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HAPLOTYPES OF THE SCYA3 GENE

FIELD OF THE INVENTION
This invention relates to variation in genes that encode pharmaceutically-important proteins. In
particular, this invention provides genetic variants of the human small inducible cytokine A3 (SCYA3)

gene and methods for identifying which variant(s) of this gene is/are possessed by an individual.

BACKGROUND OF THE INVENTION

Current methods for identifying pharmaceuticals to treat disease often start by identifying,
cloning, and expressing an important target protein related to the disease. A determination of whether
an agonist or antagonist is needed to produce an effect that may benefit a patient with the disease is then
made. Then, vast numbers of compounds are screened against the target protein to find new potential
drugs. The desired outcome of this process is a lead compound that is specific for the target, thereby
reducing the incidence of the undesired side effects usually caused by activity at non-intended targets.
The lead compound identified in this screening process then undergoes further in vitro and in vivo
testing to determine its absorption, disposition, metabolism and toxicological profiles. Typically, this

testing involves use of cell lines and animal models with limited, if any, genetic diversity.

What this approach fails to consider, however, is that natural genetic variability exists between
individuals in any and every population with respect to pharmaceutically-important proteins, including
the protein targets of candidate drugs, the enzymes that metabolize these drugs and the proteins whose
activity is modulated by such drug targets. Subtle alteration(s) in the primary nucleotide sequence of a
gene encoding a pharmaceutically-important protein may be manifested as significant variation in
expression, structure and/or function of the protein. Such alterations may explain the relatively high
degree of uncertainty inherent in the treatment of individuals with a drug whose design is based upon a
single representative example of the target or enzyme(s) involved in metabolizing the drug. For
example, it is well-established that some drugs frequently have lower efficacy in some individuals than
others, which means such individuals and their physicians must weigh the possible benefit of a larger
dosage against a greater risk of side effects. Also, there is significant variation in how well people
metabolize drugs and other exogenous chemicals, resulting in substantial interindividual variation in the
toxicity and/or efficacy of such exogenous substances (Evans et al., 1999, Science 286:487-491). This
variability in efficacy or toxicity of a drug in genetically-diverse patients makes many drugs ineffective

or even dangerous in certain groups of the population, leading to the failure of such drugs in clinical
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trials or their early withdrawal from the market even though they could be highly beneficial for other
groups in the population. This problem significantly increases the time and cost of drug discovery and
development, which is a matter of great public concern.

It is well-recognized by pharmaceutical scientists that considering the impact of the genetic
variability of pharmaceutically-important proteins in the early phases of drug discovery and
development is likely to reduce the failure rate of candidate and approved drugs (Marshall A 1997
Nature Biotech 15:1249-52; Kleyn PW et al. 1998 Science 281: 1820-21; Kola 11999 Curr Opin
Biotech 10:589-92; Hill AVS et al. 1999 in Evolution in Health and Disease Stearns SS (Ed.) Oxford
University Press, New York, pp 62-76; Meyer U.A. 1999 in Evolution in Health and Disease Stearns SS
(Ed.) Oxford University Press, New York, pp 41-49; Kalow W et al. 1999 Clin. Pharm. Therap. 66:445-
7; Marshall, E 1999 Science 284:406-7; Judson R et al. 2000 Pharmacogenomics 1:1-12; Roses AD
2000 Nature 405:857-65). However, in practice this has been difficult to do, in large part because of the
time and cost required for discovering the amount of genetic variation that exists in the population
(Chakravarti A 1998 Nature Genet 19:216-7; Wang DG et al 1998 Science 280:1077-82; Chakravarti A
1999 Nat Genet 21:56-60 (suppl); Stephens JC 1999 Mol. Diagnosis 4:309-317; Kwok PY and Gu S
1999 Mol. Med. Today 5:538-43; Davidson S 2000 Nature Biotech 18:1134-5).

The standard for measuring genetic variation among individuals is the haplotype, which is the
ordered combination of polymorphisms in the sequence of each form of a gene that exists in the
population. Because haplotypes represent the variation across each form of a gene, they provide a more
accurate and reliable measurement of genetic variation than individual polymorphisms. For example,
while specific variations in gene sequences have been associated with a particular phenotype such as
disease susceptibility (Roses AD supra; Ulbrecht M et al. 2000 Am J Respir Crit Care Med 161: 469-74)
and drug response (Wolfe CR et al. 2000 BMJ 320:987-90; Dahl BS 1997 Acta Psychiatr Scand 96
(Suppl 391): 14-21), in many other cases an individual polymorphism may be found in a variety of
genomic backgrounds, i.e., different haplotypes, and therefore shows no definitive coupling between the
polymorphism and the causative site for the phenotype (Clark AG et al. 1998 Am J Hum Genet 63:595-
612; Ulbrecht M et al. 2000 supra; Drysdale et al. 2000 PNAS 97:10483-10488). Thus, there is an
unmet need in the pharmaceutical industry for information on what haplotypes exist in the population for
pharmaceutically-important genes. Such haplotype information would be useful in improving the
efficiency and output of several steps in the drug discovery and development process, including target
validation, identifying lead compounds, and early phase clinical trials (Marshall et al., supra).

One pharmaceutically-important gene for the treatment of inflammatory disorders including
atopic dermatitis, rheumatoid arthritis, multiple sclerosis, pulmonary fibrosis, and sarcoidosis is the
small inducible cytokine A3 (SCYA3) gene or its encoded product. Chemokines, such as SCYA3, are a
group of chemotactic molecules that appear to regulate the directed movement of white blood cells in
vitro and in vivo and may therefore play important roles in inflammation and immunity (Guan et al.,

Genomics 1999; 56:296-302). SCYA3, also known as MIP-1 alpha, has been implicated in diseases
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involving acute inflammation (Ajuebor et al., Biochem. Biophys. Res. Commun. 1999; 255:279-282).
Domachowske et al (J. Immunol. 2000; 165:2677-2682) demonstrated that the inflammatory response to
paramyxovirus pneumonia virus of mice (PVM) in SCYA3-deficient mice was minimal and higher
levels of infectious virus were recovered from lung tissue excised from SCYA3-deficient mice than
from fully competent mice. These results suggest that the inflammatory response limits the rate of virus
replication in vivo. In addition, mice deficient in the SCYA3 receptor, CCR1, also exhibited attenuated
inflammation. These results suggest that the SCYA3/CCR1-mediated acute inflammatory response
protects mice by delaying the lethal sequelae of infection.

SCYA3 may also play a protective role against multiple organ dysfunction syndrome (MODS)
mortality (Miller et al., Mol. Immunol. 1996; 33:1135-1137). MODS is characterized by the progressive
failure of two or more organs remote from the origin of injury. The authors found that the absence of
SCYAS3 increased mortality four-fold in MODS patients and therefore concluded that SCY A3-dependant
mediators are essential in the prevention of MODS related deaths.

Chemokines have also been found to activate various cells in inflamed tissues (Hatano et al.,
Clin. Exp. Immunol. 1999; 117:237-243). In determining the role of SCYA3 produced by mononuclear
cells in atopic dermatitis, the authors found that the level of SCYA3 was elevated in atopic patients and
non-atopic patients with inflammatory skin disease associated with eosinophilia, compared with levels in
psoriatic patients and healthy controls. In atopic patients, the level of SCYA3 mRNA decreased with
improvements in symptom scores after therapy. These finding suggest that mononuclear cells are not
only the target of chemokines but might also play an important role in the pathogenesis of atopic
dermatitis by producing SCYA3.

Elevated levels of SCYA3 have also been localized to synovial fluid neutrophils in rheumatoid
arthritis patients or normal controls, as opposed to peripheral blood neutrophils (Hatano et al., Ann.
Rheum. Dis. 1999; 58:297-302). In addition, expression of SCYA3 by synovial fluid neutrophils was
well correlated with both rheumatoid arthritis disease activity and synovial fluid mononuclear cell
counts. Thus, expression and secretion of SCYA3 by synovial fluid neutrophils may be indicative of
local and systemic inflammation in rheumatoid arthritis. Moreover, this chemokine may contribute to
the recruitment of mononuclear cell counts from the bloodstream into synovial joints and tissues.

The concentration of SCYA3 in cerebrospinal fluid (CSF) was significantly elevated in multiple
sclerosis (MS) patients suffering from a relapse compared with non-inflammatory neurological disease
control samples (Miyagishi et al., J. Neurol. Sci. 1995; 129:223-227). SCYA3 expression in MS
patients correlated well with leukocyte cell counts and protein content in CSF. In other inflammatory
neurological disorders, such as Behcet’s disease and HTLV-1 associated myelopathy, significantly
increased CSF levels of SCYA3 were also observed.

SCYA3 expression is mediated by alveolar macrophage-derived tumor necrosis factor (Smith et
al., J. Leukoc. Biol. 1995; 57:782-787). The involvement of tumor necrosis factor in bleomycin-induced

lung injury, a model of idiopathic pulmonary fibrosis, suggests that SCYA3 may be involved in the
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initiation and maintenance of chronic inflammatory lesions in pulmonary fibrosis. Furthermore, anti-
SCYAS3 therapy attenuates fibrosis, providing direct evidence for its involvement in fibrotic pathology.
Neutralization of SCYA3 significantly reduces inflammatory cell accumulation in bleomycin-induced
lung injury (Smith, Biol. Signals 1996; 5:223-231). Therefore, SCYA3 may contribute to the
recruitment of leukocytes during the pulmonary inflammatory response to bleomycin challenge.

SCY A3 has also been associated with the etiology of other inflammatory pulmonary disorders including
sarcoidosis (Standiford et al., J. Immunol. 1993; 151:2852-2863).

The small inducible cytokine A3 gene is located on chromosome 17q11-q21 and contains 3
exons that encode a 92 amino acid protein. Reference sequences for the SCYA3 gene (Genaissance
Reference No. 3325132; SEQ ID NO: 1), coding sequence (GenBank Accession No:NM_002983.1),
and protein are shown in Figures 1, 2 and 3, respectively.

Because of the potential for variation in the SCYA3 gene to affect the expression and function
of the encoded protein, it would be useful to know whether polymorphisms exist in the SCYA3 gene, as
well as how such polymorphisms are combined in different copies of the gene. Such information could
be applied for studying the biological function of SCYA3 as well as in identifying drugs targeting this

protein for the treatment of disorders related to its abnormal expression or function.

SUMMARY OF THE INVENTION

Accordingly, the inventors herein have discovered 15 novel polymorphic sites in the SCYA3
gene. These polymorphic sites (PS) correspond to the following nucleotide positions in Figure 1: 1909
(PS1), 2005 (PS2), 2181 (PS3), 2193 (PS4), 2820 (PS5), 2858 (PS6), 2886 (PS7), 2948 (PS8), 3239
(PS9), 3334 (PS10), 3422 (PS11), 3500 (PS12), 3603 (PS13), 3629 (PS14) and 3722 (PS15). The
polymorphisms at these sites are cytosine or thymine at PS1, cytosine or thymine at PS2, adenine or
guanine at PS3, cytosine or thymine at PS4, cytosine or thymine at PS5, guanine or adenine at PS6,
cytosine or thymine at PS7, cytosine or thymine at PS8, adenine or guanine at PS9, thymine or guanine
at PS10, guanine or thymine at PS11, guanine or adenine at PS12, guanine or adenine at PS13, adenine
or thymine at PS14 and cytosine or guanine at PS15. In addition, the inventors have determined the
identity of the alleles at these sites in a human reference population of 79 unrelated individuals self-
identified as belonging to one of four major population groups: African descent, Asian, Caucasian and
Hispanic/Latino. From this information, the inventors deduced a set of haplotypes and haplotype pairs
for PS1-15 in the SCYA3 gene, which are shown below in Tables 5 and 4, respectively. Each of these
SCYA3 haplotypes defines a naturally-occurring isoform (also referred to herein as an “isogene™) of the
SCYA3 gene that exists in the human population.

Thus, in one embodiment, the invention provides a method, composition and kit for genotyping
the SCYA3 gene in an individual. The genotyping method comprises identifying the nucleotide pair that
is present at one or more polymorphic sites selected from the group consisting of PS1, PS2, PS3, PS4,

PS5, PS6, PS7, PS8, PS9Y, PS10, PS11, PS12, PS13, PS14, and PS15 in both copies of the SCYA3 gene
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from the individual. A genotyping composition of the invention comprises an oligonucleotide probe or
primer which is designed to specifically hybridize to a target region containing, or adjacent to, one of
these novel SCYA3 polymorphic sites. A genotyping kit of the invention comprises a set of
oligonucleotides designed to genotype each of these novel SCYA3 polymorphic sites. The genotyping
method, composition, and kit are useful in determining whether an individual has one of the haplotypes
in Table 5 below or has one of the haplotype pairs in Table 4 below.

The invention also provides a method for haplotyping the SCYA3 gene in an individual. In one
embodiment, the haplotyping method comprises determining, for one copy of the SCYA3 gene, the
identity of the nucleotide at one or more polymorphic sites selected from the group consisting of PS1,
PS2, PS3, PS4, PS5, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14, and PS15. In another
embodiment, the haplotyping method comprises determining whether one copy of the individual’s
SCYA3 gene is defined by one of the SCYA3 haplotypes shown in Table 5, below, or a sub-haplotype
thereof. In a preferred embodiment, the haplotyping method comprises determining whether both copies
of the individual’s SCYA3 gene are defined by one of the SCYA3 haplotype pairs shown in Table 4
below, or a sub-haplotype pair thereof. The method for establishing the SCYA3 haplotype or haplotype
pair of an individual is useful for improving the efficiency and reliability of several steps in the
discovery and development of drugs for treating diseases associated with SCYA3 activity, e.g.,
inflammatory disorders including atopic dermatitis, rheumatoid arthritis, multiple sclerosis, pulmonary
fibrosis, and sarcoidosis.

For example, the haplotyping method can be used by the pharmaceutical research scientist to
validate SCYA3 as a candidate target for treating a specific condition or disease predicted to be
associated with SCYA3 activity. Determining for a particular population the frequency of one or more
of the individual SCYA3 haplotypes or haplotype pairs described herein will facilitate a decision on
whether to pursue SCYA3 as a target for treating the specific disease of interest. In particular, if
variable SCYA3 activity is associated with the disease, then one or more SCYA3 haplotypes or
haplotype pairs will be found at a higher frequency in disease cohorts than in appropriately genetically
matched controls. Conversely, if each of the observed SCYA3 haplotypes are of similar frequencies in
the disease and control groups, then it may be inferred that variable SCYA3 activity has little, if any,
involvement with that disease. In either case, the pharmaceutical research scientist can, without a priori
knowledge as to the phenotypic effect of any SCYA3 haplotype or haplotype pair, apply the information
derived from detecting SCYA3 haplotypes in an individual to decide whether modulating SCYA3
activity would be useful in treating the disease.

The claimed invention is also useful in screening for compounds targeting SCYA3 to treat a
specific condition or disease predicted to be associated with SCYA3 activity. For example, detecting
which of the SCY A3 haplotypes or haplotype pairs disclosed herein are present in individual members
of a population with the specific disease of interest enables the pharmaceutical scientist to screen for a

compound(s) that displays the highest desired agonist or antagonist activity for each of the most frequent
5



WO 01/79217 PCT/US01/10595

SCYA3 isoforms present in the disease population. Thus, without requiring any a priori knowledge of
the phenotypic effect of any particular SCYA3 haplotype or haplotype pair, the claimed haplotyping
method provides the scientist with a tool to identify lead compounds that are more likely to show
efficacy in clinical trials.

The method for haplotyping the SCYA3 gene in an individual is also useful in the design of
clinical trials of candidate drugs for treating a specific condition or disease predicted to be associated
with SCYA3 activity. For example, instead of randomly assigning patients with the disease of interest
to the treatment or control group as is typically done now, determining which of the SCYA3
haplotype(s) disclosed herein are present in individual patients enables the pharmaceutical scientist to
distribute SCYA3 haplotypes and/or haplotype pairs evenly to treatment and control groups, thereby
reducing the potential for bias in the results that could be introduced by a larger frequency of a SCYA3
haplotype or haplotype pair that had a previously unknown association with response to the drug being
studied in the trial. Thus, by practicing the claimed invention, the scientist can more confidently rely on
the information learned from the trial, without first determining the phenotypic effect of any SCYA3
haplotype or haplotype pair.

In another embodiment, the invention provides a method for identifying an association between
a trait and a SCYA3 genotype, haplotype, or haplotype pair for one or more of the novel polymorphic
sites described herein. The method comprises comparing the frequency of the SCYA3 genotype,
haplotype, or haplotype pair in a population exhibiting the trait with the frequency of the SCYA3
genotype or haplotype in a reference population. A higher frequency of the SCYA3 genotype,
haplotype, or haplotype pair in the trait population than in the reference population indicates the trait is
associated with the SCYA3 genotype, haplotype, or haplotype pair. In preferred embodiments, the trait
is susceptibility to a disease, severity of a disease, the staging of a disease or response to a drug. Ina
particularly preferred embodiment, the SCYA3 haplotype is selected from the haplotypes shown in
Table 5, or a sub-haplotype thereof. Such methods have applicability in developing diagnostic tests and
therapeutic treatments for inflammatory disorders including atopic dermatitis, theumatoid arthritis,
multiple sclerosis, pulmonary fibrosis, and sarcoidosis.

In yet another embodiment, the invention provides an isolated polynucleotide comprising a
nucleotide sequence which is a polymorphic variant of a reference sequence for the SCYA3 geneora
fragment thereof. The reference sequence comprises SEQ ID NO:1 and the polymorphic variant
comprises at least one polymorphism selected from the group consisting of thymine at PS1, thymine at
PS2, guanine at PS3, thymine at PS4, thymine at PS5, adenine at PS6, thymine at PS7, thymine at PS8,
guanine at PS9, guanine at PS10, thymine at PS11, adenine at PS12, adenine at PS13, thymine at PS14
and guanine at PS15.

