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Plaintiff, by and through its designated attorneys, complains and alleges as follows:

PARTIES

1. Plaintiff SEQUENOM, INC. (“SEQUENOM?”) is a corporation organized under the
laws of the State of Delaware and has its principal place of business at 3595 Johns Hopkins Court,
San Diego, California, 92121.

2. Upon information and belief, Defendant MYRIAD GENETICS, INC. is a
corporation organized and existing under the laws of Delaware and has a place of business at 320
Wakara Way, Salt Lake City, Utah 84108. Upon information and belief, Defendant MYRIAD
GENETICS, INC. has a wholly owned subsidiary Myriad Genetics Laboratories. Defendant
MYRIAD GENETICS INC,, and its wholly owned subsidiary Myriad Genetics Laboratories will
hereinafter be referred to collectively as “MYRIAD”.

JURISDICTION AND VENUE

3. The Court has jurisdiction over all claims for declaratory judgment of patent non-
infringement and invalidity under 28 U.S.C. §§ 1331 and 1338(a), the Declaratory Judgment Act,
28 U.S.C. §§ 2201, 2202, and under the laws of the United States concerning patents, 35 U.S.C. §§
101 et seq.

4. Venue 1s proper in this district under 28 U.S.C. §§ 1391(b) -- the venue statute
applicable to declaratory judgment actions -- for several alternative reasons. Venue is proper in
this district under § 1391(b)(2) because a substantial part of the events or omissions giving rise to
the claim — the alleged infringing activity — occurred or will occur in this judicial district.
Alternatively, venue is proper in this district under § 1391(b)(1) because all defendants “reside” in
the State of California and at least one defendant “resides” in this judicial district under the
definition of “resides” found in § 1391(c) because its contacts with this judicial district are
sufficient to render it amenable to personal jurisdiction in this district.

5. Defendant MYRIAD has engaged in substantial contact with SEQUENOM, which is
located 1n San Diego, CA (which is in the Southern District of California) including at least
sending letters to SEQUENOM on August 20, 1999, September 16, 1999, May 25, 2000 and

December 12, 2001 relating to the use of mass spectrometry to detect DNA polymorphisms, and

| Idee’s Complaint for Declaratory Judgment
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more specifically, the alleged infringement of and/or licensing of rights to United States Letters
Patent No. 5,869,242 (hereinafter “the ‘242 Patent”), which is the patent in suit, and also meeting
in San Diego with representatives of SEQUENOM regarding the same in San Diego on at least the
following dates: on or about April 6, 2001 and January 14, 2000.

6. More specifically, on or about January 14, of 2000, there were meetings in San Diego
California between SEQUENOM and MYRIAD personnel, including at least Amold Oliphant,
Vice President of Functional Genomics for Myriad Genetics Inc. and Gregory C. Critchfield,
President of Myriad Genetic Laboratories, Inc., to discuss details of SEQUENOM’s business and
their respective patents and products, including the ‘242 patent.

7. Myriad Genetics asked and had SEQUENOM perform a feasibility study involving
DNA samples provided by Myriad Genetics that were tested for Myriad Genetics using
SEQUENOM'’s technology. This testing determined the presence of genetic polymorphous and
generated data that was given to Myriad. Myriad and SEQUENOM had several meetings to discuss
the data generated by this feasibility study including phone calls and at least one face-to-face
meeting at SEQUENOM’s facility in San Diego. Specifically, a meeting was held on or about
April 6, 2001 at SEQUENOM’s facilities in San Diego in which Myriad’s Program Director of
Technology Development, Satish Bhatnagar, and other Myriad employees came to San Diego to
discuss the feasibility study which was later performed by SEQUENOM. SEQUENOM invoiced
MYRIAD for the feasibility study.

8. On or about July 18 of 2001, Satish Bhatnagar and Chris Wight, General Counsel for
Myriad Genetics discussed the intellectual property of SEQUENOM and SEQUENOM’s
productswith SEQUENOM employees and specifically discussed various patents and patent
applications that involved the analysis of DNA samples with mass spectrometry.

9. Additional contacts render MYRIAD amenable to personal junsdiction in this district.
Upon information and belief, Defendant MYRIAD has engaged in a collaboration with Torrey
Mesa Research Institute (“TMRI™), a subsidiary of Syngenta to sequence the entire rice genome.
TMRI s located in the district at 3115 Merryfield Row, San Diego, CA 92121, As a direct result of

its substantial business collaboration with San Diego based-TMRI, Defendant MYRIAD has

2. SEQUENOM's Complaint for Declaratory Judgment
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received or will receive at least $3 million dollars.
10. Still further contacts render MYRIAD amenable to personal jurisdiction in this district,
Upon information and belief, individuals of Defendant MYRIAD attended the American Society
for Human Genetics Meeting in the district at held at the San Diego Convention Center on October
12 through 16 of 2001.
FACTUAL BACKGROUND

United States Letters Patent No. 5,869,242

11.  On February 9, 1999, United States Letters Patent No. 5,869,242 (hereinafter “the
‘242 Patent”) entitled “MASS SPECTROMETRY TO ASSESS DNA SEQUENCE
POLYMORPHISMS” issued to assignee defendant MYRIAD. The named inventor on the ‘242
Patent was Alexander Kamb. A copy of the ‘242 Patent is attached as Exhibit 1.

12, On information and belief, defendant MYRIAD GENETICS, INC., 1s still the
assignee of record of the ‘242 Patent. Thus, on information and belief, defendant MYRIAD
GENETICS, INC. has had and still maintains substantial rights in the ‘242 Patent.

Facts Leading Up to the Filing of Suit

13.  Plaintiff SEQUENOM is a discovery genetics company that is a leader in efforts to
determine the medical impact of genes and genetic variations. Plaintiff SEQUENOM is identifying
potential disease-related genes that affect the most significant portions of the overal! population.
This approach is posstble due to the pinpoint accuracy and unique specificity of the Company's
MassARRAY™ system, which is largely accepted as the most powerful high-throughput screening
technology of its kind in the industry.

14.  Plantiff SEQUENOM is a leader in the development and application of products,
technologies and services to analyze genetic variations and to determine their association with
dhsease.

15.  Plaintiff SEQUENOM’s products include the MassARRAY™ system. disposable
MassARRAY™ kits consisting of SpectroCHIPs™ chips and reagents.

16, Plaintiff SEQUENOM’s services include assay design for MassARRAY™

customers, collaborative and in-house vahdation projects using its MassARRAY '™ system, a SNP

3 SEQUENOM's Complat for Declaratory Judgment
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assay portfolio and disease association studies using its proprictary DNA banks.

17.  Defendant MYRIAD is the owner of United States Letters Patent No. 5,869,242
(hereinafter “the ‘242 Patent”) which defendant MYRIAD alleges covers methods of detecting
polymorphisms, including mutations, in DNA using mass spectrometry.

