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DETECTION OF GENETIC POLYMORPHISMS IN GENES ASSOCIATED WITH PHARMACOGENOMICS

The present invention claims priority to Japanese Patent Application Ser. Nos.
2000-399,443 filed December 27, 2000, 2001-135,256 field May 2, 2001, and 2001-
256,862 filed August 27, 2001.

FIELD OF THE INVENTION

The present invention relates to genetic polymorphism data, compositions and
methods for detecting genetic polymorphisms, methods for evaluating drugs using

genetic polymorphisms and screening methods for drugs.

BACKGROUND

Human beings come in all shapes and sizes, and over three billion genetic codes
are located in somewhat different sites in each human being. Individual DNA sequence
variations in the human genome are known to directly cause specific diseases or
conditions, to predispose certain individuals to specific diseases or conditions, and to
affect responses of individuals to treatments such as drugs. Such variations also
modulate the severity or progression of many diseases. Additionally, DNA sequences
vary between populations. Therefore, determining DNA sequence variations in the
human genome is useful for making accurate diagnoses, for finding suitable therapies,
and for understanding the relationship between genome variations and environmental
factors in the pathogenesis of diseases, the prevalence of conditions and the efficacy of
therapies.

There are several types of DNA sequence variations in the human genome. These
variations include insertions, deletions and copy number differences of repeated
sequences. These differences in the genetic code are called genetic polymorphisms. The
most common DNA sequence variations in the human genome are single base pair
substitutions. These are generally referred to as single nucleotide polymorphisms (SNPs)
when the variant allele has a population frequency of at least 1%. SNPs may be classified
by where they appear in the genome. For example, a single nucleotide polymorphism
may be classified as a coding SNP (cSNP) when it 1s in a region encoding a protein, or

genome SNP (¢SNP) when it is detected anywhere in a genome, without reference to
1
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whether it is in a coding region. Coding SNPs include silent SNPs (sSNP), and SNPs that
may be in regions associated with coding sequences, such as regulatory regions or
elements (e.g., regulatory SNPs, or rSNPs) and introns (e.g., intron SNPs, or iSNPs).

SNPs are particularly useful in studying the relationship between DNA sequence
variations and human diseases, conditions and drug responses because SNPs are stable in
populations, occur frequently, and have lower mutation rates than other genome
variations such as repeating sequences. In addition, methods for detecting SNPs are more
amenable to being automated and used for large-scale studies than methods for detecting
other, less common DNA sequence variations.

Single nucleotide polymorphisms are useful as polymorphism markers for
discovering genes that cause or exacerbate certain diseases. This is directly related in
clinical medicine to diagnosing the risk for a disease and determining the proper
pharmaceutical treatment. There is currently a worldwide effort going on to develop
drugs based on the target genes that cause diseases. Individual patients also react
differently when a drug is administered. In some patients, a drug may have a significant
effect, in others a lesser effect and in still others no effect at all. In other words, there is a
major difference in patient reactions to the same drug. Patients may also metabolize
drugs at different rates. In addition to differences in therapeutic reactions among patients
to drugs, there is also the possibility of strong and even fatal side effects due to
genetically linked differences in, e.g., drug metabolism, drug transport or drug receptor
function. Analysis of genetic polymorphisms such as SNPs allows for the selection of
drugs and the development of treatment protocols tailored to each individual patient (so-
called "personaliied" medical treatments). Instead of the using trial-and-error methods of
matching patients with the right drugs, doctors may, for example, be able to analyze a
patient's genetic profile and prescribe the best available drug therapy from the beginning.
Not only would this take the guesswork out of finding the right drug, it would reduce the

likelihood of adverse reactions, thus increasing safety.

SUMMARY OF THE INVENTION
The present invention identifies genetic polymorphisms relating to genes

assoclated with drug metabolism. In some embodiments, the present invention provides
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methods for determining variations in sequences and genes associated with drug-
metabolizing enzymes. In preferred embodiments, the present invention provides
methods for collecting genetic polymorphism data for use in evaluating the effectiveness
and safety of a drug based on the data, and screening drugs using the data. In some
preferred embodiments, the polymorphisms of the present invention are used to evaluate
a causal relationship between the genetic make-up of a patient and a response to an
administered drug.

The present invention relates to genes encoding enzymes associated with drug
metabolism (drug metabolizing enzymes, or DMEs). In particular, the present invention
relates to sequence variations associated with variations in DMEs. In some embodiments,
variations occur in coding regions of DMEs, such as may alter a function of the DMEs,
(e.g., by increasing or decreasing its level of activity, or shifting its activity to an
alternative target or function). In other embodiments, the variations occur in non-coding
regions of the genome, such as may alter expression of a DME (e.g., increasing or
decreasing the amount of an enzyme produced in a cell) or processing of an RNA
transcript encoding a DME (e.g., by altering splicing).

In some embodiments, the present invention provides methods for detecting
DME-related sequence variations. In some preferred embodiments, the methods of the
present invention are used to create a profile of DME-related polymorphisms in a test
subject.

In other embodiments, the present invention provides isolated nucleic acid
sequences encoding variant DMEs. For example, the present invention provides a
recombinant DNA vector comprising DNA having a nucleotide sequence encoding a
variant DME, the nucleotide sequence comprising a sequence including, but not limited
to, SEQ ID NOS:1-3360 and 3361-7669, and substantially similar sequences. In a
preferred embodiment, the invention provides a host cell transformed with a recombinant
DNA vector comprising DNA having a nucleotide sequence encoding a variant DME.
The invention is not limited by the nature of the host cell employed. The art is well
aware of expression vectors suitable for the expression of nucleotide sequences encoding
variant DMEs that can be expressed in a variety of prokaryotic and eukaryotic host cells.

In some preferred embodiments, the host cell is a eukaryotic cell grown in culture, such
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as for use in in vitro drug screening (e.g., by monitoring the expression of genes
associated with the pathways targeted by a particular test drug). In other preferred
embodiments, the host cell is in vivo.