A particularly preferred polymorphic variant is an isogene of the SCYA3 gene. A SCYA3
isogene of the invention comprises cytosine or thymine at PS1, cytosine or thymine at PS2, adenine or

guanine at PS3, cytosine or thymine at PS4, cytosine or thymine at PS5, guanine or adenine at PS6,
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cytosine or thymine at PS7, cytosine or thymine at PS8, adenine or guanine at PS9, thymine or guanine
at PS10, guanine or thymine at PS11, guanine or adenine at PS12, guapine or adenine at PS13, adenine
or thymine at PS14 and cytosine or guanine at PS15. The invention also provides a collection of
SCYA3 isogenes, referred to herein as a SCYA3 genome anthology.

In another embodiment, the invention provides a polynucleotide comprising a polymorphic
variant of a reference sequence for a SCYA3 cDNA or a fragment thereof. The reference sequence
comprises SEQ ID NO:2 (Fig.2) and the polymorphic cDNA comprises at least one polymorphism
selected from the group consisting of adenine at a position corresponding to nucleotide 90, thymine at a
position corresponding to nucleotide 118, thymine at a position corresponding to nucleotide 180 and
thymine at a position corresponding to nucleotide 234. A particularly preferred polymorphic cDNA
variant comprises the coding sequence of a SCYA3 isogene defined by haplotypes 1- 4 and 6 - 14.

Polynucleotides complementary to these SCYA3 genomic and cDNA variants are also provided
by the invention. It is believed that polymorphic variants of the SCY A3-gene will be useful in studying
the expression and function of SCYA3, and in expressing SCYA3 protein for use in screening for
candidate drugs to treat diseases related to SCYA3 activity.

In other embodiments, the invention provides a recombinant expression vector comprising one
of the polymorphic genomic variants operably linked to expression regulatory elements as well as a
recombinant host cell transformed or transfected with the expression vector. The recombinant vector
and host cell may be used to express SCYA3 for protein structure analysis and drug binding studies.

In yet another embodiment, the invention provides a polypeptide comprising a polymorphic
variant of a reference amino acid sequence for the SCYA3 protein. The reference amino acid sequence
comprises SEQ ID NO:3 (Fig.3) and the polymorphic variant comprises at least one variant amino acid
selected from the group consisting of tryptophan at a position corresponding to amino acid position 40
and aspartic acid at a position corresponding to amino acid position 78. A polymorphic variant of
SCYA3 is useful in studying the effect of the variation on the biological activity of SCYA3 as well as on
the binding affinity of candidate drugs targeting SCYA3 for the treatment of inflammatory disorders
including atopic dermatitis, rheumatoid arthritis, multiple sclerosis, pulmonary fibrosis, and sarcoidosis.

The present invention also provides antibodies that recognize and bind to the above polymorphic
SCYA3 protein variant. Such antibodies can be utilized in a variety of diagnostic and prognostic
formats and therapeutic methods.

The present invention also provides nonhuman transgenic animals comprising one of the
SCYA3 polymorphic genomic variants described herein and methods for producing such animals. The
transgenic animals are useful for studying expression of the SCYA3 isogenes in vivo, for in vivo
screening and testing of drugs targeted against SCYA3 protein, and for testing the efficacy of
therapeutic agents and compounds for inflammatory disorders including atopic dermatitis, rheumatoid
arthritis, multiple sclerosis, pulmonary fibrosis, and sarcoidosis in a biological system.

The present invention also provides a computer system for storing and displaying polymorphism
7
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data determined for the SCYA3 gene. The computer system comprises a computer processing unit; a
display; and a database containing the polymorphism data. The polymorphism data includes the
polymorphisms, the genotypes and the haplotypes identified for the SCYA3 gene in a reference
population. In a preferred embodiment, the computer system is capable of producing a display bshowing

SCYA3 haplotypes organized according to their evolutionary relationships.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a reference sequence for the SCYA3 gene (Genaissance Reference No.
3325132; contiguous lines; SEQ ID NO:1), with the start and stop positions of each region of coding
sequence indicated with a bracket ([ or ]) and the numerical position below the sequence and the
polymorphic site(s) and polymorphism(s) identified by Applicants in a reference population indicated by
the variant nucleotide positioned below the polymorphic site in the sequence. SEQ ID NO:79 is
equivalent to Figure 1, with the two alternative allelic variants of each polymorphic site indicated by the
appropriate nucleotide symbol (R=Gor A, Y=TorC,M=AorC,K=GorT, S=G orC, and W= A or
T; WIPO standard ST.25).

Figure 2 illustrates a reference sequence for the SCYA3 coding sequence (contiguous lines;
SEQ ID NO:2), with the polymorphic site(s) and polymorphism(s) identified by Applicants in a
reference population indicated by the variant nucleotide positioned below the polymorphic site in the
sequence.

Figure 3 illustrates a reference sequence for the SCYA3 protein (contiguous lines; SEQ ID
NO:3), with the variant amino acid(s) caused by the polymorphism(s) of Figure 2 positioned below the

polymorphic site in the sequence.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is based on the discovery of novel variants of the SCYA3 gene. As
described in more detail below, the inventors herein discovered 15 isogenes of the SCYA3 gene by
characterizing the SCYA3 gene found in genomic DNAs isolated from an Index Repository that
contains immortalized cell lines from one chimpanzee and 93 human individuals. The human
individuals included a reference population of 79 unrelated individuals self-identified as belonging to
one of four major population groups: Caucasian (22 individuals), African descent (20 individuals),
Asian (20 individuals), or Hispanic/Latino (17 individuals). To the extent possible, the members of this
reference population were organized into population subgroups by the self-identified ethnogeographic

origin of their four grandparents as shown in Table 1 below.
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Table 1. Population Groups in the Index Repository

Population Group Population Subgroup No. of Individuals

African descent 20
Sierra Leone 1
Asian 20
Burma 1

China 3

Japan 6

Korea 1

Philippines 5

Vietnam 4
Caucasian 22
British Isles 3

British Isles/Central 4

British Isles/Eastern 1

Central/Eastern 1

Eastern 3

Central/Mediterranean 1

Mediterranean 2

Scandinavian 2

Hispanic/Latino 17
Caribbean 7

Caribbean (Spanish Descent) 2

Central American (Spanish Descent) 1

Mexican American 4

South American (Spanish Descent) 3

In addition, the Index Repository contains three unrelated indigenous American Indians (one
from each of North, Central and South America), one three-generation Caucasian family (from the
CEPH Utah cohort) and one two-generation African-American family.

The SCYA3 isogenes present in the human reference population are defined by haplotypes for
15 polymorphic sites in the SCYA3 gene, all of which are believed to be novel. The SCYA3
polymorphic sites identified by the inventors are referred to as PS1-15 to designate the order in which
they are located in the gene (see Table 3 below), with the novel polymorphic sites referred to as PS1,
PS2, PS3, PS4, PS5, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14, and PS15. Using the
genotypes identified in the Index Repository for PS1-15 and the methodology described in the Examples
below, the inventors herein also determined the pair of haplotypes for the SCYA3 gene present in
individual human members of this repository. The human genotypes and haplotypes found in the
repository for the SCYA3 gene include those shown in Tables 4 and 5, respectively. The polymorphism
and haplotype data disclosed herein are useful for validating whether SCYA3 is a suitable target for
drugs to treat inflammatory disorders including atopic dermatitis, rheumatoid arthritis, multiple
sclerosis, pulmonary fibrosis, and sarcoidosis, screening for such drugs and reducing bias in clinical
trials of such drugs.

In the context of this disclosure, the following terms shall be defined as follows unless otherwise

indicated:
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Allele - A particular form of a genetic locus, distinguished from other forms by its particular
nucleotide sequence.

Candidate Gene — A gene which is hypothesized to be responsible for a disease, condition, or
the response to a treatment, or to be correlated with one of these.

Gene - A segment of DNA that contains all the information for the regulated biosynthesis of an
RNA product, including promoters, exons, introns, and other untranslated regions that control
expression.

Genotype — An unphased 5 to 3" sequence of nucleotide pair(s) found at one or more
polymorphic sites in a locus on a pair of homologous chromosomes in an individual. As used herein,
genotype includes a full-genotype and/or a sub-genotype as described below.

Full-genotype — The unphased 5” to 3° sequence of nucleotide pairs found at all known
polymorphic sites in a locus on a pair of homologous chromosomes in a single individual.

Sub-genotype — The unphased 5” to 3" sequence of nucleotides seen at a subset of the known
polymorphic sites in a locus on a pair of homologous chromosomes in a single individual.

Genotyping — A process for determining a genotype of an individual.

Haplotype — A 5" to 3" sequence of nucleotides found at one or more polymorphic sites in a
locus on a single chromosome from a single individual. As used herein, haplotype includes a full-
haplotype and/or a sub-haplotype as described below.

Full-haplotype - The 5" to 3" sequence of nucleotides found at all known polymorphic sites in a
locus on a single chromosome from a single individual.

Sub-haplotype — The 5" to 3" sequence of nucleotides seen at a subset of the known
polymorphic sites in a locus on a single chromosome from a single individual.

Haplotype pair — The two haplotypes found for a locus in a single individual.

Haplotyping — A process for determining one or more haplotypes in an individual and includes
use of family pedigrees, molecular techniques and/or statistical inference.

Haplotype data - Information concerning one or more of the following for a specific gene: a
listing of the haplotype pairs in each individual in a population; a listing of the different haplotypes in a
population; frequency of each haplotype in that or other populations, and any known associations
between one or more haplotypes and a trait.

Isoform — A particular form of a gene, mRNA, ¢cDNA or the protein encoded thereby,
distinguished from other forms by its particular sequence and/or structure.

Isogene — One of the isoforms of a gene found in a population. An isogene contains all of the
polymorphisms present in the particular isoform of the gene.

Isolated — As applied to a biological molecule such as RNA, DNA, oligonucleotide, or protein,
isolated means the molecule is substantially free of other biological molecules such as nucleic acids,
proteins, lipids, carbohydrates, or other material such as cellular debris and growth media. Generally,

the term "isolated" is not intended to refer to a complete absence of such material or to absence of water,
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buffers, or salts, unless they are present in amounts that substantially interfere with the methods of the
present invention.

Locus - A location on a chromosome or DNA molecule corresponding to a gene or a physical or
phenotypic feature.

Naturally-occurring — A term used to designate that the object it is applied to, e.g., naturally-
occurring polynucieotide or polypeptide, can be isolated from a source in nature and which has not been
iﬁtentionally modified by man.

Nucleotide pair — The nucleotides found at a polymorphic site on the two copies of a
chromosome from an individual.

Phased — As applied to a sequence of nucleotide pairs for two or more polymorphic sites in a
locus, phased means the combination of nucleotides pfesent at those polymorphic sites on a single copy
of the locus is known. '

Polymorphic site (PS) — A position within a locus at which at least two alternative sequences
are found in a population, the most frequent of which has a frequency of no more than 99%.

Polymorphic variant — A gene, nRNA, cDNA, polypeptide or peptide whose nucleotide or
amino acid sequence varies from a reference sequence due to the presence of a polymorphism in the
gene.

Polymorphism — The sequence variation observed in an individual at a polymorphic site.
Polymorphisms include nucleotide substitutions, insertions, deletions and rhicrosatellites and may, but
need not, result in detectable differences in gene expression or protein function.

Polymorphism data — Information concerning one or more of the following for a specific gene:
location of polymorphic sites; sequence variation at those sites; frequency of polymorphisms in one or
more populations; the different genotypes and/or haplotypes determined for the gene; frequency of one
or more of these genotypes and/or haplotypes in one or more populations; any known association(s)
between a trait and a genotype or a haplotype for the gene.

Polymorphism Database — A collection of polymorphism data arranged in a systematic or
methodical way and capable of being individually accessed by electronic or other means.

Polynucleotide — A nucleic acid molecule comprised of singie-stranded RNA or DNA or
comprised of complementary, double-stranded DNA.

Population Group — A group of individuals sharing a common ethnogeographic vorigin.

Reference Population — A group of subjects or individuals who are predicted to be
representative of the genetic variation found in the general population. Typically, the reference
population represents the genetic variation in the population at a certainty level of at least 85%,
preferably at least 90%, more preferably at least 95% and even more preferably at least 99%.

Single Nucleotide Polymorphism (SNP) — Typically, the specific pair of nucleotides observed
at a single polymorphic site. In rare cases, three or four nucleotides may be found.

Subject — A human individual whose genotypes or haplotypes or response to treatment or
11
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disease state are to be determined.

Treatment - A stimulus administered internally or externally to a subject.

Unphased — As applied to a sequence of nucleotide pairs for two or more polymorphic sites in a
locus, unphased means the combination of nucleotides present at those polymorphic sites on a single
copy of the locus is not known.

As discussed above, information on the identity of genotypes and haplotypes for the SCYA3
gene of any particular individual as well as the frequency of such genotypes and haplotypes in any
particular population of individuals is expected to be useful for a variety of drug discovery and
development applications. Thus, the invention also provides compositions and methods for detecting
the novel SCYA3 polymorphisms and haplotypes identified herein.

The compositions comprise at least one SCYA3 genotyping oligonucleotide. In one
embodiment, a SCYA3 genotyping oligonucleotide isa probe or primer capable of hybridizing to a
target region that is located close to, or that contains, one of the novel polymorphic sites described
herein. As used herein, the term “oligonucleotide” refers to a polynucieotide molecule having less than
about 100 nucleotides. A preferred oligonucleotide of the invention is 10 to 35 nucleotides long. More
preferably, the oligonucleotide is between 15 and 30, and most preferably, between 20 and 25
nucleotides in length. The exact length of the oligonucleotide will depend on many factors that are
routinely considered and practiced by the skilled artisan. The oligonucleotide may be comprised of any
phosphorylation state of ribonucleotides, deoxyribonucleotides, and acyclic nucleotide derivatives, and
other functionally equivalent derivatives. Alternatively, oligonucleotides may have a phosphate-free
backbone, which may be comprised of linkages such as carboxymethyl, acetamidate, carbamate,
polyamide (peptide nucleic acid (PNA)) and the like (Varma, R. in Molecular Biology and
Biotechnology, A Comprehensive Desk Reference, Ed. R. Meyers, VCH Publishers, Inc. (1995), pages
617-620). Oligonucleotides of the invention may be prepared by chemical synthesis using any suitable
methodology known in the art, or may be derived from a biological sample, for example, by restriction
digestion. The oligonucleotides may be labeled, according to any technique known in the art, including
use of radiolabels, fluorescent labels, enzymatic labels, proteins, haptens, antibodies, sequence tags and
the like.

Genotyping oligonucleotides of the invention must be capable of specifically hybridizing to a
target region of a SCYA3 polynucleotide, i.e., a SCYA3 isogene. As used herein, specific hybridization
means the oligonucleotide forms an anti-parallel double-stranded structure with the target region under
certain hybridizing conditions, while failing to form such a structure when incubated with a non-target
region or a non-SCYA3 polynucleotide under the same hybridizing conditions. Preferably, the
oligonucleotide specifically hybridizes to the target region under conventional high stringency
conditions. The skilled artisan can readily design and test oligonucleotide probes and primers suitable
for detecting polymorphisms in the SCYA3 gene using the polymorphism information provided herein

in conjunction with the known sequence information for the SCYA3 gene and routine techniques.
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A nucleic acid molecule such as an oligonucleotide or polynucleotide is said to be a “perfect” or
“complete” complement of another nucleic acid molecule if every nucleotide of one of the molecules is
complementary to the nucleotide at the corresponding position of the other molecule. A nucleic acid
molecule is “substantially complementary” to another molecule if it hybridizes to that molecule with
sufficient stability to remain in a duplex form under conventional low-stringency conditions.
Conventional hybridization conditions are described, for example, by Sambrook J. et al., in Molecular
Cloning, A Laboratory Manual, 2™ Edition, Cold Spring Harbor Press, Cold Spring Harbor, NY (1989)
and by Haymes, B.D. et al. in Nucleic Acid Hybridization, A Practical Approach, IRL Press,
Washington, D.C. (1985). While perfectly complementary oligonucleotides are preferred for detecting
polymorphisms, departures from complete complementarity are contemplated where such departures do
not prevent the molecule from specifically hybridizing to the target region. For example, an
oligonucleotide primer may have a non-complementary fragment at its 5° end, with the remainder of the
primer being complementary to the target region. Alternatively, non-complementary nucleotides may be
interspersed into the oligonucleotide probe or primer as long as the resulting probe or primer is still
capable of specifically hybridizing to the target region.

Preferred genotyping oligonucleotides of the invention are allele-specific oligonucleotides. As
used herein, the term allele-specific oligonucleotide (ASO) means an oligonucleotide that is able, under
sufficiently stringent conditions, to hybridize specifically to one allele of a gene, or other locus, at a
target region containing a polymorphic site while nét hybridizing to the corresponding region in another
allele(s). As understood by the skilled artisan, allele-specificity will depend upon a variety of readily
optimized stringency conditions, including salt and formamide concentrations, as well as temperatures
for both the hybridization and washing steps. Examples of hybridization and washing conditions
typically used for ASO probes are found in Kogan et al., “Genetic Prediction of Hemophilia A” in PCR
Protocols, A Guide to Methods and Applications, Academic Press, 1990 and Ruaiio et al., 87 Proc. Natl.
Acad. Sci. USA 6296-6300, 1990. Typically, an ASO will be perfectly complementary to one allele
while containing a single mismatch for another allele.

Allele-specific oligonucleotides of the invention include ASO probes and ASO primers. ASO
probes which usually provide good discrimination between different alleles are those in which a central
position of the oligonucleotide probe aligns with the polymorphic site in the target region (e.g.,
approximately the 7" or 8" position in a 15mer, the 8 or 9" position in a 16mer, and the 10" or 11®
position in a 20mer). An ASO primer of the invention has a 3" terminal nucleotide, or preferably a 3’
penultimate nucleotide, that is complementary to only one nucleotide of a particular SNP, thereby acting
as a primer for polymerase-mediated extension only if the allele containing that nucleotide is present.
ASO probes and primers hybridizing to either the coding or noncoding strand are contemplated by the
invention.

