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(57) ABSTRACT 

The invention provides polynucleotides including biallelic 
markers derived from genes involved in the biotransforma 
tion of Xenobiotics such as drugs and from genomic regions 
?anking those genes. Primers hybridizing to regions ?ank 
ing these biallelic markers are also provided. This invention 
also provides polynucleotides and methods suitable for 
genotyping a nucleic acid containing sample for one or more 
biallelic markers of the invention. Further, the invention 
provides methods to detect a statistical correlation between 
a biallelic marker allele and a phenotype and/or betWeen a 
biallelic marker haplotype and a phenotype. 
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BIALLELIC MARKERS RELATED TO GENES 
INVOLVED IN DRUG METABOLISM 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/294,934, ?led Nov. 14, 2002, Which is a 
divisional of US. application Ser. No. 09/671,317, ?led Sep. 
27, 2000, now US. Pat. No. 6,528,260, Which is a continu 
ation-in-part of US. patent application Ser. No. 09/536,178, 
?led Mar. 23, 2000 and a continuation-in-part of Interna 
tional Patent Application No. PCT/IB00/00403, ?led Mar. 
24, 2000, both of Which claim priority to US. Provisional 
Patent Application Ser. No. 60/126,269, ?led Mar. 25, 1999 
and US. Provisional Patent Application Ser. No. 60/131, 
961, ?led Apr. 30, 1999. All of the above applications are 
hereby incorporated herein in their entirety including any 
?gures, tables, or draWings. 

[0002] The Sequence Listing for this application is on 
duplicate compact discs labeled “Copy 1” and “Copy 2.” 
Copy 1 and Copy 2 each contain only one ?le named 
“SEQLIST4?ling.TXT” Which Was created on Nov. 6, 2002, 
and is 990 KB. The entire contents of each of the computer 
discs are incorporated herein by reference in their entireties. 

FIELD OF THE INVENTION 

[0003] The present invention is in the ?eld of pharmaco 
genomics, and is primarily directed to biallelic markers that 
are located in or in the vicinity of genes, Which have an 
impact on the metabolism of xenobiotics such as drugs and 
the uses of these markers. The present invention encom 
passes methods of establishing associations betWeen these 
markers and a phenotype such as drug response, toxicity and 
susceptibility to disease. The present invention also provides 
means to determine the genetic predisposition of individuals 
to such drug responses, toxicity and diseases. 

BACKGROUND OF THE INVENTION 

[0004] To assess the origins of individual variations in 
drug response, pharmacogenomics uses the genomics tech 
nologies to identify polymorphisms Within genes associated 
With drug response. In this respect, there are three main 
categories of genes that may theoretically be expected to be 
associated With drug response, namely genes linked With the 
targeted disease, genes related to the drug’s mode of action 
and genes involved in the drug’s metabolism. Among these 
genes of pharmacogenomic importance, genes coding for 
drug-metaboliZing enZymes have a central role. 

Drug Metabolism 

[0005] Drug-metabolizing enZymes are important deter 
minants of drug disposition, safety and ef?cacy. The enZyme 
systems involved in the metabolism and the subsequent 
elimination from the body of environmental chemicals, food 
toxins and drugs are mainly localiZed in the liver, although 
every tissue examined has some metabolic activity. 

[0006] In order to produce its characteristic effects, a given 
drug must be present in appropriate concentrations at its 
sites of action. The absorption, distribution, biotransforma 
tion and excretion of a drug all involve its passage across 
cell membranes. The lipophilic characteristics of drugs that 
promote their passage through biological membranes and 
subsequent access to their site of action reduce their elimi 
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nation from the body. Renal excretion of unchanged drug 
plays only a modest role in the overall elimination of most 
therapeutic agents, since lipophilic compounds ?ltered 
through the glomerulus are largely reabsorbed through the 
tubular membranes. Biotransformation of drugs into more 
hydrophilic metabolites plays a major role in the termination 
of their biological activity and their elimination from the 
body. In general, biotransformation reactions generate more 
polar, inactive metabolites that are readily excreted from the 
body. HoWever in some cases, metabolites With potent 
biological activity or toxic properties are generated and may 
result in adverse side effects. Metabolic biotransformation of 
drugs can be classi?ed as either Phase I functionaliZation 
reactions or Phase II biosynthetic reactions. Phase I reac 
tions introduce or expose a functional group on the parent 
compound, and generally result in the loss of pharmacologi 
cal activity although there are some examples of retention or 
enhancement of activity. Phase II conjugation reactions lead 
to the formation of a covalent linkage betWeen a functional 
group on the parent compound With glucuronic acid, sulfate, 
glutathione, amino acids or acetate. These highly polar 
conjugates are generally inactive and are excreted rapidly in 
the urine and feces. Within a given cell, most drug metabo 
liZing Phase I enZymes are located primarily in the endo 
plasmic reticulum, While the Phase II conjugation enZyme 
systems are mainly cytosolic. In some cases, drugs biotrans 
formed through a Phase I reaction in the endoplasmic 
reticulum are further metaboliZed by conjugation in the 
cytosolic fraction of the same cell (Hardman J. G., Good 
man, Gilman A., Limbird L. E.; Goodman & Gilman’s The 
Pharmacological Basis of Therapeutics, 9th edition, 
McGraW-Hill, NY, 1996). 
EnZymes Involved in the Biotransformation of Xenobiotics 

[0007] Besides being involved in the biotransformation of 
drugs, drug-metaboliZing enZymes are also involved in the 
metabolism of xenobiotics (foreign compounds) as Well as 
in the metabolism of endogenous compounds including 
steroids, vitamins and fatty acids. Foreign compounds 
include therapeutic agents, carcinogens, plant metabolites, 
environmental pollutants, foodstuffs and other dietary com 
ponents as Well as industrial chemicals. The biotransforma 
tion of foreign compounds (xenobiotics) is often regarded as 
detoxi?cation because it usually converts compounds into 
more Water-soluble, readily excreted substances. This tends 
to decrease the exposure of the organism to the compound 
and therefore tends to decrease toxicity. HoWever, in some 
cases the reverse occurs and a metabolite is produced Which 
is more toxic than the parent compound. For example, 
drug-metaboliZing enZymes may activate some carcinogens, 
and interindividual differences in cancer susceptibilities, 
have been linked to polymorphisms in drug-metaboliZing 
enZymes. There are many factors, Which affect biotransfor 
mation and toxicity, such as the dose, availability of cofac 
tors and the relative activity of the various drug-metaboliZ 
ing enZymes. There may also be several competing 
pathWays of metabolism—some leading to detoxi?cation 
others to toxicity. Factors, such as genetic factors or envi 
ronmental factors, Which in?uence the balance betWeen 
these competing pathWays, Will also determine the eventual 
toxicity. 

[0008] As mentioned above, the metabolic conversion of 
drugs and other xenobiotics is enZymatic in nature. The 
enZyme systems involved in the biotransformation of drugs 
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are localized in the liver, although every tissue examined has 
some metabolic activity. Other organs With signi?cant meta 
bolic capacity include the kidneys, gastrointestinal tract, 
skin and lungs. FolloWing non-parenteral administration of 
a drug, a signi?cant portion of the dose may be metaboli 
cally inactivated in either the liver or intestines before it 
reaches the systemic circulation. This ?rst-pass metabolism 
signi?cantly limits the oral availability of highly metabo 
liZed drugs. 

Cytochrome P450 

[0009] The cytochrome P450 enZyme family is the major 
catalyst of biotransformation reactions. Since its origin, the 
cytochrome P450 gene family has diversi?ed to accommo 
date the metabolism of a groWing number of environmental 
chemicals, food toxins and drugs. The resulting superfamily 
of enZymes catalyZes a Wide variety of oxidative and reduc 
tive reactions and has activity toWards a chemically diverse 
group of substrates. Cytochrome P450 enZymes are heme 
containing membrane proteins localiZed in the smooth endo 
plasmic reticulum of numerous tissues. Oxidative reactions 
catalyZed by the microsomal monooxygenase system 
require the cytochrome P450 hemoprotein, NADPH-cyto 
chrome P450 reductase, NADPH, and molecular oxygen. 
Oxidative biotransformations catalyZed by cytochrome 
P450 monooxygenases include aromatic and side chain 
hydroxylation, N-, O-, S-dealkylation, N-oxidation, sulfoxi 
dation, N-hydroxylation, deamination, dehalogenation, and 
desulfuration. Cytochrome P450 enZymes also catalyZe a 
number of reductive reactions, generally under conditions of 
loW oxygen tension. The only common structural feature of 
the diverse group of xenobiotics oxidiZed by cytochrome 
P450 enZymes is their high lipid solubility. 

[0010] TWelve cytochrome P450 gene families have been 
identi?ed in human beings, and a number of distinct cyto 
chrome P450 enZymes often exist Within a single cell. The 
cytochrome P450 1, 2 and 3 families (CYP1, CYP2, CYP3) 
encode the enZymes involved in the majority of all drug 
biotransformations, While the gene products of the remain 
ing cytochrome P450 families are important in the metabo 
lism of endogenous compounds such as steroids and fatty 
acids. CYP1 A2 gene expression may play an important role 
in individual risk of environmental toxicity or cancer. 
CYP1A2 substrates include clinically important drugs such 
as imipramine, propranolol, paracetamol, cloZapine, theo 
phyline, caffeine and acetaminophen. CYP1A2 is also 
involved in the conversion of heterocyclic amines and 
arylamines to their proximal carcinogenic and mutagenic 
forms, as Well as in the metabolism of endogenous sub 
stances including estradiol and uroporphyrinogen III. Inter 
individual differences in susceptibility to arylamine- and 
heterocyclicamine-induced cancers have been linked to 
CYP1A2 polymorphism. CYP2C8 appears to be responsible 
for retinol and retinoic acid metabolism and actively cata 
lyZes benZphetamine N-demethylation. CYP2C9 catalyZes 
the hydroxylation of tolbutamide, a hypoglycemic agent 
used in the treatment of type II diabetes mellitus, and one 
allelic variant of CYP2C9 accounts for the occurrence of 
poor metaboliZers of tolbutamide. CYP2C9 may also have 
an important role in terminating the anti-coagulant activity 
of Warfarin. Widespread interindividual differences in the 
response to Warfarin have been recogniZed. Such variability 
is particularly important for drugs such as Warfarin Which 
have narroW therapeutic indices (SteWard D. J. et al., Phar 
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macogenetics, 7:361-367, 1997). CYP2C9 is further 
involved in the oxidation of tielinic acid and several non 
steroidal anti-in?ammatory agents. The oxidative metabo 
lism through CYP2C9 of tilenic acid can result in the 
emergence of a drug induced autoimmune hepatitis. 
CYP3A4 is involved in the biotransformation of a majority 
of drugs and is expressed at signi?cant levels extrahepati 
cally. It is noW recogniZed that extensive metabolism by 
CYP3A4 in the gastrointestinal tract is a signi?cant factor 
contributing to the poor oral availability of many drugs 
(?rst-pass metabolism). Barbiturates, certain steroids and 
macrolide antibiotics can induce this enZyme. It appears to 
play a central role in the metabolism of the immunosup 
pressive cyclic peptide cyclosporin A as Well as macrolide 
antibiotics, such as erythromycin. 

Flavin-Containing Monooxygenases (FMOS) 

[0011] The mammalian ?avin-containing monooxygena 
ses (FMOs) are microsomal enZymes that catalyZe the 
NADPH-dependent oxygenation of a Wide variety of drugs 
and other xenobiotics that possess a soft nucleophilic het 
eroatom, typically a nitrogen, sulfur, phosphorus or sele 
nium atom. Of special clinical interest is the oxidation of 
trimethylamine in the liver by the FMO, because its de? 
ciency causes the “Fish Odor Syndrome.” Drugs oxidiZed by 
FMOs include, among others, antidepressant, antipsychotic 
neuroleptic, antihypertensive drugs. FMOs have been impli 
cated in the detoxi?cation but also in the metabolic activa 
tion of several different environmental toxins and 
carcinogens. 

[0012] Unlike all other knoWn oxidases and monooxyge 
nases, among Which the Well-studied cytochrome P450 
monooxygenases, FMOs have the unique property of form 
ing a stable enZyme intermediate in the absence of an 
oxygenatable substrate. Because the energy for catalysis is 
already present in the FMO enZyme before contact With the 
potential substrate, the ?t of the substrate does not need to 
be as stringent as With the other enZymes. This feature, 
unique to FMOs among monooxygenases, is responsible for 
the Wide range of substrates accepted by FMOs (including 
tertiary and secondary alkyl- and arylamines, many hydra 
Zines, thiocarbamides, thioamides, sul?des, disul?des, thi 
ols, among others), and determines that any soft nucleophilic 
xenobiotic accessible to the active enZyme Will probably be 
oxidiZed by FMO in vivo. Although some FMO substrates 
are oxidiZed to less active derivatives, several soft nucleo 
philes are metaboliZed to highly reactive and potentially 
toxic intermediates. 

[0013] The FMOs represent a multigene family. Five 
distinct mammalian FMO isoenZymes have been identi?ed 
and cloned from various animal and human tissues: FMO1, 
FMO2, FMO3, FMO4 and FMO5. Human FMO2 and 
human FMOX Were cloned and sequenced by the inventors 
as described in PCT Publication WO 9824914. FMOX 
represents a neW member of the FMO gene family not 
previously identi?ed in mammals. Tissue speci?city and 
activities of the different FMOs have been thoroughly char 
acteriZed. FMO1 is knoWn to be expressed in the human 
kidney but is absent from the liver. In man the enZyme is 
subject to developmental regulation. FMO2 is predomi 
nantly expressed in lung of all mammalian species tested. 
FMO3 Was isolated from human liver, and accounts for the 
majority of FMO expressed in adult human liver. 
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[0014] Many of the FMO substrates may also be oxidized 
by the cytochrome P450 monooxygenases. However, the 
?nal oxidation products are usually different, and the nitro 
gen of a speci?c compound is rarely N-oxygenated by both 
types of monooxygenases. Today, a large number of drugs in 
human clinical trials contain a nitrogen, sulfur, phosphorous 
or some other nucleophilic functionality. Of the tWo major 
monooxygenase systems considered to be responsible for 
heteroatom-containing chemical and drug oxidative metabo 
lism (CYP 450 and FMO), relatively little is knoWn con 
cerning the role of the FMO in human drug metabolism. Yet, 
given the Wide range of substrates potentially oxidiZed by 
FMOs, this class of monooxygenases seems to represent a 
major determinant of drug safety and ef?cacy. 

