Case 1:18-cv-01019-MN Document 338-2 Filed 03/08/21 Page 1 of 127 PagelD #: 13587

NP Ref: 030258-079360-P

targeting an oncogene rearrangement product if the presence of the oncogene rearrangement is
detected.

[0092] In some embodiments, a subject is in need of treatment for lung cancer. In some
embodiments, e.g. when the sample is obtained from a subject in need of treatment for lung
cancer, the known target sequence can comprise a sequence from a gene selected from the group
of ALK, ROS1, and RET. Accordingly, in some embodiments, gene rearrangements result in
fusions involving the ALK, ROS1, or RET. Non-limiting examples of gene arrangements
involving ALK, ROS1, or RET are described in, e.g., Soda et al. Nature 2007 448561-6: Rikova
etal. Cell 2007 131:1190-1203; Kohno et al. Nature Medicine 2012 18:375-7; Takouchi et al.
Nature Medicine 2012 18:378-81; which are incorporated by reference herein in their entireties.
However, it should be appreciated that the precise location of a gene rearrangement, and the
identity of the second gene involved in the rearrangement may not be known in advance.
Accordingly, in methods described herein, the presence and identity of such rearrangements can
be detected without having to know the location of the rearrangement or the identity of the
second gene involved in the gene rearrangement.

[0093] In some embodiments, the known target sequence can comprise sequence from a gene
sclected from the group of: ALK, ROS1, and RET.

[0094] In some embodiments, the presence of a gene rearrangement of ALLK in a sample
obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with a
treatment selected from the group consisting of: an ALK inhibitor; crizotinib (PF-02341066);
AP26113; LDK378; 3-39; AF802; IPI-504; ASP3026; AP-26113; X-396; GSK-1838705A,;
CHS5424802; diaming and aminopyvrimidine inhibitors of ALK kinase activity such as NVP-
TAE6S84 and PF-023410606 (s¢¢, e Galkin ct ai, Proc Natl Acad Sci USA, 2007, 104:270-275;
Zou et al. Cancer Res, 2007, 67:4408-4417; Haltherg and Pabmer F1868 Med Reports 2611 3:21;
and Sakamoto et al. Cancer Cell 2011 19:679-69¢}) and molecules disclosed in WO 04/079326.
All of the foregoing references are incorporated by reference herein in their entireties. An ALK
inhibitor can include any agent that reduces the expression and/or kinase activity of ALK or a
portion thereof, including, e.g. oligonucleotides, small molecules, and/or peptides that reduce the
expression and/or activity of ALK or a portion thercof. As used herein “anaplastic lymphoma
kinase” or “ALK” refers to a transmembrane tyROS line kinase typically involved in neuronal
regulation in the wildtype form. The nucleotide sequence of the ALK gene and mRNA are
known for a number of species, including human (e.g. SEQ ID NO: 2 (mRNA), NCBI Gene ID:
238).

[0095] In some embodiments, the presence of a gene rearrangement of ROS1 in a sample

obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with a
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treatment selected from the group consisting of: a ROS|1 inhibitor and an ALK inhibitor as
described herein above (e.g. crizotinib). A ROSI inhibitor can include any agent that reduces the
expression and/or kinase activity of ROS1 or a portion thereof, including, e.g. oligonucleotides,
small molecules, and/or peptides that reduce the expression and/or activity of ROS1 or a portion
thereof. As used herein “c-ros oncogene 1”° or “ROS1” (also referred to in the art as ros-1) refers
to a transmembrane tyrosine kinase of the sevenless subfamily and which interacts with PTPNG6.
Nucleotide sequences of the ROSI gene and mRNA are known for a number of species,
including human (e.g. SEQ ID NO: 1 (mRNA), NCBI Gene ID: 238).

[0096] In some embodiments, the presence of a gene rearrangement of RET in a sample
obtained from a tumor in a subject can indicate that the tumor is susceptible to treatment with a
treatment selected from the group consisting of: a RET inhibitor; DP-2490, DP-3636, SU5416;
BAY 43-9006, BAY 73-4506 (regorafenib), ZD6474, NVP-AST487, sorafenib, RPI-1, X1.184,
vandetanib, sunitinib, imatinib, pazopanib, axitinib, motesanib, gefitinib, and withaferin A (sce,
e.g. Samadi et al. Surgery 2010 148:1228-36; Cuccuru et al. INCI 2004 13:1006-1014; Akeno-
Stuart et al. Cancer Research 2007 67:6956; Grazma et al. J Clin Oncol 2010 28:15s 5559;
Mologni e tal. ] Mol Endocrinol 2006 37:199-212; Calmomagno et al. Journal NCI 2006 98:326-
334; Mologni. Curr Med Chem 2011 18:162-175 and the compounds disclosed in WO
06/034833; US Patent Publication 2011/0201598 and US Patent 8,067,434). All of the foregoing
references are incorporated by reference herein in their entireties. A RET inhibitor can include
any agent that reduces the expression and/or kinase activity of RET or a portion thereof,
including, e.g. oligonucleotides, small molecules, and/or peptides that reduce the expression
and/or activity of RET or a portion thereof. As used herein “rearranged during transfection™ or
“RET” refers to a receptor tyrosine kinase of the cadherein superfamily which is involved in
neural crest development and recognizes glial cell line-derived neurotrophic factor family
signaling molecules. Nucleotide sequences of the ROS1 gene and mRNA are known for a
number of species, including human (e.g. SEQ ID NOs: 3-4 (mRNA), NCBI Gene ID: 5979).
[0097] Further non-limiting examples of applications of methods described herein include
detection of hematological malignancy markers and panels thereof (e.g. including those to detect
genomic rearrangements in lymphomas and leukemias), detection of sarcoma-related genomic
rearrangements and panels thereof; and detection of IGH/TCR gene rearrangements and panels
thereof for lymphoma testing.

[0098] In some embodiments, methods described herein relate to treating a subject having or
diagnosed as having, e.g. cancer with a treatment for cancer. Subjects having cancer can be
identified by a physician using current methods of diagnosing cancer. For example, symptoms
and/or complications of lung cancer which characterize these conditions and aid in diagnosis are
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well known in the art and include but are not limited to, weak breathing, swollen lymph nodes
above the collarbone, abnormal sounds in the lungs, dullness when the chest is tapped, and chest
pain. Tests that may aid in a diagnosis of, e.g. lung cancer include, but are not limited to, x-rays,
blood tests for high levels of certain substances (e.g. calcium), CT scans, and tumor biopsy. A
family history of lung cancer, or exposure to risk factors for lung cancer (e.g. smoking or
exposure to smoke and/or air pollution) can also aid in determining if a subject is likely to have
lung cancer or in making a diagnosis of lung cancer.

[0099] Cancer can include, but is not limited to, carcinoma, including adenocarcinoma,
lymphoma, blastoma, melanoma, sarcoma, leukemia, squamous cell cancer, small-cell lung
cancer, non-small cell lung cancer, gastrointestinal cancer, Hodgkin's and non Hodgkin's
lymphoma, pancreatic cancer, glioblastoma, basal cell carcinoma, biliary tract cancer, bladder
cancer, brain cancer including glioblastomas and medulloblastomas; breast cancer, cervical
cancer, choriocarcinoma; colon cancer, colorectal cancer, endometrial carcinoma, ecndometrial
cancer; esophageal cancer, gastric cancer; various types of head and neck cancers, intraepithelial
neoplasms including Bowen's disease and Paget's disease; hematological neoplasms including
acute lymphocytic and myelogenous leukemia; Kaposi's sarcoma, hairy cell leukemia; chromic
myelogenous leukemia, AIDS-associated leukemias and adult T-cell leukemia lymphoma; kidney
cancer such as renal cell carcinoma, T-cell acute lymphoblastic leukemia/lymphoma, lymphomas
including Hodgkin's disease and lymphocytic lymphomas; liver cancer such as hepatic carcinoma
and hepatoma, Merkel cell carcinoma, melanoma, multiple myeloma; neuroblastomas; oral
cancer including squamous cell carcinoma; ovarian cancer including those arising from epithelial
cells, sarcomas including leiomyosarcoma, rhabdomyosarcoma, liposarcoma, fibROS1arcoma,
and osteosarcoma, pancreatic cancer; skin cancer including melanoma, stromal cells, germ cells
and mesenchymal cells; pROS Itate cancer, rectal cancer; vulval cancer, renal cancer including
adenocarcinoma; testicular cancer including germinal tumors such as seminoma, non-seminoma
(teratomas, choriocarcinomas), stromal tumors, and germ cell tumors; thyroid cancer including
thyroid adenocarcinoma and medullar carcinoma; esophageal cancer, salivary gland carcinoma,
and Wilms' tumors. In some embodiments, the cancer can be lung cancer.

[00100] In some embodiments, methods described herein comprise administering an effective
amount of compositions described herein, e.g. a treatment for cancer to a subject in order to
alleviate a symptom of a cancer. Asused herein, "alleviating a symptom of a cancer" is
ameliorating any condition or symptom associated with the cancer. As compared with an
equivalent untreated control, such reduction is by at least 5%, 10%, 20%, 40%, 50%, 60%, 80%,
90%, 95%, 99% or more as measured by any standard technique. A variety of means for

administering the compositions described herein to subjects are known to those of skill in the art.
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Such methods can include, but are not limited to oral, parenteral, intravenous, intramuscular,
subcutaneous, transdermal, airway (aerosol), pulmonary, cutaneous, topical, injection, or
intratumoral administration. Administration can be local or systemic. The term “effective
amount" as used herein refers to the amount of a treatment needed to alleviate at least one or
more symptom of the disease or disorder, and relates to a sufficient amount of pharmacological
composition to provide the desired effect. The term "therapeutically effective amount" therefore
refers to an amount that is sufficient to effect a particular anti-cancer effect when administered to
a typical subject. An effective amount as used herein, in various contexts, would also include an
amount sufficient to delay the development of a symptom of the disease, alter the course of a
symptom disease (for example but not limited to, slowing the progression of a symptom of the
disease), or reverse a symptom of the disease. Thus, it is not generally practicable to specify an
exact “effective amount". However, for any given case, an appropriate “effective amount” can be
determined by one of ordinary skill in the art using only routine experimentation. The effects of
any particular dosage can be monitored by a suitable bioassay. The dosage can be determined by
a physician and adjusted, as appropriate, to suit observed effects of the treatment.

[00101] Non-limiting examples of a treatment for cancer can include radiation therapy,
surgery, gemcitabine, cisplastin, paclitaxel, carboplatin, bortezomib, AMG479, vorinostat,
rituximab, temozolomide, rapamycin, ABT-737, PI-103; alkylating agents such as thiotepa and
CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines
and methylamelamines including altretamine, triethylenemelamine, trictylenephosphoramide,
triethiylenethiophosphoramide and trimethylolomelamine; acetogenins (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analogue topotecan); bryostatin;
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues);
cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
ranimnustine; antibiotics such as the enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammal and calicheamicin omegal (see, e.g., Agnew, Chem. Intl. Ed. Engl., 33:
183-186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an

esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne
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antiobiotic chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, caminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN® doxorubicin (including
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid
analogucs such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine,
floxuridine; androgens such as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic
acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic
acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine; demecolcine;
diaziquone; elformithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex
(JHS Natural Products, Eugene, Oreg.); razoxane; rhizoxin; sizofuran; spirogermanium;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide;
thiotepa; taxoids, e.g., TAXOL® paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.J.),
ABRAXANE® Cremophor-free, albumin-engineered nanoparticle formulation of paclitaxel
(American Pharmaceutical Partners, Schaumberg, I11.), and TAXOTERE® doxetaxel (Rhone-
Poulenc Rorer, Antony, France); chloranbucil; GEMZAR® gemcitabine; 6-thioguanine;
mercaptopurine; methotrexate; platinum analogs such as cisplatin, oxaliplatin and carboplatin;
vinblastine; platinum; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine;
NAVELBINE.RTM. vinorelbine; novantrone; teniposide; edatrexate; daunomycin; aminopterin;
xeloda; ibandronate; irinotecan (Camptosar, CPT-11) (including the treatment regimen of
irinotecan with 5-FU and leucovorin); topoisomerase inhibitor RFS 2000;
difluoromethylornithine (DMFO); retinoids such as retinoic acid; capecitabine; combretastatin;

leucovorin (LV); oxaliplatin, including the oxaliplatin treatment regimen (FOLFOX); lapatinib
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(Tykerb.RTM.); inhibitors of PKC-zlpha, Raf, H-Ras, EGFR (e.g., erlotinib (Tarceva®)) and
VEGF-A that reduce cell proliferation and pharmaceutically acceptable salts, acids or derivatives
of any of the above. In addition, methods of treatment can further include the use of radiation or
radiation therapy. Further, methods of treatment can further include the use of surgical
treatments.

[00102] In some embodiments, methods described herein can be applicable for resequencing,
e.g. for confirming particularly relevant, low-quality, and/or complex sequences obtained by non-
directed sequencing of a large amount of nucleic acids. By way of non-limiting examples,
methods described herein can allow the directed and/or targeted resequencing of targeted discasc
gene panels (e.g. 10-100 genes), resequencing to confirm variants obtained in large scale
sequencing projects, whole exome resequencing, and/or targeted resequencing for detection of
single nucleotide variants, multiple nucleotide variants, insertions, deletions, copy number
changes, and methylation status.

[00103] In some embodiments, methods described herein can allow microbiota sequencing,
ancient sample sequencing, and/or new variant virus genotyping.

[00104] For convenience, the meaning of some terms and phrases used in the specification,
examples, and appended claims, are provided below. Unless stated otherwise, or implicit from
context, the following terms and phrases include the meanings provided below. The definitions
are provided to aid in describing particular embodiments, and are not intended to limit the
claimed invention, because the scope of the invention is limited only by the claims. Unless
otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. If there
is an apparent discrepancy between the usage of a term in the art and its definition provided
herein, the definition provided within the specification shall prevail.

[00105] For convenience, certain terms employed herein, in the specification, examples and
appended claims are collected here.

[00106] The terms “decrease”, “reduced”, “reduction”, or “inhibit™ are all used herein
generally to mean a decrease by a statistically significant amount. However, for avoidance of
doubt, “reduced”, “reduction”, “decrease”, or “inhibit” means a decrease by at least 10% as
compared to a reference level, for example a decrease by at least about 20%, or at least about
30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 70%., or
at least about 80%, or at least about 90% or up to and including a 100% decrease (e.g. absent
level or non-detectable level as compared to a reference level), or any decrease between 10-100%

as compared to a reference level. In the context of a marker or symptom is meant a statistically
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significant decrease in such level. The decrease can be, for example, at least 10%, at least 20%,
at teast 30%, at least 40% or more, and is preferably down to a level accepted as within the range
«f normal for an individual without such disorder.