The present invention provides systems and methods for detection of
polymorphisms associated with genes encoding enzymes associated with drug
metabolism. The present invention is not limited in the nature of the detection assay used
for detection or identification of such polymorphisms. Such detection assays include, but
are not limited to, hybridization methods and array technologies (e.g., technologies
available from Aclara BioSciences, Haywood, CA; Affymetrix, Santa Clara, CA; Agilent
Technologies, Inc., Palo Alto, CA; Aviva Biosciences Corp., San Diego, CA; Caliper
Technologies Corp., Palo Alto, CA; Celera, Rockville, MD; CuraGen Corp., New Haven,
CT; Hyseq Inc., Sunnyvale, CA; Illumina, Inc., San Diego, CA; Incyte Genomics, Palo
Alto, CA; Motorola BioChip Systems; Nanogen, San Diego, CA; Orchid BioSciences,
Inc., Princeton, NJ; Applera Corp., Foster City, CA; Rosetta Inpharmatics, Kirkland,
WA; and Sequenom, San Diego, CA); polymerase chain reaction-based methods
(e.g.,TAQMAN, Applera Corp., GENECODE system, EraGen, Middleton, WI);
branched hybridization methods; enzyme mismatch cleavage methods; NASBA;
sandwich hybridization methods; methods employing molecular beacons; ligase chain
reactions, and the like.

Methods of the present invention find application in improving the drug discovery
and approval processes. For example, the costs and risks of drug development may be
reduced if only those persons capable of responding to a drug are selected for clinical
trials. In addition, previously failed drug candidates may be revived as they are matched
with more appropriate patient populations. Decreases in the number of adverse drug
reactions, the number of failed drug trials, the time it takes to get a drug approved, the
length of time patients are on medication, the number of medications patients must take
to find an effective therapy, and an increase in the range of possible drug targets will
promote a net decrease in the cost of health care.

Thus, in some embodiments, the present invention provides a method of
identifying individuals having a polymorphism, comprising providing nucleic acid from a

subject; and detecting the presence of at least one polymorphism in said nucleic acid, said
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at least one polymorphism including, but not limited to, polymorphisms found in SEQ ID
Nos:1-3360 and 3361-7669. In some embodiments, the method further provides the step
of providing a prognosis (e.g., a genotype relative risk or a population attributable risk) to
the subject based on the presence or absence of the at least one polymorphism. In some
embodiments, the detecting step is carried out using a detection assay including, but not
limited to, a hybridization assay, a TAQMAN assay, an invasive cleavage assay, use of
mass spectroscopy, a microarray, a polymerase chain reaction, a rolling circle extension
assay, a sequencing assay, a hybridization assay employing a probe complementary to a
polymorphism, a bead array assay, a primer extension assay, an enzyme mismatch
cleavage assay, a branched hybridization assay, a NASBA assay, a molecular beacon
assay, a cycling probe assay, a ligase chain reaction assay, and a sandwich hybridization
assay.

The present invention also provides a nucleic acid (e.g., a gene, a probe, a primer,
etc.) comprising a sequence selected from the group consisting of SEQ ID NO:1-3360
and 3361-7669 or complements thereof. In some embodiments, the nucleic acid
molecule comprises a label. In some embodiments, the nucleic acid is attached to a solid
support (e.g., as part of a microarray). The present invention also provides vectors
comprising the nucleic acid and host cell comprising the vector, as well as polypeptide
encoded by the nucleic acid. Methods of producing and purifying polypeptides are well
known 1in the art.

The present invention further provides kits for detecting a polymorphism,
comprising at least one reagent that specifically detects a polymorphism in a sequence
including, but not limited to, SEQ ID Nos:1-3360 and 3361-7669. In some embodiments,
the kit further comprising instructions for determining whether the subject is at increased
risk of having a drug metabolism disorder. In some embodiments, the at least one reagent
comprises a nucleic acid probe. The kits can be configured for a variety of uses including,
but not limited to, use as an in vitro diagnostic detection assay, an analyte specific reagent
detection assay, and a research-use-only detection assay.

The present invention also provides a method for screening subjects for genetic
markers associated with drug metabolizing enzyme(s), comprising: a) providing a

biological sample comprising a nucleic acid from a subject; b) testing the nucleic acid for
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a polymorphism in a genetic marker associated with a drug metabolizing enzyme, said
genetic marker comprising one or more nucleotide polymorphisms designated by n, said
n selected from a base substitution, an insertion, or a deletion found in a sequence
selected from the group consisting of SEQ ID Nos:1-3360 and 3361-7669. The present
invention 1s not limited by the source of the nucleic acid. In some embodiments, the
biological sample comprises blood, saliva, amniotic fluid, and tissue. In some
embodiments, the subject is a human. In some preferred embodiments, the nucleic acid
comprises DNA and/or RNA.

The present invention further provides a composition comprising an array of
detection assays, said array comprising a plurality of drug metabolizing enzyme
nucleotide polymorphism detection assays, one or more of said detection assays being
capable of detecting one or more nucleotide polymorphisms designated by n in SEQ ID
Nos:1-3360 and 3361-7669, wherein n represents a base substitution, insertion, or
deletion compared to a wild-type sequence.

The present invention also provides a composition comprising a detection probe
for determining the presense or absence a single nucleotide polymorphism in a gene

encoding a drug metabolizing enzyme, said gene comprising a sequence selected from the
group consisting of SEQ ID Nos:1-3360 and 3361-7669.

The present invention further provides a method of determining the effectiveness
of or side-effect of a drug or treatment protocol, comprising; a) administering a drug or
treatment protocol to one or more subjects; b) obtaining nucleic acid from said one or
more subjects; ¢) using a detection assay to detect the presence of at least one
polymorphism in said nucleic acid from said one or more of subjects, said at least one
polymorphism selected from the group consisting of polymorphisms found in SEQ ID
Nos:1-3360 and 3361-7669; and d) assigning an effectiveness rating, side-effect rating, or
score for said drug or treatment protocol based upon a result of one or more said
detection assays (See e.g., Toxicology Testing Handbook: Principles, Applications, and
Data Interpretation, ed. Jacobson-Kram and Keller, 2001, herein incorporated by
reference in its entirety).

The present invention also provides a method of prescribing a drug to or treatment

protocol for a subject, comprising; providing nucleic acid from said subject; using a
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detection assay to detect the presence of at least one polymorphism in the nucleic acid,
said at least one polymorphism selected from the group consisting of polymorphisms
found 1n SEQ ID Nos:1-3360 and 3361-7669; and, prescribing said drug or treatment
protocol based upon the result of said detection assay.

The present invention further provides a method for generating assay data
comprising: obtaining a sample from a subject containing nucleic acid; transferring said
sample to a laboratory, and receiving data from said laboratory, wherein said data
corresponds to the presence of at least one polymorphism in said nucleic acid, said at
least one polymorphism selected from the group consisting of polymorphisms found in
SEQ ID Nos:1-3360 and 3361-7669. The present further provides data sets generated by
this method.