Uridine Diphosphite Glucoronosyl Transferase (UGTS) 

[0015] Glucoronidation is a major detoxi?cation pathWay 
of Phase II metabolism that is catalyZed by the UDP 
glucuronosyl transferase family of enZymes. Glucuronida 
tion is quantitatively the most important conjugation reac 
tion. Members of this enZyme family catalyZe the 
conjugation of numerous endogenous substances of Widely 
differing structures such as bilirubin, steroid hormones and 
fat-soluble vitamins. In general, xenobiotics become sub 
strates for glucoronidation by ?rst passing through Phase I 
metabolism, but many compounds do not require this step 
because they already possess reactive functionalities (e.g. 
hydroxyl, carboxyl, amino, sulfhydryl etc.) that are direct 
targets for glucuronosyl transferase. The human UGT genes 
appear to have evolved by a series of gene-duplication and 
gene-conversion events resulting in the emergence of a 
diversity of isoforms. They are divided into tWo families, 
UGTl Which is knoWn to have bilirubin and phenol as 
substrates, and UGT2 Which is knoWn to have steroid, bile, 
and odorant as substrates, With these tWo families located on 
different chromosomes. The UGT2 family is divided into 
subfamilies UGT2A and UGT2B. The UGTs have different 
but sometimes overlapping substrate speci?cities. They 
catalyZe the transfer of an activated glucuronic acid mol 
ecule to aromatic and aliphatic alcohols, carboxylic acids, 
amines and free sulfhydryl groups of both exogenous and 
endogenous compounds, to form O— N— and S-glucu 
ronide conjugates. The increased Water solubility of the 
glucuronide conjugates promotes their elimination in the 
urine or bile. In addition to high levels of expression in the 
liver, UGTs are also found in the kidney, intestine, brain and 
skin. Glucoronidation constitutes, from a general point of 
vieW, a reaction of detoxi?cation and elimination. It gener 
ally leads to the formation of inactive metabolites and 
therefore, glucoronidation can dramatically modify the phar 
macological activity of a drug. Moreover, UGTs play a 
major role in the elimination of nucleophilic metabolites of 
carcinogens, such as phenols and quinols of polycyclic 
aromatic hydrocarbons. In this Way they prevent their further 
oxidation to electrophiles, Which may react With DNA, RNA 
or protein. On the other hand, glucoronidation of certain 
compounds facilitates metabolic activation. Aromatic 
amines are some of the most studied examples of the role 
glucoronidation plays in metabolic activation of carcino 
gens. Glucoronidation has also been implicated in adverse 
drug reactions of certain carboxylic drugs, Which resulted in 
a toxic immunological response. Glucoronidation although 
generally a detoxi?cation reaction, may occasionally be 
involved in increasing toxicity. 
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Glutathione Conjugation and Further Metabolism 

[0016] Glutathione is a tripepetide (y-glutamylcysteinylg 
lycine, GSH) found in high concentrations in most mam 
malian tissues, but especially in the liver. Glutathione has 
several functions including roles in metabolism, transport 
and catalysis. Glutathione is also important for the mainte 
nance of the thiol moieties of proteins and for the mainte 
nance of the reduced form of other molecules such as 
cysteine, coenZyme A, and antioxidants such as ascorbic 
acid; it is also used in the formation of deoxyribonucleic 
acids (Anderson M. E., Advances in Pharmacology, 38: 
65-74, 1997). Glutathione has a major protective role in the 
body, as it is the major cellular antioxidant. GSH can react 
non-enZymatically With reactive oxygen species (ROS) and 
thereby protect the cell from oxidative damage. ROS have 
been Widely implicated in the pathology of numerous dis 
eases such as arteriosclerosis, rheumatoid arthritis, cancer, 
AIDS, adult respiratory distress syndrome and Parkinson’s 
disease. 

[0017] Moreover, conjugation With the tripeptide glu 
tathione represents a major detoxi?cation pathWay for xeno 
biotics including drugs and carcinogens. Glutathione may 
react either chemically or in enZyme catalyZed reactions 
With a variety of compounds, Which are reactive electro 
philic metabolites produced in Phase I reactions. The glu 
tathione S-transferase enZymes (GSTs) that catalyZe these 
reactions are members of a multigene family and are 
expressed in virtually all tissues. Glutathione conjugates are 
cleaved to cysteine derivatives and subsequently are acety 
lated by a series of enZymes located primarily in the kidney 
to give N-acetylcysteine conjugates collectively referred to 
as mercapturic acids. Mercapturic acid derivatives are the 
ultimate metabolites excreted in the urine. This is a particu 
larly important route of Phase II metabolism from the 
toxicological point of vieW, as it is often involved in the 
removal of reactive intermediates. Xenobiotics that act as 
substrates for the glutathione S-transferases (GSTs) fall into 
four broad categories: electropilic carbon, nitrogen, sulfur 
and oxygen. Examples of substrates for glutathione S-trans 
ferases include aromatic, heterocyclic, alicyclic and ali 
phatic epoxides; aromatic halogen and nitro compounds; 
alkyl halides; and unsaturated aliphatic compounds (Ballan 
tyne, B., Marrs T. and Turner R, General & Applied Toxi 
cology, Stockton Press, NeW York, 1993). The GSTs are also 
involved in the metabolism of endogenous molecules such 
as the leukotrienes. As mentioned above, many of the 
enZymes involved in xenobiotic metabolism are also 
involved in speci?c aspects of the metabolism of normal 
cellular biochemical constituents. Leukotrienes are impor 
tant mediators and modulators of the in?ammatory reaction 
and contribute to a number of physiological and pathological 
processes. Moreover, the GSTs are also capable of directly 
binding hydrophobic compounds such as heme, bilirubin, 
and steroids, Which may enable them to serve as intracellular 
storage and transport proteins for biological substances With 
limited Water solubility. By their catalytic activity and their 
capacity for binding, the GSTs provide the cell With mecha 
nism to protect itself from the noxious effects of various 
xenobiotics and endogenous substances. Further, GSTs may 
undergo ampli?cation in tumors and may thereby be impli 
cated in drug resistance in cancer chemotherapy. GSTs are 
mostly cytosolic although, more recently, microsomal GSTs 
have been identi?ed. Human microsomal GST II (MGST II) 
is a member of the microsomal glutathione S-transferase 
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family. This enzyme catalyzes the production of LTC4 
(leukotriene C4) from LTA4 (leukotriene A4) and reduced 
glutathione. Leukotrienes are derived from arachidonic acid 
and related fatty acids. Metabolites of arachidonic acid have 
been collectively termed eicosanoids, the principal 
eicosanoids are prostaglandins, thromboxanes and leukot 
rienes (LT). Eicosanoids are among the most important 
chemical mediators and modulators of the in?ammatory 
reaction and contribute to a number of physiological and 
pathological processes (see Hardman J. G., Goodman, Gil 
man A., Limbird L. E.; Goodman & Gilman’s The Phar 
macological Basis of Therapeutics, 9th edition, McGraW 
Hill, NY, 1996). The ability to mount an in?ammatory 
response is essential for survival in the face of environmen 
tal pathogens and injury, although in some situations and 
diseases the in?ammatory response may be exaggerated and 
sustained for no apparent bene?cial reason. This is the case 
in numerous chronic in?ammatory diseases and allergic 
in?ammation. Acute allergic in?ammation is characteriZed 
by increased blood ?oW, extravasation of plasma and recruit 
ment of leukocytes. These events are triggered by locally 
released in?ammatory mediators including eicosanoids and 
more particularly leukotrienes. The participation of arachi 
donic acid metabolism in in?ammatory diseases such as 
rheumatoid arthritis, asthma and acute allergy is Well estab 
lished. Pathological actions of leukotrienes are best under 
stood in terms of their roles in immediate hypersensitivity 
and asthma. LTC4 and LTD4 are potent bronchoconstrictors, 
they act principally on smooth muscle in peripheral airWays 
and are a 1000 times more potent than histamine both in 
vitro and in vivo. They also stimulate bronchial mucus 
secretion and cause mucosal edema. A complex mixture of 
chemical messengers is released When sensitiZed lung tissue 
is challenged by the appropriate antigen. Various prostag 
landins and leukotrienes are prominent components of this 
mixture. Response to the leukotrienes probably dominates 
during allergic constriction of the airWay. A particularly 
important role for the cysteinyl-leukotrienes (LTC4, LTD4, 
and LTE4) has been suggested in pathogenesis of asthma, 
Which is noW recogniZed as a chronic in?ammatory condi 
tion. They are potent spasmogens causing a contraction of 
bronchiolar muscle and an increase in mucus secretion. An 
increased LTC4 formation has also been reported in leuko 
cytes from patients With chronic myelogenous leukemia 
(Stenke et al., Acta Oncologica, 27:803-805, 1987) and in 
experimental glomerulonephritis (Petric et al., Biochim. 
Biophys. Acta, 1254:207-215, 1995). 
[0018] Moreover, MGST II has the capacity to conjugate 
other compounds such as 1-chloro-2, 4 dinitrobenZene With 
glutathione and may be involved in a general metabolic 
system for detoxifying fatty acid epoxides (Jakobsson et al., 
Journal of Biological Chemistry, 271:22203-22210, 1996). 

[0019] The resulting glutathione conjugate usually under 
goes further metabolism, Which involves ?rst a removal of 
the glutamyl residue, catalyZed by y-glutamyltransferase 
(GGT). In addition to catalyZing the initial step in the 
conversion of glutathione-conjugated compounds to mer 
capturic acids, GGT also converts LTC4 to LTD4. Interest 
ingly, expression of GGT is often increased in cancerous 
tissues. 

[0020] Renal dipeptidase is also implicated in the renal 
metabolism of glutathione and its conjugates including 
conjugated xenobiotics and endogenous molecules such as 
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Leukotriene D4. Pharmacologically it is an important 
enZyme, for it is responsible for hydrolysis of some [3-lactam 
antibiotics such as penem and carbapenem. 

[0021] The effectiveness of the GSTs and therefore of 
detoxi?cation by glutathione conjugation in general as Well 
as the ability of the cell to resist to oxidative stress, are 
strongly in?uenced by the availability of reduced glu 
tathione. Reduction of oxidiZed glutathione and de novo 
synthesis of glutathione, are both completely dependent on 
NADPH. Glutathione reductase (GSHR) maintains high 
levels of reduced glutathione in the cytosol in an NADPH 
dependent reaction. Reduced glutathione is synthesiZed de 
novo in the cytosol of most cells via the y-glutamyl cycle; a 
series of tightly controlled, enZyme catalyZed reactions. The 
?rst and second step in the de novo glutathione biosynthesis 
are catalyZed by y-glutamylcysteine synthetase (GLCL) and 
glutathione synthase (GSHS) respectively. De?ciencies in 
y-glutamylcysteine synthetase and GSH synthetase are asso 
ciated With hemolytic anemia and impaired central nervous 
system function. 

Glucose 6-Phosphate Dehydrogenase (G6PDH), Phospho 
gluconate Dehydrogenase (PGDH) and_Malate Dehydroge 
nase: Generation of NADPH 

[0022] NADPH (nicotinamide adenine dinucleotide phos 
phate) serves as an electron donor in reductive biosyntheses. 
In the pentose phosphate pathWay, NADPH is generated 
When glucose 6-phosphate is oxidiZed to ribose 5 -phosphate. 
G6PDH and PGDH are key enZymes of the pentose phos 
phate pathWay and directly lead to the generation of 
NADPH. Another major source of NADPH is the oxidative 
decarboxylation of malate by malic enZyme. 

[0023] NADPH may be used in anabolic processes such as 
fatty acid biosynthesis. One of the major functions of malic 
enZyme may be supplying NADPH to the cytosol for the 
synthesis of fatty acids from acetyl CoA (coenZyme A). 
Further, the cytochrome P450 system is dependent on 
NADPH. As mentioned above, availability of NADPH is 
also critical for the reduction of glutathione. The connection 
betWeen generation of NADPH and reduction of glutathione 
is clearer in tissues that have limited glycolytic metabolism, 
eg the lens and the erythrocyte. Thus the viability of the 
erythrocyte depends on glutathione, kept reduced by this 
pathWay. Moreover, factors that in?uence the availability of 
reduced glutathione drastically alter the effectiveness of 
glutathione S-transferases therefore also affecting drug 
metabolism. Under most conditions saturating levels of 
NADPH are provided to the cell. HoWever, certain condi 
tions can stress the ability of the cell to provide NADPH and 
it may become rate limiting. 

[0024] G6PDH and PGDH are present in most cells and 
tissues. They serve as the key enZymes of the pentose 
phosphate pathWay that control the ?oW of carbon through 
the pathWay and produce reducing equivalents as NADPH to 
meet cellular needs for reductive biosynthesis and to main 
tain the redox state of the cell at physiological levels. 
De?ciency of G6PDH and PGDH leads to decreased levels 
of NADPH and is associated With hemolytic anemia in 
response to oxidative stress. The red cells of G6PDH de? 
cient persons are susceptible to hemolysis by dietary sub 
stances, and by drugs such as primaquine, sulfones, sulfona 
mides, nitrofurans, vitamin K analogs, acetophenetidin, 
chloramphenicol, and many others. 
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Genetic polymorphisms in Drug MetaboliZing Enzymes and 
Pharmacogenomics 
[0025] Genetic, environmental, and physiological factors 
are involved in the regulation of drug biotransformation 
reactions. Results obtained from epidemiological studies 
and experimental animal model systems have shoWn a Wide 
range of phenotypic variation in the ability of individuals to 
metabolize drugs and environmental chemicals. While some 
of this variation can be attributed to different environmental 
exposures, it has become clear that genetic factors also play 
an important role in determining the response of the indi 
vidual to exogenous agents. Certain allelic forms of drug 
metaboliZing enZymes can render the individual either more 
sensitive or resistant to the toxic or therapeutic effects of 
exogenous drugs and chemicals. Genetic factors seem to be 
the major determinants of the variability of drug effects and 
are responsible for a number of striking quantitative and 
qualitative differences in pharmacological activity. Genetic 
differences in the ability of individuals to metaboliZe a drug 
through a given pathWay are an important contributor to the 
large interindividual differences of drug ef?cacy and adverse 
effects Within a population. There are many diverse 
examples of xenobiotics Whose toxicity is directly depen 
dent on the activity of drug-metaboliZing enZymes. Often 
impaired metabolism of a drug through a genetically poly 
morphic pathWay has been associated With an increased 
incidence of adverse effects in the sloW metaboliZer popu 
lation (Weber W. W., Pharmacogenetics, Oxford University 
Press, NY, 1997). Moreover, genetic differences in the 
regulation, expression and activity of genes coding for Phase 
I and Phase II drug-metaboliZing enZymes can be crucial 
factors in de?ning cancer susceptibility and the toxic or 
carcinogenic poWer of environmental chemicals and xeno 
biotics. In addition, the majority of serious cases of drug 
drug interactions are a result of the interference of the 
metabolic clearance of one drug by a coadministered drug. 
The interference usually occurs via inhibition or induction of 
drug-metaboliZing enZymes. Interindividual differences in 
susceptibility to severe drug-drug interactions also involve 
drug-metaboliZing enZyme polymorphism. In some cases 
the design of the drug takes into account the activity of 
drug-metaboliZing enZymes. For example, prodrugs require 
activation by drug-metaboliZing enZymes to exhibit their 
therapeutic activity. The activation and ef?ciency of such 
prodrugs depends on interindividual polymorphism in drug 
metaboliZing enZymes. 
[0026] Individual differences in metabolism of therapeu 
tics can lead to severe toxicity or therapeutic failure. Thera 
peutic management and drug development can be markedly 
improved by the identi?cation of speci?c genetic polymor 
phisms that determine and predict patient susceptibility to 
diseases or patient responses to drugs. Assessing individual 
risk rather than population risk Will lead to better targeted 
therapeutic strategies de?ning individual drug usage based 
on a bene?t/risk prognosis. To assess the origins of indi 
vidual variations in disease susceptibility or drug response, 
pharmacogenomics uses the genomic technologies to iden 
tify polymorphisms Within genes, Which are part of biologi 
cal pathWays involved in disease susceptibility, etiology, and 
development, or more speci?cally in drug response path 
Ways responsible for a drug’s ef?cacy, tolerance or toxicity. 
It can provide tools to re?ne the design of drug development 
by decreasing the incidence of adverse events in drug 
tolerance studies, by better de?ning patient subpopulations 
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of responders and non-responders in ef?cacy studies and, by 
combining the results obtained therefrom, to further alloW 
better enlightened individualiZed drug usage based on ef? 
cacy/tolerance prognosis. Pharmacogenomics can also pro 
vide tools to identify neW targets for designing drugs and to 
optimiZe the use of already existing drugs, in order to either 
increase their response rate and/or exclude non-responders 
from corresponding treatment, or decrease their undesirable 
side effects and/or exclude from corresponding treatment 
patients With marked susceptibility to undesirable side 
effects. 

