifacts are amplified wh~n alternatively spliced transcripts are 
deduced from these databases under the assumptions that differences in the encoded sequence reflect true 
alternative splicing. Clearly, some efforts are being made at NCBI to deal with this problem. In the 
meantime, however, ·we would like to build up a working database to include welt.documented alternative 
splicing events to aid our e:xperimental design and data analysis. Although this approach may overlap with 
other similar efforts in database construction, we believe that we are in a unique position to combine 
database building and data mining with a practical experimental approach. We hope that our initiati\'e can 
eventually be integrated into a national consortium to systematically attack the alternative splicing problem. 
In the meantime, the new technology described in this proposal may find a variety of immediate applications 
in ~oth basic and clinical research, some of which are described below. 

Problems confronting basic research of splicing mechanisms and regulation: A large number of our 
colleagues in the splicing field are studying the mechanisms and regulation of constitutive and alternative 
splicing. However, as a group, we are approaching the problem using about a dozen model systems. Many 
potential splicing regulators are identified through biochemical purification and molecular cloning. However, 
in most cases, endogenous targets for a particular splicing regulator remain elusive. For e"ample, SR proteins 
are a family of serine/arginine-rich RNA binding proteins, which are not only required for constitutive 
splicing, but also shown to affect splice site selection in a dosage dependent manner in vitro and in 
transfected cells (see review by Fu, 1995). Likewise, heterogeneous nuclear ribonucleoproteins (hnRNPs) 
play a variety of functions in eukaryotic cells (see review by Krecic and Swanson, 1999). A subset of them 
are shown to counteract SR proteins in splice site selection. The problem is that no one knows the 
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. fu . ns and substrate specificities of SR or hnRNP proteins in a 
endogenous substrates or the ~n1que ncuo Th 1 scale parallel analysis of alternative splicing is 
particular eel\ type and/or_dunng develo.pmenknt. k us, a :g\kin) techniques to identify specific alternative 
much needed to couple with gene targeting { oc o~t ~r no 

· · h t ll d by a particular spltcmg regulator. . spltcmg events l at are con ro e . fi t'on or regulated bv various 
Some alternative splicing evenlS may be targets for oncogem.~ tran_s orma 1 • • • 

. r pathways and the functions of some specific alternative tr'anscnpts may be directly resp~ns,ble for 
:~:r:t;ell rowth and differentiation. However, little is known in this area of researc~. Armed \\_1th a l~r~e 
scale detectf on method for alternative splicing, we \vill be able to qui.ckly sort out spectfic alternat1~-~ s~hcmg 

h 
· to or assoc·1ated with treatmenL with certam gro,\th factors or drugs. acu-.at,on of events t at are responsive d' . · 

oncogenes or inactivation of antioncogenes, changes in a developmental program. etc. :hese st~ ies may tn 

tum provide important clues to the mechanisms of specific cellular responses, and ~he mformat'.on ':'.ay be 
critical for devising strategies for disease prevention and treatment. In a way, funct1o~a\ g~nom1cs '"'!land 
has been changing our approaches to fundamental biological problems from hypothesis-driven searching to 

search-driven hypothesis testing. 

t,rNoJer avenue for disease classification: The identification, classification and prognostic evaluation of 
;~:fiumors has until ·now depended on histopathological criteria. The purpose of a classification scheme is to 
?;:~dentify subgroups of tumors with homogenous properties, which can be further studied and compared with 
i:Cieach other. Such classification has been an essential first step in identifying the causes of various types of 
I;'.}cancer and in predicting their clinical behavior. However, molecular and biochemical characteristics are not 
;rJevealed by these approaches Therefore, the current classification of tumors, although useful, is 
~'.:::;insufficiently sensitive for prognostic assessment of individual patients and for probing the causal 
t" mechanisms involved. Clearly, integration of a broad range ofinformation from genetic, biochemical and 
;~;~morphological approaches is needed. What is needed is a strategy which is independent of conventional 
!/'Umorphologic classification schemes and which identifies a new spectrum of molecular and cellular 
!t:Jcharacteristics. Because alternative splicing events often alter the functions of their corresponding gene 
';;,;~product's, a detailed study of alternative splicing events in selected, staged tumor samples compared to 
;;:'.::matched normal tissues from the same patient offers a novel approach to this objective. 
'k"" Monitoring global changes in gene expression has recently been applied to disease diagnosis and 

classification in leukemia (Golub et al., 1999). In this exciting paper, the authors demonstrated the 
feasibility of distinguishing two types of leukemia, ALL (acute lymphoblastic leukemia) and AML (acute 
myeloid leukemia), based on the expression profile of a group of genes. A mathematical model was 
developed to predict the disease type without prior pathological diagnosis. Although this approach may be 
ext~nded to many other diseases, it is unclear at present whether it is universally applicable to eYery disease. 
Thus, development of additional molecular classification methods may be complementary to the approach, 
and in combination, they may be more powerful and accurate and require fewer genes in a test group, making 
it more feasible for clinical applications. 

Because numerous genes are alternatively spliced and many alternative splicing events ha\'e been 
linked to cell growth, differentiation and transformation, some may be associated with.specific disease states 
and therefore could serve as a distinct indicator for a disease and/or different stages of a disease. A 
particularly clear example appears in the disorderly expression of the human CD44 gene in several common 
types of cancer (Matsumura and Tarin, 1992, Matsumura et al., 1994). !nappropri;te overproduction of 
many splice variants is seen in malignant cells, but not in matched normal cells from the same patient. In 
particular, as briefly described earlier (in the background section for the R2 l phase), inclusion of a specific 
exon (v6) appears to correlate with the metastatic potential of a tumor cell (Gunthert et al., 1992). Thus, 

PA.Ci£ 22 

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 247 of 378 PageID: 247Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 195 of 378 PageID: 1032



02/B;'/2000 11:29 
.; 

·' 

15195874297 ILLUMINA INC PAGE 19 

PRINCIPAL INVESTIO.\ TOil PROGP.."'-t DIRECTOR Fu. Xi1ng.p9ng 

b 1 ·ndicator for the development 
CD44 alternative splicing may be a marker not only for a tumor. ut a so a~ . h ld b 
stage of a tumor. These findings strongly suggest that. with ad..-anced. mu\up~ex met~ods. it s ou. e 

ossible to find specific unusual patterns of alternative splicing assoc,ated ,_v1th pa~1cular stage~ in the . 
~ d ction and progression of ma\ignancy. Our collaborative arrangement ,v1th surg1c:a\ p~tho\og,sts ~t the 
m u fi h d .. · s ectm ·ns proY1des a 
UCSD Cancer Center who have access to large quantities of res. a~ ,rozen t1ssue P t; 

unique opportunity for successful conduct of the proposed studies. 

Potential applica1io1is in nmltiple research fronts: Because of the uniq~e des.ign of our exptrimental 
approach using target-specific oligonucleotide sequences attached to unique zip-code.sequences. the. 
technology should be applkable to many other types of assa~s. :or example •. one might select sp~c1_fic 
sequences in a group of transcripts and monitor their expression m cells and ussues. Although~.' anety ~f 
array-based assays are available for gene expression analysis, our techno~ogy m.ay ~~ mor~ sens1~1,·e and ts 
not restricted to a particular set of targets, and thus, may be more appeahng to md1\'1d~al mvest!gators. For 
example, T cells and B cells undergo a series of DNA recombination events during their maturation and 
activation. To monitor these developmental and differentiation events, scientists currently rely on Northern 
blot an~lysis using oligonucleotides complementary to specific combined VDJ regions to monitor the 
ex.press ion ofrearranged immunoglobulin and T cell receptor genes, which requires a large amount of cellular 
RNA. The technique described in this proposal can be easily adapted to monitor VDJ recombination in a 
small amount of sample. In another example, it was recently discovered that human neural cadherin-like cell 
adhesion protein genes are organized in a similar fashion to the T cell receptor and imrnunoglobulin genes, 
containing variable and constant regions (Wu and Maniatis, 1999). Remarkably, while each transcript uses a 
unique set of ex.ons for variable regions. a large number of transcripts share the same three exons for the t 
constant region. It is unclear currently whether the joining is through DNA recombination, cis-sp\ieing or 
trans-splicing (see discussion by Wu and Maniatis, 1999). Because each such cadherin-like molecule is 
thought to function in a specific neuron, it ,vilt require a highly sensitive assay to study such a cell-specific 
event. The technique developed here allows the selection of specific junctional sequences to detect a specific 
sec of those molecules. It will be a powerful tool in determining how these recombination/splicing events 
take place and control the function of these cadherin-like molecules in specific neurons. 

Development of a general platform for both small and large-scale applications: Because our experimental 
design is based on the use of universal arrays, it combines maximal flexibility with minimal cost in small scale 
applications for individual investigators. It also allows parallel analysis of a large number of alternative 
spJicing events in a large number of samples. Thus, this scheme may be modified to establish an automated 
procedure for high lhroughput drug screening. which is a unique technical advantage of the array technology 
developed_ at Illu~_ina. Our collaboration therefore ma)' lead to further development based on a specific set 
of alternative sphcmg events for drug screening in the future. 

c. Preliminary Studies/Progress Report 
We plan to reach the milestones set for the R2 I phase in about'one year. If successful, it will · 

provide strong preliminary results to justify the transition of the project to this R33 phase. 

d. Research Design and Methods 
Aim I: Database. construction 

The project_will _begin with the selection of specific alternative splicing e\'ents to initiate the assay 
development described m the R2 I phase. In the R33 phase, we will enlarge the scope of our assay and 
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, . d disease classification in order to demonstrate its usefulness 
apply the techno\ogy t~ sc,ent1fic res~arch an ress we will need computer-assisted targel identification, 
and potential. To continue our exp~m':enta! prog r~ue the alternative splicing research in a systematic 
data analysis, and data documentation tn orh~rhto pu . bolh reported alternative isoforms of indi\'idua\ 

0 I · t construct a database w 1c contains '\ b\ way. ur goa ,s o . fth se isoforms The database will be aYat a e 
enes and our own experimental data on the expresst0n o e .. . . I to ermit the 

g . h internet to a\\o"'' access to the national scientific community, and mo'.e important Y·. P 
~~i:rn:i~c community to assist in adding infonnation to the database (community-based curat1on). 

· / · I' · d tabases- We will take advantage of 
Inadequate information from currently C1va1Jable a ternatrve sp ,crng a · 

1 
. \' . 

revious efforts in database construction to speed up our target selection process. ~ few a ternauve sp icmg 
~atabases of varying quality have already been constru~ted. One w~s recently published (~elf and .et al., ut 
1999) which is derived from reclassification of the Sw1ssprot protein database (currently, ~t contains abo 
l 700 ~roteins sequences from various species). We examined the database and found that tt does n.ot 
c~ntain useful infocmation for our purpose because the database is assembled based only on clustering of 
clo~ely related proteins sequences, often merging members of multigene families into clusters. ~hus, those 

flt.clusters may not correspond to alternatively spliced genes. Separately. t~e J~ckson laboratory 1s 
i;;;:i maintaining a publicly accessible mouse ·alternative splicing database, wh1ch ts updated weekly. At present, 

the database contains about 800 genes that have been reported to produce alternative transcripts. However, 
not only is the database limited to the mouse. but it also omits critical sequence information and contains no 
annotation detailing the structure of the alternatively spliced products. Thus, these databases are not 
suitable for our purpose. 

· Our current effort in database construe/ion: Rather than waiting for someone else to construct a high 
quality database, in June of 1998 Dr. Yeakley in our group started a collection of ahematively spliced human 
genes reported in the literature, and has since collected information on about 650 genes. While in the process 
of annotating these reported alternative splicing events, we learned recently that Dr. Michael Q. Zhang at 
Cold Spring Harbor Laboratory has been building an altemath'e splicing database (ASEDB) in collaboration 
with Dr. Stefan Stamm at the Max-Planck Institute and Dr. Kenta Nakai now at University of Tokyo, and 
the database will be published soon. This work was staned in 1993 when Ors. Stamm and Zhang were 
investigating neural specific alternative splicing (Stamm et al. 1994). So far, their database has the highest 

· quality because it is based on manual collection and annotation from the literature. Currently, ASEDB has 
848 entries, representing 33 species including human, mouse, chicken and fruit fly, and 32 tissue types. Six 
al~mative splicing mechanisms are documented in the database: mutual exclusion, cassettes, alternative 3', 
ati~mative 5 ', alternative 3' ·with polyadenylation and retained intron. In addition, it includes information 
about splicing enhancers and silencers found in exons or introns1 which have been shown to enhance or 
inhibit the splicing activity of neighboring splice site, respectively. Computer programs are pro\'ided to 
analyze the properties of alternatively spliced exons. Histogram of scores displays the distribution of 
consensus scores of 5' and/or 3' splice sites. Distribution around the splices ire displays the nucleotide 
composition around the S' and 3' sptice sites. Exon length shows the distribution of exon length for the 
selected group. n-wple computes the frequencies of n-tuples ( oligomers of sizes 2-5 bp). Various searching 
programs enable browsing the data from different aspects. Prediction tools such as e:<.on finder and 
enhancer/silencer predictor nre also provided. ASEDB is now only accessible to a few participating labs 
(through passwords). Since ASEDB contains only small subset of the available data, it needs to be 
substantially expanded. More importantly, it has to be refined for our purpose by adding missing 
information, such as the gene structure (if known), patterns of alternative splicing, sequences of alternative 
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. i- • plan to jo,n forces with 
. . s/SNPs (for later disease studies). Therelore. \\e 

intron·exon junctions and mutauon d base: a human/mouse alternative splicing database. 
Dr. Zhang's group to construct an upd_atcd n~"".. ata f from our list and from Dr. Zhang"s database 

ln the meantime, we are selecting an mnaal set o targets ·'\\ C'e 
· · · . ( 1) Onl mouse and human sequences, ... 1 

for assay development based on the following cnterta: y . '\ bl will be included. (3) Gl:!ne 
co\ lected. (2) Only gen~s that_h~ve cDN A and geno~_';, se ... ~~~t::::::~:ed ein the literature. l 4) Some 
expression and altemattve sphcmg pattems are rel~tt 'i . Th . 1 rsted in Table I represent 
biological functions have been assigned to alternauve transcripts. e e~amp es 1 

some of these initial selections. 

A strategy to collect p11blislred alternative splicing events: Dr. Michael Grib~~ov at the San f ie.g: with a 
Supercomputer Center is an expert on sequence a1ignment and pattern recognnion. As ~ \oca e~p rt 
long term interest in mRNA isoforms. he will join torces_ ,~ith us for database construct1on. He 1s also 
playing a key role in establishing functional genom1cs training programs at UCS~ for ~ndergraduate and 
gra.duate students. In keeping with that effort, we plan to work. tog~ther to r~cru1t a s1za.bl~ number of 
undergraduate students at UCSD, train them to extract the required tnfonnatlon from the literature, to . 

f;i\ombine with information from cDNA and genomic sequence databases, and have them report lo Dr. 
E~'.iYeakley in my lab for review and quality control. Since splicing information is uniformly annotated in_the 

public sequence databases, and there are many types of errors in the existing annotation, ma_nual u?daung 
and data integrity checking are absolutely necessary. We realize that collection and annotatton of Just the 
published alternative splicing ex.amples will be a major undertaking and that eventually a database must be 
bllilt a\1owing community data entry and annotation in order to minimize duplicated efforts and to maximize 
its utility. During this project, we will experiment \vith distributive database fonnat and networked 
annotation tools between UCSD and CSHL. 

Development of compurational tools for database construction and presentation: While we focus our effort 
on bench work, Drs. Gribskov and Zhang will collaborate to design and implement a relational database for 
alternative splicing based on carefully curated information from the scientific literature (beginning with the 
650 references already collected in our group). The development of this database will be based on a common 
data model, possibly represented as an XML DTD, that will be jointly developed by the UCSD and CSHL 
groups. The database will be mirrored at both UCSD and CSHL sites. All application tools will be web
based, which will be available to the international scientific community over the internet both as a resource, 
and to act as a means of collecting information directly from research scientists. 

! Dr. Zhang plans to continue using mySQL as the RDBMS and using the Apache web server on a 
Unix platfom1. Program tools will be a combination of Perl/CG I, TK/Perl and Java. Dr. Zhang , ... ill also 
develop a stand-alone graphical user interface for browsing the sequence data. It will be a modified version 
of SEView that can represent known or predicted sequence elements through a WWW browser. 
1 ndependence from the source data's format will be achieved through description language and ad hoc 
translators, which will make the system versatile and flexible. 

To facilitate manual collection and annotation of published data on altemati\·e splicing, Dr. Gribskov 
plans to develop computational tools to assist in automatically extracting infonnation from the literature and 
for dynamica\ly linking infonnation in the alternative splicing database to other electronic data. These tools 
will provide a simple "fill·in-the·blanks'' form for entering precise information about experimentally 
observed alternative splicing systems. Such tools are critical to implementing a high quality database as they 
ensure that the correct information is acquired, and the>· enforce a restricted vocabulary used to describe the 
alternatively spliced genes. ln tum, the restricted vocabulary is essential for efficient searching and retrieval 
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b will also link each entry to related cDNA and EST 
of information from the database. The data ase . I' . attems wilt be implemented to provide an 
sequences. Graphical ~ools depicting the alte~~t;ve ;:t;;t UCSD group is experienced with the mySQL 
easily understandable interface for laboratory b'.~ og f h UCSD and CSHL groups to collaborate. 
RDBMS and which will further enhance the a I lty o t e 

. D Zhang's group has initiated a major effort. in the 
Long te~m appr~a~Jies to _daro_ha; co~rstr11c;10~~9/·stephens and Schneider(\ 990) built a.human splice 
integration of ex.lstmg splice site ata. ase\ n . ' l I 1800 non•redundant, experimentally \'erified 
junction database that presently consists o approx1ma e y . . ,. entries in Oenbank (from 
d nor and J 700 acceptor sites. Unfortunately, the nomenclature for idenn~ mg br 1 
u~ing locus names to accession numbers) and other entry changes render thts data_ unu~able to the pu e~~~d n 
a recent EBl effort (Thanaraj 1999), a clean data set of EST-confirmed human .splice s1tes-~as bee~ ~r . 
which contains ( l) 619 donor sites; (2) 623 acceptor sites; of these (3) 392 pairs are f1an~tng con~t1tuuvely 
spliced exons and (4) 209 pairs flanking alternatively spliced exons. Dr. Zhang's team ,~·1\1 ~xtract useful 
info.pnation from these database resources and integrate it to his database (AS~DB) mamta,~ed at th~ Cold 
Spring Harbor Laboratory, which will continue to be updated from our collecuon of alternatively spliced 

(fit:iuman genes and the mouse genes listed at the Jackson Laboratory. . . . 
m A more powerful approach is to analyze ESTs and to detect altemauvely spliced mRNA directly. 
t''Several efforts are underway, including the Unigene project at NCBI, the Genelndex project at TIGR, and 
;mhe ST ACK project at the South African Nation Bioinformatics Institute (see Bouck et al. 1999 for a review 
:t~~nd comparison of these indexes). The approach in use at ST ACK appears best suited to detecting 
, ...... 1 

~;;::attematively spliced genes because possible splicing alternatives are trackfd and recorded during the 
:1::;J::lustering process. Briefly, the ST ACK approach begins by clustering ov·erlapping ESTs using a high
;;,.throughput matching algorithm called D2-cluster. The ESTs are carefully filtered to remove possible primer 
f::~nd vector sequences, and assembled into clusters comparable to "contigs'' in shotgun sequencing projects. 
[}puring this process, alternatively spliced genes are detected and preserved for analysis. Dr. Gribskov has 
t}een involved in the ST ACK project and the STACK software is currently being imported to a 
tiimuttiprocessor Sun architecture and will be available for the proposed project in this R33 phase for target 
JC:selection. 
'""'"' Dr. GribskoY's team is highly experienced in sequence comparison and database implementation. 

Their current projects include the protein kinase resource (http://www.sdsc.edu/kinases), the plant 
phosphoprotein functional genomics database (http://\vwvi.sdsc.edu/mprlplant_pk). and homophila, 
(http://\vww.sdsc.edu/mpr/homophila) a database that lin~s genes involved in human disease to their 
ho~ologs in Drosophila. Many of these disease•related genes are likely to show alternative splicing, and 
this infonnation will allow us to design assays for their alternative splicing for disease classification and 
prediction as described in Aim 3 of this proposal. 

In conclusion, this multilateral collaboration takes advantage of combined and highly complementary 
expertise to approach a fundamental biological problem. We are committed to working together to construct 
an alternative splicing database that is coupled with experimental data. 

Aim 2: ParaUet analysis of alternative splicing in cell and animal models 
Studies proposed in this aim represent the refinement and expansion of the e'.\periments described in 

the R21 phase. In addition, we plan to take advantage of the biological systems that are already established 
in our laboratory as a test case for the new technology to demonstrate the usefulness and robustness of the 
proposed approach. 
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h Ope of our a\temative 
. ' . ln this R33 hase, we plan to enlarge l e sc . . 

Systematic expansion of assa) targets. p .... d ·,n the literature as poss1b\e. For pract1cat 
. . lte ative splicing events repo, ,e - f 

splicing by including as many a m . . h armer as in the R2 l phase for the ttrst set o 
reasons. we wit I examine 50 to 100 genes at a um~ m t e ~~me m two oligo approaches) wil1 be tested in the 
genes. Two alternative experimental strategies (t e o~~I o ig~~::h a standardized procedure for larlr!e sca\e 
R21 phase. Through the proposed ex~eriments.'lwl e \\"~ est,a g1e nu~ber of DNA o\i~os. and their-quality is 

. . h" R33 h e Our experiments w1 reqU1re a ar - . \ analysts m t 1s P as · . . t' ons we conclude that it is most econom1ca to 
critical. After considering various options for ohgo prepara , h . "'e each oligo s1..·nthesiz.ed is purified using 

. h · t MWG Biotech where at no extra c ar:;, , J • 
contract ohgo synt es1s o ' . ' d h · f very oligo is detemuned by 

::~.~;:,~:::,:~;~~::;~~. to.;,~:i;::1i:~ ::~~::1::~~::;n~~al ::0~t~;p~c:tion to minimize nonspecific 
hybridization and interference by failure products durmg ohgo synthesis. 

Cell line studies: Because many genes are differentially expressed in different cells and tis~ues, ~\·e wil_l 
co°'uct parallel analyses of each set of alternative splicing events on a panel of human cell Imes, mcludm.g 
HeLa (cervical epithelial), 293 (kidney epithelial), WI-38 (normal fibroblast), Jurkat (lymphobta~t). Wert·l 

ttretinobtastoma), and MG-63 (osteosarcoma). W~ have chosen these cells because they are routmely 
:~'.Jcultured in our lab and they come from a variety of tissues. Obviously, the assay may be ex~ended to n:any 
;r:;:other human cell tines. These studies will allow comparison of informatio~ from cell lines \Vtth .that derived 
,)\; from human tissues. In this regard we plan to prepare total RNA from various normal human tissues and 
l:tiobtain a tissue·specific alternative splicing profile for individual genes. These normal tissue-specific 
f,:~ alternative splicing profiles will serve as references to corresponding changes in a specific disease when 

applying th~ assay to human disease classification and prediction, as described in the next aim. 
For basic research, we are most interested in applying the assay to addressing how alternative 

splicing is regulated. Like transcriptional regulation, many alternative splicing events may be subject to 
control through various signal transduction pathways. We plan to first determine alternative splicing events 

are regulated (individually or co-regulated) by specific gro\\'th factors and/or r~sponsive to the activation 
of specific kinase pathways. By using translation inhibitors.> we will determine whether a regulated splicing 
event is dependent on ongoing protein synthesis. We are particularly interested in identifying alternative 
splicing events that are responsive to a stimulus in the absence of protein synthesis. which will allow us to 
establish a model system for studying the regulation of alternative splicing by signaling. 

An_imal studies: Our lab has been srudying a number of splicing factors called SR proteins, \vhich are not 
onty essential for constitutive splicing, but also involved in regulated splicing (see a review by Fui 1995). 
More recently, our lab has identified and charactedi:ed a family of kinases that are specific regulators of the 
SR splicing factors. However, all experiments so far (by us and by our colleagues in the splicing field) that 
address the function of these mammalian splicing factors and regulators have been performed in vitro or in 
transfected cells. It is therefore unclear how these splicing regulators function in animals and whether they 
are part ofregulatory pathways in nonnal development and/or involved in certain diseases. To address these 
important biological questions, we have been developing animal models to investi2ate the in vivo functions 
of various splicing regulators, and the preliminary results are highly encouraging .... For example, it appears 
that knoc;king out just one copy of the SC35 gene (an SR family member) suppresses female development in 
mice. When both copies of the gene are deleted in thymus (using the Lox-Cre indudble knockout system), T 
cell maturation appears to be impaired during the transition from double positive CD4 ... CD8"' to single 
positive CD4 ... CD8· and co4·cos· stages (unpublished observations). These experiments demonstrate the 
importance of the SC35 gene in development and differentiation. However, the mechanisms leading to these 
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. . h arallel analysis strategy proposed here. we will be able to. 
phenotypes remain to be elucidated. Us,ng t _e Ph b ce of a specific regulator. This represents a long 
address alternative splicing events that occur tn t c a sen 
term goal for our basic research. 

. . • h· develo in new tools for disease classification . 
Aim 3: Apphcattons in c~ncer resea.rc . d I p g el system for molecular classification ot cancer. 

The main goal of this ~ro~osal is to I eve o_p a "~\inghas been linked to de\e\opment, differentiation. 
A d "bed in Background/S1gntfkance, a temat1ve sp , 

s :~cri Alar e number of alternative splicing events are frequently associated with human cancer. 
;a~e~s;~st~ese ob:ervations, it should be feasible to use a sizable group _of a.ltemative splicing events to 
classify and predict different kinds of cancer or the same type of cancer m different stages. 

Target selection: We plan to select targets for disease classificatio~ and predi~tion in two ph~ses .. First, we 
plan to focus on alternative splicing events that have already been linked to a d1sease(s?. As listed. in Tablet 
in tr~ R2 l phase, we have already selected a number of genes that appear to ~reduce d1~ease-spec1fic . 
isofonns. For example, alternative splicing of the AML l gene appears to be mvoh·edwith a subclass of 

f(~cute myelogenous leukemia (Tanaka.et al., 1995) and alternative splicing ofth: ge~: for PS~ (prostate 
ttspecitic antigen) seems to correlate with prostate cancer (Su et al., 1995). In this RD expansion p~ase, we 
f0'.\vill continue to enlarge the sample size. For instance, CD44 alternative splicing was not selected in the R.21 
f~~ssay development phase because it contains ten distinct variable exons and therefore will produce over 
~:;~1000 combinations. Once the assay is established in the R2 l phase, CD44 will be selected as one of the 
l'.'~rimary targets.for cancer classification because it has been shown to be one of the most reliable tupior 
Iiindicators. Here, we are particularly interested in testing the hypothesis that inclusion of certa.in Cb44 
;'.'exons is directly linked to a tumor and/or metastatic potential of the tumor by a large scale parallel analysis 
it:hf alternative splicing. By examining many reported disease-associated alternative splicing events in this 
f\karly R33 phase, we hope to nail down some critical disease-associated alternative splicing events and use 
;(;~them for disease classification and prediction. . . 
,1;~ Our next target selection phase will include other reported alternative splicing detected in our 
j)'.~atabase construction efforts. We believe that it is important to conduct a comprehensive search, rather than 
f·'"sotety focus on disease.associated genes because specific altemalive splicing events may be relevant to 

certain diseases, but they may not yet have been tested or reponed in the literature. This is illustrated by 
the recent publication on ALL/AML distinction by gene expression monitoring (Golub et al., 1999). An 
ele~ted expressi(!n of some genes in ALL or AML appear to make sense, but many others have no apparent 
connection to any kind of leukemia based on previous functional studies. 

Preclinical and clinical applications: By collaboration with Dr. David Tarin's group, we plan to focus on 
breast and prostate cancer because of their availability through the UCSD Cancer Center. Dr. Tarin 's group 
has already compiled tissue banks containing hundreds of breast cancer samples. Prostate cancer samples 
are also being systematically collected for their histopathological studies. Many of these cases ha\·e matched 
tissue samples obtained from the primary tumor, normal tissue, and metastases. Therefore, we are in a 
posittion to identify tumor specific expression patterns and differences related to tumor behavior. 

Once a battery of specific targets are found, we plan to take advantage of the Molecular Pathology. 
Shared Resource at UCSD to obtain dissected malignant tissue by Laser Capture iticroscopy so that we can 
identify specific cell and tissue types that give rise to detected alterations in altemati,·e splicing. In addition, 
we will detennine the sensitivity of our assay by mixing normal and cancerous tissues in differenuatios. If 
an assay can be established to detect tumor-specific alternative splicing events in a ,·~ry small amount of 

PAGE~ 
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unt of normal tissue, it will find wide application in clinical 
diseased tissue in the presence of a large amo • . h man telomerase has demonstrated such 
tumor diagnosis. A sensitive PCR-based assay ~or measu,rmlg\ .u ol of IO 000 nonnal cells were 

1 1994) It\ ·as shown that 10 ,mmorta ce s ma po . 
po1,ver (Kim et a-, . , . . telomerase could be detected if l in 1000 cells was 
sufficient for detection of teloi:nerase acuv~ty. Th~s.. or samples without preparing a homogeneous ce\l 
immonal, which is therefore highly useful m ex.a~in.mg tu:'ated wfth most tumors it is a good indicator, 

. fi th y Since te\omerase activity ts asso 1 • b d 
population or e ass.a . . 0. l . t d velop an equally sensitive assay which can e use 
but cannot be used to classify tumors. ur goa ts o e . h d a\- be 
not only to delect a tumor. but also to identify the type and stage o~ th.e tumor. Th.,s met oes r:~t follow 

articularl useful in diagnosis of prostate cancer, which may have s1m1lar ~atholog1cal ~ra~ • .·~· 
tghly valable clinical courses. A molecular classifier \Vou\d therefore be highly beneficial in de\ tsing a 

therapeutic strategy. ll b · h h s·c·ans 
Once the assay is developed and optimized in our laboratories, \\e will co a orate w_it P Y 1 1 

to ~xplore its application in clinical diagnosis and compa.re the results with those by convenuonal 
pathological analysis. For this purpose, fresh material will be collected through the ~CSD Cancer Center. 
tissue procurement resource led by Dr. Wasserman and we have IRB approval for this. 

i\:;Data analysis and presentation: Our experiments are designed to discover unique alternativ~ splicin~ events 
;u:!,that are strongly correlated with a particular type of disease. Because the array-based experiments will 
1~1;:generate a large amount of data for analysis, we will need to develop tools to analyze and present the data. 
ii:For this purpose~ we will work closely with our collaborators, Ors. Zhang and Gribskov to construct a web 
t'.'~site for raw data as well as for methodological details. Dr. Gribskov's group is actively working to develop 
".:.,... . 
}::'1new approaches in this area. These approaches will be integrated with an online database, making the 
;;-: microarray experimental results themselves available. This database will confonn to relevant standards for 
(~]exchange of array data, currently under discussion in the microarray community as defined and accepted. 
!1l To detennine the statistical significance of a correlative event, we will need a set of analytical tools to 
~;;;~treat raw data. A paper by Golub and his colleagues was recently published, in which they described one 
"'\i such set of calculation formulae based on 14neighborhood analysis" (Golub et al.. 1999)_ These formulae will 

very useful for treating our experimental data. ·1n carrying out such neighborhood analysis. we will first 
determine the level of correlation [P(g. c)] of individual alternative splicing events with a particular cancer 
type in comparison with corresponding healthy tissue. This will allo"v us to identitY a group of informative 
genes that can be used as predictors. We will initially focus on the identification of such predictors for 
br~st and prostate cancer using CD44 and PSA alternative splicing. It is not known. however, whether 
these alternative splicing events are sufficient to serve as predictors for specific cancers. For this purpose, 
the predication strength (PS) for a set of infonnative alternative splicing events will be calculated according 
to Golub et al. ( 1999) .. 

Because the Golub method is restricted to comparison between two types of diseases, it may not be 
suitable for general cancer classification and a multivariate statistical classification will have to be developed 
for analysis of alternative splicing data from heterogeneous cancer samples. Dr. Zhang has extensive 
eJ<periences in analyzing large-scale gene expression data (Zhang, 1999a). He was the first to combine array 
clustering and regulatory element analysis (Zhang, 1999b)_ He has used both hiera:-~hical Pearson correlation 
clustering (Spellman et al., 1998) and Kohonen Self-Organizing Map (SOM) clustering algorithms (Zhu and 
Zhang. 1999)- Very ~ecently, in collaboration with physicists, he has applied a no\·el SPC (Super
Paran,agnetic Clustering) algorithm to swdy genome-wide gene expression profiles t Getz et al. 1999). In 
order to experiment with a multitude of multivariate statistical classitication tech11iqt1es on alternative 
splicing array analysis, Dr. Zhang will rest CART (Classification nnd Regression Trees) technology 
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. .d ·ry " mosl relevant mRNA transcripts from a 
b ·c \.. s the potential to I ent1 a ,ew . d 

(Breimat'\ et al.. 1984) ecause, ,,a \ I 'fi t'ons CART is an unsuperv1se 
d fi nsitive and robust molecu arc ass1 ,ca , . 

background of t~ou~an s ors~ cross-validations for statistical significance. . . . 
technology and it w\\l a~tomattcally ~erfonn Gribskov also has a wealth of ex.penence m this area 

To develop predictors for various cancers, Dr. d" for gene functions based on a S¢t of 
d . . 'lar to those used to develop pre ictors . 

because the pr~c~ ure is s1m1 it should be ossible to ~dapt the unsupervised teaming 
(unaligned) training sequences. In essence, 'f: . .P d uc\eic ncid sequences to discover patterns of 
procedure already in use f9r discovering moll s m protein and/nor the same type of cancer at different 

. 1. · oc · ated with different cancer types an f 
altemat1ve sp tcmg ass 1 

• • ence motifs are represented as an array o 
malignant stages. The similarity is mo;e th~~ ssu~:~~~~~i~~~ of finding each amino acid residue (or base) 
probability vectors where each vector escri e . . . h d' f ve pattern is 

h · · f the rnoc,· f In the case of gene expression or alternative spltcmg. t e pre 1c 1 
at eac pos1t1on o · . . . 1 · I reed 

a of robability vectors where the vectors are the probab1lmes of each a temat1ve Y sp 1 . :~:~rrpt. ~xpectation-rnaximization and related a\gorithms should th~r~fore be applicable to these d~ta JUSt 

as they are to protein sequence data. Other standard clustering technologies such as the k-means alg~mhrn, 
principal components analysis. and less widely used techniques such as adaptive clustering are also likely to 

dbe useful in this analysis. Ors. Gribskov and Zhang will work closely to develop a standard set of 
itclassification tools for quick and accurate disease diagnosis. . 
~,·k In conclusion, the feasibility of molecular disease classification and prediction has been demonstrated 
'8:Lsing the method ofmonitoring overall gene expression. The method described in this proposal is based on 
~1RNA splicing, which is catalyzed by a distinct m.achinery from transcription in cells. Alternative splicing 
l:~~epresents another level of control for gene expression and changes in alternative splicing may take place 
~t~.vithout a global alteration of gene expression. Thus, our assay \Vilt be complementary to those based on 
/ transcription and a combinatory use of different assay systems may be more accurate and robust in future 
:;:::a,sease classification and prediction. 
in-1 

. ;~i~~ 
't;}'.im 4: Assay development for both small and large•scale applications. 
,F';~ Unlike conventional cDNA microarrays and standard gene expression chips. the method described in 
f)Jhis proposal does not need a massive number of PCR amplifications of specific targets nor preparation of 
,,specialized arrays. Thus, the technology can be adopted by individual investigators. For this to happen, it 
will be necessary to ensure robust, reproducible, and highly accurate results in a wide variety of experimental 
sec~ings. To make this a reality, the fourth aim will focus on assay development, capitalizing on the 
im~stmenc in the first three aims of the R33 phase, which set the stage for large scale analysis of alternative 
splicing events. The ability to carry out many assays in parallel will allow us to develop efficient algorithms 
for assay optimization. 

For assay development, the alternative splicing assays will be grouped into functionally relevant sets 
that will be useful for focused research (e.g. based on homology; or association with a particular pathway or 
disease; or expressed in particular tissues of interest), as well as for more global srudies. Genes grouped 
according to their structure and functional relationships will include kinases, phosphacases, oncogenes/tumor 
suppressor genes, cell surface receptors, etc. The assays will then be optimized to achieve a high degree of 
reliability and specificity within a sec. For application in basic research, we plan to gradually expand our 
assay co include alternative splicing events reported in the literature and then extend to computer-predicted 
alternative splicing of genes. Based on. our results, we will prepare combinations of these targets for 
different applications and make them available for other investigators. 

By working closely with our collaborators at Illumina, we would also like to develop an experimental 
procedure for large scale applications. For instance, lllumina will soon develop their array sets in microtiter 

PAG!;: 2:! 
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\ . 1 amp\es or different experimental 
, f 1 number of targets from mu tip e s . T d t . 

P
lates to allow para Ile\ analysis o ~. arge . '\I b ful in high throughput drug screenmg. o con uc 

. f A r ... , format w1 e power . . ( l) Grow 
conditions. Thts Arra~ o r:a~s to test the fo\\owing experimental strategy. . . . . 
such a parallel altemauve sphcmg assay, we pla~ h d'ff l drugs ('') Conduct in situ ce\l lys1s tollo\\ed by 
chosen cells on microtiter plates for treatment wit , :re; d (3,) l~sert a strong magnet underneath each 
addition of specific target otigos plus oligo (dT) m_agnet;c ~:e:·s ana transfer the plates for PCR 

Plate and carry out stringent washing. (4) Add unrversa pr~ h b 'd'zat"ton stainino and scannin~. If . 
d h array plates 1or Y n 1 • =· "" -

amp\ification, (5) Apply PCR pro ucts to l e d es can be handled by a robot. ln this RJ.> phase, we 
experimental conditions are worked ~ut, all t~e proce ur If h t chnology can be developed, it will be 
would like to test the feasibility of this experiment~\ s:h~mde. t : ~ atso very useful for handling a large 

I ful ror high throughput drug screening min ustry. u not on y power ,, . . 'fi . 
number of cHnical samples in disease diagnosis and claSSI ,cation. 

Mi~stones for the R33 phase; ... h h we are confident 
.;- Although it is difficult to accurately predict ~he outc~me o.f th~ R3.> P ase researc , 

·n achieving the following milestones at the conclusion of this proJect. . . 
}ii\. A comprehesive and high quality database for _ahem~tive spli~ing in humans and mice will be created, 
:~;;which will become an international resource forb1omed1cal research. . . . . 
;::,:2. The array experimental procedures will be standardized fQr large scale analysts of alternative sphcmg. 

tOour assay strategy can be adapted in many other array applications. . 
,~~3. A large number of alternative splicing events reported in the literature and/or dedu~ed from EST clustenng 
}"'\vm be re-investigated using array experiments, and the experimental data coupled with the database. The 
i"" experimental data and related infonnation will be accessible to the Jsearch commun_ity thr~~gh internet. 

4. This genomic approach will generate novel insights into the regulation of altemat1\'e splacmg through our 

line and animal studies. 
5. We will develop cancer classification tools based on mRNA isoforms. If successful, these tools should 
find wide application in cancer diagnosis and predictioi:i. 
6. Array technology will be further developed toward an automated system for large scale analysis and drug 

Time table and responsibilities: A brief summary. 
As the PI. I will be responsible for overall supervision of the project and integration of collaborative 

efftrts. In the R21 phase, I will actually work at the bench, with Dr. Yeakley in my group, to carry out the 
initial experiments and Dr. Jian-Bing Fan at Illumina will perfonn all array experiments. We plan to 
conclude the R2 l phase in about a year. In the following three years, during the R33 phase, Dr. Yeakley, 
Dr. Fan, and I will continue to function as the core experimental team. In addition, Dr. Yeakley's 
responsibility will include organizational efforts in annotation of reported alternative splicings. At this 
point, we will need an experienced technician to join the team. Dr. Gribskov's team will develop 
computational tools for experimental design. They will play a major role in organizing effons in database 
building and conduct EST analysis. Dr. Zhang' team will integrate various splice site-databases and develop 
a database graphical interface. Ors. Zhang and Gribskov will collaborate closely to build the alternative 
splicing database, implement various electronic and experimental data, and develop tools for array analysis 
and for disease classification and prediction. Dr. Tarin will coordinate the clinical aC'civities. Drs. 
Wasserman and Goodison in his group will provide nonnal and disease tissue samples and conduct 
morphological analyses to characterize their malignant grades and stages. They will play a key role in cancer 
classification and pre.diction. 