ASO probes and primers listed below use the appropriate nucleotide symbol (R=G or A, Y=T

orC,M=AorC,K=GorT, S=G orC, and W= A or T; WIPO standard ST.25) at the position of the
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polymorphic site to represent the two alternative allelic variants observed at that polymorphic site.

A preferred ASO probe for detecting SCYA3 gene polymorphisms comprises a nucleotide

sequence, listed 5” to 3, selected from the group consisting of:

ATCACTAYGCTTARA (SEQ ID NO:4) and its complement,
AAGGACAYGGGCAGC (SEQ ID NO:5) and its complement,
GGGTATCRCCACTCT (SEQ ID NO:6) and its complement,
TCTCTGGYCATGGTT (SEQ ID NO:7) and its complement,
TCGGGCTYATTCTCT (SEQ ID NO:8) and its complement,
ACACGCCRACCGCCT (SEQ ID NO:9) and its complement,
CACCTCCYGGCAGAT (SEQ ID NO:10) and its complement,
CCAAGCCYGGTGTCA (SEQ ID NO:11) and its complement,
TCTAGACRGAGATAG (SEQ ID NO:12) and its complement,
ATTCCCCKGCTGGAT (SEQ ID NO:13) and its complement,
CCAGTGAKGAGTGGG (SEQ ID NO:14) and its complement,
CGACCTCRGTGGGCC (SEQ ID NO:15) and its complement,
CCACACTRTGGGACT (SEQ ID NO:16) and its complement,
AAATTTTWATTTATT (SEQ ID NO:17) and its complement, and
CCTCCCCSTTCCCTC (SEQ ID NO:18) and its complement.

A preferred ASO primer for detecting SCYA3 gene polymorphisms comprises a nucleotide

sequence, listed 5” to 3°, selected from the group consisting of:

GACAGCATCACTAYG (SEQ ID NO:19); GAAATTTTTAAGCRT (SEQ ID NO:20);
CTTCAGAAGGACAYG (SEQ ID NO:21); CTGTCTGCTGCCCRT (SEQ ID NO:22);
CGTTGTGGGTATCRC (SEQ ID NO:23); GGCCAGAGAGTGGYG (SEQ ID NO:24);
CACCACTCTCTGGYC (SEQ ID NO:25); TGGTCTAACCATGRC (SEQ ID NO:26);
TGTGACTCGGGCTYA (SEQ ID NO:27); AAAGGAAGAGAATRA (SEQ ID NO:28):;
CTGCTGACACGCCRA (SEQ ID NO:29); AGCAGCAGGCGGTYG (SEQ ID NO:30);
CAGCTACACCTCCYG (SEQ ID NO:31); TGTGGAATCTGCCRG (SEQ ID NO:32);
AGTGCTCCAAGCCYG (SEQ ID NO:33); CTTACATGACACCRG (SEQ ID NO:34);
AAGCTCTCTAGACRG (SEQ ID NO:35); CCCTGCCTATCTCYG (SEQ ID NO:36);
CCCAGGATTCCCCKG (SEQ ID NO:37); TGGGGAATCCAGCMG (SEQ ID NO:38);
CTGACCCCAGTGAKG (SEQ ID NO:39); TCTGGACCCACTCMT (SEQ ID NO:40);
GCCCAGCGACCTCRG (SEQ ID NO:41); CCACTGGGCCCACYG (SEQ ID NO:42);
AAACAGCCACACTRT (SEQ ID NO:43); AAGAAGAGTCCCAYA (SEQ ID NO:44);
TAACTTAAATTTTWA (SEQ ID NO:45); AGTATAAATAAATWA (SEQ ID NO:46);
CTGTCCCCTCCCCST (SEQ ID NO:47); and CGGTGTGAGGGAASG (SEQ ID NO:48).

Other genotyping oligonucleotides of the invention hybridize to a target region located one to
several nucleotides downstream of one of the novel polymorphic sites identified herein. Such
oligonucleotides are useful in polymerase-mediated primer extension methods for detecting one of the
novel polymorphisms described herein and therefore such genotyping oligonucleotides are referred to
herein as “primer-extension oligonucleotides”. In a preferred embodiment, the 3 '-terminus of a primer-
extension oligonucleotide is a deoxynucleotide complementary to the nucleotide located immediately
adjacent to the polymorphic site.

A particularly preferred oligonucleotide primer for detecting SCYA3 gene polymorphisms by
primer extension terminates in a nucleotide sequence, listed 5” to 3’, selected from the group consisting
of:

14
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AGCATCACTA (SEQ ID NO:49); ATTTTTAAGC
CAGAAGGACA (SEQ ID NO:51); TCTGCTGCCC
TGTGGGTATC (SEQ ID NO:53); CAGAGAGTGG
CACTCTCTGG (SEQ ID NO:55); TCTAACCATG
GACTCGGGCT (SEQ ID NO:57); GGAAGAGAAT SEQ ID NO:58);
CTGACACGCC (SEQ ID NO:59); AGCAGGCGGT SEQ ID NO:60

(SEQ ID NO:50
(
(
(
(
{
CTACACCTCC (SEQ ID NO:61); GGAATCTGCC (SEQ ID NO:62
(
(
(
(
(
(
(

)
SEQ ID NO:52);
SEQ ID NO:54)
SEQ ID NO:56)

GCTCCAAGCC SEQ ID NO:63); ACATGACACC SEQ ID NO:64);
CTCTCTAGAC SEQ ID NO:65); TGCCTATCTC SEQ ID NO:66);
AGGATTCCCC SEQ ID NO:67); GGAATCCAGC

)
)
)
)
SEQ ID NO:68);
SEQ ID NO:70)
)
)

(
(
(
ACCCCAGTGA  (SEQ ID NO:69); GGACCCACTC
(
(
(
(

CAGCGACCTC SEQ ID NO:71); CTGGGCCCAC SEQ ID NO:72);
CAGCCACACT SEQ ID NO:73); AAGAGTCCCA SEQ ID NO:74);
CTTAAATTTT SEQ ID NO:75); ATARATAAAT SEQ ID NO:76);
TCCCCTCCCC SEQ ID NO:77); and TGTGAGGGAA (SEQ ID NO:78).

In some embodiments, a composition contains two or more differently labeled genotyping
oligonucleotides for simultaneously probing the identity of nucleotides at two or more polymorphic
sites. It is also contemplated that primer compositions may contain two or more sets of allele-specific
primer pairs to allow simultaneous targeting and amplification of two or more regions containing a
polymorphic site.

SCYA3 genotyping oligonucleotides of the invention may also be immobilized on or
synthesized on a solid surface such as a microchip, bead, or glass slide (see, e.g., WO 98/20020 and WO
98/20019). Such immobilized genotyping oligonucleotides may be used in a variety of polymorphism
detection assays, including but not limited to probe hybridization and polymerase extension assays.
Immobilized SCYA3 genotyping oligonucleotides of the invention may comprise an ordered array of
oligonucleotides designed to rapidly screen a DNA sample for polymorphisms in multiple genes at the
same time.

In another embodiment, the invention provides a kit comprising at least two genotyping
oligonucleotides packaged in separate containers. The kit may also contain other components such as
hybridization buffer (where the oligonucleotides are to be used as a probe) packaged in a separate
container. Alternatively, where the oligonucleotides are to be used to amplify a target region, the kit
may contain, packaged in separate containers, a polymerase and a reaction buffer optimized for primer
extension mediated by the polymerase, such as PCR.

The above described oligonucleotide compositions and kits are useful in methods for genotyping
and/or haplotyping the SCYA3 gene in an individual. As used herein, the terms “SCYA3 genotype” and
“SCYA3 haplotype” mean the genotype or haplotype contains the nucleotide pair or nucleotide,
respectively, that is present at one or more of the novel polymorphic sites described herein and may
optionally also include the nucleotide pair or nucleotide present at one or more additional polymorphic
sites in the SCYA3 gene. The additional polymorphic sites may be currently known polymorphic sites

or sites that are subsequently discovered.
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One embodiment of the genotyping method involves isolating from the individual a nucleic acid
sample comprising the two copies of the SCYA3 gene, or a fragment thereof, that are present in the
individual, and determining the identity of the nucleotide pair at one or more polymorphic sites selected
from the group consisting of PS1, PS2, PS3, PS4, PS5, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13,
PS14, and PS15 in the two copies to assign a SCYA3 genotype to the individual. As will be readily
understood by the skilled artisan, the two “copies” of a gene in an individual may be the same allele or
may be different alleles. In a particularly preferred embodiment, the genotyping method comprises
determining the identity of the nucleotide pair at each of PS1-15.

Typically, the nucleic acid sample is isolated from a biological sample taken from the
individual, such as a blood sample or tissue sample. Suitable tissue samples include whole blood,
semen, saliva, tears, urine, fecal material, sweat, buccal, skin and hair. The nucleic acid sample may be
comprised of genomic DNA, mRNA, or cDNA and, in the latter two cases, the biological sample must
be obtained from a tissue in which the SCYA3 gene is expressed. Furthermore it will be understood by
the skilled artisan that mRNA or cDNA preparations would not be used to detect polymorphisms located
in introns or in 5" and 3 untranslated regions. If a SCYA3 gene fragment is isolated, it must contain the
polymorphic site(s) to be genotyped.

One embodiment of the haplotyping method comprises isolating from the individual a nucleic
acid sample containing only one of the two copies of the SCYA3 gene, or a fragment thereof, that is
present in the individual and determining in that copy the identity of the nucleotide at one or more
polymorphic sites selected from the group consisting of PS1, PS2, PS3, PS4, PS5, PS6, PS7, PS8, PS9,
PS10, PS11, PS12, PS13, PS14, and PS15 in that copy to assign a SCYA3 haplotype to the individual.
The nucleic acid may be isolated using any method capable of separating the two copies of the SCYA3
gene or fragment such as one of the methods described above for preparing SCYA3 isogenes, with
targeted in vivo cloning being the preferred approach. As will be readily appreciated by those skilled in
the art, any individual clone will only provide haplotype information on one of the two SCYA3 gene
copies present in an individual. If haplotype information is desired for the individual’s other copy,
additional SCYA3 clones will need to be examined. Typically, at least five clones should be examined
to have more than a 90% probability of haplotyping both copies of the SCYA3 gene in an individual.

In a particularly preferred embodiment, the nucleotide at each of PS1-15 is identified.

In another embodiment, the haplotyping method comprises determining whether an individual
has one or more of the SCYA3 haplotypes shown in Table 5. This can be accomplished by identifying,
for one or both copies of the individual’s SCYA3 gene, the phased sequence of nucleotides present at
each of PS1-15. The present invention also contemplates that typically only a subset of PS1-15 will
need to be directly examined to assign to an individual one or more of the haplotypes shown in Table 5.
This is because at least one polymorphic site in a gene is frequently in strong linkage disequilibrium
with one or more other polymorphic sites in that gene (Drysdale, CM et al. 2000 PNAS 97:10483-10488;

Rieder MJ et al. 1999 Nature Genetics 22:59-62). Two sites are said to be in linkage disequilibrium if
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the presence of a particular variant at one site enhances the predictability of another variant at the second
site (Stephens, JC 1999, Mol. Diag. 4:309-317). Techniques for determining whether any two
polymorphic sites are in linkage disequilibrium are well-known in the art (Weir B.S. 1996 Genetic Data
Analysis II, Sinauer Associates, Inc. Publishers, Sunderland, MA).

In a preferred embodiment, a SCYA3 haplotype pair is determined for an individual by
identifying the phased sequence of nucleotides at one or more polymorphic sites selected from the group
consisting of PS1, PS2, PS3, PS4, PSS, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14, and PS15
in each copy of the SCYA3 gene that is present in the individual. In a particularly preferred
embodiment, the haplotyping method comprises identifying the phased sequence of nucleotides at each
of PS1-15 in each copy of the SCYA3 gene. When haplotyping both copies of the gene, the identifying
step is preferably performed with each copy of the gene being placed in separate containers. However, it
is also envisioned that if the two copies are labeled with different tags, or are otherwise separately
distinguishable or identifiable, it could be possible in some cases to perform the method in the same
container. For example, if first and second copies of the gene are labeled with different first and second
fluorescent dyes, respectively, and an allele-specific oligonucleotide labeled with yet a third different
fluorescent dye is used to assay the polymorphic site(s), then detecting a combination of the first and
third dyes would identify the polymorphism in the first gene copy while detecting a combination of the
second and third dyes would identify the polymorphism in the second gene copy.

In both the genotyping and haplotyping methods, the identity of a nucleotide (or nucleotide pair)
at a polymorphic site(s) may be determined by amplifying a target region(s) containing the polymorphic
site(s) directly from one or both copies of the SCYA3 gene, or a fragment thereof, and the sequence of
the amplified region(s) determined by conventional methods. It will be readily appreciated by the
skilled artisan that only one nucleotide will be detected at a polymorphic site in individuals who are
homozygous at that site, while two different nucleotides will be detected if the individual is
heterozygous for that site. The polymorphism may be identified directly, known as positive-type
identification, or by inference, referred to as negative-type identification. For example, where a SNP is
known to be guanine and cytosine in a reference population, a site may be positively determined to be
either guanine or cytosine for an individual homozygous at that site, or both guanine and cytosine, if the
individual is heterozygous at that site. Alternatively, the site may be negatively determined to be not
guanine (and thus cytosine/cytosine) or not cytosine (and thus guanine/guanine).

The target region(s) may be amplified using any oligonucleotide-directed amplification method,
including but not limited to polymerase chain reaction (PCR) (U.S. Patent No. 4,965,188), ligase chain
reaction (LCR) (Barany et al., Proc. Natl. Acad. Sci. USA 88:189-193, 1991; W090/01069), and
oligonucleotide ligation assay (OLA) (Landegren et al., Science 241:1077-1080, 1988).

Other known nucleic acid amplification procedures may be used to amplify the target region
including transcription-based amplification systems (U.S. Patent No. 5,130,238; EP 329,822; U.S.

Patent No. 5,169,766, W0O89/06700) and isothermal methods (Walker et al., Proc. Natl. Acad. Sci. USA
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89:392-396, 1992).

A polymorphism in the target region may also be assayed before or after amplification using one
of several hybridization-based methods known in the art. Typically, allele-specific oligonucleotides are
utilized in performing such methods. The allele-specific oligonucleotides may be used as differently
labeled probe pairs, with one member of the pair showing a perfect match to one variant of a target
sequence and the other member showing a perfect match to a different variant. In some embodiments,
more than one polymorphic site may be detected at once using a set of allele-specific oligonucleotides or
oligonucleotide pairs. Preferably, the members of the set have melting temperatures within 5°C, and
more preferably within 2°C, of each other when hybridizing to each of the polymorphic sites being
detected.

Hybridization of an allele-specific oligonucleotide to a target polynucleotide may be performed
with both entities in solution, or such hybridization may be performed when either the oligonucleotide or
the target polynucleotide is covalently or noncovalently affixed to a solid support. Attachment may be
mediated, for example, by antibody-antigen interactions, poly-L-Lys, streptavidin or avidin-biotin, salt
bridges, hydrophobic interactions, chemical linkages, UV cross-linking baking, etc. Allele-specific
oligonucleotides may be synthesized directly on the solid support or attached to the solid support
subsequent to synthesis. Solid-supports suitable for use in detection methods of the invention include
substrates made of silicon, glass, plastic, paper and the like, which may be formed, for example, into
wells (as in 96-well plates), slides, sheets, membranes, fibers, chips, dishes, and beads. The solid
support may be treated, coated or derivatized to facilitate the immobilization of the allele-specific
oligonucleotide or target nucleic acid.

The genotype or haplotype for the SCYA3 gene of an individual may also be determined by
hybridization of a nucleic acid sample containing one or both copies of the gene, or fragment(s) thereof,
to nucleic acid arrays and subarrays such as described in WO 95/11995. The arrays would contain a
battery of allele-specific oligonucleotides representing each of the polymorphic sites to be included in
the genotype or haplotype.

The identity of polymorphisms may also be determined using a mismatch detection technique,
including but not limited to the RNase protection method using riboprobes (Winter et al., Proc. Natl.
Acad. Sci. USA 82:7575, 1985; Meyers et al., Science 230:1242, 1985) and proteins which recognize
nucleotide mismatches, such as the E. coli mutS protein (Modrich, P. Ann. Rev. Genet. 25:229-253,
1991). Alternatively, variant alleles can be identified by single strand conformation polymorphism
(SSCP) analysis (Orita et al., Genomics 5:874-879, 1989; Humphries et al., in Molecular Diagnosis of
Genetic Diseases, R. Elles, ed., pp. 321-340, 1996) or denaturing gradient gel electrophoresis (DGGE)
(Wartell et al., Nucl. Acids Res. 18:2699-2706, 1990; Sheffield et al., Proc. Natl. Acad. Sci. USA 86:232-
236, 1989).

A polymerase-mediated primer extension method may also be used to identify the

polymorphism(s). Several such methods have been described in the patent and scientific literature and
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include the “Genetic Bit Analysis” method (W092/15712) and the ligase/polymerase mediated genetic
bit analysis (U.S. Patent 5,679,524. Related methods are disclosed in W091/02087, W090/09455,
WQO95/17676, U.S. Patent Nos. 5,302,509, and 5,945,283. Extended primers containing a
polymorphism may be detected by mass spectrometry as described in U.S. Patent No. 5,605,798.
Another primer extension method is allele-specific PCR (Ruafio et al., Nucl. Acids Res. 17:8392, 1989;
Ruafio et al., Nucl. Acids Res. 19, 6877-6882, 1991; WO 93/22456; Turki et al., J. Clin. Invest. 95:1635-
1641, 1995). In addition, multiple polymorphic sites may be investigated by simultaneously amplifying
multiple regions of the nucleic acid using sets of allele-specific primers as described in Wallace et al.
(WO089/10414).