[00107] The terms “increased” ,“increase™, “enhance”, or “activate’ are all used herein to
generally mean an increase by a statically significant amount; for the avoidance of doubt, the
terms “increased”, “increase”, “enhance”, or “activate” mean an increase of at least 10% as
compared to a reference level, for example an increase of at least about 20%, or at least about
30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 70%, or
at least about 80%, or at least about 90% or up to and including a 100% increase or any increase
between 10-100% as compared to a reference level, or at least about a 2-fold, or at least about a
3-fold, or at least about a 4-fold, or at least about a 5-fold or at least about a 10-fold increase, or
any increase between 2-fold and 10-fold or greater as compared to a reference level.

[00108] As usced herein, a "subject” means a human or animal. Usually the animal is a
vertebrate such as a primate, rodent, domestic animal or game animal. Primates include
chimpanzees, cynomologous monkeys, spider monkeys, and macaqucs, e.g., Rhesus. Rodents
include mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and game animals
include cows, horses, pigs, decr, bison, buffalo, feline specics, e.g., domestic cat, canine specics,
e.g., dog, fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g., trout, catfish and
salmon. In some embodiments, the subject is a mammal, e.g., a primate, e.g., a human. The
terms, “individual,” “patient” and “subject” are used interchangeably herein.

[00109] Preferably, the subject is a mammal. The mammal can be a human, non-human
primate, mouse, rat, dog, cat, horse, or cow, but is not limited to these examples. Mammals
other than humans can be advantageously used as subjects that represent animal models of, e.g.
lung cancer. A subject can be male or female.

[00110] A subject can be one who has been previously diagnosed with or identified as
suffering from or having a condition in need of treatment (e.g. cancer) or one or more
complications related to such a condition, and optionally, have already undergone treatment for
the condition or the one or more complications related to the condition. Alternatively, a subject
can also be one who has not been previously diagnosed as having the condition (e.g. cancer) or
one or more complications related to the condition. For example, a subject can be one who
exhibits one or more risk factors for the condition or one or more complications related to the
condition or a subject who does not exhibit risk factors.

[00111] A “subject in need” of treatment for a particular condition can be a subject having that
condition, diagnosed as having that condition, or at risk of developing that condition.

[00112]  Asused herein, a “disease associated with a genetic alteration” refers to any disease
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which is caused by, at least in part, by an alteration in the genetic material of the subject as
compared to a healthy wildtype subject, e.g. a deletion, an insertion, a SNP, a gene
rearrangement. A disease can be caused by, at least in part, an alteration in the genetic material
of the subject if the alteration increases the risk of the subject developing the disease, increases
the subject’s susceptibility to a disease (including infectious diseases, or diseases with an
infectious component), causes the production of a disease-associated molecule, or causes cells to
become diseased or abnormal (e.g. loss of cell cycle regulation in cancer cells). Diseases can be
associated with multiple genetic alterations, e.g. cancers.

[00113] As used herein, the term “nucleic acid” refers to any molecule, preferably a polymeric
molecule, incorporating units of ribonucleic acid, deoxyribonucleic acid or an analog thereof. The
nucleic acid can be cither single-stranded or double-stranded. A single-stranded nucleic acid can
be one strand nucleic acid of a denatured double- stranded DNA. Alternatively, it can be a
single-stranded nucleic acid not derived from any double-stranded DNA. In one aspect, the
template nucleic acid is DNA. In another aspect, the template is RNA. Suitable nucleic acid
molecules are DNA, including genomic DNA or cDNA. Other suitable nucleic acid molecules are
RNA, including mRNA.

[00114] The term "isolated" or "partially purified" as used herein refers, in the case of a
nucleic acid, to a nucleic acid separated from at least one other component (e.g., nucleic acid or
polypeptide) that is present with the nucleic acid as found in its natural source and/or that would
be present with the nucleic acid when expressed by a cell. A chemically synthesized nucleic acid
or one synthesized using in vitro transcription/translation is considered "isolated."

[00115] The term "gene" means a nucleic acid sequence which is transcribed (DNA) to RNA
in vitro or in vivo when operably linked to appropriate regulatory sequences. The gene can
include regulatory regions preceding and following the coding region, e.g. 5” untranslated
(5°’UTR) or "leader” sequences and 3° UTR or "trailer” sequences, as well as intervening
sequences (introns) between individual coding segments (exons).

[00116] As used herein, the term “complementary” refers to the ability of nucleotides to form
hydrogen-bonded base pairs. In some embodiment, complementary refers to hydrogen-bonded
base pair formation preferences between the nucleotide bases G, A, T, C and U, such that when
two given polynucleotides or polynucleotide sequences anneal to each other, A pairs with T and
G pairs with C in DNA, and G pairs with C and A pairs with U in RNA. As used herein,
“substantially complementary” refers to a nucleic acid molecule or portion thereof (e.g. a primer)
having at least 90% complementarity over the entire length of the molecule or portion thereof
with a second nucleotide sequence, e.g. 90% complementary, 95% complementary, 98%

complementary, 99% complementary, or 100% complementary. As used herein, “substantially
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identical” refers to a nucleic acid molecule or portion thereof having at least 90% identity over
the entire length of a the molecule or portion thereof with a second nucleotide sequence, e.g. 90%
identity, 95% identity, 98% identity. 99% identity, or 100% identity.

[00117]  Asused herein, “specific” when used in the context of a primer specific for a target
nucleic acid refers to a level of complementarity between the primer and the target such that there
exists an annealing temperature at which the primer will anneal to and mediate amplification of
the target nucleic acid and will not anneal to or mediate amplification of non-target sequences
present in a sample.

[00118] As used herein, "amplified product"”, “amplification product”, or “amplicon” refers to
oligonucleotides resulting from an amplification reaction that are copies of a portion of a
particular target nucleic acid template strand and/or its complementary sequence, which
correspond in nucleotide sequence to the template nucleic acid sequence and/or its
complementary sequence. An amplification product can further comprise sequence specific to
the primers and which flanks sequence which is a portion of the target nucleic acid and/or its
complement. An amplified product, as described herein will generally be double-stranded DNA,
although reference can be made to individual strands thereof.

[00119] As used herein, a “portion” of a nucleic acid molecule refers to contiguous set of
nucleotides comprised by that molecule. A portion can comprise all or only a subset of the
nucleotides comprised by the molecule. A portion can be double-stranded or single-stranded.
[00120] As used herein, the terms "treat,” "treatment," "treating,” or “amelioration” refer to
therapeutic treatments, wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down
or stop the progression or severity of a condition associated with a disease or disorder, e.g. lung
cancer. The term “treating" includes reducing or alleviating at least one adverse effect or
symptom of a condition, disease or disorder associated with a condition. Treatment is generally
“effective” if one or more symptoms or clinical markers are reduced. Alternatively, treatment is
“effective” if the progression of a disease is reduced or halted. That is, “treatment" includes not
just the improvement of symptoms or markers, but also a cessation of, or at least slowing of,
progress or worsening of symptoms compared to what would be expected in the absence of
treatment. Beneficial or desired clinical results include, but are not limited to, alleviation of one
or more symptom(s), diminishment of extent of disease, stabilized (i.e., not worsening) state of
disease, delay or slowing of disease progression, amelioration or palliation of the disease state,
remission (whether partial or total), and/or decreased mortality, whether detectable or
undetectable. The term "treatment” of a disease also includes providing relief from the symptoms

or side-effects of the disease (including palliative treatment).
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[00121] The term “statistically significant" or “significantly" refers to statistical significance
and generally means a two standard deviation (2SD) below normal, or lower, concentration of the
marker.

[00122]  Other than in the operating examples, or where otherwise indicated, all numbers
expressing quantities of ingredients or reaction conditions used herein should be understood as
modified in all instances by the term “about.” The term “about” when used in connection with
percentages can mean +1%.

[00123]  As used herein the term "comprising" or "comprises" is used in reference to
compositions, methods, and respective component(s) thereof, that are essential to method or
composition, yet open to the inclusion of unspecified elements, whether essential or not.

[00124] The term "consisting of" refers to compositions, methods, and respective components
thereof as described herein, which are exclusive of any element not recited in that description of
the embodiment.

[00125]  As used herein the term "consisting essentially of" refers to those elements required
for a given embodiment. The term permits the presence of clements that do not materially affect
the basic and novel or functional characteristic(s) of that embodiment.

[00126] The singular terms "a," "an," and "the" include plural referents unless context clearly
indicates otherwise. Similarly, the word "or" is intended to include "and" unless the context
clearly indicates otherwise. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of this disclosure, suitable methods and
materials are described below. The abbreviation, "e.g." is derived from the Latin exempli gratia,
and is used herein to indicate a non-limiting example. Thus, the abbreviation "e.g." is
synonymous with the term "for example."

[00127] Definitions of common terms in cell biology and molecular biology can be found in
“The Merck Manual of Diagnosis and Therapy™, 19th Edition, published by Merck Research
Laboratories, 2006 (ISBN 0-911910-19-0); Robert S. Porter et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9).
Definitions of common terms in molecular biology can also be found in Benjamin Lewin, Genes
X, published by Jones & Bartlett Publishing, 2009 (ISBN-10: 0763766321); Kendrew ct al.
(eds.), , Molecular Biology and Biotechnology: a Comprehensive Desk Reference, published by
VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8) and Current Protocols in Protein Sciences
2009, Wiley Intersciences, Coligan et al., eds.

[00128] Unless otherwise stated, the present invention was performed using standard
procedures, as described, for example in Sambrook et al., Molecular Cloning: A Laboratory
Manual (3 ed.), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., USA (2001);
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and Davis et al., Basic Methods in Molecular Biology, Elsevier Science Publishing, Inc., New
York, USA (1995) which are all incorporated by reference herein in their entireties.

[00129] Other terms are defined herein within the description of the various aspects of the
invention.

[00130] All patents and other publications; including literature references, issued patents,
published patent applications, and co-pending patent applications; cited throughout this
application are expressly incorporated herein by reference for the purpose of describing and
disclosing, for example, methodologies described in such publications that might be used in
connection with technology described herein. These publications are provided solely for their
disclosure prior to the filing date of the present application. Nothing in this regard should be
construed as an admission that the inventors are not entitled to antedate such disclosure by virtue
of prior invention or for any other reason. All statements as to the date or representation as to the
contents of these documents is based on the information available to the applicants and does not
constitute any admission as to the correctness of the dates or contents of these documents.
[00131] The description of embodiments of the disclosure is not intended to be exhaustive or
to limit the disclosure to the precise form disclosed. While specific embodiments of, and
examples for, the disclosure are described herein for illustrative purposes, various equivalent
modifications are possible within the scope of the disclosure, as those skilled in the relevant art
will recognize. For example, while method steps or functions are presented in a given order,
alternative embodiments may perform functions in a different order, or functions may be
performed substantially concurrently. The teachings of the disclosure provided herein can be
applied to other procedures or methods as appropriate. The various embodiments described
herein can be combined to provide further embodiments. Aspects of the disclosure can be
modified, if appropriate, to employ the compositions, functions and concepts of the above
references and application to provide yet further embodiments of the disclosure. These and other
changes can be made to the disclosure in light of the detailed description. All such modifications
are intended to be included within the scope of the appended claims.

[00132] Specific elements of any of the foregoing embodiments can be combined or
substituted for elements in other embodiments. Furthermore, while advantages associated with
certain embodiments of the disclosure have been described in the context of these embodiments,
other embodiments may also exhibit such advantages, and not all embodiments need necessarily
exhibit such advantages to fall within the scope of the disclosure.

[00133] Technology described herein is further illustrated by the following examples which in

no way should be construed as being further limiting.
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EXAMPLES

Example 1
[00134] Described herein is a method (described for simplicity as "AMP2" for Anchored
Multiplex PCR version 2; see Figure 1) that comprises an improvement of AMP (Anchored
Multiplex PCR) (described, e.g. in US Patent Application Serial No 13/793,564; which is
incorporated by reference herein in its entirety). The original AMP is a method to construct
targeted sequencing libraries for next generation sequencing (NGS) in which a single type of
double-stranded DNA adapter (containing one sequencing primer) is ligated to the double-stranded
DNA (gDNA or cDNA) template. Two rounds of hemi-nested PCR are peformed with pools of
gene specific primers (GSP1s and GSP2s). GSP2 contains the second sequencing primer sequence,
thus allowing a fully-competent sequencing library to be completed. Since one side of each and
any of multiple fragments has a specific gene specific sequence (the anchor) and the other side has
a randomly ligated adaptor, it is termed anchored multiplex PCR.
[00135] Described herein is AMP2, which simplifies the approach described above and
improves its ability to use poor quality archived nucleic acid which is critical to certain
applications (e.g. clinical tumor genotyping). A new synthetic oligonucleotide design for
incorporating the first sequencing primer into the library consists of a primer with a 5' sequencing
primer sequence (e.g., an Illumina, Roche, Life Technologies, lon Torrent or any other NGS
method-compatable primer) and a 3' sequence containing at least 6 random nucleotides (can be up
to 12 nucleotides). Step one involves incubation of this oligonucleotide primer with the template
DNA (gDNA or cDNA is acceptable), annealing of the oligonucleotide primer randomly with the
template, and extension of the primer using a DNA polymerase. Following removal of the
unincorporated primers, the new extension products can be used in an amplification protocol
similar to that of AMP, starting at thc GSP1 PCR step. This new mecthod allows one to avoid
mechanical shearing, end-repair, A-tailing, ligation of adapters, and multiple clean-up steps. The
AMP2 method also has the advantage of utilizing a random 6 to 12mer sequencing primer that will
be sequenced and could serve as a unique molecular barcode, allowing bioinformatic algorithms to
improve variant calling accuracy for both single nucleotide, indel, and copy number variants. Thus
AMP2 permits a simplified targeted library construction method with improved performance for
nucleic acid from archived material regardless if they are in double-stranded or single-stranded
form, and permits higher-quality variant/mutation assessment.
[00136] The disclosed method allows for several novel improvements over the previously
described "AMP" method:

1. Use of tailed random primer for the 1st step in AMP2 method avoids the need for mechanical

shearing of samples nucleic acid needed in AMP1, since the random primed replication of
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original template will result in sequencing primer-tailed shorter fragments. These fragments
are in the required size range for effective downstream NGS library construction.

2. Since shearing is not longer required in AMP2 method, several subsequent steps can be omitted,
simplifying and shortening the protocol. Post-shearing end-repair with Klenow enzyme,
addition of deoxyadenosine, and ligation of double stranded adapters would not be needed.

3. As previously described, the AMP1 method requires double stranded DNA (gDNA or cDNA)
templates for hgation with the double-stranded sequencing adapter. This requirement can
limit the effectiveness of the assay with archived samples. Archived samples often have
significant degradation of nucleic acids compared to fresh or frozen samples, both typified by
fragmentation of the nuclic acid and the presence of a significant fraction of single-stranded
nucieic acid. The large amount of single stranded template would prevent effective ligation of
double stranded adapters in AMP 1. Thus, AMP2 would allow higher library construction
success with less starting input material relative to AMP1, which would increase the number
of archived samples o be processed and analyzed.