PAOE. ~ 
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, . . Hect human tissues from patients for our studies. 
e Human Subjects: We are not gomg to directly co \l b to at the UCSD Cancer Center where 
;ormat and cancer samp\es will be provid~d to us by our co a oraa~~ne tissue samples from patients. we 
collected tissues are stored. In the future. ,f we are al a Cstage to ex.bta·n cancer samples and al\ procedures 

. h · · t h UCSD Cancer enter too . t 
will work c\ose\y with p ys1~1ans.a t ed t ttu'delines in handling human tissues. 
,viii comply with relevant un1verstty an govemmen c I 

: . . . 11 · 0 tissues Procedures and 
f Vertebrate Animals: This proJeCt will mvolve co e~llng.m use . l . 1 B99\ 16 which has 
· · which will be taken in handling animals are described m our an1ma protoco , . 

b
precauttons d by the Animal Subjects Committee at the University of California, San Diego. Specifically: 

een approve . . UCSD t rovide tissue samples for 
1 We will use knockout mice we are generating m my laboratory at o P . . 
a~ay analysis. These mice are derived from BL/6 and 129 strains of various ages and bot~ sex.es \0 which a 
spli~ing factor or regulator is deleted. We estimate that '1;'C will need about l 00 to 200 mice per year for the 

experiments prqposed in this project. . . 
2. These mice were created for other studies in our lab under the animal protocol B99116 and these a~1mals 

~;r'happen to be valuable as a model system for the proposed studies in this project. Specifically, we will 
;;'.Jprepare fibroblast cells from embryos to ex.amine the alternative splicing panem. We will also collect T cells 
tiJrom blood, spleen, and thymus for similar studies. · 
'\;'.:!3. The University of California at San Diego has full-time on-site veterinarians who will have responsibility 
;):t;ror overseeing all laboratory animal care. 
i:,;:4. Sinpe all or our experiments will be conducted using animal tissues, we will avoid any discomfort and 
~;]injury 'to the mice before sacrifice. 
"· 5. We will use CO2 gas as the method of choice for euthanasia before cervical dislocation. This method is 
,r~Jselected because it is humane and simple and is consistent with the recommendations of the Panel on 
n,i Euthanasia of the American Veterinary Medical Association. 
t.'~i 
1~~!;J 
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Michael Q. Zhang at the Cold Spring Harbor Laboratory. To simplify the budgetary issue. these 

collaborators will be treated as subcontractors. 

· In addition, we will collaborate with Dr. Michael Gribskov at the San Diego Supercomputer Center, 
who also holds a joint appointment in the Department of Biology. UCSD. This collaboration will allow us 
to work closely together at all stages of this project from database cbnstruction and mining to development 
of computational tools for experimental design and data analysis. We will also collaborate with Dr. David 
Tarin' group at the UCSD Cancer Center to take advantage of their expenise in tumor pathology, and 

through them, we will" obtain all cancer samples for our analysis. 

. Letters of collaboration from all parties follow. 
~ 
\J 

I. Consultants: None. 
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Detection of Differences in 
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Array-Based Detection of Alternative 
mRNA Splicing 
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Induced Switch of Splice Sites in 
Transfected Cells 
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Detection of Alternative Splicing on Zip
Code Arrays and Comparison with RT-PCR 
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Reduced Genome Single Base Extension Assay 
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Complexity Reduction and Multiplex Assay 
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Complexity Reduction and Multiplex Assay 
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Complexity Reduction and Multiplex Assay 
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Complexity Reduction and Multiplex Assay 
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Solid Phase Locus-Specific Primer Extension 

Starting material is immobilized, single stranded universal PCR product. 
There are several ways to generate this. 
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FIG. 7 
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Alternate labeling Scheme for Primer Extension (High Signal) 
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Simplified OLA-PCR Assay Format 
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1. 

MULTIPLEX NUCLECACD REACTIONS 

The present application claims the benefit of U.S. Appli 
cation Ser. Nos. 60/234,143, filed on Sep. 21, 2000, 60/234, 
732, filed on Sep. 22, 2000, 60/297,609, filed on Jun. 11, 
2001, 60/311,271, filed on Aug. 9, 2001, 60/336,958, filed on 
Dec. 3, 2001, 60/305,118, filed on Jul. 12, 2001, and 60/341, 
827, filed on Dec. 17, 2001 and claims priority to Ser. No. 
09/779,376, now abandoned, filed on Feb. 7, 2001 and WO 
O1/57269, filed on Feb. 7, 2001, Ser. No. 09/915,231, now 
U.S. Pat. No. 6,890,741, filed on Jul. 24, 2001 and Ser. No. 
09/931,285, now U.S. Pat. No. 6,931,884, filed on Aug. 16, 
2001, all of which are expressly incorporated herein by ref 
CCC. 

Portions of this invention were made with government 
support under HG02003 awarded by the National Human 
Genome Research Institute and CA81952 awarded by the 
National Cancer Institute. The government has certain rights 
in the invention. 

FIELD OF THE INVENTION 

The invention is directed to a variety of multiplexing meth 
ods used to amplify and/or genotype a variety of Samples 
simultaneously. 

BACKGROUND OF THE INVENTION 

The detection of specific nucleic acids is an important tool 
for diagnostic medicine and molecular biology research. 
Gene probe assays currently play roles in identifying infec 
tious organisms such as bacteria and viruses, in probing the 
expression of normal genes and identifying mutant genes 
Such as oncogenes, in typing tissue for compatibility preced 
ing tissue transplantation, in matching tissue or blood 
samples for forensic medicine, and for exploring homology 
among genes from different species. 

Ideally, a gene probe assay should be sensitive, specific and 
easily automatable (for a review, see Nickerson, Current 
Opinion in Biotechnology 4:48-51 (1993)). The requirement 
for sensitivity (i.e. low detection limits) has been greatly 
alleviated by the development of the polymerase chain reac 
tion (PCR) and other amplification technologies which allow 
researchers to amplify exponentially a specific nucleic acid 
sequence before analysis as outlined below (for a review, see 
Abramson et al., Current Opinion in Biotechnology, 4:41-47 
(1993)). 

Currently, a variety of biochips comprising Substrates with 
associated nucleic acids are used in a variety of nucleic acid 
detection systems, including the detection, quantification, 
sequence determination and genotyping of a nucleic acid 
target sequences. However, sample preparation for these high 
density chips remains an issue. 

Accordingly, it is an object of the invention to provide a 
number of methods directed to the multiplexing amplification 
and/or genotyping reactions of target sequences to create 
amplicons that can Subsequently be detected on an array. 

SUMMARY OF THE INVENTION 

In accordance with the objects outlined above, the present 
invention provides a method of detecting target sequences in 
a sample comprising providing a first Solid Support compris 
ing at least a first and a second target sequence, contacting the 
first and second target sequences with first and second probes, 
respectively, wherein each of the first and second probes 
comprise a first universal priming site, a target specific 
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2 
domain Substantially complementary to at least a portion of 
the target sequence, to form first and second hybridization 
complexes, respectively, removing unhybridized probes, 
contacting the first and second hybridization complexes with 
a first enzyme to form modified first and second probes, 
respectively contacting the modified first and second probes 
with at least a first primer that hybridizes to the universal 
priming site NTPs, and an extension enzyme, wherein the first 
and second modified probes are amplified to form first and 
second amplicons, respectively, and detecting the amplicons. 

In addition the invention provides a method of detecting 
target sequences in a sample comprising providing a first 
Solid Support comprising at least a first and a second target 
sequence, contacting the first and second target sequences 
with first and second probes, respectively, wherein each of the 
first and second probes comprise a first universal priming site, 
a target specific domain Substantially complementary to at 
least a portion of the target sequence, to form first and second 
hybridization complexes, respectively, removing unhybrid 
ized probes, contacting the first and second probes with at 
least a first universal primer that hybridizes to the universal 
priming site, NTPs and an extension enzyme, wherein the first 
and second probes are extended to form first and second 
modified probes, respectively, contacting the first and second 
modified probes with at least third and fourth probes, respec 
tively, wherein the modified first and second probes comprise 
a detection position, the third and fourth probes each com 
prise an interrogation position, and a secondenzyme, wherein 
the second enzyme only modifies the third and fourth probes 
if there is perfect complementarity between the bases at the 
interrogation position and the detection position, forming 
third and fourth modified probes, and detecting the third and 
fourth modified probes. 

In addition the invention provides a method comprising 
providing a plurality of target nucleic acid sequences each 
comprising from 3' to 5' a first, second and third target 
domain, the first target domain comprising a detection posi 
tion, the second target domain being at least one nucleotide 
contacting the target nucleic acid sequences with sets of 
probes for each target sequence, each set comprising a first 
probe comprising from 5' to 3' a first domain comprising a 
first universal priming sequence, and a second domain com 
prising a sequence Substantially complementary to the first 
target domain of a target sequence, and an interrogation posi 
tion within the 3' four terminal bases, a second probe com 
prising a first domain comprising a sequence Substantially 
complementary to the third target domain of a target 
sequence, to form a set of first hybridization complexes, con 
tacting the first hybridization complexes with an extension 
enzyme and dNTPs, under conditions whereby if the base at 
the interrogation positions is perfectly complementary with 
the bases at the detection positions, extension of the first 
probes occurs through the second target domains to form 
second hybridization complexes, contacting the second 
hybridization complexes with a ligase to ligate the extended 
first probes to the second probes to form amplification tem 
plates. 

In addition the invention provides a multiplex reaction 
method comprising providing a sample comprising at least 
first and second targets hybridizing the first and second tar 
gets with first and second probes, respectively forming first 
and second hybridization complexes, respectively, immobi 
lizing the first and second hybridization complexes, washing 
to remove unhybridized nucleic acids, contacting the first and 
second hybridization complexes with an enzyme, whereby 
the first and second probes are modified forming modified 
first and second probes, respectively, whereby the modified 
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first and second probes are modified to contain first and sec 
ond interrogation nucleotides that are complementary to first 
and second detection nucleotides in the first and second tar 
gets, respectively, contacting the modified first and second 
probes with first and second allele specific primers, respec 
tively, whereby the first and second allele specific primers 
hybridize to the modified first and second probes, respec 
tively, 5' to the first and second interrogation nucleotides, 
dNTPs, polymerase, whereby the first and second allele spe 
cific primers are modified when a target domain of the allele 
specific primers is perfectly complementary to the modified 
target probes to form modified first and second allele specific 
probes, amplifying the modified first and second allele spe 
cific probes to form first and second amplicons, and detecting 
the first and second amplicons. 

In addition the invention provides a method comprising 
providing a plurality of target nucleic acid sequences each 
comprising from 3' to 5' a first, second and third target 
domain, the first target domain comprising a detection posi 
tion, the second target domain being at least one nucleotide, 
contacting the target nucleic acid sequences with sets of 
probes for each target sequence, each set comprising: a first 
probe comprising from 5' to 3', a first domain comprising a 
first universal priming sequence, and a second domain com 
prising a sequence Substantially complementary to the first 
target domain of a target sequence, and an interrogation posi 
tion within the 3' four terminal bases, a second probe com 
prising a first domain comprising a sequence Substantially 
complementary to the third target domain of a target 
sequence, to form a set of first hybridization complexes, con 
tacting the first hybridization complexes with at least a first 
universal primer that hybridize to the first universal priming 
sequence, an extension enzyme and dNTPs, under conditions 
whereby if the base at the interrogation positions are perfectly 
complementary with the bases at the detection positions, 
extension of the first probes occurs through the second target 
domains to form second hybridization complexes, contacting 
the second hybridization complexes with a ligase to ligate the 
extended first probes to the second probes to form amplifica 
tion templates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a schematic of a preferred embodiment of 
the invention. The primary steps of the method include 
annealing oligonucleotides to immobilized target (e.g. 
genomic) DNA, a chain extension reaction that is terminated 
by tagged (e.g. biotinylated) ddNTPs (FIG. 1A), isolation and 
amplification of the tagged extension products (FIG. 1B). 

FIG. 2 depicts a preferred method of obtaining templates 
for single base extension reaction analysis. The four major 
phases are 1) First Extension from target (gDNA), 2) Second 
Extension, 3) PCR Amplification, and 4) Allele Specific 
4-Dye Single Base Extension. 

FIG.3 depicts a preferred method for complexity reduction 
and allele selectivity. The locus specific primer hybridizes 
upstream of the interrogation site. It does not have to be 
directly adjacent to the interrogation site. The locus specific 
primer also contains an adapter sequence and universal PCR 
primer hybridization site. The allele specific primers are 
designed to the opposite strand of DNA (see diagram) and the 
3' ends of the primers correspond to the alleles that are inter 
rogated. The 5' ends of the allele specific primers are hybrid 
ization sites for universal PCR primers. 

Tagged locus specific primers are annealed to the genomic 
DNA and washed. DNA polymerase (Taq DNA polymerase), 
dNTPs, ddNTPs and buffer is added to the hybridized prim 
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4 
ers. The DNA polymerase will extend the locus specific prim 
ers that have hybridized and are matched exactly at the 3' end 
to DNA. In this first primer extension reaction, the primer 
extended product has captured the locus allele information 
and also adjacent DNA sequence information. The primer 
extension products are eluted away from the genomic DNA. 
The eluted primer extension products are captured onto 
another set of streptavidin coated beads through the biotin 
molecule on the locus specific primer. This capture process 
purifies the primer extension product and reduces the com 
plexity of DNA going into the second hybridization and 
extension process. The second capture process may improve 
the multiplexability of this assay through the reduction of 
complexity. 

Allele specific primers for each interrogated locus are 
added to the captured DNA and a second hybridization and 
wash is performed (at high Stringency). DNA polymerase 
(Taq DNA polymerase), dNTPs, and buffer are added to the 
hybridized primers. An extension reaction is carried out. The 
extended products are eluted and used in a PCR amplification 
reaction (using the universal PCR primers specific for these 
oligos U1, U2 and U3). U2 and U3 are labeled with different 
fluorescent tags. The ratio in the amount of one allele relative 
to another is determined by the ratio of the fluorescent tags. 

FIG. 4 depicts an alternative embodiment of the method 
outlined in FIG. 3. An allele specific hybridization approach 
for allele determination may be used in conjunction with the 
first hybridization, wash and extension. In this process, the 
locus specific primer is hybridized, washed and extended as 
above. The locus specific primer does not contain adapter 
sequences or universal primer sequences. The allele specific 
oligonucleotide contains the universal PCR primer 
sequences. Allele specific oligonucleotides are added to the 
extended products, hybridized and washed under stringent 
conditions. Allele specifically hybridized sequences are 
retained and later eluted for a PCR reaction. 

FIG. 5 depicts an alternative embodiment of the method 
outlined in FIG. 3. In this embodiment allele specific exten 
sion is followed by locus specific extension. 

FIG. 6 depicts an alternative embodiment of the method 
outlined in FIG. 3. A second level of allele specificity along 
with locus specificity may be obtained by using allele specific 
extension primers in the second extension step of FIG. 5. 
Using allele specific extension primers (on alternate strands) 
in both extension steps would protect against any 3' to 5' 
exonuclease activity acting in the first allele specific exten 
sion step. The extension products from this approach would 
be placed into two separate PCR reactions containing univer 
sal PCR primers specific for each allele set. Misextensions 
due to exonuclease activity in the first or second extension 
steps would not be amplified. 

FIG. 7 depicts a preferred method of solid-phase allele 
specific primer extension genotyping. For each locus, two 
allele specific oligonucleotides are designed with each allele 
represented by a unique adapter. The 3' end of the allele 
specific oligonucleotides extend one or more bases beyond 
the query site. The oligonucleotides are hybridized to the 
template on Solid phase under stringent conditions. The Solid 
phase is washed to remove improperly hybridized oligonucle 
otides. The resulting complex is then extended by a poly 
merase in an allele specific manner. That is a mismatch at the 
query site will prevent efficient extension. 

FIG. 8 depicts an alternative method of labeling as com 
pared to FIG. 7. 

FIG.9 depicts a schematic of universal allele specific oli 
gonucleotides. 
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FIG. 10 depicts a method using the universal allele specific 
oligonucleotides described in FIG.9. In this case, since exten 
sion must occur from 5' to 3', the U4 and U5 sequences are 
shown at the 3' end of the template, associated with the 
allele-selective bases. 5 

FIG. 11 depicts a method of removing non-hybridized 
nucleic acids by nuclease treatment. That is, the complexity 
of a nucleic acid sample is initially reduced by hybridization 
capture with gene specific oligonucleotides. Excess nucleic 
acid sequences are removed by a single stranded nuclease. 

FIGS. 12A and 12B depicts the ICAN amplification 
scheme. 

FIGS. 13A and 13B depicts a preferred multiplex scheme. 
Two primers hybridize to a target nucleic acid (FIG. 13A). 
The primers include target specific portions and universal 
priming sites. In addition, one of the primers, preferably the 
upstream primer, includes an allele specific sequence and an 
adapter sequence that is specific for the particular allele spe 
cific sequence. The primers do not hybridize contiguously on 20 
the target. Following hybridization the primer is extended 
with dNTPs and a polymerase. Following primer extension, 
the upstream and downstream primers are ligated (FIG. 13B). 
The ligated product is them amplified with universal primers 
that hybridize to the universal priming sites on the primers 25 
resulting in the formation amplicons. Amplicons are labeled 
with either labeled primers or labeled dNTPs and detected as 
an indication of the presence of a particular allele. 

10 

15 

DETAILED DESCRIPTION OF THE INVENTION 30 

The present invention is directed to a variety of composi 
tions and methods directed to multiplexed analysis of nucleic 
acids. In a preferred embodiment the methods are directed to 
multiplexing of nucleic acid detection, genotyping and ampli- 35 
fication reactions. While a large body of literature and meth 
ods exist for the use of high density biochips comprising 
nucleic acids, the preparation of samples containing target 
sequences to place on the biochips has not been significantly 
multiplexed to allow true high throughput methodologies. 40 
The present invention is directed to the use of a variety of 
methods that allow the multiplexed amplification of target 
sequences prior to detection by any of a variety of methods 
including placement on an array for detection, mass spec 
trometry, electrophoretic techniques, FACS analysis, and the 45 
like. 

In general, the method includes a complexity reduction 
component, a specificity step and an amplification step. Pref 
erably complexity reduction is performed first. This is fol 
lowed, in some embodiments, by the genotyping reaction, 50 
followed by multiplexed amplification. Generally, the speci 
ficity step includes an enzymatic reaction Such as a genotyp 
ing reaction as described below. Alternatively, the multi 
plexed amplification reaction is done first, i.e. following 
complexity reduction, followed by a genotyping reaction. In 55 
both instances, the resulting amplicons are then detected, by 
a variety of detection methods including utilizing Solid Sup 
port arrays (both random and ordered), liquid arrays, or using 
technologies such as FACS Sorting or mass spectroscopy. 

Accordingly, the present invention relates to the multiplex 60 
amplification and detection of target analytes in a sample. As 
used herein, the phrase “multiplex” or grammatical equiva 
lents refers to the detection, analysis or amplification of more 
than one target sequence of interest. In one embodiment mul 
tiplex refers to at least 100 or 200 different target sequences 65 
while at least 500 different target sequences is preferred. 
More preferred is at least 1000, with more than 5000 or 

6 
10,000 particularly preferred and more than 50,000 or 100, 
000 most preferred. Detection is performed on a variety of 
platforms as described herein. 

Accordingly, the present invention provides methods for 
the detection of nucleic acid target sequences in a sample. As 
will be appreciated by those in the art, the sample solution 
may comprise any number of things, including, but not lim 
ited to, bodily fluids (including, but not limited to, blood, 
urine, serum, lymph, saliva, anal and vaginal secretions, per 
spiration and semen, of virtually any organism, with mam 
malian samples being preferred and human samples being 
particularly preferred); environmental samples (including, 
but not limited to, air, agricultural, water and soil samples); 
biological warfare agent samples; research samples; purified 
samples, such as purified genomic DNA, RNA, proteins, etc.; 
raw samples (bacteria, virus, genomic DNA, etc.). As will be 
appreciated by those in the art, virtually any experimental 
manipulation may have been done on the sample. 

If required, the target sequence is prepared using known 
techniques. For example, the sample may be treated to lyse 
the cells, using known lysis buffers, Sonication, electropora 
tion, etc., with purification and amplification as outlined 
below occurring as needed, as will be appreciated by those in 
the art. In addition, the reactions outlined herein may be 
accomplished in a variety of ways, as will be appreciated by 
those in the art. Components of the reaction may be added 
simultaneously, or sequentially, in any order, with preferred 
embodiments outlined below. In addition, the reaction may 
include a variety of other reagents which may be included in 
the assays. These include reagents like salts, buffers, neutral 
proteins, e.g. albumin, detergents, etc., which may be used to 
facilitate optimal hybridization and detection, and/or reduce 
non-specific or background interactions. Also reagents that 
otherwise improve the efficiency of the assay, Such as pro 
tease inhibitors, nuclease inhibitors, anti-microbial agents, 
etc., may be used, depending on the sample preparation meth 
ods and purity of the target. 

In addition, when nucleic acids are to be detected preferred 
methods utilize cutting or shearing techniques to cut the 
nucleic acid sample containing the target sequence into a size 
that will facilitate handling and hybridization to the target, 
particularly for genomic DNA samples. This may be accom 
plished by shearing the nucleic acid through mechanical 
forces (e.g. Sonication) or by cleaving the nucleic acid using 
restriction endonucleases, or any other methods known in the 
art. 

In addition, in most embodiments, double stranded target 
nucleic acids are denatured to render them single stranded so 
as to permit hybridization of the primers and other probes of 
the invention. A preferred embodiment utilizes athermal step, 
generally by raising the temperature of the reaction to about 
95°C., although pH changes and other techniques may also 
be used. 
The present invention provides compositions and methods 

for detecting the presence or absence of target nucleic acid 
sequences in a sample. By “nucleic acid' or "oligonucle 
otide' or grammatical equivalents herein means at least two 
nucleotides covalently linked together. A nucleic acid of the 
present invention will generally contain phosphodiester 
bonds, although in some cases, as outlined below, nucleic 
acid analogs are included that may have alternate backbones, 
comprising, for example, phosphoramide (Beaucage et al., 
Tetrahedron 49(10): 1925 (1993) and references therein; 
Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzlet al., Eur.J. 
Biochem. 81:579 (1977); Letsinger et al., Nucl. Acids Res. 
14:3487 (1986); Sawai et al. Chem. Lett. 805 (1984), 
Letsinger et al., J. Am. Chem. Soc. 110:4470 (1988); and 
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Pauwels et al., Chemica Scripta 26:141 91986)), phospho 
rothioate (Maget al., Nucleic Acids Res. 19:1437 (1991); and 
U.S. Pat. No. 5,644,048), phosphorodithioate (Briu et al., J. 
Am. Chem. Soc. 111:2321 (1989), O-methylphophoroamid 
ite linkages (see Eckstein, Oligonucleotides and Analogues: 
A Practical Approach, Oxford University Press), and peptide 
nucleic acid backbones and linkages (see Egholm, J. Am. 
Chem. Soc. 114:1895 (1992); Meier et al., Chem. Int. Ed. 
Engl. 31:1008 (1992); Nielsen, Nature, 365:566 (1993); 
Carlsson et al., Nature 380:207 (1996), all of which are incor 
porated by reference). Other analog nucleic acids include 
those with positive backbones (Denpcy et al., Proc. Natl. 
Acad. Sci. USA 92:6097 (1995); non-ionic backbones (U.S. 
Pat. Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 
4,469,863; Kiedrowshi et al., Angew. Chem. Intl. Ed. English 
30:423 (1991); Letsinger et al., J. Am. Chem. Soc. 110:4470 
(1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 
(1994); Chapters 2 and 3, ASC Symposium Series 580, “Car 
bohydrate Modifications in Antisense Research, Ed. Y. S. 
Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & 
Medicinal Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomo 
lecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) 
and non-ribose backbones, including those described in U.S. 
Pat. Nos. 5.235,033 and 5,034,506, and Chapters 6 and 7. 
ASC Symposium Series 580, “Carbohydrate Modifications 
in Antisense Research”. Ed. Y. S. Sanghui and P. Dan Cook. 
Nucleic acids containing one or more carbocyclic Sugars are 
also included within the definition of nucleic acids (see Jen 
kins et al., Chem. Soc. Rev. (1995) pp 169-176). Several 
nucleic acid analogs are described in Rawls, C & E News Jun. 
2, 1997 page 35. All of these references are hereby expressly 
incorporated by reference. These modifications of the ribose 
phosphate backbone may be done to facilitate the addition of 
labels, or to increase the stability and half-life of such mol 
ecules in physiological environments. 
As will be appreciated by those in the art, all of these 

nucleic acid analogs may find use in the present invention. In 
addition, mixtures of naturally occurring nucleic acids and 
analogs can be made. 

Alternatively, mixtures of different nucleic acid analogs, 
and mixtures of naturally occurring nucleic acids and analogs 
may be made. 

Particularly preferred are peptide nucleic acids (PNA) 
which includes peptide nucleic acid analogs. These back 
bones are substantially non-ionic under neutral conditions, in 
contrast to the highly charged phosphodiester backbone of 
naturally occurring nucleic acids. This results in two advan 
tages. First, the PNA backbone exhibits improved hybridiza 
tion kinetics. PNAS have larger changes in the melting tem 
perature (Tm) for mismatched versus perfectly matched 
basepairs. DNA and RNA typically exhibit a 2-4°C. drop in 
Tm for an internal mismatch. With the non-ionic PNA back 
bone, the drop is closer to 7-9 C. This allows for better 
detection of mismatches. Similarly, due to their non-ionic 
nature, hybridization of the bases attached to these backbones 
is relatively insensitive to salt concentration. 
The nucleic acids may be single stranded or double 

Stranded, as specified, or contain portions of both double 
Stranded or single Stranded sequence. The nucleic acid may 
be DNA, both genomic and cDNA, RNA or a hybrid, where 
the nucleic acid contains any combination of deoxyribo- and 
ribo-nucleotides, and any combination of bases, including 
uracil, adenine, thymine, cytosine, guanine, inosine, Xatha 
nine hypoxathanine, isocytosine, isoguanine, etc. A preferred 
embodiment utilizes isocytosine and isoguanine in nucleic 
acids designed to be complementary to other probes, rather 
than target sequences, as this reduces non-specific hybridiza 
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8 
tion, as is generally described in U.S. Pat. No. 5,681,702. As 
used herein, the term “nucleoside' includes nucleotides as 
well as nucleoside and nucleotide analogs, and modified 
nucleosides Such as amino modified nucleosides. In addition, 
“nucleoside' includes non-naturally occurring analog struc 
tures. Thus for example the individual units of a peptide 
nucleic acid, each containing a base, are referred to herein as 
a nucleoside. 
The compositions and methods of the invention are 

directed to the multi-plexed detection of target sequences. 
The term “target sequence' or “target nucleic acid' or gram 
matical equivalents herein means a nucleic acid sequence on 
a single strand of nucleic acid. The target sequence may be a 
portion of a gene, a regulatory sequence, genomic DNA, 
cDNA, RNA including mRNA and rRNA, or others. A pre 
ferred embodiment utilizes genomic DNA as the primary 
target Sequence. 
As is outlined herein, the target sequence may be a target 

sequence from a sample, or a secondary target Such as a 
product of a reaction Such as a detection sequence from an 
invasive cleavage reaction, a ligated probe from an OLA 
reaction, an extended probe from a PCR reaction, or PCR 
amplification product, (“amplicon’) etc. 
The target sequence may be any length, with the under 

standing that longer sequences are more specific. As will be 
appreciated by those in the art, the complementary target 
sequence may take many forms. For example, it may be 
contained within a larger nucleic acid sequence, i.e. all or part 
of a gene or mRNA, a restriction fragment of a plasmid or 
genomic DNA, among others. AS is outlined more fully 
below, probes are made to hybridize to target sequences to 
determine the presence or absence of the target sequence in a 
sample. Generally speaking, this term will be understood by 
those skilled in the art. The target sequence may also be 
comprised of different target domains; for example, in “sand 
wich type assays as outlined below, a first target domain of 
the sample target sequence may hybridize to a capture probe 
ora portion of capture extender probe, a second target domain 
may hybridize to a portion of an amplifier probe, a label 
probe, or a different capture or capture extender probe, etc. In 
addition, the target domains may be adjacent (i.e. contiguous) 
or separated. For example, when LCR techniques are used, a 
first primer may hybridize to a first target domain and a 
second primer may hybridize to a second target domain; 
either the domains are adjacent, or they may be separated by 
one or more nucleotides, coupled with the use of a poly 
merase and dNTPs, as is more fully outlined below. 
The terms “first and 'second are not meant to confer an 

orientation of the sequences with respect to the 5'-3' orienta 
tion of the target sequence. For example, assuming a 5'-3' 
orientation of the complementary target sequence, the first 
target domain may be located either 5' to the second domain, 
or 3' to the second domain. 
As outlined herein, in preferred embodiments the target 

sequence comprises a position for which sequence informa 
tion is desired, generally referred to herein as the “detection 
position' or “detection locus’. In a preferred embodiment, 
the detection position is a single nucleotide, although in some 
embodiments, it may comprise a plurality of nucleotides, 
either contiguous with each other or separated by one or more 
nucleotides. By “plurality” as used herein is meant at least 
two. As used herein, the base which basepairs with a detection 
position base in a hybrid is termed a “readout position” or an 
“interrogation position'; thus many of the first or second step 
probes of the invention comprise an interrogation position. 

In some embodiments, as is outlined herein, the target 
sequence may not be the sample target sequence but instead is 
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a product of a reaction herein, Sometimes referred to hereinas 
a “secondary” or "derivative' target sequence, or an “ampli 
con'. 

Accordingly, in a preferred embodiment the present mul 
tiplexed detection scheme includes at least one complexity 
reduction component, at least one specificity component and 
at least one amplification component. In addition, the method 
includes detection of the product of the reaction. 
The methods of the invention can take on a wide variety of 

configurations, as are shown in the figures and described in 
more detail below. Generally these components include a 
complexity reduction component, a specificity component 
and an amplification component. The components can be 
configured in a variety of ways as disclosed below. That is, in 
one embodiment a complexity reduction step is first per 
formed. This is followed by either the amplification or speci 
ficity step. Alternatively, the specificity step is performed 
first. This can be followed by the complexity reduction or 
amplification step. Alternatively, amplification is first per 
formed. This is followed by the complexity and specificity 
steps. 

While the above indicates that each of the three compo 
nents can be performed in any order. One of skill in the art will 
appreciate that when amplification is performed first, there 
will likely be some degree of complexity reduction or speci 
ficity involved. In addition, when specificity components are 
performed first, there will be a degree of complexity reduc 
tion. In addition, in some embodiments when amplification is 
first performed, there will be some degree of specificity and 
complexity reduction. However, as described below, the 
method generally includes three components. 
Probes and Primers 
As one of skill in the art appreciates, there are several 

probes or primers that are used in the present invention. These 
probes/primers can take on a variety of configurations and 
may have a variety of structural components described in 
more detail below. The first step probe may be either an allele 
specific probe or locus specific probe. By “allele specific' 
probe or primer is meant a probe or primer that either hybrid 
izes to a target sequence and discriminates between alleles or 
hybridizes to a target sequence and is modified in an allele 
specific manner. By "locus specific' probe or primer is meant 
a probe or primer that hybridizes to a target sequence in a 
locus specific manner, but does not necessarily discriminate 
between alleles. A locus specific primer also may be modi 
fied, i.e. extended as described below, such that it includes 
information about a particular allele, but the locus specific 
primer does not discriminate between alleles. 

In many embodiments, the probes or primers comprise one 
or more universal priming site(s) and/or adapters, both of 
which are described below. 

The size of the primer and probe nucleic acid may vary, as 
will be appreciated by those in the art with each portion of the 
probe and the totallength of the probe in general varying from 
5 to 500 nucleotides in length. Each portion is preferably 
between 10 and 100 being preferred, between 15 and 50 being 
particularly preferred, and from 10 to 35 being especially 
preferred, depending on the use and amplification technique. 
Thus, for example, the universal priming site(s) of the probes 
are each preferably about 15-20 nucleotides in length, with 18 
being especially preferred. The adapter sequences of the 
probes are preferably from 15-25 nucleotides in length, with 
20 being especially preferred. The target specific portion of 
the probe is preferably from 15-50 nucleotides in length. In 
addition, the primer may include an additional amplification 
priming site. In a preferred embodiment the additional ampli 
fication priming site is a T7 RNA polymerase priming site. 
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10 
In a preferred embodiment, the allele or locus specific 

probe or probes comprises a target domain Substantially 
complementary to a first domain of the target sequence. In 
general, probes of the present invention are designed to be 
complementary to a target sequence (either the target 
sequence of the sample or to other probe sequences, as is 
described herein), such that hybridization of the target and the 
probes of the present invention occurs. This complementarity 
need not be perfect; there may be any number of base pair 
mismatches that will interfere with hybridization between the 
target sequence and the single Stranded nucleic acids of the 
present invention. However, if the number of mutations is so 
great that no hybridization can occur under even the least 
stringent of hybridization conditions, the sequence is not a 
complementary target sequence. Thus, by 'substantially 
complementary' herein is meant that the probes are suffi 
ciently complementary to the target sequences to hybridize 
under the selected reaction conditions. 

In one embodiment the target specific portion includes a 
combinatorial mixture of each nucleotide at each position. In 
addition the primer includes a universal priming sequence 
and an allele specific position. Preferably the universal prim 
ing sequence is specific for the particular nucleotide at the 
allele specific position. That is, in this embodiment the locus 
specific allele selectivity portions of the primer are replaced 
with a universal targeting domain that includes region where 
each position is represented by a combinatorial mixture of 
nucleotides. One of the positions in the universal region (not 
necessarily the 3' position) is paired with the allele or SNP to 
be analyzed. The base at this position is associated with an 
identifier Such as a particular adapter in the primer or with a 
particular universal priming sequence in the primer (FIG.9). 

In a preferred configuration, each of the four bases is asso 
ciated with a different sequence, i.e. universal priming 
sequence, each sequence having similar amplification effi 
ciencies. For amplification, each of the four primers is labeled 
with a different label. In an alternate embodiment it is pos 
sible to Substitute a universal, i.e. promiscuous (inosine, for 
example) base at one or more positions in the universal 
sequence. The primer finds use in extension reactions and 
ligation reactions as described herein. In addition the primers 
find use in linear amplification schemes as depicted in FIG. 
10. It should be noted that one advantage of using the univer 
sal targeting domain is that shorter oligonucleotides can be 
used. Thus, when universal target domains are used, these 
domains are preferably from about 5 to 15 nucleotides in 
length with from 7 to 10 being particularly preferred. 

In a preferred embodiment, one of the probes further com 
prises an adapter sequence, (sometimes referred to in the art 
as "zip codes' or “barcodes’). Adapters facilitate immobili 
zation of probes to allow the use of “universal arrays”. That is, 
arrays (either Solid phase or liquid phase arrays) are generated 
that contain capture probes that are not target specific, but 
rather specific to individual (preferably) artificial adapter 
Sequences. 

Thus, an “adapter sequence' is a nucleic acid that is gen 
erally not native to the target sequence, i.e. is exogenous, but 
is added or attached to the target sequence. It should be noted 
that in this context, the “target sequence’ can include the 
primary sample target sequence, or can be a derivative target 
Such as a reactant or product of the reactions outlined herein; 
thus for example, the target sequence can be a PCR product, 
a first ligation probe or a ligated probe in an OLA reaction, 
etc. The terms “barcodes”, “adapters”, “addresses”, “tags' 
and “zipcodes' have all been used to describe artificial 
sequences that are added to amplicons to allow separation of 
nucleic acid fragment pools. One preferred form of adapters 
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are hybridization adapters. In this embodiment adapters are 
chosen so as to allow hybridization to the complementary 
capture probes on a Surface of an array. Adapters serve as 
unique identifiers of the probe and thus of the target sequence. 
In general, sets of adapters and the corresponding capture 
probes on arrays are developed to minimize cross-hybridiza 
tion with both each other and other components of the reac 
tion mixtures, including the target sequences and sequences 
on the larger nucleic acid sequences outside of the target 
sequences (e.g. to sequences within genomic DNA). Other 
forms of adapters are mass tags that can be separated using 
mass spectroscopy, electrophoretic tags that can be separated 
based on electrophoretic mobility, etc. Some adapter 
sequences are outlined in U.S. Ser. No. 09/940,185, filed Aug. 
27, 2001, hereby incorporated by reference in its entirety. 
Preferred adapters are those that meet the following criteria. 
They are not found in a genome, preferably a human genome, 
and they do not have undesirable structures, such as hairpin 
loops. 
As will be appreciated by those in the art, the attachment, or 

joining, of the adapter sequence to the target sequence can be 
done in a variety of ways. In a preferred embodiment, the 
adapter sequences are added to the primers of the reaction 
(extension primers, amplification primers, readout probes, 
genotyping primers, Rolling Circle primers, etc.) during the 
chemical synthesis of the primers. The adapter then gets 
added to the reaction product during the reaction; for 
example, the primer gets extended using a polymerase to 
form the new target sequence that now contains an adapter 
sequence. Alternatively, the adapter sequences can be added 
enzymatically. Furthermore, the adapter can be attached to 
the target after synthesis; this post-synthesis attachment can 
be either covalent or non-covalent. In a preferred embodiment 
the adapter is added to the target sequence or associated with 
aparticular allele during an enzymatic step. That is, to achieve 
the level of specificity necessary for highly multiplexed reac 
tions, the product of the specificity or allele specific reaction 
preferably also includes at least one adapter sequence. 

In this embodiment, one or more of the specificity primers 
comprises a first portion comprising the adapter sequence and 
a second portion comprising the priming sequence. Extend 
ing the amplification primeras is well known in the art results 
in target sequences that comprise the adapter sequences. The 
adapter sequences are designed to be substantially comple 
mentary to capture probes. 

In addition, as will be appreciated by those in the art, the 
adapter can be attached either on the 3' or 5' ends, or in an 
internal position, depending on the configuration of the sys 
tem, as generally outlined in the figures. 

In one embodiment the use of adapter sequences allow the 
creation of more “universal' surfaces; that is, one standard 
array, comprising a finite set of capture probes can be made 
and used in any application. The end-user can customize the 
array by designing different soluble target probes, which, as 
will be appreciated by those in the art, is generally simpler and 
less costly. In a preferred embodiment, an array of different 
and usually artificial capture probes are made; that is, the 
capture probes do not have complementarity to known target 
sequences. The adapter sequences can then be incorporated in 
the target probes. 
As will be appreciated by those in the art, the length of the 

adapter sequences will vary, depending on the desired 
“strength' of binding and the number of different adapters 
desired. In a preferred embodiment, adapter sequences range 
from about 6 to about 500 basepairs in length, with from 
about 8 to about 100 being preferred, and from about 10 to 
about 25 being particularly preferred. 
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12 
In a preferred embodiment, the adapter sequence uniquely 

identifies the target analyte to which the target probe binds. 
That is, while the adapter sequence need not bind itself to the 
target analyte, the system allows for identification of the 
target analyte by detecting the presence of the adapter. 
Accordingly, following a binding or hybridization assay and 
washing, the probes including the adapters are amplified. 
Detection of the adapter then serves as an indication of the 
presence of the target analyte. 

In one embodiment the adapter includes both an identifier 
region and a region that is complementary to capture probes 
on a universal array as described above. In this embodiment, 
the amplicon hybridizes to capture probes on a universal 
array. Detection of the adapter is accomplished following 
hybridization with a probe that is complementary to the 
adapter sequence. Preferably the probe is labeled as described 
herein. 

In general, unique adapter sequences are used for each 
unique target analyte. That is, the elucidation or detection of 
a particular adapter sequence allows the identification of the 
target analyte to which the target probe containing that 
adapter sequence bound. However, in Some cases, it is pos 
sible to “reuse' adapter sequences and have more than one 
target analyte share an adapter sequence. 

In a preferred embodiment the adapters contain different 
sequences or properties that are indicative of a particular 
target molecule. That is, each adapter uniquely identifies a 
target sequence. As described above, the adapters are ampli 
fied to form amplicons. The adapter is detected as an indica 
tion of the presence of the target analyte, i.e. the particular 
target nucleic acid. 
The use of adapters in combination with amplification 

following a specific binding event allows for highly multi 
plexed reactions to be performed. 

Also, the probes are constructed so as to contain the nec 
essary priming site or sites for the Subsequent amplification 
scheme. In a preferred embodiment the priming sites are 
universal priming sites. By “universal priming site' or "uni 
Versal priming sequences' herein is meant a sequence of the 
probe that will bind a primer for amplification. 

In a preferred embodiment, one universal priming 
sequence or site is used. In this embodiment, a preferred 
universal priming sequence is the RNA polymerase T7 
sequence, that allows the T7 RNA polymerase make RNA 
copies of the adapter sequence as outlined below. Additional 
disclosure regarding the use of T7 RNA polymerase is found 
in U.S. Pat. Nos. 6,291,170, 5,891,636, 5,716,785, 5,545,522, 
5,922,553, 6,225,060 and 5,514,545, all of which are 
expressly incorporated herein by reference. 

In a preferred embodiment, for example when amplifica 
tion methods requiring two primers such as PCR are used, 
each probe preferably comprises an upstream universal prim 
ing site (UUP) and a downstream universal priming site 
(DUP). Again, "upstream” and “downstream” are not meant 
to convey aparticular 5'-3' orientation, and will depend on the 
orientation of the system. Preferably, only a single UUP 
sequence and a single DUP sequence is used in a probe set, 
although as will be appreciated by those in the art, different 
assays or different multiplexing analysis may utilize a plural 
ity of universal priming sequences. In some embodiments 
probe sets may comprise different universal priming 
sequences. In addition, the universal priming sites are pref 
erably located at the 5' and 3' termini of the target probe (or the 
ligated probe), as only sequences flanked by priming 
sequences will be amplified. 

In addition, universal priming sequences are generally cho 
Sen to be as unique as possible given the particular assays and 
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host genomes to ensure specificity of the assay. However, as 
will be appreciated by those in the art, sets of priming 
sequences/primers may be used; that is, one reaction may 
utilize 500 target probes with a first priming sequence or set of 
sequences, and an additional 500 probes with a second 
sequence or set of sequences. 
As will be appreciated by those in the art, when two prim 

ing sequences are used, the orientation of the two priming 
sites is generally different. That is, one PCR primer will 
directly hybridize to the first priming site, while the other 
PCR primer will hybridize to the complement of the second 
priming site. Stated differently, the first priming site is in 
sense orientation, and the second priming site is in antisense 
orientation. 
As will be appreciated by those in the art, in general, highly 

multiplexed reactions can be performed, with all of the uni 
Versal priming sites being the same for all reactions. Alterna 
tively, "sets of universal priming sites and corresponding 
probes can be used, either simultaneously or sequentially. The 
universal priming sites are used to amplify the modified 
probes to form a plurality of amplicons that are then detected 
in a variety of ways, as outlined herein. In preferred embodi 
ments, one of the universal priming sites is a T7 site. In some 
embodiments this priming site serves as a template for the 
synthesis of RNA. 