[0027] Drug-metabolizing enZymes are highly relevant to 
pharmacogenomics because they are at the core of drug 
response, drug ef?cacy and toxicity. Drug-metabolizing 
enZymes also determine an individual’s susceptibility to 
exogenous chemicals and to a number of diseases associated 
With exposure to toxic or carcinogenic chemicals. 

[0028] The complexity of the pathWays and enZymes that 
are involved in detoxi?cation and metabolism of drugs has 
limited the precise identi?cation of the drug-metaboliZing 
enZymes, Which play the causal role in pathologies or in 
drug response. Therapeutic management and drug develop 
ment can be markedly improved by the identi?cation of 
genetic markers derived from drug-metaboliZing enZymes 
that predict patient susceptibility to diseases or patient 
responses to drugs. 

Genetic Analysis of Complex Traits 

[0029] Until recently, the identi?cation of genes linked 
With detectable traits has relied mainly on a statistical 
approach called linkage analysis. Linkage analysis is based 
upon establishing a correlation betWeen the transmission of 
genetic markers and that of a speci?c trait throughout 
generations Within a family. Linkage analysis involves the 
study of families With multiple affected individuals and is 
useful in the detection of inherited traits, Which are caused 
by a single gene, or possibly a very small number of genes. 
Linkage analysis has been successfully applied to map 
simple genetic traits that shoW clear Mendelian inheritance 
patterns and Which have a high penetrance (the probability 
that a person With a given genotype Will exhibit a trait). 
About 100 pathological trait-causing genes have been dis 
covered using linkage analysis over the last 10 years. 

[0030] But, most traits of medical relevance do not folloW 
simple Mendelian monogenic inheritance and linkage stud 
ies have proven dif?cult When applied to complex genetic 
traits. Many complex traits such as height, blood pressure or 
cancer susceptibility have been knoWn to run in families and 
are at least partially determined by genetic factors. HoWever, 
the genes or combination of genes that underlie these 
observable characteristics or traits remain unknoWn in most 
cases. Such complex traits are often due to the combined 
action of multiple genes as Well as environmental factors. 
Because of their loW penetrance, such complex traits do not 
segregate in a clear-cut Mendelian manner as they are passed 
from one generation to the next. Drug ef?cacy, response and 
tolerance/toxicity can also be considered as multifactoral 
traits involving a genetic component in the same Way as 
complex diseases. Linkage analysis is impractical When the 
trait under study is drug response due to the lack of avail 
ability of familial cases. In fact, the likelihood of having 
more than one individual in a family being exposed to the 
same drug at the same time is very loW. Linkage analysis 



US 2006/0040304 A1 

cannot be applied to the study of such traits for Which no 
large informative families are available. Attempts to map 
complex traits have been plagued by inconclusive results, 
demonstrating the need for more sophisticated genetic tools. 

[0031] Knowledge of genetic variation in drug-metaboliZ 
ing enZymes is important for understanding Why some 
people are more susceptible to toxicity, pathology or respond 
differently to drugs. Ways to identify genetic polymorphism 
and to analyZe hoW they impact and predict disease suscep 
tibility and response to treatment are needed. 

[0032] Whereas a number of polymorphisms and rare 
mutations have been identi?ed in drug-metaboliZing 
enZymes (see Weber W. W., Pharmacogenetics, Oxford 
University Press, NeW York, 1997), genetic markers for use 
in determining Which genes contribute to multigenic or 
quantitative traits and suitable methods for exploiting those 
markers have not been found and brought to bare on the 
genes coding for drug-metaboliZing enZymes. 

SUMMARY OF THE INVENTION 

[0033] The present invention is based on the discovery of 
a set of novel DME-related biallelic markers. See Table 
11(A-B). These markers are located in the coding regions as 
Well as non-coding regions adjacent to genes Which are 
involved in the metabolic conversion of drugs and other 
xenobiotics. The position of these markers and knowledge of 
the surrounding sequence has been used to design poly 
nucleotide compositions Which are useful in determining the 
identity of nucleotides at the marker position, as Well as 
more complex association and haplotyping studies Which are 
useful in determining the genetic basis for variability in drug 
response and adverse reactions to drugs as Well as the 
genetic basis for disease states involving the metabolic 
conversion of xenobiotics such as drugs. In addition, the 
compositions and methods of the invention ?nd use in the 
identi?cation of the targets for the development of pharma 
ceutical agents and diagnostic methods, as Well as the 
characteriZation of the differential ef?cacious responses to 
and side effects from pharmaceutical agents. 

[0034] The present invention further stems from the iso 
lation and characteriZation of the genomic sequence of the 
MGST-II gene including its regulatory regions and of the 
complete cDNA sequence encoding the MGST-II enZyme. 
Oligonucleotide probes and primers hybridiZing speci?cally 
With a genomic sequence of MGST-II are also part of the 
invention. A further object of the invention consists of 
recombinant vectors comprising any of the nucleic acid 
sequences described in the present invention, and in par 
ticular of recombinant vectors comprising the promoter 
region of MGST-II or a sequence encoding the MGST-II 
enZyme, as Well as cell hosts comprising said nucleic acid 
sequences or recombinant vectors. The invention also 
encompasses methods of screening of molecules Which, 
modulate or inhibit the expression of the MGST-II gene. The 
invention is also directed to biallelic markers that are located 
Within the MGST-II genomic sequence, these biallelic mark 
ers representing useful tools in order to identify a statisti 
cally signi?cant association betWeen speci?c alleles of 
MGST-II gene and one or several disorders related to asthma 
and/or hepatotoxicity. 

Feb. 23, 2006 

[0035] A ?rst embodiment of the invention encompasses 
polynucleotides consisting of, consisting essentially of, or 
comprising a contiguous span of nucleotides of a sequence 
selected as an individual or in any combination from the 

group consisting of SEQ ID Nos. 1-38, 40-54, 56-353, 
355-463, and 465-487, and the complements thereof; pref 
erably SEQ ID Nos. 485-487, 494-531, 533-547, 549-846, 
848-956, and 958-977, and the complements thereof; or the 
sequences described in any one or more of Tables 12, 13, 14, 
15, 16, 17, and 18, and the complements thereof, Wherein 
said contiguous span is at least 6, 8, 10, 12, 15, 20, 25, 30, 
35, 40, 50, 75, 100, 200, 500, or 1000 nucleotides in length, 
to the extent that such a length is consistent With the lengths 
of the particular Sequence ID. The present invention also 
relates to polynucleotides hybridiZing under stringent or 
intermediate conditions to a sequence selected from the 
group consisting of SEQ ID Nos. SEQ ID Nos. 1-38, 40-54, 
56-353, 355-463, and 465-487, and the complements 
thereof; preferably SEQ ID Nos. 485-487, 494-531, 533 
547, 549-846, 848-956, and 958-977, and the complements 
thereof. In addition, the polynucleotides of the invention 
encompass polynucleotides With any further limitation 
described in this disclosure, or those folloWing, speci?ed 
alone or in any combination: Said contiguous span may 
optionally include the DME-related biallelic marker in said 
sequence; Optionally either the original or the alternative 
allele of Table 13 may be speci?ed as being present at said 
DME-related biallelic marker; Optionally either the ?rst or 
the second allele of Table 12 or 14 may be speci?ed as being 
present at said DME-related biallelic marker; Optionally, 
said polynucleotide may comprise, consists of, or consist 
essentially of a contiguous span Which ranges in length from 
8, 10, 12, 15, 18 or 20 to 25, 35, 40, 50, 60, 70, or 80 
nucleotides, or be speci?ed as being 12, 15, 18, 20, 25, 35, 
40, or 50 nucleotides in length and including a DME-related 
biallelic marker of said sequence, and optionally the original 
allele of Table 13 is present at said biallelic marker; Option 
ally, said biallelic marker may be Within 6, 5, 4, 3, 2, or I 
nucleotides of the center of said polynucleotide or at the 
center of said polynucleotide; Optionally, the 3‘ end of said 
contiguous span may be present at the 3‘ end of said 
polynucleotide; Optionally, biallelic marker may be present 
at the 3‘ end of said polynucleotide; Optionally, the 3‘ end of 
said polynucleotide may be located Within or at least 2, 4, 6, 
8, 10, 12, 15, 18, 20, 25, 50, 100, 250, 500, or 1000 
nucleotides upstream of a DME-related biallelic marker in 
said sequence, to the extent that such a distance is consistent 
With the lengths of the particular Sequence ID; Optionally, 
the 3‘ end of said polynucleotide may be located I nucleotide 
upstream of a DME-related biallelic marker in said 
sequence; and Optionally, said polynucleotide may further 
comprise a label. 

[0036] A second embodiment of the invention encom 
passes any polynucleotide of the invention attached to a 
solid support. In addition, the polynucleotides of the inven 
tion Which are attached to a solid support encompass poly 
nucleotides With any further limitation described in this 
disclosure, or those folloWing, speci?ed alone or in any 
combination: Optionally, said polynucleotides may be speci 
?ed as attached individually or in groups of at least 2, 5, 8, 
10, 12, 15, 20, or 25 distinct polynucleotides of the inven 
tions to a single solid support; Optionally, polynucleotides 
other than those of the invention may attached to the same 
solid support as polynucleotides of the invention; Option 
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ally, When multiple polynucleotides are attached to a solid 
support they may be attached at random locations, or in an 
ordered array; Optionally, said ordered array may be addres 
sable. 

[0037] A third embodiment of the invention encompasses 
the use of any polynucleotide for, or any polynucleotide for 
use in, determining the identity of one or more nucleotides 
at a DME-related biallelic marker. In addition, the poly 
nucleotides of the invention for use in determining the 
identity of one or more nucleotides at a DME-related 

biallelic marker encompass polynucleotides With any further 
limitation described in this disclosure, or those following, 
speci?ed alone or in any combination. Optionally, said 
DME-related biallelic marker may be in a sequence selected 
individually or in any combination from the group consist 
ing of SEQ ID Nos. 1-38, 40-54, 56-353, 355-463, and 
465-487, and the complements thereof; preferably SEQ ID 
Nos. 485-487, 494-531, 533-547, 549-846, 848-956, and 
958-977, and the complements thereof; Optionally, said 
polynucleotide may comprise a sequence disclosed in the 
present speci?cation; Optionally, said polynucleotide may 
consist of, or consist essentially of any polynucleotide 
described in the present speci?cation; Optionally, said deter 
mining may be performed in a hybridiZation assay, sequenc 
ing assay, microsequencing assay, or an enZyme-based mis 
match detection assay; Optionally, said polynucleotide may 
be attached to a solid support, array, or addressable array; 
Optionally, said polynucleotide may be labeled. 

[0038] A fourth embodiment of the invention encom 
passes the use of any polynucleotide for, or any polynucle 
otide for use in, amplifying a segment of nucleotides com 
prising a DME-related biallelic marker. In addition, the 
polynucleotides of the invention for use in amplifying a 
segment of nucleotides comprising a DME-related biallelic 
marker encompass polynucleotides With any further limita 
tion described in this disclosure, or those folloWing, speci 
?ed alone or in any combination: Optionally, said DME 
related biallelic marker may be in a sequence selected 
individually or in any combination from the group consist 
ing of SEQ ID Nos. 1-38, 40-54, 56-353, 355-463, and 
465-487, and the complements thereof; preferably SEQ ID 
Nos. 485-487, 494-531, 533-547, 549-846, 848-956, and 
958-977, and the complements thereof; Optionally, said 
DME-related biallelic marker may be selected individually 
or in any combination from the biallelic markers described 
in Table 11(A-B); Optionally, said DME-related biallelic 
marker may be selected from the biallelic markers found in 
Tables 19, 20, 21 and 22; Optionally, said DME-related 
biallelic marker may be selected from the folloWing biallelic 
markers: 12-455-326, 12-453-429, 12-454-363, 12-441-233, 
12-461-299, 12-426-154, 12-424-198, 12-716-295, 10-428 
219, 12-720-80, 12-156-91, 12-140-134, 12-653-423, 
10-471-84, 10-471-85, 10-470-25, 12-652-203, 12-637-219, 
12-721-440, and 10-420-284; Optionally, said polynucle 
otide may comprise a sequence disclosed in the present 
speci?cation; Optionally, said polynucleotide may consist 
of, or consist essentially of any polynucleotide described in 
the present speci?cation; Optionally, said amplifying may be 
performed by a PCR or LCR. Optionally, said polynucle 
otide may be attached to a solid support, array, or address 
able array. Optionally, said polynucleotide may be labeled. 
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[0039] A ?fth embodiment of the invention encompasses 
methods of genotyping a biological sample comprising 
determining the identity of a nucleotide at a DME-related 
biallelic marker. In addition, the genotyping methods of the 
invention encompass methods With any further limitation 
described in this disclosure, or those folloWing, speci?ed 
alone or in any combination: Optionally, said DME-related 
biallelic marker may be in a sequence selected individually 
or in any combination from the group consisting of SEQ ID 
Nos. 1-38, 40-54, 56-353, 355-463, and 465-487, and the 
complements thereof; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977, and the 
complements thereof; Optionally, said DME-related bial 
lelic marker may be selected individually or in any combi 
nation from the biallelic markers described in Table 11(A 
B); 
[0040] Optionally, said DME-related biallelic marker may 
be selected individually or in any combination from the 
biallelic markers described in Table 11(A-B); Optionally, 
said DME-related biallelic marker may be selected from the 
biallelic markers found in Tables 19, 20, 21 and 22; Option 
ally, said DME-related biallelic marker may be selected 
from the folloWing biallelic markers: 12-455-326, 12-453 
429, 12-454-363, 12-441-233, 12-461-299, 12-426-154, 
12-424-198, 12-716-295, 10-428-219, 12-720-80, 12-156 
91, 12-140-134, 12-653-423, 10-471-84, 10-471-85, 
10-470-25, 12-652-203, 12-637-219, 12-721-440, and 
10-420-284; Optionally, said method further comprises 
determining the identity of a second nucleotide at said 
biallelic marker, Wherein said ?rst nucleotide and second 
nucleotide are not base paired (by Watson & Crick base 
pairing) to one another; Optionally, said biological sample is 
derived from a single individual or subject; Optionally, said 
method is performed in vitro; Optionally, said biallelic 
marker is determined for both copies of said biallelic marker 
present in said individual’s genome; Optionally, said bio 
logical sample is derived from multiple subjects or individu 
als; Optionally, said method further comprises amplifying a 
portion of said sequence comprising the biallelic marker 
prior to said determining step; Optionally, Wherein said 
amplifying is performed by PCR, LCR, or replication of a 
recombinant vector comprising an origin of replication and 
said portion in a host cell; Optionally, Wherein said deter 
mining is performed by a hybridiZation assay, sequencing 
assay, microsequencing assay, or an enZyme-based mis 
match detection assay. 