18.  In August of 1999, MYRIAD expressed to SEQUENOM its belief that
SEQUENOM was engaging in activities that MYRIAD believed might constitute infringement of
the ‘242 Patent. Plaintiff SEQUENOM and Defendant MYRIAD engaged in various discussions to
resolve this matter, which concluded on December 12, 2001, when attorneys for Defendant
MYRIAD wrote a letter to informing plaintiff SEQUENOM that the above-referenced discussions
failed to achieve any resolution. The letter also informed SEQUENOM that MYRIAD had decided
that MYRIAD was not interested in an acquisition of SEQUENOM products or a license under its
patents, and further informed SEQUENOM that MYRIAD had retained legal counsel to ensure that
SEQUENOM ceased all activities that MYRIAD believed were infringing, activities characterized
by MYRIAD as a “serious invasion of its rights.” Finally, the letter requested that SEQUENOM
confirm in writing by December 19, 2001 that SEQUENOM had ceased its allegedly infringing
activities and further informed SEQUENOM that the attorneys for MYRIAD were “prepared and
authorized to initiate litigation™ if such confirmation were not received.

19.  Based on the totality of the circumstances outlined above, plaintift SEQUENOM is
reasonably apprehensive that defendants will file suit against SEQUENOM alleging infringement
of the ‘242 Patent.

CLAIM

(Declaration of Non-Infringement and Invalidity of
U.S. Patent No. 5,869,242)

20.  Plantiff hereby incorporates by this reference paragraphs 1 through 19 inclusive.

21.  Asaresult of defendants’ actions and statements and the totality of circumstances
detailed above, an actual controversy now exists between plaintiff SEQUENOM and defendants
concerning whether SEQUENOM’s actions including sale of its products and providing services
infringe any valid claim of the 242 Patent.

22.  Therefore, Plamntiff SEQUENOM hereby secks entry of a declaratory judgment that

4. SEQUENOM''s Complaint for Declaratory Judgment
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1 SEQUENOM’s actions including sale of its products and providing services and its internal

2 activities does not infringe any claim of the ‘242 Patent, and/or such claims are invalid for failing
3 to satisfy one or more of the conditions of patentability set forth in 35 U.S.C. § 101, 102, 103 and
4 112.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff SEQUENOM prays for Judgment for the following:
a) The entry of a Declaratory Judgment that Plaintiff SEQUENOM does not infringe

any of the claims of the ‘242 Patent and/or such claims are invalid,

o o =3 ON Lh

b) A finding that this case is an exceptional case and awarding plaintiff its reasonable

10 attorneys fees pursuant to 35 U.S.C. § 285;

11 c) An award to plaintiff of its costs and expenses in bringing and prosecuting this

12 action; and

13 d) An award to plaintiff for such other relief as this Court may deem just and proper.
14 DEMAND FOR TRIAL BY JURY

15 Pursuant to the Federal Rules of Civil Procedure, plaintiff SEQUENOM respectfully

16 demands a trial by jury.

17

18 Dated: December 17, 2001 Respectfully submitted,

19 BROBECK, PHLEGER & HARRISON, LLP
20

21 BY: )

Jeffre@ Guise
22 John E. Peterson
2 Attorneys for plaintiff Sequenom, Inc.

24
25
26
27
28

5. SEQUENOM's Complaint for Declaratory Judgment
SDILIBLIPIL
410984 08




LA Lo L8 v )

UnitedeStates-a2atentans Document(u) FRatese/NafaberPage 8 5,869,242

Kamb

Feb. 9, 1999

{54] MASS SPECTROMETRY TO ASSESS DNA
SEQUENCE POLYMORPHISMS

{75] loventor: Alexander Kamb, Salt Lake City, Utah

[73]) Assignee: Myriad Genetics, Inc., Salt Lake City,
Utah

[21) Appl. No.: 529,879

[22] Filed: Sep. 18, 1995

[51] Dot CL® e C12Q) 1/68; GOLN 24/00,
BO1D 59/44
[52] US.Cl ierneaiens 435/6; 435/91.53; 436/173
{58] Fileld of Search .o 435/6,91.2, 9121,
435/91.53, 172.3, 320.1; 436/94, 173, 174;
935776, 77; 250/282

[56) References Cited

U.S. PATENT DOCUMENTS

4,704,417 10/1987 MOMIS wvrnecvrvsssnneon s serions
5,003,059 371991 Brepnan .. “
5,064,754 1171991 Mills ...
5,221,518 6/1993 Mills ..ooreverrvcrnne
5,424,184  6/1995 Santamaria et al. ....occovcsniinnees 435/6

OTHER PUBLICATIONS

Hilleakamp, E. et al. {1991). “Matrix~Assisted Laser Des-
ompticn/Tonization Mass Spectrometry of Biopolymers,”
Anal. Chem. 63:1193A-1203A,

Kirpekar, F. et al. (1994). “Matrix assisted laser desorption/
ionization mass spectromelry of enzymatically synthesized
RNA up to 150 kDa,” Nucl Acids Res. 22:3866-3870.
Nelson, R.W. et al. (1989). “Volatilization of High Molecu-
lar Weight DNA by Pulsed Laser Ablation of Frozen Aque-
ous Solutions,” Science 246:1585-1587.

Nordhoff, E. et al. (1993). “loa stability of qucleic acids in
infrared matrix-assisted laser desorplion/ionization mass
spectrometry,” Nucl Acids Res. 21:3347-3357.

Nordhoff, E. et al. (1994). “Comparisor of IR-and UV-ma-
trix—assisted laser desorption/ionization mass spectrometry
of oligodeoxynucleotides,” Nucl Acids Res. 22:2460-2465.
Pieles, U. et al. (1993). “Matrix-assisted laser desorption
ionization time-of-flight mass spectrometry: a powerful
tool for the mass and sequence analysis of natural and
modified ofigonucleotides,” Nucl. Acids Res. 21:3191-3186.
Schaeider, K. and Chait, B.T. (1995). “lacreased stability of
pucleic acids containing 7-deaza—guanosine and 7—dea-
za~adenosine may cnable rapid DNA sequencing by
matrix-assisted laser desorption mass spectrometry,” Nucl.
Acids Res. 23:1570-1575,

Exhibit 1 - Page

j4s] Date of Patent: °

-

Siuzdak, G. {1994). “The emergeace of mass spectrometry
in biochemical research,” Proc. Nail Acad, Sci USA
01:11290-11297,

Wang, B.H. and Biemann {1994). “Matrix-Assisted Laser
Desorption/lonization Time-of-Flight Mass Spectrometry
of Chemically Modified Oligonucieotides,” Anal Chem.
66:1918-1924,

Wu, KJ. et al. (1994). “lime-of-Flight Mass Spectrometry
of Underivatized Single-Stranded DNA Oligomers by
Matrix-Assisted Laser Desorption,” Anal  Chem.
66:1637-1645,

Primary Examiner—George C. Elliott

Assistant Examiner—Thomas G. Lason

Attorney, Agent, or Firm—Rothwell, Figg, Emst & Kurz,
PC.