Accordingly, the present invention provides first target 
probe sets. By “probe set herein is meant a plurality of target 
probes that are used in a particular multiplexed assay. In this 
context, plurality means at least two, with more than 10 being 
preferred, depending on the assay, sample and purpose of the 
test. In one embodiment the probe set includes more than 100, 
with more than 500 probes being preferred and more than 
1000 being particularly preferred. In a particularly preferred 
embodiment each probe contains at least 5000, with more 
than 10,000 probes being most preferred. 

Accordingly, the present invention provides first target 
probe sets that each comprise at least a first universal priming 
site. 

In a preferred embodiment, the target probe may also com 
prise a label sequence, i.e. a sequence that can be used to bind 
label probes and is substantially complementary to a label 
probe. This system is sometimes referred to in the art as 
'sandwich-type' assays. That is, by incorporating a label 
sequence into the target probe, which is then amplified and 
present in the amplicons, a label probe comprising primary 
(or secondary) detection labels can be added to the mixture, 
either before addition to the array or after. This allows the use 
of high concentrations of label probes for efficient hybridiza 
tion. In one embodiment, it is possible to use the same label 
sequence and label probe for all target probes on an array; 
alternatively, different target probes can have a different label 
sequence. Similarly, the use of different label sequences can 
facilitate quality control; for example, one label sequence 
(and one color) can be used for one strand of the target, and a 
different label sequence (with a different color) for the other; 
only if both colors are present at the same basic level is a 
positive called. 

Thus, the present invention provides target probes that 
comprise any, all or any combination of universal priming 
sequences, bioactive agents (e.g. target specific portion(s)), 
adapter sequence(s), optionally an additional amplification 
priming sequence Such as T7 RNA priming sequence and 
optionally label sequences. These target probes are then 
added to the target sequences to form hybridization com 
plexes. As will be appreciated by those in the art, when 
nucleic acids are the target, the hybridization complexes con 
tain portions that are double stranded (the target-specific 
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14 
sequences of the target probes hybridized to a portion of the 
target sequence) and portions that are single stranded (the 
ends of the target probes comprising the universal priming 
sequences and the adapter sequences, and any unhybridized 
portion of the target sequence. Such as poly(A)tails, as out 
lined herein). 
Complexity Reduction 

Complexity reduction is a principal component of the mul 
tiplex scheme set forth herein. Generally, complexity reduc 
tion is a method for enriching for a particular target or locus. 
That is, complexity reduction is considered a method that 
results in removal of non-target nucleic acids from the sample 
or removal of probes/primers that have not hybridized cor 
rectly or at all to a target nucleic acid. In addition, complexity 
reduction includes removal of probes that have not been 
modified during a enzymatic step. That is, complexity reduc 
tion includes removing non-target nucleic acids, i.e. enrich 
ing for target nucleic acids or removing non-hybridized 
probes or primers prior to an enzymatic step, i.e. either an 
amplification or specificity step, or both. 

There are a variety of ways one can include a complexity 
reduction step. These include, but are not limited to, selective 
immobilization of target nucleic acids or probes/primers that 
are modified in a target specific manner, selective removal of 
non-target nucleic acids, and selective destruction of non 
target nucleic acids. Such destruction includes but is not 
limited to denaturation, degradation or cleavage of non-target 
nucleic acids. In addition, complexity reduction can include 
components such as target selective amplification, although 
this also includes amplification and components. 

In a preferred embodiment complexity reduction is accom 
plished by selectively immobilizing a primer that has been 
modified in a target specific manner. That is, either locus 
specific or allele specific primers are hybridized with a target. 
The target can be immobilized or in solution. Following 
hybridization, the primer is extended in a primer extension 
reaction. Preferably either the primer or NTPs include a puri 
fication tag as described herein that allows for removal or 
purification of the extended product from the reaction mix 
ture. Once extended, generally the modified primer is immo 
bilized on a solid support as described herein. Following 
immobilization of the modified primer, the support is washed 
to remove both non-target nucleic acids and primers that were 
not modified, i.e. extended. The immobilized primers, thus, 
include information about the target locus including particu 
lar allelic information. This results in enrichment of target 
nucleic acids or removal of non-target nucleic acids. 

In a preferred embodiment the complexity reduction com 
ponent includes selective immobilization of target nucleic 
acids. That is, target nucleic acids are preferentially immobi 
lized on a solid Support rather than non-target nucleic acids. 

In this embodiment target DNA is preferably reduced in 
size initially. This is easily accomplished by methods as 
known in the art such as, but not limited to, shearing or 
cleaving with restriction enzymes. The target nucleic acid is 
contacted with probes that hybridize to the targets. Preferably 
the hybridization is performed under low stringency condi 
tions such that the probes do not discriminate between alleles 
of a particular locus. The resulting complexes are then immo 
bilized on a support. In a preferred embodiment the probes are 
labeled with a purification tag as described hereinto allow for 
immobilization. Following immobilization, the Support is 
washed to remove non-hybridized targets, while leaving tar 
gets that are Substantially complementary to the probes 
immobilized on the solid support. After removal of non 
hybridized probes, the target nucleic acids can be removed 
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with a stringent wash. This allows for enrichment of target 
sequences that are then available for further analysis. 

In one embodiment, the target sequence, probe or primer, 
including modified primer, is attached to a first Solid Support. 
By “substrate' or “solid support” or other grammatical 
equivalents herein is meant any material that is appropriate 
for or can be modified to be appropriate for the attachment of 
the target sequences. As will be appreciated by those in the 
art, the number of possible substrates is very large. Possible 
Substrates include, but are not limited to, glass and modified 
or functionalized glass, plastics (including acrylics, polysty 
rene and copolymers of styrene and other materials, polypro 
pylene, polyethylene, polybutylene, polyurethanes, TeflonTM, 
etc.), polysaccharides, nylon or nitrocellulose, ceramics, res 
ins, silica or silica-based materials including silicon and 
modified silicon, carbon, metals, inorganic glasses, plastics, 
optical fiber bundles, and a variety of other polymers. Mag 
netic beads and high throughput microtier plates are particu 
larly preferred. 
The composition and geometry of the Solid Support vary 

with its use. In this particular embodiment, Supports compris 
ing microspheres or beads are preferred for the first solid 
support. By “microspheres' or “beads' or “particles' or 
grammatical equivalents herein is meant Small discrete par 
ticles. The composition of the beads will vary, depending on 
the class of bioactive agent and the method of synthesis. 
Suitable bead compositions include those used in peptide, 
nucleic acid and organic moiety synthesis, including, but not 
limited to, plastics, ceramics, glass, polystyrene, methylsty 
rene, acrylic polymers, paramagnetic materials, thoria Sol, 
carbon graphited, titanium dioxide, latex or cross-linked dex 
trans Such as Sepharose, cellulose, nylon, cross-linked 
micelles and teflon, as well as any other materials outlined 
herein for solid supports may all be used. “Microsphere 
Detection Guide” from Bangs Laboratories, Fishers Ind. is a 
helpful guide. Preferably, in this embodiment, when com 
plexity reduction is performed, the microspheres are mag 
netic microspheres or beads. 
The beads need not be spherical; irregular particles may be 

used. In addition, the beads may be porous, thus increasing 
the surface area of the bead available for assay. The bead sizes 
range from nanometers, i.e. 100 nm, to millimeters, i.e. 1 mm, 
with beads from about 0.2 micronto about 200 microns being 
preferred, and from about 0.5 to about 5 micron being par 
ticularly preferred, although in some embodiments Smaller 
beads may be used. 

The target sequence, probe or primer is attached to the first 
solid support in a number of ways. In a preferred embodi 
ment, purification tags are used. By “purification tag herein 
is meant a moiety which can be used to purify a strand of 
nucleic acid, usually via attachment to a solid Support as 
outlined herein. Suitable purification tags include members 
of binding partner pairs. For example, the tag may be a hapten 
or antigen, which will bind its binding partner. In a preferred 
embodiment, the binding partner can be attached to a solid 
Support as depicted herein and in the figures. For example, 
Suitable binding partner pairs include, but are not limited to: 
antigens (such as proteins (including peptides)) and antibod 
ies (including fragments thereof (FAbs, etc.)); proteins and 
Small molecules, including biotin/streptavidin; enzymes and 
Substrates or inhibitors; other protein-protein interacting 
pairs; receptor-ligands; and carbohydrates and their binding 
partners. Nucleic acid—nucleic acid binding proteins pairs 
are also useful. In general, the Smaller of the pair is attached 
to the NTP for incorporation into the primer. Preferred bind 
ing partner pairs include, but are not limited to, biotin (or 
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16 
imino-biotin) and streptavidin, digeoXinin and Abs, and Pro 
linxTM reagents (see www.prolinxinc.com/ie4/home.hmtl). 

In a preferred embodiment, the binding partner pair com 
prises biotin orimino-biotin and streptavidin. Imino-biotin is 
particularly preferred as imino-biotin disassociates from 
streptavidin in pH 4.0 buffer while biotin requires harsh dena 
turants (e.g. 6 M guanidinium HCl, pH 1.5 or 90% formamide 
at 95° C). 

Additional techniques include, but are not limited to, enzy 
matic attachment, chemical attachment, photochemistry or 
thermal attachment and absorption. 

In a preferred embodiment, as outlined herein, enzymatic 
techniques are used to attach the target nucleic acid, probe or 
primer to the Support. For example, terminal transferase end 
labeling techniques can be used as outlined above; see Her 
manson, Bioconjugate Techniques, San Diego, Academic 
Press, pp 640-643. In this embodiment, a nucleotide labeled 
with a secondary label (e.g. a binding ligand. Such as biotin) 
is added to a terminus of the target nucleic acid; Supports 
coated or containing the binding partner (e.g. Streptavidin) 
can thus be used to immobilize the target nucleic acid. Alter 
natively, the terminal transferase can be used to add nucle 
otides with special chemical functionalities that can be spe 
cifically coupled to a support. Preferred embodiments utilize 
the addition of biotinylated nucleotides followed by capture 
on Streptavidin coated magnetic beads. Similarly, random 
primed labeling or nick-translation labeling (Supra, pp. 640 
643) can also be used. In some embodiments the probe or 
primer are synthesized with biotinylated nucleotides or bioti 
nylated after synthesis by methods as described herein. 

In a preferred embodiment, chemical labeling (Supra, pp. 
6444-671) can be used. In this embodiment, bisulfite-cata 
lyzed transamination, Sulfonation of cytosine residues, bro 
mine activation of T, C and G bases, periodate oxidation of 
RNA or carbodiimide activation of 5" phosphates can be done. 

In a preferred embodiment, photochemistry or heat-acti 
vated labeling is done (supra, p 162-166). Thus for example, 
aryl azides and nitrenes preferably label adenosines, and to a 
less extent C and T (Aslam et al., Bioconjugation: Protein 
Coupling Techniques for Biomedical Sciences; New York, 
Grove’s Dictionaries, 833 pp.). Psoralen or angelicin com 
pounds can also be used (Aslam, p. 492, Supra). The prefer 
ential modification of guanine can be accomplished via inter 
calation of platinum complexes (Aslam, Supra). 

In a preferred embodiment, the target nucleic acid can be 
absorbed on positively charged surfaces, such as an amine 
coated Solid phase. The target nucleic acid can be cross-linked 
to the surface after physical absorption for increased retention 
(e.g. PEI coating and glutaraldehyde cross-linking: Aslam, 
Supra, p. 485). 

In a preferred embodiment, direct chemical attached or 
photocrosslinking can be done to attach the target nucleic acid 
to the Solid phase, by using direct chemical groups on the 
Solid phase Substrate. For example, carbodiimide activation 
of 5" phosphates, attachment to exocyclic amines on DNA 
bases, and psoralen can be attached to the Solid phase for 
crosslinking to the DNA. Other methods of tagging and 
immobilizing nucleic acids are described in U.S. Ser. No. 
09/931,285, filed Aug. 16, 2001, which is expressly incorpo 
rated herein by reference. 
Once attached to the first Solid Support, the target sequence, 

probe or primers are amenable to analysis as described herein. 
In some embodiments when degradation is the preferred 

method of performing complexity reduction, the ddTNPs or 
dNTPs that are added during the reaction confer protection 
from degradation (whether chemical or enzymatic). Thus, 
after the assay, the degradation components are added, and 
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unreacted primers are degraded, leaving only the reacted 
primers. Labeled protecting groups are particularly preferred; 
for example, 3'-substituted-2'-dNTPs can contain anthranylic 
derivatives that are fluorescent (with alkaliorenzymatic treat 
ment for removal of the protecting group). 

In a preferred embodiment, the secondary label is a 
nuclease inhibitor, such as thiol NTPs. In this embodiment, 
the chain-terminating NTPs are chosen to render extended 
primers resistant to nucleases, such as 3'-exonucleases. Addi 
tion of an exonuclease will digest the non-extended primers 
leaving only the extended primers to bind to the capture 
probes on the array. This may also be done with OLA, 
wherein the ligated probe will be protected but the unpro 
tected ligation probe will be digested. 

In this embodiment, suitable 3'-exonucleases include, but 
are not limited to, exo I, exo III, exo VII, and 3'-5' exophos 
phodiesterases. That is, treatment with single stranded 
nucleases (either endonucleases or exonucleases) will effec 
tively remove excess nucleic acid sequences that are non 
complementary tot eh locus specific primer or extension 
product (see FIG. 11). Nuclease treatment can be performed 
either prior to or after separation, i.e. immobilization and 
washing, of purified nucleic acid targets. 

Alternatively, an 3' exonuclease may be added to a mixture 
of 3' labeled biotin/streptavidin; only the unreacted oligo 
nucleotides will be degraded. Following exonuclease treat 
ment, the exonuclease and the Streptavidin can be degraded 
using a protease Such as proteinase K. The Surviving nucleic 
acids (i.e. those that were biotinylated) are then hybridized to 
the array. 

In a preferred embodiment the non-hybridized nucleic 
acids are removed by washing. In this embodiment the 
hybridization complexes are immobilized on a Solid Support 
and washed under conditions sufficient to remove non-hy 
bridized nucleic acids, i.e. non-hybridized probes and sample 
nucleic acids. In a particularly preferred embodiment immo 
bilized complexes are washed under conditions sufficient to 
remove imperfectly hybridized complexes. That is, hybrid 
ization complexes that contain mismatches are also removed 
in the wash steps. 
A variety of hybridization or washing conditions may be 

used in the present invention, including high, moderate and 
low stringency conditions; see for example Maniatis et al., 
Molecular Cloning: A Laboratory Manual. 2d Edition, 1989, 
and Short Protocols in Molecular Biology, ed. Ausubel, et al. 
hereby incorporated by reference. Stringent conditions are 
sequence-dependent and will be different in different circum 
stances. Longer sequences hybridize specifically at higher 
temperatures. An extensive guide to the hybridization of 
nucleic acids is found in Tijssen, Techniques in Biochemistry 
and Molecular Biology—Hybridization with Nucleic Acid 
Probes, “Overview of principles of hybridization and the 
strategy of nucleic acid assays” (1993). Generally, stringent 
conditions are selected to be about 5-10° C. lower than the 
thermal melting point (Tm) for the specific sequence at a 
defined ionic strength and pH. The Tm is the temperature 
(under defined ionic strength, pH and nucleic acid concentra 
tion) at which 50% of the probes complementary to the target 
hybridize to the target sequence at equilibrium (as the target 
sequences are present in excess, at Tm, 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those in 
which the salt concentration is less than about 1.0 M sodium 
ion, typically about 0.01 to 1.0 M sodium ion concentration 
(or other salts) at pH 7.0 to 8.3 and the temperature is at least 
about 30°C. for short probes (e.g. 10 to 50 nucleotides) and 
at least about 60° C. for long probes (e.g. greater than 50 
nucleotides). Stringent conditions may also be achieved with 
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18 
the addition of helix destabilizing agents such as formamide. 
The hybridization or washing conditions may also vary when 
a non-ionic backbone, i.e. PNA is used, as is known in the art. 
In addition, cross-linking agents may be added after target 
binding to cross-link, i.e. covalently attach, the two strands of 
the hybridization complex. 

In one embodiment the hybridization complexes are 
immobilized by binding of a purification tag to the solid 
Support. That is, a purification tag is incorporated into the 
hybridization complexes. Purification tags are described 
herein and can be incorporated into hybridization complexes 
in a variety of ways. In one embodiment the locus specific 
probes contain purification tags as described herein. That is, 
the probe is synthesized with a purification tag, i.e. biotiny 
lated nucleotides, or a purification tag is added to the probe. 
Thus, upon hybridization with target nucleic acids, immobi 
lization of the hybridization complexes is accomplished by a 
purification tag. The purification tag associates with the Solid 
Support. 

Purification tags are described herein. In a preferred 
embodiment the purification tag is biotin. That is, preferably 
the first probe is labeled with biotin. The labeled hybridiza 
tion complex, therefore, binds to streptavidin coated solid 
Support. Solid Supports also are described herein. In a pre 
ferred embodiment the solid support is streptavidin coated 
magnetic beads. 
The purification tag also can be incorporated into the locus 

specific primer following a primer extension reaction as 
described more fully below. Briefly, following hybridization 
of locus specific primers with target nucleic acids, a poly 
merase extension reaction is performed. In this embodiment 
tagged nucleotides, i.e. biotinylated nucleotides, are incorpo 
rated into the primeras a result of the extension reaction. That 
is, once the target sequence and the first probe sequence have 
hybridized, the method of this embodiment further comprises 
the addition of a polymerase and at least one nucleotide 
(dNTP) labeled with a purification tag. Suitable DNA poly 
merases include, but are not limited to, the Klenow fragment 
of DNA polymerase I, SEQUENASE 1.0 and SEQUENASE 
2.0 (U.S. Biochemical), T5 DNA polymerase and Phi29 DNA 
polymerase. In this embodiment, it also is important to anneal 
under high Stringency conditions so that only correctly 
hybridized probes and target nucleic acids are extended. 

In addition, the purification tag can be incorporated into the 
target nucleic acid. In this embodiment, the target nucleic acid 
is labeled with a purification tag and immobilized to the solid 
support as described above. Preferably the tag is biotin. 
Once formed, the tagged extension product is immobilized 

on the solid support as described above. Once immobilized, 
the complexes are washed so as to remove unhybridized 
nucleic acids. 

Thus, a complexity reduction includes a locus specific 
selection of target nucleic acids. Non-specific or non-target 
nucleic acids are removed. 
Once unhybridized probes and non-target nucleic acids 

have been removed, the probes, primers or hybridization 
complexes are generally subjected to an extension reaction. 
As outlined herein, the probes, primers or hybridization com 
plexes can be immobilized or in solution after the optional 
complexity reduction step. Using the hybridized locus spe 
cific or allele specific probe as a primer, extension enzyme 
such as a polymerase and dNTPs are added to the assay 
mixture for extension of the primer. The resulting extended 
primer thus includes sequence information of the target 
nucleic acid, including the sequence of the specificallele to be 
detected. Thus, the extended primer serves as the template in 
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Subsequent specificity steps to identify the nucleotide at the 
detection position, i.e. the particular allele to be detected. 
By "extension enzyme’ herein is meant an enzyme that 

will extend a sequence by the addition of NTPs. As is well 
known in the art, there area wide variety of suitable extension 
enzymes, of which polymerases (both RNA and DNA, 
depending on the composition of the target sequence and 
precircle probe) are preferred. Preferred polymerases are 
those that lack Strand displacement activity, such that they 
will be capable of adding only the necessary bases at the end 
of the probe, without further extending the probe to include 
nucleotides that are complementary to a targeting domain and 
thus preventing circularization. Suitable polymerases 
include, but are not limited to, both DNA and RNA poly 
merases, including the Klenow fragment of DNA polymerase 
I, SEQUENASE 1.0 and SEQUENASE 2.0 (U.S. Biochemi 
cal), T5 DNA polymerase, Phi29 DNA polymerase and vari 
ous RNA polymerases such as from Thermus sp., or Q beta 
replicase from bacteriophage, also SP6, T3, T4 and T7 RNA 
polymerases can be used, among others. 

Even more preferred polymerases are those that are essen 
tially devoid of a 5' to 3' exonuclease activity, so as to assure 
that the probe will not be extended past the 5' end of the probe. 
Exemplary enzymes lacking 5' to 3' exonuclease activity 
include the Klenow fragment of the DNA Polymerase and the 
Stoffel fragment of DNAPTaq Polymerase. For example, the 
Stoffel fragment of Taq DNA polymerase lacks 5' to 3' exo 
nuclease activity due to genetic manipulations, which result 
in the production of a truncated protein lacking the N-termi 
nal 289 amino acids. (See e.g., Lawyer et al., J. Biol. Chem. 
264.6427-6437 (1989; and Lawyer et al., PCR Meth. Appl. 
2:275-287 (1993). Analogous mutant polymerases have 
been generated for polymerases derived from T. maritima, 
Tsps 17, TZ05, Tth and Taf. 

Even more preferred polymerases are those that lack a 3' to 
5' exonuclease activity, which is commonly referred to as a 
proof-reading activity, and which removes bases which are 
mismatched at the 3' end of a primer-template duplex. 
Although the presence of 3' to 5’ exonuclease activity pro 
vides increased fidelity in the strand synthesized, the 3' to 5' 
exonuclease activity found in thermostable DNA poly 
merases such as Tma (including mutant forms of Tma that 
lack 5' to 3' exonuclease activity) also degrades single 
stranded DNA such as the primers used in the PCR, single 
stranded templates and single-stranded PCR products. The 
integrity of the 3' end of an oligonucleotide primer used in a 
primer extension process is critical as it is from this terminus 
that extension of the nascent strand begins. Degradation of the 
3' end leads to a shortened oligonucleotide which in turn 
results in a loss of specificity in the priming reaction (i.e., the 
shorter the primer the more likely it becomes that spurious or 
non-specific priming will occur). 

Yet even more preferred polymerases are thermostable 
polymerases. For the purposes of this invention, a heat resis 
tant enzyme is defined as any enzyme that retains most of its 
activity after one hour at 40° C. under optimal conditions. 
Examples of thermostable polymerase which lack both 5' to 
3'exonuclease and 3' to 5’ exonuclease include Stoffel frag 
ment of Taq DNA polymerase. This polymerase lacks the 5' to 
3' exonuclease activity due to genetic manipulation and no 3' 
to 5' activity is present as Taq polymerase is naturally lacking 
in 3' to 5’ exonuclease activity. Tth DNA polymerase is 
derived form Thermus thermophilus, and is available form 
Epicentre Technologies, Molecular Biology Resource Inc., or 
Perkin-Elmer Corp. Other useful DNA polymerases which 
lack3' exonuclease activity include a Vent R(exo-), available 
from New England Biolabs, Inc., (purified from strains of E. 
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coli that carry a DNA polymerase gene from the archaebac 
terium Thermococcus litoralis), and Hot Tub DNA poly 
merase derived from Thermus flavus and available from 
Amersham Corporation. 

Other preferred enzymes which are thermostable and 
deprived of 5' to 3' exonuclease activity and of 3' to 5’ exonu 
clease activity include AmpliTaq Gold. Other DNA poly 
merases, which are at least Substantially equivalent may be 
used like other N-terminally truncated Thermus aquaticus 
(Taq) DNA polymerase I the polymerase named KlenTaq I 
and KlenTaq LA are quite suitable for that purpose. Of 
course, any other polymerase having these characteristics can 
also be used according to the invention. 
The conditions for performing the addition of one or more 

nucleotides at the 3' end of the probe will depend on the 
particular enzyme used, and will generally follow the condi 
tions recommended by the manufacturer of the enzymes used. 

In addition, it will be appreciated that more than one com 
plexity reduction step can be performed. That is, following a 
first complexity reduction step, either the remaining target 
nucleic acid or the extended locus or allele specific primer, 
when applicable, are subjected to a Subsequent complexity 
reduction step as described above. That is, an additional locus 
specific or allele specific primer is hybridized to the target 
nucleic acid, which can be either the original target nucleic 
acid or the extended primer, and unhybridized target nucleic 
acids are removed. This can be repeated as many times as 
necessary to achieve the required levelofenrichment of target 
nucleic acid. 

While the above has been described in the context of com 
plexity reduction, it is appreciated that some level of speci 
ficity also is included in these steps. That is, as a result of 
hybridizing target nucleic acids with locus specific probes, 
specificity also in accomplished. This is particularly apparent 
when allele specific probes are used initially. 
Specificity Component 

Generally following at least one complexity reduction step 
a specificity step is included in the method of the invention. 
By "specificity component' is meant a step that discriminates 
between target nucleic acids, preferably at the level of the 
allele. That is, the specificity component is an allele specific 
step (e.g. genotyping or SNP analysis). While some level of 
specificity can be accomplished by simply hybridizing allele 
specific probes to the template (i.e. the product of the com 
plexity reduction step above), in a preferred embodiment the 
specificity step includes an enzymatic step. That is, the fidel 
ity of an enzymatic step improves specificity for allele dis 
crimination. Preferred enzymes include DNA polymerases, 
RNA polymerases and ligases as described in more detail 
herein. 

Polymerases are described above. Many ligases are known 
and are Suitable for use in the invention, e.g. Lehman, Sci 
ence, 186: 790-797 (1974); Engler etal, DNA Ligases, pages 
3-30 in Boyer, editor. The Enzymes, Vol. 15B (Academic 
Press, New York, 1982); and the like. Preferred ligases 
include T4 DNA ligase, T7 DNA ligase, E. coli DNA ligase, 
Taq ligase, Pfuligase, and Tth ligase. Protocols for their use 
are well known, e.g. Sambrook et al (cited above); Barany, 
PCR Methods an Applications, 1: 5-16 (1991); Marsh et al. 
Strategies, 5: 73-76 (1992); and the like. Generally, ligases 
require that a 5' phosphate group be present for ligation to the 
3' hydroxyl of an abutting strand. Preferred ligases include 
thermostable or (thermophilic) ligases, such aspfuligase. Tth 
ligase, Taqligase and Ampligase TM DNA ligase (Epicentre 
Technologies, Madison, Wis.). Ampligase has a low bluntend 
ligation activity. 
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The preferred ligase is one which has the least mismatch 
ligation. The specificity of ligase can be increased by Substi 
tuting the more specific NAD+-dependent ligases Such as E. 
coli ligase and (thermostable) Taqligase for the less specific 
T4 DNA ligase. The use of NAD analogues in the ligation 
reaction further increases specificity of the ligation reaction. 
See, U.S. Pat. No. 5,508,179 to Wallace et al. 

In one embodiment the specificity component is performed 
with immobilized targets. That is, the products of the com 
plexity reduction step are immobilized on a Solid Support as 
outlined herein and described in U.S. Ser. No. 09/931,285, 
filed Aug. 16, 2001, which is expressly incorporated herein by 
reference. As discussed herein the target of specificity reac 
tion is referred to as a “specificity target'. That is, the product 
of the complexity reduction step is the specificity target. 

In one embodiment the Support is the same Support as in the 
initial complexity reduction step. In this embodiment the 
target nucleic acid is removed from the solid Support prior to 
the specificity assay. The target nucleic acid can be removed 
by any method that denatures the hybridization complex 
resulting in release of the target nucleic acid. As one of skill in 
the art appreciates, in this embodiment the target nucleic acid 
is not covalently bound to the solid support. That is, it is the 
target probe that is stably attached to the Support. That is, 
while the attachment of the probe is not necessarily covalent, 
it is stable enough to withstand denaturation of the hybrid 
ization complex and removal of the nonattached target 
nucleic acid. 

In an alternative embodiment the specificity target is in 
Solution. That is, following a complexity reduction step, the 
hybridization complex between the immobilized target 
nucleic acid and target probe, which has generally been modi 
fied (see above), is denatured and the modified target probe is 
eluted from the hybridization complex. In a preferred 
embodiment the specificity target is analyzed in Solution. In 
an alternative embodiment the Solution phase specificity tar 
get is immobilized on a Subsequent solid Support. 

These specificity assays, i.e. genotyping techniques, fall 
into five general categories: (1) techniques that rely on tradi 
tional hybridization methods that utilize the variation of strin 
gency conditions (temperature, buffer conditions, etc.) to dis 
tinguish nucleotides at the detection position; (2) extension 
techniques that add a base (“the base') to basepair with the 
nucleotide at the detection position; (3) ligation techniques, 
that rely on the specificity of ligase enzymes (or, in some 
cases, on the specificity of chemical techniques). Such that 
ligation reactions occur preferentially if perfect complemen 
tarity exists at the detection position; (4) cleavage techniques, 
that also rely on enzymatic or chemical specificity Such that 
cleavage occurs preferentially if perfect complementarity 
exists; and (5) techniques that combine these methods. See 
generally WO 00/63437, incorporated by reference in its 
entirety. 
a) Competitive Hybridization 

In a preferred embodiment, the use of competitive hybrid 
ization is performed to elucidate either the identity of the 
nucleotide(s) at the detection position or the presence of a 
mismatch. For example, sequencing by hybridization has 
been described (Drmanac et al., Genomics 4:114 (1989); 
Kosteret al., Nature Biotechnology 14:1123 (1996); U.S. Pat. 
Nos. 5,525,464: 5,202,231 and 5,695,940, among others, all 
of which are hereby expressly incorporated by reference in 
their entirety). 

It should be noted in this context that “mismatch' is a 
relative term and meant to indicate a difference in the identity 
of a base at a particular position, termed the “detection posi 
tion herein, between two sequences. In general, sequences 
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that differ from wild type sequences are referred to as mis 
matches. However, particularly in the case of SNPs, what 
constitutes “wild type' may be difficult to determine as mul 
tiple alleles can be relatively frequently observed in the popu 
lation, and thus “mismatch' in this context requires the arti 
ficial adoption of one sequence as a standard. Thus, for the 
purposes of this invention, sequences are referred to herein as 
“match” and “mismatch'. Thus, the present invention may be 
used to detect Substitutions, insertions or deletions as com 
pared to a wild-type sequence. 

In a preferred embodiment, a plurality of probes (some 
times referred to herein as “readout probes) are used to 
identify the base at the detection position. In this embodi 
ment, each different readout probe comprises a different 
detection label (which, as outlined below, can be either a 
primary label or a secondary label) and a different base at the 
position that will hybridize to the detection position of the 
target sequence (herein referred to as the readout position) 
such that differential hybridization will occur. That is, all 
other parameters being equal, a perfectly complementary 
readout probe (a “match probe') will in general be more 
stable and have a slower off rate than a probe comprising a 
mismatch (a "mismatch probe') at any particular tempera 
ture. Accordingly, by using different readout probes, each 
with a different base at the readout position and each with a 
different label, the identification of the base at the detection 
position is elucidated. 

Accordingly, in Some embodiments a detectable label is 
incorporated into the readout probe. In a preferred embodi 
ment, a set of readout probes are used, each comprising a 
different base at the readout position. In some embodiments, 
each readout probe comprises a different label, that is distin 
guishable from the others. For example, a first label may be 
used for probes comprising adenosine at the readout position, 
a second label may be used for probes comprising guanine at 
the readout position, etc. In a preferred embodiment, the 
length and sequence of each readout probe is identical except 
for the readout position, although this need not be true in all 
embodiments. 
The number of readout probes used will vary depending on 

the end use of the assay. For example, many SNPs are bial 
lelic, and thus two readout probes, each comprising an inter 
rogation base that will basepair with one of the detection 
position bases. For sequencing, for example, for the discovery 
of SNPs, a set of four readout probes are used, although SNPs 
may also be discovered with fewer readout parameters. 
As will be appreciated by those in the art and additionally 

outlined below, this system can take on a number of different 
configurations, including a solution phase assay and a solid 
phase assay. 
Solution Phase Assay 

In some embodiments a solution phase assay is performed 
followed by attaching the target sequence to a solid Support 
Such as an array. After the competitive hybridization has 
occurred, the target sequence is added to the Support, which 
may take on several configurations, outlined below. 
Solid Phase Assay 

In a preferred embodiment, the competition reaction is 
done on a Solid Support, such as an array. This system may 
take on several configurations. 

In a preferred embodiment, a sandwich assay of Sorts is 
used. In this embodiment, the bead, when bead arrays are 
used, comprises a capture probe that will hybridize to a first 
target domain of a target sequence, and the readout probe will 
hybridize to a second target domain. In this embodiment, the 
first target domain may be either unique to the target, or may 
be an exogeneous adapter sequence added to the target 
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sequence as outlined below, for example through the use of 
PCR reactions. Similarly, a sandwich assay is performed that 
utilizes a capture extender probe, as described below, to 
attach the target sequence to the array. 

Alternatively, the capture probe itself can be the readout 
probe; that is, a plurality of microspheres are used, each 
comprising a capture probe that has a different base at the 
readout position. In general, the target sequence then hybrid 
izes preferentially to the capture probe most closely matched. 
In this embodiment, either the target sequence itself is labeled 
(for example, it may be the product of an amplification reac 
tion) or a label probe may bind to the target sequence at a 
domain remote from the detection position. In this embodi 
ment, since it is the location on the array that serves to identify 
the base at the detection position, different labels are not 
required. 
Stringency Variation 

In a preferred embodiment, sensitivity to variations in 
stringency parameters are used to determine either the iden 
tity of the nucleotide(s) at the detection position or the pres 
ence of a mismatch. As a preliminary matter, the use of 
different stringency conditions such as variations in tempera 
ture and buffer composition to determine the presence or 
absence of mismatches in double Stranded hybrids compris 
ing a single stranded target sequence and a probe is well 
known. 

With particular regard to temperature, as is known in the 
art, differences in the number of hydrogen bonds as a function 
of basepairing between perfect matches and mismatches can 
be exploited as a result of their different Tms (the temperature 
at which 50% of the hybrid is denatured). Accordingly, a 
hybrid comprising perfect complementarity will melt at a 
higher temperature than one comprising at least one mis 
match, all other parameters being equal. (It should be noted 
that for the purposes of the discussion herein, all other param 
eters (i.e. length of the hybrid, nature of the backbone (i.e. 
naturally occurring or nucleic acid analog), the assay Solution 
composition and the composition of the bases, including G-C 
content are kept constant). However, as will be appreciated by 
those in the art, these factors may be varied as well, and then 
taken into account.) 

In general, as outlined herein, high Stringency conditions 
are those that result in perfect matches remaining in hybrid 
ization complexes, while imperfect matches melt off. Simi 
larly, low stringency conditions are those that allow the for 
mation of hybridization complexes with both perfect and 
imperfect matches. High Stringency conditions are known in 
the art; see for example Maniatis et al., Molecular Cloning: A 
Laboratory Manual. 2d Edition, 1989, and Short Protocols in 
Molecular Biology, ed. Ausubel, et al., both of which are 
hereby incorporated by reference. Stringent conditions are 
sequence-dependent and will be different in different circum 
stances. Longer sequences hybridize specifically at higher 
temperatures. An extensive guide to the hybridization of 
nucleic acids is found in Tijssen, Techniques in Biochemistry 
and Molecular Biology-Hybridization with Nucleic Acid 
Probes, “Overview of principles of hybridization and the 
strategy of nucleic acid assays” (1993). Generally, stringent 
conditions are selected to be about 5-10° C. lower than the 
thermal melting point (T) for the specific sequence at a 
defined ionic strength pH. The T is the temperature (under 
defined ionic strength, pH and nucleic acid concentration) at 
which 50% of the probes complementary to the target hybrid 
ize to the target sequence at equilibrium (as the target 
sequences are present in excess, at T, 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those in 
which the salt concentration is less than about 1.0 M sodium 
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ion, typically about 0.01 to 1.0 M sodium ion concentration 
(or other salts) at pH 7.0 to 8.3 and the temperature is at least 
about 30°C. for short probes (e.g. 10 to 50 nucleotides) and 
at least about 60° C. for long probes (e.g. greater than 50 
nucleotides). Stringent conditions may also be achieved with 
the addition of destabilizing agents such as formamide. In 
another embodiment, less stringent hybridization conditions 
are used; for example, moderate or low stringency conditions 
may be used, as are known in the art; see Maniatis and 
Ausubel, Supra, and Tijssen, Supra. 
As will be appreciated by those in the art, mismatch detec 

tion using temperature may proceed in a variety of ways, and 
is similar to the use of readout probes as outlined above. 
Again, as outlined above, a plurality of readout probes may be 
used in a sandwich format; in this embodiment, all the probes 
may bind at permissive, low temperatures (temperatures 
below the Tm of the mismatch); however, repeating the assay 
at a higher temperature (above the Tm of the mismatch) only 
the perfectly matched probe may bind. Thus, this system may 
be run with readout probes with different detectable labels, as 
outlined above. Alternatively, a single probe may be used to 
query whether a particular base is present. 

Alternatively, as described above, the capture probe may 
serve as the readout probe; in this embodiment, a single label 
may be used on the target; attemperatures above the Tm of the 
mismatch, only signals from perfect matches will be seen, as 
the mismatch target will melt off. 

Similarly, variations in buffer composition may be used to 
elucidate the presence or absence of a mismatch at the detec 
tion position. Suitable conditions include, but are not limited 
to, formamide concentration. Thus, for example, “low” or 
"permissive' stringency conditions include formamide con 
centrations of 0 to 10%, while “high” or “stringent condi 
tions utilize formamide concentrations of 240%. Low strin 
gency conditions include NaCl concentrations of 21 M, and 
high Stringency conditions include concentrations of s().3 M. 
Furthermore, low stringency conditions include MgCl2 con 
centrations of 210 mM, moderate stringency as 1-10 mM, 
and high Stringency conditions include concentrations of s 1 
mM. 

In this embodiment, as for temperature, a plurality of read 
out probes may be used, with different bases in the readout 
position (and optionally different labels). Running the assays 
under the permissive conditions and repeating understringent 
conditions will allow the elucidation of the base at the detec 
tion position. 

In one embodiment, the probes used as readout probes are 
“Molecular Beacon' probes as are generally described in 
Whitcombe et al., Nature Biotechnology 17:804 (1999), 
hereby incorporated by reference. As is known in the art, 
Molecular Beacon probes form “hairpin' type structures, 
with a fluorescent label on one end and a quencher on the 
other. In the absence of the target sequence, the ends of the 
hairpin hybridize, causing quenching of the label. In the pres 
ence of a target sequence, the hairpin structure is lost in favor 
of target sequence binding, resulting in a loss of quenching 
and thus an increase in signal. 

In one embodiment, the Molecular Beacon probes can be 
the capture probes as outlined herein for readout probes. For 
example, different beads comprising labeled Molecular Bea 
con probes (and different bases at the readout position) are 
made optionally they comprise different labels. Alternatively, 
since Molecular Beacon probes can have spectrally resolv 
able signals, all four probes (if a set of four different bases 
with is used) differently labeled are attached to a single bead. 
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b) Extension Assays 
In this embodiment the specificity target is immobilized on 

a solid Support. In a preferred embodiment, extension geno 
typing is done. In this embodiment, any number of techniques 
are used to add a nucleotide to the readout position of a probe 
hybridized to the target sequence adjacent to the detection 
position. By relying on enzymatic specificity, preferentially a 
perfectly complementary base is added. All of these methods 
rely on the enzymatic incorporation of nucleotides at the 
detection position. This may be done using chain terminating 
dNTPs, such that only a single base is incorporated (e.g. 
single base extension methods), or under conditions that only 
a single type of nucleotide is added followed by identification 
of the added nucleotide (extension and pyrosequencing tech 
niques). 
Single Base Extension 

In a preferred embodiment, single base extension (SBE; 
Sometimes referred to as “miniseduencing) is used to deter 
mine the identity of the base at the detection position. SBE 
utilizes an extension primer that may have at least one adapter 
sequence that hybridizes to the target nucleic acid immedi 
ately adjacent to the detection position, to form a hybridiza 
tion complex. A polymerase (generally a DNA polymerase)is 
used to extend the 3' end of the primer with a nucleotide or 
nucleotide analog. In some embodiments the nucleotide or 
nucleotide analog is labeled with a detection label as 
described herein. Based on the fidelity of the enzyme, a nucle 
otide is only incorporated into the readout position of the 
growing nucleic acid strand if it is perfectly complementary 
to the base in the target strand at the detection position. The 
nucleotide may be derivatized such that no further extensions 
can occur, so only a single nucleotide is added. Once the 
labeled nucleotide is added, detection of the label proceeds as 
outlined herein. Again, amplification in this case is accom 
plished through cycling or repeated rounds of reaction/elu 
tion, although in some embodiments amplification is not nec 
essary. Alternatively, in Some embodiments, amplification is 
performed prior to the extension reaction. Alternatively, 
amplification is performed following the extension reaction. 
The reaction is initiated by introducing the hybridization 

complex comprising the specificity target on the Support to a 
Solution comprising a first nucleotide. In some embodiments, 
the nucleotides comprise a detectable label, which may be 
either a primary or a secondary label. In addition, the nucle 
otides may be nucleotide analogs, depending on the configu 
ration of the system. For example, if the dNTPs are added in 
sequential reactions, such that only a single type of dNTP can 
be added, the nucleotides need not be chain terminating. In 
addition, in this embodiment, the dNTPs may all comprise the 
same type of label. 