In addition, the identity of the allele(s) present at any of the novel polymorphic sites described
herein may be indirectly determined by genotyping another polymorphic site that is in linkage
disequilibrium with the polymorphic site that is of interest. Polymorphic sités in linkage disequilibrium
with the presently disclosed polymorphic sites may be located in regions of the gene or in other genomic
regions not examined herein. Genotyping of a polymorphic site in linkage disequilibrium with the novel
polymorphic sites described herein may be performed by, but is not limited to, any of the above-
mentioned methods for detecting the identity of the allele at a polymorphic site.

In another aspect of the invention, an individual’s SCYA3 haplotype pair is predicted from its
SCYA3 genotype using information on haplotype pairs known to exist in a reference population. In its
broadest embodiment, the haplotyping prediction method comprises identifying a SCYA3 genotype for
the individual at two or more SCYA3 polymorphic sites described herein, enumerating all possible
haplotype pairs which are consistent with the genotype, accessing data containing SCYA3 haplotype
pairs identified in a reference population, and assigning a haplotype pair to the individual that is
consistent with the data. In one embodiment, the reference haplotype pairs include the SCYA3
haplotype pairs shown in Table 4.

Generally, the reference population should be composed of randomly-selected individuals
representing the major ethnogeographic groups of the world. A preferred reference population for use in
the methods of the present invention comprises an approximately equal number of individuals from
- Caucasian, African American, Asian and Hispanic-Latino population groups with the minimum number
of each group being chosen based on how rare a haplotype one wants to be guaranteed to see. For
example, if one wants to have a q% chance of not missing a haplotype that exists in the population at a
p% frequency of occurring in the reference population, the number of individuals (n) who must be
sampled is given by 2n=log(1-q)/log(1-p) where p and q are expressed as fractions. A preferred
reference population allows the detection of any haplotype whose frequency is at least 10% with about
99% certainty and comprises about 20 unrelated individuals from each of the four population groups
named above. A particularly preferred reference population includes a 3-generation family representing
one or more of the four population groups to serve as controls for checking quality of haplotyping

procedures.
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In a preferred embodiment, the haplotype frequency data for each ethnogeographic group is
examined to determine whether it is consistent with Hardy-Weinberg equilibrium. Hardy-Weinberg

equilibrium (D.L. Hartl et al., Principles of Population Genomics, Sinauer Associates (Sunderland, MA),

3" Ed., 1997) postulates that the frequency of finding the haplotype pair H, / H,is equal to
Puw(H/H))=2p(H)p(H,) if H # H,and p, ,(H,/H,)=p(H)p(H,) if H=H,. A
statistically significant difference between the observed and expected haplotype frequencies could be
due to one or more factors including significant inbreeding in the population group, strong selective
pressure on the gene, sampling bias, and/or errors in the genotyping process. If large deviations from
Hardy-Weinberg equilibrium are observed in an ethnogeographic group, the number of individuals in
that group can be increased to see if the deviation is due to a sampling bias. If a larger sample size does
not reduce the difference between observed and expected haplotype pair frequencies, then one may wish
to consider haplotyping the individual using a direct haplotyping method such as, for example,
CLASPER Systemm technology (U.S. Patent No. 5,866,404), single molecule dilution, or allele-specific
long-range PCR (Michalotos-Beloin et al., Nucleic Acids Res. 24:4841-4843, 1996).

In one embodiment of this method for predicting a SCYA3 haplotype pair for an individual, the
assigning step involves performing the following analysis. First, each of the possible haplotype pairs is
compared to the haplotype pairs in the reference population. Generally, only one of the haplotype pairs
in the reference population matches a possible haplotype pair and that pair is assigned to the individual.
Occasionally, only one haplotype represented in the reference haplotype pairs is consistent with a
possible haplotype pair for an individual, and in such cases the individual is assigned a haplotype pair
containing this known haplotype and a new haplotype derived by subtracting the known haplotype from
the possible haplotype pair. Alternatively, the haplotype pair in an individual may be predicted from the
individual’s genotype for that gene using reported methods (e.g., Clark et al. 1990 Mol Bio Evol 7:111-
22) or through a commercial haplotyping service such as offered by Genaissance Pharmaceuticals, Inc.
(New Haven, CT). In rare cases, either no haplotypes in the reference population are consistent with the
possible haplotype pairs, or alternatively, multiple reference haplotype pairs are consistent with the
possible haplotype pairs. In such cases, the individual is preferably haplotyped using a direct molecular
haplotyping method such as, for example, CLASPER SystemTM technology (U.S. Patent No. 5,866,404),
SMD, or allele-specific long-range PCR (Michalotos-Beloin et al., supra).

The invention also provides a method for determining the frequency of a SCYA3 genotype,
haplotype, or haplotype pair in a population. The method comprises, for each member of the population,
determining the genotype or the haplotype pair for the novel SCYA3 polymorphic sites described herein,
and calculating the frequency any particular genotype, haplotype, or haplotype pair is found in the
population. The population may be a reference population, a family population, a same sex population,
a population group, or a trait population (e.g., a group of individuals exhibiting a trait of interest such as

a medical condition or response to a therapeutic treatment).
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In another aspect of the invention, frequency data for SCYA3 genotypes, haplotypes, and/or
haplotype pairs are determined in a reference population and used in a method for identifying an
association between a trait and a SCYA3 genotype, haplotype, or haplotype pair. The trait may be any
detectable phenotype, including but not limited to susceptibility to a disease or response to a treatment.
The method involves obtaining data on the frequency of the genotype(s), haplotype(s), or haplotype
pair(s) of interest in a reference population as well as in a population exhibiting the trait. Frequency data
for one or both of the reference and trait populations may be obtained by genotyping or haplotyping each
individual in the populations using one of the methods described above. The haplotypes for the trait
population may be determined directly or, alternatively, by the predictive genotype to haplotype
approach described above. In another embodiment, the frequency data for the reference and/or trait
populations is obtained by accessing previously determined frequency data, which may be in written or
electronic form. For example, the frequency data may be present in a database that is accessible by a
computer. Once the frequency data is obtained, the frequencies of the genotype(s), haplotype(s), or
haplotype pair(s) of interest in the reference and trait populations are compared. In a preferred
embodiment, the frequencies of all genotypes, haplotypes, and/or haplotype pairs observed in the
populations are compared. If a particular SCYA3 genotype, haplotype, or haplotype pair is more
frequent in the trait population than in the reference population at a statistically significant amount, then
the trait is predicted to be associated with that SCYA3 genotype, haplotype or haplotype pair.
Preferably, the SCYA3 genotype, haplotype, or haplotype pair being compared in the trait and reference
populations is selected from the full-genotypes and full-haplotypes shown in Tables 4 and 5, or from
sub-genotypes and sub-haplotypes derived from these genotypes and haplotypes.

In a preferred embodiment of the method, the trait of interest is a clinical response exhibited by
a patient to some therapeutic treatment, for example, response to a drug targeting SCYA3 or response to
a therapeutic treatment for a medical condition. As used herein, “medical condition” includes but is not
limited to any condition or disease manifested as one or more physical and/or psychological symptoms
for which treatment is desirable, and includes previously and newly identified diseases and other
disorders. As used herein the term “clinical response” means any or all of the following: a quantitative
measure of the response, no response, and adverse response (i.e., side effects).

In order to deduce a correlation between clinical response to a treatment and a SCYA3
genotype, haplotype, or haplotype pair, it is necessary to obtain data on the clinical responses exhibited
by a population of individuals who received the treatment, hereinafter the “clinical population”. This
clinical data may be obtained by analyzing the results of a clinical trial that has already been run and/or
the clinical data may be obtained by designing and carrying out one or more new clinical trials. As used
herein, the term “clinical trial” means any research study designed to collect clinical data on responses to
a particular treatment, and includes but is not limited to phase I, phase II and phase III clinical trials.
Standard methods are used to define the patient population and to enroll subjects.

It is preferred that the individuals included in the clinical population have been graded for the
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existence of the medical condition of interest. This is important in cases where the symptom(s) being
presented by the patients can be caused by more than one underlying condition, and where treatment of
the underlying conditions are not the same. An example of this would be where patients experience
breathing difficulties that are due to either asthma or respiratory infections. If both sets were treated
with an asthma medication, there would be a spurious group of apparent non-responders that did not
actually have asthma. These people would affect the ability to detect any correlation between haplotype
and treatment outcome. This grading of potential patients could employ a standard physical exam or one
or more lab tests. Alternatively, grading of patients could use haplotyping for situations where there is a
strong correlation between haplotype pair and disease susceptibility or severity.

The therapeutic treatment of interest is administered to each individual in the trial population
and each individual’s response to the treatment is measured using one or more predetermined criteria. It
is contemplated that in many cases, the trial population will exhibit a range of responses and that the
investigator will choose the number of responder groups (e.g., low, medium, high) made up by the
various responses. In addition, the SCYA3 gene for each individual in the trial population is genotyped
and/or haplotyped, which may be done before or after administering the treatment.

After both the clinical and polymorphism data have been obtained, correlations between
individual response and SCYA3 genotype or haplotype content are created. Correlations may be
produced in several ways. In one method, individuals are grouped by their SCYA3 genotype or
haplotype (or haplotype pair) (also referred to as a polymorphism group), and then the averages and
standard deviations of clinical responses exhibited by the members of each polymorphism group are
calculated.

These results are then analyzed to determine if any observed variation in clinical response
between polymorphism groups is statistically significant. Statistical analysis methods which may be
used are described in L.D. Fisher and G. vanBelle, “Biostatistics: A Methodology for the Health
Sciences”, Wiley-Interscience (New York) 1993. This analysis may also include a regression
calculation of which polymorphic sites in the SCYA3 gene give the most significant contribution to the
differences in phenotype. One regression model useful in the invention is described in PCT Application
Serial No. PCT/US00/17540, éntitled “Methods for Obtaining and Using Haplotype Data”.

A second method for finding correlations between SCYA3 haplotype content and clinical
responses uses predictive models based on error-minimizing optimization algorithms. One of many
possible optimization algorithms is a genetic algorithm (R. Judson, “Genetic Algorithms and Their Uses
in Chemistry” in Reviews in Computational Chemistry, Vol. 10, pp. 1-73, K. B. Lipkowitz and D. B.
Boyd, eds. (VCH Publishers, New York, 1997). Simulated annealing (Press et al., “Numerical Recipes
in C: The Art of Scientific Computing”, Cambridge University Press (Cambridge) 1992, Ch. 10), neural
networks (E. Rich and K. Knight, “Artificial Intelligence”, 2™ Edition (McGraw-Hill, New York, 1991,
Ch. 18), standard gradient descent methods (Press et al., supra, Ch. 10), or other global or local

optimization approaches (see discussion in Judson, supra) could also be used. Preferably, the
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correlation is found using a genetic algorithm approach as described in PCT Application Serial No.
PCT/US00/17540.

Correlations may also be analyzed using analysis of variation (ANOVA) techniques to
determine how much of the variation in the clinical data is explained by different subsets of the
polymorphic sites in the SCYA3 gene. As described in PCT Application Serial No. PCT/US00/17540,
ANOVA is used to test hypotheses about whether a response variable is caused by or correlated with one
or more traits or variables that can be measured (Fisher and vanBelle, supra, Ch. 10).

From the analyses described above, a mathematical model may be readily constructed by the
skilled artisan that predicts clinical response as a function of SCYA3 genotype or haplotype content.
Preferably, the model is validated in one or more follow-up clinical trials designed to test the model.

The identification of an association between a clinical response and a genotype or haplotype (or
haplotype pair) for the SCYA3 gene may be the basis for designing a diagnostic method to determine
those individuals who will or will not respond to the treatment, or alternatively, will respond at a lower
level and thus may require more treatment, i.¢., a greater dose of a drug. The diagnostic method may
take one of several forms: for example, a direct DNA test (i.e., genotyping or haplotyping one or more
of the polymorphic sites in the SCYA3 gene), a serological test, or a physical exam measurement. The
only requirement is that there be a good correlation between the diagnostic test resuits and the
underlying SCYA3 genotype or haplotype that is in turn correlated with the clinical response. Ina
preferred embodiment, this diagnostic method uses the predictive haplotyping method described above.

In another embodiment, the invention provides an isolated polynucleotide comprising a
polymorphic variant of the SCYA3 gene or a fragment of the gene which contains at least one of the
novel polymorphic sites described herein. The nucleotide sequence of a variant SCYA3 gene is
identical to the reference genomic sequence for those portions of the gene examined, as described in the
Examples below, except that it comprises a different nucleotide at one or more of the novel polymorphic
sites PS1, PS2, PS3, PS4, PS5, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14, and PS15.
Similarly, the nucleotide sequence of a variant fragment of the SCYA3 gene is identical to the
corresponding portion of the reference sequence except for having a different nucleotide at one or more
of the novel polymorphic sites described herein. Thus, the invention specifically does not include
polynucleotides comprising a nucleotide sequence identical to the reference sequence of the SCYA3
gene, which is defined by haplotype 5, (or other reported SCYA3 sequences) or to portions of the
reference sequence (or other reported SCYA3 sequences), except for genotyping oligonucleotides as
described below.

The location of a polymorphism in a variant gene or fragment is identified by aligning its
sequence against SEQ ID NO:1. The polymorphism is selected from the group consisting of thymine at
PS1, thymine at PS2, guanine at PS3, thymine at PS4, thymine at PS5, adenine at PS6, thymine at PS7,
thymine at PS8, guanine at PS9, guanine at PS10, thymine at PS11, adenine at PS12, adenine at PS13,

thymine at PS14 and guanine at PS15. In a preferred embodiment, the polymorphic variant comprises a
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naturally-occurring isogene of the SCYA3 gene which is defined by any one of haplotypes 1- 4 and 6 -
14 shown in Table 5 below.

Polymorphic variants of the invention may be prepared by isolating a clone containing the
SCYA3 gene from a human genomic library. The clone may be sequenced to determine the identity of
the nucleotides at the novel polymorphic sites described herein. Any particular variant claimed herein
could be prepared from this clone by performing in vitro mutagenesis using procedures well-known in
the art.

SCYA3 isogenes may be isolated using any method that allows separation of the two “copies”
of the SCYA3 gene present in an individual, which, as readily understood by the skilled artisan, may be
the same allele or different alleles. Separation methods include targeted in vivo cloning (TTVC) in yeast
as described in WO 98/01573, U.S. Patent No. 5,866,404, and U.S. Patent No. 5,972,614. Another
method, which is described in U.S. Patent No. 5,972,614, uses an allele specific oligonucleotide in
combination with primer extension and exonuclease degradation to generate hemizygous DNA targets.
Yet other methods are single molecule dilution (SMD) as described in Ruafio et al., Proc. Natl. Acad.
Sci. 87:6296-6300, 1990; and allele specific PCR (Ruailo et al., 1989, supra; Ruafio et al., 1991, supra;
Michalatos-Beloin et al., supra).

The invention also provides SCYA3 genome anthologies, which are collections of SCYA3
isogenes found in a given population. The population may be any group of at least two individuals,
including but not limited to a reference population, a population group, a family population, a clinical
population, and a same sex population. A SCYA3 genome anthology may comprise individual SCYA3
isogenes stored in separate containers such as microtest tubes, separate wells of a microtitre plate and the
like. Alternatively, two or more groups of the SCYA3 isogenes in the anthology may be stored in
separate containers. Individual isogenes or groups of isogenes in a genome anthology may be stored in
any convenient and stable form, including but not limited to in buffered solutions, as DNA precipitates,
freeze-dried preparations and the like. A preferred SCYA3 genome anthology of the invention
comprises a set of isogenes defined by the haplotypes shown in Table 5 below.

An isolated polynucleotide containing a polymorphic variant nucleotide sequence of the
invention may be operably linked to one or more expression regulatory elements in a recombinant
expression vector capable of being propagated and expressing the encoded SCYA3 protein in a
prokaryotic or a eukaryotic host cell. Examples of expression regulatory elements which may be used
include, but are not limited to, the lac system, operator and promoter regions of phage lambda, yeast
promoters, and promoters derived from vaccinia virus, adenovirus, retroviruses, or SV40. Other
regulatory elements include, but are not limited to, appropriate leader sequences, termination codons,
polyadenylation signals, and other sequences required for the appropriate transcription and subsequent
translation of the nucleic acid sequence in a given host cell. Of course, the correct combinations of
expression regulatory elements will depend on the host system used. In addition, it is understood that

the expression vector contains any additional elements necessary for its transfer to and subsequent
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replication in the host cell. Examples of such elements include, but are not limited to, origins of
replication and selectable markers. Such expression vectors are commercially available or are readily
constructed using methods known to those in the art (e.g., F. Ausubel et al., 1987, in "Current Protocols
in Molecular Biology", John Wiley and Sons, New York, New York). Host cells which may be used to
express the variant SCYA3 sequences of the invention include, but are not limited to, eukaryotic and
mammalian cells, such as animal, plant, insect and yeast cells, and prokaryotic cells, such as E. coli, or
algal cells as known in the art. The recombinant expression vector may be introduced into the host cell
using any method known to those in the art including, but not limited to, microinjection, electroporation,
particle bombardment, transduction, and transfection using DEAE-dextran, lipofection, or calcium
phosphate (see e.g., Sambrook et al. (1989) in "Molecular Cloning. A Laboratory Manual", Cold Spring
Harbor Press, Plainview, New York). In a preferred aspect, eukaryotic expression vectors that function
in eukaryotic cells, and preferably mammalian cells, are used. Non-limiting examples of such vectors
include vaccinia virus vectors, adenovirus vectors, herpes virus vectors, and baculovirus transfer vectors.
Preferred eukaryotic cell lines include COS cells, CHO cells, HeLa cells, NIH/3T3 cells, and embryonic
stem cells (Thomson, J. A. et al., 1998 Science 282:1145-1147). Particularly preferred host cells are
mammalian cells.