(57) ABSTRACT

A method for determining the presence of polymorphisms,
including mutations, in aucleic acids by using mass spec-
trometey is preseated. The method requires amplification of
the mucleic acid region to be analyzed followed by analysis
by mass spectrometry and comparison of the obtained
spectrum with spectra obtained from wild-type sequences
and/or sequences known 1o contain the polymorphism. Dif+
ferences between the spectra, either the appearance or dis-
appearance of one or more peaks indicating a change in mass
or & change in the beight of one or more peaks indicating a
change in the amount of nucleic acid of a specific mass,
indicate the presence of 2 polymorphism. Variations of the
method involve digestion of the amplified nucleic acid, e.g.,
by using restriction cnzymes, nucleases or chemical
methods, prior to aoalysis by mass spectrometry. The
method can be applied to any type of nucleic acid including
genomic DNA, CDNA znd RNA. The method is especially
well suited for performing routine genetic screening on a
{arge scale for mutations known 1o be associated with a
disease, The method is also appropriate for determining the
presence of polymorphisras for other purposes, ¢.g., for
genotyping or screening for mutations ig a positional clog-
ing project. A preferred approach is to amplify then digest
the aucleic acid and then to analyze it via matrix-assisted
faser desorptionficnization mass spectrometry (MALDI-
MS) using a ncodymivm-garnet laser and a
3-hydroxypicolinic acid matrix.

12 Claims, No Drawings
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1

MASS SPECTROMETRY TO ASSESS DNA
SEQUENCE POLYMORPHISMS

BACKGRQUND OF THE INVENTION

The determination of the presence of polymorphisms,
especially mutations, in DNA has become a very important
and useful tool for a variety of purposes. Detecting muta-
tions which are known to cause or to predispose persons to
disease is one of the more important uses of determining the
possible presence of a mutation. One example is the analysis
" ol the genc named BRCAL1 whick may result in breast cancer
if it is mutated (Miki et al, 1994; Futreal et al,, 1994).
Several known mutations in the BRCAL gene have been
causally linked with breast cancer, With this knowledge in
hand it is now possible to screen women for these known
mutations to determine whether they are predisposed to
develop breast cancer. Some other uses for determining
polymorphisms or mutations are for genotyping and for
mutational analysis for positional cloning experiments.

A few different methods are commonly used to analyze
DNA for polymorphisms or mutations, The most definitive
method is to sequence the DNA to determine the actual basc
sequence (Maxam and Gilbert, 1977; Sanger ¢t al,, 1977).
Although such a method is the most definitive il is also the
most expensive and time consuming method. Restriction
mapping aualysis has some limited use in analyzing DNA
for polymorphistus. If one is lookiog for 2 known polymor-
phism at a site which will change the recogpition site for a
restriction enzyme it is possible simply to digest DNA with
this restriction ¢ozyme and analyze the fragments on a gel or
with a2 Southern blot to determine the presence or absence of
the polymorphism. This type of analysis is also useful for
determining the preseace or absence of gross insertions or
deletions, Hybridization with allele specific oligonucle-
otides is yet another method for determining the presence of
known polymorphisms. These latter methods require the use
of hybridization techaiques which are time consuming and
costly.

In recent years some breakthroughs have been made
which allow the use of mass spectrometry to analyze mac-
romolecules (Hillenkamp et al., 1991; Schacider and Chait,
1995; Wang and Biemann, 1994; Nordhoffet al., 1993;
Siuzdak, 1994; Wu et al., 1994; Nelson et al., 1989; Nord-
hoff et al,, 1994; Kirpekar ot al.,, 1994; and Picles et al.,
1993). Many papers have now been published which cstab-
lish that mass spectrometry can be used to analyze DNA
fragments. Some papers have focused simply on the ability
to measure the mass of a single fragment of DNA or RNA
whereas others have gone so far as to show the utility of
mass spectrometry for sequencing short fragments of mucleic
acids (Pieles et al,, 1993, Kirpekar et al,, 1994). In all of the
papers published to date the analysis has beea limited to
polynucleotides on the order of about 50 nucleotides or
fewer. The appeal of mass spectrometry is the tremendous
speed in oblaining data. Once samples have been prepared
the throughput can be as fast as 1-2 seconds per sample.
Analysis of the data is then done off-linc. This time of 1-2
seconds is a lremendous advanlage when compared with the
many hours needed for ruaning gels and/or hybridizing
samples for analysis if the more classical methods of nucleic
acid polymorphism analysis are used.

The present invention applies mass spectrometry 1o the
determination of the presence of polymerphisms within
known genes. The method uses mass spectromelry to com-
pare 1he mass spectrum of a fragment of DNA [rom a sample
to be analyzed with known reference mass specira of DNA,
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c.g., spectra for wild-type DNA and DNA with a known
polymorphism. Determination of the presence of a polymor-
phism in the sample being tested is rapid and accuraie, The
use of mass spectrometry with its very capid analysis is
especially useful for routine screening of large numbers of
samples.

‘The publications and other materials used herein to illu-
minate the background of the invention, and in particular,
cases to provide additional details respecting the practice,
are incorporated herein by reference, and for convenience,
are referenced by autbor and date in the text and respectively
grouped in the appended List of References.

SUMMARY OF THE INVENTION

The invention is directed to determining the presence of
polymorphisms in oucleic acids by analyzing the pucleic
acid using mass spectromeiry. Many different reasons exist
for wanting to determine the presence of polymorphisms.
Oae popular reason for doing this analysis is to determine if
a person’s genome contains a mutation keown to be asso-
ciated with a disease, e.g., cancer or heart disease, Such
mulations are known and by analyzing for their presence,
persons found to have such mulations can take preemptive
action to treat or cure the disease associated with the
mutation. A typical analysis involves sequencing the genes
of interest. As more gene mutations associated with various
discases are discovered it is certain that more genetic
analyses will be performed. The time and cost of present
sequencing methods will limit the amouat of genetic testiag
which can be done because DNA sequencing as done
presently requires trained technicians and many hours of
preparation and analysis. Newer methods which are faster
and less costly to perform are necessary to allow for routine
screening of mutations known to be associated with disease.
As more disease causing mutations ace found this need will
become even more critical.

The prescat invention uses mass spectrometry rather than
requiring the use of gels and/or nucleic acid hybridization
techniques to analyze for polymorphisms. Once 2 sample
has been prepared, data acquisition via mass spectrometry
requires only a few seconds. This removes the hours of time
required for techniques which require use of gel clectro-
phoresis or nucleic acid hybridization. Time for sample
preparation is stil! required just as for analysis by the
cstablished methods, but the apalysis of the samples once
prepared is tremendously faster using mass spectrometry.

One method of using the present inveation is to prepare
amplified DNA from a patient’s sample in the region of a
known mutation. The amplified DNA is then analyzed in a
mass spectrometer o determine the mass of the amplified
fragmenl.

The mass spectrum obtained is compared to the mass
spectrum of fragments obtained from known samples of
either wild-type genes or genes containing the known muta-
tion. These known spectra are referred to as “signature”
spectra, A simple comparison of the sample spectrum vs.
signatuce spectra will reveal whether the patienl’s DNA
conlains & mutation. Although sequencing of fragments of
nucleic acids is possible using mass spectrometry, actual
scquencing of the nucleic acid is nat required for this
mutational analysis. Less preparation and analysis is necded
to prepare and analyze a complete, intact fragment as
compared (o lreating a sample for actual sequencing.