Alternatively, if the reaction comprises more than one 
dNTP, the dNTPs should be chain terminating, that is, they 
have a blocking or protecting group at the 3' position Such that 
no further dNTPs may be added by the enzyme. As will be 
appreciated by those in the art, any number of nucleotide 
analogs may be used, as long as a polymerase enzyme will 
still incorporate the nucleotide at the readout position. Pre 
ferred embodiments utilize dideoxy-triphosphate nucleotides 
(ddNTPs) and halogenated dNTPs. Generally, a set of nucle 
otides comprisingddATP, ddCTP, ddGTP and ddTTP is used, 
each with a different detectable label, although as outlined 
herein, this may not be required. Alternative preferred 
embodiments use acyclo nucleotides (NEN). These chain 
terminating nucleotide analogs are particularly good Sub 
strates for Deep vent (exo) and thermosequenase. 

In addition, as will be appreciated by those in the art, the 
single base extension reactions of the present invention allow 
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the precise incorporation of modified bases into a growing 
nucleic acid strand. Thus, any number of modified nucle 
otides may be incorporated for any number of reasons, 
including probing structure-function relationships (e.g. 
DNA:DNA or DNA-protein interactions), cleaving the 
nucleic acid, crosslinking the nucleic acid, incorporate mis 
matches, etc. 
As will be appreciated by those in the art, the configuration 

of the genotyping SBE System can take on several forms. 
Multi-Base Extension 

In a preferred embodiment genotyping is accomplished by 
primer extension that does not use chain terminating nucle 
otides. As such, this genotyping is considered multi-base 
extension. The method includes providing an interrogator 
oligonucleotide designed to detect one allele of a given SNP. 
The number of oligonucleotides is determined by the number 
of distinct SNP alleles being probed. For instance, if one were 
probing 1000 SNPs, each with two alleles, 2000 oligonucle 
otides would be necessary. The interrogators are complemen 
tary to a stretch of DNA containing the SNP, with the terminal 
base of each interrogator corresponding to the SNP position, 
or with the SNP-specific position is within the last 1, 23 or 4 
nucleotides of the interrogator. For example, when a SNP has 
an A and C allele, interrogators ending in T and G are pro 
vided and in some embodiments may be immobilized on 
separate elements (beads) to detect the two. Although both the 
match and the mismatch will hybridize to a given allele, only 
the match can act as a primer for a DNA polymerase extension 
reaction. Accordingly, following hybridization of the probes 
with the target DNA, a polymerase reaction is performed. 
This results in the extension of the hybrids with a DNA 
polymerase in the presence of labeled dNTPs. The labeled 
dNTPs are selectively incorporated into the extension product 
that results from the probe that is complementary to the SNP 
position. 

In one embodiment, address oligonucleotides (adapters) 
are incorporated into the interrogator oligonucleotides. As 
Such, in one embodiment one performs the hybridization and 
extension steps in fluid phase in the absence of beads. Each 
allele contains a unique adapter. After hybridization/exten 
sion the products are hybridized to an array of complementary 
address sequences for signal detection and analysis. 
Solution Phase Assay 
As for the OLA reaction described below, the reaction may 

be done in Solution, and then the newly synthesized strands, 
with the base-specific detectable labels, can be detected. For 
example, they can be directly hybridized to capture probes 
that are complementary to the extension primers, and the 
presence of the label is then detected. As will be appreciated 
by those in the art, a preferred embodiment utilizes four 
different detectable labels, i.e. one for each base, such that 
upon hybridization to the capture probe on the array, the 
identification of the base can be done isothermally. 

In a preferred embodiment, adapter sequences can be used 
in a solution format. In this embodiment, a single label can be 
used with a set of four separate primer extension reactions. In 
this embodiment, the extension reaction is done in solution; 
each reaction comprises a different dNTP with the label or 
labeled ddNTP when chain termination is desired. For each 
locus genotyped, a set of four different extension primers are 
used, each with a portion that will hybridize to the target 
sequence, a different readout base and each with a different 
adapter sequence of 15-40 bases, as is more fully outlined 
below. After the primer extension reaction is complete, the 
four separate reactions are pooled and hybridized to an array 
comprising complementary probes to the adapter sequences. 
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A genotype is derived by comparing the probe intensities of 
the four different hybridized adapter sequences correspond 
ing to a given locus. 

In addition, since unextended primers do not comprise 
labels, the unextended primers need not be removed. How 
ever, they may be, if desired, as outlined below; for example, 
if a large excess of primers are used, there may not be suffi 
cient signal from the extended primers competing for binding 
to the surface. 

Alternatively, one of skill in the art could use a single label 
and temperature to determine the identity of the base; that is, 
the readout position of the extension primer hybridizes to a 
position on the capture probe. However, since the three mis 
matches will have lower Tms than the perfect match, the use 
of temperature could elucidate the identity of the detection 
position base. 
Solid Phase Assay 

Alternatively, the reaction may be done on a Surface by 
capturing the target sequence and then running the SBE reac 
tion, in a sandwich type format. In this embodiment, the 
capture probe hybridizes to a first domain of the target 
sequence (which can be endogeneous or an exogeneous 
adapter sequence added during an amplification reaction), 
and the extension primer hybridizes to a second target domain 
immediately adjacent to the detection position. The addition 
of the enzyme and the required NTPs results in the addition of 
the interrogation base. In this embodiment, each NTP must 
have a unique label. Alternatively, each NTP reaction may be 
done sequentially on a different array. As is known by one of 
skill in the art, ddNTP and dNTP are the preferred substrates 
when DNA polymerase is the added enzyme: NTP is the 
preferred substrate when RNA polymerase is the added 
enzyme. 

Furthermore, capture extender probes can be used to attach 
the target sequence to the bead. In this embodiment, the 
hybridization complex comprises the capture probe, the tar 
get sequence and the adapter sequence. 

Similarly, the capture probe itself can be used as the exten 
sion probe, with its terminus being directly adjacent to the 
detection position. Upon the addition of the target sequence 
and the SBE reagents, the modified primer is formed com 
prising a detectable label, and then detected. Again, as for the 
solution based reaction, each NTP must have a unique label, 
the reactions must proceed sequentially, or different arrays 
must be used. Again, as is known by one of skill in the art, 
ddNTP and dNTP are the preferred substrates when DNA 
polymerase is the added enzyme: NTP is the preferred sub 
strate when RNA polymerase is the added enzyme. 

In addition, as outlined herein, the target sequence may be 
directly attached to the array; the extension primer hybridizes 
to it and the reaction proceeds. 

Variations on this include, where the capture probe and the 
extension probe adjacently hybridize to the target sequence. 
Either before or after extension of the extension probe, a 
ligation step may be used to attach the capture and extension 
probes together for stability. These are further described 
below as combination assays. 
As will be appreciated by those in the art, the determination 

of the base at the detection position can proceed in several 
ways. In a preferred embodiment, the reaction is run with all 
four nucleotides (assuming all four nucleotides are required), 
each with a different label, as is generally outlined herein. 
Alternatively, a single label is used, by using four reactions. In 
a preferred embodiment, universal primers or adapters spe 
cific for the nucleotide at a detection position are used and 
detected as outlined below. 
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Removal of Unextended Primers 

In a preferred embodiment, for both SBE as well as a 
number of other reactions outlined herein, it is desirable to 
remove the unextended or unreacted primers from the assay 
mixture, and particularly from the array, as unextended prim 
ers will compete with the extended (labeled) primers in bind 
ing to capture probes, thereby diminishing the signal. The 
concentration of the unextended primers relative to the 
extended primer may be relatively high, since a large excess 
of primer is usually required to generate efficient primer 
annealing. Accordingly, a number of different techniques 
may be used to facilitate the removal of unextended primers. 
As outlined above, these generally include methods based on 
removal of unreacted primers by binding to a solid Support, 
protecting the reacted primers and degrading the unextended 
ones, and separating the unreacted and reacted primers. 
Separation Systems 
The use of secondary label systems (and even some pri 

mary label systems) can be used to separate unreacted and 
reacted probes; for example, the addition of streptavidin to a 
nucleic acid greatly increases its size, as well as changes its 
physical properties, to allow more efficient separation tech 
niques. For example, the mixtures can be size fractionated by 
exclusion chromatography, affinity chromatography, filtra 
tion or differential precipitation. 
Non-Terminated Extension 

In a preferred embodiment, methods of adding a single 
base are used that do not rely on chain termination. That is, 
similar to SBE, enzymatic reactions that utilize dNTPs and 
polymerases can be used; however, rather than use chain 
terminating dNTPs, regular dNTPs are used. This method 
relies on a time-resolved basis of detection; only one type of 
base is added during the reaction. 
Pyrosequencing 

Pyrosequencing is an extension and sequencing method 
that can be used to add one or more nucleotides to the detec 
tion position(s); it is very similar to SBE except that chain 
terminating NTPs need not be used (although they may be). 
Pyrosequencing relies on the detection of a reaction product, 
PPi, produced during the addition of an NTP to a growing 
oligonucleotide chain, rather than on a label attached to the 
nucleotide. One molecule of PPi is produced per dNTP added 
to the extension primer. That is, by running sequential reac 
tions with each of the nucleotides, and monitoring the reac 
tion products, the identity of the added base is determined. 
The release of pyrophosphate (PPi) during the DNA poly 

merase reaction can be quantitatively measured by many 
different methods and a number of enzymatic methods have 
been described; see Reeves et al., Anal. Biochem. 28:282 
(1969); Guillory et al., Anal. Biochem. 39:170 (1971): 
Johnson et al., Anal. Biochem. 15:273 (1968); Cook et al., 
Anal. Biochem. 91:557 (1978); Drake et al., Anal. Biochem. 
94:117 (1979); WO93/23564: WO 98/28440; WO98/13523; 
Nyrenet al., Anal. Biochem. 151:504 (1985); all of which are 
incorporated by reference. The latter method allows continu 
ous monitoring of PPi and has been termed ELIDA (Enzy 
matic Luminometric Inorganic Pyrophosphate Detection 
Assay). A preferred embodiment utilizes any method which 
can result in the generation of an optical signal, with preferred 
embodiments utilizing the generation of a chemiluminescent 
or fluorescent signal. 
A preferred method monitors the creation of PPi by the 

conversion of PPi to ATP by the enzyme sulfurylase, and the 
subsequent production of visible light by firefly luciferase 
(see Ronaghi et al., Science 281:363 (1998), incorporated by 
reference). In this method, the four deoxynucleotides (dATP, 
dGTP, dCTP and dTTP; collectively dNTPs) are added step 
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wise to a partial duplex comprising a sequencing primer 
hybridized to a single stranded DNA template and incubated 
with DNA polymerase, ATP sulfurylase, luciferase, and 
optionally a nucleotide-degrading enzyme Such as apyrase. A 
dNTP is only incorporated into the growing DNA strand if it 
is complementary to the base in the template Strand. The 
synthesis of DNA is accompanied by the release of PPi equal 
in molarity to the incorporated dNTP. The PPi is converted to 
ATP and the light generated by the luciferase is directly 
proportional to the amount of ATP. In some cases the unin 
corporated dNTPs and the produced ATP are degraded 
between each cycle by the nucleotide degrading enzyme. 

Accordingly, a preferred embodiment of the methods of the 
invention is as follows. A Substrate comprising the target 
sequences and extension primers, forming hybridization 
complexes, is dipped or contacted with a reaction Volume 
(chamber or well) comprising a single type of dNTP an 
extension enzyme, and the reagents and enzymes necessary to 
detect PPi. If the dNTP is complementary to the base of the 
target portion of the target sequence adjacent to the extension 
primer, the dNTP is added, releasing PPi and generating 
detectable light, which is detected as generally described in 
U.S. Ser. Nos. 09/151,877 and 09/189,543, and PCT US98/ 
09 163, all of which are hereby incorporated by reference. If 
the dNTP is not complementary, no detectable signal results. 
The substrate is then contacted with a second reaction volume 
(chamber) comprising a different dNTP and the additional 
components of the assay. This process is repeated if the iden 
tity of a base at a second detection position is desirable. 

In a preferred embodiment, washing steps may be done in 
between the dNTP reactions, as required. These washing 
steps may optionally comprise a nucleotide-degrading 
enzyme, to remove any unreacted dNTP and decreasing the 
background signal, as is described in WO 98/28440, incor 
porated herein by reference. 
As will be appreciated by those in the art, the system can be 

configured in a variety of ways, including both a linear pro 
gression or a circular one; for example, four arrays may be 
used that each can dip into one of four reaction chambers 
arrayed in a circular pattern. Each cycle of sequencing and 
reading is followed by a 90 degree rotation, so that each 
substrate then dips into the next reaction well. 
As for simple extension and SBE, the pyrosequencing sys 

tems may be configured in a variety of ways; for example, the 
target sequence may be immobilized in a variety of ways, 
including direct attachment of the target sequence; the use of 
a capture probe with a separate extension probe; the use of a 
capture extender probe, a capture probe and a separate exten 
sion probe; the use of adapter sequences in the target 
sequence with capture and extension probes; and the use of a 
capture probe that also serves as the extension probe. 
One additional benefit of pyrosequencing for genotyping 

purposes is that since the reaction does not rely on the incor 
poration of labels into a growing chain, the unreacted exten 
sion primers need not be removed. 

In addition, pyrosequencing can be used as a 'switch' to 
activate a detectable enzymatic reaction, thus providing an 
amplification of sorts. The by-product of the polymerase 
reaction, PPi, is converted to ATP during pyrosequencing 
reactions. In standard pyrosequencing that utilizes a 
luciferase/luciferin assay, the detection sensitivity is limited 
because only a single photon is generated per nucleotide 
incorporation event. However, in a preferred embodiment, if 
PPi, or a simple enzymatic derivative such as Pior ATP is used 
to “activate an enzyme or protein, the detection sensitivity is 
increased. A number of different proteins are either “on” or 
“off depending on their phosphorylation status. In this was, 
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PPi (or ATP) acts a “switch' to turn on or off a stream of 
detection molecules, similar to the way a transistor controls a 
large flow of electricity by using a small current or potential 
to gat the process. That is, the generation of PPi results in an 
enzymatic cascade that results in a detectable event; the PPi 
generation results in a “switch'. For example, ATP may be 
used to phosphorylate a peroxidase enzyme, which when 
phosphorylated becomes “active' likes horse radish peroxi 
dase (HRP). This HRP activity is then detected using standard 
hydrogen peroxide/luminol HRP detection systems. There 
are a large number of enzymes and proteins regulated by 
phosphorylation. What is important is that the activating or 
switch enzyme that utilizes Pi, PPi or ATP as the substrate 
discriminates the activating species from the original dNTP 
used in the extension reaction. 
Allelic PCR 

In a preferred embodiment, the method used to detect the 
base at the detection position is allelic PCR, referred to herein 
as “aPCR'. As described in Newton et al., Nucl. Acid Res. 
17:2503 (1989), hereby expressly incorporated by reference, 
allelic PCR allows single base discrimination based on the 
fact that the PCR reaction does not proceed well if the termi 
nal 3'-nucleotide is mismatched, assuming the DNA poly 
merase being used lacks a 3'-exonuclease proofreading activ 
ity. Accordingly, the identification of the base proceeds by 
using allelic PCR primers (sometimes referred to herein as 
aPCR primers) that have readout positions at their 3' ends. 
Thus the target sequence comprises a first domain comprising 
at its 5' end a detection position. 

In general. aPCR may be briefly described as follows. A 
double stranded target nucleic acid is denatured, generally by 
raising the temperature, and then cooled in the presence of an 
excess of a aPCR primer, which then hybridizes to the first 
target strand. If the readout position of the aPCR primer 
basepairs correctly with the detection position of the target 
sequence, a DNA polymerase (again, that lacks 3'-exonu 
clease activity) then acts to extend the primer with dNTPs. 
resulting in the synthesis of a new strand forming a hybrid 
ization complex. The sample is then heated again, to disasso 
ciate the hybridization complex, and the process is repeated. 
By using a second PCR primer for the complementary target 
Strand, rapid and exponential amplification occurs. Thus 
aPCR steps are denaturation, annealing and extension. The 
particulars of aPCR are well known, and include the use of a 
thermostable polymerase such as Taq. I polymerase and ther 
mal cycling. 

Accordingly, the aPCR reaction requires at least one aPCR 
primer, a polymerase, and a set of dNTPs. As outlined herein, 
the primers may comprise the label, or one or more of the 
dNTPs may comprise a label. 

Furthermore, the aPCR reaction may be run as a competi 
tion assay of sorts. For example, for biallelic SNPs, a first 
aPCR primer comprising a first base at the readout position 
and a first label, and a second aPCR primer comprising a 
different base at the readout position and a second label, may 
be used. The PCR primer for the other strand is the same. The 
examination of the ratio of the two colors can serve to identify 
the base at the detection position. 
Allelic Primer Extension 

In this embodiment allele specific primers when hybrid 
ized with their complementary target sequence serve as tem 
plate for primer extension with a DNA polymerase. In some 
respects the method is similar to aPCR as described herein 
with the exception that only one primer need hybridize with 
the target sequence prior to amplification. That is, in contrast 
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with PCR amplification that requires two primers, only one 
primer is necessary for amplification according to the 
method. 

In a preferred embodiment, the primer is immobilized. In a 
preferred embodiment the primer is immobilized to micro 
spheres or beads as described herein. 

In general, as is more fully outlined below, the capture 
probes on the beads of the array are designed to be substan 
tially complementary to the extended part of the primer; that 
is, unextended primers will not bind to the capture probes. 
Ligation Techniques for Genotyping 

In this embodiment, the readout of the base at the detection 
position proceeds using a ligase. In this embodiment, it is the 
specificity of the ligase which is the basis of the genotyping; 
that is, ligases generally require that the 5' and 3' ends of the 
ligation probes have perfect complementarity to the target for 
ligation to occur. Thus, in a preferred embodiment, the iden 
tity of the base at the detection position proceeds utilizing 
OLA as described above. The method can be run at least two 
different ways; in a first embodiment, only one strand of a 
target sequence is used as a template for ligation; alterna 
tively, both strands may be used; the latter is generally 
referred to as Ligation Chain Reaction or LCR. 

This method is based on the fact that two probes can be 
preferentially ligated together, if they are hybridized to a 
target strand and if perfect complementarity exists at the two 
bases being ligated together. Thus, in this embodiment, the 
target sequence comprises a contiguous first target domain 
comprising the detection position and a second target domain 
adjacent to the detection position. That is, the detection posi 
tion is “between the rest of the first target domain and the 
second target domain, or the detection position is one nucle 
otide from the 3' terminus of one of the ligation probes. A first 
ligation probe is hybridized to the first target domain and a 
second ligation probe is hybridized to the second target 
domain. If the first ligation probe has a base perfectly comple 
mentary to the detection position base, and the adjacent base 
on the second probe has perfect complementarity to its posi 
tion, a ligation structure is formed Such that the two probes 
can be ligated together to formaligated probe. If this comple 
mentarity does not exist, no ligation structure is formed and 
the probes are not ligated together to an appreciable degree. 
This may be done using heat cycling, to allow the ligated 
probe to be denatured off the target sequence Such that it may 
serve as a template for further reactions. In addition, as is 
more fully outlined below, this method may also be done 
using ligation probes that are separated by one or more nucle 
otides, if dNTPs and a polymerase are added (this is some 
times referred to as “Genetic Bit' analysis). 

In a preferred embodiment, LCR is done for two strands of 
a double-stranded target sequence. The target sequence is 
denatured, and two sets of probes are added: one set as out 
lined above for one strand of the target, and a separate set (i.e. 
third and fourth primer probe nucleic acids) for the other 
strand of the target. In a preferred embodiment, the first and 
third probes will hybridize, and the second and fourth probes 
will hybridize, such that amplification can occur. That is, 
when the first and second probes have been attached, the 
ligated probe can now be used as a template, in addition to the 
second target sequence, for the attachment of the third and 
fourth probes. Similarly, the ligated third and fourth probes 
will serve as a template for the attachment of the first and 
second probes, in addition to the first target strand. In this 
way, an exponential, rather than just a linear, amplification 
Cal OCC. 

As will be appreciated by those in the art, the ligation 
product can be detected in a variety of ways. Preferably, 
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detection is accomplished by removing the unligated labeled 
probe from the reaction before application to a capture probe. 
In one embodiment, the unligated probes are removed by 
digesting 3' non-protected oligonucleotides with a 3' exonu 
clease, such as, exonuclease I. The ligation products are pro 
tected from exo I digestion by including, for example, the use 
of a number of sequential phosphorothioate residues at their 
3' terminus (for example at least four), thereby, rendering 
them resistant to exonuclease digestion. The unligated detec 
tion oligonucleotides are not protected and are digested. 
As for most or all of the methods described herein, the 

assay can take on a solution-based form or a solid-phase form. 
Solution Based OLA 

In a preferred embodiment, the ligation reaction is run in 
Solution. In this embodiment, only one of the primers carries 
a detectable label, e.g. the first ligation probe, and the capture 
probe on the bead is substantially complementary to the other 
probe, e.g. the second ligation probe. In this way, unextended 
labeled ligation primers will not interfere with the assay. This 
Substantially reduces or eliminates false signal generated by 
the optically-labeled 3' primers. 

In addition, a solution-based OLA assay that utilizes 
adapter sequences may be done. In this embodiment, rather 
than have the target sequence comprise the adapter 
sequences, one of the ligation probes comprises the adapter 
sequence. This facilitates the creation of “universal arrays'. 
For example, the first ligation probe has an adapter sequence 
that is used to attach the ligated probe to the array. 

Again, as outlined above for SBE, unreacted ligation prim 
ers may be removed from the mixture as needed. For example, 
the first ligation probe may comprise the label (either a pri 
mary or secondary label) and the second may be blocked at its 
3' end with an exonuclease blocking moiety; afterligation and 
the introduction of the nuclease, the labeled ligation probe 
will be digested, leaving the ligation product and the second 
probe; however, since the second probe is unlabeled, it is 
effectively silent in the assay. Similarly, the second probe may 
comprise a binding partner used to pull out the ligated probes, 
leaving unligated labeled ligation probes behind. The binding 
pair is then disassociated for Subsequent amplification or 
detection. 
Solid Phase Based OLA 

Alternatively, the target nucleic acid is immobilized on a 
Solid-phase Surface. The OLA assay is performed and unli 
gated oligonucleotides are removed by washing under appro 
priate stringency to remove unligated oligonucleotides and 
thus the label. For example, the capture probe can comprise 
one of the ligation probes. 

Again, as outlined above, the detection of the OLA reaction 
can also occur directly, in the case where one or both of the 
primers comprises at least one detectable label, or indirectly, 
using Sandwich assays, through the use of additional probes; 
that is, the ligated probes can serve as target sequences, and 
detection may utilize amplification probes, capture probes, 
capture extender probes, label probes, and label extender 
probes, etc. Alternatively, the OLA product is amplified. In a 
preferred embodiment the amplicons comprise labels. 

In some embodiments target nucleic acids include both 
DNA and RNA. In a preferred embodiment RNA is mRNA. 
In some embodiments when RNA is the target nucleic acid, it 
is desirable to perform a reverse transcription assay prior to 
OLA as described herein. The reverse transcription assay 
results in the formation of cDNA. This method is particularly 
advantageous in determining either gene expression levels or 
genotyping, or both. That is, the cDNA is representative of the 
level of mRNA. Accordingly, gene expression analysis is 
performed. In addition, the cDNA also serves as a template 
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for OLA which allows for genotyping. Thus, the use of both 
DNA and/or RNA allows for increased multiplexing of 
samples on an array. 
Solid Phase Oligonucleotide Ligation Assay (SPOLA) 

In a preferred embodiment, a novel method of OLA is used, 
termed herein “solid phase oligonucleotide assay, or 
"SPOLA”. In this embodiment, the ligation probes are both 
attached to the same site on the Surface of the array (e.g. when 
microsphere arrays are used, to the same bead), one at its 5' 
end (the “upstream probe') and one at its 3' end (the “down 
stream probe'). This may be done as is will be appreciated by 
those in the art. At least one of the probes is attached via a 
cleavable linker, that upon cleavage, forms a reactive or 
detectable (fluorophore) moiety. If ligation occurs, the reac 
tive moiety remains associated with the surface; but if no 
ligation occurs, due to a mismatch, the reactive moiety is free 
in solution to diffuse away from the surface of the array. The 
reactive moiety is then used to add a detectable label. 

Generally, as will be appreciated by those in the art, cleav 
age of the cleavable linker should result in asymmetrical 
products; i.e. one of the “ends' should be reactive, and the 
other should not, with the configuration of the system Such 
that the reactive moiety remains associated with the surface if 
ligation occurred. Thus, for example, amino acids or Succi 
nate esters can be cleaved either enzymatically (via pepti 
dases (aminopeptidase and carboxypeptidase) or proteases) 
or chemically (acid/base hydrolysis) to produce an amine and 
a carboxyl group. One of these groups can then be used to add 
a detectable label, as will be appreciated by those in the art 
and discussed herein. 
Padlock Probe Ligation 

In a preferred embodiment, the ligation probes are special 
ized probes called “padlock probes'. Nilsson et al., 1994, 
Science 265:2085, hereby incorporated by reference. These 
probes have a first ligation domain that is identical to a first 
ligation probe, in that it hybridizes to a first target sequence 
domain, and a second ligation domain, identical to the second 
ligation probe, that hybridizes to an adjacent target sequence 
domain. Again, as for OLA, the detection position can be 
either at the 3' end of the first ligation domain or at the 5' end 
of the second ligation domain. However, the two ligation 
domains are connected by a linker, frequently nucleic acid. 
The configuration of the system is such that upon ligation of 
the first and second ligation domains of the padlock probe, the 
probe forms a circular probe, and forms a complex with the 
target sequence wherein the target sequence is “inserted into 
the loop of the circle. 

In this embodiment, the unligated probes may be removed 
through degradation (for example, through a nuclease), as 
there are no “free ends” in the ligated probe. 
Cleavage Techniques for Genotyping 

In a preferred embodiment, the specificity for genotyping 
is provided by a cleavage enzyme. There are a variety of 
enzymes known to cleave at specific sites, either based on 
sequence specificity, Such as restriction endonucleases, or 
using structural specificity, Such as is done through the use of 
invasive cleavage technology. 
Endonuclease Techniques 

In a preferred embodiment, enzymes that rely on sequence 
specificity are used. In general, these systems rely on the 
cleavage of double stranded sequence containing a specific 
sequence recognized by a nuclease, preferably an endonu 
clease including resolvases. 

These systems may work in a variety of ways. In one 
embodiment, a labeled readout probe (generally attached to a 
bead of the array) is used; the binding of the target sequence 
forms a double Stranded sequence that a restriction endonu 
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clease can then recognize and cleave, if the correct sequence 
is present. The cleavage results in the loss of the label, and 
thus a loss of signal. 

Alternatively, as will be appreciated by those in the art, a 
labelled target sequence may be used as well; for example, a 
labelled primer may be used in the PCR amplification of the 
target, such that the label is incorporated in Such a manner as 
to be cleaved off by the enzyme. 

Alternatively, the readout probe (or, again, the target 
sequence) may comprise both a fluorescent label and a 
quencher, as is known in the art. In this embodiment, the label 
and the quencher are attached to different nucleosides, yet are 
close enough that the quencher molecule results in little or no 
signal being present. Upon the introduction of the enzyme, 
the quencher is cleaved off, leaving the label, and allowing 
signaling by the label. 

In addition, as will be appreciated by those in the art, these 
systems can be both solution-based assays or Solid-phase 
assays, as outlined herein. 

Furthermore, there are some systems that do not require 
cleavage for detection; for example, some nucleic acid bind 
ing proteins will bind to specific sequences and canthus serve 
as a secondary label. For example, Some transcription factors 
will bind in a highly sequence dependent manner, and can 
distinguish between two SNPs. Having bound to the hybrid 
ization complex, a detectable binding partner can be added 
for detection. In addition, mismatch binding proteins based 
on mutated transcription factors can be used. 

In addition, as will be appreciated by those in the art, this 
type of approach works with other cleavage methods as well, 
for example the use of invasive cleavage methods, as outlined 
below. 
Invasive Cleavage 

In a preferred embodiment, the determination of the iden 
tity of the base at the detection position of the target sequence 
proceeds using invasive cleavage technology. As outlined 
above for amplification, invasive cleavage techniques rely on 
the use of structure-specific nucleases, where the structure 
can be formed as a result of the presence or absence of a 
mismatch. Generally, invasive cleavage technology may be 
described as follows. A target nucleic acid is recognized by 
two distinct probes. A first probe, generally referred to herein 
as an “invader probe, is substantially complementary to a 
first portion of the target nucleic acid. A second probe, gen 
erally referred to herein as a “signal probe’, is partially 
complementary to the target nucleic acid; the 3' end of the 
signal oligonucleotide is substantially complementary to the 
target sequence while the 5' end is non-complementary and 
preferably forms a single-stranded “tail” or "arm'. The non 
complementary end of the second probe preferably comprises 
a “generic' or “unique” sequence, frequently referred to 
herein as a “detection sequence', that is used to indicate the 
presence or absence of the target nucleic acid, as described 
below. The detection sequence of the second probe preferably 
comprises at least one detectable label. Alternative methods 
have the detection sequence functioning as a target sequence 
for a capture probe, and thus rely on Sandwich configurations 
using label probes. 

Hybridization of the first and second oligonucleotides near 
or adjacent to one another on the target nucleic acid forms a 
number of structures. In a preferred embodiment, a forked 
cleavage structure forms and is a Substrate of a nuclease 
which cleaves the detection sequence from the signal oligo 
nucleotide. The site of cleavage is controlled by the distance 
or overlap between the 3' end of the invader oligonucleotide 
and the downstream fork of the signal oligonucleotide. There 
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fore, neither oligonucleotide is Subject to cleavage when mis 
aligned or when unattached to target nucleic acid. 
As above, the invasive cleavage assay is preferably per 

formed on an array format. In a preferred embodiment, the 
signal probe has a detectable label, attached 5' from the site of 
nuclease cleavage (e.g. within the detection sequence) and a 
capture tag, as described herein for removal of the unreacted 
products (e.g. biotin or other hapten) 3' from the site of 
nuclease cleavage. After the assay is carried out, the 
uncleaved probe and the 3' portion of the cleaved signal probe 
(e.g. the detection sequence) may be extracted, for example, 
by binding to streptavidin beads or by crosslinking through 
the capture tag to produce aggregates or by antibody to an 
attached hapten. By "capture tag herein is a meant one of a 
pair of binding partners as described above, Such as antigen/ 
antibody pairs, digoxygenenin, dinitrophenol, etc. 
The cleaved 5' region, e.g. the detection sequence, of the 

signal probe, comprises a label and is detected and optionally 
quantitated. In one embodiment, the cleaved 5' region is 
hybridized to a probe on an array (capture probe) and opti 
cally detected. As described below, many different signal 
probes can be analyzed in parallel by hybridization to their 
complementary probes in an array. In a preferred embodi 
ment, combination techniques are used to obtain higher speci 
ficity and reduce the detection of contaminating uncleaved 
signal probe or incorrectly cleaved product, an enzymatic 
recognition step is introduced in the array capture procedure. 
For example, as more fully outlined below, the cleaved signal 
probe binds to a capture probe to produce a double-stranded 
nucleic acid in the array. In this embodiment, the 3' end of the 
cleaved signal probe is adjacent to the 5' end of one strand of 
the capture probe, thereby, forming a substrate for DNA 
ligase (Broude et al. 1991. PNAS 91: 3072-3076). Only cor 
rectly cleaved product is ligated to the capture probe. Other 
incorrectly hybridized and non-cleaved signal probes are 
removed, for example, by heat denaturation, high Stringency 
washes, and other methods that disrupt base pairing. 

Accordingly, the present invention provides methods of 
determining the identity of a base at the detection position of 
a target sequence. In this embodiment, the target sequence 
comprises, 5' to 3', a first target domain comprising an overlap 
domain comprising at least a nucleotide in the detection posi 
tion, and a second target domain contiguous with the detec 
tion position. A first probe (the “invader probe') is hybridized 
to the first target domain of the target sequence. A second 
probe (the “signal probe'), comprising a first portion that 
hybridizes to the second target domain of the target sequence 
and a second portion that does not hybridize to the target 
sequence, is hybridized to the second target domain. If the 
second probe comprises a base that is perfectly complemen 
tary to the detection position a cleavage structure is formed. 
The addition of a cleavage enzyme, such as is described in 
U.S. Pat. Nos. 5,846,717: 5,614,402; 5,719,029; 5,541,311 
and 5,843,669, all of which are expressly incorporated by 
reference, results in the cleavage of the detection sequence 
from the signaling probe. This then can be used as a target 
sequence in an assay complex. 

In addition, as for a variety of the techniques outlined 
herein, unreacted probes (i.e. signaling probes, in the case of 
invasive cleavage), may be removed using any number of 
techniques. For example, the use of a binding partner coupled 
to a solid Support comprising the other member of the binding 
pair can be done. Similarly, after cleavage of the primary 
signal probe, the newly created cleavage products can be 
selectively labeled at the 3' or 5' ends using enzymatic or 
chemical methods. 
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Again, as outlined above, the detection of the invasive 

cleavage reaction can occur directly, in the case where the 
detection sequence comprises at least one label, or indirectly, 
using Sandwich assays, through the use of additional probes; 
that is, the detection sequences can serve as target sequences, 
and detection may utilize amplification probes, capture 
probes, capture extender probes, label probes, and label 
extender probes, etc. 

In addition, as for most of the techniques outlined herein, 
these techniques may be done for the two strands of a double 
Stranded target sequence. The target sequence is denatured, 
and two sets of probes are added: one set as outlined above for 
one Strand of the target, and a separate set for the other strand 
of the target. 

Thus, the invasive cleavage reaction requires, in no particu 
lar order, an invader probe, a signaling probe, and a cleavage 
enzyme. 
As for other methods outlined herein, the invasive cleavage 

reaction may be done as a solution based assay or a solid 
phase assay. 
Solution-Based Invasive Cleavage 
The invasive cleavage reaction may be done in Solution, 

followed by addition of one of the components to an array, 
with optional (but preferable) removal of unreacted probes. 
For example, the reaction is carried out in solution, using a 
capture tag (i.e. a member of a binding partner pair) that is 
separated from the label on the detection sequence with the 
cleavage site. After cleavage (dependent on the base at the 
detection position), the signaling probe is cleaved. The cap 
ture tag is used to remove the uncleaved probes (for example, 
using magnetic particles comprising the other member of the 
binding pair), and the remaining solution is added to the array. 
The detection sequence can be directly attached to the capture 
probe. In this embodiment, the detection sequence can effec 
tively act as an adapter sequence. In alternate embodiments, 
the detection sequence is unlabelled and an additional label 
probe is used; as outlined below, this can be ligated to the 
hybridization complex. 
Solid-Phase Based Assays 
The invasive cleavage reaction can also be done as a Solid 

phase assay. The target sequence can be attached to the array 
using a capture probe (in addition, although not shown, the 
target sequence may be directly attached to the array). In a 
preferred embodiment, the signaling probe comprises both a 
fluorophore label (attached to the portion of the signaling 
probe that hybridizes to the target) and a quencher (generally 
on the detection sequence), with a cleavage site in between. 
Thus, in the absence of cleavage, very little signal is seen due 
to the quenching reaction. After cleavage, however, the detec 
tion sequence is removed, along with the quencher, leaving 
the unquenched fluorophore. Similarly, the invasive probe 
may be attached to the array. 

In a preferred embodiment, the invasive cleavage reaction 
is configured to utilize a fluorophore-quencher reaction. A 
signaling probe comprising both a fluorophore and a 
quencher is attached to the bead. The fluorophore is contained 
on the portion of the signaling probe that hybridizes to the 
target sequence, and the quencher is contained on a portion of 
the signaling probe that is on the other side of the cleavage site 
(termed the “detection sequence' herein). In a preferred 
embodiment, it is the 3' end of the signaling probe that is 
attached to the bead (although as will be appreciated by those 
in the art, the system can be configured in a variety of different 
ways, including methods that would result in a loss of signal 
upon cleavage). Thus, the quencher molecule is located 5' to 
the cleavage site. Upon assembly of an assay complex, com 
prising the target sequence, an invader probe, and a signaling 
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probe, and the introduction of the cleavage enzyme, the cleav 
age of the complex results in the disassociation of the 
quencher from the complex, resulting in an increase in fluo 
CSCCC. 

In this embodiment, Suitable fluorophore-quencher pairs 
are as known in the art. For example, Suitable quencher mol 
ecules comprise Dabcyl. 
Redundant Genotyping 

In a preferred embodiment, the invention provides a 
method of increasing the confidence of genotyping results. 
The method includes performing genotyping more than once 
on a particular target sequence. That is, a sample or target 
analyte is genotyped at least twice. Preferably, the sample is 
genotyped with different techniques such as InvaderTM and 
OLA as described herein. If the results of the individual 
genotyping assays agree, then confidence that the genotyping 
results are correct is increased. 
Amplification Reactions 

In this embodiment, the invention provides compositions 
and methods for amplification and/or detection (and option 
ally quantification) of products of nucleic acid amplification 
reactions. Suitable amplification methods include both target 
amplification and signal amplification. Target amplification 
involves the amplification (i.e. replication) of the target 
sequence to be detected, resulting in a significant increase in 
the number of target molecules. Target amplification strate 
gies include but are not limited to the polymerase chain reac 
tion (PCR), strand displacement amplification (SDA), and 
nucleic acid sequence based amplification (NASBA). 

Alternatively, rather than amplify the target, alternate tech 
niques use the target as a template to replicate a signaling 
probe, allowing a small number of target molecules to result 
in a large number of signaling probes, that then can be 
detected. Signal amplification strategies include the ligase 
chain reaction (LCR), cycling probe technology (CPT), inva 
sive cleavage techniques such as InvaderTM technology, 
Q-Beta replicase (QBR) technology, and the use of “amplifi 
cation probes’ such as “branched DNA that result in mul 
tiple label probes binding to a single target sequence. 

All of these methods require a primer nucleic acid (includ 
ing nucleic acid analogs) that is hybridized to a target 
sequence to form a hybridization complex, and an enzyme is 
added that in some way modifies the primer to form a modi 
fied primer. For example, PCR generally requires two prim 
ers, dNTPs and a DNA polymerase; LCR requires two prim 
ers that adjacently hybridize to the target sequence and a 
ligase; CPT requires one cleavable primer and a cleaving 
enzyme; invasive cleavage requires two primers and a cleav 
age enzyme; etc. Thus, in general, a target nucleic acid is 
added to a reaction mixture that comprises the necessary 
amplification components, and a modified primer is formed. 

In general, the modified primer comprises a detectable 
label, such as a fluorescent label, which is either incorporated 
by the enzyme or present on the original primer. As required, 
the unreacted primers are removed, in a variety of ways, as 
will be appreciated by those in the art and outlined herein. The 
hybridization complex is then disassociated, and the modified 
primer is detected and optionally quantitated by a micro 
sphere array. In some cases, the newly modified primer serves 
as a target sequence for a secondary reaction, which then 
produces a number of amplified Strands, which can be 
detected as outlined herein. 

Accordingly, the reaction starts with the addition of a 
primer nucleic acid to the target sequence which forms a 
hybridization complex. Once the hybridization complex 
between the primer and the target sequence has been formed, 
an enzyme, sometimes termed an “amplification enzyme', is 
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used to modify the primer. As for all the methods outlined 
herein, the enzymes may be added at any point during the 
assay, either prior to, during, or after the addition of the 
primers. The identity of the enzyme will depend on the ampli 
fication technique used, as is more fully outlined below. Simi 
larly, the modification will depend on the amplification tech 
nique, as outlined below. 
Once the enzyme has modified the primer to form a modi 

fied primer, the hybridization complex is disassociated. In 
one aspect, dissociation is by modification of the assay con 
ditions. In another aspect, the modified primer no longer 
hybridizes to the target nucleic acid and dissociates. Either 
one or both of these aspects can be employed in signal and 
target amplification reactions as described below. Generally, 
the amplification steps are repeated for a period of time to 
allow a number of cycles, depending on the number of copies 
of the original target sequence and the sensitivity of detection, 
with cycles ranging from 1 to thousands, with from 10 to 100 
cycles being preferred and from 20 to 50 cycles being espe 
cially preferred. When linear strand displacement amplifica 
tion is used cycle numbers can reach thousands to millions. 

After a suitable time of amplification, unreacted primers 
are removed, in a variety of ways, as will be appreciated by 
those in the art and described below, and the hybridization 
complex is disassociated. In general, the modified primer 
comprises a detectable label. Such as a fluorescent label, 
which is either incorporated by the enzyme or present on the 
original primer, and the modified primer is detected by any of 
the methods as knownto the skilled artisanand includebutare 
not limited to the methods described herein 
Target Amplification 

In a preferred embodiment, the amplification is target 
amplification. Target amplification involves the amplification 
(replication) of the target sequence to be detected, such that 
the number of copies of the target sequence is increased. 
Suitable target amplification techniques include, but are not 
limited to, the polymerase chain reaction (PCR), strand dis 
placement amplification (SDA), transcription mediated 
amplification (TMA) and nucleic acid sequence based ampli 
fication (NASBA). 
Polymerase Chain Reaction Amplification 

In a preferred embodiment, the target amplification tech 
nique is PCR. The polymerase chain reaction (PCR) is widely 
used and described, and involves the use of primer extension 
combined with thermal cycling to amplify a target sequence; 
see U.S. Pat. Nos. 4,683,195 and 4,683,202, and PCR Essen 
tial Data, J. W. Wiley & sons, Ed. C. R. Newton, 1995, all of 
which are incorporated by reference. In addition, there are a 
number of variations of PCR which also find use in the inven 
tion, including "quantitative competitive PCR or “QC 
PCR”, “arbitrarily primed PCR or “AP-PCR”, “immuno 
PCR”, “Alu-PCR”, “PCR single strand conformational 
polymorphism” or “PCR-SSCP”, “reverse transcriptase 
PCR or “RT-PCR”, “biotin capture PCR”, “vectorette PCR, 
“panhandle PCR, and “PCR select cDNA subtraction”, 
“allele-specific PCR, among others. In some embodiments, 
PCR is not preferred. 