[0041] A siXth embodiment of the invention comprises 
methods of estimating the frequency of an allele in a 
population comprising genotyping individuals from said 
population for a DME-related biallelic marker and deter 
mining the proportional representation of said biallelic 
marker in said population. In addition, the methods of 
estimating the frequency of an allele in a population of the 
invention encompass methods With any further limitation 
described in this disclosure, or those folloWing, speci?ed 
alone or in any combination: Optionally, said DME-related 
biallelic marker may be in a sequence selected individually 
or in any combination from the group consisting of SEQ ID 
Nos. 1-38, 40-54, 56-353, 355-463, and 465-487, and the 
complements thereof; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977, and the 
complements thereof; Optionally, said DME-related bial 
lelic marker may be selected from the biallelic markers 
described in Table 11(A-B); Optionally, said DME-related 
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biallelic marker may be selected individually or in any 
combination from the biallelic markers described in Table 
11(A-B); Optionally, said DME-related biallelic marker may 
be selected from the biallelic markers found in Tables 19, 20, 
21 and 22; Optionally, said DME-related biallelic marker 
may be selected from the following biallelic markers: 
12-455-326, 12-453-429, 12-454-363, 12-441-233, 12-461 
299, 12-426-154, 12-424-198, 12-716-295, 10-428-219, 
12-720-80, 12-156-91, 12-140-134, 12-653-423, 10-471-84, 
10-471-85, 10-470-25, 12-652-203, 12-637-219, 12-721 
440, and 10-420-284; Optionally, determining the frequency 
of a biallelic marker allele in a population may be accom 
plished by determining the identity of the nucleotides for 
both copies of said biallelic marker present in the genome of 
each individual in said population and calculating the pro 
portional representation of said nucleotide at said DME 
related biallelic marker for the population; Optionally, deter 
mining the frequency of a biallelic marker allele in a 
population may be accomplished by performing a genotyp 
ing method on a pooled biological sample derived from a 
representative number of individuals, or each individual, in 
said population, and calculating the proportional amount of 
said nucleotide compared With the total. 

[0042] A seventh embodiment of the invention comprises 
methods of detecting an association betWeen an allele and a 
phenotype, comprising the steps of a) determining the fre 
quency of at least one DME-related biallelic marker allele in 
a case (trait positive) population, b) determining the fre 
quency of said DME-related biallelic marker allele in a 
control population and; c) determining Whether a statisti 
cally signi?cant association eXists betWeen said genotype 
and said phenotype. In addition, the methods of detecting an 
association betWeen an allele and a phenotype of the inven 
tion encompass methods With any further limitation 
described in this disclosure, or those folloWing, speci?ed 
alone or in any combination: Optionally, said DME-related 
biallelic marker may be in a sequence selected individually 
or in any combination from the group consisting of SEQ ID 
Nos. 1-38, 40-54, 56-353, 355-463, and 465-487, and the 
complements thereof; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977, and the 
complements thereof; Optionally, said DME-related bial 
lelic marker may be selected from the biallelic markers 
described in Table 11(A-B); Optionally, said control popu 
lation may be a trait negative population, or a random 
population; Optionally, said phenotype is a response to a 
drug, or a side effects to a drug, or a disease involving the 
metabolic conversion of Xenobiotics; Optionally, the identity 
of the nucleotides at the biallelic markers in everyone of the 
folloWing sequences: SEQ ID Nos. 1-38, 40-54, 56-353, 
355-463, and 465-487; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977 is deter 
mined in steps a) and b). 
[0043] An eighth embodiment of the present invention 
encompasses methods of estimating the frequency of a 
haplotype for a set of biallelic markers in a population, 
comprising the steps of: a) genotyping each individual in 
said population for at least one DME-related biallelic 
marker, b) genotyping each individual in said population for 
a second biallelic marker by determining the identity of the 
nucleotides at said second biallelic marker for both copies of 
said second biallelic marker present in the genome; and c) 
applying a haplotype determination method to the identities 
of the nucleotides determined in steps a) and b) to obtain an 
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estimate of said frequency. In addition, the methods of 
estimating the frequency of a haplotype of the invention 
encompass methods With any further limitation described in 
this disclosure, or those folloWing, speci?ed alone or in any 
combination: Optionally said haplotype determination 
method is selected from the group consisting of asymmetric 
PCR ampli?cation, double PCR ampli?cation of speci?c 
alleles, the Clark method, and an expectation maXimiZation 
algorithm; Optionally, said second biallelic marker is a 
DME-related biallelic marker in a sequence selected from 
the group consisting of the biallelic markers of SEQ ID Nos. 
1-38, 40-54, 56-353, 355-463, and 465-487, and the comple 
ments thereof, preferably SEQ ID Nos. 485-487, 494-531, 
533-547, 549-846, 848-956, and 958-977, and the comple 
ments thereof; Optionally, said DME-related biallelic mark 
ers may be selected individually or in any combination from 
the biallelic markers described in Table 11(A-B); Optionally, 
said DME-related biallelic marker may be selected individu 
ally or in any combination from the biallelic markers 
described in Table 11(A-B); Optionally, said DME-related 
biallelic marker may be selected from the biallelic markers 
found in Tables 19, 20, 21 and 22; Optionally, said DME 
related biallelic marker may be selected from the folloWing 
biallelic markers: 12-455-326, 12-453-429, 12-454-363, 
12,-441-233, 12-461-299, 12-426-154, 12-424-198, 12-716 
295, 10-428-219, 12-720-80, 12-156-91, 12-140-134, 
12-653-423, 10-471-84, 10-471-85, 10-470-25, 12-652-203, 
12-637-219, 12-721-440, and 10-420-284; Optionally, the 
identity of the nucleotides at the biallelic markers in every 
one of the sequences of SEQ ID Nos. 1-38, 40-54, 56-353, 
355463, and 465-487; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977 is deter 
mined in steps a) and b). 

[0044] A ninth embodiment of the present invention 
encompasses methods of detecting an association betWeen a 
haplotype and a phenotype, comprising the steps of: a) 
estimating the frequency of at least one haplotype in a trait 
positive population according to a method of estimating the 
frequency of a haplotype of the invention; b) estimating the 
frequency of said haplotype in a control population accord 
ing to the method of estimating the frequency of a haplotype 
of the invention; and c) determining Whether a statistically 
signi?cant association eXists betWeen said haplotype and 
said phenotype. In addition, the methods of detecting an 
association betWeen a haplotype and a phenotype of the 
invention encompass methods With any further limitation 
described in this disclosure, or those folloWing, speci?ed 
alone or in any combination: Optionally, said DME-related 
biallelic marker may be in a sequence selected individually 
or in any combination from the group consisting of SEQ ID 
Nos. 1-38, 40-54, 56-353, 355-463, and 465-487, and the 
complements thereof; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977, and the 
complements thereof; Optionally, said DME-related bial 
lelic markers may be selected individually or in any com 
bination from the biallelic markers described in Table 11(A 
B); Optionally, said DME-related biallelic marker may be 
selected from the biallelic markers found in Tables 19, 20, 
21 and 22; Optionally, said DME-related biallelic marker 
may be selected from the folloWing biallelic markers: 
12-455-326, 12-453-429, 12-454-363, 12-441-233, 12-461 
299, 12-426-154, 12-424-198, 12-716-295, 10-428-219, 
12-720-80, 12-156-91, 12-140-134, 12-653-423, 10-471-84, 
10-471-85, 10-470-25, 12-652-203, 12-637-219, 12-721 
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440, and 10-420-284; Optionally, said control population 
may be a trait negative population, or a random population; 
Optionally, said phenotype is a response to a drug, or a side 
effects to a drug, or a disease involving the metabolic 
conversion of xenobiotics; Optionally, the identity of the 
nucleotides at the biallelic markers in everyone of the 
following sequences: SEQ ID Nos. 1-38, 40-54, 56-353, 
355-463, and 465-487; preferably SEQ ID Nos. 485-487, 
494-531, 533-547, 549-846, 848-956, and 958-977 is deter 
mined in steps a) and b). 
[0045] A tenth embodiment of the present invention is a 
method of administering a drug or a treatment comprising 
the steps of: a) obtaining a nucleic acid sample from an 
individual; b) determining the identity of the polymorphic 
base of at least one DME-related biallelic marker Which is 
associated With a positive response to the treatment or the 
drug; or at least one biallelic DME-related biallelic marker 
Which is associated With a negative response to the treatment 
or the drug; and c) administering the treatment or the drug 
to the individual if the nucleic acid sample contains said 
biallelic marker associated With a positive response to the 
treatment or the drug or if the nucleic acid sample lacks said 
biallelic marker associated With a negative response to the 
treatment or the drug. In addition, the methods of the present 
invention for administering a drug or a treatment encompass 
methods With any further limitation described in this dis 
closure, or those folloWing, speci?ed alone or in any com 
bination: optionally, said DME-related biallelic marker may 
be in a sequence selected individually or in any combination 
from the group consisting of SEQ ID Nos. 1-38, 40-54, 
56-353, 355-463, and 465-487, and the complements 
thereof, or preferably SEQ ID Nos. 485-487, 494-531, 
533-547, 549-846, 848-956, 958-977, and the complements 
thereof; or more preferably SEQ ID Nos. 496, 498, 502, 
506-508, 518, 524, 526, 530, 531, 534, 816, 838, 844-846, 
850, 870, 873, and the complements thereof; Optionally, the 
administering step comprises administering the drug or the 
treatment to the individual if the nucleic acid sample con 
tains said biallelic marker associated With a positive 
response to the treatment or the drug and the nucleic acid 
sample lacks said biallelic marker associated With a negative 
response to the treatment or the drug. 

[0046] An eleventh embodiment of the present invention 
is a method of selecting an individual for inclusion in a 
clinical trial of a treatment or drug comprising the steps of: 
a) obtaining a nucleic acid sample from an individual; b) 
determining the identity of the polymorphic base of at least 
one DME-related biallelic marker Which is associated With 
a positive response to the treatment or the drug, or at least 
one DME-related biallelic marker Which is associated With 
a negative response to the treatment or the drug in the 
nucleic acid sample, and c) including the individual in the 
clinical trial if the nucleic acid sample contains said DME 
related biallelic marker associated With a positive response 
to the treatment or the drug or if the nucleic acid sample 
lacks said biallelic marker associated With a negative 
response to the treatment or the drug. In addition, the 
methods of the present invention for selecting an individual 
for inclusion in a clinical trial of a treatment or drug 
encompass methods With any further limitation described in 
this disclosure, or those folloWing, speci?ed alone or in any 
combination: Optionally, said DME-related biallelic marker 
may be in a sequence selected individually or in any 
combination from the group consisting of SEQ ID Nos. 
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1-38, 40-54, 56-353, 355-463, and 465-487, and the comple 
ments thereof, or preferably SEQ ID Nos. 485-487, 494-531, 
533-547, 549-846, 848-956, 958-977, and the complements 
thereof; or more preferably SEQ ID Nos. 496, 498, 502, 
506-508, 518, 524, 526, 530, 531, 534, 816, 838, 844-846, 
850, 870, 873, and the complements thereof, Optionally, the 
including step comprises administering the drug or the 
treatment to the individual if the nucleic acid sample con 
tains said biallelic marker associated With a positive 
response to the treatment or the drug and the nucleic acid 
sample lacks said biallelic marker associated With a negative 
response to the treatment or the drug. 

[0047] Additional embodiments are set forth in the 
Detailed Description of the Invention and in the Examples. 

BRIEF DESCRIPTION OF THE TABLES 

[0048] Table 11A is a chart containing a list of all of the 
DME-related biallelic markers for each gene With an indi 
cation of the gene for Which the marker is in closest physical 
proximity, an indication of Whether the markers have been 
validated by microsequencing (With a Y indicating that the 
markers have been validated by microsequencing and an N 
indicating that it has not), and an indication of the identity 
and frequency of the least common allele determined by 
genotyping (With a blank left to indicate that the frequency 
has not yet been reported for some markers). The frequen 
cies Were determined from DNA samples collected from a 
random US Caucasian population. When the marker Was 
determined to be homoZygous at the particular location for 
the random US Caucasian population, the homoZygous 
bases Were recorded in the “Genotyping Least Common 
Allele Frequency” column of Table 11A. 

[0049] Table 11B contains all of the DME-related biallelic 
markers provided in Table 11A; hoWever, they are provided 
in shorter, easier to search sequences of 47 nucleotides. 
Accordingly, Table 11A begins With SEQ ID No. 1 and ends 
With SEQ ID No. 484, While Table 11B begins With SEQ ID 
No. 494 and ends With SEQ ID No. 977 (SEQ ID Nos. 
485 -493 correspond to the genomic and protein sequences of 
the invention and are not repeated in Table 11B). Table 1 
beloW contains the ?rst ?ve markers listed in the sequence 
listing and their corresponding SEQ ID numbers in Tables 
11A and 11B to illustrate the relationship betWeen Tables 
11A and 11B: 

[0050] Table 11B is the same as Table 11A in that it is a 
list of all of the DME-related biallelic markers for each gene 
With an indication of the gene for Which the marker is in 
closest physical proximity, an indication of Whether the 
markers have been validated by microsequencing (With a Y 
indicating that the markers have been validated by microse 
quencing and an N indicating that it has not), and an 
indication of the identity and frequency of the least common 
allele determined by genotyping (With a blank left to indi 
cate that the frequency has not yet been reported for some 
markers). HoWever, the “Biallelic Marker Position in SEQ 
ID No.” for all of the DME-related biallelic markers pro 
vided in Table 11B is position 24 (representing the midpoint 
of the 47 mers that make up Table 11B). The frequencies 
Were determined from DNA samples collected from a ran 
dom US Caucasian population. 
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[0051] Tables 12, 13, and 14 are charts containing lists of 
the DME-related biallelic rnarkers. Each marker is described 
by indicating its SEQ ID, the biallelic rnarker ID, and the 
two most common alleles. Table 12 is a chart containing a 
list of biallelic rnarkers surrounded by preferred sequences. 
In the column labeled, “POSITION RANGE OF PRE 
FERRED SEQUENCE” of Table 12, regions of particularly 
preferred sequences are listed for each SEQ ID, Which 
contain a DME-related biallelic rnarker, as Well as particu 
larly preferred regions of sequences that may not contain a 
DME-related biallelic rnarker but, Which are in suf?ciently 
close proximity to a DME-related biallelic marker to be 
useful as arnpli?cation or sequencing prirners. 

[0052] Table 15 is a chart listing particular preferred 
sequences that are useful for designing some of the primers 
and probes of the invention. Each sequence is described by 
indicating its Sequence ID and the positions of the ?rst and 
last nucleotides (position range) of the particular sequence in 
the Sequence ID. 

[0053] Table 16 is a chart listing rnicrosequencing prirners 
Which have been used to genotype DME-related biallelic 
rnarkers (indicated by an *) and other preferred rnicrose 
quencing primers for use in genotyping DME-related bial 
lelic rnarkers. Each of the primers Which falls Within the 
strand of nucleotides included in the Sequence Listing are 
described by indicating their Sequence ID number and the 
positions of the ?rst and last nucleotides (position range) of 
the primers in the Sequence ID. Since the sequences in the 
Sequence Listing are single stranded and half the possible 
rnicrosequencing primers are composed of nucleotide 
sequences from the complementary strand, the primers that 
are composed of nucleotides in the complementary strand 
are described by indicating their SEQ ID numbers and the 
positions of the ?rst and last nucleotides to Which they are 
complementary (cornplernentary position range) in the 
Sequence ID. 