DEFINITIONS

To facilitate an understanding of the present invention, a number of terms and
phrases are defined below:

As used herein, the terms "complementary" or "complementarity"” are used in
reference to polynucleotides (i.e., a sequence of nucleotides such as an oligonucleotide or
a target nucleic acid) related by the base-pairing rules. For example, for the sequence "
5'-A-G-T-3'," 1s complementary to the sequence " 3'-T-C-A-5"." Complementarity may be
"partial,” 1 which only some of the nucleic acids' bases are matched according to the
base pairing rules. Or, there may be "complete" or "total" complementarity between the
nucleic acids. The degree of complementarity between nucleic acid strands has
significant effects on the efficiency and strength of hybridization between nucleic acid
strands. This is of particular importance in amplification reactions, as well as detection
methods that depend upon binding between nucleic acids. Either term may also be used
in reference to individual nucleotides, especially within the context of polynucleotides.
For example, a particular nucleotide within an oligonucleotide may be noted for its
complementarity, or lack thereof, to a nucleotide within another nucleic acid strand, in
contrast or comparison to the complementarity between the rest of the oligonucleotide
and the nucleic acid strand. Nucleotide analogs used to form non-standard base pairs,

whether with another nucleotide analog (e.g., an IsoC/IsoG base pair), or with a naturally
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occurring nucleotide (e.g., as described in U.S. Patent 5,912,340, herein incorporated by
reference in its entirety) are also considered to be complementary to a base pairing
partner within the meaning this definition.

The term "homology" and "homologous" refers to a degree of identity. There
may be partial homology or complete homology. A partially homologous sequence is
one that 1s less than 100% identical to another sequence.

As used herein, the term "hybridization" is used in reference to the pairing of
complementary nucleic acids. Hybridization and the strength of hybridization (i.e., the
strength of the association between the nucleic acids) is influenced by such factors as the
degree of complementary between the nucleic acids, stringency of the conditions
involved, and the T, of the formed hybrid. "Hybridization" methods involve the
annealing of one nucleic acid to another, complementary nucleic acid, i.e., a nucleic acid
having a complementary nucleotide sequence. The ability of two polymers of nucleic
acid containing complementary sequences to find each other and anneal through base
pairing interaction is a well-recognized phenomenon. The initial observations of the
"hybridization" process by Marmur and Lane, Proc. Natl. Acad. Sci. USA 46:453 (1960)
and Doty et al., Proc. Natl. Acad. Sci. USA 46:461 (1960) have been followed by the
refinement of this process into an essential tool of modern biology.

With regard to complementarity, it is important for some diagnostic applications
to determine whether the hybridization represents complete or partial complementarity.
For example, where it 1s desired to detect simply the presence or absence of a foreign
DNA sequence, 1t 1s only important that the hybridization method ensures hybridization
when the relevant sequence is present; conditions can be selected where both partially
complementary probes and completely complementary probes will hybridize. Other
diagnostic applications, however, may require that the hybridization method distinguish
between partial and complete complementarity. It may be of interest to detect genetic
polymorphisms. For example, human hemoglobin is composed, in part, of four
polypeptide chains. Two of these chains are identical chains of 141 amino acids (alpha
chains) and two of these chains are identical chains of 146 amino acids (beta chains).
The gene encoding the beta chain is known to exhjbit polymorphism. The normal allele

encodes a beta chain having glutamic acid at the sixth position. The mutant allele
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encodes a beta chain having valine at the sixth position. This difference in amino acids
has a profound (most profound when the individual is homozygous for the mutant allele)
physiological impact known clinically as sickle cell anemia. It is well known that the
genetic basis of the amino acid change involves a single base difference between the
normal allele DNA sequence and the mutant allele DNA sequence.

The complement of a nucleic acid sequence’ as used herein refers to an
oligonucleotide which, when aligned with the nucleic acid sequence such that the 5' end
of one sequence 1s paired with the 3' end of the other, is in "antiparallel association."
Certain bases not commonly found in natural nucleic acids may be included in the nucleic
acids of the present invention and include, for example, inosine and 7-deazaguanine.
Complementarity need not be perfect; stable duplexes may contain mismatched base pairs
or unmatched bases. Those skilled in the art of nucleic acid technology can determine
duplex stability empirically considering a number of variables including, for example, the
length of the oligonucleotide, base composition and sequence of the oligonucleotide,

1onic strength and incidence of mismatched base pairs.

As used herein, the term "T," 1s used in reference to the "melting temperature."
The melting temperature is the temperature at which a population of double-stranded
nucleic acid molecules becomes half dissociated into single strands. Several equations
for calculating the T of nucleic acids are well known in the art. As indicated by standard
references, a simple estimate of the T, value may be calculated by the equation: T,_ =
81.5 +0.41(% G + C), when a nucleic acid is in aqueous solution at 1 M NaCl (see e.g.,
Anderson and Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization
(1985). Other references (e.g., Allawi, H.T. & Santalucia, J., Jr. Thermodynamics and
NMR of internal G.T mismatches in DNA. Biochemistry 36, 10581-94 (1997) include
more sophisticated computations which take structural and environmental, as well as
sequence characteristics into account for the calculation of T .

As used herein the term "stringency” is used in reference to the conditions of
temperature, ionic strength, and the presence of other compounds, under which nucleic
acid hybridizations are conducted. With "high stringency" conditions, nucleic acid base
pairing will occur only between nucleic acid fragments that have a high frequency of

complementary base sequences. Thus, conditions of "weak" or "low" stringency are
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often required when it is desired that nucleic acids that are not completely complementary
to one another be hybridized or annealed together.
"High stringency conditions" when used in reference to nucleic acid hybridization

comprise conditions equivalent to binding or hybridization at 42 C in a solution
consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH>PO4 HpO and 1.85 g/l EDTA, pH

adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ug/ml denatured
salmon sperm DNA followed by washing in a solution comprising 0.1X SSPE, 1.0% SDS
at 42 C when a probe of about 500 nucleotides in length is employed.

"Medium stringency conditions" when used in reference to nucleic acid

hybridization comprise conditions equivalent to binding or hybridization at 42 C in a
solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH>PO4 H»O and 1.85 g/1

EDTA, pH adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ug/ml
denatured salmon sperm DNA followed by washing in a solution comprising 1.0X SSPE,
1.0% SDS at 42 C when a probe of about 500 nucleotides in length is employed.

"Low stringency conditions" comprise conditions equivalent to binding or
hybridization at 42 C in a solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l
NaH»>PO4 Hp0 and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.1% SDS, 5X

Denhardt's reagent [S0X Denhardt's contains per 500 ml: 5 g Ficoll (Type 400,
Pharamcia), 5 g BSA (Fraction V; Sigma)] and 100 g/ml denatured salmon sperm DNA
followed by washing in a solution comprising 5X SSPE, 0.1% SDS at 42 C when a probe
of about 500 nucleotides in length is employed.