In general, PCR may be briefly described as follows. A 
double stranded target nucleic acid is denatured, generally by 
raising the temperature, and then cooled in the presence of an 
excess of a PCR primer, which then hybridizes to the first 
target strand. A DNA polymerase then acts to extend the 
primer with dNTPs, resulting in the synthesis of a new strand 
forming a hybridization complex. The sample is then heated 
again, to disassociate the hybridization complex, and the 
process is repeated. By using a second PCR primer for the 
complementary target strand, rapid and exponential amplifi 
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cation occurs. Thus PCR steps are denaturation, annealing 
and extension. The particulars of PCR are well known, and 
include the use of a thermostable polymerase Such as Taq I 
polymerase and thermal cycling. 

Accordingly, the PCR reaction requires at least one PCR 
primer, a polymerase, and a set of dNTPs. As outlined herein, 
the primers may comprise the label, or one or more of the 
dNTPs may comprise a label. 

In one embodiment asymmetric PCR is performed. In this 
embodiment, unequal concentrations of primers are included 
in the amplification reaction. The concentrations are designed 
Such that one primer is in excess or is Saturating, while the 
other primer is limiting or is at a Sub-Saturating concentration. 

In one embodiment, PCR primers for amplification of a 
plurality of target nucleic acids are immobilized on a single 
bead. That is, at least first and second PCR primer pairs are 
immobilized to a bead or microsphere. The microsphere is 
contacted with a sample and PCR performed as described 
herein. Detection of the amplified product or products is 
accomplished by any of the detection methods described 
herein, but in a preferred embodiment, detection proceeds by 
hybridization with allele specific oligonucleotides. That is, 
upon amplification of the target nucleotides, the immobilized 
PCR product is hybridized with oligonucleotides that are 
complementary to the amplified product. 

In a preferred embodiment the allele specific oligonucle 
otides contain discrete labels. That is, the oligonucleotides 
contain distinguishable labels. As a result of hybridization 
between the allele specific oligonucleotides and the amplified 
product(s), detection of a particular label provides an indica 
tion of the presence of a particular target nucleic acid in the 
sample. 

In one embodiment, the PCR primers are designed to 
amplify different genomic markers. That is, markers such as 
translocations or other chromosomal abnormalities are tar 
geted for amplification. In an additional embodiment, the 
primers are designed to amplify genomic regions containing 
single nucleotide polymorphisms (SNPs). As such, the result 
ing hybridization with allele specific oligonucleotides pro 
vides an indication of the marker or SNP. In one embodiment, 
a plurality of markers or SNPs is detected on each bead. That 
is, at least two markers or SNPs are detected on each bead. 

In general, as is more fully outlined below, the capture 
probes on the beads of the array are designed to be substan 
tially complementary to the extended part of the primer; that 
is, unextended primers will not bind to the capture probes. 
Alternatively, as further described below, unreacted probes 
may be removed prior to addition to the array. 

In a preferred embodiment the amplification reaction as a 
multiplex amplification reaction as described herein. In one 
embodiment the amplification reaction uses a plurality of 
PCR primers to amplify a plurality of target sequences. In this 
embodiment plurality of target sequences are simultaneously 
amplified with the plurality of amplification primer pairs. 
An alternative embodiment the multiplex PCR reaction 

uses universal primers as described herein. That is, universal 
PCR primers hybridized to universal priming sites on the 
target sequence and thereby amplify a plurality of target 
sequences. This embodiment is potentially preferred because 
it requires only a limited number of PCR primers. That is, as 
few as one primer pairs can amplify a plurality of target 
Sequences. 
Strand Displacement Amplification (SDA) 

In a preferred embodiment, the target amplification tech 
nique is SDA. Strand displacement amplification (SDA) is 
generally described in Walkeret al., in Molecular Methods for 
Virus Detection, Academic Press, Inc., 1995, and U.S. Pat. 
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Nos. 5.455,166 and 5,130,238, all of which are hereby 
expressly incorporated by reference in their entirety. 

In general, SDA may be described as follows. A single 
Stranded target nucleic acid, usually a DNA target sequence, 
is contacted with an SDA primer. An "SDA primer generally 
has a length of 25-100 nucleotides, with SDA primers of 
approximately 35 nucleotides being preferred. An SDA 
primer is Substantially complementary to a region at the 3' end 
of the target sequence, and the primer has a sequence at its 5' 
end (outside of the region that is complementary to the target) 
that is a recognition sequence for a restriction endonuclease, 
Sometimes referred to herein as a "nicking enzyme” or a 
“nicking endonuclease', as outlined below. The SDA primer 
then hybridizes to the target sequence. The SDA reaction 
mixture also contains a polymerase (an "SDA polymerase'. 
as outlined below) and a mixture of all four deoxynucleoside 
triphosphates (also called deoxynucleotides or dNTPs, i.e. 
dATP, dTTP, dCTP and dGTP), at least one species of which 
is a substituted or modified dNTP; thus, the SDA primer is 
modified, i.e. extended, to form a modified primer, sometimes 
referred to herein as a “newly synthesized strand’. The sub 
stituted dNTP is modified such that it will inhibit cleavage in 
the strand containing the substituted dNTP but will not inhibit 
cleavage on the other strand. Examples of suitable substituted 
dNTPs include, but are not limited, 2'deoxyadenosine 5'-O- 
(1-thiotriphosphate), 5-methyldeoxycytidine 5'-triphos 
phate, 2'-deoxyuridine 5'-triphosphate, and 7-deaza-2'-deox 
yguanosine 5'-triphosphate. In addition, the Substitution of 
the dNTP may occur after incorporation into a newly synthe 
sized Strand; for example, a methylase may be used to add 
methyl groups to the synthesized Strand. In addition, if all the 
nucleotides are substituted, the polymerase may have 5'-->3' 
exonuclease activity. However, if less than all the nucleotides 
are substituted, the polymerase preferably lacks 5'-->3' exo 
nuclease activity. 
As will be appreciated by those in the art, the recognition 

site/endonuclease pair can be any of a wide variety of known 
combinations. The endonuclease is chosen to cleave a strand 
either at the recognition site, or either 3' or 5' to it, without 
cleaving the complementary sequence, either because the 
enzyme only cleaves one strand or because of the incorpora 
tion of the substituted nucleotides. Suitable recognition site/ 
endonuclease pairs are well known in the art; Suitable endo 
nucleases include, but are not limited to, HincII, HindII, Aval, 
Fnu4HI. TthIIII, NcII, BstXI, BamHI, etc. A chart depicting 
Suitable enzymes, and their corresponding recognition sites 
and the modified dNTP to use is found in U.S. Pat. No. 
5,455,166, hereby expressly incorporated by reference. 
Once nicked, a polymerase (an "SDA polymerase') is used 

to extend the newly nicked strand, 5'-->3', thereby creating 
another newly synthesized strand. The polymerase chosen 
should be able to intiate 5'-->3' polymerization at a nick site, 
should also displace the polymerized strand downstream 
from the nick, and should lack 5'-->3' exonuclease activity 
(this may be additionally accomplished by the addition of a 
blocking agent). Thus, Suitable polymerases in SDA include, 
but are not limited to, the Klenow fragment of DNA poly 
merase I, SEQUENASE 1.0 and SEQUENASE 2.0 (U.S. 
Biochemical), T5 DNA polymerase and Phi29 DNA poly 
CaS. 

Accordingly, the SDA reaction requires, in no particular 
order, an SDA primer, an SDA polymerase, a nicking endo 
nuclease, and dNTPs, at least one species of which is modi 
fied. Again, as outlined above for PCR, preferred embodi 
ments utilize capture probes complementary to the newly 
synthesized portion of the primer, rather than the primer 
region, to allow unextended primers to be removed. 
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In general, SDA does not require thermocycling. The tem 
perature of the reaction is generally set to be high enough to 
prevent non-specific hybridization but low enough to allow 
specific hybridization; this is generally from about 37° C. to 
about 42°C., depending on the enzymes. 

In a preferred embodiment, as for most of the amplification 
techniques described herein, a second amplification reaction 
can be done using the complementary target sequence, result 
ing in a Substantial increase in amplification during a set 
period of time. That is, a second primer nucleic acid is hybrid 
ized to a second target sequence, that is Substantially comple 
mentary to the first target sequence, to form a second hybrid 
ization complex. The addition of the enzyme, followed by 
disassociation of the second hybridization complex, results in 
the generation of a number of newly synthesized second 
Strands. 
Nucleic Acid Sequence Based Amplification (NASBA) and 
Transcription Mediated Amplification (TMA) 

In a preferred embodiment, the target amplification tech 
nique is nucleic acid sequence based amplification (NASBA). 
NASBA is generally described in U.S. Pat. No. 5,409,818; 
Sooknanan et al., Nucleic Acid Sequence-Based Amplifica 
tion, Ch. 12 (pp. 261-285) of Molecular Methods for Virus 
Detection, Academic Press, 1995; and “Profiting from Gene 
based Diagnostics', CTB International Publishing Inc., N.J., 
1996, all of which are incorporated by reference. NASBA is 
very similar to both TMA and QBR. Transcription mediated 
amplification (TMA) is generally described in U.S. Pat. Nos. 
5,399,491, 5,888,779, 5,705,365, 5,710,029, all of which are 
incorporated by reference. The main difference between 
NASBA and TMA is that NASBA utilizes the addition of 
RNAse H to effect RNA degradation, and TMA relies on 
inherent RNAse H activity of the reverse transcriptase. 

In general, these techniques may be described as follows. A 
single Stranded target nucleic acid, usually an RNA target 
sequence (sometimes referred to herein as “the first target 
sequence' or “the first template'), is contacted with a first 
primer, generally referred to herein as a “NASBA primer' 
(although "TMA primer' is also suitable). Starting with a 
DNA target sequence is described below. These primers gen 
erally have a length of 25-100 nucleotides, with NASBA 
primers of approximately 50-75 nucleotides being preferred. 
The first primer is preferably a DNA primer that has at its 3' 
end a sequence that is substantially complementary to the 3' 
end of the first template. The first primer also has an RNA 
polymerase promoter at its 5' end (or its complement (anti 
sense), depending on the configuration of the system). The 
first primer is then hybridized to the first template to form a 
first hybridization complex. The reaction mixture also 
includes a reverse transcriptase enzyme (an "NASBA reverse 
transcriptase') and a mixture of the four dNTPs, such that the 
first NASBA primer is modified, i.e. extended, to form a 
modified first primer, comprising a hybridization complex of 
RNA (the first template) and DNA (the newly synthesized 
Strand). 
By “reverse transcriptase' or “RNA-directed DNA poly 

merase herein is meant an enzyme capable of synthesizing 
DNA from a DNA primer and an RNA template. Suitable 
RNA-directed DNA polymerases include, but are not limited 
to, avian myloblastosis virus reverse transcriptase (AMV 
RT) and the Moloney murine leukemia virus RT. When the 
amplification reaction is TMA, the reverse transcriptase 
enzyme further comprises a RNA degrading activity as out 
lined below. 

In addition to the components listed above, the NASBA 
reaction also includes an RNA degrading enzyme, also some 
times referred to herein as a ribonuclease, that will hydrolyze 
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RNA of an RNA:DNA hybrid without hydrolyzing single- or 
double-stranded RNA or DNA. Suitable ribonucleases 
include, but are not limited to, RNase H from E. coli and calf 
thymus. 
The ribonuclease activity degrades the first RNA template 

in the hybridization complex, resulting in a disassociation of 
the hybridization complex leaving a first single stranded 
newly synthesized DNA strand, sometimes referred to herein 
as “the second template”. 

In addition, the NASBA reaction also includes a second 
NASBA primer, generally comprising DNA (although as for 
all the probes herein, including primers, nucleic acid analogs 
may also be used). This second NASBA primer has a 
sequence at its 3' end that is Substantially complementary to 
the 3' end of the second template, and also contains an anti 
sense sequence for a functional promoter and the antisense 
sequence of a transcription initiation site. Thus, this primer 
sequence, when used as a template for synthesis of the third 
DNA template, contains sufficient information to allow spe 
cific and efficient binding of an RNA polymerase and initia 
tion of transcription at the desired site. Preferred embodi 
ments utilizes the antisense promoter and transcription 
initiation site are that of the T7 RNA polymerase, although 
other RNA polymerase promoters and initiation sites can be 
used as well, as outlined below. 
The second primer hybridizes to the second template, and 

a DNA polymerase, also termed a “DNA-directed DNA poly 
merase', also present in the reaction, synthesizes a third tem 
plate (a second newly synthesized DNA strand), resulting in 
second hybridization complex comprising two newly synthe 
sized DNA strands. 

Finally, the inclusion of an RNA polymerase and the 
required four ribonucleoside triphosphates (ribonucleotides 
or NTPs) results in the synthesis of an RNA strand (a third 
newly synthesized strand that is essentially the same as the 
first template). The RNA polymerase, sometimes referred to 
hereinas a “DNA-directed RNA polymerase', recognizes the 
promoter and specifically initiates RNA synthesis at the ini 
tiation site. In addition, the RNA polymerase preferably syn 
thesizes several copies of RNA per DNA duplex. Preferred 
RNA polymerases include, but are not limited to, T7 RNA 
polymerase, and other bacteriophage RNA polymerases 
including those of phage T3, phage (pl. Salmonella phage 
sp6, or Pseudomonase phage gh-1. 

In some embodiments, TMA and NASBA are used with 
starting DNA target sequences. In this embodiment, it is 
necessary to utilize the first primer comprising the RNA poly 
merase promoter and a DNA polymerase enzyme to generate 
a double stranded DNA hybrid with the newly synthesized 
Strand comprising the promoter sequence. The hybrid is then 
denatured and the second primer added. 

Accordingly, the NASBA reaction requires, in no particu 
lar order, a first NASBA primer, a second NASBA primer 
comprising an antisense sequence of an RNA polymerase 
promoter, an RNA polymerase that recognizes the promoter, 
a reverse transcriptase, a DNA polymerase, an RNA degrad 
ing enzyme, NTPs and dNTPs, in addition to the detection 
components outlined below. 

These components result in a single starting RNA template 
generating a single DNA duplex; however, since this DNA 
duplex results in the creation of multiple RNA strands, which 
can then be used to initiate the reaction again, amplification 
proceeds rapidly. 

Accordingly, the TMA reaction requires, in no particular 
order, a first TMA primer, a second TMA primer comprising 
an antisense sequence of an RNA polymerase promoter, an 
RNA polymerase that recognizes the promoter, a reverse tran 
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scriptase with RNA degrading activity, a DNA polymerase, 
NTPs and dNTPs, in addition to the detection components 
outlined below. 

These components result in a single starting RNA template 
generating a single DNA duplex; however, since this DNA 5 
duplex results in the creation of multiple RNA strands, which 
can then be used to initiate the reaction again, amplification 
proceeds rapidly. 
As outlined herein, the detection of the newly synthesized 

Strands can proceed in several ways. Direct detection can be 10 
done when the newly synthesized strands comprise detect 
able labels, either by incorporation into the primers or by 
incorporation of modified labelled nucleotides into the grow 
ing strand. Alternatively, as is more fully outlined below, 
indirect detection of unlabelled strands (which now serve as 15 
“targets' in the detection mode) can occur using a variety of 
sandwich assay configurations. As will be appreciated by 
those in the art, any of the newly synthesized strands can serve 
as the “target for forman assay complex on a Surface with a 
capture probe. In NASBA and TMA, it is preferable to utilize 20 
the newly formed RNA strands as the target, as this is where 
significant amplification occurs. 

In this way, a number of secondary target molecules are 
made. As is more fully outlined below, these reactions (that is, 
the products of these reactions) can be detected in a number of 25 
ways. 
Rolling-Circle Amplification (RCA) 

In a preferred embodiment the signal amplification tech 
nique is RCA. Rolling-circle amplification is generally 
described in Baner et al. (1998) Nuc. Acids Res. 26:5073- 30 
5078; Barany, F. (1991) Proc. Natl. Acad. Sci. USA 88:189 
193; and Lizardi et al. (1998) Nat. Genet. 19:225-232, all of 
which are incorporated by reference in their entirety. 

In general, RCA may be described in two ways. First, as is 
outlined in more detail below, a single probe is hybridized 35 
with a target nucleic acid. Each terminus of the probe hybrid 
izes adjacently on the target nucleic acid and the OLA assay 
as described above occurs. Alternatively, two probes are 
hybridized with the target nucleic acid and the OLA assay as 
described above occurs. When ligated, the probe is circular- 40 
ized while hybridized to the target nucleic acid, or a circular 
primer is added to the ligated target nucleic acid complex. 
Addition of a polymerase results in extension of the circular 
probe. However, since the probe has no terminus, the poly 
merase continues to extend the probe repeatedly. Thus results 45 
in amplification of the circular probe. 
A second alternative approach involves OLA followed by 

RCA. In this embodiment, an immobilized primer is con 
tacted with a target nucleic acid. Complementary sequences 
will hybridize with each other resulting in an immobilized 50 
duplex. A second primer is contacted with the target nucleic 
acid. The second primer hybridizes to the target nucleic acid 
adjacent to the first primer. An OLA assay is performed as 
described above. Ligation only occurs if the primer are 
complementary to the target nucleic acid. When a mismatch 55 
occurs, particularly at one of the nucleotides to be ligated, 
ligation will not occur. Following ligation of the oligonucle 
otides, the ligated, immobilized, oligonucleotide is then 
hybridized with an RCA probe. This is a circular probe that is 
designed to specifically hybridize with the ligated oligonucle- 60 
otide and will only hybridize with an oligonucleotide that has 
undergone ligation. RCA is then performed as is outlined in 
more detail below. 

Accordingly, in an preferred embodiment, a single oligo 
nucleotide is used both for OLA and as the circular template 65 
for RCA (referred to herein as a “padlock probe' or a “RCA 
probe'). That is, each terminus of the oligonucleotide con 

44 
tains sequence complementary to the target nucleic acid and 
functions as an OLA primer as described above. That is, the 
first end of the RCA probe is substantially complementary to 
a first target domain, and the second end of the RCA probe is 
Substantially complementary to a second target domain, adja 
cent to the first domain. Hybridization of the oligonucleotide 
to the target nucleic acid results in the formation of a hybrid 
ization complex. Ligation of the “primers' (which are the 
discrete ends of a single oligonucleotide) results in the for 
mation of a modified hybridization complex containing a 
circular probe i.e. an RCA template complex. That is, the 
oligonucleotide is circularized while still hybridized with the 
target nucleic acid. This serves as a circular template for 
RCA. Addition of a polymerase to the RCA template complex 
results in the formation of an amplified product nucleic acid. 
Following RCA, the amplified product nucleic acid is 
detected. This can be accomplished in a variety of ways; for 
example, the polymerase may incorporate labeled nucle 
otides, or alternatively, a label probe is used that is substan 
tially complementary to a portion of the RCA probe and 
comprises at least one label is used. 
The polymerase can be any polymerase, but is preferably 

one lacking 3' exonuclease activity (3' exo). Examples of 
suitable polymerase include but are not limited to exonu 
clease minus DNA Polymerase I large (Klenow) Fragment, 
Phi29 DNA polymerase, Taq DNA Polymerase and the like. 
In addition, in some embodiments, a polymerase that will 
replicate single-stranded DNA (i.e. without a primer forming 
a double stranded section) can be used. 

In a preferred embodiment, the RCA probe contains an 
adapter sequence as outlined herein, with adapter capture 
probes on the array, for example on a microsphere when 
microsphere arrays are being used. Alternatively, unique por 
tions of the RCA probes, for example all or part of the 
sequence corresponding to the target sequence, can be used to 
bind to a capture probe. 

In a preferred embodiment, the padlock probe contains a 
restriction site. The restriction endonuclease site allows for 
cleavage of the long concatamers that are typically the result 
of RCA into smaller individual units that hybridize either 
more efficiently or faster to surface bound capture probes. 
Thus, following RCA, the product nucleic acid is contacted 
with the appropriate restriction endonuclease. This results in 
cleavage of the product nucleic acid into Smaller fragments. 
The fragments are then hybridized with the capture probe that 
is immobilized resulting in a concentration of product frag 
ments onto the microsphere. Again, as outlined herein, these 
fragments can be detected in one of two ways: either labelled 
nucleotides are incorporated during the replication step, oran 
additional label probe is added. 

Thus, in a preferred embodiment, the padlock probe com 
prises a label sequence; i.e. a sequence that can be used to 
bind label probes and is substantially complementary to a 
label probe. In one embodiment, it is possible to use the same 
label sequence and label probe for all padlock probes on an 
array; alternatively, each padlock probe can have a different 
label sequence. 
The padlock probe also contains a priming site for priming 

the RCA reaction. That is, each padlock probe comprises a 
sequence to which a primer nucleic acid hybridizes forming a 
template for the polymerase. The primer can be found in any 
portion of the circular probe. In a preferred embodiment, the 
primer is located at a discrete site in the probe. In this embodi 
ment, the primer site in each distinct padlock probe is iden 
tical, although this is not required. Advantages of using 
primer sites with identical sequences include the ability to use 
only a single primer oligonucleotide to prime the RCA assay 
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with a plurality of different hybridization complexes. That is, 
the padlock probe hybridizes uniquely to the target nucleic 
acid to which it is designed. A single primer hybridizes to all 
of the unique hybridization complexes forming a priming site 
for the polymerase. RCA then proceeds from an identical 
locus within each unique padlock probe of the hybridization 
complexes. 

In an alternative embodiment, the primer site can overlap, 
encompass, or reside within any of the above-described ele 
ments of the padlock probe. That is, the primer can be found, 
for example, overlapping or within the restriction site or the 
identifier sequence. In this embodiment, it is necessary that 
the primer nucleic acid is designed to base pair with the 
chosen primer site. 

Thus, the padlock probe of the invention contains at each 
terminus, sequences corresponding to OLA primers. The 
intervening sequence of the padlock probe contain in no 
particular order, an adapter sequence and a restriction endo 
nuclease site. In addition, the padlock probe contains a RCA 
priming site. 

Thus, in a preferred embodiment the OLA/RCA is per 
formed in solution followed by restriction endonuclease 
cleavage of the RCA product. The cleaved product is then 
applied to an array comprising beads, each bead comprising a 
probe complementary to the adapter sequence located in the 
padlock probe. The amplified adapter sequence correlates 
with a particular target nucleic acid. Thus the incorporation of 
an endonuclease site allows the generation of short, easily 
hybridizable sequences. Furthermore, the unique adapter 
sequence in each rolling circle padlock probe sequence 
allows diverse sets of nucleic acid sequences to be analyzed in 
parallel on an array, since each sequence is resolved on the 
basis of hybridization specificity. 

In an alternative OLA/RCA method, one of the OLA prim 
ers is immobilized on the microsphere; the second primer is 
added in solution. Both primers hybridize with the target 
nucleic acid forming a hybridization complex as described 
above for the OLA assay. 
As described herein, the microsphere is distributed on an 

array. In a preferred embodiment, a plurality of microspheres 
each with a unique OLA primer is distributed on the array. 

Following the OLA assay, and either before, after or con 
currently with distribution of the beads on the array, a seg 
ment of circular DNA is hybridized to the bead-based ligated 
oligonucleotide forming a modified hybridization complex. 
Addition of an appropriate polymerase (3' exo), as is known 
in the art, and corresponding reaction buffer to the array leads 
to amplification of the circular DNA. Since there is no termi 
nus to the circular DNA, the polymerase continues to travel 
around the circular template generating extension product 
until it detaches from the template. Thus, a polymerase with 
high processivity can create several hundred or thousand 
copies of the circular template with all the copies linked in 
one contiguous Strand. 

Again, these copies are Subsequently detected by one of 
two methods; either hybridizing a labeled oligo complemen 
tary to the circular target or via the incorporation of labeled 
nucleotides in the amplification reaction. The label is detected 
using conventional label detection methods as described 
herein. 

In one embodiment, when the circular DNA contains 
sequences complementary to the ligated oligonucleotide it is 
preferable to remove the target DNA prior to contacting the 
ligated oligonucleotide with the circular DNA (See FIG. 7). 
This is done by denaturing the double-stranded DNA by 
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methods known in the art. In an alternative embodiment, the 
double stranded DNA is not denatured prior to contacting the 
circular DNA. 

In an alternative embodiment, when the circular DNA con 
tains sequences complementary to the target nucleic acid, it is 
preferable that the circular DNA is complementary at a site 
distinct from the site bound to the ligated oligonucleotide. In 
this embodiment it is preferred that the duplex between the 
ligated oligonucleotide and target nucleic acid is not dena 
tured or disrupted prior to the addition of the circular DNA so 
that the target DNA remains immobilized to the bead. 

Hybridization and washing conditions are well known in 
the art; various degrees of stringency can be used. In some 
embodiments it is not necessary to use Stringent hybridization 
or washing conditions as only microspheres containing the 
ligated probes will effectively hybridize with the circular 
DNA; microspheres bound to DNA that did not undergo 
ligation (those without the appropriate target nucleic acid) 
will not hybridize as strongly with the circular DNA as those 
primers that were ligated. Thus, hybridization and/or washing 
conditions are used that discriminate between binding of the 
circular DNA to the ligated primer and the unligated primer. 

Alternatively, when the circular probe is designed to 
hybridize to the target nucleic acid at a site distinct from the 
site bound to the ligated oligonucleotide, hybridization and 
washing conditions are used to remove or dissociate the target 
nucleic acid from unligated oligonucleotides while target 
nucleic acid hybridizing with the ligated oligonucleotides 
will remain bound to the beads. In this embodiment, the 
circular probe only hybridizes to the target nucleic acid when 
the target nucleic acid is hybridized with a ligated oligonucle 
otide that is immobilized on a bead. 
As is well known in the art, an appropriate polymerase (3' 

exo) is added to the array. The polymerase extends the 
sequence of a single-stranded DNA using double-stranded 
DNA as a primer site. In one embodiment, the circular DNA 
that has hybridized with the appropriate OLA reaction prod 
uct serves as the primer for the polymerase. In the presence of 
an appropriate reaction buffer as is known in the art, the 
polymerase will extend the sequence of the primer using the 
single-stranded circular DNA as a template. As there is no 
terminus of the circular DNA, the polymerase will continue to 
extend the sequence of the circular DNA. In an alternative 
embodiment, the RCA probe comprises a discrete primer site 
located within the circular probe. Hybridization of primer 
nucleic acids to this primer site forms the polymerase tem 
plate allowing RCA to proceed. 

In a preferred embodiment, the polymerase creates more 
than 100 copies of the circular DNA. In more preferred 
embodiments the polymerase creates more than 1000 copies 
of the circular DNA; while in a most preferred embodiment 
the polymerase creates more than 10,000 copies or more than 
50,000 copies of the template. 
The amplified circular DNA sequence is then detected by 

methods known in the art and as described herein. Detection 
is accomplished by hybridizing with a labeled probe. The 
probe is labeled directly or indirectly. Alternatively, labeled 
nucleotides are incorporated into the amplified circular DNA 
product. The nucleotides can be labeled directly, or indirectly 
as is further described herein. 
The RCA as described herein finds use in allowing highly 

specific and highly sensitive detection of nucleic acid target 
sequences. In particular, the method finds use in improving 
the multiplexing ability of DNA arrays and eliminating costly 
sample or target preparation. As an example, a Substantial 
savings in cost can be realized by directly analyzing genomic 
DNA on an array, rather than employing an intermediate PCR 
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amplification step. The method finds use in examining 
genomic DNA and other samples including mRNA. 

In addition the RCA finds use in allowing rolling circle 
amplification products to be easily detected by hybridization 
to probes in a solid-phase format (e.g. an array of beads). An 
additional advantage of the RCA is that it provides the capa 
bility of multiplex analysis so that large numbers of 
sequences can be analyzed in parallel. By combining the 
sensitivity of RCA and parallel detection on arrays, many 
sequences can be analyzed directly from genomic DNA. 

In an alternative embodiment, the OLA assay includes 
employing a standard Solution phase OLA assay using 
adapter sequences to capture the OLA product. In this case, 
the allele specific oligonucleotides also contain a sequence 
that is complementary to a circular RCA primer that is indica 
tive of the respective allele. That is, the OLA primer designed 
to hybridize to one allele contains a specific sequence for 
hybridization to a specific RCA primer. Likewise, the OLA 
primer designed to hybridize to the second allele contains a 
specific sequence for hybridization to a second specific RCA 
primer. Following OLA and capture of the OLA product, both 
RCA primers are hybridized with the OLA product, but only 
the RCA primer that is complementary to the respective RCA 
primer site will hybridize with that site. An RCA assay is 
performed and the product detected as described herein. The 
RCA product is an indication of the presence of a particular 
allele. 

In one embodiment RCA is used to amplify cDNA. As is 
known in the art, cDNA is obtained by reverse transcription of 
mRNA. The resulting cDNA, therefore is a representation of 
the mRNA population in a given sample. Accordingly, it is 
desirable to examine cDNA to gain insight into the relative 
level of mRNA of a sample. However, frequently there exists 
a need to amplify the cDNA in order to obtain sufficient 
quantities for various analyses. Previously, amplification 
strategies involved exponential techniques such as PCR. A 
potential problem with exponential amplification is that it 
occasionally results in distorted mRNA profiles. Given the 
desire to examine mRNA populations, which provide an indi 
cation of the expression level of different gene products, there 
is a desire to develop amplification techniques that provide a 
more accurate indication of the mRNA levels in a sample. 

Accordingly, the present invention provides a method of 
amplifying cDNA using the RCA as described herein. In a 
preferred embodiment, the method includes circularizing the 
cDNA and amplifying the circularized substrate with a DNA 
polymerase. In a preferred embodiment the cDNA is circu 
larized by hybridization with a “guide linker. By “guide 
linker is meant an oligonucleotide that is complementary to 
the 5' and 3' termini of the cDNA molecule. Generally, the 5' 
terminus of a cDNA molecule contains a poly-T track. In 
addition, the 3' terminus of cDNA frequently contains mul 
tiple C nucleotides. Generally three or four C nucleotides are 
added to the 3' terminus of the cDNA. Without being bound 
by theory, it is thought that these Cs are a result of non 
template mediated addition of the C nucleotides to the 3' 
terminus by the DNA Polymerase. Accordingly, in a preferred 
embodiment the guide linker contains a plurality of A nucle 
otides at one terminus and a plurality of G nucleotides at the 
other terminus. That is, it contains at its 5' terminus a plurality 
of G nucleotides and at its 3' terminus a plurality of A nucle 
otides. A preferred guide linker contains the sequence 
GGGAAAA, although it could contain more or fewer Gs or 
As at each of the respective termini. 
Upon hybridization of the guide linker with the cDNA, the 

circular cDNA is covalently closed following incubation with 
ligase. That is, incubation with ligase results in covalent 
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attachment of the 5'T and 3'C of the cDNA). The circular 
cDNA/guide linker complex is then contacted with a DNA 
polymerase that extends the circular template as described 
herein. The cDNA/guide linker complex serves as a template 
for the polymerase. This results in linear amplification of the 
cDNA and results in a population of cDNA that is represen 
tative of the mRNA levels of a sample. That is, the amplified 
cDNA provides an indication of the gene expression level of 
a sample. In addition, the amplified products represent full 
length cDNAs as a result of selection with a guide linker that 
contains a poly-T tract and a poly-G tract. 
As described herein, in some embodiments labeled nucle 

otides are incorporated into the amplified cDNA product. 
This results in linear amplification of the signal. 
The amplified cDNA product finds use in a variety of 

assays including gene expression analysis. The amplified 
products find use as probes that can be applied to an array as 
described herein. 
Cycling Probe Technology (CPT 

Cycling probe technology (CPT) is a nucleic acid detection 
system based on signal or probe amplification rather than 
target amplification, such as is done in polymerase chain 
reactions (PCR). Cycling probe technology relies on a molar 
excess of labeled probe which contains a Scissile linkage of 
RNA. Upon hybridization of the probe to the target, the result 
ing hybrid contains a portion of RNA:DNA. This area of 
RNA:DNA duplex is recognized by RNAseHand the RNA is 
excised, resulting in cleavage of the probe. The probe now 
consists of two smaller sequences which may be released, 
thus leaving the target intact for repeated rounds of the reac 
tion. The unreacted probe is removed and the label is then 
detected. CPT is generally described in U.S. Pat. Nos. 5,011, 
769, 5,403,711, 5,660.988, and 4,876,187, and PCT pub 
lished applications WO95/05480, WO95/1416, and WO 
95/00667, all of which are specifically incorporated herein by 
reference. 
Oligonucleotide Ligation Assay 
The oligonucleotide ligation assay (OLA; sometimes 

referred to as the ligation chain reaction (LCR)) involve the 
ligation of at least two smaller probes into a single long probe, 
using the target sequence as the template for the ligase. See 
generally U.S. Pat. Nos. 5,185.243, 5,679,524 and 5,573,907; 
EP 0320308 B1; EP 0 336 731 B1; EP 0439 182 B1; WO 
90/01069; WO 89/12696; and WO 89/09835, all of which are 
incorporated by reference. 
InvaderTM 

InvaderTM technology is based on structure-specific poly 
merases that cleave nucleic acids in a site-specific manner. 
Two probes are used: an “invader' probe and a “signaling 
probe, that adjacently hybridize to a target sequence with a 
non-complementary overlap. The enzyme cleaves at the over 
lap due to its recognition of the “tail, and releases the “tail 
with a label. This can then be detected. The InvaderTM tech 
nology is described in U.S. Pat. Nos. 5,846,717: 5,614.402; 
5,719,028: 5,541,311; and 5,843,669, all of which are hereby 
incorporated by reference. 
ICAN Amplification 
ICAN methodology is a preferred amplification method 

that includes hybridizing chimeric-primers composed of 
RNA (3' end) and DNA (5' end) and providing a DNA poly 
merase with strand displacement activity (BcaBESTTM DNA 
polymerase from Takara Shuzo Co., Ltd), which extends the 
primer forming a double stranded intermediate. Subse 
quently, a ribonuclease cleaves the junction of the DNA-RNA 
hybrid (RNase H). Subsequently, an additional chimeric 
primer hybridizes with the extension product or original tar 
get and displaces one strand of the double stranded interme 
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diate. This cycle is repeated thereby amplifying the target. 
Amplification is outlined in FIG. 12. In a preferred embodi 
ment ICAN method can be used to amplify specific regions of 
DNA at a constant temperature of 50 to 65° C. That is, the 
amplification is isothermal. 
SPIATM 

In a preferred embodiment, a linear amplification scheme 
known as ESPIA, or SPIA is applied. This amplification 
technique is disclosed in WO 01/20035A2 and U.S. Ser. No. 
6.251,639, which are incorporated by reference herein. Gen 
erally, the method includes hybridizing chimeric RNA/DNA 
amplification primers to the probes or target. Preferably the 
DNA portion of the probe is 3' to the RNA. Optionally the 
method includes hybridizing a polynucleotide comprising a 
termination polynucleotide sequence to a region of the tem 
plate that is 5' with respect to hybridization of the composite 
primer to the template. Following hybridization of the primer 
to the template, the primer is extended with DNA polymerase. 
Subsequently, the RNA is cleaved from the composite primer 
with an enzyme that cleaves RNA from an RNA/DNA hybrid. 
Subsequently, an additional RNA/DNA chimeric primer is 
hybridized to the template such that the first extended primer 
is displaced from the target probe. The extension reaction is 
repeated, whereby multiple copies of the probe sequence are 
generated. 
Amplicon Enrichment 

In this alternate method, following amplification, as 
described above, the amplicons are hybridized to a solid 
phase containing immobilized targets, i.e. genomic DNA or 
oligonucleotides corresponding to targeted SNPs. Preferably 
the amplification primers include universal primers, as 
described herein. In a preferred embodiment hybridization is 
performed at high temperatures such that only the desired 
PCR products (those that include or span the particular allele) 
are retained, while non-specific products or primer-dimers, 
which have a reduced Tm are removed by washing. That is, 
the notable difference between the Tms of specific products, 
which are preferably form 65 to 85°C., more preferably form 
70 to 80°C., and the Tms of the non-specific products, which 
is around from about 45-60° C., provides a separation win 
dow for controlling or discriminating between the two popu 
lations during hybridization and washing. 
The immobilized target can be any nucleic acid as 

described herein. Preferably the immobilized target is 
genomic DNA or oligonucleotides corresponding to particu 
lar SNPs. Alternatively, it could be pooled genomic DNA 
from a variety of sources or individually amplified products. 
Once the non-specific products have been removed, the 

retained PCR products may be detected. Alternatively, they 
may be additionally amplified. Alternatively, they may be 
used in any genotyping assays as are known in the art and 
described herein. 
Label 
By “detection label' or “detectable label herein is meanta 

moiety that allows detection. This may be a primary label or 
a secondary label. Accordingly, detection labels may be pri 
mary labels (i.e. directly detectable) or secondary labels (in 
directly detectable). 

In a preferred embodiment, the detection label is a primary 
label. A primary label is one that can be directly detected, 
Such as a fluorophore. In general, labels fall into three classes: 
a) isotopic labels, which may be radioactive or heavy iso 
topes; b) magnetic, electrical, thermal labels; and c) colored 
or luminescent dyes. Labels can also include enzymes (horse 
radish peroxidase, etc.) and magnetic particles. Preferred 
labels include chromophores orphosphors but are preferably 
fluorescent dyes. Suitable dyes for use in the invention 
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include, but are not limited to, fluorescent lanthanide com 
plexes, including those of Europium and Terbium, fluores 
cein, rhodamine, tetramethylrhodamine, eosin, erythrosin, 
coumarin, methyl-coumarins, quantum dots (also referred to 
as “nanocrystals”: see U.S. Ser. No. 09/315.584, hereby 
incorporated by reference), pyrene, Malacite green, Stilbene, 
Lucifer Yellow, Cascade BlueTM, Texas Red, Cy dyes (Cy3, 
Cy5, etc.), alexa dyes, phycoerythin, bodipy, and others 
described in the 6th Edition of the Molecular Probes Hand 
book by Richard P. Haugland, hereby expressly incorporated 
by reference. 

In a preferred embodiment, a secondary detectable label is 
used. A secondary label is one that is indirectly detected; for 
example, a secondary label can bind or react with a primary 
label for detection, can act on an additional product to gen 
erate a primary label (e.g. enzymes), or may allow the sepa 
ration of the compound comprising the secondary label from 
unlabeled materials, etc. Secondary labels find particular use 
in Systems requiring separation of labeled and unlabeled 
probes, such as SBE, OLA, invasive cleavage reactions, etc.; 
in addition, these techniques may be used with many of the 
other techniques described herein. Secondary labels include, 
but are not limited to, one of a binding partner pair, chemi 
cally modifiable moieties; nuclease inhibitors, enzymes Such 
as horseradish peroxidase, alkaline phosphatases, lucifi 
erases, etc. 

In a preferred embodiment, the secondary label is a binding 
partner pair. For example, the label may be a hapten or anti 
gen, which will bind its binding partner. In a preferred 
embodiment, the binding partner can be attached to a solid 
Support to allow separation of extended and non-extended 
primers. For example, suitable binding partner pairs include, 
but are not limited to: antigens (such as proteins (including 
peptides)) and antibodies (including fragments thereof 
(FAbs, etc.); proteins and Small molecules, including biotin/ 
streptavidin; enzymes and Substrates or inhibitors; other pro 
tein-protein interacting pairs; receptor-ligands; and carbohy 
drates and their binding partners. Nucleic acid nucleic acid 
binding proteins pairs are also useful. In general, the Smaller 
of the pair is attached to the NTP for incorporation into the 
primer. Preferred binding partner pairs include, but are not 
limited to, biotin (or imino-biotin) and streptavidin, digeoxi 
nin and Abs, and ProlinxTM reagents (see www.prolinx 
inc.com/ie4/home.hmtl). 

In a preferred embodiment, the binding partner pair com 
prises biotin orimino-biotin and streptavidin. Imino-biotin is 
particularly preferred as imino-biotin disassociates from 
streptavidin in pH 4.0 buffer while biotin requires harsh dena 
turants (e.g. 6 M guanidinium HCl, pH 1.5 or 90% formamide 
at 95° C). 

In a preferred embodiment, the binding partner pair com 
prises a primary detection label (for example, attached to the 
NTP and therefore to the extended primer) and an antibody 
that will specifically bind to the primary detection label. By 
“specifically bind herein is meant that the partners bind with 
specificity sufficient to differentiate between the pair and 
other components or contaminants of the system. The binding 
should be sufficient to remain bound under the conditions of 
the assay, including wash steps to remove non-specific bind 
ing. In some embodiments, the dissociation constants of the 
pair will be less than about 10-10 M', with less than 
about 10 to 10 M' being preferred and less than about 
107-10 M' being particularly preferred. 

In a preferred embodiment, the secondary label is a chemi 
cally modifiable moiety. In this embodiment, labels compris 
ing reactive functional groups are incorporated into the 
nucleic acid. The functional group can then be Subsequently 
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labeled with a primary label. Suitable functional groups 
include, but are not limited to, amino groups, carboxy groups, 
maleimide groups, oxo groups and thiol groups, with amino 
groups and thiol groups being particularly preferred. For 
example, primary labels containing amino groups can be 
attached to secondary labels comprising amino groups, for 
example using linkers as are known in the art; for example, 
homo- or hetero-bifunctional linkers as are well known (see 
1994 Pierce Chemical Company catalog, technical section on 
cross-linkers, pages 155-200, incorporated herein by refer 
ence). 