[0054] Table 17 is a chart listing arnpli?cation prirners 
Which have been used to amplify polynucleotides containing 
one or more DME-related biallelic rnarkers. Each of the 
primers Which falls Within the strand of nucleotides included 
in the Sequence Listing are described by indicating their 
Sequence ID number and the positions of the ?rst and last 
nucleotides (position range) of the primers in the Sequence 
ID. Since the sequences in the Sequence Listing are single 
stranded and half the possible arnpli?cation primers are 
composed of nucleotide sequences from the complementary 
strand, the primers that are composed of nucleotides in the 
complementary strand are de?ned by the SEQ ID numbers 
and the positions of the ?rst and last nucleotides to Which 
they are complementary (cornplernentary position range) in 
the Sequence ID. 

[0055] Table 18 is a chart listing preferred probes useful in 
genotyping DME-related biallelic markers by hybridiZation 
assays. The probes are generally 25-rners With a DME 
related biallelic marker in the center position, and described 
by indicating their Sequence ID number and the positions of 
the ?rst and last nucleotides (position range) of the probes in 
the Sequence ID. The probes complementary to the 
sequences in each position range in each Sequence ID are 
also understood to be a part of this preferred list even though 
they are not speci?ed separately. 
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[0056] Table 19 is a chart containing a list of preferred 
MGST-II-related biallelic rnarkers With an indication of the 
frequency of both alleles determined by genotyping. Fre 
quencies were determined in a random US Caucasian popu 
lation. 

[0057] Table 20 is a chart containing a list of preferred 
ME1-related biallelic rnarkers With an indication of the 
frequency of both alleles determined by genotyping. Fre 
quencies were determined in a random US Caucasian popu 
lation. 

[0058] Table 21 is a chart containing a list of preferred 
UGT1A7-related biallelic rnarkers With an indication of the 
frequency of both alleles determined by genotyping. Fre 
quencies were determined in a random US Caucasian popu 
lation and a random French Caucasian population. 

[0059] Table 22 is a chart containing a list of preferred 
UGT2B4-related biallelic rnarkers With an indication of the 
frequency of both alleles determined by genotyping. Fre 
quencies were determined in a random US Caucasian popu 
lation and a random French Caucasian population. 

[0060] Table 23 is a chart shoWing the results of a haplo 
type analysis study demonstrating an association betWeen 
asthma and MGST-II-related biallelic rnarker haplotypes. 

[0061] Table 24 is a chart shoWing the results of a per 
rnutation test Which evaluates the statistical signi?cance of 
the results obtained for the MGST2 haplotype analysis. 

[0062] Table 25 is a chart shoWing the results of a single 
point allelic association analysis conducted on individuals 
With side effects to treatment With the anti-asthrnatic drug 
Zy?oTM (Zileuton) and MGST-II related biallelic rnarkers. 

[0063] Tables 26A and B are a chart shoWing the results of 
a haplotype analysis study demonstrating an association 
betWeen side effects upon treatment With the anti-asthrnatic 
drug Zy?oTM (Zileuton) and MGST-II related biallelic 
rnarker haplotypes. 

[0064] Table 27 is a table shoWing the results of a phe 
notypic perrnutation test Which evaluates the statistical sig 
ni?cance of the MGST-II haplotype analysis results. 

[0065] Table 28 is a chart shoWing the results of a single 
point allelic association analysis conducted on individuals 
With side effects to treatment With the anti-asthrnatic drug 
Zy?oTM (Zileuton) and UGT1A7-related biallelic rnarkers. 

[0066] Tables 29A & B are a chart shoWing the results of 
a haplotype analysis study demonstrating an association 
betWeen side effects upon treatment With the anti-asthrnatic 
drug Zy?oTM (Zileuton) and UGT1A7-related biallelic 
rnarker haplotypes. 

[0067] Table 30 is a chart shoWing the results of a per 
rnutation test Which evaluates the statistical signi?cance of 
the results obtained from the UGT1A7 haplotype analysis. 

[0068] Table 31 is a chart shoWing the results of a single 
point allelic association analysis conducted on individuals 
With side effects to treatment With the anti-asthrnatic drug 
Zy?oTM (Zileuton) and UGT2B4-related biallelic rnarkers. 

[0069] Tables 32A & B are a chart shoWing the results of 
a haplotype analysis study demonstrating an association 
betWeen side effects upon treatment With the anti-asthrnatic 
drug Zy?oTM (Zileuton) and UGT2B4-related biallelic 
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marker haplotypes. Table 33 is a chart showing the results of 
a permutation test Which evaluates the statistical signi?cance 
of the results obtained from the UGT2B4 haplotype analy 
sis. 

BRIEF DESCRIPTION OF THE SEQUENCES 
PROVIDED IN THE SEQUENCE LISTING 

[0070] SEQ ID NOs: 1-484 contain the nucleotide 
sequence of genomic DNA fragments located in the vicinity 
of the candidate genes. 

[0071] SEQ ID NO: 485 contains the genomic sequence of 
the MGST-II gene comprising the 5‘ regulatory region 
(upstream untranscribed region), the exons and introns, and 
the 3‘ regulatory region (doWnstream untranscribed region). 

[0072] SEQ ID NO: 486 contains a cDNA sequence of 
MGST-II. 

[0073] SEQ ID NO: 487 contains a cDNA sequence of 
MGST-II corresponding to an alternative messenger RNA 
Which is due to alternative splicing joining exon 1 to exon 
3 and resulting in the absence of exon 2. 

[0074] SEQ ID NO: 488 contains the amino acid sequence 
encoded by the cDNA of SEQ ID No. 486. 

[0075] SEQ ID NO: 489 contains the amino acid sequence 
encoded by the cDNA of SEQ ID No. 487. 

[0076] SEQ ID NO: 490 contains a partial cDNAsequence 
of MGST-II sequence corresponding to a cloned partial 
messenger RNA. 

[0077] SEQ ID NO: 491 contains a partial cDNAsequence 
of MGST-II sequence corresponding to a cloned partial 
messenger RNA. 

[0078] SEQ ID NO: 492 contains a primer containing the 
additional PU 5‘ sequence described further in Example 1. 

[0079] SEQ ID NO: 493 contains a primer containing the 
additional RP 5‘ sequence described further in Example 1. 

[0080] SEQ ID NOs: 494-977 contain the nucleotide 
sequence of genomic DNA fragments located in the vicinity 
of the candidate genes. These sequences are in easier to 
search sequences of 47 nucleotides. 

DETAILED DESCRIPTION OF THE 
INVENTION 

ADVANTAGES OF THE BIALLELIC MARKERS 
OF THE PRESENT INVENTION 

[0081] The DME-related biallelic markers of the present 
invention offer a number of important advantages over other 
genetic markers such as RFLP (Restriction fragment length 
polymorphism) and VNTR (Variable Number of Tandem 
Repeats) markers. 

[0082] The ?rst generation of markers, Were RFLPs, 
Which are variations that modify the length of a restriction 
fragment. But methods used to identify and to type RFLPs 
are relatively Wasteful of materials, effort, and time. The 
second generation of genetic markers Were VNTRs, Which 
can be categoriZed as either minisatellites or microsatellites. 
Minisatellites are tandemly repeated DNA sequences 
present in units of 5-50 repeats Which are distributed along 
regions of the human chromosomes ranging from 0.1 to 20 
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kilobases in length. Since they present many possible alleles, 
their informative content is very high. Minisatellites are 
scored by performing Southern blots to identify the number 
of tandem repeats present in a nucleic acid sample from the 
individual being tested. HoWever, there are only 104 poten 
tial VNTRs that can be typed by Southern blotting. More 
over, both RFLP and VNTR markers are costly and time 
consuming to develop and assay in large numbers. 

[0083] Single nucleotide polymorphism or biallelic mark 
ers can be used in the same manner as RFLPs and VNTRs 
but offer several advantages. Single nucleotide polymor 
phisms are densely spaced in the human genome and rep 
resent the most frequent type of variation. An estimated 
number of more than 107 sites are scattered along the 3><109 
base pairs of the human genome. Therefore, single nucle 
otide polymorphism occur at a greater frequency and With 
greater uniformity than RFLP or VNTR markers Which 
means that there is a greater probability that such a marker 
Will be found in close proximity to a genetic locus of 
interest. Single nucleotide polymorphisms are less variable 
than VNTR markers but are mutationally more stable. 

[0084] Also, the different forms of a characteriZed single 
nucleotide polymorphism, such as the biallelic markers of 
the present invention, are often easier to distinguish and can 
therefore be typed easily on a routine basis. Biallelic mark 
ers have single nucleotide based alleles and they have only 
tWo common alleles, Which alloWs highly parallel detection 
and automated scoring. The biallelic markers of the present 
invention offer the possibility of rapid, high-throughput 
genotyping of a large number of individuals. 

[0085] Biallelic markers are densely spaced in the 
genome, suf?ciently informative and can be assayed in large 
numbers. The combined effects of these advantages make 
biallelic markers extremely valuable in genetic studies. 
Biallelic markers can be used in linkage studies in families, 
in allele sharing methods, in linkage disequilibrium studies 
in populations, in association studies of case-control popu 
lations. An important aspect of the present invention is that 
biallelic markers alloW association studies to be performed 
to identify genes involved in complex traits. Association 
studies examine the frequency of marker alleles in unrelated 
case- and control-populations and are generally employed in 
the detection of polygenic or sporadic traits. Association 
studies may be conducted Within the general population and 
are not limited to studies performed on related individuals in 
affected families (linkage studies). Biallelic markers in dif 
ferent genes can be screened in parallel for direct association 
With disease or response to a treatment. This multiple gene 
approach is a poWerful tool for a variety of human genetic 
studies as it provides the necessary statistical poWer to 
examine the synergistic effect of multiple genetic factors on 
a particular phenotype, drug response, sporadic trait, or 
disease state With a complex genetic etiology. 

CANDIDATE GENES OF THE PRESENT 
INVENTION 

[0086] Different approaches can be employed to perform 
association studies: genome-Wide association studies, can 
didate region association studies and candidate gene asso 
ciation studies. Genome-Wide association studies rely on the 
screening of genetic markers evenly spaced and covering the 
entire genome. Candidate region association studies rely on 
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the screening of genetic markers evenly spaced covering a 
region identi?ed as linked to the trait of interest. The 
candidate gene approach is based on the study of genetic 
markers speci?cally derived from genes potentially involved 
in a biological pathWay related to the trait of interest. In the 
present invention, genes involved in drug metabolism have 
been chosen as candidate genes. As mentioned above, these 
genes are highly relevant to pharmacogenetics because they 
are at the core of drug response, drug ef?cacy and toxicity, 
moreover, drug-metaboliZing enZymes also determine an 
individuals susceptibility to exogenous chemicals and to a 
number of diseases associated With exposure to toxic or 
carcinogenic chemicals. The candidate gene analysis clearly 
provides a short-cut approach to the identi?cation of genes 
and gene polymorphisms related to a particular trait When 
some information concerning the biology of the trait is 
available. HoWever, it should be noted that all of the biallelic 
markers disclosed in the instant application can be employed 
as part of genome-Wide association studies or as part of 
candidate region association studies and such uses are 
speci?cally contemplated in the present invention and 
claims. All of the markers are knoWn to be in close proximity 
to the genes With Which they are listed in Table 11(A-B). For 
a portion of the markers, the precise position of the marker 
With respect to the various coding and non-coding elements 
of the genes has also been determined. 

[0087] The folloWing is a table of abbreviations for the 
candidate genes as they appear throughout the speci?cation: 

DEFINITIONS 

[0088] As used interchangeably herein, the terms “nucleic 
acids,”“oligonucleotides” and “polynucleotides” include 
RNA, DNA, or RNA/DNA hybrid sequences of more than 
one nucleotide in either single chain or duplex form. The 
term “nucleotide” as used herein as an adjective to describe 
molecules comprising RNA, DNA, or RNA/DNA hybrid 
sequences of any length in single-stranded or duplex form. 
The term “nucleotide” is also used herein as a noun to refer 
to individual nucleotides or varieties of nucleotides, mean 
ing a molecule, or individual unit in a larger nucleic acid 
molecule, comprising a purine or pyrimidine, a ribose or 
deoxyribose sugar moiety, and a phosphate group, or phos 
phodiester linkage in the case of nucleotides Within an 
oligonucleotide or polynucleotide. Although the term 
“nucleotide” is also used herein to encompass “modi?ed 
nucleotides” Which comprise at least one modi?cations (a) 
an alternative linking group, (b) an analogous form of 
purine, (c) an analogous form of pyrimidine, or (d) an 
analogous sugar, for examples of analogous linking groups, 
purine, pyrimidines, and sugars see for example PCT pub 
lication No. WO 95/04064, the disclosure of Which is 
incorporated herein by reference in its entirety. HoWever, the 
polynucleotides of the invention are preferably comprised of 
greater than 50% conventional deoxyribose nucleotides, and 
most preferably greater than 90% conventional deoxyribose 
nucleotides. The polynucleotide sequences of the invention 
may be prepared by any knoWn method, including synthetic, 
recombinant, ex vivo generation, or a combination thereof, 
as Well as utiliZing any puri?cation methods knoWn in the 
art. 

[0089] Throughout the present speci?cation, the expres 
sion “nucleotide sequence” may be employed to designate 
indifferently a polynucleotide or a nucleic acid. More pre 
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cisely, the expression “nucleotide sequence” encompasses 
the nucleic material itself and is thus not restricted to the 
sequence information (i.e. the succession of letters chosen 
among the four base letters) that biochemically characteriZes 
a speci?c DNA or RNA molecule. 

[0090] The term “polypeptide” refers to a polymer of 
amino Without regard to the length of the polymer; thus, 
peptides, oligopeptides, and proteins are included Within the 
de?nition of polypeptide. This term also does not specify or 
exclude prost-expression modi?cations of polypeptides, for 
example, polypeptides Which include the covalent attach 
ment of glycosyl groups, acetyl groups, phosphate groups, 
lipid groups and the like are expressly encompassed by the 
term polypeptide. Also included Within the de?nition are 
polypeptides Which contain one or more analogs of an amino 
acid (including, for example, non-naturally occurring amino 
acids, amino acids Which only occur naturally in an unre 
lated biological system, modi?ed amino acids from mam 
malian systems etc.), polypeptides With substituted linkages, 
as Well as other modi?cations knoWn in the art, both 
naturally occurring and non-naturally occurring. 

[0091] The term “recombinant polypeptide” is used herein 
to refer to polypeptides that have been arti?cially designed 
and Which comprise at least tWo polypeptide sequences that 
are not found as contiguous polypeptide sequences in their 
initial natural environment, or to refer to polypeptides Which 
have been expressed from a recombinant polynucleotide. 

[0092] As used herein, the term “isolated” requires that the 
material be removed from its original environment (e.g., the 
natural environment if it is naturally occurring). For 
example, a naturally occurring polynucleotide present in a 
living animal is not isolated, but the same polynucleotide, 
separated from some or all of the coexisting materials in the 
natural system, is isolated. Speci?cally excluded from the 
de?nition of “isolated” are: naturally occurring chromo 
somes (e.g., chromosome spreads) arti?cial chromosome 
libraries, genomic libraries, and cDNA libraries that exist 
either as an in vitro nucleic acid preparation or as a trans 

fected/transformed host cell preparation, Wherein the host 
cells are either an in vitro heterogeneous preparation or 
plated as a heterogeneous population of single colonies. 
Also speci?cally excluded are the above libraries Wherein 
the 5‘ EST makes up less than 5% of the number of nucleic 
acid inserts in the vector molecules. Further speci?cally 
excluded are Whole cell genomic DNA or Whole cell RNA 
preparations (including said Whole cell preparations Which 
are mechanically sheared or enZymaticly digested). Further 
speci?cally excluded are the above Whole cell preparations 
as either an in vitro preparation or as a heterogeneous 
mixture separated by electrophoresis (including blot trans 
fers of the same) Wherein the polynucleotide of the invention 
have not been further separated from the heterologous 
polynucleotides in the electrophoresis medium (e.g., further 
separating by excising a single band from a heterogeneous 
band population in an agarose gel or nylon blot). 