The term "gene"” refers to a DNA sequence that comprises control and coding
sequences necessary for the production of an RNA having a non-coding function (e.g., a
ribosomal or transfer RNA), a polypeptide or a precursor. The RNA or polypeptide can
be encoded by a full-length coding sequence or by any portion of the coding sequence so
long as the desired activity or function is retained.

The term "wild-type" refers to a gene or a gene product that has the characteristics
of that gene or gene product when isolated from a naturally occurring source. A wild-
type gene 1s that which is most frequently observed in a population and is thus arbitrarily
designated the "normal” or "wild-type" form of the gene. In contrast, the term

"modified,""mutant," or "polymorphic" refers to a gene or gene product that displays
10
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modifications in sequence and or functional properties (i.e., altered characteristics) when
compared to the wild-type gene or gene product. It is noted that naturally-occurring
mutants can be isolated; these are identified by the fact that they have altered
characteristics when compared to the wild-type gene or gene product.

The term "oligonucleotide” as used herein is defined as a molecule comprising
two or more deoxyribonucleotides or ribonucleotides, preferably at least 5 nucleotides,
more preferably at least about 10-15 nucleotides and more preferably at least about 15 to
30 nucleotides. The exact size will depend on many factors, which in turn depend on the
ultimate function or use of the oligonucleotide. The oligonucleotide may be generated in
any manner, including chemical synthesis, DNA replication, reverse transcription, PCR,
or a combination thereof.

Because mononucleotides are reacted to make oligonucleotides in a manner such
that the 5' phosphate of one mononucleotide pentose ring is attached to the 3' oxygen of
its neighbor in one direction via a phosphodiester linkage, an end of an oligonucleotide is
referred to as the "5' end” if its 5' phosphate is not linked to the 3' oxygen of a
mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not linked to a 5’
phosphate of a subsequent mononucleotide pentose ring. As used herein, a nucleic acid
sequence, even 1f mternal to a larger oligonucleotide, also may be said to have 5' and 3’
ends. A first region along a nucleic acid strand is said to be upstream of another region if
the 3' end of the first region is before the 5' end of the second region when moving along
a strand of nucleic acid in a 5' to 3' direction.

When two different, non-overlapping oligonucleotides anneal to different regions
of the same linear complementary nucleic acid sequence, and the 3' end of one
oligonucleotide points towards the 5' end of the other, the former may be called the
"upstream" oligonucleotide and the latter the "downstream" oligonucleotide. Similarly,
when two overlapping oligonucleotides are hybridized to the same linear complementary
nucleic acid sequence, with the first oligonucleotide positioned such that its 5' end is
upstream of the 5' end of the second oligonucleotide, and the 3' end of the first
oligonucleotide is upstream of the 3' end of the second oligonucleotide, the first
oligonucleotide may be called the "upstream" oligonucleotide and the second

oligonucleotide may be called the "downstream" oligonucleotide.

11



10

15

20

25

30

CA 02433135 2003-06-26
WO 02/052044 PCT/JP01/11592

The term "primer” refers to an oligonucleotide that is capable of acting as a point
of 1nitiation of synthesis when placed under conditions in which primer extension is
initiated. An oligonucleotide "primer" may occur naturally, as in a purified restriction
digest or may be produced synthetically.

A primer 1s selected to be "substantially” complementary to a strand of specific
sequence of the template. A primer must be sufficiently complementary to hybridize
with a template strand for primer elongation to occur. A primer sequence need not reflect
the exact sequence of the teinplate. For example, a non-complementary nucleotide
fragment may be attached to the 5' end of the primer, with the remainder of the primer
sequence being substantially complementary to the strand. Non-complementary bases or
longer sequences can be interspersed into the primer, provided that the primer sequence
has sufficient complementarity with the sequence of the template to hybridize and
thereby form a template primer complex for synthesis of the extension product of the
primer.

The term "label” as used herein refers to any atom or molecule that can be used to
provide a detectable (preferably quantifiable) effect, and that can be attached to a nucleic
acid or protein. Labels include but are not limited to dyes; radiolabels such as *’P;
binding moieties such as biotin; haptens such as digoxgenin; luminogenic,
phosphorescent or fluorogenic moieties; and fluorescent dyes alone or in combination
with moieties that can suppress or shift emission spectra by fluorescence resonance
energy transfer (FRET). Labels may provide signals detectable by fluorescence,
radioactivity, colorimetry, gravimetry, X-ray diffraction or absorption, magnetism,
enzymatic activity, and the like. A label may be a charged moiety (positive or negative
charge) or alternatively, may be charge neutral. Labels can include or consist of nucleic
acid or protein sequence, so long as the sequence comprising the label is detectable.

The term “signal” as used herein refers to any detectable effect, such as would be
caused or provided by a label or an assay reaction.

As used herein, the term “detector” refers to a system or component of a system,
€.g., an instrument (e.g. a camera, fluorimeter, charge-coupled device, scintillation
counter, etc.) or a reactive medium (X-ray or camera film, pH indicator, etc.), that can

convey to a user or to another component of a system (e.g., a computer or controller) the
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presence of a signal or effect. A detector can be a photometric or spectrophotometric
system, which can detect ultraviolet, visible or infrared light, including fluorescence or
chemiluminescence; a radiation detection system; a spectroscopic system such as nuclear
magnetic resonance spectroscopy, mass spectrometry or surface enhanced Raman
specCtrometry; a system such as gel or capillary electrophoresis or gel exclusion
chromatography; or other detection systems known in the art, or combinations thereof.

The term "sequence variation" as used herein refers to differences in nucleic acid
sequence between two nucleic acids. For example, a wild-type structural gene and a
mutant form of this wild-type structural gene may vary in sequence by the presence of
single base substitutions and/or deletions or insertions of one or more nucleotides. These
two forms of the structural gene are said to vary in sequence from one another. A second
mutant form of the structural gene may exist. This second mutant form is said to vary in
sequence from both the wild-type gene and the first mutant form of the gene.

The term "nucleotide analog” as used herein refers to modified or non-naturally
occurring nucleotides such as 7-deaza purines (i.e., 7-deaza-dATP and 7-deaza-dGTP).
Nucleotide analogs include base analogs and comprise modified forms of
deoxyribonucleotides as well as ribonucleotides.

The term "polymorphism” refers to the coexistence of more than one form of a
gene or portion thereof. A portion of a gene of which there are at least two different
forms, 1.e., two different nucleotide sequences, is referred to as a "polymorphic region of
a gene". A polymorphic region can be a single nucleotide, the identity of which differs in
different alleles. A polymorphic region can also be several nucleotides long.