However, in this embodiment, the label is a secondary 
label, a purification tag, that can be used to capture the 
sequence comprising the tag onto a second solid Support 
Surface. 
The addition of the polymerase and the labeled dNTP are 

done under conditions to allow the formation of a modified 
first probe. The modified first probe is then added to a second 
Solid Support using the purification tag as outlined herein. 
Once immobilized, several reagents are adding to the 

modified probe. In a preferred embodiment, first and second 
universal probes are added, with a polymerase and dNTPs. 
such that the modified probe is amplified to form amplicons, 
which can then be detected on arrays as outlined below. While 
the figures are generally directed to PCR systems, other 
amplification systems can be used, as are generally outlined 
in Ser. No. 09/517,945, filed Mar. 3, 2000, Ser. No. 60/161, 
148, filed Oct. 22, 1999, Ser. No. 60/135,051, filed May 20, 
1999, Ser. No. 60/244,119, filed Oct. 26, 2000, Ser. No. 
09/556.463, filed Apr. 21, 2000, and Ser. No. 09/553,993, 
filed Apr. 20, 2000, all of which are expressly incorporated 
herein by reference. 
Combination Techniques 

Other preferred configurations of the system are shown in 
the figures. 

In one embodiment the target nucleic acid is first immobi 
lized. This is followed by a specificity step, i.e. allele specific 
extension (see FIG. 1) and amplification. That is, following 
immobilization of the target nucleic acids, the target nucleic 
acids are contacted with allele specific probes under stringent 
annealing conditions. Non-hybridized probes are removed by 
a stringent wash. Subsequently the hybridized probes or 
primers are contacted with an enzyme Such as a polymerase in 
the presence of labeled ddNTP (see FIG. 1) forming a modi 
fied primer. Preferably the label is a purification tag as 
described herein. The ddNTP is only incorporated into the 
primer that is perfectly complementary to the target nucleic 
acid. The modified primer is then eluted from the immobi 
lized target nucleic acid, and contacted with amplification 
primers to form amplicons. In one embodiment the eluted 
primer is purified by binding to a binding partner for the 
affinity tag. Then the purified and modified primer is con 
tacted with amplification primers for amplification, forming 
amplicons. The amplicons are then detected as an indication 
of the presence of the particular target nucleic acid. 

In a preferred embodiment, as shown in FIG. 1, the allele 
specific primer also includes an adapter sequence and prim 
ing sequences. That is, the primer includes from 5' to 3', and 
upstream amplification priming site, an adapter sequence, a 
downstream amplification priming site, and an allele specific 
sequence Priming sequences hybridize with amplification 
primers; the adapter sequence mediates attachment of the 
amplicons to a Support for Subsequent detection of amplicons. 
In preferred embodiments, as described herein, the priming 
sequences are universal priming sequences. This allows for 
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highly multiplexed amplification. In a preferred embodiment 
at least one of the universal priming sequences is specific for 
a particular allele. 
As shown in the figures, allele detection can proceed on a 

number of levels. In one embodiment adapters are distinct for 
the particular allele. Thus, following amplification of the 
adapter sequences, detection of the adapter provides identi 
fication of the particular allele to be detected. 

Alternatively, allele detection proceeds as a result of allele 
specific amplification. As shown in FIG. 1, at least one of the 
priming sequences on the primers for each allele is specific 
for a particular allele. Thus, following the specificity assay, 
one of the alleles will be identified. Following addition of the 
respective amplification primers, only one set of the primers 
will hybridize with the priming sequences. Thus, only one of 
the sets of primers will generate an amplicon. In a preferred 
embodiment, each of the sets of primers is labeled with dis 
tinct label. Because only one of the sets will be amplified, 
detection of a label provides an indication of the primer that 
was amplified. This, in turn identifies the nucleotide at the 
detection position. 

In an alternative embodiment the target nucleic acid is first 
contacted with a first target specific probe under stringent 
annealing conditions and a first extension reaction is per 
formed with either dNTPs or ddNTPS forming a first exten 
sion product (see FIG.2). The first target specific probe in this 
embodiment is either a locus specific probe or an allele spe 
cific probe. This step reduces the complexity of the sample. 
Subsequently the first extension product is contacted with a 
second probe that has the same sequence as a portion of the 
target sequence, i.e. the second probe is complementary to the 
extension product, and again can be either an allele specific 
probe or a locus specific probe. Following hybridization of 
the second probe, a second extension reaction is performed. 

In a preferred embodiment the primers for the first and 
second extension reaction also include amplification priming 
sites. Preferably the amplification priming sites are universal 
priming sites as described herein. Accordingly, the resulting 
extension product is amplified (the amplification component 
of the multiplexing scheme). The resulting double stranded 
product is then denatured and either of the Strands is used as 
a template for a single base extension (SBE) reaction as 
described in more detail below (the specificity component). 
In the SBE reaction, chain terminating nucleotides such as 
ddTNPs are used as substrates for the polymerase and are 
incorporated into a target probe that is hybridized to the single 
Stranded amplicon template adjacent to the interrogation 
position. Preferably the ddNTPs are labeled as described 
below. Preferably, the ddNTPs are discretely labeled such that 
they can be discriminated in the detection step. 

In an alternative embodiment a first biotinylated or other 
wise tagged probe is hybridized with a target nucleic acid and 
a first extension reaction is performed. The primer or probe is 
either an allele specific or locus specific probe. The extended 
product is then purified from the mixture by the tag. Again, 
this serves as the complexity reduction step. Subsequently, a 
second primer is hybridized to the first extension product and 
a second extension reaction is performed, preferably in an 
allele specific manner, i.e. with discriminatory probes that are 
specific for each allele. This represents the specificity step. 
Preferably, both of the primers used in the extension reactions 
contain universal priming sites. Thus, universal primers can 
be added for universal amplification of the extension products 
(the amplification component) (see FIG. 3). In a preferred 
embodiment, each allele specific primer includes a distinct 
amplification priming site. Thus, following allele discrimina 
tion, only one of the primers can be used for amplification, 
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resulting in allele specific amplification. Preferably the 
amplification primers contain discrete labels, which again 
allows for detection of which particular primers served as 
amplification templates. This, again, identifies the particular 
allele to be detected. In an additional preferred embodiment, 
at least one of the primers includes an adapter sequence as 
outlined below. 

In an alternative embodiment tagged, i.e. biotinylated, 
primers are hybridized with a target nucleic acid. Preferably 
the hybridization complex is immobilized. Either the target or 
the primer can be the immobilized component. After anneal 
ing, the immobilized complexes are washed to remove 
unbound nucleic acids. This is followed by an extension 
reaction. This is the complexity reduction component of the 
assay. Subsequently, the extended probe is removed via the 
purification tag. The purified probe is then hybridized with 
allele specific probes (the specificity component). The 
hybridized probes are then amplified (the amplification com 
ponent) (see FIG. 4). 

In a preferred embodiment the allele specific probe con 
tains universal priming sites and an adapter sequence. Pref 
erably the universal priming sites are specific for a particular 
allele. That is, one of the universal priming sites may be 
common to all alleles, but the second universal priming site is 
specific for a particular allele. Following hybridization the 
allele specific primer, the complexes are washed to remove 
unbound or mismatched primers. Thus, this configuration 
allows for allele specific amplification. Amplicons are 
detected as an indication of the presence of a particular allele. 

In an alternative embodiment, the specificity component 
occurs first, In this embodiment allele specific probes are 
hybridized with the target nucleic acid; an extension assay is 
performed whereby only the perfectly complementary probe 
is extended. That is, only the probe that is perfectly comple 
mentary to the probe at the interrogation position serves as a 
substrate for extension reaction. Preferably the extension 
reaction includes tagged, i.e. biotinylated, dNTPs such that 
the extension product is tagged. The extension product is then 
purified from the reaction mixture. Subsequently, a second 
allele specific primer is hybridized to the extension product. 
This step also serves as a second specificity step. In this 
embodiment the specificity steps also serve as complexity 
reduction components in that they enrich for target nucleic 
acids. Following the addition of the second allele specific 
primer and extension, the extension product is amplified, 
preferably with universal primers (see FIG. 5). 

as discussed previously, it is preferably for the at least one 
allele specific primer to contain an allele specific priming site, 
preferably an allele specific universal priming site. Again, this 
configuration allows for multiplexed allele specific amplifi 
cation using universal primers. 

In an alternative embodiment, the target nucleic acid is first 
immobilized and hybridized with allele specific primers. 
Preferably the allele specific primers also include an adapter 
sequence that is indicative of the particular allele. Allele 
specific extension is then performed whereby only the primer 
that is perfectly complementary to the detection position of 
the target nucleic acid will serve as a template for primer 
extension. That is, mismatched primers will not be extended. 
Of note, the allele specific position of the primer need not be 
the 3' terminal nucleotide of the primer (see FIGS. 7 and 8). 
That is, the primer may extend beyond the detection position 
of the target nucleic acid. In this embodiment it is preferable 
to include labeled dNTPs or ddNTPs or both Such that the 
extension product is labeled and can be detected. 

In a preferred embodiment both dNTPs and ddNTPs are 
included in the extension reaction mixture. In this embodi 
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ment only one label is needed, and the amount of label can be 
determined and altered by varying the relative concentration 
of labeled and unlabeled dTNPs and ddNTPs. That is, in one 
embodiment labeled ddNTPs are included in the extension 
mix at a dilution such that each termination will result in 
placement of single label on each Strand. Thus, this method 
allows for quantification of targets. Alternatively, if a higher 
signal is needed, a mixture of labeled dNTPs can be used 
along with chain terminating nucleotides at a lower concen 
tration. The result is the incorporation of multiple labels per 
extension product. Preferably the primers also include adapt 
ers which facilitate immobilization of the extension products 
for detection. 

In an additional preferred configuration, target nucleic 
acids are hybridized with tagged locus specific primers. Pref 
erably the primer includes a locus specific portion and a 
universal priming site. Of note, as is generally true for locus 
specific primers, they need not be immediately adjacent to the 
detection position. Upon hybridization, the hybridization 
complexes are immobilized, preferably by binding moiety 
that specifically binds the tag on the locus specific primer. The 
immobilized complexes are thenwashed to remove unlabeled 
nucleic acids; the remaining hybridization complexes are 
then Subject to an extension reaction. Following extension of 
the locus specific primer, a nucleotide complementary to the 
nucleotide at the detection position will be incorporated into 
the extension product. In some embodiments it is desirable to 
limit the size of the extension because this reduces the com 
plexity of Subsequent annealing steps. This may be accom 
plished by including both dNTPs and ddNTPs in the reaction 
mixture. 

Following the first extension, a second locus or allele spe 
cific primer is hybridized to the immobilized extension prod 
uct and a second extension reaction occurs. Preferably the 
second extension primer includes a target specific portion and 
a universal priming site. After extension, universal amplifi 
cation primers can be added to the reaction and the extension 
products amplified. The amplicons can then be used for detec 
tion of the particular allele. This can be accomplished by 
competitive hybridization, as described herein. Alternatively, 
it can be accomplished by an additional extension reaction. 
When the extension reaction is performed, preferably a 
primer that contains an adapter sequence and a target specific 
portion is hybridized with the amplicons. Preferably the tar 
get specific portion hybridizes up to a position that is adjacent 
to the detection position, i.e. the particular allele to be 
detected. Polymerase and labeled ddNTPs are then added and 
the extension reaction proceeds, whereby incorporation of a 
particular label is indicative of the nucleotide that is incorpo 
rated into the extension primer. This nucleotide is comple 
mentary to the nucleotide at the detection position. Thus, 
analyzing or detecting which nucleotide is incorporated into 
the primer provides an indication of the nucleotide at the 
allele position. The extended primer is detected by methods 
that include but are not limited to the methods described 
herein. 

In another embodiment, the genotyping specificity is con 
ferred by the extension reaction. In this embodiment, two 
probes (sometimes referred to herein as “primers') are 
hybridized non-contiguously to a target sequence compris 
ing, from 3' to 5', a first second and third target domain. 
Preferably the target is immobilized. That is, in a preferred 
embodiment, the target sequence is genomic DNA and is 
attached to a solid Support as is generally described in U.S. 
Ser. No. 09/931,285, hereby expressly incorporated by refer 
ence in its entirety. In this embodiment, magnetic beads, tubes 
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or microtiter plates are particularly preferred Solid Supports, 
although other solid supports as described below can also be 
used. 

The first probe hybridized to the first domain, contains a 
first universal priming sequence and contains, at the 3' end 
(within the terminal six bases), an interrogation position. 
Subsequently, the unhybridized primers are removed. This is 
followed by providing an extension enzyme Such as a poly 
merase, and NTPs (which includes both dNTPs, NTPs and 
analogs, as outlined below). If the interrogation position is 
perfectly complementary to the detection position of the tar 
get sequence, the extension enzyme will extend through the 
second target domain to form an extended first probe, ending 
at the beginning of the third domain, to which the second 
probe is hybridized. A second probe is complementary to the 
third target domain, and upon addition of a ligase, the 
extended first probe will ligate to the second probe. The 
addition of a primer allows amplification to form amplicons. 
If the second probe comprises an antisense second primer, 
exponential amplification may occur, Such as in PCR. Simi 
larly, one or other of the probes may comprise an adapter or 
address sequence, which facilitates detection. For example, 
the adapter may serve to allow hybridization to a “universal 
array'. Alternatively, the adapter may serve as a mobility 
modifier for electrophoresis or mass spectrometry analysis, 
or as a label sequence for the attachment of labels or beads for 
flow cytometry analysis. 

In another embodiment, the reaction is similar except that 
it is the ligation reaction that provides the detection position/ 
interrogation specificity. In this embodiment, it is the second 
probe that comprises a 5' interrogation position. The extended 
first probe will not be ligated to the second probe if there is a 
mismatch between the interrogation position and the target 
sequence. As above, the addition of a primer allows amplifi 
cation to form amplicons. If the second probe comprises an 
antisense second primer, exponential amplification may 
occur, such as in PCR. Similarly, one or other of the probes 
may comprise an adapter or address sequence, which facili 
tates detection. For example, the adapter may serve to allow 
hybridization to a “universal array'. Alternatively, the adapter 
may serve as a mobility modifier for electrophoresis or mass 
spectrometry analysis, or as a label sequence for the attach 
ment of labels or beads for flow cytometry analysis. 
Once prepared, and attached to a solid Support as required, 

the target sequence is used in genotyping reactions. It should 
be noted that while the discussion below focuses on certain 
assays, in general, for each reaction, each of these techniques 
may be used in a solution based assay, wherein the reaction is 
done in solution and a reaction product is bound to the array 
for Subsequent detection, or in Solid phase assays, where the 
reaction occurs on the Surface and is detected, either on the 
same Surface or a different one. 
The assay continues with the addition of a first probe. The 

first probe comprises, a 5' first domain comprising a first 
universal priming sequence. The universal priming sites are 
used to amplify the modified probes to form a plurality of 
amplicons that are then detected in a variety of ways, as 
outlined herein. In preferred embodiments, one of the univer 
sal priming sites is a T7 site, such that RNA is ultimately made 
to form the amplicon. Alternatively, as more fully outlined 
below, two universal priming sequences are used, one on the 
second probe generally in antisense orientation, such that 
PCR reactions or other exponential amplification reactions 
can be done. Alternatively, a single universal primer can be 
used for amplification. Linear amplification can be performed 
using the SPIA assay, T7 amplification, linear TMA and the 
like, as described herein. 
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The first probe further comprises, 3' to the priming 

sequence, a second domain comprising a sequence Substan 
tially complementary to the first target domain of the target 
sequence. Again, the second target domain comprises in 
nucleotides, wherein n is an integer of at least 1, and prefer 
ably from 1 to 100s, with from 1 to 10 being preferred and 
from 1, 2, 3, 4 and 5 being particularly preferred. What is 
important is that the first and third target domains are non 
contiguous, e.g. not adjacent. 

In a preferred embodiment, the first probe, further com 
prises, 3' to the second domain, an interrogation position 
within the 3' six terminal bases. As used herein, the base 
which basepairs with a detection position base in a hybrid is 
termed a “readout position” or an “interrogation position”: 
thus one or the other of the first or second probes of the 
invention comprise an interrogation position, as outlined 
herein. In some cases, when two SNP positions or detection 
positions are being elucidated, both the first and the second 
probes may comprise interrogation positions. 
When the first probe comprises the interrogation position, 

it falls within the six 3' terminal nucleotides, with within 
three, and preferably two, and most preferably it is the 3' 
terminal nucleotide. Alternatively, the first probe does not 
contain the interrogation position; rather the second probe 
does. This depends on whether the extension enzyme or the 
ligation enzyme is to confer the specificity required for the 
genotyping reaction. 

In addition to the first probes of the invention, the compo 
sitions of the invention further comprise a second probe for 
each target sequence. The second probes each comprise a first 
domain comprising a sequence Substantially complementary 
to the third target domain of a target sequence as outlined 
herein. 

In some embodiments, the second probes comprise a sec 
ond universal priming site. As outlined herein, the first and 
second probes can comprise two universal primers, one in 
each orientation, for use in PCR reactions or other amplifica 
tion reactions utilizing two primers. That is, as is known in the 
art, the orientation of primers is such to allow exponential 
amplification, Such that the first universal priming sequence is 
in the “sense' orientation and the second universal priming 
sequence is in the “antisense' orientation. 

In a preferred embodiment, it is the second probe that 
comprises the interrogation position. In this embodiment, the 
second probe comprises a 5' interrogation nucleotide, 
although in Some instances, depending on the ligase, the 
interrogation nucleotide may be within 1-3 bases of the 5' 
terminus. However, it is preferred that the interrogation base 
be the 5' base. 

In a preferred embodiment, either the first or second probe 
further comprises an adapter sequence, (sometimes referred 
to in the art as “zip codes') to allow the use of “universal 
arrays'. That is, arrays are generated that contain capture 
probes that are not target specific, but rather specific to indi 
vidual artificial adapter sequences. 

It should be noted that when two universal priming 
sequences and an adapter is used, the orientation of the con 
struct should be such that the adapter gets amplified; that is, 
the two universal priming sequences are generally at the 
termini of the amplification template, described below. 
The first and second probes are added to the target 

sequences to form a first hybridization complexes. The first 
hybridization complexes are contacted with a first universal 
primer that hybridizes to the first universal priming sequence, 
an extension enzyme and dNTPs. 

If it is the first probe that comprises the interrogation nucle 
otide, of the base at the interrogation position is perfectly 
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complementary with the base at the detection position, exten 
sion of the first primer occurs through the second target 
domain, stopping at the 5' of the second probe, to form 
extended first probes that are hybridized to the target 
sequence, forming second hybridization complexes. If, how 
ever, the base at the interrogation position is not perfectly 
complementary with the base at the detection position, exten 
sion of the first probe will not occur, and no Subsequent 
amplification or detection will occur. 

Extension of the enzyme will also occur if it is the second 
probe that comprises the interrogation position. 
Once extended, the extended first probe is adjacent to the 5' 

end of the second probe. In the case where the interrogation 
position was in the first probe, the two ends of the probes (the 
3' end of the first probe and the 5' end of the second probe) are 
respectively perfectly complementary to the target sequence 
at these positions, and the two probes can be ligated together 
with a Suitable ligase to form amplification templates. 

The conditions for carrying out the ligation will depend on 
the particular ligase used and will generally follow the manu 
facturer's recommendations. 

If, however, it is the second probe that carries the interro 
gation position at its 5' end, the base at the interrogation 
position must be perfectly complementary to the detection 
position in the target sequence to allow ligation. In the 
absence of perfect complementarity, no significant ligation 
will occur between the extended first probe and the second 
probe. 

It should be noted that the enzymes may be added sequen 
tially or simultaneously. If the target sequences are attached 
to a solid Support, washing steps may also be incorporated if 
required. 
The ligation of the extended first probe and the second 

probe results in an amplification template comprising at least 
one, and preferably two, universal primers and an optional 
adapter. Amplification can then be done, in a wide variety of 
ways. As will be appreciated by those in the art, there are a 
wide variety of Suitable amplification techniques requiring 
either one or two primers, as is generally outlined in U.S. Ser. 
No. 09/517,945, hereby expressly incorporated by reference. 
Detection Systems 

All of the methods and compositions herein are drawn to 
methods of detecting, quantifying and/or determining the 
base at the detection position of a target nucleic acid, gener 
ally by having differential reactions occur depending on the 
presence or absence of a mismatch. The reaction products are 
generally detected on arrays as is outlined herein, although a 
number of different detection methods may be used. 
As is more fully outlined below, preferred systems of the 

invention work as follows. An amplicon is attached (via 
hybridization) to an array site. This attachment is generally a 
direct hybridization between a adapter on the amplicon and a 
corresponding capture probe, although in some instances, the 
system can rely on indirect “sandwich complexes using cap 
ture extender probes as are known in the art. In a preferred 
embodiment, the target sequence (e.g. the amplicon) itself 
comprises the labels. Alternatively, a label probe is added, 
that will hybridize to a label sequence on the amplicon, form 
ing an assay complex. The capture probes of the array are 
substantially (and preferably perfectly) complementary to the 
adapter sequences. 
The terms length determination, separation-by-length 

assay, and separation-by-length assay medium are taken col 
lectively to mean a process and its related apparatus that 
achieves separation of DNA fragments on the basis of length, 
size, mass, or any other physical property. This includes gen 
erally, liquid chromatography, electrophoresis and direct 
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mass spectrometry; more particularly, high performance liq 
uid chromatography (HPLC) and capillary electrophoresis or 
gel electrophoresis, and MALDI-TOF MS respectively. 

Other detection assays or formats include classical con 
figurations such as the "dot-blot'. This method of hybridiza 
tion gained wide-spread use, and many versions were devel 
oped (see M. L. M. Anderson and B. D. Young, in Nucleic 
Acid Hybridization—A Practical Approach, B. D. Hames 
and S.J. Higgins, Eds. IRL Press, Washington D.C., Chapter 
4, pp. 73-111, 1985). The “dot blot” hybridization has been 
further developed for multiple analysis of genomic mutations 
(D. Nanibhushan and D. Rabin, in EPA 0228.075, Jul. 8, 1987) 
and for the detection of overlapping clones and the construc 
tion of genomic maps (G. A. Evans, in U.S. Pat. No. 5.219, 
726, Jun. 15, 1993). 

Another format, the so-called “sandwich hybridization, 
involves attaching oligonucleotide probes covalently to a 
Solid Support and using them to capture and detect multiple 
nucleic acid targets. (M. Ranki et al., Gene, 21, pp. 77-85, 
1983: A. M. Palva, T. M. Ranki, and H. E. Soderlund, in UK 
Patent Application GB 2156074A, Oct. 2, 1985; T. M. Ranki 
and H. E. Soderlund in U.S. Pat. No. 4,563,419, Jan. 7, 1986: 
A. D. B. Malcolm and J. A. Langdale, in PCTWO 86/03782, 
Jul. 3, 1986;Y. Stabinsky, in U.S. Pat. No. 4,751,177, Jan. 14, 
1988: T. H. Adams et al., in PCT WO 90/01564, Feb. 22, 
1990; R. B. Wallace et al. 6 Nucleic Acid Res. 11, p. 3543, 
1979; and B. J. Connor et al., 80 Proc. Natl. Acad. Sci. USA 
pp. 278-282, 1983). Multiplex versions of these formats are 
called “reverse dot blots’. 

In another approach of matrix hybridization, Beattie et al., 
in The 1992 San Diego Conference: Genetic Recognition, 
November, 1992, used a microrobotic system to deposit 
micro-droplets containing specific DNA sequences into indi 
vidual microfabricated Sample wells on a glass Substrate. The 
hybridization in each sample well is detected by interrogating 
miniature electrode test fixtures, which surround each indi 
vidual microwell with an alternating current (AC) electric 
field. 
One preferred aspect of the present invention is that it 

results in high-throughput screening capabilities. In the 
assays described herein, from a few up to millions of different 
tags identifying, e.g., SNPs, can be identified simultaneously. 
For example, using simple dot-blot hybridization methods, 
membranes with thousands of immobilized probes can be 
generated for screening against tags. The Solid-phase tech 
niques described below can be adapted to having literally 
millions of different immobilized nucleic acids per square 
inch. Similarly, very large sets of amplified DNAS, e.g. tags, 
can be immobilized on membranes for simultaneous screen 
ing against one or more sequence. 

In one embodiment, the identity of the amplification prod 
ucts are determined by detecting the molecular weights of the 
amplification product or a fragment thereof. Such as by chro 
matography or mass spectroscopy. 

For instance, the gross molecular weight of an amplifica 
tion productor a discrete fragment thereof can be detected. As 
set forth above, each member of a probe library (i.e., all of the 
probes in the reaction) has a unique molecular weight label 
based on the particular sequence of the tag. For instance, mass 
spectrometry can provide high detection sensitivity and accu 
racy of mass measurements that can discern between probes 
which, while identical in length, differ in sequence by only 
base. Thus, complex libraries can be constructed by calculat 
ing the overall molecular weight of each amplification prod 
uct to be detected by varying the G/C/A/T content in the tag 
sequence. In certain preferred embodiments, the nucleic acid 
sequence which is being detected includes, as its only vari 
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able sequence, the tag sequence and not the template homol 
ogy regions. Such fragments can be generated, for example, 
by including restriction sites that flank the tag sequence, or 
choosing the PCR primers such that only the tag sequence is 
the only variable region of the covalently closed circular 
product which is included in the amplification products. That 
being said, in those embodiments where the amplification 
product which is being detected also includes the template 
homology region(s), the calculation and design of the tag 
sequences will need to include the variability in the THRs as 
well in order to produce products having a unique molecular 
weight so as to be discernable from one another by mass 
spectroscopy or other detection means as may be chosen. 

Those skilled in the art will recognize that very simple 
algorithms can be used to calculate the molecular weights for 
each member of a library by varying the sequence of the tag, 
taking into account if necessary the sequences of the template 
homology regions. The molecular weight complexity of the 
tag can be increased by allowing the probes to vary in length 
as well sequence. 

In certain instances, the library can be deconvoluted by 
chromatographic techniques prior to detection by mass spec 
troscopy. For example, prior to introducing a sample into the 
spectrometer, the mixture can first be at least semi-purified. 
Separation procedures based on size (e.g. gel-filtration), Solu 
bility (e.g. isoelectric precipitation) or electric charge (e.g. 
electrophoresis, isoelectric focusing, ion exchange chroma 
tography) may be used to separate a mixture of amplimers. A 
preferred separation procedure is high performance liquid 
chromatography (HPLC). 

In certain embodiments, the amplification product can 
include an integrated mass label for multiplex sequencing. 
Multiplexing by mass modification in this case is obtained by 
mass-modifying the nucleic acid primer, e.g., at the level of 
the Sugar or base moiety. Such embodiments are most prac 
tical when amplification products are to be mixed for detec 
tion after the amplification step rather than before. 

Suitable mass spectrometry techniques for use in the 
present invention include DNA analyses of the present inven 
tion include collision-induced dissociation (CID) fragmenta 
tion analysis (e.g., CID in conjunction with a MS/MS con 
figuration, see Schram, K. (1990) “Mass Spectrometry of 
Nucleic Acid Components.” in Biomedical Applications of 
Mass Spectrometry 34:203-287; and Crain P. (1990) Mass 
Spectrometry Reviews 9:505-554); fast atomic bombardment 
(FAB mass spectrometry) and plasma desorption (PD mass 
spectrometry), see Koster et al. (1987) Biomedical Environ 
mental Mass Spectrometry 14:111-116; and electrospray/ 
ionspray (ES) and matrix-assisted laser desorption/ionization 
(MALDI) mass spectrometry (see Fennet al. (1984) J. Phys. 
Chem. 88:4451-4459, Smith et al. (1990) Anal. Chem. 
62:882-889, and Ardrey, B. (1992) Spectroscopy Europe 
4:10-18). MALDI mass spectrometry is particularly well 
suited to such analyses when a time-of-flight (TOF) configu 
ration is used as a mass analyzer (MALDI-TOF). See Inter 
national Publication No. WO 97/33000, published Sep. 12, 
1997, see also Huth-Fehre et al. (1992) Rapid Communica 
tions in Mass Spectrometry 6:209-213, and Williams et al. 
(1990) Rapid Communications in Mass Spectrometry 4:348 
351. 

Suitable mass spectrometry techniques for use in the mass 
tag analyses of the present invention include collision-in 
duced dissociation (CID) fragmentation analysis (e.g., CID in 
conjunction with a MS/MS configuration, see Schram, K. 
(1990) “Mass Spectrometry of Nucleic Acid Components.” in 
Biomedical Applications of Mass Spectrometry 34:203-287: 
and Crain P. (1990) Mass Spectrometry Reviews 9:505-554): 
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fast atomic bombardment (FAB mass spectrometry) and 
plasma desorption (PD mass spectrometry), see Koster et al. 
(1987 Biomedical Environmental Mass Spectrometry 
14:111-116; and electrospray/ionspray (ES) and matrix-as 
sisted laser desorption/ionization (MALDI) mass spectrom 
etry (see Fenn et al. (1984) J. Phys. Chem. 88:4451-4459, 
Smith et al. (1990) Anal. Chem. 62:882-889, and Ardrey, B. 
(1992) Spectroscopy Europe 4:10-18). MALDI mass spec 
trometry is particularly well Suited to Such analyses when a 
time-of-flight (TOF) configuration is used as a mass analyzer 
(MALDI-TOF). See International Publication No. WO 
97/33000, published Sep.12, 1997, see also Huth-Fehre et al. 
(1992) Rapid Communications in Mass Spectrometry 6:209 
213, and Williams et al. (1990) Rapid Communications in 
Mass Spectrometry 4:348-351. 

In this regard, a number of mass tags Suitable for use with 
nucleic acids are known (see U.S. Pat. No. 5,003,059 to 
Brennan and U.S. Pat. No. 5,547.835 to Koster), including 
mass tags which are cleavable from the nucleic acid (see 
International Publication No. WO97/27331). 

In another embodiment, the hybridization tags are detected 
on a micro-formatted multiplex or matrix devices (e.g., DNA 
chips) (see M. Barinaga, 253 Science, pp. 1489, 1991; W. 
Bains, 10 Bio/Technology, pp. 757-758, 1992). These meth 
ods usually attach specific DNA sequences to very Small 
specific areas of a solid Support, such as micro-wells of a 
DNA chip. In one variant, the invention is adapted to solid 
phase arrays for the rapid and specific detection of multiple 
polymorphic nucleotides, e.g., SNPs. Typically, an oligo 
nucleotide is linked to a solid Support and a tag nucleic acid is 
hybridized to the oligonucleotide. Either the oligonucleotide, 
or the tag, or both, can be labeled, typically with a fluoro 
phore. Where the tag is labeled, hybridization is detected by 
detecting bound fluorescence. Where the oligonucleotide is 
labeled, hybridization is typically detected by quenching of 
the label. Where both the oligonucleotide and the tag are 
labeled, detection of hybridization is typically performed by 
monitoring a color shift resulting from proximity of the two 
bound labels. A variety of labeling strategies, labels, and the 
like, particularly for fluorescent based applications are 
described, Supra. 

In one embodiment, an array of oligonucleotides are syn 
thesized on a Solid Support. Exemplary Solid Supports include 
glass, plastics, polymers, metals, metalloids, ceramics, 
organics, etc. Using chip masking technologies and photo 
protective chemistry it is possible to generate ordered arrays 
of nucleic acid probes. These arrays, which are known, e.g., as 
“DNA chips, or as very large scale immobilized polymer 
arrays (“VLSIPSTM'arrays) can include millions of defined 
probe regions on a substrate having an area of about 1 cm2 to 
several cm2, thereby incorporating sets of from a few to 
millions of probes. 
The construction and use of solid phase nucleic acid arrays 

to detect target nucleic acids is well described in the literature. 
See, Fodoret al. (1991) Science, 251: 767-777; Sheldon et al. 
(1993) Clinical Chemistry 39(4): 718–719: Kozaletal. (1996) 
Nature Medicine 207): 753-759 and Hubbell U.S. Pat. No. 
5,571,639. See also, Pinkel et al. PCT/US95/16155 (WO 
96/17958). In brief, a combinatorial strategy allows for the 
synthesis of arrays containing a large number of probes using 
a minimal number of synthetic steps. For instance, it is pos 
sible to synthesize and attachall possible DNA 8 mer oligo 
nucleotides (48, or 65,536 possible combinations) using only 
32 chemical synthetic steps. In general, VLSIPSTM proce 
dures provide a method of producing 4n different oligonucle 
otide probes on an array using only 4 in synthetic steps. 

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 316 of 378 PageID: 316Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 264 of 378 PageID: 1101



US 7,955,794 B2 
61 

Light-directed combinatorial synthesis of oligonucleotide 
arrays on a glass Surface is performed with automated phos 
phoramidite chemistry and chip masking techniques similar 
to photoresist technologies in the computer chip industry. 
Typically, a glass Surface is derivatized with a silane reagent 
containing a functional group, e.g., a hydroxyl or amine 
group blocked by a photolabile protecting group. Photolysis 
through a photolithogaphic mask is used selectively to expose 
functional groups which are then ready to react with incom 
ing 5'-photoprotected nucleoside phosphoramidites. The 
phosphoramidites react only with those sites which are illu 
minated (and thus exposed by removal of the photolabile 
blocking group). Thus, the phosphoramidites only add to 
those areas selectively exposed from the preceding step. 
These steps are repeated until the desired array of sequences 
have been synthesized on the solid surface. 
A 96 well automated multiplex oligonucleotide synthe 

sizer (A.M.O.S.) has also been developed and is capable of 
making thousands of oligonucleotides (Lashkarietal. (1995) 
PNAS 93: 7912). Existing light-directed synthesis technol 
ogy can generate high-density arrays containing over 65,000 
oligonucleotides (Lipshutz et al. (1995) BioTech. 19: 442. 

Combinatorial synthesis of different oligonucleotide ana 
logues at different locations on the array is determined by the 
pattern of illumination during synthesis and the order of addi 
tion of coupling reagents. Monitoring of hybridization of 
target nucleic acids to the array is typically performed with 
fluorescence microscopes or laser scanning microscopes. In 
addition to being able to design, build and use probe arrays 
using available techniques, one of skill is also able to order 
custom-made arrays and array-reading devices from manu 
facturers specializing in array manufacture. For example, 
Affymetrix Corp., in Santa Clara, Calif. manufactures DNA 
VLSIP TM arrays. 

It will be appreciated that oligonucleotide design is influ 
enced by the intended application. For example, where sev 
eral oligonucleotide-tag interactions are to be detected in a 
single assay, e.g., on a single DNA chip, it is desirable to have 
similar melting temperatures for all of the probes. Accord 
ingly, the length of the probes are adjusted so that the melting 
temperatures for all of the probes on the array are closely 
similar (it will be appreciated that different lengths for differ 
ent probes may be needed to achieve a particular Tm where 
different probes have different GC contents). Although melt 
ing temperature is a primary consideration in probe design, 
other factors are optionally used to further adjust probe con 
struction, such as selecting against primer self-complemen 
tarity and the like. The “active' nature of the devices provide 
independent electronic control over all aspects of the hybrid 
ization reaction (or any other affinity reaction) occurring at 
each specific microlocation. These devices provide a new 
mechanism for affecting hybridization reactions which is 
called electronic stringency control (ESC). For DNA hybrid 
ization reactions which require different stringency condi 
tions, ESC overcomes the inherent limitation of conventional 
array technologies. The active devices of this invention can 
electronically produce “different stringency conditions” at 
each microlocation. Thus, all hybridizations can be carried 
out optimally in the same bulk solution. These arrays are 
described in U.S. Pat. No. 6,051,380 by Sosnowski et al. 

Accordingly, the present invention provides array compo 
sitions comprising at least a first Substrate with a Surface 
comprising individual sites. By “array' or “biochip’ herein is 
meant a plurality of nucleic acids in an array format; the size 
of the array will depend on the composition and end use of the 
array. Nucleic acids arrays are known in the art, and can be 
classified in a number of ways; both ordered arrays (e.g. the 
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ability to resolve chemistries at discrete sites), and random 
arrays (e.g. bead arrays) are included. Ordered arrays include, 
but are not limited to, those made using photolithography 
techniques (Affymetrix GeneChipTM), spotting techniques 
(Synteni and others), printing techniques (Hewlett Packard 
and Rosetta), electrode arrays, three dimensional 'gel pad” 
arrays, etc. Liquid arrays may also be used, i.e. three-dimen 
sional array methods such as flow cytometry. When flow 
cytometry is the detection method, amplicons are immobi 
lized to a Support such as a microsphere as described herein. 
The microspheres are applied to a flow cytometer and the 
amplicons are detected optically as described herein. 

In a preferred embodiment, when beads are used, the beads 
are distributed in or on an additional Support or Substrate is 
generally flat (planar), although as will be appreciated by 
those in the art, other configurations of substrates may be used 
as well; for example, three dimensional configurations can be 
used, for example by embedding the beads in a porous block 
of plastic that allows sample access to the beads and using a 
confocal microscope for detection. Similarly, the beads may 
be placed on the inside surface of a tube, for flow-through 
sample analysis to minimize sample Volume. Preferred Sub 
strates include optical fiber bundles as discussed below, and 
flat planar Substrates Such as glass, polystyrene and other 
plastics and acrylics. In a preferred embodiment Such Sub 
strates include multi-well plates as are known in the art. In a 
preferred embodiment magnetic force is used to immobilized 
magnetic beads on the Solid Support. 
A preferred embodiment utilizes microspheres on a variety 

of array Substrates including fiber optic bundles, as are out 
lined in PCTs US98/21193, PCT US99/14387 and PCT 
US98/05025: WO98/50782; and U.S. Ser. Nos. 09/287,573, 
09/151,877, 09/256,943, 09/316,154, 60/119,323, 09/315, 
584; all of which are expressly incorporated by reference. 
While much of the discussion below is directed to the use of 
microsphere arrays on fiber optic bundles, any array format of 
nucleic acids on Solid Supports may be utilized. 

Arrays containing from about 2 different bioactive agents 
(e.g. different beads, when beads are used) to many millions 
can be made, with very large arrays being possible. Generally, 
the array will comprise from two to as many as a billion or 
more, depending on the size of the beads and the array Sub 
strate, as well as the end use of the array, thus very high 
density, high density, moderate density, low density and very 
low density arrays may be made. Preferred ranges for very 
high density arrays are from about 10,000,000 to about 2,000, 
000,000, with from about 100,000,000 to about 1,000,000, 
000 being preferred (all numbers being in square cm). High 
density arrays rangeabout 100,000 to about 10,000,000, with 
from about 1,000,000 to about 5,000,000 being particularly 
preferred. Moderate density arrays range from about 10,000 
to about 100,000 being particularly preferred, and from about 
20,000 to about 50,000 being especially preferred. Low den 
sity arrays are generally less than 10,000, with from about 
1,000 to about 5,000 being preferred. Very low density arrays 
are less than 1,000, with from about 10 to about 1000 being 
preferred, and from about 100 to about 500 being particularly 
preferred. In some embodiments, the compositions of the 
invention may not be in array format; that is, for some 
embodiments, compositions comprising a single bioactive 
agent may be made as well. In addition, in some arrays, 
multiple array substrates may be used, either of different or 
identical compositions. Thus for example, large arrays may 
comprise a plurality of Smaller array Substrates. 

In addition, one advantage of the present compositions is 
that particularly through the use of fiber optic technology, 
extremely high density arrays can be made. Thus for example, 
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because beads of 200 um or less (with beads of 200 nm 
possible) can be used, and very small fibers are known, it is 
possible to have as many as 40,000 or more (in some 
instances, 1 million) different elements (e.g. fibers and beads) 
in a 1 mm fiber optic bundle, with densities of greater than 
25,000,000 individual beads and fibers (again, in some 
instances as many as 50-100 million) per 0.5 cm obtainable 
(4 million per square cm for 5L center-to-center and 100 
million per square cm for 11 center-to-center). 
By “array substrate' or “array solid support’ or other 

grammatical equivalents herein is meant any material that can 
be modified to contain discrete individual sites appropriate 
for the attachment or association of beads and is amenable to 
at least one detection method. As will be appreciated by those 
in the art, the number of possible array Substrates is very large. 
Possible array substrates include, but are not limited to, glass 
and modified or functionalized glass, plastics (including 
acrylics, polystyrene and copolymers of styrene and other 
materials, polypropylene, polyethylene, polybutylene, poly 
urethanes, Teflon, etc.), polysaccharides, nylon or nitrocellu 
lose, resins, silica or silica-based materials including silicon 
and modified silicon, carbon, metals, inorganic glasses, plas 
tics, optical fiber bundles, and a variety of other polymers. In 
general, the array Substrates allow optical detection and do 
not themselves appreciably fluoresce. 

Generally the array Substrate is flat (planar), although as 
will be appreciated by those in the art, other configurations of 
array Substrates may be used as well; for example, three 
dimensional configurations can be used, for example by 
embedding the beads in a porous block of plastic that allows 
sample access to the beads and using a confocal microscope 
for detection. Similarly, the beads may be placed on the inside 
Surface of a tube, for flow-through sample analysis to mini 
mize sample volume. Preferred array substrates include opti 
cal fiber bundles as discussed below, and flat planar array 
Substrates Such as paper, glass, polystyrene and other plastics 
and acrylics. 