A variation of the above technique may also be used to
analyze for polymerphisms. In this variation the fragments
of nucleic acid are digested via any one of several techaiques

Exhibit | — Page 7
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to smaller fragments which may range from one base up lo
approximately 50 bases. The resulting mix of fragments is
then analyzed via mass spectrometey. The resulting spectrum
contains several peaks and is compared with signature
spectra of samples known to be wild-type or to contain a
known polymorphism. A comparison of the locations {mass)
and beights (relative amouats) of peaks i the sample with
the known sigmature spectra indicate what type of
polymorphism, if any, is present,

DESCRIPTION OF THE INVENTION

The inveation s direcled to a capid method for analyzing
for the presence of polymorphisms in a nucleic acid sample.
The method utilizes mass spectromelry to analyze the
pucleic acid. This method is much more rapid than other
nucleic acid analysis techniques, ¢.g., DNA sequencing
using polyacrylamide gel electrophoresis or hybridization
techniques such as using allele specific oligonucleotides. A
rapid technique is very desirable for routine screening of
many samples. As more and more genes are ideatified,
purified and sequenced, and determined to be associated
with dissase states when mutated, the number of requests for
mutational analysis will grow. The present method, by
greatly increasing the rate of analysis, will help meet the
aeed for the vast amount of genetic testing expected in the
pear future.

Que aspect of the present invention is the realization that
it is uapecessary to analyze a complete gene for genetic or
hereditary testing. Often it is found that only oue or a few
specific mutations are the cause of a discase in most, if not
all, cases of the disease. For routine genetic screeniag for the
disease it is necessary 1o analyze only the regions of nucleic
acid in the immediate cegion of the known mutation. Knowl-
edge of the nucleic acid composition in these celatively short
regions wil} enable one to determine if the patient contains
a harmful mutatiop. There is no need to analyze fully the
complete gene sequence of a gene associated with a disease.
It is another aspect of this iavention that it is also now
realized that one need not do an actual sequence analysis of
even these short regions of pucleic acid to determine the
presence of a polymorphism. Rather one can us¢ a method
which is exquisitely precise in determining the total com-
position of the fragmeants of DNA. Mass spectrometry is one
such method which yields very precise resulis and is appli-
cable lo short gucleotide fragments. This invention teaches
that a simple comparison of a mass spectrum of a total
nucleic acid sarple fragment with spectra of known frag-
meats quickly yiclds data capable of determining the pres-
ence of a polymorphism in the sample. Alternatively, one
can digest the fragment to yield a spectrum of several peaks,
rather than a single peak representing the whole fragmeat,
and use this spectrum 10 determine whether a polymorphism
is present to the sample. This is agaia simpler and faster than
sequencing the sample.

The disclosed methods are useful for determining the
presence of a polymorphism in a nucleic acid sample for any
pucpose, it is not limited to testing for mutations in genes
associated with a disease.

EXAMPLE |

Amplification of Nucleic Acid to be Analyzed

Relatively pure nucleic acid fragments must be obtained
it sufficient amounis 1o be detectable by mass spectromelry.
Matrix-assisted laser desorption/ionization mass specirom-
etry (MALDI-MS) is currently sensitive at the femtomole
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level (Siuzdak, 1994). Typically picomole amouais of
nucleic acids are used in MALDI-MS analyses. A wide
varicty of techniques for preparing large amounts of purified
fragments of nucleic acids are known to those of skill in the
art. Several amplification techniques are commonly used.
Polymerase chain reaction (PCR) is one very powerful
technique for amplifying specific fragments of nucleic acids
and is especially appropriate for the present invention. PCR
requires knowledge of two small portions of about 15 bases
or more each of the DNA sequence. Two primers are made,
one corresponding to cach known region, and these primers
are designed such they will cach prime synthesis of a
different sirand of DNA such that synthesis will be in the
direction of one primer towards the other primer. The
primers, DNA to be amplified, a thermostable DNA
polymerase, a mix of the four deoxyaucleotides, and 2 buffer
arc combined. DNA synthesis will occur. The solution is
then denatured by heating, then it is cooled to allow &nncal-
ing of new primer and anotber round of DNA synthesis
occurs, This process is typically repeated for about 30 cycles
resulting in ao amplification of several million fold of the
region of DNA internal to the two primers (including the
region of the two primers). Many variations of PCR are
keown. One can bepin with RNA, reverse transcribe the
RNA o synthesize cDNA, and use the cDNA for the
amplification template rather than using genomic DNA.
Another alternative is to syathesize RNArather than DNA o
be analyzed via mass spectrometry. Qne method for prepar-
ing large quantities of RNA is to clone a fragment of DNA
into a vector which has promoters specific for an RNA
polymerase, ¢.g., 2 T7 or SP6 RNA polymerase promoter.
These vectors can be lincarized and RNA transcripts can be
synthesized yielding a large quantity of homogeneous RNA.
This amplified RNA can be used for the mass spectrometry
analysis.

In synthesizing thess amplified aucleic acids, one can
incorporate a variety of nucleotide analogs inta the nucleic
acid if desired. One useful substitution is to incorporate
deoxyuridine into amplified DNA. This is useful for pro-
ducing small fragments by latet digesting the amplified
DNA with uracil-N-glycosidase, One other example of a
useful substitution is to incorporate 7-deaza-guanosine and
7-deaza-adenosing into the amplified DNA since these com-
pounds are reported to stabilize the nucleic acid during mass
spectrometry (Schreider and Chail, 1995).

EXAMPLE II

Mass Spectrometry of a Nucleic Acid Sample

Advances in the art of mass spectrometry over aboul the
last cight years have enabled mass spectrometry to be
applied to biopolymers including nucleic acids (for an early
review see Hillenkamp et al., 1991). One breakthrough was
the use of 2 matrix to embed the sample to be tested. This
techrique is referred to as matrix-assisted taser desorption/
jonization mass spectrometry (MALDI-MS). Several differ-
ent matrices have been developed which yield good results
wilh biopolymers. One of the more uvseful matrices is
3-hydroxypicolinic acid. Some other mairices which have
heen used with polynucleotides are a mixture of antbrantiic
acid and nicotinic acid, succinic acid, 2,4,6-tritydroxy
acetophenone, 2,5-dibydroxybenzoic acid, etc (Hillenkamp
et al, 1991; Bing and Biemann, 1994). An ion source is
nezded 1o desorb the sample. Pulsed lasers are used for this
purpose. The type of laser used produces specific wave-
lengths and these must be appropriate for the matrix which
is being used. A peeferred combination for polyaucleotides
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is 10 use a neodymium-garnet solid stale laser in combina-
tion-with 2 3-bydcoxypicolinic acid matrix.

EXAMPLE Il

Amplification and Analysis of a Geoe Fragment To
Determine the Possible Presence of an lnsertion
Koown to be Associated with 2 Discase

A patient is 1o be fested for the possible presence of a
mutation in a gese which can cause breast cancer if it is
mutaied. Much data is presently available for such a gere,
BRCAL1, and several mutations in this gene associated with
breast cancer have been discovered. The cDNA for BRCAL
has been completely sequenced and the locations of several
mutations which cause breast cancer have been determined
{Miki et al,, 1994; Futreal et al., 1994). This cDNA encodes
a protein of 1863 amino acids and consists of 24 exons.
Codon 1756 which is encoded by exon 20 in the wild-type
gence has beea found to contain an insertion of a C in some
patients with breast cancer. The DNA sequence centered
around this codon is as follows:

CAAAGCGAGCAAGAGAATCCCAGGACA-
GAAAGATCTTCA (SEQ ID NO: 1).