A "polymorphic gene" refers to a gene having at least one polymorphic region.

The term "polymorphic locus” is a locus present in a population that shows
variation between members of the population (e.g., the most common allele has a
frequency of less than 0.95). In contrast, a "monomorphic locus" is a genetic locus at
little or no variations seen between members of the population (generally taken to be a
locus at which the most common allele exceeds a frequency of 0.95 in the gene pool of
the population).

A "non-human animal" of the invention can include mammals such as rodents,

non-human primates, sheep, goats, horses, dogs, cows, chickens, amphibians, reptiles,
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etc. Preferred non-human animals are selected from the rodent family including rat and
mouse, most preferably mouse, though transgenic amphibians, such as members of the
Xenopus genus, and transgenic chickens can also provide important tools for
understanding and identifying drugs that can affect processes, e.g., embryogenesis and
tissue formation.

The term "operably linked" is intended to mean that the promoter is associated

with the nucleic acid in such a manner as to facilitate transcription of the nucleic acid

from the promoter.

" n

The terms "protemn”, "polypeptide" and "peptide" are used interchangeably herein
when referring to a gene product.

The term "recombinant protein” refers to a polypeptide which is produced by
recombinant DNA techniques, wherein generally, DNA encoding the polypeptide is
inserted into a suitable expression vector which is in turn used to transform a host cell to
produce the heterologous protein.

A "regulatory element”, also termed herein "regulatory sequence” is intended to
include elements which are capable of modulating transcription from a basic promoter
and include elements such as enhancers and silencers. The term "enhancer", also referred
to herein as "enhancer element”, is intended to include regulatory elements capable of
increasing, stimulating, or enhancing transcription from a basic promoter. The term
"silencer”, also referred to herein as "silencer element" is intended to include regulatory
elements capable of decreasing, inhibiting, or repressing transcription from a basic
promoter. Regulatory elements are typically present in 5' flanking regions of genes.
However, regulatory elements have also been shown to be present in other regions of a
gene, 1n particular in introns. Regulatory elements may also be present downstream of
coding regions. Thus, it is possible that DME genes have regulatory elements located in
introns, exons, coding regions, and 3' flanking sequences. Such regulatory elements are
also intended to be encompassed by the present invention and polymorphisms in such
elements can be identified by any of the assays that can be used to identify
polymorphisms in regulatory elements in 5' flanking regions of genes.

The term "regulatory element” further encompasses "tissue specific" regulatory

elements, i.e., regulatory elements that affect expression of a DME gene preferentially in
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specific cells (e.g., cells of a specific tissue). Gene expression occurs preferentially in a
specific cell if expression in this cell type is significantly higher than expression in other
cell types. The term "regulatory element" also encompasses non-tissue specific
regulatory elements, i.e., regulatory elements that are active in most cell types.
Furthermore, a regulatory element can be a constitutive regulatory element, i.e., a
regulatory element that constitutively regulates transcription, as opposed to a regulatory
element that 1s inducible, i.e., a regulatory element which is active primarily in response
to a stimulus. A stimulus can be, e.g., a molecule, such as a hormone, cytokine, heavy
metal, phorbol ester, cyclic AMP (cAMP), or retinoic acid.

As used herein, the term "transfection” means the introduction of a nucleic acid,
€.g., an expression vector, into a recipient cell by nucleic acid-mediated gene transfer.
The term "transduction" is generally used herein when the transfection with a nucleic acid
is by viral delivery of the nucleic acid. "Transformation", as used herein, refers to a
process in which a cell's genotype is changed as a result of the cellular uptake of
exogenous DNA or RNA, and, for example, the transformed cell expresses a recombinant
form of a polypeptide or, in the case of anti-sense expression from the transferred gene,
the expression of a naturally-occurring form of the recombinant protein is disrupted.

As used herein, the term "transgene" refers to a nucleic acid sequence that has
been introduced into a cell. Daughter cells deriving from a cell in which a transgene has
been introduced are also said to contain the transgene (unless it has been deleted). A
transgene can encode, €.g., a polypeptide, or an antisense transcript, partly or entirely
heterologous, i.e., foreign, to the transgenic animal or cell into which it is introduced, or,
1s homologous to an endogenous gene of the transgenic animal or cell into which it is
introduced, but which is designed to be inserted, or is inserted, into the animal's genome
in such a way as to alter the genome of the cell into which it is inserted (e.g., it is inserted
at a location which differs from that of the natural gene or its insertion results in a
knockout). Alternatively, a transgene can also be present in an episome. A transgene can
include one or more transcriptional regulatory sequence and any other nucleic acid, (e.g.
intron), that may be necessary for optimal expression of a selected nucleic acid.

A "transgenic animal"” refers to any animal, preferably a non-human animal, e.g. a

mammal, bird or an amphibian, in which one or more of the cells of the animal contain
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heterologous nucleic acid introduced by way of human intervention, such as by
transgenic techniques well known in the art. The nucleic acid is introduced into the cell,
directly or indirectly by introduction into a precursor of the cell, by way of deliberate
genetic manipulation, such as by microinjection or by infection with a recombinant virus.
The term genetic manipulation does not include classical cross-breeding, or in vitro
tertilization, but rather 1s directed to the introduction of a recombinant DNA molecule.
This molecule may be integrated within a chromosome, or it may be extrachromosomally
replicating DNA. In the typical transgenic animals described herein, the transgene causes
cells to express a recombinant form of one of a protein, e.g. either agonistic or
antagonistic forms. However, transgenic animals in which the recombinant gene is silent
are also contemplated. Moreover, "transgenic animal" also includes those recombinant
animals in which gene disruption of one or more genes is caused by human intervention,
including both recombination and antisense techniques.

The term "treating” as used herein is intended to encompass curing as well as
ameliorating at least one symptom of the condition or disease.

The term "sample" in the present specification and claims is used in its broadest
sense. On the one hand it is meant to include a biological (e.g., human) specimen. On
the other hand, a sample may include a specimen of synthetic origin.

Biological samples may be animal, including human, fluid, solid (e.g., stool) or
tissue, as well as liquid and solid food and feed products and ingredients such as dairy
items, vegetables, meat and meat by-products, and waste. Biological samples may be
obtained from all of the various families of domestic animals, as well as feral or wild
animals, including, but not limited to, such animals as ungulates, bear, fish, lagamorphs,
rodents, etc.

The term "source of target nucleic acid" refers to any sample that contains or is
suspected to contain nucleic acids (RNA or DNA). Particularly preferred sources of
target nucleic acids are biological samples including, but not limited to blood, saliva,
cerebral spinal fluid, pleural fluid, milk, lymph, sputum and semen.