In a preferred embodiment, the array Substrate is an optical 
fiber bundle or array, as is generally described in U.S. Ser. 
Nos. 08/944,850 and 08/519,062, PCT US98/05025, and 
PCT US98/09163, all of which are expressly incorporated 
herein by reference. Preferred embodiments utilize pre 
formed unitary fiber optic arrays. By "preformed unitary fiber 
optic array' herein is meant an array of discrete individual 
fiber optic strands that are co-axially disposed and joined 
along their lengths. The fiber strands are generally individu 
ally clad. However, one thing that distinguished a preformed 
unitary array from other fiber optic formats is that the fibers 
are not individually physically manipulatable; that is one 
Strand generally cannot be physically separated at any point 
along its length from another fiber Strand. 

Generally, the arrayed array compositions of the invention 
can be configured in several ways; see for example U.S. Ser. 
No. 09/473,904, hereby expressly incorporated by reference. 
In a preferred embodiment, as is more fully outlined below, a 
“one component system is used. That is, a first array Sub 
strate comprising a plurality of assay locations (sometimes 
also referred to herein as “assay wells'), such as a microtiter 
plate, is configured Such that each assay location contains an 
individual array. That is, the assay location and the array 
location are the same. For example, the plastic material of the 
microtiter plate can be formed to contain a plurality of “bead 
wells' in the bottom of each of the assay wells. Beads con 
taining the capture probes of the invention can then be loaded 
into the bead wells in each assay location as is more fully 
described below. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

64 
Alternatively, a “two component' system can be used. In 

this embodiment, the individual arrays are formed on a sec 
ond array substrate, which then can be fitted or “dipped into 
the first microtiter plate substrate. A preferred embodiment 
utilizes fiber optic bundles as the individual arrays, generally 
with “bead wells' etched into one surface of each individual 
fiber, Such that the beads containing the capture probes are 
loaded onto the end of the fiber optic bundle. The composite 
array thus comprises a number of individual arrays that are 
configured to fit within the wells of a microtiter plate. 
By “composite array' or “combination array' or gram 

matical equivalents herein is meant a plurality of individual 
arrays, as outlined above. Generally the number of individual 
arrays is set by the size of the microtiter plate used; thus, 96 
well, 384 well and 1536 well microtiter plates utilize com 
posite arrays comprising 96, 384 and 1536 individual arrays, 
although as will be appreciated by those in the art, not each 
microtiter well need contain an individual array. It should be 
noted that the composite arrays can comprise individual 
arrays that are identical, similar or different. That is, in some 
embodiments, it may be desirable to do the same 2,000 assays 
on 96 different samples; alternatively, doing 192,000 experi 
ments on the same sample (i.e. the same sample in each of the 
96 wells) may be desirable. Alternatively, each row or column 
of the composite array could be the same, for redundancy/ 
quality control. As will be appreciated by those in the art, 
there are a variety of ways to configure the system. In addi 
tion, the random nature of the arrays may mean that the same 
population of beads may be added to two different array 
Surfaces, resulting in Substantially similar but perhaps not 
identical arrays. 
At least one surface of the array substrate is modified to 

contain discrete, individual sites for later association of 
microspheres. These sites may comprise physically altered 
sites, i.e. physical configurations such as wells or Small 
depressions in the array Substrate that can retain the beads, 
such that a microsphere can rest in the well, or the use of other 
forces (magnetic or compressive), or chemically altered or 
active sites. Such as chemically functionalized sites, electro 
statically altered sites, hydrophobically/hydrophilically func 
tionalized sites, spots of adhesive, etc. 
The sites may be a pattern, i.e. a regular design or configu 

ration, or randomly distributed. A preferred embodiment uti 
lizes a regular pattern of sites such that the sites may be 
addressed in the X-Y coordinate plane. “Pattern' in this sense 
includes a repeating unit cell, preferably one that allows a 
high density of beads on the array substrate. However, it 
should be noted that these sites may not be discrete sites. That 
is, it is possible to use a uniform Surface of adhesive or 
chemical functionalities, for example, that allows the attach 
ment of beads at any position. That is, the Surface of the array 
substrate is modified to allow attachment of the microspheres 
at individual sites, whether or not those sites are contiguous or 
non-contiguous with other sites. Thus, the Surface of the array 
substrate may be modified such that discrete sites are formed 
that can only have a single associated bead, or alternatively, 
the surface of the array substrate is modified and beads may 
go down anywhere, but they end up at discrete sites. That is, 
while beads need not occupy each site on the array, no more 
than one bead occupies each site. 

In a preferred embodiment, the surface of the array sub 
strate is modified to contain wells, i.e. depressions in the 
Surface of the array Substrate. This may be done as is gener 
ally known in the art using a variety of techniques, including, 
but not limited to, photolithography, stamping techniques, 
molding techniques and microetching techniques. As will be 
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appreciated by those in the art, the technique used will depend 
on the composition and shape of the array Substrate. 

In a preferred embodiment, physical alterations are made 
in a Surface of the array Substrate to produce the sites. In a 
preferred embodiment, the array substrate is a fiber optic 
bundle and the surface of the array substrate is a terminal end 
of the fiber bundle, as is generally described in Ser. Nos. 
08/818,199 and 09/151,877, both of which are hereby 
expressly incorporated by reference. In this embodiment, 
wells are made in a terminal or distal end of a fiber optic 
bundle comprising individual fibers. In this embodiment, the 
cores of the individual fibers are etched, with respect to the 
cladding, such that Small wells or depressions are formed at 
one end of the fibers. The required depth of the wells will 
depend on the size of the beads to be added to the wells. 

Generally in this embodiment, the microspheres are non 
covalently associated in the wells, although the wells may 
additionally be chemically functionalized as is generally 
described below, cross-linking agents may be used, or a 
physical barrier may be used, i.e. a film or membrane over the 
beads. 

In a preferred embodiment, the surface of the array sub 
strate is modified to contain chemically modified sites, that 
can be used to attach, either covalently or non-covalently, the 
microspheres of the invention to the discrete sites or locations 
on the array substrate. “Chemically modified sites” in this 
context includes, but is not limited to, the addition of a pattern 
of chemical functional groups including amino groups, car 
boxy groups, oxo groups and thiol groups, that can be used to 
covalently attach microspheres, which generally also contain 
corresponding reactive functional groups; the addition of a 
pattern of adhesive that can be used to bind the microspheres 
(either by prior chemical functionalization for the addition of 
the adhesive or direct addition of the adhesive); the addition 
of a pattern of charged groups (similar to the chemical func 
tionalities) for the electrostatic attachment of the micro 
spheres, i.e. when the microspheres comprise charged groups 
opposite to the sites; the addition of a pattern of chemical 
functional groups that renders the sites differentially hydro 
phobic or hydrophilic, such that the addition of similarly 
hydrophobic or hydrophilic microspheres under suitable 
experimental conditions will result in association of the 
microspheres to the sites on the basis of hydroaffinity. For 
example, the use of hydrophobic sites with hydrophobic 
beads, in an aqueous system, drives the association of the 
beads preferentially onto the sites. As outlined above, “pat 
tern' in this sense includes the use of a uniform treatment of 
the surface to allow attachment of the beads at discrete sites, 
as well as treatment of the Surface resulting in discrete sites. 
As will be appreciated by those in the art, this may be accom 
plished in a variety of ways. 

In some embodiments, the beads are not associated with an 
array Substrate. That is, the beads are in Solution or are not 
distributed on a patterned substrate. 

In a preferred embodiment, the compositions of the inven 
tion further comprise a population of microspheres. By 
“population herein is meant a plurality of beads as outlined 
above for arrays. Within the population are separate subpopu 
lations, which can be a single microsphere or multiple iden 
tical microspheres. That is, in Some embodiments, as is more 
fully outlined below, the array may contain only a single bead 
for each capture probe; preferred embodiments utilize a plu 
rality of beads of each type. 
By “microspheres' or “beads' or “particles” or grammati 

cal equivalents herein is meant Small discrete particles. The 
composition of the beads will vary, depending on the class of 
capture probe and the method of synthesis. Suitable bead 
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compositions include those used in peptide, nucleic acid and 
organic moiety synthesis, including, but not limited to, plas 
tics, ceramics, glass, polystyrene, methylstyrene, acrylic 
polymers, paramagnetic materials, thoria Sol, carbon graph 
ite, titanium dioxide, latex or cross-linked dextrans Such as 
Sepharose, cellulose, nylon, cross-linked micelles and Teflon 
may all be used. “Microsphere Detection Guide” from Bangs 
Laboratories, Fishers Ind. is a helpful guide. 
The beads need not be spherical; irregular particles may be 

used. In addition, the beads may be porous, thus increasing 
the surface area of the bead available for either capture probe 
attachment or tag attachment. The bead sizes range from 
nanometers, i.e. 100 nm, to millimeters, i.e. 1 mm, with beads 
from about 0.2 micron to about 200 microns being preferred, 
and from about 0.5 to about 5 micron being particularly 
preferred, although in some embodiments Smaller beads may 
be used. 

It should be noted that a key component of the invention is 
the use of an array Substrate/bead pairing that allows the 
association or attachment of the beads at discrete sites on the 
surface of the array substrate, such that the beads do not move 
during the course of the assay. 

Each microsphere comprises a capture probe, although as 
will be appreciated by those in the art, there may be some 
microspheres which do not contain a capture probe, depend 
ing on the synthetic methods. 

Attachment of the nucleic acids may be done in a variety of 
ways, as will be appreciated by those in the art, including, but 
not limited to, chemical or affinity capture (for example, 
including the incorporation of derivatized nucleotides such as 
AminoLink or biotinylated nucleotides that can then be used 
to attach the nucleic acid to a Surface, as well as affinity 
capture by hybridization), cross-linking, and electrostatic 
attachment, etc. In a preferred embodiment, affinity capture is 
used to attach the nucleic acids to the beads. For example, 
nucleic acids can be derivatized, for example with one mem 
ber of a binding pair, and the beads derivatized with the other 
member of a binding pair. Suitable binding pairs are as 
described herein for IBL/DBL pairs. For example, the nucleic 
acids may be biotinylated (for example using enzymatic 
incorporate of biotinylated nucleotides, for by photoactivated 
cross-linking of biotin). Biotinylated nucleic acids can then 
be captured on Streptavidin-coated beads, as is known in the 
art. Similarly, other hapten-receptor combinations can be 
used. Such as digoxigenin and anti-digoxigenin antibodies. 
Alternatively, chemical groups can be added in the form of 
derivatized nucleotides, that can them be used to add the 
nucleic acid to the Surface. 

Preferred attachments are covalent, although even rela 
tively weak interactions (i.e. non-covalent) can be sufficient 
to attach a nucleic acid to a Surface, if there are multiple sites 
of attachment per each nucleic acid. Thus, for example, elec 
trostatic interactions can be used for attachment, for example 
by having beads carrying the opposite charge to the bioactive 
agent. 

Similarly, affinity capture utilizing hybridization can be 
used to attach nucleic acids to beads. 

Alternatively, chemical crosslinking may be done, for 
example by photoactivated crosslinking of thymidine to reac 
tive groups, as is known in the art. 

In a preferred embodiment, each bead comprises a single 
type of capture probe, although a plurality of individual cap 
ture probes are preferably attached to each bead. Similarly, 
preferred embodiments utilize more than one microsphere 
containing a unique capture probe; that is, there is redundancy 
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built into the system by the use of subpopulations of micro 
spheres, each microsphere in the Subpopulation containing 
the same capture probe. 
As will be appreciated by those in the art, the capture 

probes may either be synthesized directly on the beads, or 
they may be made and then attached after synthesis. In a 
preferred embodiment, linkers are used to attach the capture 
probes to the beads, to allow both good attachment, sufficient 
flexibility to allow good interaction with the target molecule, 
and to avoid undesirable binding reactions. 

In a preferred embodiment, the capture probes are synthe 
sized directly on the beads. As is known in the art, many 
classes of chemical compounds are currently synthesized on 
Solid Supports, such as peptides, organic moieties, and nucleic 
acids. It is a relatively straightforward matter to adjust the 
current synthetic techniques to use beads. 

In a preferred embodiment, the capture probes are synthe 
sized first, and then covalently attached to the beads. As will 
be appreciated by those in the art, this will be done depending 
on the composition of the capture probes and the beads. The 
functionalization of Solid Support Surfaces Such as certain 
polymers with chemically reactive groups such as thiols, 
amines, carboxyls, etc. is generally known in the art. Accord 
ingly, “blank' microspheres may be used that have surface 
chemistries that facilitate the attachment of the desired func 
tionality by the user. Some examples of these surface chem 
istries for blank microspheres include, but are not limited to, 
amino groups including aliphatic and aromatic amines, car 
boxylic acids, aldehydes, amides, chloromethyl groups, 
hydrazide, hydroxyl groups, Sulfonates and Sulfates. 

In general, the methods of making the arrays and of decod 
ing the arrays is done to maximize the number of different 
candidate agents that can be uniquely encoded. The compo 
sitions of the invention may be made in a variety of ways. In 
general, the arrays are made by adding a solution or slurry 
comprising the beads to a surface containing the sites for 
attachment of the beads. This may be done in a variety of 
buffers, including aqueous and organic solvents, and mix 
tures. The solvent can evaporate, and excess beads are 
removed. 

In a preferred embodiment, when non-covalent methods 
are used to associate the beads with the array, a novel method 
of loading the beads onto the array is used. This method 
comprises exposing the array to a solution of particles (in 
cluding microspheres and cells) and then applying energy, 
e.g. agitating or vibrating the mixture. In a preferred embodi 
ment when the array substrate is a fiber optic bundle, the array 
Substrate is tapped into the beads. That is, the energy is 
tapping. This results in an array comprising more tightly 
associated particles, as the agitation is done with Sufficient 
energy to cause weakly-associated beads to fall off (or out, in 
the case of wells). These sites are then available to bind a 
different bead. In this way, beads that exhibit a high affinity 
for the sites are selected. Arrays made in this way have two 
main advantages as compared to a more static loading: first of 
all, a higher percentage of the sites can be filled easily, and 
secondly, the arrays thus loaded show a Substantial decrease 
in bead loss during assays. Thus, in a preferred embodiment, 
these methods are used to generate arrays that have at least 
about 50% of the sites filled, with at least about 75% being 
preferred, and at least about 90% being particularly preferred. 
Similarly, arrays generated in this manner preferably lose less 
than about 20% of the beads during an assay, with less than 
about 10% being preferred and less than about 5% being 
particularly preferred. 

Methods of adding, washing and detecting the amplicons 
on the array are well known. 
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Thus, the compositions of the present invention may be 

used in a variety of research, clinical, quality control, or field 
testing settings. 

In a preferred embodiment, the present invention finds use 
in the quantification of PCR reactions. Thus, the invention 
provides a method for quantifying the number of one or more 
specific sequences in a sample of nucleic acids. The method 
may be similar to any of the methods described above, so long 
as the product being detected is present in proportions that are 
directly correlated with the amount of original template 
sequence. This is the case, e.g., where the method involves a 
hybridization step to the template DNA, circularization of the 
probe, extension of the primers and detection of the extension 
product. In a preferred embodiment, the method further com 
prises an amplification step, wherein the amplification reac 
tion is a controlled amplification. This is the case, e.g., when 
using PCR amplification and stopping the PCR reaction dur 
ing the exponential phase. The amount of amplified product 
in this situation will be directly proportional to the amount of 
original sequence in the nucleic acid sample. Thus, in a pre 
ferred embodiment, several amplification reactions are con 
ducted in parallel, using a different number of amplification 
cycles in each of them. This will assure that at least one of the 
reactions will have been stopped in the exponential phase. 

In methods for quantifying the number of a specific 
sequence in a sample, it may also be desirable in certain 
situations to include a marker nucleic acid. The marker 
nucleic acid can be added to the reaction during the hybrid 
ization stage or at any stage thereafter and be subject or not to 
the same reactions. Alternatively, the marker DNA is used 
merely to determine the amount of amplied product at the end 
of the amplification step. 
The methods for genotyping and those for quantifying can 

be used simultaneously, so long as the processes are con 
trolled, such that the amount of amplified product is directly 
correlated to the amount of the original sequence in the 
sample nucleic acid. 

All references cited herein are expressly incorporated by 
reference. 

We claim: 

1. A multiplex method for determining whether a sample 
contains at least 100 different target sequences, comprising: 

a) providing a sample which may contain at least 100 
different single-stranded target sequences attached to a 
first solid Support; 

b) contacting said target sequences with a probe set com 
prising more than 100 different single-stranded probes, 
wherein each of said more than 100 different probes 
comprises: 

i) a first universal priming site, wherein each of said more 
than 100 different probes has identical universal priming 
sites, and 

ii) a target specific domain, Such that different double 
stranded hybridization complexes are formed, each of 
the different hybridization complexes comprising one of 
said more than 100 different single-stranded probes and 
one of the different single-stranded target sequences 
from the sample: 

c) removing unhybridized probes; 
d) contacting said probes of the hybridization complexes 

with a first enzyme and forming different modified 
probes; 
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e) contacting said modified probes with: 
i) at least a first primer that hybridizes to said universal 

priming site; 
ii) NTPs; and 
iii) an extension enzyme; 

wherein said different modified probes are amplified and 
forming different amplicons; 

f) immobilizing said different amplicons to a second Solid 
Support, and 

g) detecting said different amplicons immobilized to said 
second solid support, thereby determining whether the 
sample contains at least 100 different target sequences. 

2. The method of claim 1 wherein each of said different 
target sequences comprises a detection position, each of said 
probes comprises an interrogation position, and said first 
enzyme modifies said probes if there is Substantial comple 
mentarity between the bases at said interrogation position and 
said detection position. 

3. The method of claim 1, wherein said second solid sup 
port comprises an array. 

4. The method of claim 3, wherein said array comprises 
1,000 probes per square cm. 

5. The method of claim 1 or 3, wherein each of said differ 
ent probes in step b) further comprises a unique adapter 
sequence, whereby the modified probes formed in step d) 
comprise said unique adapter sequence and said amplicons 
formed in Stepe) comprise said unique adapter sequence. 

6. The method of claim 5, wherein said second solid Sup 
port comprises capture probes that are specific to said unique 
adapter sequence of said amplicons. 

7. The method of claim 1 or 3, wherein each of said differ 
ent probes further comprises an adapter sequence that differs 
from said target specific domain and that is used to uniquely 
identify the target sequence. 

8. The method of claim 7, wherein said second solid sup 
port comprises capture probes that are specific to said adapter 
Sequence. 

9. The method of claim 1, wherein step (b) further com 
prises hybridizing said target sequences with a plurality of 
other probes and step (d) further comprises ligating said other 
probes to said probes. 

10. The method of claim 1 or 9, wherein said target 
sequences are covalently attached to said first Solid Support. 
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11. The method of claim 9, wherein each of said other 

probes comprises a second universal priming site. 
12. The method of claim 1 or 9, wherein step (d) further 

comprises forming extended probes by extending said probes 
with a polymerase and NTPs having a biotin tag that allows 
removal of said extended probes. 

13. The method of claim 9, wherein each of said target 
sequences comprises a detection position, each of said probes 
comprises an interrogation position, and said first enzyme 
modifies said probes if there is substantial complementarity 
between the bases at said interrogation position and said 
detection position. 

14. The method of claim 1, 9 or 13, wherein said first solid 
Support comprises a plurality of beads. 

15. The method of claim 14, wherein said second solid 
Support comprises a population of beads comprising capture 
probes that are specific to said amplicons. 

16. The method of claim 15, wherein said second solid 
Support further comprises a Substrate comprising wells, 
wherein each of said wells has a single bead from said popu 
lation of beads. 

17. The method of claim 1, 3, 9 or 11, wherein said second 
Solid Support comprises a population of beads comprising 
capture probes that are specific to said amplicons. 

18. The method of claim 17, wherein said second solid 
Support further comprises a Substrate comprising wells, 
wherein each of said wells has a single bead from said popu 
lation of beads. 

19. The method of claim 9, 11 or 13, wherein step (d) 
further comprises extending said other probes with a poly 
merase and forming extended probes and ligating said 
extended probes to said probes. 

20. The method of claim 9, 11 or 13, wherein step (d) 
further comprises extending said probes with a polymerase 
and forming extended probes, and ligating said extended 
probes to said other probes. 

21. The method of claim 9, 11 or 13, wherein said second 
Solid Support comprises a population of beads comprising 
capture probes that are specific to said amplicons. 

22. The method of claim 21, wherein said second solid 
Support further comprises a Substrate comprising wells, 
wherein each of said wells has a single bead from said popu 
lation of beads. 
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from Princeton University in 1993 with a Degree in Electrical
Engineering with special interest in Computer Engineering and a
Certificate in Engineering Biology. I was then selected for the Medical
Scientist Training Program at the Tri-Institutional M.D./Ph.D.
Program at Cornell University Medical College/Memorial Sloan
Kettering Cancer Center/Rockefeller University. In 1994, I met Dr.
Francis Barany who is currently a Professor of Microbiology at Weill
Medicine Cornell.
 

In February 1994, Dr. Barany had submitted a Program Project
Grant Application to the National Cancer Institute entitled, “New
Methods for Cancer Detection.” In this grant application, detailed
designs and concepts for a novel DNA array called the Universal
Zipcode Array was laid out in detail. I became intrigued with the
possibility of these new approaches to revolutionize the way DNA, the
basic code of Life, was analyzed, sequenced and detected. I therefore
decided to obtain his Ph.D. in the Laboratory of Dr. Francis Barany.

 
I graduated with my Ph.D. in 1999 and published an article on

“Ligase-based detection of Mononucleotide Repeat Sequences.” I then
completed my M.D. Degree in 2000 and eventually completed a
Dermatology Residency at the Hospital of the University of
Pennsylvania. I have been a practicing Physician for years and I have
been awarded a number of Awards including Castle Connolly’s Top
Doctor Award.
 

One of the initial research projects that I worked on in the
laboratory of Dr. Francis Barany, was the synthesis of special
artificial DNA sequences called Zipcodes. These consisted of sets of
artificial (non-naturally occurring) sequences which were specifically
created to decouple the process of hybridization from the detection of
sequences in DNA analyses. Prior to this, the state of the art at the
time involved synthetic DNA sequences arranged in arrays with the
use of pure hybridization to discriminate between two very similar
DNA fragments. This was the approach taken by the leader in the
DNA array market at the time, Affymetrix. The designs and
specifications and uses of Universal Zipcode Arrays were patented in
the ‘917 and ‘470 Patent families.
 

Dr. Francis Barany’s Grant Proposal in 1994 was reviewed by an
NIH Study Section. One of the reviewers on the study section was the
then Chief Technology Officer of Affymetrix, Dr. Stephen Fodor, who
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then Chief Technology Officer of Affymetrix, Dr. Stephen Fodor, who
took the ideas he learned about during the confidential review of Dr.
Barany’s Grant application and started using them at Affymetrix.
Other employees at Affymetrix at the time included Dr. Mark Chee,

Dr. Jian-Bin Fan and Dr. Kevin Gunderson, all of whom eventually left
Affymetrix to join Illumina Inc. when it was founded by Dr. David
Walt of Tufts University. Other early employees at Illumina included
Dr. John Stuelpnagel.

 
It is noteworthy to mention that in this present matter before

the Court, that when Cornell requested to depose Dr. Mark Chee and
Dr. Jian-Bin Fan, Illumina Inc. claimed that “they could not be
located,” and thus have not been deposed. There are numerous
relevant patent applications and other documents submitted under
their names, many of which have important unanswered fact disputes
regarding inventorship. It has become apparent that Illumina may
have misled the Court and Cornell when they stated they did not
know where Jian-Bing Fan was. There have been papers and patents
with him as a co-author filed with Illumina’s knowledge since the
start of this case. In addition, an Illumina employee, Xuyu Cai
registered the AnchorDx.com website that Jian-Bing Fan used in
2015 to make it appear that he had fled. The head of Market
Development for Illumina in China attended a meeting with Jian-Bing
Fan in September 2016 in China. Please see Appendix for all of the
relevant information regarding this potential Obstruction of Justice
and Witness tampering matter.
 

As noted, Illumina. Inc. was founded in part by Dr. David Walt of
Tufts University. Prior to 1995, Dr. Walt had been conducting
research in use of fiberoptic bead-based microsensors for detection of
volatile small molecules, but not DNA. In 1995, prior to starting
Illumina, Inc., Dr. Walt had spoken with Dr. Francis Barany about Dr.
Barany’s lab research and these discussions included not only
descriptions of the concept of a Universal Zipcode Array, but also
potential uses of the Zipcode Array including detection of products of
ligation reactions. At that time, PCR (polymerase chain reaction) was
a well-known method of replicating many copies of a fragment of
DNA. LDR, or Ligase Detection Reaction, involved using a
thermostable DNA ligase to connect two nearby oligonucleotides and
then detecting whether the ligase successfully joined the two
oligonucleotides. Thereafter, Dr. Walt changed the focus of his
laboratory research both at Tufts and at Illumina, Inc., and began
developing commercial products to detect SNPs (single nucleotide
polymorphisms) and eventually sequence DNA. There are relevant
facts that the Court needs to be aware of regarding this matter. It is
also notable that Dr. David Walt was not presented as a witness by
Illumina Inc., even though as Chief Scientific Officer and Founder, he
would have firsthand knowledge of materially pertinent facts.
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Illumina produces randomly assembled bead arrays. A

randomly assembled array is not useful until one knows which

sequences are at which X and Y positions in a two dimensional array.
As Dr. David Walt stated in testimony under oath in the Syntrix
Biosystems, Inc. v. Illumina Inc. trial in the United States District
Court in the Western District of Washington at Tacoma, once the
beads were laid out on a silicon or a glass or plastic slide, one of the
substrates described in his patent, the arrangement, “would be two
dimensional.” To define the location of any individual bead would
require knowing only two positions, the X value and the Y value.
Illumina Inc. claims that Infinium arrays are pure hybridization
arrays. However, prior to use, the sequences at a given location must
be determined. That is why in their own product literature, it is
stated that the user must make sure the DMAP file (which contains
the location data) must be in place prior to the analysis. Their
“dynamically linked libraries”, or DLL files, used to analyze the data
in the DMAP files using the DMAP Decode File Client has labeled the
sequence IDs at each X value and Y value, “Zipcode.” Therefore, it is
clear, that they consider that all of the unique “address” sequences
that they use to decode or locate their beads are Zipcodes.

 
It is evident and clearly known by scientists that any given

strand of DNA has a complementary sequence. During the initial
experiments done at Cornell to demonstrate that Universal Zipcode
Arrays work, known Zipcode sequences of 24 bases in length were
synthesized and spotted in duplicate on arrays. This demonstrated
that the two or more Zipcode sequences were hybridizing to the
correct addresses on the array. This is clearly embodied in Example 3
in the ‘917 Patent. The data is shown in Figure 28 and quantified in
Tables 4A and 4B. 

 
I helped conduct some of these experiments and multiple

Zipcode sequences and substrates and surfaces and configurations
were tested. All of these initial experiments, used fluorescently
labeled DNA using only Zipcode sequences and their complements
with NO target DNA sequence. Some of these experiments later
included the addition of non-Zipcode sequences to a Zipcode sequence
prior to attachment on the array. This was one of the ways tested to
increase the efficiency of hybridization by creating a larger template
for DNA fragments to hybridize to. PCR/LDR products with Zipcodes
were also eventually used to combine target and Zipcode sequences.
Further, in the ‘470 Patent family, there are descriptions of
embodiments in which composite Zipcodes containing NO target
sequence would be captured on Universal Zipcode arrays.
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In February 1999, I wrote software in Visual Basic and

Microsoft Excel to generate lists of Zipcode sequences. These
sequences were generated to have 24 bases in length and have a
narrow melting temperature (Tm) range. In addition, each Zipcode
sequence in the set differed from other Zipcode sequences in the set
by 25% or more. These Zipcode sets were created using a group of 36
tetramers (4 base sequences) with unique properties. One of the
copyrighted and eventually patented sequences (US Patents
7455965, 8492085, 9340834) that was generated using this
approach was:

 
TTGAAAAGCCTACACGACGGCGAA

 
After my deposition in July 2015, I was asked for potential

search terms that were materially relevant. This patented 24 base
sequence plays a crucial fact role in this case. With the advent of
search engines such as Google, these sequences act as a digital
fingerprint to detect if Intellectual Property theft or infringement has
occurred. If you Google this sequence, Dr. Barany’s paper publishing
this and other sequences appears in the search results. Surprisingly,
a failed Illumina Patent application authored by Dr. Kevin Gunderson
and Dr. Mark Chee entitled, “Probes and Decoder Oligonucleotides”
also appears. In fact, this is the first entry in Table 2 in this and other
Patent application submissions. It is labeled “Illumacode 1” in the
initial provisional submission. This is materially relevant to this case
as it not only demonstrates plagiarism and infringement of
Intellectual Property rights, but also shows that Illumina considers
their “Illumacodes” as Zipcodes corroborating the findings in
Illumina’s DMAP Decode File Client DLL files. These both constitute
clear evidence of willful infringement.
 

In another relevant case, Dr. John Zebala, a former member of
the Barany Laboratory founded Syntrix Biosystems, Inc. This
company sued Illumina Inc. for willful infringement and the verdict
labeled this as an example of more egregious acts of infringement. See
Syntrix Biosystems, Inc. v. Illumina Inc., Cause No. 13-5870BHS
(W.D. Wash.). Tellingly, one of the first successful commercial
products which Illumina used to generate revenues early on was
called the Sentrix Universal Array Matrix. In this case, Dr. John
Zebala had similarly shared confidential Intellectual Property
information with Illumina and its employees and they proceeded to
attempt to re-patent very similar ideas in their own names in a
rapidly thrown together provisional application in February 2000.

 
Illumina, Inc. and its employees in the same time frame, also
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Illumina, Inc. and its employees in the same time frame, also
gained access to proprietary intellectual property generated by Dr.
Francis Barany and the other inventors in the ‘917 and ‘470 patent
families. Using this information, Illumina. Inc. and/or its employees
made multiple attempts in 1999 and 2000 and beyond to re-patent
the ideas of another in a series of rapidly submitted provisional
patent applications. These applications when examined together
show a clear pattern of recidivism in terms of hand-drawing figures
which very closely mimicked and exactly copied in some cases key
figures from Dr. Barany’s Program Project Grant, Papers and Patents.

 
In one particularly egregious instance, Dr. Kevin Gunderson and

Dr. Mark Chee submitted on May 20, 1999, a provisional application
(60/135123) entitled, “Addressing Arrays using Sequence Specific
Adapters.” In the very first paragraph of this submission, Cornell’s
WO 97/31256 and Universal arrays are clearly mentioned. It is an
obvious attempt to re-patent Zipcodes under the guise of “Adapters.”
Many of these provisional applications were abandoned after multiple
rejection letters by the USPTO and WIPO, many of which specifically
cited Barany Laboratory Patents and Publications including WO
97/31256 (‘917 Patent Family). Tellingly, references to Barany
Laboratory Patents and Papers appear to have been deliberately
omitted in subsequent follow up applications by Dr. Gunderson and
Dr. Chee while at Illumina Inc.
 
 

Finally, the focus of my thesis project involved determining
which adjacent sequences (with and without gaps), thermo-stable
ligases were capable of successfully ligating. To study this,
mononucleotide repeat sequences were chosen as a model system.
These are naturally occurring repeats, errors in which sometimes
contribute to development or progression of Cancers. It was
demonstrated using various different length primers (some with
deliberate gaps) and templates of varying lengths, that the ligase
preferred perfectly matched primers without any gaps, but that
significant signal was also generated from a subset of templates that
contained gaps (See Tables in Appendix of my Doctoral Dissertation).
This fact is also materially relevant to the Cornell University, et al. v.
Illumina Inc. case.
 

I feel compelled to “come forward with specific facts showing
that there is a genuine issue for trial.” Matsushita 475 U.S. at 587
(internal quotation marks omitted.) It is clear that the Universal
Zipcode Array concept has revolutionized the way DNA is sequenced
and SNPs (single nucleotide polymorphisms) are analyzed. This has
led to not only a decrease in the cost of DNA analyses but a rapid
increase in the efficiency with which these are done. The Universal
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increase in the efficiency with which these are done. The Universal
Zipcode Array and other important concepts and assays conceived of
and developed and proven in the Barany Laboratory in the mid
1990’s, as well as exact copyright sequences generated in 1999 have
been instrumental in this revolution.
 

As stated in Vehicle IP, LLC v. AT&T Mobility, LLC, et al. in C.A.
No. 09-1007-LPS in the United States District Court Delaware (2016):

 
“The willfulness inquiry asks whether a party engaged in

‘conduct warranting enhanced damages,’ under 35 U.S.C § 284,
behavior the Supreme Court has described as ‘willful, wanton,
malicious, bad-faith, deliberate, consciously wrongful, flagrant, or []
characteristic of a pirate.’ Halo Elecs., Inc. v. Pulse Elecs., Inc., 136 S.
Ct. 1923, 1932 (2016). Prevailing on a claim of either indirect or
willful infringement requires a patentee to prove, among other things,
that an accused infringer acted with a specific intent to infringe. See
id. at 1933 (willful infringement); Global-Tech, 563 U.S. at 765-66
(2011) (indirect infringement).”

 
Also stated in Vehicle IP, LLC v. AT&T Mobility, LLC, et al. in

C.A. No. 09-1007-LPS in the United States District Court Delaware
(2016):

 
“The Court will ‘draw all reasonable inferences in favor of the

nonmoving party’”
 
It is humbly hoped that these relevant material facts will be duly

considered to help ensure that Justice is served in this Case.
 

I declare that all statements made on information and belief are
believed to be true; and further that these statements were made
with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001
of Title 18 of the United States Code.
 
 

      Respectfully submitted,
 
 
 
 
Date:  ______________________ By:  
____________________________
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      Dr. Monib A. Zirvi, MD/PhD
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EXHIBIT 13 
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1
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2

Illumina claims employees Mark Chee and Jian Bing Fan were not 
available during the time of deposition in the Cornell Case?

Yet, on June 17th, 2015, Illumina submits a patent application with Jian Bing 
Fan listed as ”Inventor 1”, with an address of 5247 Pearlman Way, San Diego 
CA, Zip code 92130
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3

• Imagine sending a letter to, say 5247 Pearlman Way, San Diego CA, Zip code 
92130; the mailer may want to look up the location on Google Maps to 
make sure it gets to the right individual living in the house. 

  

• What if it turned out the person living there was Jian-Bing Fan, an individual 
who works for Illumina, and filed a patent on June 17, 2015, literally weeks 
before deposition of the Cornell side, and at a time when Illumina claimed 
Jian-Bing Fan was not in the country and unavailable for deposition?

https://www.google.com/maps/
place/5247+Pearlman+Way,
+San+Diego,+CA+92130/
@32.9537516,-117.205436,3a,75y
,145.28h,90t/data=!3m6!1e1!
3m4!
1sVm1qQ7SYKEaG4_B30Y14vw!
2e0!7i13312!8i6656!4m5!3m4!
1s0x0:0xd3b437b3aeb2ef5e!8m2!
3d32.9535502!4d-117.2052819!
6m1!1e1
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4
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6

In May of 2015, Jian-Bing Fan submits a paper, where he is listed as an 
Illumina employee, but his email address is to “jianbing_fan@anchordx.com”, 
a company he founded in August, 2015.
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7

Bloomberg lists Jian-Bing Fan as founder and CEO of AnchorDx 
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Jian-Bing Fan’s affiliation is listed at AnchorDx in San Diego, CA
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9

Illumina knew exactly where Jian-Bing Fan was in Sept. 2015
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Illumina knew exactly where Jian-Bing Fan was in June 2016
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Illumina knew exactly where Jian-Bing Fan was in Sept. 2016
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14

At the 2016 ASCO meeting Xuyu Cai and Jian-Bing Fan list their 
employment, stock ownership, and “Leadership” as: Illumina. 
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15

Jian-Bing Fan, in a Science paper published on June 24th, 2016, lists his 
current address as Illumina, San Diego, CA, USA.   

One day earlier, on June 23rd, 2016, Jian-Bing Fan spoke about 
“Accessing Genetic Information with Liquid Biopsies” at the Hotel Kabuki, 
in San Francisco, CA.
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16

Illumina files its 10/177,727 continuation application, June 20th, 2002, 
reaches back to provisional application 60/234,143 filed on Sept. 21st, 2000. 

Illumina uses word “Zip” for “Zipcode” in figures, but 
does not use or define in figure legends.  
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17

Stanford files its Padlock Probe provisional application, Oct. 24th, 2000, one 
month after Illumina’s provisional application 60/234,143 (Sept. 21st, 2000).   

Zip code 
Capture

Ligation

Exonuclease

PCR 
Amplification
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18

Cornell files its Padlock Probe provisional application, May 29th, 1996, four 
years ahead of both Illumina and Stanford; it teaches ligation, exonuclease, 
universal PCR amplification, and zip code capture. 

Zip code 
Capture

Ligation

Exonuclease

PCR 
Amplification
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Cornell ‘470 family patents are 5 years ahead of Illumina.
Illumina Provisional, Filed Feb. 7, 2001Cornell, Filed May 29, 1996

Zip  
code

Upstream  
primer

Downstream  
primer

Zip code 
Array

Zip  
code

Ligation  
product

Zip code 
Capture

Universal  
Primer seq. 1Universal  

Primer seq. 2

Zip code 
Capture

Zip code 
Array

Ligation Ligation

Exonuclease

Exonuclease

PCR 
Amplification

PCR 
Amplification
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20

Jian-Bing Fan declaration on Oct. 30, 2007 (re: Illumina continuation application 
10/177,727, filed June 20th, 2002), claims ability to accurately and reproducibly 
detect a “100plex” in a single reaction “was very much contrary to expectations.” 
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21

Jian-Bing Fan declaration on Oct. 30, 2007, claims initial solid phase immobilization 
step enabled an accurate assay for 1,536 different SNPs in a single reaction, with 
call rates of 0.989 and concordance of 0.982, while performing the same reactions 
in liquid gave inferior call rates of 0.548 and concordance of 0.783. 
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22

Despite Jian-Bing Fan declaration on Oct. 30, 2007, Ron Davis’s group filed for a 
patent in Oct. 2000, and published in June 2003 the ability to genotype 1,517 loci in 
a single liquid reaction with an accuracy of 99.95%. 
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Zip code 
Capture

Ligation Exonuclease

PCR 
Amplification

Ron Davis’s group was successful in achieving this high accuracy by following the 
teachings of the Cornell ‘470 patent series by using ligation, exonuclease, universal 
PCR amplification, and zip code capture.  
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Ron Davis’s group successfully genotypes 10,000 and then 20,000 loci in a single 
tube, publishing in 2005, two years before Jian-Bing Fan’s declaration. 
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Ulf Landegren’s group also publishes on using padlock probes with zip code arrays 
in 2003, comparing to the Ron Davis publication.
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Zip code 
Capture

Ligation

Exonuclease

PCR 
Amplification

Ulf Landegren’s group also followed the teachings of the Cornell ‘470 patent series 
by using ligation, exonuclease, universal PCR amplification, and zip code capture.  
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Ulf Landegren’s group confirms the teachings of the Cornell ‘470 patent series by 
using direct ligation, exonuclease, universal PCR amplification, and zip code 
capture. He shows the results are as accurate using direct ligation as using the gap 
ligation approach of Ron Davis’s group, i.e. there is insubstantial difference 
between the two approaches.  
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Concerns with Jian-Bing Fan’s Declaration of Oct. 30th 2007:

• Jian-Bing Fan declares: “ The ability to accurately and reproducibly detect at least a 100 
different target sequence determinations (“100plex”) in a single reaction mixture was very 
much contrary to expectations.”  

• Jian-Bing Fan then proceeds to give results using his own experiments comparing an initial 
solid phase capture vs. a liquid version, which were done at some unknown time.  However, 
in the liquid version, Jian-Bing Fan knowingly fails to get rid of extra probe using 
exonuclease, as taught in the Cornell ‘470 series patents filed and published 5 years prior to 
Illumina’s 10/177,727 filing, which is the subject of the declaration. 

• However, contrary to Jian-Bing Fan’s assertions of the declaration, it was well known at the 
time that highly multiplexed reaction of 1,517 probes (Hardenbol, et. al., Nature Biotech 
2003), 10,000 probes (Hardenbol, et. al., Genome Research 2005),  and even 20,000 probes 
(Wang et. al., NAR, 2005) in a single reaction mixture were achieved with high accuracy. 

• Landegren’s group also confirms highly multiplexed reaction in liquid, and demonstrates 
equal accuracy when using direct ligation, and gap ligation. 

  
• Thus, an impartial outside observer may conclude that Fan misled and/or provided false 

testimony to the USPTO in order to get his claims allowed so that Illumina would get a 
foundational patent.
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Jian-Bing Fan, from Affymetrix, but while employed at Illumina, tries to re-patent 
Universal Array and composite oligonucleotides described by Cornell 3 years earlier:
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Why did key Illumina employees Mark Chee and Jian Bing Fan BOTH 
disappear (to China) during the time of deposition in the Cornell Case?

Was Illumina aware that Mark Chee and Jian-Bing Fan were the only two 
Illumina employees tied to abstracts provided at a June 27-29, 2001 
meeting at the Ritz-Carlton in Washington DC, where the “hybridization-
based decoding procedure” was incontrovertibly linked to “a universal 
Zipcode array”, thus exposing Illumina’s fraudulent arguments?
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Summary of Concerns with Illumina’s missing witnesses: Part 1

• Two key witnesses, Mark Chee and Jian-Bing Fan of Illumina, in the 
Cornell vs. Illumina case were said to be “missing” or "could not be 
found" according to Illumina, and therefore were not made available for 
deposition, although they were originally offered as witnesses in their 
defense by Illumina. 