Insertion of a C yields the following sequence:

CAAAGCGAGCAAGAGAATCCCCAGGACA-
GAAAGATCTTCA(SEQ ID NQ: 2). Because this region is
known, primers may be made compiementary to the 5' and
3" ends of this sequence and a polymerase chain reaction
performed 1o amplify the region, yielding an amplified
product of 39 or 40 base pairs. This amplified product is
purified away from the primers by any suitable method well
known to those in the art. The amplified fragment is dena-
tured and the strands are separated. Techniques for purifying
a single strand are koown to those of skill in the art. One of
the more commonty used techniques is to tabel one of the
primers used for amplification with biotic. The biotin
labeled strand is then captured by binding to streptavidin.
The amplified single-siranded fragment is analyzed via mass
spectrometry, €.z, via MALDI-MS using a 3-hydroxy-
picolinic acid matrix and a needymium-garnet laser. The
molecular weight for cach phosphorylated deoxynucleotide
is approximately as shown in Table L.

TABLE |
pA 329
pC 305
pG 345
pT 320

The insertion of a C in codon 1754 adds a G:C base pair
to the amplified double-stranded fragment. This results in
the amplified mulated fragment having a mass which is 305
Daltons more in the sense sirand and 345 Daltens more in
the antisense strand than the wild-type fragment. This dif-
ference of cither 305 or 345 Daltoos (depending on which
strand is selected for analysis) is very readily delected from
the mass spectrum obtained.

If a mutational insertion or deletion of an A:T base pair
were to be observed, the difference in mass for a single
strand would be approximately 329 or 320 Daltons. This
would be just as easily scen as Lhe insertion or deletion of a
G:C base pair.

Insertions or deletions of more than a single base pair
would also be easily ideatificd.

EXAMPLE IV

Dietermination of a Transitional or Transversional
Mutalion .
The method used in Example 111 is not useful for deter-
mining the presence of a polymorphism which is simply a
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result of a base change, i.c., a transition or a transversion.
This is because regardless of the change, the wild-type DNA
fragment and the mutated fragment will have nearly iden-
tical masses. A change of an A:T (o a T.A will increase the
mass of one strand by approximately 9 Daltons and decrease
the mass of the complementary strand by approximately 9
Daltons. If a 40 base fragment were to be apalyzed the total
raass would be approximately 13,000 Daltons. A chaage of
only 9 Daltons is likely to be undetectable. Assuming one
wanlts to amplify the DNA using PCR, primers of at least 13
base pairs in leagth will be necessary. Therefore the shortest
amplified fragmeat will consist of greater than 26 base pairs.
Even at only a length of 30 bases (mass of about 9750
Daltons) it is unlikely that a change of only 9 Daltons will
be abservable. The present inveation overcomes this prob-
lem by using any one of several techniques as detailed
below.

A) Polymorphism Causes a Change in a Restriction
Eozyme Site: Purifying a Single-stranded Fragment for
Analysis

A polymorphism may cause a change in a recognition
sequence for a restriction endonuclease, An example can be
given using a mutation in BRCAT known to be associated
with causing breast cancer. A G to T transversion in codon
1541 changes a GAG codon which encodes glutamic acid to
a TAG stop codon. The DNA sequence io the immediate
regioe of codon 1541 in the wild-type is:

TGGAGGAGCAACAGCTGGAA-
GAGTCTGGGCCACACGATTT (SEQ [D NO: 3). Codon
1541 is shown in underlined bold-faced type. The mutation
changes the first G of the codon to a T. The restriction
enzyme Mbo Il recogmizes the sequence

5 ... GAAGA(Ny)|. .. 3

3...CITCI(N,)t... 5
This restriction site is present just at the site of the mutation.
The wild-type sequence contains the restrictios site but the
mutated sequence will nat be cecognized by the enzyme. By
amplifying this DNA fragment (using a bictin labeled primer
for the sense strand), digesting with Mbo Ii, and purifying
the scose strand, wild-type DNA will yicld a strand of 30
bases in length (Mbo IT cutting 8 bases 3' of the last A of the
recognition site). The mutated version will not be recognized
by Mbo Il and a complete length strand of 40 bases will be
seen. The other fragments, ¢.g. the 10 base 3' fragment of
wild-type, will not be present because it will not be labeled
with biotin and will not be captured by the stroptavidin
capture step. The difference between fragments of 30 and 40
bases is easily detected via MALDI-MS.

B) Polymorphism Causes a Change in a Restriction
Enzyme Site: Denaturation and Analysis of Both Strands

One need not purify the single strands of DNA as in
Example IV-A. An alternative is simply to amplify the 40
base pair fragment, digest with Mbo I1, purify the DNA, then
denature the purified DNA and analyze it via mass spec-
trometry. In mutated DNA with po recognition sequence, the
two single strands will each be 40 bases in length. The sense
strand will consist of 7 Ts, 14 Gs, 1 As and 8 Cs and have
a mass of approximately 13,129 Dallons. The antisense
strand will consist of 11 Ts, 8 Gs, 7 As and 14 Cs and have
a mass of approximately 12,853 Daltoas. The mass spectrum
will show two major peaks in the region of the correspond-
ing masses. Other minor peaks may occur due lo multiply
charged species or degradation products. These will help
create a “signature” spectrum for the mutated fragment. The
wild-type fragment will yield a completely different spec-
trum. The 40 base pair double stranded fragment will be
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digested by Mbo Il and upon denaturation there will be 4
single-stranded fragments present. These will consist of 30
base and 10 base fragments resuitiag from the sense strand
and 29 base and 11 base fragments resulting from the
antiscose strand. The masses of these four fragments are
approximately 9922, 3207, 9196 and 3632 Daltons, respec-
tively. Again there will likely be minor bands appearing due
to multiply charged fragments and degradation producis.
There may also be larger bands resulting from incomplete
digestion with Mbo II. The signature spectrum of the wild-
type digested DNA will obviously be quite different from
that of the mutated DNA. The major peaks which will be
seen in the spectrum from amplifying the 40 base pair
fragment, digesting with Mbo II and then analyzing via

MALDI-MS are as shown in Table 1L
TABLE Il

2 the Maj

Wild-type Mutated
Jaa7 12828
3632 13104
4196
)]

This last technique is very simple and will likely have
wide although probably oot universal applicability. Because
one is screcning DNA in regions of known mutations, the
sequences are already known and it is simple to determine
proper primers for PCR. There is 2 very large aumber of
koowa restriction enzymes with differeat recognition
sequences to choose from and there is a reasonable chance
of findiag one which will recognize the wild-type but oot the
mutated DNA or vice versa, Again, because one is dealing
with known sequences it is simply a matter of looking
through & catalog of available restriction enzymes to find an
appropriale one.