As will be readily recognized by the skilled artisan, expression of polymorphic variants of the
SCYA3 gene will produce SCYA3 mRNAs varying from each other at any polymorphic site retained in
the spliced and processed mRNA molecules. These mRNAs can be used for the preparation of a
SCYA3 cDNA comprising a nucleotide sequence which is a polymorphic variant of the SCYA3
reference coding sequence shown in Figure 2. Thus, the invention also provides SCYA3 mRNAs and
corresponding cDNAs which comprise a nucleotide sequence that is identical to SEQ ID NO:2 (Fig. 2),
or its corresponding RNA sequence, except. for having one or more polymorphisms selected from the
group consisting of adenine at a position corresponding to nucleotide 90, thymine at a position
corresponding to nucleotide 118, thymine at a position corresponding to nucleotide 180 and thymine at a
position corresponding to nucleotide 234. A particularly preferred polymorphic cDNA variant
comprises the coding sequence of a SCYA3 isogene defined by haplotypes 1- 4 and 6 - 14. Fragments
of these variant mRNAs and cDNAs are included in the scope of the invention, provided they contain
the novel polymorphisms described herein. The invention specifically excludes polynucleotides
identical to previously identified and characterized SCYA3 ¢cDNAs and fragments thereof.
Polynucleotides comprising a variant RNA or DNA sequence may be isolated from a biological sample
using well-known molecular biological procedures or may be chemically synthesized.

As used herein, a polymorphic variant of a SCYA3 gene fragment comprises at least one novel
polymorphism identified herein and has a length of at least 10 nucleotides and may range up to the full
length of the gene. Preferably, such fragments are between 100 and 3000 nucleotides in length, and
more preferably between 200 and 2000 nucleotides in length, and most preferably between 500 and

1000 nucleotides in length.
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In describing the SCYA3 polymorphic sites identified herein, reference is made to the sense
strand of the gene for convenience. However, as recognized by the skilled artisan, nucleic acid
molecules containing the SCYA3 gene may be complementary double stranded molecules and thus
reference to a particular site on the sense strand refers as well to the corresponding site on the
complementary antisense strand. Thus, reference may be made to the same polymorphic site on either
strand and an oligonucleotide may be designed to hybridize specifically to either strand at a target region
containing the polymorphic site. Thus, the invention also includes single-stranded polynucleotides
which are complementary to the sense strand of the SCYA3 genomic variants described herein.

Polynucleotides comprising a polymorphic gene variant or fragment may be useful for
therapeutic purposes. For example, where a patient could benefit from expression, or increased
expression, of a particular SCYA3 protein isoform, an expression vector encoding the isoform may be
administered to the patient. The patient may be one who lacks the SCYA3 isogene encoding that
isoform or may already have at least one copy of that isogene.

In other situations, it may be desirable to decrease or block expression of a particular SCYA3
isogene. Expression of a SCYA3 isogene may be turned off by transforming a targeted organ, tissue or
cell population with an expression vector that expresses high levels of untranslatable mRNA for the
isogene. Alternatively, oligonucleotides directed against the regulatory regions (e.g., promoter, introns,
enhancers, 3" untranslated region) of the isogene may block transcription. Oligonucleotides targeting
the transcription initiation site, e.g., between positions —10 and +10 from the start site are preferred. A
Similarly, inhibition of transcription can be achieved using oligonucleotides that base-pair with region(s)
of the isogene DNA to form triplex DNA (see e.g., Gee et al. in Huber, B.E. and B.I. Carr, Molecular
and Immunologic Approaches, Futura Publishing Co., Mt. Kisco, N.Y., 1994). Antisense
oligonucleotides may also be designed to block translation of SCYA3 mRNA transcribed from a
particular isogene. It is also contemplated that ribozymes may be designed that can catalyze the specific
cleavage of SCYA3 mRNA transcribed from a particular isogene.

The oligonucleotides may be delivered to a target cell or tissue by expression from a vector
introduced into the cell or tissue in vivo or ex vivo. Alternatively, the oligonucleotides may be
formulated as a pharmaceutical composition for administration to the patient. Oligoribonucleotides
and/or oligodeoxynucleotides intended for use as antisense oligonucleotides may be modified to increase
stability and half-life. Possible modifications include, but are not limited to phosphorothioate or 2° O-
methyl linkages, and the inclusion of nontraditional bases such as inosine and queosine, as well as
acetyl-, methyl-, thio-, and similarly modified forms of adenine, cytosine, guanine, thymine, and uracil
which are not as easily recognized by endogenous nucleases.

The invention also provides an isolated polypeptide comprising a polymorphic variant of the
reference SCYA3 amino acid sequence shown in Figure 3. The location of a variant amino acid in a
SCYA3 polypeptide or fragment of the invention is identified by aligning its sequence against SEQ ID

NO:3 (Fig. 3). A SCYAS3 protein variant of the invention comprises an amino acid sequence identical to
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SEQ ID NO:3 except for having one or more variant amino acids selected from the group consisting of
tryptophan at a position corresponding to amino acid position 40 and aspartic acid at a position
corresponding to amino acid position 78. The invention specifically excludes amino acid sequences
identical to those previously identified for SCYA3, including SEQ ID NO:3, and previously described
fragments thereof. SCYA3 protein variants included within the invention comprise all amino acid
sequences based on SEQ ID NO:3 and having the combination of amino acid variations described in
Table 2 below. In preferred embodiments, a SCYA3 protein variant of the invention is encoded by an
isogene defined by one of the observed haplotypes shown in Table 5.

Table 2. Novel Polymorphic Variants of SCYA3

Polymorphic  Amino Acid Position and Identities

Variant

Number 40 78
1 R D
2 w E
3 W D

The invention also includes SCYA3 peptide variants, which are any fragments of a SCYA3
protein variant that contain one or more of the amino acid variations shown in Table 2. A SCYA3
peptide variant is at least 6 amino acids in length and is preferably any number between 6 and 30 amino
acids long, more preferably between 10 and 25, and most preferably between 15 and 20 amino acids
long. Such SCYA3 peptide variants may be useful as antigens to generate antibodies specific for one of
the above SCYA3 isoforms. In addition, the SCYA3 peptide variants may be useful in drug screening
assays.

A SCYA3 variant protein or peptide of the invention may be prepared by chemical synthesis or
by expressing one of the variant SCYA3 genomic and cDNA sequences as described above.
Alternatively, the SCYA3 protein variant may be isolated from a biological sample of an individual
having a SCYA3 isogene which encodes the variant protein. Where the sample contains two different
SCYAZ3 isoforms (i.e., the individual has different SCYA3 isogenes), a particular SCYA3 isoform of the
invention can be isolated by immunoaffinity chromatography using an antibody which specifically binds
to that particular SCYA3 isoform but does not bind to the other SCYA3 isoform.

The expressed or isolated SCYA3 protein may be detected by methods known in the art,
including Coomassie blue staining, silver staining, and Western blot analysis using antibodies specific
for the isoform of the SCYA3 protein as discussed further below. SCYA3 variant proteins can be
purified by standard protein purification procedures known in the art, including differential precipitation,
molecular sieve chromatography, ion-exchange chromatography, isoelectric focusing, gel
electrophoresis, affinity and immunoaffinity chromatography and the like. (Ausubel et. al., 1987, In
Current Protocols in Molecular Biology John Wiley and Sons, New York, New York). In the case of
immunoaffinity chromatography, antibodies specific for a particular polymorphic variant may be used.

A polymorphic variant SCYA3 gene of the invention may also be fused in frame with a
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heterologous sequence to encode a chimeric SCYA3 protein. The non-SCYA3 portion of the chimeric
protein may be recognized by a commercially available antibody. In addition, the chimeric protein may
also be engineered to contain a cleavage site located between the SCYA3 and non-SCY A3 portions so
that the SCYA3 protein may be cleaved and purified away from the non-SCYA3 portion.

An additional embodiment of the invention relates to using a novel SCYAS3 protein isoform in
any of a variety of drug screening assays. Such screening assays may be performed to identify agents
that bind specifically to all known SCYA3 protein isoforms or to only a subset of one or more of these
isoforms. The agents may be from chemical compound libraries, peptide libraries and the like. The
SCYA3 protein or peptide variant may be free in solution or affixed to a solid support. In one
embodiment, high throughput screening of compounds for binding to a SCYA3 variant may be
accomplished using the method described in PCT application WO84/03565, in which large numbers of
test compounds are synthesized on a solid substrate, such as plastic pins or some other surface, contacted
with the SCYAS3 protein(s) of interest and then washed. Bound SCYA3 protein(s) are then detected
using methods well-known in the art.

In another embodiment, a novel SCYA3 protein isoform may be used in assays to measure the
binding affinities of one or more candidate drugs targeting the SCYA3 protein. 4

In yet another embodiment, when a particular SCYA3 haplotype or group of SCYA3 haplotypes
encodes a SCYA3 protein variant with an amino acid sequence distinct from that of SCYA3 protein
isoforms encoded by other SCYA3 haplotypes, then detection of that particular SCYA3 haplotype or
group of SCYA3 haplotypes may be accomplished by detecting expression of the encoded SCYA3
protein variant using any of the methods described herein or otherwise commonly known to the skilled
artisan.

In another embodiment, the invention provides antibodies specific for and immunoreactive with
one or more of the novel SCYA3 variant proteins described herein. The antibodies may be either
monoclonal or polyclonal in origin. The SCYA3 protein or peptide variant used to generate the
antibodies may be from natural or recombinant sources or produced by chemical synthesis using
synthesis techniques known in the art. If the SCYA3 protein variant is of insufficient size to be
antigenic, it may be conjugated, complexed, or otherwise covalently linked to a carrier molecule to
enhance the antigenicity of the peptide. Examples of carrier molecules, include, but are not limited to,
albumins (e.g., human, bovine, fish, ovine), and keyhole limpet hemocyanin (Basic and Clinical
Immunology, 1991, Eds. D.P. Stites, and A.I. Terr, Appleton and Lange, Norwalk Connecticut, San
Mateb, California).

In one embodiment, an antibody specifically immunoreactive with one of the novel protein
isoforms described herein is administered to an individual to neutralize activity of the SCYA3 isoform
expressed by that individual. The antibody may be formulated as a pharmaceutical composition which
includes a pharmaceutically acceptable carrier.

Antibodies specific for and immunoreactive with one of the novel protein isoforms described
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herein may be used to immunoprecipitate the SCYA3 protein variant from solution as well as react with
SCYA3 protein isoforms on Western or immunoblots of polyacrylamide gels on membrane supports or
substrates. In another preferred embodiment, the antibodies will detect SCYA3 protein isoforms in
paraffin or frozen tissue sections, or in cells which have been fixed or unfixed and prepared on slides,
coverslips, or the like, for use in immunocytochemical, immunohistochemical, and immunofluorescence
techniques.

In another embodiment, an antibody specifically immunoreactive with one of the novel SCYA3
protein variants described herein is used in immunoassays to detect this variant in biological samples. In
this method, an antibody of the present invention is contacted with a biological sample and the formation
of a complex between the SCYA3 protein variant and the antibody is detected. As described, suitable
immunoassays include radioimmunoassay, Western blot assay, immunofluorescent assay, enzyme linked
immunoassay (ELISA), chemiluminescent assay, immunohistochemical assay, immunocytochemical
assay, and the like (see, e.g., Principles and Practice of Immunoassay, 1991, Eds. Christopher P. Price
and David J. Neoman, Stockton Press, New York, New York; Current Protocols in Molecular Biology,
1987, Eds. Ausubel et al., John Wiley and Sons, New York, New York). Standard techniques known in
the art for ELISA are described in Methods in Immunodiagnosis, 2nd Ed:, Eds. Rose and Bigazzi, John
Wiley and Sons, New York 1980; and Campbell et al., 1984, Methods in Immunology, W.A. Benjamin,
Inc.). Such assays may be direct, indirect, competitive, or noncompetitive as described in the art (see,
e.g., Principles and Practice of Immunoassay, 1991, Eds. Christopher P. Price and David J. Neoman,
Stockton Pres, NY, NY; and Oellirich, M., 1984, J. Clin. Chem. Clin. Biochem., 22:895-904). Proteins
may be isolated from test specimens and biological samples by conventional methods, as described in
Current Protocols in Molecular Biology, supra.

Exemplary antibody molecules for use in the detection and therapy methods of the present
invention are intact immunoglobulin molecules, substantially intact immunoglobulin molecules, or those
portions of immunoglobulin molecules that contain the antigen binding site. Polyclonal or monoclonal
antibodies may be produced by methods conventionally known in the art (e.g., Kohler and Milstein,
1975, Nature, 256:495-497; Campbell Monoclonal Antibody Technology, the Production and
Characterization of Rodent and Human Hybridomas, 1985, In: Laboratory Techniques in Biochemistry
and Molecular Biology, Eds. Burdon et al., Volume 13, Elsevier Science Publishers, Amsterdam). The
antibodies or antigen binding fragments thereof may also be produced by genetic engineering. The
technology for expression of both heavy and light chain genes in E. coli is the subject of PCT patent
applications, publication number WO 901443, WO 901443 and WO 9014424 and in Huse et al., 1989,
Science, 246:1275-1281. The antibodies may also be humanized (e.g., Queen, C. et al. 1989 Proc. Natl.
Acad. Sci.USA 86;10029).

Effect(s) of the polymorphisms identified herein on expression of SCYA3 may be investigated
by preparing recombinant cells and/or nonhuman recombinant organisms, preferably recombinant

animals, containing a polymorphic variant of the SCYA3 gene. As used herein, “expression” includes
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but is not limited to one or more of the following: transcription of the gene into precursor mRNA;
splicing and other processing of the precursor mRNA to produce mature mRNA; mRNA stability;
translation of the mature mRNA into SCYA3 protein (including codon usage and tRNA availability);
and glycosylation and/or other modifications of the translation product, if required for proper expression
and function.

To prepare a recombinant cell of the invention, the desired SCYA3 isogene may be introduced
into the cell in a vector such that the isogene remains extrachromosomal. In such a situation, the gene
will be expressed by the cell from the extrachromosomal location. In a preferred embodiment, the
SCYA3 isogene is introduced into a cell in such a way that it recombines with the endogenous SCYA3
gene present in the cell. Such recombination requires the occurrence of a double recombination event,
thereby resulting in the desired SCYA3 gene polymorphism. Vectors for the introduction of genes both
for recombination and for extrachromosomal maintenance are known in the art, and any suitable vector
or vector construct may be used in the invention. Methods such as electroporation, particle
bombardment, calcium phosphate co-precipitation and viral transduction for introducing DNA into cells
are known in the art; therefore, the choice of method may lie with the competence and preference of the
skilled practitioner. Examples of cells into which the SCYA3 isogene may be introduced include, but
are not limited to, continuous culture cells, such as COS, NIH/3T3, and primary or culture cells of the
relevant tissue type, i.e., they express the SCYA3 isogene. Such recombinant cells can be used to
compare the biological activities of the different protein variants.

Recombinant nonhuman organisms, i.e., transgenic animals, expressing a variant SCYA3 géne
are prepared using standard procedures known in the art. Preferably, a construct comprising the variant
gene is introduced into a nonhuman animal or an ancestor of the animal at an embryonic stage, i.e., the
one-cell stage, or generally not later than about the eight-cell stage. Transgenic animals carrying the
constructs of the invention can be made by several methods known to those having skill in the art. One
method involves transfecting into the embryo a retrovirus constructed to contain one or more insulator
elements, a gene or genes of interest, and other components known to those skilled in the art to provide a
complete shuttle vector harboring the insulated gene(s) as a transgene, see e.g., U.S. Patent No.
5,610,053. Another method involves directly injecting a transgene into the embryo. A third method
involves the use of embryonic stem cells. Examples of animals into which the SCYA3 isogenes may be
introduced include, but are not limited to, mice, rats, other rodents, and nonhuman primates (see "The
Introduction of Foreign Genes into Mice" and the cited references therein, In: Recombinant DNA, Eds.
J.D. Watson, M. Gilman, J. Witkowski, and M. Zoller; W.H. Freeman and Company, New York, pages
254-272). Transgenic animals stably expressing a human SCYA3 isogene and producing human
SCYA3 protein can be used as biological models for studying diseases related to abnormal SCYA3
expression and/or activity, and for screening and assaying various candidate drugs, compounds, and
treatment regimens to reduce the symptoms or effects of these diseases.

An additional embodiment of the invention relates to pharmaceutical compositions for treating
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disorders affected by expression or function of a novel SCYA3 isogene described herein. The
pharmaceutical composition may comprise any of the following active ingredients: a polynucleotide
comprising one of these novel SCYA3 isogenes; an antisense oligonucleotide directed against one of the
novel SCYAS3 isogenes, a polynucleotide encoding such an antisense oligonucleotide, or another
compound which inhibits expression of a novel SCYA3 isogene described herein. Preferably, the
composition contains the active ingredient in a therapeuticalily effective amount. By therapeutically
effective amount is meant that one or more of the symptoms relating to disorders affected by expression
or function of a novel SCYA3 isogene is reduced and/or eliminated. The composition also comprises a
pharmaéeutically acceptable carrier, examples of which include, but are not limited to, saline, buffered
saline, dextrose, and water. Those skilled in the art may employ a formulation most suitable for the
active ingredient, whether it is a polynucleotide, oligonucleotide, protein, peptide or small molecule
antagonist. The pharmaceutical composition may be administered alone or in combination with at least
one other agent, such as a stabilizing compound. Administration of the pharmaceutical composition
may be by any number of routes including, but not limited to oral, intravenous, intramuscular, intra-
arterial, intramedullary, intrathecal, intraventricular, intradermal, transdermal, subcutaneous,
intraperitoneal, intranasal, enteral, topical, sublingual, or rectal. Further details on techniques for
formulation and administration may be found in the latest edition of Remington’s Pharmaceutical
Sciences (Maack Publishing Co., Easton, PA).