[00137] The use of random priming in the first step, creates a unique molecular identificr for cach
extension reaction, allowing identification (or single molecule barcoding) of cach unigue template
molecule. This offers major advantages, inchuding improved sequencing error correction via
bicinformatic algorithms which exploit the molecular barcodes to consolidate truly duplicated
sequencing fragments/reads into a singular accurate consensus read (Figure 2).

[00138] The methods described herein penmit assays (including diagnostics and companion
diagnostics) for the detection of DNA or RNA sequence variants or abundance using next generation
sequencing. This can include gene-specific kits, or general-purpose library construction kits suitable
for use with the user’s targeted primers of choice.

[00139] The methods described herein permit the detection of mutations in nucleic acids in
targeted sequencing for both germline and somatic tumor mutation applications in humans. This

method can also be used for sequencing of non-human nucleic acid.

[00140] SEQ ID NO: 1 ALK mRNA NCBI Ref Seq:
NM_004304

| agctgcaagt ggecgggoegee caggeagatg cgatccageg getetggggg cggeageggt
61 ggtagcaget ggtaccteee geegectetg iteggagggt cgegggecac cgaggtgctt
121 tecggeegee ctetggtegg ccacccaaag cegegggege tgatgatgge tgaggageeg
181 geggeaagat ttegggegee cetgeectga acgeccteag ctgetgeege cggggeceget
241 ccagtgectg cgaactetga ggagecgagg cgecgglgag ageaaggacg ctgcaaactt
301 gegeagegeg geggctggea ttcacgecea gaagttecage aggeagacag tecgaagect
361 tccegeageg gagagatage ttgagggtee geaagacgge agectecgece cteggttece
421 geccagaceg ggcagaagag cttggaggag ccaaaaggaa cgcaaaaggc ggccaggaca
481 gegtgcagea getgggagee geegtictea gecttaaaag ttgcagagat tggaggctec
541 cccgagaggg gacagaccee agetccgact geggggeeca ggagaggacg gtacccaact
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601 gccacctece ticaaccata gtagttecte tgtaccgage geagegaget acagacggegg
661 gecgeggcact cggegeggag agegggagec tecaaggtece agecagtgag cecagtgtge
721 ttgagtgtct ctggactege cectgagett ceaggtetgt ttcatttaga ctectgeteg

781 cctecgtgea gitgggegaa agcaagagac ttgegegeac geacagtect ctggagatea
841 ggtggaagga geegetgggt accaaggact gttcagagec tettcccate tcggggagag
901 cgaagggtga ggctgggcee ggagageagt gtaaacggec tecteceggeg ggatgggage
961 catcgggcte ctgtggetece tgeegetget getitecacg geagetgtgg geteegggat
1021 ggggaccggc cagegegegg geteeecage tgeggggecg cegetgeage cecgggagec
1081 actcagctac tegegeetge agaggaagag tetggeagtt gacttegtgg tgeecteget
1141 cttecgtgte tacgeceggg acctactget gecaccatec tecteggage tgaaggetgg
1201 caggcecgag geeegegget cgetagetet ggactgegee cegetgctea ggttgctggg
1261 geecggegeeg ggegtetect ggaccgeeeg ttcaccagee cecggeagage cecggacgct
1321 gtccagggtg ctgaagggeg geteegtgeg caagetecgg cgtgecaage agttggtgct
1381 ggagctggge gaggaggega teltggagege ttgegteggg cececeggge aggegectgt
1441 ggggclgclce caglicaale cagegagel glicagilgg 1ggallcgec aaggrgaagg
1501 gegacigagg atcecgectga lgecegagaa gaaggegicg gaaglgggea gagagggaag
1561 getgtecgeg geaattegeg coteccagee cogecttete ttecagatet tegggactgg
1621 tcatagctcc ttggaatcac caacaaacat gecttetect tetectgatt attttacatg

1681 gaatctcace tggataatga aagactecett cecttteetg tetcategea geegatatgg

1741 tctggagtge agetttgact teceetgtga getggagtat tecectecac tgeatgaccet

1801 caggaaccag agetggtecet ggegeegeat ceccteegag gaggectece agatggactt
1861 getggatggg cctggggcag agegtictaa ggagatgeee agaggcetect ttetecttet
1921 caacacctea getgacteca ageacaceal cctgagteeg tggatgagga geageagtga
1981 gcactgcaca ctggecgtct cggtecacag geacctgeag cectetggaa getacattge
2041 ccagctgcetg ccccacaacg aggetgcaag agagatecte ctgatgecca ctecagggaa
2101 gcatggtteg acagtgctce agggaagaat cgggegtcca gacaacccat ttcgagtgge
2161 cctggaatac atctccagtg gaaaccgcag ctigtetgea gtggacttct ttgcectgaa
2221 gaactgcagt gaaggaacat ccceaggcte caagatggcc ctgcagaget ccetteacttg
2281 ttggaatggg acagtcctee agetigggea ggectgtgac ticcaccagg actgtgecca
2341 gggagaagat gagagccaga tgtgccggaa actgectgtg ggttittact geaactitga
2401 agatggcttc tgtggctgga cccaaggeac actgtcacce cacaclcete aatggeaggt
2461 caggacccta aaggatgeec ggticcagga ccaccaagac catgetctat tgetcagtac
2521 cactgatgtc cccgettetg aaagtgctac agtgaccagt getacgttte ctgeaccgat
2581 caagagctct ccatgtgage tecgaatgte ctggeteatt cgtggagtct tgaggggaaa
2641 cgtgtecttg glgctagigg agaacaaaac cgggaaggag caaggeagga tggtetggea
2701 tgtegeegece tatgaaggcet tgagectgtg geagtggatg gtgttgecte tectegatgt
2761 gtetgacagg ttetggetge agatggtege atggtgggga caaggateca gagecategt
2821 ggctitigac aatatcteca tcageetgga ctgetaccte accattageg gagaggacaa
2881 gatcclgeag aatacageac ccaaalcaag aaacclgliit gagagaaacce caaacaagga
2941 gctgaaacce ggggaaaalt caccaagaca gacceccate ttigaccecta cagttcattg
3001 gcetgtteace acatgtgggg ccagegggce cecatggecce acccaggeac agtgcaacaa
3061 cgectaccag aactccaace tgageglgga ggtggggage gaggecceee tgaaaggcat
3121 ccagatctgg aaggtgecag ccaccgacac ctacageate tegggetacg gagetgetgg
3181 cgggaaagec ggeaagaaca ccatgatgeg gteccacgge gtgtetgtge tggacatett
3241 caacciggag aaggatgaca tgetgtacal cetggtigeg cageagggag aggacgectg
3301 ccccagtaca aaccagttaa tccagaaagt ctgcattgga gagaacaatg tgatagaaga
3361 agaaatcegt gtgaacagaa geglgeatga glgggcagga ggeggaggag gageeeoteg
3421 agccacctac gtatttaaga tgaaggatgg agtgecggte cecctgatea ttgcagecgg
3481 aggtggtgge agggectacg gggccaagac agacacgtic cacccagaga gaclggagaa
3541 taactccteg gitctagggc taaacggcaa ttccggagec geagglggtg gagetggctg
3601 gaatgataac acttcctige tetgggecgg aaaatctitg caggagggte ccaccggagg
3661 acattcetge ceccaggeca tgaagaagly ggeglgggag acaagagggg gtitcggagg
3721 gggtggaggg gggtgctcect cagglggagg aggeggagga tatataggeg geaatgeage
3781 ctcaaacaat gaccccgaaa tggatgggga agatggggtt tecttcatca gtecactggg

SO0

3841 catcctgtac accccagett taaaagtgat ggaaggecac ggggaagtga atattaagea
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3901 ttatctaaac tgcagtcact gtgaggtaga cgaatgtcac atggaccctg aaagecacaa
3961 getcatctge tictgtgacc acgggacggt getggctgag gatggegtet cetgeattgt
4021 gtcacccace cecggagecac acctgecact ctegetgate ctetetgtgg tgacctetge
4081 cctegtggee geectggtee tggctttcte cggcateatg attgtgtace gecggaagea
4141 ccaggagctg caagecatge agatggaget gcagagecct gagtacaage tgageaagcet
4201 ccgeaccteg accatcatga ccgactacaa ceccaactac tgetttgetg geaagaccte
4261 ctecatcagt gacctgaagg aggtgeegeg gaaaaacale acceleattc ggggetggg
4321 ccatggecgec ittggggagg tgtatgaagg ccaggigice ggaatgecca acgacccaag
4381 ccccctgeaa gtggetgtga agacgetgee tgaaglgige tetgaacagg acgaactgga
4441 tttectcatg gaagecctga tcatcagceaa attcaaccac cagaacattg ttegeigeat
4501 tggggtgage ctgeaatcee tgececggtt catectgetg gageteatgg cggggggaga
4561 cctecaagtee ticctccgag agacecgecc tegeecgage cagecctecet cectggecat
4621 getggacctt ctgeacgtgg ctegggacat tgeetgtgge tgteagtatt tggaggaaaa
4681 ccacttcatc caccgagaca ttgetgecag aaactgecte ttgaccigte caggecctgg
4741 aagaglggcc aagallggag aclicgggal ggeccgagac alclacaggg cgagelacla
4801 tagaaaggga ggclglgeea lgelgecagl laaglggalg ceeccagagg cellcalgga
4861 aggaatattc acttctaaaa cagacacatg gteottigga gigetgcetat gggaaatett
4921 ttctettgga tatatgecat accccageaa aageaaccag gaagttctgg agtttgtcac
4981 cagtggagge cggatggacce cacccaagaa ctgeectggg cetgtatace ggataatgac
5041 tcagtgctgg caacatcage ctgaagacag geccaacttt gecatcattt tggagaggat
5101 tgaatactge acccaggace cggatgtaat caacaccget ttgecgatag aatatggtec
5161 acttgtggaa gaggaagaga aagtgectgt gaggeccaag gaccectgagg gggttectee
5221 tetectggte tetcaacagg caaaacggga ggaggagege ageecagetg ceecaceace
5281 tetgectace acctectetg gecaaggcetge aaagaaacce acagetgeag agatcetetgt
5341 tegagteect agagggecgg cegtggaage gggacacglg aatatggcat teteteagle
5401 caaccctect teggagttee acaaggteca cggatccaga aacaagccca ccagettgtg
5461 gaacccaacg tacggetect ggtttacaga gaaacccace aaaaagaata atcctatage
5521 aaagaaggag ccacacgaca ggggtaacct gggectggag ggaagcetgta ctgtccecace
5581 taacgttgea actgggagac ticcggggge cteactgete ctagagecect cttegetgac
5641 tgccaatatg aaggaggtac cictgticag getacgteac ticectigtg ggaatgtcaa
5701 ttacggctac cagcaacagg gettgeectt agaagecget actgeeectg gagetggtea
5761 ttacgaggat accattciga aaagcaagaa tagcatgaac cagectggge cctgageteg
5821 gtegeacact cacttetett cettgggate cetaagacceg tggaggagag agaggcaatg
5881 gctecttcac aaaccagaga ccaaatgtca cgttttgttt tgtgccaacc tattttgaag
5941 taccaccaaa aaagctgtat titgaaaatg ctttagaaag gitttgagea tgggttcate
6001 ctattctttc gaaagaagaa aatatcataa aaatgagtga taaatacaag gcccagatgt
6061 ggttgcataa ggttittatg catgtttgtt gtatacttce ttatgettct ticaaattgt

6121 gtgtgctelg citcaatgta gicagaatta geigeticta tgtitcatag tiggggtcat

6181 agatglttce ttgectiglt gatglggaca tgagecalll gaggggagag ggaacggaaa
6241 taaaggagit attigtaatg actaaaa

[00141] SEQ ID NO: 2 ROS1 mRNA NCBI Ref Seq:
NM_002944

1 caagcuiica agcallcaaa gglclaaalg aaaaaggcla aglatlalll caaaaggceaa
61 gtatatccla atatagcaaa acaaacaaag caaaatccal cagetactee tccaatigaa
121 gtgatgaage ccaaataatt catatagcaa aatggagaaa attagaccgg ccatctaaaa
181 atctgecatt ggtgaagtea tgaagaacat ttactgtett attccgaage tigtcaattt
241 tgcaactctt ggetgectat ggatttctgt getgcagtgt acagttitaa atagetgect
301 aaagtegtgt gtaactaate tgggecagea getigacett ggeacaccac ataatetgag
361 tgaaccgtgt atccaaggat gtcacttttg gaactctgta gatcagaaaa actgtgettt
421 aaagtgtcgg gagteglgtg aggttggctg tagcagegeg gaaggtgeat atgaagagga
481 agtactggaa aatgcagacc taccaactge teectttget tettecattg gaagecacaa
541 tatgacatta cgatggaaat ctgcaaactt cictggagta aaatacatea ttcagtggaa
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601 atatgcacaa cttctgggaa getggactia tactaagact gtgtccagac cgtectatgt
661 ggtcaagecce ctgcacccect tecactgagta cattttecga gtggtttgga tettcacage
721 gecagetgeag ctetacteee ctecaagtee cagttacagg actcatecte atggagttee
781 tgaaactgca cctttgatta ggaatattga gagctcaagt cccgacactg tggaagtcag
841 ctgggatcca cetcaatice caggtggacc tatittgggt tataacttaa ggetgatcag
901 caaaaatcaa aaattagatg cagggacaca gagaaccagt ttccagtttt actccacttt
961 accaaatact atctacaggt ttictatige agragtaaat gaagttggtg agggtccaga
1021 agcagaatct agtattacca cticatcttc agcagticaa caagaggaac agtggetett
1081 tttatccaga aaaacttctc taagaaagag atcittaaaa catttagtag atgaageaca
1141 ttgecticgg ttggatgcta tataccataa tettacagga atatctgttg atgtccacca
1201 gcaaattgtt tatttctctg aaggaactct catatgggeg aagaaggetg ccaacatgte
1261 tgatgtatct gacctgagaa tttittacag aggttcagga ttaattictt ctatctccat