If desired, this last method can be modified. Larger
fragments of DNA may be generated via PCR or other
amplification method. This may be necessary if no suitable
primers can be designed to give a smaller fragment. It may
also be done to exarnine more than one mutation &t a time
if two or more mutations are relatively close fo each other.
These long fragments are then digested with a series of
restriction enzymes to produce a mix of several sizes of
DNA fragmeats. This complete mix is then analyzed via
mass spectrometry. The resulting signature spectrum will
consist of several major peaks, As an example, assume an
initial fragment of 1,500 base pairs was synthesized via PCR
and digested with 2 mix of restriction enzymes, e.g., Bam
Hl, Eco RI and Hind IIl. The digestion products in this
hypothetical are 20 fragments of sizes shown in Table 11
arranged by size, not by location along the fragment.

TABLE 111

Fragment No. Size in Basc Paims

f=R < B R - R R P O
Tk
o
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TABLE Ill-continued

Pragment No. Size in Base Pairs
1 65
12 86
13 68
14 0
15 85
16 100
17 120
18 140
19 180
0 260

Further, for this hypothetical example assume that there is
one mutation known to occur in fragment I and one mutation
knowa to occur ig fragmeat 6. One mutation affects a Hind
{lI sitc and the other affects a Bam HI site present in the
wild-1ype. Apalyzing this complete mix will give one spec-
trum (as shown in Table IIT) for wild-type DNA. A different
spectrum will be seen if one or both of the mutations are
preseat. If the mutation affecting fragment 1 is present the 20
base fragment will no longer appear. If the mutation affect-
ing fragment 6 is present, the peak at a size representing 35
nucleotides will be one half of its initial height. (Note that
this assumes that the two 35 base single stranded fragments
(fragments 6 and 7) are of equal mass. If they are of unequal
mass then one of the peaks will disappear.) One other peak
will also disappear with the oceurrence of each mutation. If
the mutation affecting fragment 1 also affects fragment 10
(the Hind III site is at the junction of fragmeats 1 and 10)
then the 55 base peak will also disappear and a new peak
corresponding 1o the surn of fragments 1 and 10 (20455«75
basc pairs) will appear. It will be irrelevant whether the large
fragments of DNA can be properly anzlyzed because the
enzymes are chosen to produce short fragments which will
be affected by the mufations.

EXAMPLE V

Completely Digesting an Amplified DNA Fragment
with DNAse

Another variation for determining the presence of a
polymorphism using a mass spectrometry analysis is to
amplify the DNA of interest and then totally digest it with an
exonucleass such as deoxyribonuclease It (DNAse 11). This
enzyme completely cleaves polynucleotides to mononucle-
otides. Using this method to analyze the mutation occurring
at codon 1541 of BRCAL (sec Example IV-A above) gives
the following results:

A) Analyzing the 40 base pair double-stranded fragment

If both strands are present, digestion with DNAse 1 will
result in the presence of 18 Ts, 22 Gs, 18 As and 22 Cs in
the wild-lype DNA. When the mutation is present the
breakdown is 19 Ts, 21 Gs, 19 As and 21 Cs. Four major
peaks will be scen, one for each nucleotide. These will be at
approximately masses of 320 (Tp), 345 {Gp), 329 (Ap), and
305 (Cp). The relative peak heights or tntensitics will change
depending on the composition of the DNA. When muiated
DNA is analyzed for this example, the peak heights for T and
A will be larger while the peak heights for G and C will be
smaller as compared with wild-type DNA. In this example
the change in peak height is approximately 5% for each of
the peaks. Use of fragments shorter than 40 base pairs will
usually yield a greater relative change in peak intensity.

This method is also applicable to analyzing for insestions
or deletions. Again a difference in peak height will be seen
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when wild-type and mutant spectra are compared. For the
BRCAI mutation discussed in Example HI, there would be
an addition of 1 extra C and 1 extra G thereby increasing
those two peaks agd having no effect on the A and T peaks.

B) Analyzing Ouly a Single-Siranded DNA

The method used in part A above can be modified to yield
a more sensitive technique. As always, amplified DNA is
prepared. For this example use one primer labeled with
biotin and then purify the single strand - here the sense
strand of the BRCA1 fragment containing codon 1541, This
single strand of 40 bases (with the 5' T being biotinylated)
is digested with deoxyribonuclease 1 (DNAse I) which is an
eazyme which will cleave single-steanded DNA prefecen-
tially next to pyrimidines to yield 5'-phosphate terminated
polynucleotides with 3-OH termin. In the case of the 40
base fragment from BRCAL, the fragments which will result
from wild-type DNA ace shown ig Table IV.

TABLE 1V
Wild Type Mulated

Fragment  Sequence Mass  Sequence Mass
1 T(biotinylated) 563  T(bictinylated) 563
2 GOAGGAGC 2688 GOAGGAGC 2688
3 AAC 93 AAC 963
4 AGC 7% AGC 979
5 T 2 T 320
3 GOAAGAGT 2687  GOAAT 1668
7 C 305 AGT 994
8 T w 305
9 GGGC 1340 T 120
10 c 05 GOGC 1340
11 AC 634 C 305
12 AC 634 AC 634
13 GAT % AC 634
14 T 320 GAT 994
15 T 0 T 320
16 — - T 320

Rearranging this data by mass and number of fragments
of the particular mass yields Table V.

TABLE V

Number of Fragments

Wild-type Mutated

1340
1668
2687
2688

HH’.-HA-HMH;N
el B S KA N

Analysis of this data reveals differences between the two
spectra at masses of 994, 1668 and 2687. The peak at 994 is
twice as large in the mutated sample as in the wild-type, the
peak at 1668 is present only for the mutated sample, and the
peak al 2687 is present only in the wild-type. The “signa-
ture” of each spectrum is distinclive and clearly different
from the other spectrum.

EXAMPLE VI

Analysis of Ribonucleic Acid

Analysis for the presence of polymorphisms using mass
spectrometry need pot be limited 1o using DNA. RNA is just
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as suitable and has aclually been reported to be more stable
and less prone lo degradation during mass spectrometry.
Those of skill in the art will know a oumber of ways in
which to prepare RNA fragments for the region of interest to
be analyzed. Amplificd fragments of DNA may be cloned
into vectors which conlain RNA polymerase promoiers. -
These vectors are linearized at the end of the insert away
from the promoter and RNA transcripts can be produced in
large quantities. This yiclds a single-stranded RNA which
can be assayed essentially in the same manner as single-
stranded DNA as discussed above. It is also possible to
“yranscribe” an amplified DNA fragment to produce RNA,
Since genes of known scquence are to be analyzed, the
sequence s already known (except for the possibility of a
mutation or polymerphism in the region to be tested) and it
is a simple malter to design an appropriate primer. For
assays involving digesting the RNA wilh nucleases, rather
thar restriction enzymes or DNAses one will of course use
RNAses. These may be used singly or in combinations.
Some ribonucleases which are available commercially are
ribonuclease A (hydrolyzes the 3' side of pyrimidines),
tiboauclease T, (bydrolyzes the 3' side of G), cibonuclease
T, (hydrolyzes the 3' side of purines and at pyrimidines), and
ribonuclease U, {cleaves the 3' side of purines).