• Their depositions would have been valuable to expose Illumina’s 
infringement of Cornell’s Universal DNA Arrays and Zipcodes.  Chee and 
Fan both claimed to have invented these on declarations and oaths to the 
USPTO. Since there is an abundance of proof that they were fully aware of 
Cornell’s WO 97/31256 patent, this calls all of their oaths and 
declarations into question. 

• The “disappearance” of Jian-Bing Fan appears to have been deliberately 
orchestrated with the apparent help of Illumina via at least one of its 
current employees at the time of the subpoena.
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Summary of Concerns with Illumina’s missing witnesses: Part 2

• Jian-Bing Fan made a misleading and/or provided false testimony to the 
USPTO in order to get a foundational Illumina patent issued. 

• Jian-Bing Fan tried to re-patent Cornell’s invention of a Universal Array, 
and use of composite oligonucleotides for Affymetrix in June 1999, while 
already an employee at Illumina, during the same time that Kevin 
Gunderson and Mark Chee were trying to re-patent Cornell’s invention for 
Illumina. 

• Mark Chee and Jian-Bing Fan were the only two Illumina employees tied 
to abstracts provided at a June 27-29, 2001 meeting at the Ritz-Carlton in 
Washington DC, where the “hybridization-based decoding procedure” 
was incontrovertibly linked to “a universal Zipcode array”.
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Detail1: 5247 Pearlman 
 Way, San Diego CA 92130
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Illumina’s initial filing of a patent on April 28th, 2015, is followed by two more on July 
16th, 2015, and December 18th, 2015, where Illumina adds Xuyu Cai as a coinventor. 
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Illumina submits provisional application 09/517945 on March 03, 
2000, where they claim “adapter sequences” which are zipcodes.

Ligation 
step

Zip code 
Capture
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Illumina again tries to re-patent Cornell’s ideas from 7 years earlier:

Cornell, Filed Feb 9, 1996

Zip code

Capture Sequence

Target-specific Portion

Composite Oligonucleotide

Fig. 7 Top

Zip code 
specific 
portion

Target specific portion of 
composite oligonucleotide

Illumina Provisional, Filed Dec. 23, 2003

Illumina’s own patent application – filed 7 years after Cornell’s zip code patent was filed – claims use of a zip code 
array, and “chimeric oligonucleotide” comprised of an “Adapter-specific portion” and a “Locus-specific portion” 
for making locus-specific arrays – which is identical to the Cornell teachings, and equivalent to an infinium array . 
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Cornell ‘293 family patents are 2 years ahead of Illumina.
Cornell, Filed Jan 6, 1999
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Zip code 

Ligation product: Univ. 1 – zip code 
– target sequence – Univ. 2

Ligation

Zip code 
Capture

Ligation product: Univ. 1 – zip code 
– target sequence – Univ. 2

Zip  
code

Ligation  
product

Zip code Array

Illumina Provisional, Filed Feb. 7, 2001
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Subpoena sent by Affymetrix to Illumina to depose Jian-Bing Fan on November 16, 
2005 at the Hilton San Diego Airport Hotel.
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Illumina knew exactly where Mark Chee was in January 2017. 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE DJSTRICT OF NEW .JERSEY 

MONIB ZIRVI, M.D .. Ph.D. ) 

Plaintiff. ) 

V. ) 

) 

ILLUMINA INC .. THERMO FISHER ) 

SCIENTIFIC, GUMP STRAUSS ) 

HAUER & FELD LLP, ) 

LA THJ\M & WATKINS. ) AFFIDAVIT OF MERIT 

RIP FINST. SEAN BOYLE. ) 

MA lTHEW A. PEARSON. 

ANGELA VERRECCI-11O. ) 

ROGER CHfN. and ) 

DOUGLAS LUMISH ) 

) 

Defendants. ) 

I, Jeffrey B. Oster, submit this Affidavit of Merit pursuant to N.J.S.A. 2A:53A-27. which provides 
that "the person executing the Affidavit shall be licensed in this or any other State; have particular 
expertise in the general area of specialty involved in the action ... for a period ofat least five years". 

I. I am an attorney currently admitted in Washington (State) to which I was admitted on May 
31. I 988. I was admitted as an attorney in New York in 1986 and I believe I'm currently listed as 
an out-of-state attorney in New York. And I was admitted in New Jersey (in 1986) where I resided 
at the time. but djd not renew my admission in New Jersey after relocating to Washington in late 
1987. 

2. 1 am admitted at the US Patent and Trademark Office (Registration No. 32,585). 

3. I have 37 ye::irs 01 experience in both law firm and in-house positions practicing law, 
incluuing: (1) IP litigation in Federal Courts: (2) post-grant procedures at the PTAB (Patent Trial 
and Appeal Board) and predecessor administrative panels including successfully defending patent 
validity challenges filed by defendant lllumina (both Zebala/Syntrix patent and The Scripps 
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Research Institute DNA bar coding patent) and defendant Thermo Fisher Scientific (Life 

Technologies) for the Black Hole Quencher patents and various second generation PCR patents: 

(3) the Opposition Division of the European Patent Office (dual citizen of the United States and 
Germany) including multiple European oppositions filed against Thermo Fisher Scientific 

(Affymetrix); ( 4) in patent preparation and prosecution matters: (5) and general legal corporate 

and securities matters. including a dissident directors slate proxy campaign opposed to Latham & 
Watkins (defendants Chin and Lumish) representing existing Board of Sorrento. 

4. My more recent legal experience in federal courts includes. but is not limited to, providing 

intellectual property expertise in: (i) The Syntrix Bio.\ystems, Inc. v. lllumina Inc, W.D. Wash No. 

3 _ I 0-cv-05870. at the time, the largest patent litigation damage award in Washington. (ii) The 
Scripps Research Institute v. lllumina S.D. Calif No. 3:16-cv-00661-JLS, where one of the 

inventors won a Nobel Prize. including being the sole Attorney for Scripps on IPR PR.2016-01619; 

and (iii) 7i-o// Busters LLV v. Roche Applied Sciences el al. S.D. Calif No. 3:-cv-00056 wherein 

both Thermo Fisher and Lile Technologies were defendants (case dropped when lobbyist (upon 
information and belief, it was a Li {e Technology lobbyist) inse,ted a retrnactive clause in a 

provision of the America Invents Act of 2012). Thus. I have the experience to evaluate this 
professional malpractice claim for reasonability. 

5. I received a B.A. degree from Johns Hopkins University, Ph.D. degree in pharmacology 

from the University of Pennsylvania, and a JD degree from Rutgers Law School Newark (evening 

program). 

6. I have reviewed the complaint for legal malpractice in this case as it relates to the Plaintiff. 
Dr. Monih Zirvi's claims that, as an inventor of intellectually property at the center of the case of 

Cornell et al v lllumina. Case 1: I 0-cv-00433-LPS-MPT, the actions and legal advice by the 

lawyers who represented Dr. Zirvi fell outside the acceptable professional standards for /\ttorneys 
engaged in the practice of law for a patent infringement case in a Federal Court 

7. Upon information and belier Dr. Zirvi has made allegations that state a claim, which 

evidences a reasonable probability that the licensed attorney Defendants' actions deviated from 

accepted standards of care for an attorney representing Dr. Zirvi in Cornell et al v 1/lumina ("The 
Case .. ). Dr. Zirvi·s attorneys breach of professional conduct included: 

a. Upon information and belief, all the inventors, including Dr. Zirvi, were told that they 

did not need separate representation because the inventors' interest were aligned with 

2 
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the Thermo Fisher (then Life Technologies as licensee of Cornell) for The Case. The 

defendant lawyers should have advised the inventors of a clear conflict or interest either 

before indicating the need for separate representation or during the representation when 

the defendant lawyers were clearly aware of the negotiation and collaboration going on 
between Life Technologies (The Case plaintiff) and Illumina (The Case defendant) and 

that there may be reasons for retaining separate counsel to advise them during the 

litigation. 

b. During the litigation of The Case and upon information and upon belief. the defendant 

lawyers made representations and took actions that established an attorney client 
relationship including providing documents marked "Privileged" for The Case 
plaintiff, Life Technologies (now Thermo Fisher), for whom all of the lawyer 

defendants worked for as either outside counsel or in-house counsel. Moreover. upon 

information and belief. the Thermo Fisher lawyers would not allow separate 

representation for Cornell (licensor) or the inventors (including the current Plaintiff) as 
no other lawyer would be allowed to participate, or view discove1y, under a protective 
order. 

c. Upon information and belief, throughout the representation the defendant lawyers were 

provided access to discovery or The Case and/or in ''The Other Case" (/1/umina. Inc. v. 

l{fe Technologies Corporation el al. 3 _ I l-cv-03022). This "Zip Code Discovery" was 

not shared or even brought to the attention of Dr. Zirvi. Upon information and belief 
the Zip Code Discovery indicated lllumina·s use of Zip Codes, including electronic 

files and other evidence that lllumina was using the identical Zip Codes invented by 

Dr. Zirvi internally for years. The defendant lawyers, who were also representing Dr. 

Zirvi. never brought the issue to Dr. Zirvi, or even acted in a professional manner if 
this created a clear contl ict or interest. 

d. During the course of defendant lawyers alleged representation of Dr. Zirvi, there was 

an ongoing secret joint "/\mpliseq for lllumina" project, which involved a collaboration 

between lllumina and Thermo Fisher Scientific. This information was discovered by 

Dr. Zirvi after The Case was settled in light of public disclosures by Illumina of this 
secret joint project happening at a time before the start of the Markman hearing in The 

Case. Upon information and belief, the defendant lawyers failed to disclose this conflict 
of interest and act in accordance with this conflict of interest. 

3 
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e. Upon information and belief, defendant Matthew Pearson (of Aiken Gump, outside 

counsel for Thermo Fisher at the time) falsely stated to Cornell inventors and Dr. Zirvi 

that the unredacted First Amendment Agreement between Illumina and P.E. 

Biosystems (now Thermo Fisher) was not relevant to The Case or the inventors. Upon 

information and belief. the unredacted First Amendment Agreement was not provided 

to the Cornell inventors or Dr. ZiJvi at any time before, during or after the Markman 

Hearing of The Case. when it clearly states Tag Sequences a.re defined as described in 

WO97/3 I 256. which Plaintiff is a co-inventor of. 

r. Upon information and belief. new Council of Record for The Case, Roger Chin and 

Douglas Lumish of Latham Watkins, were simultaneously representing Thenno Fisher 

in The Other Case (Jllumina, Inc. v. l(fe Technologies Corporation et al, 3_1 l-cv-

03022). Upon Information and belief defendants Chin and Lumish failed to advise their 

client Dr. Zirvi that (I) they had a conflict of interest; and (2) the unredacted First 

Amendment Agreement was produced as part of the Zip Code Discovery and admits 

that the term "Tag Sequences" a.re defined as described in Dr. Zirvi's co-invention 

WO97/3 I 256, which is a clear admission against interest by defendant Illumina and 

evidences a failure of zealous representation of Dr. Zirvi and failure to disclose a 

conflict of interest between Thermo Fisher and Dr. Zirvi. 

g. Upon information and belief: in-house counsel defendant Rip Finst independently and 

without outside counsel filed an incorrect document with the Court in The Case Cornell 

et al v lllumina. Case I: 10-cv-00433-LPS-MPT. Upon infonnation and belief, never 

before and never after i11 The Case did Rip Finst file a similar document in the Court 

without outside counsel. Upon information and belief, this was also done without 

informing or consulting the Cornell inventors or Dr. Zirvi, which was the procedure for 

other documents filed by outside counsel in The Case. 

h. Lastly. upon information and belief and without consulting their clients, the Cornell 

inventors and Dr. Zirvi. the defendant lawyers settle The Case on terms that provided 

no compensation to Cornell or Dr. Zirvi. Upon information and belief, at no point in 

time was Dr. Zirvi advised of the settlement negotiations, asked to participate or be 

represented in the settlement negotiations, advised of any secret quid pro quos as 

consideration for the settlement of The Case or ever advised of any attorney conflicts 

of interest on the part of the defendant attorneys. 

4 
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8. In my opinion and upon the information provided to me, the clear conflict of interest of the 

lawyer defendants as attorneys for The Case and The Other Case, obfuscation of The Case 

discovery information in light of the discovery evidence from The Other Case, the failure to act 

for the interests or Dr. Zirvi and misleading statements are a deviation from the standard of care, 

lack or zealous representation, and conllicts or interest attorneys are required to abide by. 

9. I have no financial interest in the outcome of this case. But, in view of the Thermo Fisher 

(Life Technologies at the time) lobbying activity to add a retroactive provision to the America 

Invents Act (which if done at my other country of citizenship, the German Parliament, would have 

been a violation of the Foreign Corrupt Practices Act), I would like to see justice served here. 

I 0. Accordingly. in my professional opinion, within reasonable probability, the legal services 

rendered by the Thermo Fisher in-house counsel Rip Finst, Matthew Pearson of Akin Gump, Roger 

Chin of Latham & Watkins and Douglas Lumish of Latham & Watkins are well below the 

acceptable professional standards of care and ethical requirements. 

Signcd:_,_l___,,k /J"'--'--. Jo..L..C,r21~£~ Dated: H~.J. i-t2023 

Notary: 

1 

Jeffrey B. Oster, Ph.D., J.D. 

WSBA # 17709 

State of Wasbincto■ 
• Cou■ty of ls; hlr"'l ,z, /,,, a ( z .., -:l_ 
Siptd ~ auesttd he79ft me on /( '-'7. D " 7 

by. ~ e~ :p Dk£:::::=? 
Sign,tturc Alotlk,, CwPM 
(PrintcJ 1111ntl'I Al O Ml:( 
Title O 'l//7(!{2Z.<{ 
M) appointment e,pirts ____ _ 

5 

Notary Public 
State of Washington 
NATHAN CAMPBELL 
LICENSE# 20108757 

MY COMMISSION EXPIRES 
JUNE 17, 2024 
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Latham & Watkins operates worldwide as a limited liability partnership organized under the laws of the State of Delaware (USA) with affiliated limited liability partnerships conducting the practice in the United Kingdom, 
France, Italy and Singapore and as affiliated partnerships conducting the practice in Hong Kong and Japan. Latham & Watkins operates in Seoul as a Foreign Legal Consultant Office. The Law Office of Salman M. Al-
Sudairi is Latham & Watkins’ associated office in the Kingdom of Saudi Arabia. © Copyright 2017 Latham & Watkins. All Rights Reserved.

Cornell et al. v. Illumina
10-cv-433 (D. Del.)

February 17, 2017

Case Assessment

PRIVILEGED & CONFIDENTIAL

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 163 of 378 PageID: 163Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 2 of 52
PageID: 787

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 328 of 378 PageID: 1165



PRIVILEGED & CONFIDENTIAL 1

Patents and Accused Products

• Infinium
• GoldenGate/DASL

Array Patents

• GoldenGate/DASL

LDR-PCR Patents
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PRIVILEGED & CONFIDENTIAL

1. A device comprising: 
a solid support having an array of positions 
each suitable for attachment of an 
oligonucleotide probe; 
a linker suitable for coupling an 
oligonucleotide probe to the solid support and 
attached to the solid support at each of the 
array positions; and 

an array of capture oligonucleotide probes 
on the solid support at the array positions, 
said capture oligonucleotide probes each 
having greater than sixteen nucleotides and 
able to bind to complementary nucleic acids 
at uniform hybridization conditions, wherein 
each capture oligonucleotide probe of the 
array differs in sequence from its adjacent 
capture oligonucleotide probe, when aligned 
to each other by at least 25% of the 
nucleotides. 

2

Array Patents

solid support

capture oligonucleotides

linker

solid support

capture oligonucleotide probes

linker
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PRIVILEGED & CONFIDENTIAL 3

Array Patents – Post-Markman

1. A device comprising: 

a solid-phase substrate having an array of positions 
each capable of being connected of an 
oligonucleotide probe; 

a feature that connects an oligonucleotide to a 
solid support suitable for coupling an oligonucleotide 
probe to the solid support and connected to the solid 
support at each of the array positions; and 

an array of oligonucleotide probes which has 
no homology to a target sequence and is 
complementary to the addressable array specific 
portion of an oligonucleotide containing an 
addressable array specific portion and a target 
specific portion on the solid support at the array 
positions, said capture oligonucleotide probes each 
having greater than sixteen nucleotides and able to 
bind to complementary nucleic acids at uniform 
hybridization conditions, wherein each capture 
oligonucleotide probe of the array differs in 
sequence from every adjacent capture oligo-
nucleotide probe, when aligned to each other 
by at least 25% of the nucleotides. 

1. A device comprising: 

a solid support having an array of positions 
each suitable for attachment of an 
oligonucleotide probe; 

a linker suitable for coupling an 
oligonucleotide probe to the solid support and 
attached to the solid support at each of the 
array positions; and 

an array of capture oligonucleotide probes on 
the solid support at the array positions, said 
capture oligonucleotide probes each having 
greater than sixteen nucleotides and able to 
bind to complementary nucleic acids at 
uniform hybridization conditions, wherein 
each capture oligonucleotide probe of the 
array differs in sequence from its adjacent 
capture oligonucleotide probe, when aligned 
to each other by at least 25% of the 
nucleotides. 

MARKMAN1. A device comprising:
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PRIVILEGED & CONFIDENTIAL

1. A device comprising: 
a solid-phase substrate having an array of 
positions each capable of being connected of 
an oligonucleotide probe; 
a feature that connects an oligonucleotide to 
a solid support suitable for coupling an 
oligonucleotide probe to the solid support and 
connected to the solid support at each of the 
array positions; and 
an array of oligonucleotide probes which has 
no homology to a target sequence and is 
complementary to the addressable array 
specific portion of an oligonucleotide 
containing an addressable array specific 
portion and a target specific portion on the 
solid support at the array positions, said 
capture oligonucleotide probes each having 
greater than sixteen nucleotides and able to 
bind to complementary nucleic acids at 
uniform hybridization conditions, wherein 
each capture oligonucleotide probe of the 
array differs in sequence from every adjacent 
capture oligo-nucleotide probe, when aligned 
to each other by at least 25% of the 
nucleotides. 

4

Array Patents – Post-Markman
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Infinium – Array Patents
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Equivalence Equivalence

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 168 of 378 PageID: 168Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 7 of 52
PageID: 792
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Infinium – Array Patents

SOLID 
SUPPORT CAPTURE OLIGO PRIOR 

ART INDEFINITE25% DIFFERENCE

Infringement Validity

Literal

Literal

Markman

Equivalence

Markman Merits

Literal

Infringement

Markman Merits

Prior art

Cross-
motion

Indefinite

Literal

Prior art Indefinite

Equivalence Equivalence

Literal

Markman

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 169 of 378 PageID: 169Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 8 of 52
PageID: 793
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“Oligonucleotide probe which has no homology to a target sequence and is 
complementary to the addressable array specific portion of an oligonucleotide 
containing an addressable array specific portion and a target specific portion”

CAPTURE OLIGONUCLEOTIDE

ILLUMINA INFINIUM ARRAY

7

Infinium – Array Patents

target 
specific 
portion

addressable 
array 

specific 
portion

capture oligonucleotide
(no homology to a 
target sequence)

decoder probecapture 
oligonucleotide

ARRAY PATENT

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 170 of 378 PageID: 170Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 9 of 52
PageID: 794
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Infinium – Array Patents

“Oligonucleotide probe which has no homology to a target sequence and is 
complementary to the addressable array specific portion of an oligonucleotide 
containing an addressable array specific portion and a target specific portion”

CAPTURE OLIGONUCLEOTIDE

1) portion of the probe has 
homology to a target sequence

probeaddress

decoderbead
2) decoder does not have 

a target specific portion

• Literal infringement is not asserted under the current claim construction

• Motion for reargument is best shot at literal infringement, but reargument is granted 
very rarely in the District of Delaware

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 171 of 378 PageID: 171Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 10 of 52
PageID: 795
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Infinium – Array Patents

SOLID 
SUPPORT CAPTURE OLIGO PRIOR 

ART INDEFINITE25% DIFFERENCE

Infringement Validity

Literal

Literal

Markman

Equivalence

Markman Merits

Literal

Infringement

Markman Merits

Prior art

Cross-
motion

Indefinite

Literal

Reargument

Prior art Indefinite

Equivalence Equivalence

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 172 of 378 PageID: 172Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 11 of 52
PageID: 796
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Infinium – Array Patents

“Oligonucleotide probe which has no homology to a target sequence and is 
complementary to the addressable array specific portion of an oligonucleotide 
containing an addressable array specific portion and a target specific portion”

CAPTURE OLIGONUCLEOTIDE

• Illumina advances two legal restrictions on the doctrine of equivalents:
1) Argument-based estoppel:  a competitor would reasonably believe that the applicant 

had surrendered the relevant subject matter

2) Claim vitiation: no reasonable jury could determine two elements to be equivalent

• If we avoid legal restriction, there is a reasonable factual argument for equivalence

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 173 of 378 PageID: 173Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 12 of 52
PageID: 797

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 338 of 378 PageID: 1175
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Infinium – Array Patents

“Oligonucleotide probe which has no homology to a target sequence and is 
complementary to the addressable array specific portion of an oligonucleotide 
containing an addressable array specific portion and a target specific portion”

CAPTURE OLIGONUCLEOTIDE

Argument-based estoppel:  a competitor would reasonably believe that the applicant had 
surrendered the relevant subject matter (must be clear and unmistakable)

The present invention “avoids all of the aforementioned problems associated with typical 
hybridization arrays (i.e., target-capture probe cross-hybridization and false-positive/negative 
signal generation).”

VITIATION

DOCTRINE OF EQUIVALENTS

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 174 of 378 PageID: 174Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 13 of 52
PageID: 798

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 339 of 378 PageID: 1176
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Infinium – Array Patents

“Oligonucleotide probe which has no homology to a target sequence and is 
complementary to the addressable array specific portion of an oligonucleotide 
containing an addressable array specific portion and a target specific portion”

CAPTURE OLIGONUCLEOTIDE

Claim vitiation: no reasonable jury could determine two elements to be equivalent

Illumina will argue that “an oligonucleotide containing an addressable array specific portion 
and a target specific portion” is the antithesis of “an oligonucleotide containing an 
addressable array specific portion without a target specific portion” 

ESTOPPEL

DOCTRINE OF EQUIVALENTS

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 175 of 378 PageID: 175Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 14 of 52
PageID: 799

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 340 of 378 PageID: 1177
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Infinium – Array Patents

SOLID 
SUPPORT CAPTURE OLIGO PRIOR 

ART INDEFINITE25% DIFFERENCE

Infringement Validity

Literal

Literal

Markman

Equivalence

Markman Merits

Literal

Infringement

Markman Merits

Anticipation
Obviousness

Cross-
motion

Indefinite

Literal

Reargument

Prior art Indefinite

Equivalence

Equivalence

Merits

Equivalence

Estoppel Vitiation

Equivalence

Estoppel Vitiation

Equivalence

Estoppel Vitiation

Equivalence

Markman

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 176 of 378 PageID: 176Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 15 of 52
PageID: 800

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 341 of 378 PageID: 1178
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25% difference

“each capture oligonucleotide probe of the 
array differs in sequence from every 
adjacent capture oligonucleotide probe, 
when aligned, by at least 25% in nucleotide 
sequence”

14

Infinium – Array Patents
Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 177 of 378 PageID: 177Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 16 of 52

PageID: 801
Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 342 of 378 PageID: 1179
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Infinium – Array Patents

LITERAL INFRINGEMENT

• Likely no literal infringement because a small portion of adjacent beads have 
oligonucleotide probes with sequences that differ by less than 25%

• “Margin of error” argument is plausible, but likely uphill battle

• Potential argument that smaller regions within the Infinium BeadChip could qualify as 
“the array” in which all oligonucleotide probes differ from their neighbors

LITERAL INFRINGEMENT

“Each capture oligonucleotide probe of the array differs in sequence from every 
adjacent capture oligonucleotide probe, when aligned, by at least 25% in nucleotide 
sequence.”

25% DIFFERENCE

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 178 of 378 PageID: 178Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 17 of 52
PageID: 802

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 343 of 378 PageID: 1180
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Infinium – Array Patents

SOLID 
SUPPORT CAPTURE OLIGO PRIOR 

ART INDEFINITE25% DIFFERENCE

Infringement Validity

Literal

Literal

Markman

Equivalence

Markman Merits

Literal

Infringement

Markman Merits

Prior art

Cross-
motion

Indefinite

Literal

Reargument

Prior art Indefinite

Equivalence

Estoppel Vitiation

Equivalence

Equivalence

Markman Merits

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 179 of 378 PageID: 179Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 18 of 52
PageID: 803

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 344 of 378 PageID: 1181
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Infinium – Array Patents

“Each capture oligonucleotide probe of the array differs in sequence from every
adjacent capture oligonucleotide probe, when aligned, by at least 25% in nucleotide 
sequence.”

25% DIFFERENCE

DOCTRINE OF EQUIVALENTS

• Illumina advances three legal restrictions on the doctrine of equivalents:
1) Amendment-based estoppel:  an amendment made for reasons of patentability bars 

the doctrine of equivalents unless unrelated to the equivalent

2) Argument-based estoppel:  a competitor would reasonably believe that the applicant 
had surrendered the relevant subject matter

3) Claim vitiation: no reasonable jury could determine two elements to be equivalent

• If we avoid legal restriction, there is a reasonable factual argument for equivalence

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 180 of 378 PageID: 180Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 19 of 52
PageID: 804

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 345 of 378 PageID: 1182
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Infinium – Array Patents

DOCTRINE OF EQUIVALENTS

VITIATION

Amendment-based estoppel: an amendment made for reasons of patentability bars the 
doctrine of equivalents unless unrelated to the equivalent

The claim limitation was added in response to a restriction requirement, with little explanation.  
An “unexplained” narrowing of the claims is presumed to be for reasons of patentability and 
may preclude application of the doctrine of equivalents.

“Each capture oligonucleotide probe of the array differs in sequence from every
adjacent capture oligonucleotide probe, when aligned, by at least 25% in nucleotide 
sequence.”

25% DIFFERENCE

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 181 of 378 PageID: 181Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 20 of 52
PageID: 805

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 346 of 378 PageID: 1183
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Infinium – Array Patents

ESTOPPEL

Claim vitiation: no reasonable jury could determine two elements to be equivalent

Illumina will argue that an array where each oligonucleotide probe differs from every adjacent 
capture oligonucleotide probe is the antithesis of an array where only some oligonucleotide 
probes differ from some adjacent capture oligonucleotide probes

DOCTRINE OF EQUIVALENTS

“Each capture oligonucleotide probe of the array differs in sequence from every
adjacent capture oligonucleotide probe, when aligned, by at least 25% in nucleotide 
sequence.”

25% DIFFERENCE

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 182 of 378 PageID: 182Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 21 of 52
PageID: 806

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 347 of 378 PageID: 1184



PRIVILEGED & CONFIDENTIAL

SU
M

M
A

RY
 

JU
D

G
M

EN
T

TR
IA

L
A

PP
EA

L

20

Infinium – Array Patents

SOLID 
SUPPORT CAPTURE OLIGO PRIOR 

ART INDEFINITE25% DIFFERENCE

Infringement Validity

Literal

Literal

Markman

Equivalence

Markman Merits

Literal

Infringement

Markman Merits

Prior art

Cross-
motion

Indefinite

Literal

Reargument

Prior art Indefinite

Estoppel Vitiation
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Equivalence

Markman Merits

Equivalence

Estoppel Vitiation

Equivalence
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PageID: 807
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Infinium – Array Patents

SOLID 
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Literal
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Prior art
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motion

Indefinite

Literal
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Prior art Indefinite
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Equivalence
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Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 184 of 378 PageID: 184Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 23 of 52
PageID: 808
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• GoldenGate/DASL

LDR-PCR Patents

GoldenGate/DASL – LDR-PCR Patents
Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 185 of 378 PageID: 185Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 24 of 52

PageID: 809
Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 350 of 378 PageID: 1187
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GoldenGate/DASL – LDR-PCR Patents

Infringement Validity

Direct
Infringement

Merits Indirect

Anticipation
Obviousness

Literal

Anticipation
Obviousness

Equivalence

Indirect infringement

Markman

LIGASE DETECTION REACTION PRIOR ART

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 186 of 378 PageID: 186Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 25 of 52
PageID: 810
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GoldenGate/DASL – LDR-PCR Patents

LITERAL INFRINGEMENTLITERAL INFRINGEMENTLITERAL INFRINGEMENT

“Reaction which detects the presence of target nucleotide sequence in a sample by 
using a ligase and one or more sets of two oligonucleotide probes in which the 
ligase joins the two oligonucleotide probes only if they are hybridized at adjacent 
positions on a target nucleotide sequence.”

LIGASE DETECTION REACTION

• Literal infringement is not asserted because there is a gap between the oligonucleotide 
probes in GoldenGate/DASL

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 187 of 378 PageID: 187Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 26 of 52
PageID: 811

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 352 of 378 PageID: 1189
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GoldenGate/DASL – LDR-PCR Patents

Infringement Validity

Direct
Infringement

Anticipation
Obviousness

Literal

Anticipation
Obviousness

Equivalence

Indirect infringement

LIGASE DETECTION REACTION PRIOR ART

Merits IndirectMarkman

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 188 of 378 PageID: 188Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 27 of 52
PageID: 812

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 353 of 378 PageID: 1190



PRIVILEGED & CONFIDENTIAL 26

GoldenGate/DASL – LDR-PCR Patents

DOCTRINE OF EQUIVALENTS

“Reaction which detects the presence of target nucleotide sequence in a sample by 
using a ligase and one or more sets of two oligonucleotide probes in which the 
ligase joins the two oligonucleotide probes only if they are hybridized at adjacent 
positions on a target nucleotide sequence.”

LIGASE DETECTION REACTION

• Illumina advances two legal restrictions on the doctrine of equivalents:
1) Argument-based estoppel:  a competitor would reasonably believe that the applicant 

had surrendered the relevant subject matter

2) Disclosure-dedication: unclaimed subject matter that is identified in the patent as 
an alternative to a claim limitation cannot be equivalent

• If we avoid legal restriction, there is still a difficult factual argument for equivalence

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 189 of 378 PageID: 189Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 28 of 52
PageID: 813

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 354 of 378 PageID: 1191
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GoldenGate/DASL – LDR-PCR Patents

DOCTRINE OF EQUIVALENTS

“Reaction which detects the presence of target nucleotide sequence in a sample by 
using a ligase and one or more sets of two oligonucleotide probes in which the 
ligase joins the two oligonucleotide probes only if they are hybridized at adjacent 
positions on a target nucleotide sequence.”

LIGASE DETECTION REACTION

DEDICATION

Argument-based estoppel:  a competitor would reasonably believe that the applicant had 
surrendered the relevant subject matter (must be clear and unmistakable)

“The gap ligase chain reaction process requires an additional step—polymerase extension.”
Additional unfavorable statements were made in the prosecution history of the unrelated 
’521 patent.

ESTOPPELESTOPPEL

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 190 of 378 PageID: 190Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 29 of 52
PageID: 814
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GoldenGate/DASL – LDR-PCR Patents

DOCTRINE OF EQUIVALENTS

“Reaction which detects the presence of target nucleotide sequence in a sample by 
using a ligase and one or more sets of two oligonucleotide probes in which the 
ligase joins the two oligonucleotide probes only if they are hybridized at adjacent 
positions on a target nucleotide sequence.”

LIGASE DETECTION REACTION

ESTOPPEL

Disclosure-dedication: unclaimed subject matter that is identified in the patent as an 
alternative to a claim limitation cannot be equivalent

“Jou et al. … relates to the use of a so called ‘gap ligase chain reaction’ process to amplify 
simultaneously selected regions of multiple exons with the amplified products being read on an 
immunochromatographic strip…”

DEDICATION

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 191 of 378 PageID: 191Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 30 of 52
PageID: 815
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GoldenGate/DASL – LDR-PCR Patents

LIGASE DETECTION REACTION PRIOR ART

Infringement Validity

Direct
Infringement

Anticipation
Obviousness

Literal

Anticipation
Obviousness

Equivalence

Indirect infringementDirect
Infringement

Estoppel Dedication

Equivalence

Estoppel Dedication

Equivalence

Estoppel Dedication

Equivalence

Merits IndirectMarkman

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 192 of 378 PageID: 192Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 31 of 52
PageID: 816
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INDIRECT INFRINGEMENT

30

GoldenGate/DASL – LDR-PCR Patents

Indirect infringement: liability for indirect infringement requires that the defendant knew that 
the acts of infringement by the user constitute patent infringement.  A defendant does not 
indirectly infringe a patent if it has a reasonable belief of noninfringement

Case 2:23-cv-01997-MCA-JSA   Document 1   Filed 04/08/23   Page 193 of 378 PageID: 193Case 2:23-cv-01997-MCA-JSA   Document 1-1 *SEALED*    Filed 04/08/23   Page 32 of 52
PageID: 817
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GoldenGate/DASL – LDR-PCR Patents

Infringement Validity

Direct
Infringement

Anticipation
Obviousness

Literal

Anticipation
Obviousness

LIGASE DETECTION REACTION PRIOR ART

Estoppel Dedication

Equivalence

Merits IndirectMarkman Merits IndirectMarkman
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GoldenGate/DASL – LDR-PCR Patents

Infringement Validity

Direct
Infringement

Anticipation
Obviousness

Literal

Anticipation
Obviousness

Estoppel Vitiation

Equivalence

Covenant Gap ext.

Indirect infringement

LIGASE DETECTION REACTION PRIOR ART

Anticipation
Obviousness

Anticipation
ObviousnessMerits IndirectMarkman
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Procedural Considerations
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SOLID SUPPORT CAPTURE OLIGO

High risk

25% DIFFERENCE

34

Procedural Considerations
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Infringement Analysis (Post-Markman)

CAPTURE OLIGO 25% DIFFERENCE

Array Patents LDR-PCR

Equivalence

Markman Merits

Literal

Infringement

Markman Merits

Reargument
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Equivalence

Equivalence

Estoppel Dedication

Equivalence

Covenant Gap ext.

Indirect infringement
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Merits IndirectMarkman
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Capture Oligonucleotide (Post-Markman)

CAPTURE OLIGONUCLEOTIDE
(1) capture oligonucleotides

cannot have homology 
to a target sequence

(a) target specific 
portion

(b) addressable array 
specific portion

(2) complementary oligonucleotides
must have both: (a) target specific 
portion and (b) addressable array 
specific portion
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Capture Oligonucleotide (Post-Markman)

“A capture oligonucleotide sequence 
does not have any homology to either 
the target sequence or to other 
sequences on genomes which may be 
present in the sample.”

(’917 patent)
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Control beads present infringement challenges:

Control beads present damages calculation challenges:

To obtain a royalty on the entire market value of the Infinium products, we need to 
show that the patented feature drives demand for the entire product, and motivates 
customers to buy the product.  Control beads likely do not drive demand for the 
entire product.

4

Capture Oligonucleotide (Post-Markman)

Infinium Staining Controls

(1) capture oligonucleotide
does not have homology 
to a target sequence

but…
(2) complementary oligonucleotide

lacks target specific portion
decoder
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25% Difference (Post-Markman)

25% DIFFERENCE
each capture oligonucleotide 
probe of the array must 
differ from every adjacent 
capture oligonucleotide probe 
by at least 25%
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Ligase Detection Reaction (Post-Markman)

LIGASE DETECTION REACTION
two oligonucleotide probes must 
hybridize at adjacent positions on 
a target nucleotide sequence

Ligase detection reaction

Gap extension reaction

not adjacent
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Ligase Detection Reaction (Post-Markman)

Ligase detection reaction

“The claims of the present application clearly refer 
to an LDR procedure to distinguish single nucleotide 
differences and require that the oligonucleotide probe 
be configured to hybridize ‘adjacent to one another’ 
on a corresponding target nucleotide sequence. Since 
they do not involve LCR or filling a gap, these claims are 
readily distinguishable from Zaun.”  

(’521 patent prosecution history)
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On Mar 27, 2017, at 11:48 PM, 
Roger.Chin@lw.com wrote:
PRIVILEGED & CONFIDENTIAL 

Francis and Monib, 

We had a chance to study the materials that you prepared and organized for 
us.  It is certainly helpful information, and I know that Matt’s team developed 
and explored some similar avenues based on their access to confidential 
Illumina documentation.  However, there are certain limits to our ability to 
introduce new issues at this juncture in the litigation: 

· The technical analysis does not change our views on claim construction
and infringement that we discussed on our previous calls.  In this case, the
doctrine of equivalents case is limited by legal doctrines (estoppel, dedication,
vitiation), which are largely separate from the technical points raised.
· The issue of copying plays a limited role in our patent case.  While copying
can be used as evidence of willfulness, based on our review of the record and
discussions with Matt’s team, we do not believe there is a viable argument that
the commercialized Illumina products actually incorporate the specific Barany
zip code sequences.  The more general benefits Illumina may have received
from copying Barany technology do not change the challenges we face on the
infringement issues.  In some ways, the patent laws actually encourage
building upon others’ ideas so long as the later products do not infringe.
· Our current patent case is not the proper vehicle to advance general
allegations of IP theft.  Those claims are more in the nature of trade secrets
misappropriation or breach of contract, which are not part of our case and
would have to be separately evaluated.
· We are dealing with a fixed record and new arguments are not easily
added at this point.  Fact discovery is closed.  Expert reports have been
submitted and technical experts were already deposed.  For example, while
our experts discuss the copied 16 sequences, broader arguments about IP
theft are not disclosed in their expert reports (for some of the reasons outlined
above) and therefore likely cannot be presented at trial.

Roger J. Chin 
LATHAM & WATKINS LLP
505 Montgomery Street | Suite 2000 | San Francisco, CA 94111-6538 
T: +1. . .  | M: + 
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From: Francis Barany [mailto:barany@med.cornell.edu]  
Sent: Thursday, March 23, 2017 11:58 AM
To: Chin, Roger (SF); Matthew Pearson; Elderkin, Dianne; Lumish, Doug (SV); 
Sobolski, Gregory (SF); Rip.Finst@thermofisher.com; 
sean.boyle@thermofisher.com; Valerie Cross; Brian Kelly
Subject: Privileged and Confidential: Cornell - Illumina Case; potential 
obstruction of justice and/or witness tampering; legal team only 6
Importance: High 
  
Dear Roger, Matthew, Dianne, Doug, Greg, Rip, Sean, Valerie, and 
Brian, 

We wish to bring to your attention a potential obstruction of justice and/
or witness tampering with the Cornell vs. Illumina case.  While not 
having a key witness available during a trial does occur from time to 
time, the “disappearance” of two key witnesses is problematic in our 
view.  There is a huge difference between not knowing where a former 
employee is after a decade, and possibly orchestrating someone’s 
disappearance when subpoenaed. 

It appears that Illumina was fully aware of JB Fan's whereabouts since 
2015. On multiple occasions, Illumina employees co-authored patents 
and papers and attended meetings with JB Fan. This occurred both prior 
to the court ordered Subpoena in July 2015, as well as afterwards. In 
fact, an Illumina employee registered the website “AnchorDx.com” in 
April 2015, and is listed as the Chief Technical Officer of AnchorDx, 
Inc., a company JB Fan started in August 2015, in an attempt to make it 
appear that he had "fled" to China. He continued to maintain a residence 
in San Diego and verifiably was present in San Francisco on June 23, 
2016. He even listed himself as not only an employee of Illumina in 
June, 2016, but also a member of Illumina's "Leadership" in an author 
declaration form for an Abstract he was part of at the 2016 ASCO 
meeting. 

Having analyzed his patent applications and declarations over the years, 
multiple verifiably misleading or false statements were made in the 
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prosecution history of many patents as revealed in the Ariosa/Illumina 
IPR proceedings in 2014. It is felt, that he was, and is, a critical and key 
witness and co-conspirator in the patent infringement perpetrated by 
Illumina against Cornell. This combined with the fact that Illumina has 
likely concealed that they call their "address" sequences on Infinium 
arrays "Zipcode" in their DLL files for the DMAP Decode File Client 
software, is powerful evidence that Illumina has deliberately mislead the 
Court. 

We would like to consider options for bringing this additional 
information to the attention of Judge Stark, with copies to the Illumina 
attorneys.   We believe it is in Cornell's best interest for both settlement 
talks and/or trial to send this information to Judge Stark and Illumina. 
We believe that this is the only way to expose that Illumina is infringing 
on Cornell’s IP of the Universal Zipcode Sentrix and Infinium Arrays, 
and its uses for SNP detection, gene expression studies, methylation 
studies, NGS sequencing, and other applications. To add insult to injury, 
ABI shared confidential information with Illumina as part of the JDA, 
and Illumina took that information, used it to develop their own assays 
and arrays, and then they tried to re-patent it and call it something else, 
and then they tried to hide the fact that these were the same arrays 
invented by Cornell in the first place.  The plagiarism was to the degree 
where they used our exact 16 zipcodes as their first “IllumaCodes”.  This 
information will not only strengthen our case for trial, but it will also 
expose fraudulent claims of Illumina and its current and former 
employees, leading to a potentially more equitable settlement agreement 
or jury verdict. 

We did not get any response from you about your availability for a 
webex this week for Tuesday, Wednesday, or Thursday @ 5:00 PM EST. 
Would you be available to speak about the PowerPoints we sent on 
Sunday, as well as the contents of this email and follow-up on Friday @ 
11:00 AM EST, or Monday or Tuesday @ 5:00 PM EST?  Would you 
kindly let us know if either of these times work for you?  If they do not 
work, would you please suggest alternative times?  One of us (FB) will 
be traveling March 29-31 & April 4-7. 
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Best, 

Francis and Monib 

Tel     or  or  
Fax    . .  
barany@med.cornell.edu 

Mobile . .  
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