The term "polymerization means" or “polymerization agent” refers to any agent
capable of facilitating the addition of nucleoside triphosphates to an oligonucleotide.

Preferred polymerization means comprise DNA and RNA polymerases.
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The term "ligation means” or “ligation agent” refers to any agent capable of
facilitating the ligation (i.e., the formation of a phosphodiester bond between a 3'-OH and
a 5' P located at the termini of two strands of nucleic acid). Preferred ligation means
comprise DNA ligases and RNA ligases.

The term "reactant” 1s used herein in its broadest sense. The reactant can
comprise, for example, an enzymatic reactant, a chemical reactant or light (e.g.,
ultraviolet light, particularly short wavelength ultraviolet light is known to break
oligonucleotide chains). Any agent capable of reacting with an oligonucleotide to either
shorten (i.e., cleave) or elongate the oligonucleotide is encompassed within the term
"reactant.”

The term "nucleic acid sequence” as used herein refers to an oligonucleotide,
nucleotide or polynucleotide, and fragments or portions thereof, and to DNA or RNA of
genomuic or synthetic origin that may be single or double stranded, and represent the sense
or antisense strand. Similarly, "amino acid sequence" as used herein refers to peptide or
protein sequence.

The term "peptide nucleic acid" ("PNA") as used herein refers to a molecule
comprising bases or base analogs such as would be found in natural nucleic acid, but
attached to a peptide backbone rather than the sugar-phosphate backbone typical of
nucleic acids. The attachment of the bases to the peptide is such as to allow the bases to
base pair with complementary bases of nucleic acid in a manner similar to that of an
oligonucleotide. These small molecules, also designated anti gene agents, stop transcript
elongation by binding to their complementary strand of nucleic acid (Nielsen, ef al.
Anticancer Drug Des. 8:53 63 [1993]).

As used herein, the terms "purified" or “substantially purified” refer to
molecules, either nucleic or amino acid sequences, that are removed from their natural
environment, isolated or separated, and are at least 60% free, preferably 75% free, and
most preferably 90% free from other components with which they are naturally
associated. An "isolated polynucleotide” or "isolated oligonucleotide" is therefore a
substantially purified polynucleotide.

As used herein, the term “kit” refers to any delivery system for delivering

materials. In the context of reaction assays, such delivery systems include systems that
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allow for the storage, transport, or delivery of reaction reagents (e.g., oligonucleotides,
enzymes, etc. in the appropriate containers) and/or supporting materials (e.g., buffers,
written instructions for performing the assay etc.) from one location to another. For
example, kits include one or more enclosures (e.g., boxes) containing the relevant
reaction reagents and/or supporting materials. As used herein, the term “fragmented kit”
refers to a delivery systems comprising two or more separate containers that each contain
a subportion of the total kit components. The containers may be delivered to the intended
recipient together or separately. For example, a first container may contain an enzyme
for use in an assay, while a second container contains oligonucleotides. The term
“fragmented kit” is intended to encompass kits containing Analyte specific reagents
(ASR’s) regulated under section 520(e) of the Federal Food, Drug, and Cosmetic Act, but
are not limited thereto. Indeed, any delivery system comprising two or more separate
containers that each contains a subportion of the total kit components are included in the
term “fragmented kit.” In contrast, a “combined kit” refers to a delivery system
containing all of the components of a reaction assay in a single container (e.g., in a single
box housing each of the desired components). The term “kit” includes both fragmented
and combined kits.

As used herein, the term “information” refers to any collection of facts or data. In
reference to information stored or processed using a computer system(s), including but
not limited to internets, the term refers to any data stored in any format (e.g., analo g
digital, optical, etc.). As used herein, the term “information related to a subject” refers to
facts or data pertaining to a subject (e.g., a human, plant, or animal). The term genomic
information” refers to information pertaining to a genome including, but not limited to,
nucleic acid sequences, genes, allele frequencies, RNA expression levels, protein
expression, phenotypes correlating to genotypes, etc. “Allele frequency information”
refers to facts or data pertaining allele frequencies, including, but not limited to, allele
1dentities, statistical correlations between the presence of an allele and a characteristic of
a subject (e.g., a human subject), the presence or absence of an allele in a individual or
population, the percentage likelihood of an allele being present in an individual having

one or more particular characteristics, etc.
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The term "cleavage structure" as used herein, refers to a structure that is formed
by the interaction of at least one probe oligonucleotide and a target nucleic acid, forming
a structure comprising a duplex, the resulting structure being cleavable by a cleavage
agent, including but not limited to an enzyme. The cleavage structure is a substrate for

specific cleavage by the cleavage means in contrast to a nucleic acid molecule that is a

nucleic acid molecules without regard to secondary structure (i.e., no formation of a

duplexed structure is required).

DESCRIPTION OF THE DRAWINGS

Figure 1 shows sample embodiments of TAQMAN probes.

Figure 2 represents one embodiment of the TAQMAN PCR method.

Figure 3 shows examples of probes labeled with fluorescent dyes.

Figure 4 shows a sample embodiment of an invasive cleavage structure, e.g., for
an INVADER assay.

Figure 5 shows one embodiment of a FRET probe, e.g., for an INVADER assay.

Figure 6 shows one embodiment of an INVADER assay.

Figure 7 shows a diagram of an INVADER assay probe in which the allele does
not match the probe.

Figure 8 shows one embodiment of allele identification using a ligation reaction.

Figure 9 shows a drawing of the structure of and SNP position in the ATP-binding
cassette subfamily B member 2 (ABCB2) gene.

Figure 10 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 4 (ABCB4) gene.

Figure 11 shows a drawing of the structure of and SNP position in the microsomal
epoxide hydrogenase 1 (EPHX1) gene.

Figure 12 shows a drawing of the structure of and SNP position in the
cytoplasmic epoxide hydrogenase 2 (EPHX?2) gene.

Figure 13 shows a drawing of the structure of and SNP position in the
guanidinoacetate-N-methyltransferase (GAMT) gene.
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Figure 14 shows a drawing of the structure of and SNP position in the
nicotinamide-N-methyltransferase (NNMT) gene.

Figure 15 shows a drawing of the structure of and SNP position in the
phenylethanolamine-N-methyltransferase (PNMT) gene.

Figure 16 shows a drawing of the structure of and SNP position in the
phosphatidylethanolamine-N-methyltransferase (PEMT) gene.

Figure 17 shows a drawing of the structure of and SNP position 1n the

glutathione-S-methyltransferase 3 (GSTM3) gene.

Figure 18 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 5 (ALDH)) gene.