EXAMPLE Vi
Analysis of cDNA

Complementary DNA (cDNA) may be analyzed exactly
as genomic DNA was analyzed above. In the examples
above, mutations occurred in the middle of exons and
genomic DNA was amplified by PCR using primets cowple-
roentary lo the exon around the region of the mutation. One
may also prepare cDNA to accomplish this same purposc.
Preparation of cDNA is well known to those of skill in the
art. Bricfly, one purifics messenger RNA (mRNA), reverse
transcribes this mRNA to produce an RNA:DNA bybrid,
hydrolyzes the mRNA to leave a single-stranded DNA, and
finally synthesizes the complementary strand te form a
double stranded DNA. This cDNA is a mixture of all of the
expressed genes. The cDNA may then be specifically ampli-
fied via PCR or some ather amplification technique. The use
of cDNA limnits one to analyzing mutations which occur in
¢xons. To analyze for a polymorphism which occurs in an
lntron 1t is necessary to amalyze genomic DNA,

The above examples are clearly not all encompassing.
Many variations will be readily apparent to those skilled in
the art. Amplification need not be performed by PCR but can
be done by any other suitable amplification technique.
Digestion of samples may be done in a variety of ways—
either using enzymes other than those specified in the
examples or simply by chemical cleavage of the polynucle-
otides. Punfication of single strands can also be accom-
plished by a oumber of techniques known to those skilled in
the art, Use of biotin znd streptavidin is only one such
technique. Also, as noted earlier, a large variety of nucle-
otide agalogs may be used. These will have differeat pur-
poses. Increased stability of nucleic acids has been reported
for thosc containing 7-deaza-guanosine and 7-deaza-
adenosine. [ncorporation of deoxyuridine into the amplified
DNA allows one o remove these bases using uracil-N-
glycosidase digestion. The matrix used for the mass spec-
trometry need nol be limited to 3-hydroxy-picolinic acid.
Other matrices are also suitable, although many researchers
have found 3-hydroxy-picolinic acid to be most suitable for
polynucleotide analysis. The choice of exactly what type of
mass spectrometer of laser source is also & variable. Again,
MALDI-MS using a ncodymium-garnet laser is a favored
choice. '
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The invention as described above enhances Lhe rapidity of
- snalysis for pelymorphisms in known genes. The method
does not require DNA sequencing or hybridization tech-
piques and therefore does away with the nced for runaing
gels or hybridizing samples. The nucleic acid is prepared,
amplified and purified, possibly digested, aad then analyzed
via mass spectrometry. Differences in the sigrature of the
spectrum obtained as compared 1o known signature spectra
make the presenoe or absence of 2 polymorphism readily
appaceat. The throughput of samples in the mass specirom-
eter is estimaled lo be 1-2 seconds with analysis occurring
off-line. The BRCAL gene encodes 1863 amino acids cor-
responding to 5589 base pairs. Many different mwtations
associated with breast cancer have gow been found in this
gene. It will require analysis of many different fragments if
one is concerned with analyzing the complete gene. (If a
relative has a koown mutation one may simply wish o
analyze for that single mutation,) Mass spectrometers are
presently available which have target slides with 64 sample
spats that can be deposited by robot. Using a 100 Hz laser
for 1 second of collection time (about 50 samplings) and 1
secoud for slide movement requires 128 seconds for the 64
samples. Thus one can analyze for at least 64 distinet
mutations io about 2 minutes of mass spectromietry time.
The sample preparation time is not included here, but sample
preparation is just as time consuming in other techniques
such as DNA sequencing. The off-live analysis is quite
simple and quick, a comparison of the spectra with known
sigoature spectra for either the wild-type sequence or for a
sequence with a knowa polymorphism,

The utility of the method need not be limited to analyzing
for mutations or polymorphisms in known genes associated
with discases. It may be used lo screen candidate gene
sequences for mutations in a positional cloning project. It
may also be used for other types of comparative DNA
analyses such as genolyping.
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SEQUENCE LISTING

{ 1 ) GENERAL INFORMATION:

{ i i1 )NUMBER OF SEQUENCES: 3

( 7 ) INFORMATION FOR SEQ 1D NOiL:

{ i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 39 basc pairs
( B ) TYPE: nucleie acid
( C ) STRANDEDNESS: double
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( D ) TOPOLOGY: linear
{ i | )MOLECULE TYPE: DNA (genomic)
(i 1 i )HYPOTHETICAL: NO
{ i v ) ANTI-SENSE: RO

{ v 1) ORIGINAL SOURCE:
( A ) ORGANISM: Homo sapicns

{ = 1 ) SEQUENCE DESCRIPFTION: SEQ ID NO:1:

CAAAGCGAGC AAGAGAATCC CAGUGACAGAA AGATCTTCA

{ 2 ) INPORMATION FOR SEQ ID NO:2:
{ | ) SEQUENCE CHARACTERISTICS:

( A Y LENGTH: 40 basc pains
( B ) TYPE: nuclek acid
{ C ) STRANDEDNESS: double
{ D ) TOPOLOGY: linear

{ 1 | Y MOLECULE TYPE: DNA (genomic)

{ 1 1 1 YHYPOTHETICAL: NO
{ | v ) ANTI-SENSE: NO

{ + 1 YORIGINAL SOURCE:
( A ) ORGANISM: Homo sspiens

{ x i ) SEQUENCE DESCRIFTION: SEQ ID NO:2:

CAAAGCGAGC AAGAGAATGCC CCAGGACAGA AAGATCTTCA

{ 2 ) INFORMATTON FOR SEQ D NO:3:
{ 1 ) SEQUENCE CHARACTERISTICS:

{ A ) LENGTH: 40 base paina
( B ) TYPE: ancleic acid
( € ) STRANDEDNESS: double
{ D ) TOPOLOGY: linear

{ § 1) MOLECULE TYPE: DNA (gcnomic)

{ 1§ 1) HYPOTHETICAL: NO
{ 1 v } ANTISENSE: NO

{ v 1 ) ORICINAL SQURCE:
{ A ) ORGANISM: Horoo supiens

( x | )y SEQUENCE DESCRIPTION: SEQ I NO:);

TGGAGGAGCA ACAGCTGGAA GCAGTCTGOGC CACACGATTT

39

40

40

What is claimed is:

1. Amethod to analyze for a polymorphism or a mutation
in a gene or a portion of said gene encoded by a nucleic acid
by

a) denaluring said nucleic acid or a portion of said nucleic

acid to produce a denatured nucleic acid,

b) performing mass spectromelry on said denatured

nucleic acid to obtain a mass spectrum,

¢) comparing the oblained mass spectrum with reference

mass spectra obtained of the nucleic acid in its wild-
type, polymorphic, or mutated state, and

d) determining whether the obtained mass spectrum

malches a reference spectrum for either the wild-type
nucleic acid or the nucleic 2cid having said polymar-
‘phism or mutation, wherein a match with said wild-
type nucleic acid indicates that said gene is wild-type

55

60

&5

and 2 match with said nucleic acid baving said poly-
morphism or mutation indicates that said gene has said
polymorphism or mutation, 2 match being indicated by
identity of peak locations (represcoting mass) and
relative peak beights (representing quantity), with the
proviso that said method does not comprise sequencing
said nucleic acid.
2. The method according to claim I whecein a portion of
said nucleic zcid is analyzed.
3. Amethed to analyze for a polymorphism ar a mutation
in a portion of a gene cncoded by a nucleic acid by
a) denaturing said nucleic acid encoding said portion of
said gene to produce a denalured nucleic acid,
b) amplifying said denatured nucleic acid to produce an
amplified nucleic acid,
c) performing mass spectromelry on said amplified
nucleic acid to obtain a mass spectrum,
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d) compariag the obtained mass aspect with reference
mass spectra obtained of the nucleic acid in its wild-
type, polymorphic, or mutated state, and

¢) determining whether the obtained mass spectrum
maiches a reference spectrum for either the wild-type
nucleic acid or the nucleic acid having said polymor-
phism or mutation, wherein a match with said wild-
type nucleic acid indicates that said gene is wild-type
and a maich with said nucleic acid having said poly-
morphism or mutation indicates that said gene has said
polymorphism or mutation, a match being indicated by
identity of peak locations (represcnting mass) and
relative peak heights (representing quantity), with the
proviso that said method dots not comprise sequencing
said nucleic acid.