[0093] As used herein, the term “puri?ed” does not require 
absolute purity; rather, it is intended as a relative de?nition. 
Individual 5‘ EST clones isolated from a cDNA library have 
been conventionally puri?ed to electrophoretic homogene 
ity. The sequences obtained from these clones could not be 
obtained directly either from the library or from total human 
DNA. The cDNA clones are not naturally occurring as such, 
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but rather are obtained via manipulation of a partially 
puri?ed naturally occurring substance (messenger RNA). 
The conversion of mRNA into a cDNA library involves the 
creation of a synthetic substance (cDNA) and pure indi 
vidual cDNA clones can be isolated from the synthetic 
library by clonal selection. Thus, creating a cDNA library 
from messenger RNA and subsequently isolating individual 
clones from that library results in an approximately 10“-106 
fold puri?cation of the native message. Puri?cation of 
starting material or natural material to at least one order of 
magnitude, preferably tWo or three orders, and more pref 
erably four or ?ve orders of magnitude is expressly con 
templated. Alternatively, puri?cation may be expressed as 
“at least” a percent purity relative to heterologous poly 
nucleotides (DNA, RNA or both). As a preferred embodi 
ment, the polynucleotides of the present invention are at 
least; 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 
95%, 96%, 96%, 98%, 99%, or 100% pure relative to 
heterologous polynucleotides. As a further preferred 
embodiment the polynucleotides have an “at least” purity 
ranging from any number, to the thousandth position, 
betWeen 90% and 100% (e.g., 5‘ EST at least 99.995% pure) 
relative to heterologous polynucleotides. Additionally, 
purity of the polynucleotides may be expressed as a per 
centage (as described above) relative to all materials and 
compounds other than the carrier solution. Each number, to 
the thousandth position, may be claimed as individual spe 
cies of purity. 

[0094] As used herein, the term “non-human animal” 
refers to any non-human vertebrate, birds and more usually 
mammals, preferably primates, farm animals such as sWine, 
goats, sheep, donkeys, and horses, rabbits or rodents, more 
preferably rats or mice. As used herein, the term “animal” is 
used to refer to any vertebrate, preferable a mammal. Both 
the terms “animal” and “mammal” expressly embrace 
human subjects unless preceded With the term “non-human”. 

[0095] The term “primer” denotes a speci?c oligonucle 
otide sequence Which is complementary to a target nucle 
otide sequence and used to hybridiZe to the target nucleotide 
sequence. A primer serves as an initiation point for nucle 
otide polymeriZation catalyZed by either DNA polymerase, 
RNA polymerase or reverse transcriptase. 

[0096] The term “probe” denotes a de?ned nucleic acid 
segment (or nucleotide analog segment, e.g., polynucleotide 
as de?ned herein) Which can be used to identify a speci?c 
polynucleotide sequence present in samples, said nucleic 
acid segment comprising a nucleotide sequence complemen 
tary of the speci?c polynucleotide sequence to be identi?ed. 

[0097] The terms “trait” and “phenotype” are used inter 
changeably herein and refer to any visible, detectable or 
otherWise measurable property of an organism such as 
symptoms of, or susceptibility to a disease for example. 
Typically the terms “trait” or “phenotype” are used herein to 
refer to symptoms of, or susceptibility to a disease; or to 
refer to an individual’s response to a drug; or to refer to 
symptoms of, or susceptibility to side effects to a drug. In 
addition, the terms “trait” or “phenotype” may be used 
herein to refer to symptoms of, or susceptibility to a disease 
involving arachidonic acid metabolism; or to refer to an 
individual’s response to an agent acting on arachidonic acid 
metabolism; or to refer to symptoms of, or susceptibility to 
side effects to an agent acting on arachidonic acid metabo 
lism. 

Feb. 23, 2006 

[0098] The term “allele” is used herein to refer to variants 
of a nucleotide sequence. Abiallelic polymorphism has tWo 
forms. Typically the ?rst identi?ed allele is designated as the 
original allele Whereas other alleles are designated as alter 
native alleles. Diploid organisms may be homoZygous or 
heteroZygous for an allelic form. 

[0099] The term “heteroZygosity rate” is used herein to 
refer to the incidence of individuals in a population, Which 
are heteroZygous at a particular allele. In a biallelic system 
the heteroZygosity rate is on average equal to 2Pa(1—Pa), 
Where P8 is the frequency of the least common allele. In 
order to be useful in genetic studies a genetic marker should 
have an adequate level of heteroZygosity to alloW a reason 
able probability that a randomly selected person Will be 
heteroZygous. 
[0100] The term “genotype” as used herein refers the 
identity of the alleles present in an individual or a sample. 
In the context of the present invention a genotype preferably 
refers to the description of the biallelic marker alleles 
present in an individual or a sample. The term “genotyping” 
a sample or an individual for a biallelic marker consists of 
determining the speci?c allele or the speci?c nucleotide 
carried by an individual at a biallelic marker. 

[0101] The term “mutation” as used herein refers to a 
difference in DNA sequence betWeen or among different 
genomes or individuals Which has a frequency beloW 1%. 

[0102] The term “haplotype” refers to a combination of 
alleles present in an individual or a sample. In the context of 
the present invention a haplotype preferably refers to a 
combination of biallelic marker alleles found in a given 
individual and Which may be associated With a phenotype. 

[0103] The term “polymorphism” as used herein refers to 
the occurrence of tWo or more alternative genomic 
sequences or alleles betWeen or among different genomes or 
individuals. “Polymorphic” refers to the condition in Which 
tWo or more variants of a speci?c genomic sequence can be 
found in a population. A “polymorphic site” is the locus at 
Which the variation occurs. A single nucleotide polymor 
phism is a single base pair change. Typically a single 
nucleotide polymorphism is the replacement of one nucle 
otide by another nucleotide at the polymorphic site. Deletion 
of a single nucleotide or insertion of a single nucleotide, also 
give rise to single nucleotide polymorphisms. In the context 
of the present invention “single nucleotide polymorphism” 
preferably refers to a single nucleotide substitution. Typi 
cally, betWeen different genomes or betWeen different indi 
viduals, the polymorphic site may be occupied by tWo 
different nucleotides. 

[0104] The terms “biallelic polymorphism” and “biallelic 
marker” are used interchangeably herein to refer to a poly 
morphism having tWo alleles at a fairly high frequency in the 
population, preferably a single nucleotide polymorphism. A 
“biallelic marker allele” refers to the nucleotide variants 
present at a biallelic marker site. Typically the frequency of 
the less common allele of the biallelic markers of the present 
invention has been validated to be greater than 1%, prefer 
ably the frequency is greater than 10%, more preferably the 
frequency is at least 20% (i.e. heteroZygosity rate of at least 
0.32), even more preferably the frequency is at least 30% 
(i.e. heteroZygosity rate of at least 0.42). A biallelic marker 
Wherein the frequency of the less common allele is 30% or 
more is termed a “high quality biallelic marker.” 
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[0105] The location of nucleotides in a polynucleotide 
With respect to the center of the polynucleotide are described 
herein in the following manner. When a polynucleotide has 
an odd number of nucleotides, the nucleotide at an equal 
distance from the 3‘ and 5‘ ends of the polynucleotide is 
considered to be “at the center” of the polynucleotide, and 
any nucleotide immediately adjacent to the nucleotide at the 
center, or the nucleotide at the center itself is considered to 
be “Within 1 nucleotide of the center.” With an odd number 
of nucleotides in a polynucleotide any of the ?ve nucleotides 
positions in the middle of the polynucleotide Would be 
considered to be Within 2 nucleotides of the center, and so 
on. When a polynucleotide has an even number of nucle 
otides, there Would be a bond and not a nucleotide at the 
center of the polynucleotide. Thus, either of the tWo central 
nucleotides Would be considered to be “Within 1 nucleotide 
of the center” and any of the four nucleotides in the middle 
of the polynucleotide Would be considered to be “Within 2 
nucleotides of the center”, and so on. For polymorphisms 
Which involve the substitution, insertion or deletion of I or 
more nucleotides, the polymorphism, allele or biallelic 
marker is “at the center” of a polynucleotide if the difference 
betWeen the distance from the substituted, inserted, or 
deleted polynucleotides of the polymorphism and the 3‘ end 
of the polynucleotide, and the distance from the substituted, 
inserted, or deleted polynucleotides of the polymorphism 
and the 5‘ end of the polynucleotide is Zero or one nucle 
otide. If this difference is 0 to 3, then the polymorphism is 
considered to be “Within 1 nucleotide of the center.” If the 
difference is 0 to 5, the polymorphism is considered to be 
“Within 2 nucleotides of the center.” If the difference is 0 to 
7, the polymorphism is considered to be “Within 3 nucle 
otides of the center,” and so on. For polymorphisms Which 
involve the substitution, insertion or deletion of 1 or more 
nucleotides, the polymorphism, allele or biallelic marker is 
“at the center” of a polynucleotide if the difference betWeen 
the distance from the substituted, inserted, or deleted poly 
nucleotides of the polymorphism and the 3‘ end of the 
polynucleotide, and the distance from the substituted, 
inserted, or deleted polynucleotides of the polymorphism 
and the 5‘ end of the polynucleotide is Zero or one nucle 
otide. If this difference is 0 to 3, then the polymorphism is 
considered to be “Within 1 nucleotide of the center.” If the 
difference is 0 to 5, the polymorphism is considered to be 
“Within 2 nucleotides of the center.” If the difference is 0 to 
7, the polymorphism is considered to be “Within 3 nucle 
otides of the center,” and so on. 

[0106] The term “upstream” is used herein to refer to a 
location Which, is toWard the 5‘ end of the polynucleotide 
from a speci?c reference point. 

[0107] The terms “base paired” and “Watson & Crick base 
paired” are used interchangeably herein to refer to nucle 
otides Which can be hydrogen bonded to one another be 
virtue of their sequence identities in a manner like that found 
in double-helical DNA With thymine or uracil residues 
linked to adenine residues by tWo hydrogen bonds and 
cytosine and guanine residues linked by three hydrogen 
bonds (See Stryer, L., Biochemistry, 4th edition, 1995). 

[0108] The terms “complementary” or “complement 
thereof” are used herein to refer to the sequences of poly 
nucleotides Which is capable of forming Watson & Crick 
base pairing With another speci?ed polynucleotide through 
out the entirety of the complementary region. This term is 
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applied to pairs of polynucleotides based solely upon their 
sequences and not any particular set of conditions under 
Which the tWo polynucleotides Would actually bind. 

[0109] A“promoter” refers to a DNA sequence recogniZed 
by the synthetic machinery of the cell required to initiate the 
speci?c transcription of a gene. 

[0110] A sequence Which is “operably linked” to a regu 
latory sequence such as a promoter means that said regula 
tory element is in the correct location and orientation in 
relation to the nucleic acid to control RNA polymerase 
initiation and expression of the nucleic acid of interest. 

[0111] As used herein, the term “operably linked” refers to 
a linkage of polynucleotide elements in a functional rela 
tionship. For instance, a promoter or enhancer is operably 
linked to a coding sequence if it affects the transcription of 
the coding sequence. More precisely, tWo DNA molecules 
(such as a polynucleotide containing a promoter region and 
a polynucleotide encoding a desired polypeptide or poly 
nucleotide) are said to be “operably linked” if the nature of 
the linkage betWeen the tWo polynucleotides does not (1) 
result in the introduction of a frame-shift mutation or (2) 
interfere With the ability of the polynucleotide containing the 
promoter to direct the transcription of the coding polynucle 
otide. 

[0112] The terms “disease involving the metabolic con 
version of xenobiotics” refers to susceptibility to a condition 
or to a condition linked to any of the genes listed in Table 
11(A-B). “Disease involving the metabolic conversion of 
xenobiotics” further refers to a condition involving the 
biotransformation of drugs and other xenobiotics such as 
environmental chemicals, food toxins, plant metabolites, 
carcinogens and industrial chemicals. Such conditions 
include susceptibility to the toxic or carcinogenic effect of 
exogenous compounds. “Disease involving the metabolic 
conversion of xenobiotics” also refers to disorders in the 
metabolism of some endogenous compounds such as the 
metabolism of steroids, vitamins, fatty acids and eicosanoids 
such as leukotrienes involving any of the drug-metaboliZing 
enZymes shoWn in Table 11(A-B). “Disease involving the 
metabolic conversion of xenobiotics” includes, but is not 
limited to, disorders involving the cytochrome P450 enZyme 
family, the ?avin containing monooxygenases, glucoronida 
tion, the metabolism of glutathione, the pentose pathWay and 
the generation of NADPH. 

[0113] The term “disease involving arachidonic acid 
metabolism” refers to a condition linked to disturbances in 
expression, production or cellular response to eicosanoids 
such as prostaglandins, thromboxanes, prostacyclins, leu 
kotrienes or hydroperoxyeicosaetrenoic acids. A disease 
involving arachidonic acid metabolism further refers to a 
condition involving one or several enZymes of the distinct 
enZyme systems contributing to arachidonate metabolism 
including particularly the S-lipoxygenase pathWay. “Dis 
eases involving arachidonic acid metabolism” also include 
chronic in?ammatory diseases, acute allergic in?ammation 
and in?ammatory conditions such as pain, fever, hypersen 
sitivity, asthma, psoriasis and arthritis. “Diseases involving 
arachidonic acid metabolism” also include disorders in 
platelet function, blood pressure, thrombosis, renal function, 
host defense mechanism, hemostasis, smooth muscle tone, 
male infertility, primary dysmenorrhea, disorders in partu 
rition, and disorders in tissue injury repair, as Well as 
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disorders in cellular function and development. “Diseases 
involving arachidonic acid metabolism” also include dis 
eases such as gastrointestinal ulceration, coronary and cere 
brovascular syndromes, glomerular immune injury and can 
cer. Preferably the terms “disease involving arachidonic acid 
metabolism” refer to a disease including diseases such as 

cancer, prostate cancer, breast cancer, psoriasis and in?am 
matory diseases. Preferably the terms “disease involving 
arachidonic acid metabolism” refer to a disease involving 
the S-lipoxygenase pathWay and the biosynthesis of the 
leukotrienes. More preferably the terms “disease involving 
arachidonic acid metabolism” refer to a disease involving 
the synthesis of leukotriene C4 (LTC4) and refers to distur 
bances in expression, activity or function of the human 
MGST-II enZyme. 

[0114] As used herein the term “DME-related biallelic 
marker” relates to a set of biallelic markers located in or in 

the vicinity of the genes disclosed in Table 11(A-B) and 
further relates to biallelic markers in linkage disequilibrium 
With the biallelic markers disclosed in Table 11(A-B). The 
term DME-related biallelic marker encompasses all of the 
biallelic markers disclosed in Table 11(A-B). 

[0115] The invention also concerns MGST-II-related bial 
lelic markers. The term “MGST-II-related biallelic marker” 
is used interchangeably herein to relate to all biallelic 
markers in linkage disequilibrium With the biallelic markers 
of the MGST-II gene. The term MGST-II-related biallelic 
marker includes both the genic and non-genic biallelic 
markers described in Table 3. 