Figure 19 shows a drawing of the structure of and SNP position in the
transglutaminase (TGM1) gene.

Figure 20 shows a drawing of the structure of and SNP position in the gamma

glutamyltransterase (GGT1) gene.

Figure 21 shows a drawing of the structure of and SNP position in the NAD(P)H:

quinone oxidetransferase (NQO1) gene.

Figure 22 shows a drawing of the structure of and SNP position in the p53-
induced gene 3 (PIG3) of a quinone oxide transterase homologue.

Figure 23 shows a drawing of the structure of and SNP position in the NRH:
quinone oxide transferase 2 (NQO2) gene.

Figure 24 shows a drawing of the structure of and SNP position in the
sulfotransferase 1A1 (SULT1A1/STP1) gene.

Figure 25 shows a drawing of the structure of and SNP position in the
sulfotransferase 1A2 (SULT1A2/STP2) gene.

Figure 26 shows a drawing of the structure of and SNP position in the
sulfotransterase-related protein 3 (SULTX3) gene.

Fi gure 27 shows a drawing of the structure of and SNP position in the tyrosyl
protein sulfotransferase (TPST1) gene.

Figure 28 shows a drawing of the structure of and SNP position in the tyrosyl
protein sulfotransferase (TPST2) gene.
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Figure 29 shows a drawing of the structure of and SNP position 1n the
sulfotransferase 1A3 (SULT1A3/ STM/HAST) gene.

Figure 30 shows a drawing of the structure of and SNP position in the cerebroside
transferase (CST) gene.

Figure 31 shows a drawing of the structure of and SNP position in the
sulfotransferase 1C1 (SULT1C1) gene.

Figure 32 shows a drawing of the structure of and SNP position 1n the
sulfotransferase 1C2 (SULT1C2) gene.

Figure 33 shows a drawing of the structure of and SNP position 1n the thyroid
hormone sulfotransferase (ST1B2) gene.

Figure 34 shows a drawing of the structure of and SNP posttion 1n the
hydrocarbon sulfotransferase 2 (CHSTZ2) gene.

Figure 35 shows a drawing of the structure of and SNP position 1n the
sulfotransferase 2A1 (SULT2A1) gene.

Figure 36 shows a drawing of the structure of and SNP position in the
sulfotransferase 2B1 (SULT2B1) gene.

Figure 37 shows a drawing of the structure of and SNP position in the

hydrocarbon sulfotransferase 4 (CHST4) gene.

Figure 38 shows a drawing of the structure of and SNP position in the
hydrocarbon sulfotransferase 5 (CHSTS) gene.

Figure 39 shows a drawing of the structure of and SNP position in the HNK-
sulfotransferase (NHK-1ST) gene.

Figure 40 shows a drawing of the structure of and SNP position in the estrogen
sulfotransferase (STE) gene.

Figure 41 shows a drawing of the structure of and SNP position in the alcohol
dehydrogenase 1 (ADH1) gene.

Figure 42 shows a drawing of the structure of and SNP position in the alcohol
dehydrogenase 2 (ADH2) gene.

Figure 43 shows a drawing of the structure of and SNP position 1n the alcohol

dehydrogenase 3 (ADH3) gene.
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Figure 44 shows a drawing of the structure of and SNP position in the alcohol
dehydrogenase 6 (ADHO) gene.

Figure 45 shows a drawing of the structure of and SNP position 1n the alcohol
dehydrogenase 7 (ADH7) gene.

Figure 46 shows a drawing of the structure of and SNP position in the short-
chained alcohol dehydrogenase family (HEP27) gene.

Figure 47 shows a drawing of the structure of and SNP position in the L1
intracellular adhesion molecule (L1CAM) gene.

Figure 48 shows a drawing of the structure of and SNP position in the
arylalkylamine-N-acetyltransterase (AANAT) gene.

Figure 49 shows a drawing of the structure of and SNP position in the N-
actyltransferase homologue (ARD1) gene of Saccharomyces cerevisiae.

Figure 50 shows a drawing of the structure of and SNP position in the N-
actyltransterase 1 (NAT1) gene.

Figure 51 shows a drawing of the structure of and SNP position in the N-
actyltransterase 2 (NAT2) gene.

Figure 52 shows a drawing of the structure of and SNP position 1n the granzyme
A (GZMA) gene.

Figure 53 shows a drawing of the structure of and SNP position in the granzyme
B (GZMB) gene.

Figure 54 shows a drawing of the structure of and SNP position in the esterase D-
formylglutathione hydrolase (ESD) gene.

Figure 55 shows a drawing of the structure of and SNP position in the dolichyl-
diphosphooligosaccharide-protein glycosyltransferase (DDOST) gene.

Figure 56 shows a drawing of the structure of and SNP position in the microsomal
glutathione-S-transferase (MGST1) gene.

Figure 57 shows a drawing of the structure of and SNP position in the alcohol
dehydrogenase 5 (ADHDS) gene.

Figure 58 shows a drawing of the structure of and SNP position in the
glutathione-S-transferase M1 (GSTM1) gene.
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Figure 59 shows a drawing of the structure of and SNP position in the
glutathione-S-transferase M2 (GSTM?2) gene.

Figure 60 shows a drawing of the structure of and SNP position in the
glutathione-S-transferase M4 (GSTM4) gene.

Figure 61 shows a drawing of the structure of and SNP position in the
glutathione-S-transferase Z1 (GSTZ1) gene.

Figure 62 shows a drawing of the structure of and SNP position in the
glutathione-S-transferase P (GSTZP1i) gene.

Figure 63 shows a drawing of the structure of and SNP position in the
glutathione-S-transferase q1 (GSTT1) gene.

Figure 64 shows a drawing of the structure of and SNP position in the microsomal
glutathione-S-transferase 1.1 (MGST1L1) gene.

Figure 65 shows a drawing of the structure of and SNP position in the microsomal

glutathione-S-transferase 2 (MGST?2) gene.

Figure 66 shows a drawing of the structure of and SNP position in the microsomal

glutathione-S-transferase 3 (MGST3) gene.
Figure 67 shows a drawing of the structure of and SNP position in the

glutathione-S-transferase A1 (GSTAI1) gene.
Figure 68 shows a drawing of the structure of and SNP position in the

glutathione-S-transferase A4 (GSTA4) gene.
Figure 69 shows a drawing of the structure of and SNP position in the NADH-

ubiquinone oxide reductase 1a subcomplex 1 (NDUFA1) gene.
Figure 70 shows a drawing of the structure of and SNP position in the NADH-

ubiquinone oxide reductase 1a subcomplex 2 (NDUFA?2) gene.
Figure 71 shows a drawing of the structure of and SNP position in the NADH-

ubiquinone oxide reductase 1a subcomplex 3 (NDUFA3) gene.