For any composition, determination of the therapeutically effective dose of active ingredient
and/or the appropriate route of administration is well within the capability of those skilled in the art. For
example, the dose can be estimated initially either in cell culture assays or in animal models. The
animal model may also be used to determine the appropriate concentration range and route of
administration. Such information can then be used to determine useful doses and routes for
administration in humans. The exact dosage will be determined by the practitioner, in light of factors
relating to the patient requiring treatment, including but not limited to severity of the disease state,
general health, age, weight and gender of the patient, diet, time and frequency of administration, other
drugs being taken by the patient, and tolerance/response to the treatment.

Any or all analytical and mathematical operations involved in practicing the methods of the
present invention may be implemented by a computer. In addition, the computer may execute a program
that generates views (or screens) displayed on a display device and with which the user can interact to
view and analyze large amounts of information relating to the SCYA3 gene and its genomic variation,
including chromosome location, gene structure, and gene family, gene expression data, polymorphism
data, genetic sequence data, and clinical data population data (e.g., data on ethnogeographic origin,
clinical responses, genotypes, and haplotypes for one or more populations). The SCYA3 polymorphism
data described herein may be stored as part of a relational database (e.g., an instance of an Oracle
database or a set of ASCII flat files). These polymorphism data may be stored on the computer’s hard

drive or may, for example, be stored on a CD-ROM or on one or more other storage devices accessible
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by the computer. For example, the data may be stored on one or more databases in communication with
the computer via a network.

Preferred embodiments of the invention are described in the following examples. Other
embodiments within the scope of the claims herein will be apparent to one skilled in the art from
consideration of the specification or practice of the invention as disclosed herein. It is intended that the
specification, together with the examples, be considered exemplary only, with the scope and spirit of the

invention being indicated by the claims which follow the examples.

EXAMPLES
The Examples herein are meant to exemplify the various aspects of carrying out the invention
and are not intended to limit the scope of the invention in any way. The Examples do not include
detailed descriptions for conventional methods employed, such as in the performance of genomic DNA
isolation, PCR and sequencing procedures. Such methods are well-known to those skilled in the art and
are described in numerous publications, for example, Sambrook, Fritsch, and Maniatis, "Molecular

Cloning: A Laboratory Manual", 2™ Edition, Cold Spring Harbor Laboratory Press, USA, (1989).
EXAMPLE 1
This example illustrates examination of various regions of the SCYA3 gene for polymorphic

sites.

Amplification of Target Regions

The following target regions of the SCYA3 gene were amplified using PCR primer pairs. The
primers used for each region are represented below by providing the nucleotide positions of their initial

and final nucleotides, which correspond to positions in Figure 1.

PCR Primer Pairs
Fragment No. Forward Primer Reverse Primer PCR Product
Fragment 1 1561-1580 complement of 2148-2126 588 nt
Fragment2  1842-1862 complement of 2363-2341 522 nt
Fragment 3 1888-1911 complement of 2483-2459 596 nt
Fragment4  2626-2650 complement of 3119-3098 494 nt
FragmentS  3205-3229 complement of 3761-3741 557 nt

These primer pairs were used in PCR reactions containing genomic DNA isolated from
immortalized cell lines for each member of the Index Repository. The PCR reactions were carried out

under the following conditions:

Reaction volume =10ul
10 x Advantage 2 Polymerase reaction buffer (Clontech) = 1lpul
100 ng of human genomic DNA =1l
10 mM dNTP = 0.4l
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Advantage 2 Polymerase enzyme mix (Clontech) =02l
Forward Primer (10 uM) =04 ul
Reverse Primer (10 pM) = 04 pl
Water =6.6ul
Amplification profile:

97°C - 2 min. 1 cycle

97°C - 15 sec.

70°C - 45 sec. 10 cycles

72°C - 45 sec.

97°C - 15 sec.

64°C - 45 sec. 35 cycles

72°C - 45 sec.

Sequencing of PCR Products

The PCR products were purified using a Whatman/Polyfiltronics 100 ul 384 well unifilter plate
essentially according to the manufacturers protocol. The purified DNA was eluted in 50 pl of distilled
water. Sequencing reactions were set up using Applied Biosystems Big Dye Terminator chemistry
essentially according to the manufacturers protocol. The purified PCR products were sequenced in both
directions using the primer sets described previously or those represented below by the nucleotide
positions of their initial and final nucleotides, which correspond to positions in Figure 1. Reaction

products were purified by isopropanol precipitation, and run on an Applied Biosystems 3700 DNA

Analyzer.
Sequencing Primer Pairs
Fragment No.  Forward Primer Reverse Primer
Fragment 1 1592-1611 complement of 2100-2081
Fragment 2 1891-1911 complement of 2279-2259
Fragment 3 1929-1948 complement of 2439-2420
Fragment 4 2715-2734 complement of 3088-3069
Fragment 5 3254-3273 complement of 3601-3582

Analysis of Sequences for Polymorphic Sites

Sequences were analyzed for the presence of polymorphisms using the Polyphred program
(Nickerson et al., Nucleic Acids Res. 14:2745-2751, 1997). The presence of a polymorphism was
confirmed on both strands. The polymorphisms and their locations in the SCYA3 gene are listed in
Table 3 below.
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Table 3. Polymorphic Sites Identified in the SCYA3 Gene

Polymorphic Reference Variant
Site Number Polyld® Nucleotide Position  Allele Allele
PS1 3325147 1909 C T
PS2 3325149 2005 C T
PS3 3325151 2181 A G
PS4 3325153 2193 C T
PS5 3325161 2820 C T
PSé6 3325163 2858 G A
PS7 3325165 2886 C T
PS8 3325167 2948 C T
PS9 3325169 3239 A G
PS10 3325171 3334 T G
PS11 3325177 3422 G T
PS12 3325183 3500 G A
PS13 3325185 3603 G A
PS14 3325187 3629 A T
PS15 3325189 3722 C G

“PolyID is a unique identifier assigned to each polymorphic site by Genaissance Pharmaceuticals, Inc.

EXAMPLE 2

This example illustrates analysis of the SCYA3 polymorphisms identified in the Index
Repository for human genotypes and haplotypes.

The different genotypes containing these polymorphisms that were observed in the reference
population are shown in Table 4 below, with the haplotype pair indicating the combination of haplotypes
determined for the individual using the haplotype derivation protocol described below. In Table 4,
homozygous positions are indicated by one nucleotide and heterozygous positions are indicated by two
nucleotides. Missing nucleotides in any given genotype in Table 4 were inferred based on linkage

disequilibrium and/or Mendelian inheritance.
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Table 4 (Part 1). Genotypes and Haplotype Pairs Observed for SCYA3 Gene
Genotype Polymorphic Sites
Number | PS1 | PS2 | PS3 | PS4 | PS5 | PS6 | PS7 | PS8 | PS9 | PS10]| Hap Pair
1 C C A C C G C C A T 1 1
2 C C A C C G C C A/G T 1 2
3 C C A C C G C C A G 1 3
4 C C A Cc C G C C A T 1 4
5 C C A C CIT G C C A T 1 6
6 C C AIG C C G C C A T 1 7
7 C C A C C G C C A T 1 8
8 C CIT A Cc C G ] C A T 1 9
9 C/T C A CIT C G C C/T | AIG T 1 10
10 C C A C C G/A Cc C/T | AIG T 1 11
11 C C A C C G C CIT A T 1 12
12 C C A C CT G C C/IT | AIG T 1 13
13 C C A C C G C T G T 2 2
14 C C A C C G ] CT | AG| TIG 2 3
15 C C AIG C C G Cc CT | AIG T 2 7
16 C C A C C G CIT T - T 2 14
17 C C AIG C C G C C A T 4 7
18 T C A T C G C T G T 5 5
Table 4 (Part 2). Genotypes and Haplotype Pairs Observed for SCYA3 Gene
Genotype Polymorphic Sites
Number PS11 | PS12 | PS13 | PS14 | PS15 Hap Pair
1 G G G A C 1 1
2 G G G A C/G 1 2
3 G G G A C 1 3
4 G G/A G A - 1 4
5 G G G A cC 1 6
6 G G G A C 1 7
7 G G G/A AT C 1 8
8 G G G AT C 1 9
9 G/T G/A G A C/IG 1 10
10 G G G A C/IG 1 11
11 G G G A C 1 12
12 G G G A CIG 1 13
13 G G G A G 2 2
14 - G G G A C/IG 2 3
15 G G G A C/IG 2 7
16 G G G A G 2 14
17 G G/A G A C 4 7
18 T G G A G 5 5

The haplotype pairs shown in Table 4 were estimated from the unphased genotypes using a
computer-implemented extension of Clark’s algorithm (Clark, A.G. 1990 Mol Bio Evol 7, 111-122) for
assigning haplotypes to unrelated individuals in a population sample. In this method, haplotypes are
assigned directly from individuals who are homozygous at all sites or heterozygous at no more than one
of the variable sites. This list of haplotypes is augmented with haplotypes obtained frqm two families

(one three-generation Caucasian family and one two-generation African-American family) and then used
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to deconvolute the unphased genotypes in the remaining (multiply heterozygous) individuals.
By following this protocol, it was determined that the Index Repository examined herein and, by

extension, the general population contains the 14 human SCYA3 haplotypes shown in Table 5 below.

Table 5. Haplotypes Identified in the SCYA3 Gene
Polymorphic Sites
Haplotype PS|PS|PS|PS]|PS|PS
Number |PS1|PS2|PS3|PS4|PS5|PS6|PS7|PS8{Psa| 10| 11| 12| 13| 14| 15
1 C C A Cc C G| Ci}iC A T G| G G| A C
2 C C A Cc C G| C T G T G| G| G| A} G
3 C C A C C G| C|C Al G Gl G}J]G|A]C
4 C C A C C G| C]|] C A T G| A G| A C
5 T C A T C G| C T G T T G G| A] G
6 C C A Cc T G| C]| C A T G| G G| A C
7 C C G C C G| C]| C A T G| G| G| A]|]C
8 C C A C C G| C]|] C A TIGI G| A T| C
9 C T A Cc C Gl]C| C A T G| G| G T C
10 T C A T C G| C T G T T A G| A| G
11 C C A C C Al C T G T G| G| G| A]|] G
12 C C A C C G| C T A T G| G| G| A]|C
13 C C A C T G| C T G T G| G| G| A] G
14 C C A Cc C G| T T G T G| G| G]A]|G

In Table 6 below, the number of chromosomes characterized by a given haplotype is shown,

arranged by the ethnic background of the subjects in the index repository.

Table 6: Frequency of Observed Haplotypes

Hap No. AF AS CA HL AM Total
1 20 30 28 31 6 115
2 6 8 12 4 0 30
3 3 0 0 0 0 3
4 3 0 0 0 0 3
5 2 0 0 0 0 2
6 1 0 0 0 0 1
7 1 0 0 0 0 1
8 1 0 0 0 0 1
9 1 0 0 0 0 1
10 1 0 0 0 0 1
11 0 1 0 0 0 1
12 0 0 0 1 0 1
13 1 0 0 0 0 1
14 0 1 0 0 0 1

In Table 7 below, the number of subjects characterized by a given haplotype pair is shown,

arranged by the ethnic background of the subjects in the index repository.
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Table 7: Frequency of Observed Hap Pairs
A AF AS HL
12 14

Hap Pair
1/1
1/2
1/3
1/4
1/5
1/6
177
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2/14
4/7
5/5
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In view of the above, it will be seen that the several advantages of the invention are achieved
and other advantageous results attained.

As various changes could be made in the above methods and compositions without departing
from the scope of the invention, it is intended that all matter contained in the above description and
shown in the accompanying drawings shall be interpreted as illustrative and not in a limiting sense.

All references cited in this specification, including patents and patent applications, are hereby
incorporated in their entirety by reference. The discussion of references herein is intended merely to
summarize the assertions made by their authors and no admission is made that any reference constitutes

prior art. Applicants reserve the right to challenge the accuracy and pertinency of the cited references.
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What is Claimed is:

1. A method for haplotyping the small inducible cytokine A3 (SCYA3) gene of an individual
which comprises determining whether the individual has one of the SCYA3 haplotypes shown
in Table 5 or one of the haplotype pairs shown in Table 4.

2. The method of claim 1, wherein the determining step comprises identifying the phased sequence
of nucleotides present at each of PS1-15 on at least one copy of the individual’s SCYA3 gene.

3. The method of claim 1, wherein the determining step comprises identifying the phased sequence
of nucleotides present at each of PS1-15 on both copies of the individual’s SCYA3 gene.

4. A method for genotyping the small inducible cytokine A3 (SCYA3) gene of an individual,
comprising determining for the two copies of the SCYA3 gene present in the individual the
identity of the nucleotide pair at one or more polymorphic sites selected from the group
consisting of PS1, PS2, PS3, PS4, PSS, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14,
and PS15.

5. The method of claim 4, wherein the determining step comprises:

(a) isolating from the individual a nucleic acid mixture comprising both copies of the SCYA3
gene, or a fragment thereof], that are present in the individual;

(b) amplifying from the nucleic acid mixture a target region containing the selected
polymorphic site;

(c) hybridizing a primer extension oligonucleotide to one allele of the amplified target region;
(d) performing a nucleic acid template-dependent, primer extension reaction on the hybridized
genotyping oligonucleotide in the presence of at least two different terminators of the

reaction, wherein said terminators are complementary to the alternative nucleotides present
at the selected polymorphic site; and

(e) detecting the presence and identity of the terminator in the extended genotyping
oligonucleotide.

6. The method of claim 4, which comprises determining for the two copies of the SCYA3 gene
present in the individual the identity of the nucleotide pair at each of PS1-15.

7. A method for haplotyping the small inducible cytokine A3 (SCYA3) gene of an individual which
comprises determining, for one copy of the SCYA3 gene present in the individual, the identity of
the nucleotide at two or more polymorphic sites selected from the group consisting of PS1, PS2,
PS3, PS4, PS5, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14, and PS15.

8.  The method of claim 7, wherein the determining step comprises:

(a) isolating from the individual a nucleic acid sample containing only one of the two copies of
the SCYAS3 gene, or a fragment thereof, that is present in the individual;

(b) amplifying from the nucleic acid molecule a target region containing the selected
polymorphic site;

(c) hybridizing a primer extension oligonucleotide to one allele of the amplified target region;
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(d) performing a nucleic acid template-dependent, primer extension reaction on the hybridized
genotyping oligonucleotide in the presence of at least two different terminators of the
reaction, wherein said terminators are complementary to the alternative nucleotides present
at the selected polymorphic site; and

(e) detecting the presence and identity of the terminator in the extended genotyping
oligonucleotide.

A method for predicting a haplotype pair for the small inducible cytokine A3 (SCYA3) gene of an

individual comprising;:

(a) identifying a SCYA3 genotype for the individual, wherein the genotype comprises the
nucleotide pair at two or more polymorphic sites selected from the group consisting of
PS1-15;

(b) enumerating all possible haplotype pairs which are consistent with the genotype;

(¢) comparing the possible haplotype pairs to the data in Table 4; and

(d) assigning a haplotype pair to the individual that is consistent with the data.

The method of claim 9, wherein the identified genotype of the individual comprises the nucleotide

pair at each of PS1-15.

A method for identifying an association between a trait and at least one haplotype or haplotype

pair of the small inducible cytokine A3 (SCYA3) gene which comprises comparing the frequency

of the haplotype or haplotype pair in a population exhibiting the trait with the frequency of the
haplotype or haplotype pair in a reference population, wherein the haplotype is selected from
haplotypes 1-14 shown in Table 5 and the haplotype pair is selected from the haplotype pairs
shown in Table 4, wherein a higher frequency of the haplotype or haplotype pair in the trait
population than in the reference population indicates the trait is associated with the haplotype or
haplotype pair. ‘

The method of claim 11, wherein the trait is a clinical response to a drug targeting SCYA3.

A composition comprising at least one genotyping oligonucleotide for detecting a polymorphism

in the small inducible cytokine A3 (SCYA3) gene at a polymorphic site selected from the group

consisting of PS1, PS2, PS3, PS4, PSS, PS6, PS7, PS8, PS9, PS10, PS11, PS12, PS13, PS14, and

PS15.

The composition of claim 13, wherein the genotyping oligonucleotide is an allele-specific

oligonucleotide that specifically hybridizes to an allele of the SCYA3 gene at a region containing

the polymorphic site.

The composition of claim 14, wherein the allele-specific oligonucleotide comprises a nucleotide

sequence selected from the group consisting of SEQ ID NOS:4 -18, the complements of SEQ ID

NOS:4-18, and SEQ ID NOS:19-48.

The composition of claim 13, wherein the genotyping oligonucleotide is a primer-extension

oligonucleotide.
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The composition of claim 16, wherein the primer extension oligonucleotide comprises a

nucleotide sequence selected from the group consisting of SEQ ID NOS:49- 78.

A kit for genotyping the SCYA3 gene of an individual, which comprises a set of oligonucleotides

designed to genotype each of PS1, PS2, PS3, PS4, PSS, PS6, PS7, PS8, PS9, PS10, PS11, PS12,

PS13, PS14, and PS15.

An isolated polynucleotide comprising a nucleotide sequence selected from the group consisting

of:

(a)  afirst nucleotide sequence which is a polymorphic variant of a reference sequence for the
small inducible cytokine A3 (SCYA3) gene or a fragment thereof, wherein the reference
sequence comprises SEQ ID NO:1 and the polymorphic variant comprises a SCYA3
isogene defined by a haplotype selected from the group consisting of haplotypes 1-14 in
Table 5; and

(b)  asecond nucleotide sequence which is complementary to the first nucleotide sequence.

The isolated polynucleotide of claim 19, which is a DNA molecule and comprises both the first

and second nucleotide sequences and further comprises expression regulatory elements operably

linked to the first nucleotide sequence.

A recombinant nonhuman organism transformed or transfected with the isolated polynucleotide of

claim 20, wherein the organism expresses a SCYA3 protein encoded by the first nucleotide

sequence.

The recombinant organism of claim 21, which is a nonhuman transgenic animal.