[0116] The term “non-genic” is used herein to describe 
MGST-II-related biallelic markers, as Well as polynucle 
otides and primers Which occur outside the nucleotide 
positions shoWn in the human MGST-II genomic sequence 
of SEQ ID No. 485. The term “genic” is used herein to 
describe MGST-II-related biallelic markers as Well as poly 
nucleotides and primers Which do occur in the nucleotide 
positions shoWn in the human MGST-II genomic sequence 
of SEQ ID No. 485. 

[0117] The terms “agent acting on arachidonic acid 
metabolism” refers to a drug or a compound modulating the 
activity or concentration of one or several enZymes of the 
distinct enZyme systems contributing to arachidonate 
metabolism including particularly the S-lipoxygenase path 
Way. “Agent acting on arachidonic acid metabolism” also 
refers to compounds modulating the formation and action of 
the eicosanoids including particularly the leukotrienes. 

a [0118] The terms “response to a drug ’ refer to drug 
ef?cacy, including but not limited to ability to metaboliZe a 
therapeutic compound, to the ability to convert a pro-drug to 
an active drug, and to the pharmacokinetics (absorption, 
distribution, elimination) and the pharmacodynamics 
(receptor-related) of a drug in an individual. 

[0119] The terms “response to an agent acting on arachi 
donic acid metabolism” refer to drug ef?cacy, including but 
not limited to ability to metaboliZe a compound, to the 
ability to convert a pro-drug to an active drug, and to the 
pharmacokinetics (absorption, distribution, elimination) and 
the pharmacodynamics (receptor-related) of a drug in an 
individual. 
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[0120] The terms “side effects to a drug” refer to adverse 
effects of therapy resulting from extensions of the principal 
pharmacological action of the drug or to idiosyncratic 
adverse reactions resulting from an interaction of the drug 
With unique host factors. “Side effects to a drug” include, but 
are not limited to, adverse reactions such as dermatologic, 
hematologic or hepatologic toxicities and further includes 
gastric and intestinal ulceration, disturbance in platelet func 
tion, renal injury, generaliZed urticaria, bronchoconstriction, 
hypotension, and shock. 

[0121] The terms “side effects to an agent acting on 
arachidonic acid metabolism” refer to adverse effects of 
therapy resulting from extensions of the principal pharma 
cological action of the drug or to idiosyncratic adverse 
reactions resulting from an interaction of the drug With 
unique host factors. The terms “side effects to an agent 
acting on arachidonic acid metabolism” include, but are not 
limited to, adverse reactions such as dermatologic, hemato 
logic or hepatologic toxicities. 

[0122] The term “sequence described in Table 11(A-B)” is 
used herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 
11(A-B). The SEQ ID that contains each “sequence 
described in Table 11(A-B)” is provided in the column 
labeled, “SEQ ID NO.” The column labeled “Gene” indi 
cates the gene for Which the marker is in closest physical 
proximity, an indication of Whether the markers have been 
validated by microsequencing (With a Y indicating that the 
markers have been validated by microsequencing and an N 
indicating that it has not), and an indication of the identity 
and frequency of the least common allele determined by 
genotyping (With a blank left to indicate that the frequency 
has not yet been reported for some markers). The frequen 
cies Were determined from DNA samples collected from a 
random US Caucasian population. 

[0123] The term “sequence described in Table 11B” is 
used herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 11B. 
The SEQ ID that contains each “sequence described in Table 
11B” is provided in the column labeled, “SEQ ID NO.” The 
column labeled “Gene” indicates the gene for Which the 
marker is in closest physical proximity, an indication of 
Whether the markers have been validated by microsequenc 
ing (With a Y indicating that the markers have been validated 
by microsequencing and an N indicating that it has not), and 
an indication of the identity and frequency of the least 
common allele determined by genotyping (With a blank left 
to indicate that the frequency has not yet been reported for 
some markers). The frequencies Were determined from DNA 
samples collected from a random US Caucasian population. 
The “Biallelic Marker location in SEQ ID No.” indicates the 
biallelic marker location Within the 47 nucleotide sequence. 
In Table 11B, this location is 24 for all of the markers. 

[0124] The term “sequence described in Table 12” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 12. 
The SEQ ID that contains each “sequence described in Table 
12” is provided in the column labeled, “SEQ ID NO.” The 
range of nucleotide positions Within the Sequence ID of 
Which each sequence consists is provided in the same roW as 
the Sequence ID in a column labeled, “POSITION RANGE 
OF PREFERRED SEQUENCE”. It should be noted that 
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some of the Sequence ID numbers have multiple sequence 
ranges listed, because they contain multiple “sequences 
described in Table 12.” Unless otherWise noted the term 
“sequence described in Table 12? is to be construed as 
encompassing sequences that contain either of the tWo 
allbeyles listed in the columns labeled, “1ST ALLELE” and 
“2 ALLELE” at the position identi?ed in ?eld <222> of the 
allele feature in the appended Sequence Listing for each 
Sequence ID number referenced in Table 12. 

[0125] The term “sequence described in Table 13” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 13. 
Unless otherWise noted, the “sequences described in Table 
13” consist of the entire sequence of each Sequence ID 
provided in the column labeled, “SEQ ID NO.” Also unless 
otherWise noted the term “sequence described in Table 13” 
is to be construed as encompassing sequences that contain 
either of the tWo alleles listed in the columns labeled, 
“ORIGINALALLELE” and “ALTERNATIVE ALLELE” at 
the position identi?ed in ?eld <222> of the allele feature in 
the appended Sequence Listing for each Sequence ID num 
ber referenced in Table 13. 

[0126] The term “sequence described in Table 14” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 14. 
Unless otherWise noted, the “sequences described in Table 
14” consist of the entire sequence of each Sequence ID 
provided in the column labeled, “SEQ ID NO.” Also unless 
otherWise noted the term “sequence described in Table 14” 
is to be construed as encompassing sequences that contain 
either of the tWo alleles listed in the columns labeled, “1ST 
ALLELE” and “2ND ALLELE” at the position identi?ed in 
?eld <222> of the allele feature in the appended Sequence 
Listing for each Sequence ID number referenced in Table 14. 

[0127] The term “sequence described in Table 15” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 15. 
The SEQ ID that contains each “sequence described in Table 
15” is provided in the column labeled, “SEQ ID NO.” The 
range of nucleotide positions Within the Sequence ID of 
Which each sequence consists is provided in the same roW as 
the Sequence ID in a column labeled, “POSITION RANGE 
OF PREFERRED SEQUENCE”. It should be noted that 
some of the Sequence ID numbers have multiple sequence 
ranges listed, because they contain multiple “sequences 
described in Table 15.” 

[0128] The term “sequence described in Table 16” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 16. 
The SEQ ID that contains each “sequence described in Table 
16” is provided in the column labeled, “SEQ ID” The range 
of nucleotide positions Within the Sequence ID of Which half 
of the sequences consists is provided in the same roW as the 
Sequence ID in a column labeled, “POSITION RANGE OF 
MICROSEQUENCING PRIMERS”. The remaining half of 
the sequences described in Table 16 are complementary to 
the range of nucleotide positions Within the Sequence ID 
provided in the same roW as the Sequence ID in a column 
labeled, “COMPLEMENTARY POSITION RANGE OF 
MICROSEQUENCING PRIMERS”. 
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[0129] The term “sequence described in Table 17” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 17. 
The SEQ ID that contains each “sequence described in Table 
17” is provided in the column labeled, “SEQ ID” The range 
of nucleotide positions Within the Sequence ID of Which half 
of the sequences consists is provided in the same roW as the 
Sequence ID in a column labeled, “POSITION RANGE OF 
AMPLIFICAT ION PRIMERS”. The remaining half of the 
sequences described in Table 17 are complementary to the 
range of nucleotide positions Within the Sequence ID pro 
vided in the same roW as the Sequence ID in a column 
labeled, “COMPLEMENTARY POSITION RANGE OF 
AMPLIFICAT ION PRIMERS”. 

[0130] The term “sequence described in Table 18” is used 
herein to refer to the entire collection of nucleotide 
sequences or any individual sequence de?ned in Table 18. 
The SEQ ID that contains each “sequence described in Table 
18” is provided in the column labeled, “SEQ ID”. The range 
of nucleotide positions Within the Sequence ID of Which 
each sequence consists is provided in the same roW as the 
Sequence ID in a column labeled, “POSITION RANGE OF 
PROBES”. The sequences Which are complementary to the 
ranges listed in the column labeled, “POSITION RANGE 
OF PROBES” are also encompassed by the term, “sequence 
described in Table 18.” Unless otherWise noted the term 
“sequence described in Table 18” is to be construed as 
encompassing sequences that contain either of the tWo 
alleles listed in the allele feature in the sequence listing. 

[0131] The terms “biallelic marker described in Table” 
and “allele described in Table” are used herein to refer to any 
or all alleles Which are listed in the allele feature in the 
appended Sequence Listing for each Sequence ID number 
referenced in the particular Table being mentioned. 

Variant and Fragments 

[0132] The invention also relates to variants and fragments 
of the polynucleotides described herein, particularly of a 
MGST-II gene containing one or more biallelic markers 
according to the invention. 

[0133] Variants of polynucleotides, as the term is used 
herein, are polynucleotides that differ from a reference 
polynucleotide. A variant of a polynucleotide may be a 
naturally occurring variant such as a naturally occurring 
allelic variant, or it may be a variant that is not knoWn to 
occur naturally. Such non-naturally occurring variants of the 
polynucleotide may be made by mutagenesis techniques, 
including those applied to polynucleotides, cells or organ 
isms. Generally, differences are limited so that the nucle 
otide sequences of the reference and the variant are closely 
similar overall and, in many regions, identical. Variants of 
polynucleotides according to the invention include, Without 
being limited to, nucleotide sequences Which are at least 
95% identical, preferably at least 99% identical, more par 
ticularly at least 99.5% identical, and most preferably at 
least 99.8% identical to a polynucleotide selected from the 
group consisting of the polynucleotides of a sequence from 
any sequence in the Sequence Listing as Well as sequences 
Which are complementary thereto or to any polynucleotide 
fragment of at least 8 consecutive nucleotides of a sequence 
from any sequence in the Sequence Listing. Nucleotide 
changes present in a variant polynucleotide may be silent, 
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Which means that they do not alter the amino acids encoded 
by the polynucleotide. However, nucleotide changes may 
also result in amino acid substitutions, additions, deletions, 
fusions and truncations in the polypeptide encoded by the 
reference sequence. The substitutions, deletions or additions 
may involve one or more nucleotides. The variants may be 

altered in coding or non-coding regions or both. Alterations 
in the coding regions may produce conservative or non 
conservative amino acid substitutions, deletions or addi 
tions. In the conteXt of the present invention, particularly 
preferred embodiments are those in Which the polynucle 
otides encode polypeptides Which retain substantially the 
same biological function or activity as the mature MGST-II 
protein, or those in Which the polynucleotides encode 
polypeptides Which maintain or increase a particular bio 
logical activity, While reducing a second biological activity. 
A polynucleotide fragment is a polynucleotide having a 
sequence that is entirely the same as part but not all of a 
given nucleotide sequence, preferably the nucleotide 
sequence of a MGST-II gene, and variants thereof. The 
fragment can be a portion of an eXon or of an intron of a 

MGST-II gene. It can also be a portion of the regulatory 
regions of MGST-II, preferably of the promoter sequence of 
the MGST-II gene. Such fragments may be “free-standing”, 
ie not part of or fused to other polynucleotides, or they may 
be comprised Within a single larger polynucleotide of Which 
they form a part or region. Indeed, several of these fragments 
may be present Within a single larger polynucleotide. 

Identity BetWeen Nucleic or Polypeptides 

[0134] The terms “percentage of sequence identity” and 
“percentage homology” are used interchangeably herein to 
refer to comparisons among polynucleotides and polypep 
tides, and are determined by comparing tWo optimally 
aligned sequences over a comparison WindoW, Wherein the 
portion of the polynucleotide or polypeptide sequence in the 
comparison WindoW may comprise additions or deletions 
(i.e., gaps) as compared to the reference sequence (Which 
does not comprise additions or deletions) for optimal align 
ment of the tWo sequences. The percentage is calculated by 
determining the number of positions at Which the identical 
nucleic acid base or amino acid residue occurs in both 
sequences to yield the number of matched positions, divid 
ing the number of matched positions by the total number of 
positions in the WindoW of comparison and multiplying the 
result by 100 to yield the percentage of sequence identity. 
Homology is evaluated using any of the variety of sequence 
comparison algorithms and programs knoWn in the art. Such 
algorithms and programs include, but are by no means 
limited to, TBLASTN, BLASTP, FASTA, TFASTA, and 
CLUSTALW (Pearson and Lipman, Proc. Natl. Acad. Sci. 
85(8):2444-2448, 1988; Altschul et al., J Mol. Biol. 
215(3):403-410,1990; Thompson et al., Nucleic Acids Res. 
22(2):4673-4680, 1994; Higgins et al., Methods Enzymol. 
266:383-402, 1996; Altschul et al., Nature Genetics 3:266 
272, 1993, the disclosures of Which are incorporated herein 
by reference in their entireties). In a particularly preferred 
embodiment, protein and nucleic acid sequence homologies 
are evaluated using the Basic Local Alignment Search Tool 
(“BLAST”) Which is Well knoWn in the art (See, e.g., Karlin 
and Altschul,. Proc. Natl. Acad. Sci. USA 87:2267-2268, 
1990; Altschul et al., J. Mol. Biol. 215(3):403-410, 1990; 
Altschul et al., Nature Genetics 3:266-272, 1993; Altschul et 
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al., Nuc. Acids Res. 25:3389-3402, 1997, the disclosures of 
Which are incorporated herein by reference in their entire 
ties). In particular, ?ve speci?c BLAST programs are used 
to perform the folloWing task: 

[0135] (1) BLASTP and BLAST3 compare an amino 
acid query sequence against a protein sequence data 
base; 

[0136] (2) BLASTN compares a nucleotide query 
sequence against a nucleotide sequence database; 

[0137] (3) BLASTX compares the siX-frame conceptual 
translation products of a query nucleotide sequence 
(both strands) against a protein sequence database; 

[0138] (4) TBLASTN compares a query protein 
sequence against a nucleotide sequence database trans 
lated in all siX reading frames (both strands); and 

[0139] (5) TBLASTX compares the siX-frame transla 
tions of a nucleotide query sequence against the siX 
frame translations of a nucleotide sequence database. 

[0140] The BLAST programs identify homologous 
sequences by identifying similar segments, Which are 
referred to herein as “high-scoring segment pairs,” betWeen 
a query amino or nucleic acid sequence and a test sequence 
Which is preferably obtained from a protein or nucleic acid 
sequence database. High-scoring segment pairs are prefer 
ably identi?ed (i.e., aligned) by means of a scoring matriX, 
many of Which are known in the art. Preferably, the scoring 
matriX used is the BLOSUM62 matriX (Gonnet et al., 
Science 256:1443-1445, 1992; Henikoff and Henikoff, Pro 
teins 17:49-61, 1993, the disclosures of Which are incorpo 
rated herein by reference in their entireties). Less preferably, 
the PAM or PAM250 matrices may also be used (See, e.g., 
SchWartZ and Dayhoff, eds., Matrices for Detecting Dis 
tance Relationships: Atlas of Protein Sequence and Struc 
ture, Washington:National Biomedical Research Founda 
tion, 1978, the disclosure of Which is incorporated herein by 
reference in its entirety). The BLAST programs evaluate the 
statistical signi?cance of all high-scoring segment pairs 
identi?ed, and preferably selects those segments Which 
satisfy a user-speci?ed threshold of signi?cance, such as a 
user-speci?ed percent homology. Preferably, the statistical 
signi?cance of a high-scoring segment pair is evaluated 
using the statistical signi?cance formula of Karlin (see, e.g., 
Karlin and Altschul, 1990). 