1321 agattggctt tatcaaagaa tgtatticat catggatgaa ctggtatgtg tetgtgattt
1381 agagaactgc tcaaacatcg aggaaattac tccaccectct attagtgcac ctcaaaaaat
1441 1giggclgal tcatacaalg gglalgicit 1accicclg agagatggea ltalagage
1501 agaccitcet glaccalelg geegglglge agaagelglg cglallglgg agagilgeac
1561 gttaaaggac tttgeaatca agecacaage caagegaate atttacttca atgacactge
1621 ccaagicttc atgtcaacat ttctggatgg ctctgettce catctcatee tacctegeat
1681 ccccttiget gatgtgaaaa gtittgettg tgaaaacaat gactttettg tcacagatgg
1741 caaggtcatt ticcaacagg atgctitgtc tittaatgaa ttcatcgtgg gatgigacct
1801 gagtcacata gaagaatttg ggtttggtaa cttggteate ttiggeteat ceteccaget
1861 gcaccetetg ccaggecgee cgeaggaget tteggtgetg tttggetete accaggetet
1921 tgttcaatgg aageceteetg cecttgecat aggagecaat gteatectga tcagtgatat
1981 tattgaactc tttgaattag gcecttetge ctpgcagaac tggacctatg aggtgaaagt
2041 atccacccaa gaccctectg aagteactea tattttcttg aacataagtg gaaccatget
2101 gaatgtacct gagetgcaga gtgctatgaa atacaaggtt tetgtgagag caagttetee
2161 aaagaggcca ggcccctggt cagagecclc agtgggtact accctggtge cagetagtga
2221 accaccattt atcatggcetg tgaaagaaga tgggcttteg agtaaaccat taaatagctt
2281 tggcccagga gagttcttat cetetgatat aggaaatgtg tcagacatgg attggtataa
2341 caacagcctc tactacaglg acacgaaagg cgacgttitt gtgiggctge tgaatgggac
2401 ggatatctca gagaattate acctacceag cattgecagga gecaggggctt tagetttiga
2461 gtggctgggt cactttcict actgggetgg aaagacatat gtgatacaaa ggcagicigt
2521 gttgacggga cacacagaca ttgttaccca cgtgaageta ttggtgaatg acatggtggt
2641 aaatggggaa agttcecttg tactacagac acagecttgg ttttctggga aaaaggtaat
2701 tgetctaact ttagacctca gtgatggget cetgtatigg ttggttcaag acagtcaatg
2761 tattcacctg tacacagetg ttettcgggg acagageact ggggataccea ccatcacaga
2821 atttgcagcece tggagtactt ctgaaatttc ccagaatgea clgatgtact atagtggicg
2881 gctgtictgg alcaatgget ttaggattat cacaactcaa gaaataggic agaaaaccag
2941 tgteteigtt tiggaaccag ccagalttaa tcagitcaca attattcaga catcecttaa
3001 gecectgeca gggaactttt cetttaccee taaggttatt ccagattetg ttcaagagte
3061 ttcatttagg atigaaggaa atgcttcaag tittcaaatc ctgiggaatg gteccectge
3121 ggtagactgg ggtgtagttt tctacagtgt cgaatttagt geteattcta agttettgge
3181 tagtgaacaa cactctttac ctgtatttac tgtggaagga ctggaacctt atgecttatt
3241 taatetttet gtecacteett ataccetactg gggaaagggce cecaaaacat ctetgteact
3301 tegageacct gaaacagtte catcageacc agagaaccce agaatattta tattaccaag
3361 tggaaaatgce tgcaacaaga atgaagttet gotggaattt aggiggaaca aacctaagea
3421 tgaaaatggg gtgttaacaa aatttgaaat tttctacaat atatccaatc aaagtattac
3481 aaacaaaaca igtgaagact ggattgctgt caatgtcact ccctcagtga tgtctittca
3541 acttgaaggc atgagtccca gatgcetttat fgccttccag gttagggcct ttacatctaa
3601 ggggccagga ccatatgelg acgttgtaaa gictacaaca tcagaaatca acccatttce
3661 tcaccteata actettetlg gtaacaagat agttttttta gatatggate aaaatcaagt
3721 tgtgtggacg tittcagcag aaagagttat cagtgecgtt tgctacacag ctgataatga
3781 gatgggatat tatgctgaag gggactcact cttictictg cacttgcaca atcgetctag
3841 ctetgagett ttccaagatt cactggtttt tgatatcaca gttattacaa ttgactggat
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3901 ttcaaggcac ctctactitg cactgaaaga atcacaaaat ggaatgcaag tatttgatgt
3961 tgatcttgaa cacaaggtga aatatcccag agaggtgaag attcacaata ggaattcaac
4021 aataatitct tttictgtat atcctetttt aagtcgettg tattggacag aagtttccaa

4081 ttttggctac cagatgttct actacagtat taicagtcac accttgeace gaattctgea
4141 acccacaget acaaaccaac aaaacaaaag gaatcaatgt tcttgtaatg tgactgaatt
4201 tgagttaagt ggagcaatgg ctattgatac ctctaaccta gagaaaccat tgatatactt
4261 tgccaaagea caagagatct gggeaatgga tetggaagge tgtcagtgtt ggagagttat
4321 cacaglacct getatgetcg caggaaaaac cctigttage ttaactgtgg atggagaict
4381 tatatactgg atcatcacag caaaggacag cacacagatt tatcaggcaa agaaaggaaa
4441 tggggccatc gtttcccagg tgaaggecct aaggagtagg catatettgg cttacagtic
4501 agttatgcag ccttttccag ataaagegtt tetgicteta geticagaca ctgtggaace
4561 aactatactt aatgccacta acactagect cacaatcaga ttacctctgg ccaagacaaa
4621 ccteacatgg tatggceatca ccagecctac teccaacatac ctggtttatt atgcagaagt
4681 taatgacagg aaaaacagct ctgactigaa atatagaatt ctggaatttc aggacagtat
4741 agclcuall gaagatllac aaccatllic aacalacalg alacagalag clglaaaaaa
4801 ttattatica galccitlgg aacatllacc accaggaaaa gagalilggg gaaaaactaa
4861 aaatggagta ccagaggoag tgcagcteat taatacaact gtgeggtoag acaccagoct
4921 cattatatct tggagagaat ctcacaagcc aaatggacct aaagaatcag tccgttatca
4981 gttggcaate teacacctgg cectaattee igaaactect cltaagacaaa gtgaatttee
5041 aaatggaagg ctcactetee ttgttactag actgtctggt ggaaatattt atgtgttaaa
5101 ggttetigee tgecactetg aggaaatgtg otatacagag agteatectg teactgtgga
5161 aatgtttaac acaccagaga aaccttattc cttggttcca gagaacacta gtttgeaatt
5221 taattggaag getecattga atgttaaccet catcagattt tgggttgage tacagaagtg
5281 gaaatacaat gagttttacc atgttaaaac ticatgcagce caaggtcctg cttatgtctg
5341 taatatcaca aatctacaac cttatacttc atataatgtc agagtagtgg tggtitataa
5401 gacgggagaa aatagcacct cacttccaga aagctttaag acaaaagetg gagtcecaaa
5461 taaaccaggc attcccaaat tactagaagg gagtaaaaat tcaatacagt gggagaaage
5521 tgaagataat ggatgtagaa ttacatacta tatccttgag ataagaaaga gcacttcaaa
5581 taatttacag aaccagaatt taaggiggaa gatgacattt aatggatect geagtagtgt
5641 ttgcacatgg aagiccaaaa acctgaaagg aatatitcag ttcagagtag tagcigcaaa
5701 taatctaggg titggtgaat atagtggaat caglgagaat attatattag tiggagatga
5761 ttttiggata ccagaaacaa gtitcatact tactattata gttggaatat tictggttgt

5821 tacaatccca ctgacctitg tetggeatag cagattaaag aatcaaaaaa gtgccaagga
5881 aggggteaca gtgcttataa acgaagacaa agagttggct gagetecgag gtetggeage
5941 cggagtaggce ctggetaatg cetgetatge aatacatact cttccaacce aagaggagat
6001 tgaaaatctt cetgecttee ctegggaaaa actgactetg cgteicttge tgggaagtge
6061 agcctitgga gaagtglatg aaggaacage agtggacatc ttaggagttg gaagtggaga
6121 aatcaaagta gcagtgaaga ctitgaagaa gggticcaca gaccaggaga agattgaatt
6181 cclgaaggag geacatclga tgagcaaaltl taatcatcec aacatictga agcagetigg
6241 agtitgictg clgaatgaac cccaatacat tatcctggaa clgatggagg gaggagacct
6301 tcttacttat ttgcgtaaag ccecggatgge aacgttttat ggtectttac tcaccttggt
6361 tgacctigta gacctgtgtg tagatatttc aaaaggctgt gictacttgg aacggatgca
6421 tttcattcac agggatcetgg cagetagaaa tgectigtt teegtgaaag actataccag
6481 tccacggata gtgaagattg gagactttgg actcgecaga gacatctata aaaatgatta
6541 ctatagaaag agaggggaag gectgetece agtteggtag atggetecag aaagtitgat
6601 ggatggaatc ttcactactce aatctgatgt atggtetttt ggaattetga tttgggagat
6661 tttaactett ggicatcage cttatccage teattecaac cttgatgtgt taaactatgt

6721 gcaaacagga gggagactgg agecaccaag aaattgtect gatgatetgt ggaatttaat
6781 gacccagtge tgggctcaag aacccgacca aagacctact tttcatagaa ttcaggacca
6841 acttcagtta ttcagaaatt ttttcttaaa tagcatitat aagtccagag atgaagcaaa
6901 caacagtgga gtcataaatg aaagcttiga aggtgaagat ggcgatgtga tttgittgaa
6961 ttcagatgac attatgccag ttgctttaat ggaaacgaag aaccgagaag ggttaaacta
7021 tatggtactt gctacagaat gtggccaagg tgaagaaaag tetgagggic ctetaggetce
7081 ccaggaatct gaatctigtg gictgaggaa agaagagaag gaaccacatg cagacaaaga
7141 tttetgecaa gaaaaacaag tggettactg cecttelgge aagectgaag gectgaacta
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7201 tgectgtete actcacagtg gatatggaga tgggtetgat taatagegtt gttigggaaa
7261 tagagagttg agataaacac tctcattcag tagttactga aagaaaactc tgctagaatg
7321 ataaatgtca tggtggteta taactccaaa taaacaatge aacgitce

[00142] SEQ ID NO: 3 RET mRNA NCBI Ref Seq:

NM_020630

1 agtccegega cecgaageagg gegegeagea gegetgaglg cecceggaacg tgegtegege
121 cgcaccegece atccagacce geeggeccta geegeagiee clecagecgt ggececageg
181 cgcacgggeg atggcgaagg cgacgicegg igecgegggeg ctgegietge tgttgetget
241 getgetgeeg ctgetaggea aagtggeatt gggectetac ttetegaggg atgettactg
301 ggagaagctg tatgtggace aggcggecge cacgeccttg ctgtacgtee atgeectgeg
361 ggacgcccct gaggaggtge ccageticeg cetgggecag catetctacg geacgtaceg
421 cacacggctg catgagaaca actggatctg catccaggag gacaccggcece tectetacct
481 taaccggage ctggaccata getectggga gaageteagt gtecgeaace geggetttce
541 cctgeteace gictacctca aggtettect gicacccaca teecticglg agggcegagtg
601 ccagtggcca ggcetgtgece gegtatactt ctecticttc aacacctect ttccagectg
661 cagcteecte aageceeggg agetetgett cccagagaca aggecctect teegceatteg
721 ggagaaccga cccccaggea ccticeacea gltecgectg ctgeetglge aglictiglg
781 ccccaacalc ageglggccl acaggcicct ggagggtgag golctgecct iccgetgege
841 cceggacage clggagglga geacgegelg ggeeclggac cgegageage gggagaagla
901 cgagcetgglg geeglglgea ceglgeacge cggegegege gaggagglgg tgatgglgee
961 cttcceggtg accgtgtacg acgaggacge cteggegecc accttcceeg cgggegtega
1021 caccgecage geegtggtge agticaageg gaaggageac acegtggtgg ccacgetgeg
1081 tgtettegat geagacgtgg tacctgeate aggggagetg gtgaggeggt acacaageac
1141 gctgetecce ggggacacet gggeccagea gacctteegg gtggaacact ggeccaacga
1201 gaccteggte caggecaacg geagettegt gegggegace gtacatgact ataggetggt
1261 tctcaaccgg aaccteteca tetcggagaa cegeaccatg cagetggegg tgctggtcaa
1321 tgactcagac ttccagggee caggageggg cgtectettg ctecacttca acgtgteggt
1381 gctgceggte agectgeacce tgeccagtace ctacteecte tecgtgagea ggagggeteg
1441 ccgatttgee cagatcggga aagtetgtgt ggaaaactge caggceattca gtggeatcaa

1561 agccgaggac acctegggga tectgtitgt gaatgacace aaggecctge ggeggeccaa
1621 gtgtgccgaa cticactaca tggtggtggce caccgaccag cagaccteta ggecaggecca
1681 ggcccagetg cttgtaacag tggaggggte atatgtggec gaggaggegg getgeceect
1741 gtectgtgea gtcagcaaga gacggetgga gitgtgaggag tgtggeggce tgggceteece
1801 aacaggcagg tgtgagtgga ggeaaggaga tggeaaaggg atcaccagga actictccac
1861 ctgcteteee ageaccaaga cetgececga cggecactge gatgttgtge agacccaaga
1921 catcaacatt tgccctcagg actgectecg gggeageatt gttgggggac acgagectgg
1981 ggagceccgg gggattaaag ctggetatgg cacctgeaac tgettcectg aggaggagaa
2041 gtgcttctge gageccgaag acatccagga tecactglge gacgagetgt geegeacggt
2101 gatcgcagee getgtectet tetectteat cgteteggtg ctgetgtetg cetictgeat

2161 ccactgetac cacaaglilg cccacaagec accealelee lcagetgaga tgaccticeg
2221 gaggceeegee caggectice cggleagela clecietice gglgeeegee ggeeeleget
2281 ggactccalg gagaaccagg tctceglgga tgecticaag atectggagg atccaaaglg
2341 ggaattccct cggaagaact tggticttgg aaaaactcta ggagaaggcg aatttggaaa
2401 agtggtcaag gecaacggect tecatctgaa aggcagagea gggtacacca cggtggeegt
2461 gaagatgcetg aaagagaacg ccteccegeg tgagettcga gacctgetgt cagagttcaa
2521 cgtectgaag caggteaace acceacatgt catcaaattg tatgggecct geagecagga
2581 tggeccegete ctecteateg tggagtacge caaatacgge teectgeggg gettectecg
2641 cgagagcecge aaagtgggge ctggetacet gggeagtgga ggeageegea actecagete
2701 cetggaccac ccggatgage gggeccteac catgggegac cteatcteat ttgectggea
2761 gatctcacag gggatgeagt atctggecga gatgaagete gttcatcggg acttggeage
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2821 cagaaacatc ctggtagetg aggggcggaa gatgaagatt teggatticg getigteceg
2881 agatgtttat gaagaggatt cctacgtgaa gaggagecag ggtcggattc cagttaaatg
2941 gatggcaatt gaatcccttt ttgatcatat ctacaccacg caaagtgatg tatggtettt

3001 tgetgtectg cigtggeaga tegtgacect agggggaaac cectatcctg ggattectee
3061 tgagcggctc ttcaaccttc tgaagaccgg ccaccggatg gagaggccag acaactgcag
3121 cgaggagatg taccgectga tgctgeaatg ctggaageag gagecggaca aaaggecggt
3181 gttigeggac atcagceaaag acctggagaa gatgatggit aagaggagag actacttgga
3241 cctigeggeg tecactecat ctgacteect gatitatgac gacggectet cagaggagga
3301 gacaccgcetg gtggactgta ataatgeccc ccteeetega geeeteectt ccacatggat
3361 tgaaaacaaa ctctatggta gaatticcea igcatttact agattctage accgetgtee