Figure 72 shows a drawing of the structure of and SNP position in the NADH-

ubiquinone oxide reductase 1a subcomplex 5 (NDUFAS) gene.
Figure 73 shows a drawing of the structure of and SNP position in the NADH-

ubiquinone oxide reductase 1a subcomplex 6 (NDUFAG) gene.
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Figure 74 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1a subcomplex 7 (NDUFA7) gene.

Figure /5 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1a subcomplex 8 (NDUFAS) gene.

Figure 76 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1a/b subcomplex 1 (NDUFAB1) gene.

Figure 77 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1a subcomplex 9 (NDUFA9) gene.

Figure 78 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase Fe-S protein 1 (NDUFS1) gene.

Figure 79 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase Fe-S protein 3 (NDUFS3) gene.

Figure 80 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase Fe-S protein 4 (NDUFS4) gene.

Figure 81 shows a drawing of the structure of and SNP position in the NADH-

ubiquinone oxide reductase Fe-S protein 5 (NDUFS5) gene.

Figure 82 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase Fe-S protein 6 (NDUFS6) gene.

Figure 83 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase Fe-S protein 8 (NDUFS 8) gene.

Figure 84 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1b subcomplex 3 (NDUFB3) gene.

Figure 85 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1b subcomplex 5 (NDUFBS) gene.

Figure 86 shows a drawing of the structure of and SNP position in the NADH-
ubiquinone oxide reductase 1b subcomplex 7 (NDUFB?7) gene.

Figure 87 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily A member 1 (ABCA1) gene.

Figure 88 shows a drawing of the structure of and SNP position in the catechol-0-

methyltransferase (COMT) gene.
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Figure 89 shows a drawing of the structure of and SNP position in the vitamin-N-
transterase (HNMT) gene.

Figure 90 shows a drawing of the structure of and SNP position in the cytochrome
P450 subfamily 1 (aromatic compound-induced) polypeptide 1 (CYP1A1) gene.

Figure 91 shows a drawing of the structure of and SNP position in the cytochrome
P450 subfamily 1 (aromatic compound-induced) polypeptide 2 (CYP1A2) gene.

Figure 92 shows a drawing of the structure of and SNP position in the cytochrome
P450 subfamily 1 (dioxin-induced) polypeptide 1 (CYP1B1) gene.

Figure 93 shows a drawing of the structure of and SNP position in the
arylacetamide deactylase (AADAC) gene.

Figure 94 shows a drawing of the structure of and SNP position in the neuropathy
target esterase (NTE) gene.

Figure 95 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily C (CFTR/MRP) member 2 (MRP2) gene.

Figure 96 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 1 (ABCB1) gene.

Figure 97 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 3 (ABCB3) gene.

Figure 98 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 7 (ABCB7) gene.

Figure 99 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 8 (ABCBS8) gene.

Figure 100 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 9 (ABCB9) gene.

Figure 101 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 10 (ABCB10) gene.

Figure 102 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily B member 11 (ABCB11) gene.

Figure 103 shows a drawing of the structure of and SNP position in the
cytochrome P450 subfamily IVB polypeptide 1 (CYP4B1) gene.
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Figure 104 shows a drawing of the structure of and SNP position in the
cytochrome P450 subfamily XXVIIA polypeptide 1 (CYP27A1) gene.

Figure 105 shows a drawing of the structure of and SNP position in the
cytochrome P450 subfamily IVF polypeptide 1 (CYP4F2) gene.

Figure 106 shows a drawing of the structure of and SNP position in the
cytochrome P450 subfamily 4F polypeptide 3 (CYP4F3) gene.

Figure 107 shows a drawing of the structure of and SNP position in the
cytochrome P450 subfamily 4F polypeptide 8 (CYP4F8) gene.

Figure 108 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 1 (ALDH1) gene.
Figure 109 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 2 (ALDH2) gene.
Figure 110 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 7 (ALDH?7) gene.
Figure 111 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 8 (ALDHS8) gene.
Figure 112 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 9 (ALDH9) gene.
Figure 113 shows a drawing of the structure of and SNP position in the aldehyde

dehydrogenase 10 (ALDH10) gene.
Figure 114 shows a drawing of the structure of and SNP position in the ATP-

binding cassette subfamily C member 7 (ABCC7) gene.
Figure 115 shows a drawing of the structure of and SNP position in the ATP-

binding cassette subfamily C member 8 (ABCCS8) gene.
Figure 116 shows a drawing of the structure of and SNP position in the ATP-

binding cassette subfamily C member 9 (ABCC9) gene.
Figure 117 shows a drawing of the structure of and SNP position in the

carboxylesterase 1 (CES1) gene.
Figure 118 shows a drawing of the structure of and SNP position in the ATP-

binding cassette subfamily A member 4 (ABCC4) gene.

26



10

15

20

25

30

CA 02433135 2003-06-26
WO 02/052044 PCT/JP01/11592

Figure 119 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily A member 7 (ABCC?7) gene.

Figure 120 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily G member 1 (ABCG1) gene.

Figure 121 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily G member 2 (ABCG?2) gene.

Figure 122 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily G member 4 (ABCG4) gene.

Figure 123 shows a drawing of the structure of and SNP position in the ATP-
binding cassette subfamily E member 1 (ABCE1) gene.

Figure 124 shows a drawing of the structure of and SNP position in the
carbohydrate sulfotransferase 1 (CHST1) gene.

Figure 125 shows a drawing of the structure of and SNP position in the
carbohydrate sulfotransferase 3 (CHST3) gene.

Figure 126 shows a drawing of the structure of and SNP position in the NADH:
ubiquinone dehydrogenase flavoprotein 1 (NDUFV1) gene.

Figure 127 shows a drawing of the structure of and SNP position in the NADH:

ubiquinone dehydrogenase flavoprotein 2 (NDUFV?2) gene.

Figure 128 shows a drawing of the structure of and SNP position in the NADH:
ubiquinone dehydrogenase flavoprotein 3 (NDUFV3) gene.

Figure 129 shows a drawing of the structure of and SNP position in the NADH:
ubiquinone oxide reductase A10 (NDUFA10) gene.

Figure 130 shows a drawing of the structure of and SNP position in the high-
mobility group protein 17-like 1 (HMG17L1) gene.

Figure 131 shows a drawing of the structure of and SNP position in the UDP
glycoxyl transferase 2 family polypeptide A1 (UGT2A1) gene.
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