Stringent HybridiZation Conditions 

[0141] By Way of eXample and not limitation, procedures 
using conditions of high stringency are as folloWs: Prehy 
bridiZation of ?lters containing DNA is carried out for 8 h to 
overnight at 65° C. in buffer composed of 6><SSC, 50 mM 
Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 
0.02% BSA, and 500 pig/ml denatured salmon sperm DNA. 
Filters are hybridiZed for 48 h at 65° C., the preferred 
hybridiZation temperature, in prehybridiZation miXture con 
taining 100 pig/ml denatured salmon sperm DNA and 5-20>< 
106 cpm of 32P-labeled probe. Alternatively, the hybridiZa 
tion step can be performed at 65° C. in the presence of SSC 
buffer, 1><SSC corresponding to 0.15M NaCl and 0.05 M Na 
citrate. Subsequently, ?lter Washes can be done at 37° C. for 
1 h in a solution containing 2><SSC, 0.01% PVP, 0.01% 
Ficoll, and 0.01% BSA, folloWed by a Wash in 0.1><SSC at 
50° C. for 45 min. Alternatively, ?lter Washes can be 
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performed in a solution containing 2><SSC and 0.1% SDS, or 
0.5><SSC and 0.1% SDS, or 0.1><SSC and 0.1% SDS at 68° 
C. for 15 minute intervals. Following the Wash steps, the 
hybridized probes are detectable by autoradiography. Other 
conditions of high stringency Which may be used are Well 
knoWn in the art and as cited in Sambrook et al., 1989; and 
Ausubel et al., 1989. These hybridiZation conditions are 
suitable for a nucleic acid molecule of about 20 nucleotides 
in length. There is no need to say that the hybridiZation 
conditions described above are to be adapted according to 
the length of the desired nucleic acid, folloWing techniques 
Well knoWn to the one skilled in the art. The suitable 
hybridiZation conditions may for eXample be adapted 
according to the teachings disclosed in the book of Hames 
and Higgins (NucleicAcid Hybridization: A Practical 
Approach, IRL Press, Oxford, 1985) or in Sambrook et al. 
(Molecular Cloning: A Laboratory Manual, 2nd edition, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 
1989), the disclosures of Which are incorporated herein by 
reference in their entireties. 

I. Biallelic Markers and Polynucleotides 
Comprising Biallelic Markers 

A. Polynucleotides of the Present Invention 

[0142] The present invention encompasses polynucle 
otides for use as primers and probes in the methods of the 
invention. These polynucleotides may consist of, consist 
essentially of, or comprise a contiguous span of nucleotides 
of a sequence from any sequence in the Sequence Listing as 
Well as sequences Which are complementary thereto 
(“complements thereof”). The “contiguous span” may be at 
least 8, 10, 12, 15, 18, 20, 25, 35, 40, 50, 70, 80, 100, 250, 
500 or 1000 nucleotides in length, to the eXtent that a 
contiguous span of these lengths is consistent With the 
lengths of the particular Sequence ID. It should be noted that 
the polynucleotides of the present invention are not limited 
to having the eXact ?anking sequences surrounding the 
polymorphic bases Which, are enumerated in the Sequence 
Listing. Rather, it Will be appreciated that the ?anking 
sequences surrounding the biallelic markers, or any of the 
primers of probes of the invention Which, are more distant 
from the markers, may be lengthened or shortened to any 
eXtent compatible With their intended use and the present 
invention speci?cally contemplates such sequences. It Will 
be appreciated that the polynucleotides referred to in the 
Sequence Listing may be of any length compatible With their 
intended use. Also the ?anking regions outside of the 
contiguous span need not be homologous to native ?anking 
sequences Which actually occur in human subjects. The 
addition of any nucleotide sequence, Which is compatible 
With the nucleotides intended use is speci?cally contem 
plated. The contiguous span may optionally include the 
DME-related biallelic marker in said sequence. Biallelic 
markers generally consist of a polymorphism at one single 
base position. Each biallelic marker therefore corresponds to 
tWo forms of a polynucleotide sequence Which, When com 
pared With one another, present a nucleotide modi?cation at 
one position. Usually, the nucleotide modi?cation involves 
the substitution of one nucleotide for another. Optionally 
either the original or the alternative allele of the biallelic 
markers disclosed in Table 13, or the ?rst or second allele 
disclosed in Table 12 and 13 may be speci?ed as being 
present at the DME-related biallelic marker. Optionally, the 
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biallelic markers may be speci?ed as 12-421-135, 12-442 
133, 12-449-63, 12-454-242, 12-463-230, 12-462-199, 
10-430-287, 12-718-432, 12-269-301, 2-13-398, 2-28-132, 
2-39-27, 2-45-155, 2-4-391, 12-345-410, 10-358-353, 
10-360-190, 10-365-374, 10-367-58, 12-468-424, 12-481 
293, 12-499-86, 12-500-217, 12-511-101, 12-586-443, 
12-593-287, 12-795-383, 10-494-332, 12-659-251, 12-912 
419, 12-914-28, 12-624-307 Which consist of more complex 
polymorphisms including insertions/deletions of at least one 
nucleotide. Optionally either the original or the alternative 
allele of these biallelic markers may be speci?ed as being 
present at the DME-related biallelic marker. Preferred poly 
nucleotides may consist of, consist essentially of, or com 
prise a contiguous span of nucleotides of a sequence from 
SEQ ID No. 929-961 Well as sequences Which are comple 
mentary thereto. The “contiguous span” may be at least 8, 
10, 12, 15, 18, 20, 25, 35, 40, 50, 70, 80, 100, 250, 500 or 
1000 nucleotides in length, to the eXtent that a contiguous 
span of these lengths is consistent With the lengths of the 
particular Sequence ID. The contiguous span may optionally 
comprise a biallelic marker selected from the group con 
sisting of biallelic markers 12-421-135, 12-442-133, 
12-449-63, 12-454-242, 12-463-230, 12-462-199, 10-430 
287, 12-718-432, 12-269-301, 2-13-398, 2-28-132, 2-39-27, 
245-155, 24-391, 12-345-410, 10-358-353, 10-360-190, 
10-365-374, 10-367-58, 12-468-424, 12-481-293, 12-499 
86, 12-500-217, 12-511-101, 12-586-443, 12-593-287, 
12-795-383, 10-494-332, 12-659-251, 12-912-419, 12-914 
28, 12-624-307. 

[0143] The preferred polynucleotides of the invention 
include the sequence ranges included in any one the 
sequence ranges of Tables 12, and 15 to 18 individually or 
in groups consisting of all the possible combinations of the 
ranges of included in Tables 12, and 15 to 18. The preferred 
polynucleotides of the invention also include fragments of at 
least 8, 10, 12, 15, 18, 20, 25, 35, 40, 50, 70, 80, 100, 250, 
500 or 1000 consecutive nucleotides of the sequence ranges 
included in any one of the sequence ranges of Tables 12, and 
15 to 18 to the eXtent that fragments of these lengths are 
consistent With the lengths of the particular sequence range. 
The preferred polynucleotides of the invention also include 
fragments of at least 8, 10, 12, 15, 18, 20, 25, 35, 40, 50, 70, 
80, 100, 250, 500 or 1000 consecutive nucleotides of the 
sequence complementary to the sequence ranges included in 
any one of the sequence ranges of Tables 12, and 15 to 18 
to the eXtent that fragments of these lengths are consistent 
With the lengths of the particular sequence range. 

[0144] Preferred polynucleotides of the invention include 
isolated, puri?ed or recombinant polynucleotides compris 
ing a contiguous span of at least 12, 15, 18, 20, 25, 30, 35, 
40, 50, 60, 70, 80, 90, 100, 150, 200, 500, or 1000 nucle 
otides of a sequence selected from the group consisting of 
the sequences of SEQ ID Nos. 485-487, 490-493, 495, 496, 
498-523, 930-934, and 965, and the complements thereof. 

[0145] Particularly preferred polynucleotides of the inven 
tion include isolated, puri?ed or recombinant polynucle 
otides comprising a contiguous span of at least 12, 15, 18, 
20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, or 
1000 nucleotides of SEQ ID No. 485, Wherein said contigu 
ous span comprises at least 1, 2, 3, 4, 5 or 10 of the folloWing 
nucleotide positions of SEQ ID No. 485:1 to 7667, 7726 to 
20264, 20365 to 36918, 36991 to 45180, 45263 to 45741, 
and 45980 to 49327, and the complements thereof. Other 
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particularly preferred polynucleotides of the present inven 
tion include isolated, puri?ed or recombinant polynucle 
otides comprising a contiguous span of at least 12, 15, 18, 
20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, or 
1000 nucleotides of SEQ ID No. 486, Wherein said contigu 
ous span comprises at least 1, 2, 3, 4, 5 or 10 of nucleotide 
positions 1 to 198 of SEQ ID No. 486 and the complements 
thereof. Other particularly preferred polynucleotides of the 
present invention include isolated, puri?ed or recombinant 
polynucleotides comprising a contiguous span of at least 12, 
15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 
500, or 1000 nucleotides of SEQ ID No. 487, Wherein said 
contiguous span comprises at least 1, 2, 3, 4, 5 or 10 of 
nucleotide positions 1 to 198 of SEQ ID No. 487 and the 
complements thereof. Other particularly preferred poly 
nucleotides of the present invention include isolated, puri 
?ed or recombinant polynucleotides comprising a contigu 
ous span of at least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 
80, 90, 100, 150, 200, 500, or 1000 nucleotides of SEQ ID 
No. 490, Wherein said contiguous span comprises at least 1, 
2, 3, 4, 5 or 10 of nucleotide positions 1 to 198 of SEQ ID 
No. 490 and the complements thereof. Other preferred 
polynucleotides of the present invention include polynucle 
otides comprising, consisting of, or consisting essentially of 
a nucleotide sequence of SEQ ID No. 491. 

[0146] Particularly preferred polynucleotides of the 
present invention include puri?ed, isolated or recombinant 
polynucleotides comprising a contiguous span of at least 12, 
15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 
500, or 1000 nucleotides of a sequence selected from the 
group consisting of SEQ ID SEQ ID Nos. 3, 5, 9, 13-15, 25, 
31, 33, 37, 38, 41, 323, 345, 351-353, 357, 377, and 380, or 
the complements thereof; or more preferably SEQ ID Nos. 
496, 498, 502, 506-508, 518, 524, 526, 530, 531, 534, 816, 
838, 844-846, 850, 870, and 873, or the complements 
thereof, Wherein said span includes a MGST-II-related bial 
lelic marker. Optionally either allele of the biallelic markers 
described above in the de?nition of MGST-II-related bial 
lelic marker is speci?ed as being present at the MGST-II 
related biallelic marker. 

[0147] Additional preferred polynucleotides of the inven 
tion include isolated, puri?ed or recombinant polynucleotide 
comprising a contiguous span of at least 12 nucleotides of 
SEQ ID No. 485 or the complementary sequence thereof, 
Wherein said contiguous span comprises a nucleotide 
selected from the group consisting of a T at position 36971, 
a C at position 45214 or a T at position 45741 of SEQ ID No. 
485. Additional preferred polynucleotides of the invention 
include isolated, puri?ed or recombinant polynucleotides 
comprising a contiguous span of at least 12, 15, 18, 20, 25, 
30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 500, or 1000 
nucleotides from a sequence of SEQ ID No. 486, Wherein 
said contiguous span comprises a T at position 426, a C at 
position 478 or a T at position 526 of SEQ ID No. 486; or 
the complement thereof. Additional preferred polynucle 
otides of the invention include isolated, puri?ed or recom 
binant polynucleotides comprising a contiguous span of at 
least 12, 15, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 
150, 200, 500, or 1000 nucleotides from a sequence of SEQ 
ID No. 487, Wherein said contiguous span comprises a T at 
position 325, a C at position 378 or a T at position 426 of 
SEQ ID No. 487; or the complements thereof. 
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[0148] Table 3(A-D) contains a list of preferred MGST 
II-related biallelic markers. Each marker is described by 
indicating its Marker ID, the position of the marker in the 
SEQ ID and the tWo most common alleles. 

[0149] The invention also relates to polynucleotides that 
hybridiZe, under conditions of high or intermediate strin 
gency, to a polynucleotide of a sequence from any sequence 
in the Sequence Listing as Well as sequences, Which are 
complementary thereto. Preferably such polynucleotides are 
at least 20, 25, 35, 40, 50, 70, 80, 100, 250, 500 or 1000 
nucleotides in length, to the eXtent that a polynucleotide of 
these lengths is consistent With the lengths of the particular 
Sequence ID. Preferred polynucleotides comprise a DME 
related biallelic marker. Optionally either the original or the 
alternative allele of the biallelic markers disclosed in Table 
13 may be speci?ed as being present at the DME-related 
biallelic marker. Conditions of high and intermediate strin 
gency are further described in “Methods of Genotyping 
DNA Samples for Biallelic Markers-Hybridization Assay 
Methods.” 

[0150] The present invention further embodies isolated, 
puri?ed, and recombinant polynucleotides Which encode 
MGST-II polypeptides comprising a contiguous span of at 
least 6 amino acids, preferably at least 8 to 10 amino acids, 
more preferably at least 12, 15, 20, 25, 30, 40, 50, or 100 
amino acids of SEQ ID No. 488. The present invention 
further embodies isolated, puri?ed, and recombinant poly 
nucleotides Which encode the variant MGST-II polypeptides 
of SEQ ID Nos. 488 and 489. The present invention further 
embodies isolated, puri?ed, and recombinant polynucle 
otides Which encode a variant MGST-II polypeptide com 
prising a contiguous span of at least 6 amino acids, prefer 
ably at least 8 to 10 amino acids, more preferably at least 12, 
15, 20, 25, 30, 40, 50, or 100 amino acids of SEQ ID No. 
489. The present invention further embodies isolated, puri 
?ed, and recombinant polynucleotides Which encode 
polypeptides comprising a contiguous span of at least 6 
amino acids, preferably at least 8 to 10 amino acids, more 
preferably at least 12, 15, 20, 25, 30, 40, 50, or 100 amino 
acids of SEQ ID No. 488 Wherein said contiguous span 
comprises a His residue at amino acid position 93. The 
present invention further embodies isolated, puri?ed, and 
recombinant polynucleotides Which encode polypeptides 
comprising a contiguous span of at least 6 amino acids, 
preferably at least 8 to 10 amino acids, more preferably at 
least 12, 15, 20, 25, 30, 40, 50, or 100 amino acids of amino 
acid positions 1-108 of SEQ ID No.488. 

[0151] The primers of the present invention may be 
designed from the disclosed sequences for any method 
knoWn in the art. Apreferred set of primers is fashioned such 
that the 3‘ end of the contiguous span of identity With the 
sequences of the Sequence Listing is present at the 3‘ end of 
the primer. Such a con?guration alloWs the 3‘ end of the 
primer to hybridiZe to a selected nucleic acid sequence and 
dramatically increases the ef?ciency of the primer for ampli 
?cation or sequencing reactions. In a preferred set of primers 
the contiguous span is found in one of the sequences 
described in Table 15. Allele speci?c primers may be 
designed such that a biallelic marker is at the 3‘ end of the 
contiguous span and the contiguous span is present at the 3‘ 
end of the primer. Such allele speci?c primers tend to 
selectively prime an ampli?cation or sequencing reaction so 
long as they are used With a nucleic acid sample that 




























































































































































