3421 cctetgeact atecttecte tetgtgatge ttittaaaaa tgtttctggt ctgaacaaaa

3481 ccaaagtctg ctctgaacct ttttatttgt aaatgictga ctttgcatce agtttacatt

3541 taggcattat tgcaactatg ttitictaaa aggaagtgaa aataagtgta attaccacat

3601 tgeccageaa cttaggatgg tagaggaaaa aacagatcag ggeggaacte tcaggggaga
3661 ccaagaacag gligaalaag gcgeliclgg ggigggaalc aagicalagl acticlactt
3721 taactaaglg gataaalata caaalclggg gagglalica gllgagaaag gagecaccag
3781 caccactcag cetgoactgg gageacagee agglicceoe agaccoctee tgggeaggoa
3841 ggtgcctcte agaggecace cggeactgge gageagecac tggecaagec tcagecccag
3901 teccagecac atgtecteca tcaggggtag cgaggltgea ggagetggct ggecclggga
3961 ggacgeacce ccactgetgt titcacatec ttteccttac ceaccttcag gacggitgte
4021 acttatgaag teagtgctaa agetggagea gttgettttt gaaagaacat ggtetgtggt
4081 gactgtggtct tacaatggac agtaaatatg gttcttgeca aaactectte ttttgtettt

4141 gattaaatac tagaaatita aaaaaaaaaa aaaa

[00143] SEQ ID NO: 4 RET mRNA NCBI Ref Seq:

NM_020975

1 agtccegega cegaageagg gegrgeagea gegetgaglg cecceggaacg tgegiegege
61 ccecaglgte cgtegeglice geegegeeee gggeggggat ggggcggcca gactgagege
121 cgeaceegec atccagacee geeggececta geegeagtee clecagecgt ggececageg
181 cgcacggegceg atggcgaagg cgacgicegg 1gecgegegg ctecglictge tgttgctgct
241 getgetgeeg ctgetaggea aagtggeatt gggectetac ttctegaggg algeitactg
301 ggagaagclg lalglggace aggeggeegg cacgeccellg clglacglee atgeectgeg
361 ggacgeccct gaggaggtge ceageticeg celgggecag catetctacg geacgtaccg
421 cacacggetg catgagaaca actggatctg catccaggag gacaccggece tectetacct
481 taaccggage ctggaccata getectggga gaagetcagt gtecgeaace geggcetttee
541 cctgeteace gictacetea aggtettect gicacceaca teectieglg agggegagte
601 ccagtggceca ggelgtgeee gegtatactt ctecttette aacacetect ttecagectg
661 cageteecte aagececggg agetetgett ceccagagaca aggecctect teegeatteg
721 ggagaaccga cccccaggea ccticcacea gitcegectg ctgectgtge agticttgtg
781 ccccaacatc agegtggect acaggceteet ggagggtgag getetgccect tcegetgege
841 cccggacage ctggaggtga geacgegelg ggccctggac cgegageage gggagaagta
901 cgagctggte gecgtgtgca cegtgcacge cggegcgege gaggaggteg tgatggtece
961 cttceceggtg accgigtacg acgaggacge cteggegecc acctteceeg cgggegtega
1021 caccgecage geegtggtgg agticaageg gaaggaggac acegtggteg ccacgetgcg
1081 tgtcttcgat gecagacgtgg tacctgeate aggggagetg gtgaggeggt acacaageac
1141 gctgctecece ggggacacct gggcccagea gaccttcegg gtggaacact ggecccaacga
1201 gaccteggte caggecaacg geagettcgt gegggegace gtacatgact ataggetggt
1261 tctcaaccgg aacctclcca teteggagaa ccgeaccatg cagetggegg tgetggtcaa
1321 tgactcagac ticcagggec caggageggg cgtectcitg ctecacttca acgtgtcggt
1381 getgeeggte agecetgeace tgeccagtac ctacteecte tecgtgagea ggagggeieg
1441 ccgatttgee cagatcggga aagtetgtgt ggaaaactge caggeattea gtggeatcaa
1501 cgtccagtac aagetgceatt cctetggtge caactgcage acgetagggg tggtcaccte
1561 agccgaggac acctegggga tectgtilgt gaatgacacc aaggecctge ggeggeccaa
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1621 gtetgccgaa cttcactaca tggtggtegc caccgaccag cagaccteta ggcaggecca
1681 ggcccagctg cttgtaacag tggaggggte atatgtggee gaggagecgg getgeccect
1741 gtectgtgca gtcagcaaga gacggctgga glgtgaggag tgtggeggce tgggeteece
1801 aacaggcagg tgtgagtgga ggcaaggaga tggcaaaggg atcaccagga actictccac
1861 ctgcteteee ageaccaaga cetgecccga cggecactge gatgtigtgg agacccaaga
1921 catcaacatt tgccctcagg actgecteeg gggeageatt gitgggggac acgageetgg
1981 ggagceecgg gggattaaag ctggetatgg cacctgeaac tgettcectg aggaggagaa
2041 gtgcttctge gageccgaag acatccagga tecactgige gacgagetgt geegeacggt
2101 gatcgeagee getgtectcet tetectteat cgteteggtg ctgetgtetg cettetgeat

2161 ccactgctac cacaagittg cccacaagec acccatetee tcagetgaga tgacctteeg
2221 gaggcecgec caggecttee cggtecageta ctectettee ggtgeeegee ggeecteget
2281 ggactccatg gagaaccagg tetccglgga tgecticaag atcctggagg atccaaagig
2341 ggaattcect cggaagaact tggticttgg aaaaactcta ggagaaggeg aatttggaaa
2401 agtggicaag gcaacggcct tccatctgaa aggcagagea gggtacacca cggtggecgt
2461 gaagalgClg aaagagaacg cClecergag lgagelicga gacclgelgl cagaglicaa
2521 cgleclgaag cagglcaace acceacalgl calcaaallg lalggggect geagecagga
2581 tggecegete ctecteateg tggagtacge caaatacgge teeotgeggg gottecteog
2641 cgagagccge aaagtggggc ctggctacct gggeagtgga ggcagecgea actecagete
2701 cctggaccac ccggatgage gggececteac catgggegac cteatcteat ttgeetggea
2761 gatctcacag gggatgeagt atctggccga gatgaagete gttcatcggg acttggeage
2821 cagaaacatc ctggtagetg aggggceggaa gatgaagatt teggattteg getigteceg
2881 agatgtttat gaagaggatt cctacgtgaa gaggagccag ggtcggattc cagttaaatg
2941 gatggcaatt gaatcecttt ttgatcatat ctacaccacg caaagtgatg tatggtettt

3001 tgetetectg ctgtgggaga tegtgacect agggggaaac cectatectg ggattectee
3061 tgagcggcte ttcaaccttc tgaagaccgg ccaccggatg gagaggccag acaactgcag
3121 cgaggagatg taccgcctga tgctgcaatg ctggaageag gagecggaca aaaggecggt
3181 gtttgcggac atcagcaaag acctggagaa gatgatggtt aagaggagag actacttgga
3241 ccttgeggceg tecactecat ctgactcect gatttatgac gacggectct cagaggagga
3301 gacaccgcetg gtggactgta ataatgeccc cetecctega geectecctt ceacatggat
3361 tgaaaacaaa ctctatggca tgtcagaccc gaactggect ggagagagte ctgtaccact
3421 cacgagagct gatggeacta acactgggt: tccaagatat ccaaatgata gtgtatatge
3481 taactggatg ctttcaccct cagcggcaaa attaatggac acgtttgata gttaacattt
3541 ctttgtgaaa ggtaatggac tcacaaggge aagaaacatg ctgagaatgg aaagtctacc
3601 ggccctttct ttgtgaacgt cacattggee gagecgigtt cagttcccag gtggcagact
3661 cgtttttggt agtttgtttt aacttccaag gtggttitac ttctgatage cggtgatttt

3721 ccectectage agacatgeea caccgggtaa gagetetgag tettagtggt taageatice
3781 tttetetica gtgeccagea geacccagtg itggtetgtg tecatcagtg accaccaaca
3841 tictgtgtic acatgiglgg gtccaacact tactaccigg tgtatgaaat tggacctgaa
3901 ctgttggatt titctagitg ccgecaaaca aggcaaaaaa alttaaacat gaagcacaca
3961 cacaaaaaag geaglaggaa aaatgetgge cetgatgace tglectiatt cagaatgaga
4021 gactgeggeg ggggcctggg gotagtgtea atgeccctee agggctggag gggaagagee
4081 gceecgagga tgggectggg ctcageattc gagatcttga gaatgatttt titttaatca
4141 tgcaaccttt ccttaggaag acatttggtt ttcatcatga ttaagatgat tectagattt

4201 agcacaatgg agagattcca tgecatettt actatgtgga tggtggtate agggaagagg
4261 geteacaaga cacatttgte ceceegggeec accacateat ceteacgtgt teggtactga
4321 geageceacta cccctgatga gaacagtatg aagaaagggg getgttggag teccagaatt
4381 gctgacagea gaggetttge tgetgtgaat cecacctgee accageetge ageacaccee
4441 acagccaagt agaggcgaaa geagtggctc atcctacctg ttaggagceag gtagggcttg
4501 tactcacttt aatttgaatc ttatcaactt actcataaag ggacaggcta getagetgtg

4561 ttagaagtag caatgacaat gaccaaggac tgctacacct ctgattacaa ttctgatgtg
4621 aaaaagatgg tgtttggcte ttatagagcee 1gtgtgaaag geccatggat cagetettee
4681 tgtgttigta atttaatget getacaagat gtitetgttt ctiagattct gaccatgact

4741 cataagcttc tigtcattct teatigettg tttgtggtea cagatgceaca acactectee

4801 agtcttgtgg gggcagcttt tgggaagict cagcagetet tetggetgtg ttgtcageac

SO0

4861 tgtaacttcg cagaaaagag tcggattace aaaacactge ctgetettea gacttaaage
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4921 actgatagga cttaaaatag tctcattcaa atactgtatt ttatatagge atttcacaaa
4981 aacagcaaaa ttgtggcatt ttgtgaggcc aaggcttgga tgcgtgtgta atagagectt

5101 tggctctaat ttgggctgtt tttcagatac actgtgataa gttcttttac aaatatctat
5161 agacatggta aacttttggt tttcagatat gcttaatgat agtcttacta aatgcagaaa
5221 taagaataaa ctttctcaaa ttattaaaaa tgectacaca gtaagigtga attgetgeaa

5341 atttatcctt gaccaattta tectigacca ataacctaat tgtctattce tgagttataa
5401 aagtccecat cettattage tetactggaa tittcataca cgtaaatgea gaagttacta
5461 agtattaagt attactgagt attaagtagt actctgtcag ttattaaaat tigtaaaatce
5521 tatttatgaa aggtcattaa accagatcat gitccttttt ttgtaatcaa ggtgactaag
5581 aaaatcagtt gtgtaaataa aatcatgtat cataaaaaaa aaaaaaaaa

14780126.3
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What is claimed herein is:
1. A method of determining the nucleotide sequence contiguous to a known target

nucleotide sequence, the method comprising;

(a) hybridizing a target nucleic acid molecule comprising the known target nucleotide

sequence with a population of tailed random primers;

(b) extension of a hybridized tailed random primer using the portion of the target

nucleic acid molecule downstream of the site of hybridization as a template;

(¢) amplifying a portion of the target nucleic acid molecule and the tailed random

primer sequence with a first tail primer and a first target-specific primer;

(d) amplifying a portion of the amplicon resulting from step (¢) with a second tail

primer and a second target-specific primer;

(e) sequencing the amplified portion from step (d) using a first and second sequencing

primer;

wherein the population of tailed random primers comprises single-stranded
oligonucleotide molecules having a 5 nucleic acid sequence identical or complementary
to a first sequencing primer and a 3” nucleic acid sequence comprising from about 6 to

about 12 random nucleotides;

wherein the first target-specific primer comprises a nucleic acid sequence that can
specifically anneal to the known target nucleotide sequence of the target nucleic acid at

the annealing temperature;

wherein the second target-specific primer comprises a 3’ portion comprising a nucleic
acid sequence that can specifically anneal to a portion of the known target nucleotide
sequence comprised by the emplicon resulting from step (¢), and a 5” portion comprising
a nucleic acid sequence that is identical to a second sequencing primer and the second

target-specific primer is nested with respect to the first target-specific primer;

wherein the first tail primer comprises a nucleic acid sequence identical or

complementary to all or a partion of the 5 portion of the tailed random primer; and

wherein the second tail primer comprises a nucleic acid sequence identical or
complementary to a portion of the first sequencing primer and is nested with respect to

the first tail primer.
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2. The method of claim 1, wherein the 5” nucleic acid sequence of the tailed random primers

is identical to a first sequencing primer.

3. The method of any of claims 1-2, wherein the first tail primer comprises a nucleic acid

sequence identical to the 5” portion of the tailed random primer.

4. The method of any of claims 1-3, wherein the second tail primer comprises a nucleic acid

sequence identical to a portion of the first sequencing primer.

5. The method of any of claims 1-4, wherein the each tailed random primer further
comprises a spacer nucleic acid sequence between the 5 nucleic acid sequence identical
or complementary to a first sequencing primer and the 3° nucleic acid sequence

comprising about 6 to about 12 random nucleotides.

6. The method of any of claims 1-5, wherein the unhybridized primers are removed from the

reaction after an extension step.

7. The method of any of claims 1-6, wherein the second tail primer is nested with respect to

the first tail primer by at least 3 nucleotides.

®. The method of any of claims 1-7, wherein the first target-specific primer further
comprises a 5” tag sequence portion comprising a nucleic acid sequence of high GC
content which is not substantially complementary to or substantially identical to any other

portion of any of the primers.

9. The method of any of claims 1-8, wherein the second tail primer is identical to the full-

length first sequencing primer.

10. The method of any of claims 1-9, wherein the portions of the target-specific primers that
specifically anneal to the known target will anneal specifically at a temperature of about
65°C in a PCR buffer.

11. The method of any of claims 1-10, wherein the sample comprises genomic DNA.

12. The method of any of claims 1-11, wherein the sample comprises RNA and the method

further comprises a first step of subjecting the sample to a reverse transcriptase regimen.

13. The method of any of claims 1-13, wherein the nucleic acids present in the sample have

not been subjected to shearing or digestion.

14. The method of any of claims 1-14, wherein the sample comprises single-stranded gDNA

or cDNA.
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15. The method of any of claims 12-14, wherein the reverse transcriptase regimen comprises

the use of random hexamers.

16. The method of any of claims 1-15, wherein a gene rearrangement comprises the known

target sequence.

17. The method of claim 16, wherein the gene rearrangement is present in a nucleic acid

selected from the group consisting of: genomic DNA; RNA; and cDNA.

18. The method of any of claims 16-17, wherein the gene rearrangement comprises an

oncogene.
19. The method of claim 18, wherein the gene rearrangement comprises a fusion oncogene.

20. The method of any of claims 1-19, wherein the nucleic acid product is sequenced by a

next-generation sequencing method.