4. The method according to claim 3 wherein said ampli-
fied nucleic acid is digested prior to dematuration and
analysis.

5. The method according to claim 4 wherein digestion is
performed using one ot more restriction endonucleases.

6. The method according to claim 4 wherein digestion is
performed using a deoxyribonuciease.

7. The method according to claim 4 wherein digestion is
performed using chemical cleavage,

8. The method according 1o claim 4 wherein following
digestion the digested nucleic acid is denatured and 2
single-stranded nucleic acid fragment is purified and ana-
Iyzed.

9. The method according to claim § wherein following
digestion the digested nucleic acid is denatured and a
single-stranded nucleic acid fragment is purified and ana-
lyzed.

16 |
10. The method according to claim 3 wherein the ampli- -
fied nucleic acid is denatured and a single-stranded nucleic
acid fragment is purified and analyzed.
11. The method according to claim 3 wherein said ampli-

5 fication produces an RNA fragment.

12. A method to analyze for a polymorphism or mutation
in a portion of a geae encoded by a nucleic acid by

a) cloning said ucleic acid into a vector coataining one
or more RNA promolers,

b) synthesizing RNA using said vector with said nucleic
acid as a template,

¢) performing mass spectrometry on said RNA to obtain
2 mass spectrum,

d) comparing the obtained mass spectrum with reference
mass speetra obtained of the RNA in its wild-type,
polymoarphic, or mutated state, and

¢} delermining whether the obtained mass spectrum
maiches a reference spectrum for either the wild-type
RNA or the RNA having said polymorphism or
mutation, whereio a match with the wild-type RNA
indicates that szid genc is wild-type and a match with
said RNA having said polymorphism or mutation indi-
cates that said gene has said polymorphism or
mulation, a match being indicated by identity of peak
locations (representing mass) and relative peak heights
(represcoting quantity), with the proviso that said
method does not comprise sequencing said RNA.
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SEQUENOM, INC.: San Diego County

List the California County, or State if other than Californiz, in which EACH named defendant resides.  (Use an additional sheet if necessary).
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All claims for health insurance benefits (Medicare) under Title 18, Part A of the Social
Security Act, as amended. Also, include claims by hospitals, skilled nursing facilities, etc.,
for certification as providers of services under the program. (42 U.8.C. 1935FF(b))

862 BL All claims for "Black Lung" benefits under Title 4, Part B, of the Federal Coal Mine Health
and Safety Act of 1969. {30 U.S.C. 923)

863 DIWC All claims filed by insured workers for disability insurance benefits under Title 2 of the
Social Security Act, as amended; plus all claims filed for child's insurance benefits based on
disability. (42 U.5.C. 405 (g})

863 DIWW All claims filed for widows or widowers insurance benefits based on disability under Title 2
of the Social Security Act, as amended. {42 U.S.C. 405 (g))

864 SSID All claims for supplemental security income payments based upon disability filed under Title
16 of the Social Security Act, as amended.

865 RSI All claims for retirement (old age) and survivors benefits under Title 2 of the Social Security

Act, as amended. {42 U.S.C. (g))
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TO:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. 814; 35 U.S.C. 290) you are hereby advised
that a court action has been filed on the following patent(s) in the U.S. District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT
01-CV*2317 BTM{JAH) 12-17-01 United States District Court, Southern Disirict of California

| PLAINTIFF DEFENDANT

Sequenom Ine. Myriad Genetics, [nc

PATENT NO. DATE OE PATENT PATENTEE

1 01-CV-2317 BTM(JAH) 01-14-00 Sequenom Inc.

2.

3

4

5

In the above-entitled case, the following patent(s) have been included:

DATE INCLUDED

INCLUDED BY

Amendment

D Answer D Cross Biil D Other Pleading

PATENT NO.

DATE OF PATENT

PATENTEE

ra

3
4
5
[n the above-entitled case, the following decision has been rendered or judgment issued:
DECISION/JUDGMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1 - Upon initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action, mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy
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TO: REPORT ON THE
Commissioner of Patents and Trademarks FILING OR DETERMINATION QF AN
Washington, D.C. 20231 ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. 814; 35 U .8.C. 290) you are hereby advised
that a court action has been filed on the following patent(s) in the U.S. District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT

01-CV*2317 BTM{JAH) 12-17-01 United States District Court, Southern District of California
PLAINTIFF DEFENDANT
Sequenom Inc. Myriad Genetics, Inc

PATENT NO. DATE OF PATENT PATENTEE

1 01-CV-2317 BTM(JAH) 01-14-00 Sequenom Inc.
2.
3
4
5

In the above-entitled case, the following patent(s) have been included:

DATE INCLUDED INCLUDED BY
Amendment D Answer D Cross Bill D Other Pleading
PATENT NO. DATE OF PATENT PATENTEE
I
2
3
4
5

In the above-entitled case, the following decision has been rendered or judgment issued:

DECISION/JUDGMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1 - Upon initiation of action, mail this copy to Commissioncr  Copy 3 - Upon termination of action, mail this copy to Commissioner
Copy 2 - Upon filing document adding patent(s), mail this copy to Commissijoner Copy 4 - Case file copy
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TO: REPORT ON THE
| Commissioner of Patents and Trademarks FILING OR DETERMINATION OF AN
Washington, D.C. 20231 ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. 814; 35 U.S.C. 290) you are hereby advised
that a court action has been filed on the following patent(s) in the U.S, District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT

01-CV*2317 BTM(JAH) 12-17-01 United States District Court, Southern District of California
PLAINTIFF DEFENDANT
Sequenom Inc. Myriad Genetics, Inc

PATENT NO. DATE OF PATENT PATENTEE

[ 01-CV-2317 BTM(JAH) 01-14-00 Sequenom Inc.
2.
3
4
3

In the above-entitled case. the following patent(s} have been included:

DATE INCLUDED INCLUDED BY
Amendment D Answer D Cross Bill I::] Other Pleading
PATENT NO. DATE OF PATENT PATENTEE
|
2
3
4
5

In the above-entitied case, the following decision has been rendered or judgment issued:

DECISION/ITUDGMENT

CLERK (BY) DEPUTY CLERK DATE

Copy L - Upon initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action. mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy
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