The isolated polynucleotide of claim 19, wherein the first nucleotide sequence is a polymorphic

variant of a fragment of the SCYA3 gene, the fragment comprising one or more polymorphisms

selected from the group consisting of thymine at PS1, thymine at PS2, guanine at PS3, thymine at

PS4, thymine at PSS, adenine at PS6, thymine at PS7, thymine at PS8, guanine at PS9, guanine at

PS10, thymine at PS11, adenine at PS12, adenine at PS13, thymine at PS14 and guanine at PS15.

An isolated polynucieotide comprising a nucleotide sequence which is a polymorphic variant of a

reference sequence for the SCYA3 cDNA or a fragment thereof, wherein the reference sequence

comprises SEQ ID NO:2 and the polymorphic variant comprises the coding sequence of a SCYA3

isogene defined by one of the haplotypes shown in Table 5.

A recombinant nonhuman organism transformed or transfected with the isolated polynucleotide of

claim 24, wherein the organism expresses a small inducible cytokine A3 (SCYA3) protein

encoded by the polymorphic variant sequence.

The recombinant organism of claim 25, which is a nonhuman transgenic animal.

An isolated polypeptide comprising an amino acid sequence which is a polymorphic variant of a

reference sequence for the SCYA3 protein or a fragment thereof, wherein the reference sequence

comprises SEQ ID NO:3 and the polymorphic variant is encoded by an isogene defined by one of

the haplotypes shown in Table 5.
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An isolated antibody specific for and immunoreactive with the isolated polypeptide of claim 27.

A method for screening for drugs targeting the isolated polypeptide of claim 27 which comprises

contacting the SCYA3 polymorphic variant with a candidate agent and assaying for binding

activity.

A computer system for storing and analyzing polymorphism data for the small inducible cytokine

A3 gene, comprising:

(a)
(b)
(c)
(d
(e)

a central processing unit (CPU);
a communication interface;

a display device;

an input device; and

a database containing the polymorphism data;

wherein the polymorphism data comprises the genotypes and haplotype pairs shown in Table 4

and the haplotypes shown in Table 5.

A genome anthology for the small inducible cytokine A3 (SCYA3) gene which comprises

SCYA3 isogenes defined by any one of haplotypes 1-14 shown in Table 5.
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POLYMORPHISMS IN THE SCYA3 GENE
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TCATTCAGTT
AGCATCAGCC
GAATTGCAGC
CAGTTCTTAT
CCCCTCTTCA
GTCATGAGTT
TGGATATCCT
AGCATGACAG
CCATTTCCCC

ACTTCAGAAG
GCTGACACTC

CCACTGCTGC

TTCTCTGCAT

GGCCATGGTT
T

GAGAAAAGAG
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AACTTCTTAA
ATTTTTATCT
TCTAGGCAGG
GGTTCGARAC
CCCAGTGGGG
GCTCTGTCCC
TGGGGTATGA
AAGAGAACAG
CACTATGAAG
ATTTCTCAGC
GCCTGCCTTC
CTGAGCTGTG

[exon
ACACGCCGAC
A
AATTTCATAG

TGTCATGTAA

TCAGGGTTGG
CTTCAGGAGC
GACTTGGAGC
CAGCCCAGAG
GCCACCCCTA

GGGGCCCCTG
AATGGTGGGG

CTTAACTCTT
[exon
GGTCTGTGCT

TGGAGCTGAG

GTGGGCCCAG
GACCTCCACA
CTGTGGGACT
A
TTTGTAATTT
GAGTTCCCCT

GAGTGGCTGT
ACTGACAAAT
GGAAATAATA
TTTGTTTTTC
AGATTAGGAA
ACCACAGAGT
ACTACGAATA
TC

AGGGCTGCCA
CTAGAAGGGG
GGCAGGGGAG
GAATCAGTTA
TATGTTGTTC
TTGGATGTCT
CTTCTTGAAC
TCCGTTCAGG
AGTCAAGGAG
AAAANATGCCC
CTCAACTGCT
ACTCGGGCTC

T
2: 2842..
CGCCTGCTGC

CTGACTACTT

GTGCCAGTCT

2/4

AACATCTTGG
TCTTAGCCCC
TTACAGTCCC
GCAAGAGGCA
ACTCTCCAGC
TATGAGAGAT
CAGACAAAAT
TATCTGGATC
AAAGAAGGAT
AAATGCCTTC
CGGGGATCAG
ATTCTCTTCC

TTCAGCTACA
TGAGACGAGC

TCCTGCTCAC

..2956]

GGCAGAGACA
CTATCGGGGA
TGGAGTGAGG
GAAAGGGACA
CTGAGTCACT

AAAGAGGAGC
CCATGGTGGG

CCTCCCTTCT
3: 3377..
GACCCCAGTG

TGCCTGAGGG

GGCCAGAAGG
TACAGGACGC
CATGTGTTAC
GGAAGAAGGA
GAGAGAAGCT

AAGCCCTGAG
CCCAGGATTC

CCACAGCTTC
AGGAGTGGGT

T
GTCCAGAAGC

..3467]

TGGGGAGGAG
GCTACCTCTT
CTTCTTAACT

ATTTTCGATT
GTCCCCTCCC

CATCAGCCTG
GTGTATCGGA
AAGATGCTCT
TGGCAAATCA
GAGGTGAAAT
TATCCACTTT
TGTTATAACT

CAGGAGCCTG
CTATGGACTG
TAAATTTTAA
T
TCACAGTGTG
CCTTCCCTCA
G
TGTAGGCAGT
TGCTTTTGTT
TTTAAAAGGT
AAATCACTGG
GGAGGGAAAT
ACAACGGAGA
CAAATCATAA

TCTTTCTCTT
CTAGTCTCCA
TTTTACAGAT
GAATCCAGGG
TCACTCTAGG
GTCCAAGGCT
TCCCTGAAGA
ACACAGAGAA
ACAGACAGAA
CAGTCACTTG
AAGCTGCCTG
TTTCTCCACA

CCTCCCGGCA
T
AGCCAGTGCT

CTCTATGGAG

CTATCCTGGA
AGGGCTCCGA
AGAGTCAGGA
GGCAGCGGGA
CTCTAGACAG
G
CTGCCCAGGA
CCCTGCTGGA
G
CTAACCAAGC

CCAGAAATAT

TTCGAGGCCC

AGCCTTGGGA
GTTGTTGCCA
TTTATTTATA

TTTGTGATTG
CACCGCGTCT

CATGGCACCA
CAGGGCTGTG
AAACCAGTAT
TTAAGAGGAA
TGGGAGAGAT
CACAGTTCTG
CATGCATGCT

FIGURE 1B

TAAGACTTTT
GGTATGAGAA
AGAAAAACAG
CTGCTTACTT
TCTCCCAGGA
TCTCTTGGGT
GAACTGAGAT
ACAGAGAACC
ACAAAGAGAC
GTCTGAGCAA
GCCTTTTCTT
GTTGCTGCTG

GATTCCACAG

CCAAGCCCGG
T
GTAGGGAGGG

AAGGCCCAGC
GGTGTGACCT
AGGGCTGCCC
CACTCTGAGG
AGATAGGCAG

CAGAGAGCAG
TTCCCCAGTG

GAAGCCGGCA

GTCAGCGACC

AGCGACCTCG
A

ACATGCGTGT
AACAGCCACA
CTATTTAGTT

TTTGCTCTGA
GGTGACAACC

AAGCCACCAG
ATCGGCCTGG
TGAGTTTGGT
TCATAGGCAA
GGGGAGGGCT
GAACATTGAA
CTAGGAGAAT
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3/4

POLYMORPHISMS IN THE CODING SEQUENCE OF SCYA3

ATGCAGGTCT
CTGCAACCAG

GCTTCAGCTA

TTTGAGACGA

GCGAAGCCGG

ATGTCAGCGA

CCACTGCTGC
TTCTCTGCAT

CACCTCCCGG
T

GCAGCCAGTG

CAGGTCTGTG

CCTGGAGCTG

CCTTGCTGTC CTCCTCTGCA CCATGGCTCT

CACTTGCTGC TGACACGCCG ACCGCCTGCT
A

CAGATTCCAC AGAATTTCAT AGCTGACTAC

CTCCAAGCCC GGTGTCATCT TCCTAACCAA
T
CTGACCCCAG TGAGGAGTGG GTCCAGAAAT
T
AGTGCCTGA

FIGURE 2
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4/4

ISOFORMS OF THE SCYA3 PROTEIN

MQVSTAALAV LLCTMALCNQ FSASLAADTP TACCFSYTSR QIPONFIADY

W
FETSSQCSKP GVIFLTKRSR QVCADPSEEW VQKYVSDLEL SA

D

FIGURE 3
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SEQUENCE LISTING

<110> Genaissance Pharmaceuticals, Inc.

Koshy, Beena
Chew, Anne
Choi, Julie Y.
Stephens, J. Claiborne

<120> HAPLOTYPES IN THE SCYA3 GENE

<130> MWH-0482PCT SCYA3

<140>
<141>

TBA
2001-03-30

<150>
<151>

60/197,830
2000-04-14

<160> 79

<170>

<210> 1

<211> 4102
<212> DNA
<213> Homo

<400> 1

gaattccaaa
tatcaactct
ctttatcatc
tctgaaccca
ctaaatcccg
ccaaccctct
ttctactagg
cctgeccecca
atttctcatt
ggaaaagaaa
aattatgtat
atagtatagg
aaaccattga
acaacaacct
atttgtgggc
aaaagaaaaa
tcattcttta
aggaatatat
agtacaaata
cgtatcttgc

PatentIn Ver.

sapien

ggcatggtcg
aacccctttg
catattcacc
caatgtcaca
ggcagttatc
ggtggaaggt
agtcctagca
cgagatcagg
ataaaatgag
aaaaagcata
tgaaaagaat
atccttaaaa
acagaaactt
atttttcaac
tgaccaagaa
aataagaaaa
aggcatgtat
atatatttgt
tatatatata
tttttttaac

2.

1

cacttggctt
gggggaatac
cccactgcetc
ctcaggactc
cagacacaac
cacttcttcc
ctttcggceta
ggcatctcag
gtatgctgat
taatctggct
aagtaaaaaa
tggttcaaag
cagcatattt
cagtgatgtt
ggtaataaag
taaatcaccc
ttccaagcect
acaaatatat
tttgtacaat
cactgatgtt

ctgtcctcectg
aaggcctgtc
tgcagctcca
tgcctcagcet
taaagttcca
cctegtggga
aatgctacaa
aaacaaagat
tgattgtgaa
gagaaggtag
ctgcttcaat
aaatgggaaa
atcaataatt
ggaaatgttt
tctaactaag
agggacctat
ttgtattttt
atgtgtatat
tcttcagact
ataagcatat

ttattctcca
ctggtttggt
ctgaagcacc
gggcactcat
tccecttcececat
ttctgagett
ttacctgttc
cattaaaacc
agaataaaat
agacccttcc
ttggcatgat
tcaagacttc
tctttcagat
ttttaaaaat
taaaatgaga
cacacaaata
ttccatgcett
gtacaaatac
ttgtagaatt
ttatgccact

gcatcaaatg
cccaatttag
ccctctttec
ctatagatgc
gaagccttcc
tcatttcttt
atacactcta
aactaaatct
aacaaagtat
acaccactga
ttatgtaagt
attttggcca
taaacaactg
tagtttataa
aaaattcaga
taagaactat
agggttggca
atgtatatat
tgtataatgt
tcattcattt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
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tagagactta
tagctttgtt
tggctccata
atggctacag
gatccacaac
tgactgaaac
gggaggagga
ttatagcagc
atgcacagac
ccecctettea
gagagctgag
ggtcaccagg
tcectectea
ctggtttcag
gctgacactc
ccttgetgtce
tgagtttcgt
tgtggcctaa
tctttctett
ggtatgagaa
ggttcgaaac
tatgttgttc
tatgagagat
tccctgaaga
acagagaacc
atttctcagc
ctcaactgct
attctcttce
cctececggea
ccaagcccgg
tcagggttgg
ctatcgggga
catgtgttac
ggcagcggga
agataggcag
aatggtgggg
cctececcttet
aggagtgggt
ttcgaggccce
acatgcgtgt
ctgtgggact
attttcgatt
ccttcectea
catggcacca
atcggcctgg
tttgttttte
gaggtgaaat
acaacggaga

ataataaatg
tattttagag
tttgggttgt
atatttctag
tagcgtttaa
atgacctcat
agggttgtgc
tgaggaagca
cagttcttat
cactcacagg
agttagagaa
gaccctgagt
cccccagatt
acttcagaag
gagcccacat
ctcctcectgea
tgtgggtatc
aagcccccaa
taagactttt
tctaggcagg
gaatcagtta
actctccagce
gtccaaggct
gaactgagat
cactatgaag
aaaaatgccc
cggggatcag
tttctccaca
gattccacag
tgtcatgtaa
ggcagagaca
tacaggacgc
agagtcagga
cactctgagg
ggggcccectg
ccatggtggg

.ccacagcttc

ccagaaatat
agcgacctcg
gacctccaca
cttcttaact
tcacagtgtg
caccgcgtct
aagccaccag
ggaaataata
tggcaaatca

ggagggaaat
cacagttctg

atctagtgga
ttataaacga
ttccacagaa
gcacctgaca
cacagcgceccc
gctttctatt
agccctccac
gaattgcage
gagaagggac
agaaaccatt
tagctcaaag
tgtgcaactt
ccatttcccc
gacacgggca
tcecgtcacct
ccatggctct
accactctct
gagaaaagag
atttttatct
ggcaggggag
gcaagaggca
tcactctagg
tctettgggt
aagagaacag
agtcaaggag
aaatgccttc
aagctgcctg
gttgctgctg
aatttcatag
gtgccagtct
ggccagaagg
agggctccga
agggctgccce
gccaccccta
aaagaggagc
cccaggattc
ctaaccaagc
gtcagcgacc
gtgggcccag
gctacctctt
taaattttaa
tttgtgattg
ggtgacaacc
actgacaaat
aagatgctct
aaatcactgg
tgggagagat
gaacattgaa

taatttatca
tgctgggtca
ctctttccta
tattgacacc
tagtcactac
ccteccagett
agcatcagcc
tctgtgggaa
tgactaagaa
tcecctatgaa
atgctattct
agcatgacag
atccgccagg
gcagacagtg
gctcagaatc
ctgcaaccag
ggccatggtt
aacttcttaa
ctagaagggg
ttacagtccc
gaatccaggg
tctcccagga
tggggtatga
tccgttcagg
aaagaaggat
cagtcacttg
gccttttett
acacgccgac
ctgactactt
tcctgcectcac
ctatcctgga
ggtgtgacct
cagcccagag
ctgagtcact
aagccctgag
ccectgetgga
gaagccggca
tggagctgag
tggggaggag
ctatggactg
tttatttata
tttgctctga
gagtggctgt
gtgtatcgga
tttaaaaggt
ttaagaggaa
ggggagggct
actacgaata

ttccectgatg
ggtatcttta
gaaatgcttt
cacctctaaa
atgactaata
tcattcagtt
catcaaccct
ggaatggggc
tagccttggg
actataacaa
tggatatcct
catcactacg
gctgcctata
gtcagtcctt
atgcaggtct
ttctctgecat
agaccacatc
agggctgcca
tcttagececcce
ttttacagat
ctgcttactt
gctctgtcececc
cttcttgaac
tatctggatc
acagacagaa
gtctgagcaa
ctgagctgtg
cgcctgcectgce
tgagacgagc
ctctatggag
aaggcccagce
gacttggagc
gaaagggaca
gagagaagct
ctgcccagga
ttccecagtg
ggtctgtgct
tgcctgaggg
caggagcctg
gttgttgcca
ctatttagtt
gagttcccct
catcagcecctg
tgcttttgtt
aaaccagtat
tcataggcaa
accacagagt
tgttataact

PCT/US01/10595

gagaaaaatt
tgtttgaaga
ttctaggtta
gtatttttat
aatagacaaa
ctttgcctcet
atccctgtgg
tggagagttc
ttgacatata
gtcatgagtt
gagcccctgt
cttaaaaatt
aagaggagag
tcttggetcet
ccactgctgc
cacgtgagtc
aatcttttct
aacatcttgg
ctagtctcca
agaaaaacag
cccagtgggg
ttggatgtct
cagacaaaat
acacagagaa
acaaagagac
gcctgectte
actcgggctc
ttcagctaca
agccagtgct
gtagggaggg
cttcaggagc
tggagtgagg
ggaagaagga
ctctagacag
cagagagcag
cttaactctt
gaccccagtg
gtccagaagc
agccttggga
aacagccaca
tttgtaattt
gtcccctecce
tgtaggcagt
cagggctgtg
tgagtttggt
agattaggaa
tatccacttt
caaatcataa

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3300

3960

4020

4080



WO 01/79217 PCT/US01/10595

catgcatgct ctaggagaat tc 4102

<210> 2

<211> 279

<212> DNA

<213> Homo sapien

<400> 2

atgcaggtct ccactgctgc ccttgctgtc ctcctctgca ccatggctct ctgcaaccag 60
ttctctgcat cacttgctge tgacacgccg accgectgcect gecttcagcta caccteccegg 120
cagattccac agaatttcat agctgactac tttgagacga gcagccagtg ctccaagccce 180
ggtgtcatct tcctaaccaa gcgaagccgg caggtctgtg ctgaccccag tgaggagtgg 240
gtccagaaat atgtcagcga cctggagctg agtgcctga 279

<210> 3

<211> 92

<212> PRT

<213> Homo sapien

<400> 3
Met Gln Val Ser Thr Ala Ala Leu Ala Val Leu Leu Cys Thr Met Ala
1 5 10 15