21. The method of claim 20, wherein the next-generation sequencing method comprises a

method selected from the group consisting of:

Ton Torrent, [llumina, SOLiD, 454; Massively Parallel Signature Sequencing solid-

phase, reversible dye-terminator sequencing; and DNA nanoball sequencing.

M

. Thie method of any of claims 1-21, wherein the first and second sequencing primers are

compatible with the selected next-generation sequencing method.

23. The method of any of claims 1-22, wherein the method comprises contacting the sample,
or separate portions of the sample, with a plurality of sets of first and second target-

gpecific primers.

24. The method of any of claims 1-23, wherein the method comprises contacting a single
reaction mixture comprising the sample with a plurality of sets of first and second target-

specific primers.

[\°)
W

. The method of any of claims 1-24, wherein the plurality of sets of first and second target-
specific primers specifically anneal to known target nucleotide sequences comprised by

separate genes.

26. The method of any of claims 24-25, wherein at least two sets of first and second target-
specific primers specifically anneal to different portions of a known target nucleotide

sequence.
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27. The method of any of claims 24-26, wherein at least two sets of first and second target-
specific primers specifically anneal to different portions of a single gene comprising a

known target nucleotide sequence.

28. The method of any of claims 24-27, wherein at least two sets of first and second target-
specific primers specifically anneal to different exons of a gene comprising a known

nucleotide target sequence.

29. The method of any of claims 24-28, wherein the plurality of first target-specific primers
comprise identical 5’ tag sequence portions.

30. The method of any of claims 1-29, wherein each amplification step comprises a set of

cycles of a PCR amplification regimen from 5 cycles to 20 cycles in length.

31. The method of any of claims 1-30, wherein the target-specific primers and the tail primers
are designed such that they will specifically anneal to their complementary sequences at

an annealing temperature of from about 61 to 72 °C.

[
S

. The method of any of claims 1-31, wherein the target-specific primers and the tail
primers are designed such that they will specifically anneal to their complementary

sequences at an annealing temperature of about 65 °C.

33. The method of any of claims 1-32, wherein the target nucleic acid molecule is from a

sample, optionally which is a biological sample obtained from a subject.

34. The method of any of claims 1-33, wherein the sample is obtained from a subject in need

of treatment for a disease associated with a genetic alteration.
35. The method of claim 34, wherein the disease is cancer.

36. The method of any of claims 1-35, wherein the sample comprises a population of tumor

cells.
37. The method of any of claims 1-36, wherein the sample is a tumor biopsy.
38. The method of any of claims 35-37, wherein the cancer is lung cancer.

39. The method of any of claims 1-38, wherein a disease-associated gene comprises the

known target sequence.
40. The method of any of claims 1-39, wherein the target nucleic acid is a ribonucleic acid.

41. The method of claim 1-39, wherein the target nucleic acid is a deoxyribonucleic acid.
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42 . The method of claim 40, wherein the target nucleic acid is a messenger RNA encoded

from a chromosomal segment that comprises a genetic rearrangement.

43. The method of claim 41, wherein the target nucleic acid is a chromosomal segment that

comprises a portion of a genetic rearrangement.

44. A method of preparing nucleic acids for analysis, the method comprising:

contacting a nucleic acid template comprising with a plurality of different primers that
share a common sequence that is 5° to different hybridization sequences, under
conditions to promote template-specific hybridization and extension of at least one of

the plurality of different primers;

contacting the extension product of the first step with a first tail primer and a first
target-specific primer under conditions to promote template-specific hybridization and

extension from the first tail primer and first target-specific primer;

contacting the extension product of the second step with a second tail primer and a
second target-specific primer under conditions to promote template-specific
hybridization and extension from the second tail primer and second target-specific

primer.

wherein the first target-specific primer comprises a nucleic acid sequence that can
specifically anneal to a known target nucleotide sequence of the target nucleic acid at the

annealing temperature;

wherein the second target-specific primer comprises a 3’ portion comprising a nucleic
acid sequence that can specifically anneal to a portion of the known target nucleotide
sequence comprised by the amplicon resulting from the second step, and a 5’ portion
comprising a nucleic acid sequence that is identical to a second sequencing primer and the

second target-specific primer is nested with respect to the first target-specific primer;

wherein the first tail primer comprises a nucleic acid sequence identical or

complementary to the common sequence of the primers of the first step; and

wherein the second tail primer comprises a nucleic acid sequence identical or
complementary to a portion of the first sequencing primer and is nested with respect to

the first tail primer.
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45. The method of claim 44, wherein the target nucleic acid is a ribonucleic acid.
46. The method of claim 44, wherein the target nucleic acid is a deoxyribonucleic acid.

47. The method of claim 45, wherein the target nucleic acid is a messenger RNA encoded

from a chromosomal segment that comprises a genetic rearrangement.

48. The method of claim 46, wherein the target nucleic acid is a chromosomal segment that

comprises a portion of a genetic rearrangement.

49. The method of claim 48, wherein the genetic rearrangement is an inversion, deletion, or

translocation.

50. The method of any one of claims 44-49, further comprising amplifying one or more of the

extension products

51. The method of any of claims 44-50, wherein the each of the primers of the first step
further comprises a spacer nucleic acid sequence between the common sequence and the
hybridization sequence, the spacer sequence comprising about 6 to about 12 random

nucleotides.

52. The method of any of claims 44-51, wherein the unhybridized primers are removed from

the reaction after extension.

53. The method of any of claims 44-52, wherein the second tail primer is nested with respect

to the first tail primer by at least 3 nucleotides.

54. The method of any of claims 44-53, wherein the first target-specific primer further
comprises a 5’ tag sequence portion comprising a nucleic acid sequence of high GC
content which is not substantially complementary to or substantially identical to any other

portion of any of the primers.

A
W

. The method of any of claims 44-54, wherein the portions of the target-specific primers
that specifically anneal to the known target will anneal specifically at a temperature of
about 65°C in a PCR buffer.
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ABSTRACT
Aspects of the technology disclosed herein relate to methods for preparing and analyzing
nucleic acids. In some embodiments, methods for preparing nucleic acids for sequence analysis

(e.g., using next-generation sequencing) are provided herein.
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4. The Accused Products Do Not Have a Primer That Is Equivalent to a
Second Target Specific Primer??

233. | disagree with Dr. Lennon that the QIAGEN accused products infringe the
limitation of a “second target specific primer” under the doctrine of equivalents.!*

234. The QIAGEN accused products do not have any primer that is “equivalent” to the
“second target specific primer” required by the asserted claims of the ’810 Patent.
Fundamentally, a “universal” primer is different from a “target-specific primer,” both according
to the intrinsic evidence and according to the understanding of one of ordinary skill in the art at
the relevant time.

235.  In my opinion, the QIAGEN SIP does not perform substantially the same function
in substantially the same way to obtain substantially the same result as the claimed second target-
specific primer. In fact, as | discuss in detail below, the QIAGEN SIP performs a completely
different function in a completely different way to obtain a completely different result.

236. Dr. Lennon’s application of the doctrine of equivalents strips all meaning from
the term “second target specific primer” and essentially writes that term out of the claim. It is
my understanding that it is impermissible to vitiate the meaning of a claim term through
application of the doctrine of equivalents.

a) Substantially Different Functions

122 | note that Dr. Lennon does not appear to have addressed the doctrine of equivalents for any other limitation of
any asserted claim of either the '810 Patent or the '597 Patent. Therefore, given that neither he nor Plaintiffs have
presented any other specific doctrine of equivalents argument, | have addressed the doctrine of equivalents in detail
only with respect to this limitation of the ‘810 Patent, although | have responded to the other vague assertions of
doctrine of equivalents to the extent possible in Plaintiffs' infringement contentions. See Plaintiffs' Disclosure of
Amended Infringement Contentions for the '810 and '597 Patents at 3, 4, 6, 7, Ex. A at 89, Ex. B at 34, 40, 45.
Should Dr. Lennon or Plaintiffs at any time offer a more specific doctrine of equivalents argument with respect to
any other limitation of any other asserted claim of the '810 Patent or the '597 Patent, | reserve the right to respond at
that time.

123 See Lennon Opening Report 11 267-294.
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237.  Dr. Lennon identifies three functions for the “second target-specific primer”:1?4
(1) amplifying the amplification product of step (ii);
(2) producing an amplification product that is capable of being sequenced; and
(3) reducing undesirable amplification products by being paired with the second

adaptor primer.

238. These functions are not the appropriate “functions” to consider for application of
the doctrine of equivalents because they are general to any primer that would be used, do not
require the second target-specific primer to anneal to the known target nucleotide sequence, and
therefore eliminate the phrase “second target-specific” from the term. These functions would
permit the second target specific primer to anneal to universal sequence, rather than to the known
target nucleotide sequence, as required by the Court’s claim construction.

239. The first function is already expressly stated in element (iii) of the claim:
“amplifying an amplification product of (ii) using a second target-specific primer that
specifically anneals to the amplification product of (ii).” Therefore, that would be a function of
any primer, whether or not “target-specific.”

240. Dr. Lennon’s argues that the second function is appropriate for his doctrine of
equivalents analysis because the Court’s construction of the term *“second target-specific primer”
refers to “a second sequencing primer.”*? As | discussed above, the Court’s construction of the
term “second target-specific primer” includes the requirement that the second target-specific

primer comprise “a 5” portion comprising a nucleic acid sequence that is identical to a second

124 See Lennon Opening Report  269.
125 See Lennon Opening Report  271.
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sequencing primer.” Again, Dr. Lennon seeks to broaden the function of the “second target-
specific primer” through reference to general functions that would be true of any primer that
bound specifically to the amplification product and had a tail comprising sequence identical to a
second sequencing primer. There is nothing specific to a “second target-specific primer” in Dr.
Lennon’s second function.

241. Dr. Lennon’s third function, similarly, simply states that the second target-
specific primer is paired with the second adaptor primer in the PCR reaction. This function is
expressly stated in the claim, which recites that the amplification product of step (ii) is amplified
using a second target-specific primer that “specifically anneals” to the amplification product of
(ii) and a second adaptor primer. Again, Dr. Lennon’s third function would be carried out by any
primer that “specifically annealed” to the amplification product of step (ii). Dr. Lennon’s third
function writes out the requirement from the claim of a second target-specific primer.

242. Moreover, Dr. Lennon appears to attribute any added specificity from step (iii) of
the reaction to the use of a “nested” second adaptor primer, and relegates the function of the
second target-specific primer to merely serving as the opposing primer for the second adaptor
primer.t?® Dr. Lennon states: “The claimed amplifying cannot occur without the presence of
both primers; paired with a nested adaptor primer, the second target-specific primer makes
possible the benefits associated with a nested adaptor primer, i.e., reducing undesirable
amplification products caused by a first adaptor primer that is identical to a 5” portion of the first
sequencing primer.”t?’

243.  This interpretation of the claim is contrary to the plain language of the claim, the

126 See Lennon Opening Report § 272.
127 See Lennon Opening Report § 272.
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intrinsic evidence, and the interpretation of one of ordinary skill in the art. The primary function
of the claimed second target-specific primer is to bind to the known target nucleotide sequence
to enrich for particular targets having that sequence and to eliminate unwanted products from the
first round of PCR. The accused QIAGEN SIP does not carry out that function. The function of
the accused QIAGEN SIP is to bind to universal or common sequence added by the tail of the
GSP from the first round of PCR in the accused QIAGEN products to amplify all products from
the first round of PCR, not to eliminate any unwanted products from the first PCR round.

244. These functions — binding to the known target nucleotide sequence to enrich a
particular target and eliminate unwanted products from the first round of PCR, thus increasing
specificity, versus binding to universal or common sequence added via the tail of the accused
GSP primer from the first round to amplify all products from the first round and not elminate
unwanted products from the first round — are substantially different.

245.  The purpose of carrying out a second PCR with a “second target-specific primer,”
as | have discussed in detail above, is to obtain the benefits of specificity associated with using a
second primer that will not bind to unwanted, off-target sequences in the sample that are present
in non-specific amplification products from the first round of PCR. Whether or not the nested
second adaptor primer confers additional specificity does not detract from this central function of
the second target-specific primer.

246. Instead, the appropriate function that should be considered for application of the
doctrine of equivalents to the term “second target-specific primer” is the function of increasing
specificity of the overall method by carrying out a second PCR reaction with a second primer
that distinguishes between amplification products from the first round of PCR containing the

desired target sequences from the sample and amplification products from the first round of PCR
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that contain undesirable non-specific, non-target sequences.

247. Having incorrectly defined the functions of the “second target-specific primer,”
Dr. Lennon then incorrectly concludes that QIAGEN’s SIP carries out substantially the same
function as the claimed second target-specific primer. Dr. Lennon’s analysis fails because any
primer that bound specifically to the amplicon produced in step (ii) of the method and met the
requirement of having a tail with sequence identical to a second sequencing primer would satisfy
these functions. Again, Dr. Lennon eliminates the phrase “second target-specific” primer from
the claim.

248. Dr. Lennon’s equivalents analysis, like his literal infringement analysis,
eliminates the logic and structure of the claim that requires two steps, each with a target-specific
primer that binds to the same target, where the second step is intended to increase specificity of
the overall method. He broadens the second step to include universal PCR, with QIAGEN’s SIP
primer, and therefore disconnects element (iii) from the structure and logic of the claim.

249. Dr. Lennon concludes incorrectly that the SIP satisfies the “function” of the
“second target-specific primer” because the SIP amplifies the PCR product of the prior step, has
a tail with a “second sequencing primer sequence,” and enables a PCR reaction with the second
adaptor primer.1?8

250. | disagree with Dr. Lennon. The SIP does not satisfiy the appropriately defined
“function” of the “second-target specific primer” because it does not increase the specificity of
the overall method by enabling a second PCR reaction with a second primer that distinguishes
between amplification products from the first round of PCR containing the desired target

sequences from the sample and amplification products from the first round of PCR that contain

128 See Lennon Opening Report {1 273-276.
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undesirable non-specific, non-target sequences. Instead, QIAGEN’s SIP is directed to increasing
sensitivity, not specificity, through a universal PCR reaction, as | discussed above. As | have
explained, the function of the accused QIAGEN SIP is to bind to all amplification products from
the first round. The function of the claimed second target-specific primer is to amplify products
containing the the known target nucleotide sequence and eliminate unwanted products from the
first PCR round. Thesse functions are substantially different.

251. Dr. Lennon also states in a conclusory fashion that “Claim 16 is directed to a
hemi-nested second amplification reaction, i.e., nested on one side of the molecule (second
adaptor primer) and non-nested on the other (second target-specific primer).”1%°

252. | disagree. The phrase “hemi-nested” does not appear anywhere in the asserted
claims. In fact, the phrase “hemi-nested” appears only twice in the entire 810 Patent, in the
following passage:

The use of nested adaptor primers eliminates the possibility of producing final

amplicons that are amplifiable (e.g. during bridge PCR or emulsion PCR) but

cannot be sequence, a situation that can arise during hemi-nested methods. In

other situations, hemi-nested approaches using a primer identical to a sequencing

primer can result in the carry-over of undesired amplification products from the

first PCR step to the second PCR step and would ultimately vyield artificial

sequencing reads. The use of two adaptor primers, as described herein can
reduce, and in some embodiments eliminate, these problems.**

This paasage demonstrates that the specification uses the term “hemi-nested” in precisely the
opposite sense from that in which Dr. Lennon uses the term. The specification refers to “hemi-
nested” methods in which the target-specific primers are nested but the adaptor primers are
not, and discusses problems arising from this method relating to the generation of non-specific

amplification products. This passage recommends the use of nested adaptor primers for a fully

129 See Lennon Opening Report § 276.
130 See 810 Patent 17:35:45 (emphases added).
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nested, rather than hemi-nested approach.