Leu Cys Asn Gln Phe Ser Ala Ser Leu Ala Ala Asp Thr Pro Thr Ala
20 25 30

Cys Cys Phe Ser Tyr Thr Ser Arg Gln Ile Pro Gln Asn Phe Ile Ala
35 40 45

Asp Tyr Phe Glu Thr Ser Ser Gln Cys Ser Lys Pro Gly Val Ile Phe
50 55 60

Leu Thr Lys Arg Ser Arg Gln Val Cys Ala Asp Pro Ser Glu Glu Trp
65 70 75 80

Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala
85 90

<210> 4

<211> 15

<212> DNA

<213> Homo sapien

<400> 4
atcactaygc ttaaa 15




WO 01/79217

<210> 5
<211> 15
<212> DNA
<213> Homo

<400> 5
aaggacaygg

<210> 6
<211> 15
<212> DNA
<213> Homo

<400> 6
gggtatcrcc

<210> 7
<211> 15
<212> DNA
<213> Homo

<400> 7
tctectggyca

<210> 8
<211> 15
<212> DNA
<213> Homo

<400> 8
tcgggctyat

<210> 9
<211> 15
<212> DNA
<213> Homo

<400> 9

acacgccrac

<210> 10

sapien

gcagc

sapien

actct

sapien

tggtt

sapien

tctct

sapien

cgcct

PCT/US01/10595

15

15

15

15

15
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<211> 15
<212> DNA

<213> Homo sapien

<400> 10 ‘
cacctccygg cagat 15

<210> 11
<211> 15
<212> DNA

<213> Homo sapien

<400> 11
ccaagccygg tgtca 15

<210> 12

<211> 15

<212> DNA

<213> Homo sapien

<400> 12
tctagacrga gatag 15

<210> 13

<211> 15

<212> DNA

<213> Homo sapien

<400> 13
attcccckge tggat 15

<210> 14

<211> 15

<212> DNA

<213> Homo sapien

<400> 14
ccagtgakga gtggg 15

<210> 15
<211> 15
<212> DNA

<213> Homo sapien




WO 01/79217

<400> 15
cgacctcrgt

<210> 16
<211> 15
<212> DNA
<213> Homo

<400> 16

ccacactrtg

<210> 17
<211> 15
<212> DNA
<213> Homo

<400> 17
aaattttwat

<210> 18
<211> 15
<212> DNA
<213> Homo

<400> 18

cctccceestt

<210> 19
<211> 15
<212> DNA
<213> Homo

<400> 19

gacagcatca

<210> 20
<211> 15
<212> DNA
<213> Homo

<400> 20
gaaattttta

gggcc

sapien

ggact

sapien

ttatt

sapien

ccectce

sapien

ctayg

sapien

agcrt

PCT/US01/10595

15

15

15

15

15

15
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<210> 21
<211> 15
<212> DNA
<213> Homo

<400> 21
cttcagaagg

<210> 22
<211> 15
<212> DNA
<213> Homo

<400> 22
ctgtctgctg

<210> 23
<211> 15
<212> DNA
<213> Homo

<400> 23
cgttgtgggt

<210> 24
<211> 15
<212> DNA
<213> Homo

<400> 24
ggccagagag

<210> 25
<211> 15
<212> DNA
<213> Homo

<400> 25
caccactctce

<210> 26

sapien

acayg

sapien

ccert

sapien

atcrc

sapien

tggyg

sapien

tggyc

PCT/US01/10595

15

15

15

15

15




WO 01/79217

<211> 15
<212> DNA
<213> Homo

<400> 26
tggtctaacc

<210> 27
<211> 15
<212> DNA
<213> Homo

<400> 27
tgtgactcgg

<210> 28
<211> 15
<212> DNA
<213> Homo

<400> 28
aaaggaagag

<210> 28
<211> 15
<212> DNA
<213> Homo

<400> 29
ctgctgacac

<210> 30
<211> 15
<212> DNA
<213> Homo

<400> 30
agcagcaggc

<210> 31
<211> 15
<212> DNA
<213> Homo

sapien

atgrc

sapien

gctya

sapien

aatra

sapien

gcera

sapien

ggtyg

sapien

PCT/US01/10595

15

15

15

15

15



WO 01/79217

<400> 31
cagctacacc

<210> 32
<211> 15
<212> DNA
<213> Homo

<400> 32
tgtggaatct

<210> 33
<211> 15
<212> DNA
<213> Homo

<400> 33
agtgctccaa

<210> 34
<211> 15
<212> DNA
<213> Homo

<400> 34
cttacatgac

<210> 35
<211> 15
<212> DNA
<213> Homo

<400> 35
aagctctcta

<210> 36
<211> 15
<212> DNA
<213> Homo

<400> 36
ccctgectat

tceyg

sapien

gcerg

sapien

gceyg

sapien

accrg

sapien

gacrg

sapien

ctcyg

PCT/US01/10595

15

15

15

15

15

15




WO 01/79217

<210> 37
<211> 15
<212> DNA
<213> Homo

<400> 37
cccaggattc

<210> 38
<211> 15
<212> DNA
<213> Homo

<400> 38
tggggaatcc

<210> 39
<211> 15

<212> DNA
<213> Homo

<400> 39
ctgaccccag

<210> 40
<211> 15
<212> DNA
<213> Homo

<400> 40
tctggaccca

<210> 41
<211> 15
<212> DNA
<213> Homo

<400> 41

gcccagcgac

<210> 42

sapien

ccckg

sapien

agcmg

sapien

tgakg

sapien

ctcmt

sapien

ctcrg

10

PCT/US01/10595

15

15

15

15

15
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<211> 15
<212> DNA
<213> Homo

<400> 42
ccactgggcec

<210> 43
<211> 15
<212> DNA
<213> Homo

<400> 43

aaacagccac

<210> 44
<211> 15
<212> DNA
<213> Homo

<400> 44
aagaagagtc

<210> 45
<211> 15
<212> DNA
<213> Homo

<400> 45
taacttaaat

<210> 46
<211> 15
<212> DNA
<213> Homo

<400> 46
agtataaata

<210> 47
<211> 15
<212> DNA
<213> Homo

sapien

cacyg

sapien

actrt

sapien

ccaya

sapien

tttwa

sapien

aatwa

sapien

11

PCT/US01/10595

15

15

15

15

15
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<400> 47
ctgtccecte ccest 15

<210> 48

<211> 15

<212> DNA

<213> Homo sapien

<400> 48
cggtgtgagg gaasg 15

<210> 49

<211> 10

<212> DNA

<213> Homo sapien

<400> 49
agcatcacta 10

<210> 50

<211> 10

<212> DNA

<213> Homo sapien

<400> 50
atttttaagc 10

<210> 51

<211> 10

<212> DNA

<213> Homo sapien

<400> 51
cagaaggaca 10

<210> 52

<211> 10

<212> DNA

<213> Homo sapien

<400> 52
tctgctgccc 10

12




WO 01/79217

<210> 53
<211> 10
<212> DNA

<213> Homo sapien

<400> 53
tgtgggtatc

<210> 54
<211> 10
<212> DNA

<213> Homo sapien

<400> 54
cagagagtgg

<210> 55

<211> 10

<212> DNA

<213> Homo sapien

<400> 55
cactctctgg

<210> 56
<211> 10
<212> DNA

<213> Homo sapien

<400> 56
tctaaccatg

<210> 57

<211> 10

<212> DNA

<213> Homo sapien

<400> 57
gactcgggct

<210> 58

13

PCT/US01/10595

10

10

10

10

10
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<211> 10
<212> DNA
<213> Homo sapien

<400> 58
ggaagagaat 10

<210> 59

<211> 10

<212> DNA

<213> Homo sapien

<400> 59
ctgacacgcc 10

<210> 60

<211> 10

<212> DNA

<213> Homo sapien

<400> 60
agcaggcggt 10

<210> 61

<211> 10

<212> DNA

<213> Homo sapien

<400> o6l

ctacacctcc . 10

<210> 62

<211> 10

<212> DNA

<213> Homo sapien

<400> 62
ggaatctgece 10

<210> 63

<211> 10

<212> DNA

<213> Homo sapien

14
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<400> 63
gctccaagcc

<210> 64
<211> 10
<212> DNA
<213> Homo

<400> 64

acatgacacc

<210> 65
<211> 10
<212> DNA
<213> Homo

<400> 65
ctctctagac

<210> 66
<211> 10
<212> DNA
<213> Homo

<400> 66

sapien

sapien

sapien

tgcctatctce

<210> 67
<211> 10
<212> DNA
<213> Homo

<400> 67
aggattcccc

<210> 68
<211> 10
<212> DNA
<213> Homo

<400> 68
ggaatccagc

sapien

sapien
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10

10

10

10

10

10
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<210> 69

<211> 10

<212> DNA

<213> Homo sapien

<400> 69
accccagtga

<210> 70

<211> 10

<212> DNA

<213> Homo sapien

<400> 70
ggacccactc

<210> 71

<211> 10

<212> DNA

<213> Homo sapien

<400> 71
cagcgacctc

<210> 72

<211> 10

<212> DNA

<213> Homo sapien

<400> 72
ctgggcccac

<210> 73

<211> 10

<212> DNA

<213> Homo sapien

<400> 73
cagccacact

<210> 74
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10

10

10

10



WO 01/79217 PCT/US01/10595

<211> 10
<212> DNA
<213> Homo sapien

<400> 74
aagagtccca 10

<210> 75

<211> 10

<212> DNA

<213> Homo sapien

<400> 75
cttaaatttt 10

<210> 76

<211> 10

<212> DNA

<213> Homo sapien

<400> 76
ataaataaat 10

<210> 77

<211> 10

<212> DNA

<213> Homo sapien

<400> 77
tcececctcececce 10

<210> 78

<211> 10

<212> DNA

<213> Homo sapien

<400> 78
tgtgagggaa 10

<210> 79

<211> 4102

<212> DNA

<213> Homo sapien
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

allele
(1909)
PS1: polymorphic

allele
(2005)
PS2: polymorphic

allele
(2181)
PS3: polymorphic

allele
(2193)
PS4: polymorphic

allele
(2820)
PS5: polymorphic

allele
(2858)
PS6: polymorphic

allele
(2886)
PS7: polymorphic

allele
(2948)
PS8: polymorphic

allele
(3239)
PS9: polymorphic

allele

base

base

base

base

base

base

base

base

base

or

or

or

or

or

or

or

or

or
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400> 79

gaattccaaa
tatcaactct
ctttatcatc
tctgaaccca
ctaaatcccg
ccaaccctct
ttctactagg
cctgeccecca
atttctcatt
ggaaaagaaa
aattatgtat
atagtatagg
aaaccattga
acaacaacct
atttgtgggc
aaaagaaaaa
tcattcttta
aggaatatat
agtacaaata

(3334)
PS10: polymorphic

allele
(3422)
PS1l: polymorphic

allele
(3500)
PS12: polymorphic

allele
(3603)
PS13: polymorphic

allele
(3629)
PS14: polymorphic

allele
(3722)
PS15: polymorphic

ggcatggtcg
aacccctttg

catattcacc
caatgtcaca
ggcagttatc
ggtggaaggt
agtcctagca
cgagatcagg
ataaaatéag
aaaaagcata
tgaaaagaat
atccttaéaa
acagaaactt
atttttcaac
tgaccaagaa
aataagaaaa
aggcatgtat
atatatttgt
tatatatata

base T or

base G or

base G or

base G or

base or

base C or

cacttggctt
gggggaatac
cccactgcte
ctcaggactc
cagacacaac
cacttcttcecc
ctttcggcta
ggcatctcag
gtatgctgat
taatctggct
aagtaaaaaa
tggttcaaag
cagcatattt
cagtgatgtt
ggtaataaag
taaatcaccc
ttccaagcct
acaaatatat
tttgtacaat
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ctgtcctctg
aaggcctgtc
tgcagctcca
tgcctcagcet
taaagttcca
cctcgtggga
aatgctacaa
aaacaaagat
tgattgtgaa
gagaaggtag
ctgcttcaat
aaatgggaaa
atcaataatt
ggaaatgttt
tctaactaag
agggacctat
ttgtattttt
atgtgtatat
tcttcagact

ttattctcca
ctggtttggt
ctgaagcacc
gggcactcat
tcececttecat
ttctgagctt
ttacctgttc
cattaaaacc
agaataaaat
agacccttcc
ttggcatgat
tcaagacttc
tctttcagat
ttttaaaaat
taaaatgaga
cacacaaata
ttccatgcett
gtacaaatac
ttgtagaatt
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gcatcaaatg
cccaatttag
ccctetttec
ctatagatgc
gaagccttcc
tcatttcttt
atacactcta
aactaaatct
aacaaagtat
acaccactga
ttatgtaagt
attttggcca
taaacaactg
tagtttataa
aaaattcaga
taagaactat
agggttggca
atgtatatat
tgtataatgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
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cgtatcttgce
tagagactta
tagctttgtt
tggctccata
atggctacag
gatccacaac
tgactgaaac
gggaggagga
ttatagcagc
atgcacagac
ccccetettea
gagagctgag
ggtcaccagg
tccctectea
ctggtttcag
gctgacactc
ccttgctgte
tgagtttcgt
tgtggcctaa
tetttctett
ggtatgagaa
ggttcgaaac
tatgttgttc
tatgagagat
tccectgaaga
acagagaacc
atttctcagce
ctcaactgct
attctcttcc
cctcecyggcea
ccaagccygqg
tcagggttgg
ctatcgggga
catgtgttac
ggcagcggga
agataggcag
aatggtgggg
cctececttcet
akgagtgggt
ttcgaggccc
acatgcgtgt
ctrtgggact
attttcgatt
csttcecteca
catggcacca
atcggcetgg
tttgttttte
gaggtgaaat

tttttttaac
ataataaatg
tattttagag
tttgggttgt
atatttctag
tagcgtttaa
atgacctcat
agggttgtgce
tgaggaagca
cagttcttat
cactcacagg
agttagagaa
gaccctgagt
cccecagatt
acttcagaag
gagcccacat
ctcctctgca
tgtgggtatc
aagcccccaa
taagactttt
tctaggcagg
gaatcagtta
actctccagce
gtccaaggct
gaactgagat
cactatgaag
aaaaatgccc
cggggatcag
tttctccaca
gattccacag
tgtcatgtaa
ggcagagaca
tacaggacgc
agagtcagga
cactctgagg
ggggccccetg

ccatggtggg
ccacagcttc

ccagaaatat
agcgacctcr
gacctccaca
cttcttaact
tcacagtgtg
caccgcgtcet
aagccaccag
ggaaataata
tggcaaatca

ggagggaaat

cactgatgtt
atctagtgga
ttataaacga
ttccacagaa
gcacctgaca
cacagcgccc
gctttctatt
agccctccac
gaattgcagc
gagaagggac
agaaaccatt
tagctcaaag
tgtgcaactt
ccatttcccc
gacaygggca
tccgtcacct
ccatggctct
rccactctct
gagaaaagag
atttttatct
ggcaggggag
gcaagaggca
tcactctagg
tctcttgggt
aagagaacag
agtcaaggag
aaatgccttc
aagctgectg
gttgctgctg
aatttcatag
gtgccagtct
ggccagaagg
agggctccga
agggctgccc
gccaccccta
aaagaggagc
cccaggattc
ctaaccaagc
gtcagcgacc
gtgggcccag
gctacctctt
taaattttwa
tttgtgattg
ggtgacaacc
actgacaaat
aagatgctct
aaatcactgg

tgggagagat
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ataagcatat
taatttatca
tgctgggtca
ctctttccta
tattgacacc
tagtcactac
cctccagett
agcatcagcc
tctgtgggaa
tgactaagaa
tcectatgaa
atgctattct
agcatgacag
atccgccagg
gcagacagtg
gctcagaatc
ctgcaaccag
ggycatggtt
aacttcttaa
ctagaagggg
ttacagtccc
gaatccaggg
tctcccagga
tggggtatga
tccgttcagg
aaagaaggat
cagtcacttg
gcecttttett
acacgccrac
ctgactactt
tcctgctcac
ctatcctgga
ggtgtgacct
cagcccagag
ctgagtcact
aagccctgag
ccckgctgga
gaagccggcea
tggagctgag
tggggaggag
ctatggactg
tttatttata
tttgctctga
gagtggctgt
gtgtatcgga
tttaaaaggt
ttaagaggaa

ggggagggct

ttatgccact
ttcectgatg
ggtatcttta
gaaatgcttt
cacctctaaa
atgactaata
tcattcagtt
catcaaccct
ggaatggggc
tagccttggg
actataacaa
tggatatcct
catcactayg
gctgcctata
gtcagtcctt
atgcaggtct
ttctctgcat
agaccacatc
agggctgcecca
tcttagceccce
ttttacagat
ctgcttactt
gctctgtecce
cttcttgaac
tatctggatc
acagacagaa
gtctgagcaa
ctgagctgtg
cgcctgetgce
tgagacgagc
ctctatggag
aaggcccagce
gacttggagc
gaaagggaca
gagagaagct
ctgcccagga
ttceceecagtg
ggtctgtgct
tgcctgaggg
caggagcctg
gttgttgcca
ctatttagtt
gagttcccct
catcagcctg
tgcttttgtt
aaaccagtat
tcataggcaa
accacagagt
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tcattcattt
gagaaaaatt
tgtttgaaga
ttctaggtta
gtatttttat
aatagacaaa
ctttgcctct
atccctgtgg
tggagagttc
ttgacatata
gtcatgagtt
gagcccctgt
cttaaaaatt
aagaggagag
tcttggectct
ccactgctge
cacgtgagtc
aatcttttct
aacatcttgg
ctagtctcca
agaaaaacag
cccagtgggg
ttggatgtct
cagacaaaat
acacagagaa
acaaagagac
gcctgecttce
actcgggcty
ttcagctaca
agccagtgct
gtagggaggg
cttcaggagc
tggagtgagg
ggaagaagga
ctctagacrg
cagagagcag
cttaactctt
gaccccagtg
gtccagaagc
agccttggga
aacagccaca
tttgtaattt
gtccectcece
tgtaggcagt
cagggctgtg
tgagtttggt
agattaggaa
tatccacttt

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840
3900
3960

4020
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acaacggaga cacagttctg gaacattgaa actacgaata tgttataact caaatcataa 4080
catgcatgct ctaggagaat tc 4102
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