253. Dr. Lennon, on the other hand, attempts to read the method of Claim 16 as a
“hemi-nested” method in which only the adaptor primers are nested but the target-specific
primers are not. Such a method is nowhere contemplated in the specification and | note that Dr.

Lennon cites no specification support for his “hemi-nested” argument.*3
b) Substantially Different Way

254.  Dr. Lennon incorrectly concludes that the SIP primer and the *“second target-
specific primer” carry out his incorrectly defined “function” in “substantially the same way.”132
Dr. Lennon argues incorrectly that QIAGEN’s interpretation of the term “second target-specific
primer” under the Court’s construction encompasses a second target-specific primer that binds to
exactly the same sequence as the first target-specific primer.**¥ Dr. Lennon then argues that
QIAGEN’s SIP and this hypothetical second target-specific primer (which Dr. Lennon refers to
as “TS2”) both amplify the PCR product from the first PCR reaction, both include a sequence
identical to a second sequencing primer as a common tail, and both pair with a nested second
adaptor primer to “reduce undesirable amplification products.”*3*

255. This argument is incorrect in multiple respects. As a preliminary matter, the
Court’s construction of the term “second target-specific primer” requires the second target-
specific primer to be nested with respect to the first target-specific primer and precludes a primer
that binds to exactly the same sequence as the first target-specific primer.

256.  Although the Court declined to read the express term, “nested,” into Claim 16, the

131 See Lennon Opening Report { 276.
132 See Lennon Opening Report 11 278-84.
133 See Lennon Opening Report 1 279-281.
134 See Lennon Opening Report { 282.
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Court construed the term “second target-specific primer” to require that the second target-
specific primer “can specifically anneal to a portion of the known target nucleotide sequence
comprised by the amplicon resulting from step (b).” This construction requires the second
target-specific primer to anneal to the known target nucleotide sequence, not merely to anneal
to the sequence of the first target-specific primer introduced during the first round of PCR
amplification.

257. Dr. Lennon's hypothetical primer is a primer that anneals to the first target-
specific primer but not to the known target nucleotide sequence and therefore does not satisfy
the Court's construction. Specifically, such a primer could anneal to off target sequences
amplified by the first target-specific primer. Notably, such a primer is also not "target-specific"
given that it anneals to off target sequences present from the first round of PCR.

258. Therefore, the claimed second target-specific primer must anneal to a different
portion of the known target nucleotide sequence than the first target-specific primer and
therefore must be nested with respect to, i.e., anneal to a sequence downstream of, the first
target-specific primer.

259. Dr. Lennon's hypothetical primer is therefore inconsistent with the Court's claim
construction and cannot be encompassed as an equivalent without impermissibly vitiating the
limitation of a "second target-specific primer."

260. | note that the fact that the Court did not specifically insert the term "nested" into
the claim is not inconsistent with my opinion. For example, Dr. Lennon interprets the “second
adaptor primer” as being “nested” with respect to the first adaptor primer, despite the fact that

the term “nested” does not appear in Claim 16.1% Instead, the term “nested” with respect to the

135 See Lennon Opening Report 1 276.
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second adaptor primer is introduced through the Court’s construction of the term “second
adaptor primer.” There is no reason that a requirement for the second target-specific primer to
be nested with respect to the first target-specific primer is not similarly introduced through the
Court’s definition of “second target-specific primer.”

261. The plain meaning of the terms “first target-specific primer” and “second target-
specific primer,” consistent with every example and figure in the specification, is that they are
two different target-specific primers that bind to different parts of “the known target nucleotide
sequence.” Given the method steps that | digrammed above, for the second target-specific
primer to be different from the first target-specific primer, it must anneal to a different portion of
the known target nucleotide sequence. To do so, it must anneal downstream of the first target-
specific primer, such that it is nested with respect to the first target-specific primer. And, as |
discussed at length above, all the examples in the specification of the 810 Patent involve a
second round of PCR using a nested second target-specific primer because the inventors were
never able to develop a working method that did not have a second round of nested PCR.

262. The claimed second target-specific primer therefore carries out its function in a
substantially different “way” from QIAGEN’s SIP, which anneals to universal sequence. The
claimed second target-specific primer anneals to a downstream portion of the known target

nucleotide sequence (solid gray line):
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—

263. QIAGEN’s SIP, in contrast, anneals upstream of the known target nucleotide
sequence (solid gray line), to universal sequence (shown in pink below) added from the common

tail of QIAGEN’s GSP from the prior PCR reaction.

—

€

264. Therefore, the claimed second target-specific primer carries out its function in a
substantially different way from the accused QIAGEN SIP.

265. Even Dr. Lennon’s hypothetical primer that anneals to the same sequence as the
first target-specific primer is substantially different from a universal primer and carries out its

function in a substantially different way from a universal primer:
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266. As the figures show, a second target-specific primer that anneals to the same
sequence (solid gray line) as the first target-specific primer and does not anneal universally to all
sequences present from the first PCR reaction. In contrast, QIAGEN’s SIP anneals to the
universal (pink) sequence added from the common tail of QIAGEN’s GSP primer used in the
first PCR reaction.

267. Moreover, as | discussed above, a universal primer such as the SIP primer is
designed to anneal to universal sequence present on every sequence in the sample that was
amplified in the prior round by a primer bearing the common tail, irrespective of the sequence of
the first target-specific primer, or of any particular known target nucleotide sequence. The SIP,
in other words, is completely indifferent as to the sequence of the known target nucleotide
sequence and will amplify any amplification product from the first round irrespective of whether
any particular known target nucleotide sequence is present or is absent.

268. In contrast, Dr. Lennon’s hypothetical second primer that anneals to exactly the
same sequence as the first target-specific primer, does not anneal to universal sequence. Dr.
Lennon’s hypothetical primer does not bind to universal sequence present on all different targets
from the first round of PCR.

269. Therefore the accused SIP, a universal primer, carries out its function in a
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substantially different way from Dr. Lennon's hypothetical primer.

270. Dr. Lennon argues that the “universal sequence added by the common tail of
QIAGEN’s GSP “has become part of the known target nucleotide sequence.”*® This statement
is incorrect. As | have discussed, the known target nucleotide sequence does not change
throughout the claim, and the second target-specific primer binds to the known target nucleotide
sequence that has antecedent basis in step (i) of the claimed method. Dr. Lennon’s argument that
the common sequence added via the tails of QIAGEN’s GSP primers becomes part of the
“known target nucleotide sequence” directly contradicts the plain language of the claims and
specification, as | discussed above, in addition to contradicting the Court’s claim construction.

271. Dr. Lennon also argues that QIAGEN’s SIP and the claimed second target-
specific primer carry out substantially the same function in substantially the same way in that
both “hybridize such that a primer extension substrate for a template-dependent polymerase is
formed,” quoting the definition of “anneal” in the 810 Patent.**” Dr. Lennon’s reliance on the
generic definition of the term “anneal” in the *810 Patent does not demonstrate that QIAGEN’s
SIP and the claimed second target-specific primer carry out their functions in substantially the
same way. The claim requires a second target-specific primer “that specifically anneals to the
amplification product of (ii).”**® This requirement that the second target-specific primer
“anneal” to the product of the first PCR reaction says nothing about the specific sequence to
which the primer must anneal — that requirement is contained in the term “second target-specific
primer.” The SIP anneals to a substantially different, universal, sequence from the portion of the

known target nucleotide sequence to which the claimed second target-specific primer anneals.

136 See Lennon Opening Report 7 283.
137 See Lennon Opening Report § 284; *810 Patent, 13:53-58.
138 See 810 Patent Claim 16, 78:10-11.
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C) Substantially Different Results

272. | disagree with Dr. Lennon that QIAGEN’s SIP achieves substantially the same
“results” as the claimed second target-specific primer.®*® Dr. Lennon again focuses on his
hypothetical second primer that binds to the same sequence as the first primer. Again, | disagree
that such a primer is consistent with the Court's claim construction and cannot be encompassed
by the Court's claim construction as an equivalent without vitiating the limitation of a "second
target-specific primer."

273. According to Dr. Lennon, the second target-specific primer is insubstantially
different from QIAGEN’s SIP because both primers, the SIP and the hypothetical primer, would
“produce an amplification product that is larger than the amplification product of the first
round.”**®  According to Dr. Lennon, both products would be larger than the amplification
product from the first PCR reaction because both the SIP and Dr. Lennon's hypothetical primer
that anneals to the same sequence as the first target-specific primer have a common tail that adds
on to the length of the amplicon from the first PCR reaction.'*

274.  This argument completely misses the point and proves nothing about whether
QIAGEN’s SIP achieves substantially the same result as the claimed second target-specific
primer.

275.  The “result” that the claimed second target-specific primer achieves in preparing a
library for sequencing is substantially different from the “result” QIAGEN’s universal SIP
achieves in preparing a library for sequencing. The "result" achieved by the claimed second

target-specific primer is to increase the specificity of the library with respect to certain targets by

139 See Lennon Opening Report {1 285-289.
140 See Lennon Opening Report § 287.

141 See id.
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selectively amplifying certain sequences from the first round of PCR and eliminating unwanted
products. The "result” achieved by the accused universal SIP is to amplify all sequences from
the first round of PCR.

276.  First, in terms of the size of the resulting amplicon from the second round of PCR,
given that the claimed second target-specific primer is nested with respect to the first target-
specific primer, the portion of the known target nucleotide sequence amplified may be smaller
than the known target nucleotide sequence present in the amplicon from the first round of PCR.
On the other hand, QIAGEN's accused SIP produces an amplicon in which the size of the known
target nucleotide sequence is always the same as the size of the known target nucleotide
sequence in the amplicon from the first round of PCR. Therefore this “result” of using the
accused QIAGEN SIP is substantially different from the result of using the claimed second
target-specific primer.

277. Second, as | explained in detail above, the claimed second target-specific primer
significantly increases the specificity of the system, eliminating unwanted amplification products
from the first PCR reaction. In contrast, the universal SIP primer achieves the opposite function
— to amplify every amplification product from the first round of PCR by binding to universal
sequence added via the common tail of every different GSP that was used in the first round of
PCR. As I discussed above, the claimed second target-specific primer is intended to achieve the
result of increased specificity while QIAGEN’s SIP is intended to achieve the result of increased
sensitivity. The two results are substantially different.

278. Even if Dr. Lennon were correct, which he is not, that the Court’s construction
encompasses a second target-specific primer that binds to exactly the same sequence as the first

target-specific primer, QIAGEN’s SIP nonetheless achieves a substantially different result.
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279. First, in terms of the size of the resulting amplicons, the “result” is still
substantially different, as shown in Dr. Lennon's drawing.}*> Even with Dr. Lennon's
hypothetical second primer, the resulting amplicon sizes are different, as the figure shows.1*3
The amplicon created from the hypothetical second primer is increased by the length of the tail
on the second primer, while the amplicon created by the accused QIAGEN SIP is increased by
the length of the entire SIP primer.

280. Second, the "result” achieved by Dr. Lennon's hypothetical second primer'#* is to
amplify all sequences from the first round that have the sequence of the first target specific
primer, not to amplify all sequences from the first round of PCR. The "result" achieved by the
accused QIAGEN SIP primer is to amplify all sequences from the first round. These two results
are substantially different.

281. Therefore, in my opinion, QIAGEN’s accused products do not infringe under the
doctrine of equivalents because QIAGEN’s accused SIP primer carries out a substantially
different function in a substantially different way to achieve a substantially different result than
the claimed second target-specific primer.

5. The Accused “Second Target Specific Primer” Does Not Have a
Nucleic Acid Sequence Identical to a Second Sequencing Primer

a  single-stranded  oligonucleotide
comprising a 3’ portion comprising a
nucleic acid sequence that can
second target-specific primer specifically anneal to a portion of the
known target nucleotide sequence
comprised by the amplicon resulting
from step (b), and a 5’ portion

claims 1
and 16

142 |Lennon Opening Report § 287.
143 See id.

144 See id.
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

ARCHERDX, INC. and THE GENERAL
HOSPITAL CORPORATION d/b/a
MASSACHUSETTS GENERAL HOSPITAL,

Plaintiffs,
V.

)
)
)
)
)
)
)
) Civil Action No. 18-cv-01019-MN
QIAGEN SCIENCES, LLC, QIAGEN LLC )
f/lk/a QIAGEN, INC., QIAGEN BEVERLY, )
LLC f/k/a QIAGEN BEVERLY, INC. )
QIAGEN GAITHERSBURG, LLC f/k/a )
QIAGEN GAITHERSBURG, INC., QIAGEN )
GMBH, QIAGEN N.V. and JONATHAN )
ARNOLD. )
)

Defendants.

DEFENDANTS' SECOND AMENDED INVALIDITY CONTENTIONS

Pursuant to the Court's Scheduling Order (D.I. 138), Defendants QIAGEN Sciences, LLC,
QIAGEN LLC (f/k/a QIAGEN, Inc.), QIAGEN Beverly, LLC (f/k/a QIAGEN Beverly, Inc.),
QIAGEN Gaithersburg, LLC (f/k/a QIAGEN Gaithersburg, Inc.), QIAGEN GmbH, QIAGEN
N.V. (collectively, "QIAGEN"), and Jonathan Arnold ("Arnold," and as used collectively with
QIAGEN, "Defendants™) submit their invalidity contentions and document productions for U.S.
Patent Number 10,450,597 (the "597 patent™ or "Asserted Patent”). ArcherDX, Inc. and the
General Hospital Corporation d/b/a/ Massachusetts General Hospital are collectively referred to
herein as "Plaintiffs."

RESERVATION OF RIGHTS

These invalidity contentions do not directly address issues such as non-infringement.
QIAGEN reserves all rights with respect to such issues, including but not limited to its position

that claims of the '597 patent are to be construed in a particular manner and are not infringed.
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These invalidity contentions are based on QIAGEN's current knowledge, understanding,
and belief as to the facts and information available as of the date of these contentions. QIAGEN
has not yet completed its investigation, discovery, or analysis of information related to this action,
and additional discovery may require QIAGEN to supplement or amend its invalidity contentions.
While QIAGEN has made a good-faith effort to provide a comprehensive list of prior art relevant
to this case, QIAGEN reserves the right to modify or supplement its prior art list and invalidity
contentions at a later time with or based upon pertinent information that may be subsequently
discovered from Plaintiffs or third-parties. Moreover, discovery is ongoing and QIAGEN
reserves the right to pursue all other defenses that may be available to it, including but not
limited to defenses that the '597 patent is unenforceable based on laches, estoppel, waiver
acquiescence, inequitable conduct, patent misuse, patent exhaustion, express or implied license,
or any other grounds.

QIAGEN's invalidity contentions are directed to the claims asserted by Plaintiffs that are
identified in Plaintiffs' December 6, 2019 Initial Infringement Contentions and the July 16, 2020
Plaintiffs’ Disclosure of Amended Infringement Contentions. QIAGEN reserves the right to
modify, amend, supplement or otherwise alter its invalidity contentions in the event that
Plaintiffs’ amended infringement contentions to be served on the same date as these amended
invalidity contentions include any claim construction position that is different than or in addition
to the Court’s constructions (D.l. 254) or those set forth in Plaintiffs’ Initial Infringement
Contentions (to the extent a term was not construed by the Court), or for any other reason
constituting good cause to modify, amend, supplement or otherwise alter these invalidity
contentions. Defendants reserve the right to revise their ultimate contentions concerning the

invalidity of the asserted claims, which may change depending on any amended infringement
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contentions that Plaintiffs provide, or any positions that Plaintiffs or any expert witness may take
concerning infringement, non-infringement, validity, or invalidity issues.

QIAGEN further contends that, to maintain claims of infringement, Plaintiffs are
necessarily pursuing overly broad constructions of the asserted claims of the '597 patent in an
effort to piece together an infringement claim where none exists and to accuse products that do
not practice the claims as properly construed. In some instances, QIAGEN is applying the prior
art references as Plaintiffs would necessarily have to be reading the claims in the '597
patent against the QIAGEN products. This does not mean, however, that QIAGEN accepts or
adopts Plaintiffs' reading of the scope of those patents and the claims as correct. It simply
means that QIAGEN is applying the disclosures consistent with the breadth that Plaintiffs are
necessarily asserting them for purposes of infringement. At the same time, Plaintiffs' previous
Infringement Contentions are in many places too general and vague to discern exactly how
Plaintiffs contend each accused product practices each element of the asserted claims. These
invalidity contentions are not intended to be, and are not, an admission that the asserted claims
are infringed by any of QIAGEN's products or technology, that any particular feature or aspect of
any of the accused products practices any elements of the asserted claims, or that any of
Plaintiffs' apparent constructions are supportable or proper. To the extent that any of the prior art
discloses the same functionality or feature of any of the accused products, QIAGEN reserves the
right to argue that said feature or functionality does not practice any element of any of the
asserted claims, and to argue, in the alternative, that if said feature or functionality is found to
practice any element of any of the asserted claims of the '597 patent, then the prior art reference

demonstrates that that element is not novel to the invention and that the claim is not patentable.
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In this action, Plaintiffs asserts that QIAGEN infringes certain claims of the '597 patent.
Although Plaintiffs assert that these claims are either literally infringed or infringed under the
doctrine of equivalents, Plaintiffs have failed to provide any adequate analysis or explanation
regarding alleged infringement of the asserted claims of the '597 patent under the doctrine of
equivalents. QIAGEN reserves its rights to modify, amend, supplement or otherwise alter its
invalidity contentions in the event Plaintiffs are permitted to modify, amend, supplement, or
clarify their infringement contentions with respect to infringement under the doctrine of
equivalents.

Prior art not included in these invalidity contentions, whether known or not known to
QIAGEN, may become relevant. In particular, QIAGEN is currently unaware of the extent to
which Plaintiffs will contend that limitations of the asserted claims are not disclosed in the prior
art identified herein. To the extent that such an issue arises, QIAGEN reserves the right to
identify additional teachings in the same references or in other references that anticipate or
would have made the addition of the allegedly missing limitation obvious. Moreover, QIAGEN
may subpoena third parties believed to have information relevant to these invalidity contentions
or the '597 patent. QIAGEN expressly reserves the right to amend, supplement, or modify these
invalidity contentions as additional information is obtained from third parties, or from Plaintiffs
themselves.

QIAGEN further reserves the right to rely on uncited portions of the prior art references
and in other publications and testimony as aids in understanding and interpreting the cited
portions, as providing context thereto, and as additional evidence that a claim limitation is known

or disclosed. QIAGEN further reserves the right to rely on uncited portions of the prior art
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references, other publications, and testimony to establish bases for combinations of certain cited
references that render the asserted claims obvious.

The references discussed in the claim charts identified herein or elsewhere may disclose
the elements of the asserted claims explicitly and/or inherently, and/or they may be relied upon
to show the state of the art in the relevant time frame. QIAGEN further reserves the right to rely
on additional publications, materials, and testimony that are not yet currently identified for
purposes other than as prior art, including but not limited to background, state of the art in the
relevant time frame, level of ordinary skill in the art, and motivation to combine. The suggested
obviousness combinations are provided in the alternative to QIAGEN's anticipation contentions
and are not to be construed to suggest that any reference included in the combinations is not by
itself anticipatory.

QIAGEN is providing invalidity contentions only for the claims asserted by Plaintiffs,
but hereby reserves the right to seek invalidation of all claims of the '597 patent.

QIAGEN reserves the right to modify, amend, or supplement these invalidity contentions
as additional information becomes available, and as its discovery and investigation proceed.

OVERVIEW

Attached hereto as Exhibits A through F are representative claim charts that demonstrate
how the asserted claims of the '597 patent are invalid in view of certain prior art. The references
cited in the attached Exhibits may disclose the limitations of the asserted claims of the '597
patent either expressly and/or inherently. Moreover, the suggested obviousness combinations are
in the alternative to QIAGEN's anticipation contentions. The obviousness combinations set forth
in these contentions should not be construed to suggest that any reference included in any

combination is not anticipatory in its own right.
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As detailed further in the attached invalidity charts at Exhibits A-F, the claimed invention
is nothing more than an adaptation for next generation sequencing ("NGS") of a much earlier,
well-known method used to determine unknown sequence adjacent to a known target sequence, a
method sometimes referred to as "chromosome walking™ or “genome walking." See, e.g., QIA-
00689179 ("Martin-Harris™) (describing the method in 2010); QIA-00689150 (“Fraiture™); QIA-
00689264 ("Morley™). The claimed method of the '597 patent involves using one primer (a
"target-specific” primer) that binds to a known target sequence and amplifying the DNA using
the polymerase chain reaction ("PCR"™). A second round of PCR is performed using a plurality
of different primers that share a common sequence 5' to different hybridization sequences,
Additional rounds of PCR are then performed using one primer that comprises a 3' sequence that
anneals to the complement of the common sequence and a 5' tail sequence and a primer that
anneals to the complement of the target-specific hybridization sequence.

The use of a plurality of different primers that share a common sequence 5' to different
hybridization sequences, with each primer having different hybridization sequences and different
3' ends that do not anneal to the same sequence was well-known in the art and referred to as
"degenerate primers" or "degenerate random primers.” These primers were commonly used for
sequencing unknown regions flanking a known target sequence, such as in gene walking. See,
e.g., QIA-00689182 ("McCarty"), QIA-00689264 ("Morley"), QIA-00689102 ("APAgene
Manual™), QIA-00689150 (“Fraiture™). These degenerate primers were almost always paired
with target-specific primers. See, e.g., QIA00689182("McCarty"), QIA-00689264 ("Morley"),
QIA-00689102 ("APAgene Manual™), QIA-00689150 ("Fraiture™).

NGS platforms require the addition of platform-specific sequences to the nucleic acid

sample that is going to be sequenced on the platform. It was well known in the art that there

Tecan Ex. 2205, Page 94 of 127
QIAGEN Sciences, LLC v. Tecan Genomics - | PR2025-00029



Case 1:18-cv-01019-MN Document 338-2 Filed 03/08/21 Page 95 of 127 PagelD #: 13681

were a variety of methods available to attach platform-specific sequences to a nucleic acid
sample. One such approach, well known in the art, was to attach these platform-specific
sequences by carrying out PCR reactions with primers that included the platform-specific
sequences. See, e.g., QIA-00689182 (*McCarty").

The '597 patent claims a number of these standard, well-known methodologies as
limitations in the dependent claims. These methodologies include the addition of Illumina
adaptor sequences or index sequences. See QIA-00689087 (“lllumina Genomic Sequencing
Data Sheet™); QIA-00689182 ("McCarty").

Multiple prior research groups had already adapted the well-known chromosome walking
method to various NGS platforms, including the IHlumina NGS platform and the 454 NGS
platform, using adaptors, PCR primers, and combinations of adaptors and PCR primers.
Plaintiffs may not remove this well-known method from the public domain simply by adapting it
for NGS using additional well-known methods.

SECTION 112 VIOLATIONS

Plaintiffs' overbroad reading of the '597 patent claims, as set out in their infringement
contentions, further renders the claims invalid under 35 U.S.C. § 112. The claims are invalid as
lacking written description in several respects. First, there is no written description for a nucleic
acid template, or the target specific section of it, being a universal adaptor sequence that was
ligated to DNA fragments. There is no written description for the target specific primer being a
universal primer that anneals to all universal oligonucleotide adaptors that have been ligated to
fragments. There is no written description for calling a single stranded portion of a nucleic acid
that acts as a target, a double stranded target nucleic acid. Additionally, each of these
constructions are inconsistent with the Court’s Memorandum Order Regarding Claim

Construction (’597 Patent) (D.l. 254). See D.I. 254 at 1-2.
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The '597 patent claims are also indefinite under 35 U.S. C. § 112. The claims are
indefinite if step b of claim 1 is to be performed before step a, as Plaintiffs are asserting. There
would be no antecedent basis for: “the first strand of the double stranded target nucleic acid".
There would be no antecedent basis for “the first strand of the double-stranded target nucleic
acid.” There is also no clear antecedent basis in step b for: "the same sequence of the double
stranded target nucleic acid.” A first nucleic acid sequence is identified in step a, and a second
nucleic acid sequence is identified in step b, but "the same sequence” does not identify which of
those sequences it is referring to. To the extent that Plaintiffs are interpreting Claim 4 to permit
or require that step (b) be carried out before step (a), the claim is also indefinite for these reasons.
Furthermore, Claim 4 is indefinite in that it does not apprise a person of ordinary skill in the art
at the relevant date of the meaning of the term "performed sequentially™ with reasonable
certainty. A person of ordinary skill in the art would not understand that "sequentially” could

encompass performing step (b) before step (a).
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Each limitation of claim 1 of the ’597 Patent (Ex. 1) is disclosed in the *943 Provisional

(Ex. 15) and "959 Provisional (Ex. 14) in substantively identical terms.

597 Patent, claim 1

Exemplary disclosures in the
’943 and *959 Provisionals

A method of preparing nucleic acids
for analysis, the method comprising:

“Aspects of the technology disclosed herein relate to
methods for preparing and analyzing nucleic acids.”
’943 [0012]; "959 [0013]

“For example, [FIGS. 1A-B / FIG. 4] present[s]
schematics of exemplary methods of amplifying target
nucleic acids that have a known target region 5' to an
adjacent region (e.g., for purposes of sequencing the
adjacent region).”

’943 [0014]; 959 [0016]

(a) contacting a first nucleic acid
template comprising a sequence of a
first strand of a double-stranded target
nucleic acid with a complementary
target-specific primer that comprises a
target-specific hybridization sequence,
under conditions to promote template-
specific hybridization and extension of
the target-specific primer;

“In step [102 / 103] DNA molecules produced by
reverse transcription are contacted by one or more
initial target-specific primers which may or may not be
the same as the first target-specific primer. In step [103
/ 104], hybridization of the initial target-specific primer
to a portion of the target nucleic acid [...] primes an
extension reaction using a DNA molecule as a template
to produce a complementary DNA strand. Extension
products are purified in step [104 / 105].”

’943 [0017]; *959 [0016]

(b) contacting a second nucleic acid
template comprising a sequence of a
second strand that is complementary to
the sequence of the first strand of the
double-stranded target nucleic acid
with a plurality of different primers
that share a common sequence that is 5'
to different hybridization sequences,
under conditions to promote template-
specific hybridization and extension of
at least one of the plurality of different
primers,

“At step 101, initial RNA is obtained or provided in a
sample and is used as a template. RNA template is
exposed to a plurality of tailed primers (e.g., tailed
random primers) that comprise a common sequence
that is 5' to different hybridization sequences and
shared between all of the tailed primers of the
population. In some embodiments, at least one primer
hybridizes to an RNA molecule and primes a reverse
transcriptase reaction to produce a complementary
DNA strand.”

’943 [0016]; *959 [0014]
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Exemplary disclosures in the
’943 and *959 Provisionals

wherein the different hybridization “In some embodiments, the plurality of primers (e.g., a
sequences have different 3' ends, and  |plurality of sets of first and second target-specific
wherein each primer of the plurality of |primers) can specifically anneal to known target
different primers does not anneal to the |sequences comprised by separate genes. In some

same sequence of the double-stranded |embodiments, at least two sets of primers (e.g., at least
target nucleic acid as any other primer |two sets of first and second target-specific primers) can
of the plurality of different primers, specifically anneal to different portions of a known
target sequence. In some embodiments, at least two
sets of primers (e.g., at least two sets of first and
second target-specific primers) can specifically anneal
to different portions of a known target sequence
comprised by a single gene. In some embodiments, at
least two sets of primers (e.g., at least two sets of first
and second target-specific primers) can specifically
anneal to different exons of a gene comprising a known
target sequence.”

’943 [0087]; "959 [0102]

597 Patent, claim 1

wherein, following (a) and (b), an 103 S
extension product is generated to WS T <& :

contain both a sequence that is
characteristic of the target-specific
primer and a sequence that is
characteristic of the at least one of the

Ty Sz

plurality of different primers; and '943, Fig. 4, step 103
104~ qu Extension Reodtion
5" : 3
, " ona
3 { 35
1._',_-‘
Target Sequence

’959, Fig. 1A, step 104
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597 Patent, claim 1

Exemplary disclosures in the
’943 and *959 Provisionals

(c) subjecting the extension product to
an amplification reaction comprising
successive rounds of polymerase
extension of i) a tail primer that
comprises a 3' sequence that
specifically anneals to the complement
of the common sequence and that
comprises a 5' tail sequence, and ii) a
primer that specifically anneals to the
complement of the target-specific
hybridization sequence.

“In [Figure 4 / FIGS. 1A and 1B], a first tail primer
hybridizes to at least a portion of a DNA molecule
provided by the tail portion of the tailed primer of step
101. In some embodiments, the first tail primer
hybridizes to the common sequence provided by the
tail of the one or more primers of step 101. In some
embodiments, a nested target specific primer (nested
with respect to the target specific primer of step [102 /
103]) is used in step [105 / 106]. In some
embodiments, a first tail primer may comprise an
additional sequence 5' to the hybridization sequence
that may include barcode, index, adapter sequences, or
sequencing primer sites, for example. In step [106 /
107], hybridization of the first target-specific primer
and the first tail nucleic acid molecule allows for
amplification of a product in a polymerase chain
reaction (PCR).”

’943 [0019]; *959 [0018]
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