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(57) ABSTRACT 

The invention provides nucleic acid segments of the human 
genome, particularly nucleic acid segments from a gene, 
including polymorphic sites. Allele-speci?c primers and 
probes hybridizing to regions ?anking or containing these 
sites are also provided. The nucleic acids, primers and 
probes are used in applications such as phenotype correla 
tions, forensics, paternity testing, medicine and genetic 
analysis. A role for the thrombospondin gene(s) in vascular 
disease is also disclosed. Use of single nucleotide polymor 
phisms in the thrombospondin gene(s) for diagnosis, pre 
diction of clinical course and treatment response, develop 
ment of therapeutics and development of cell-culture-based 
and animal models for research and treatment are disclosed. 
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HT1220' Report 

Gene ID: 1220 
Sequence ID: 1220 
Protein ID: 1220 _ 

Sequence name: chrombospondin l, alt. tr~nscripc 1 
Genome: ' nucleus 

.Taxcn: Homo sapiens 
Locus: 1220 
Common Name: thrombospcndin 1 
Role ID: - _ 4O 

Coding sequence length: 3513 nt 
Transcript seq?ence length: 5722 nt 
Expression data: TEC201673 

ACCESSION DATA 

HT1220 is‘ derivecl from accessions(s): 

SPzPO7996 (THROMECSPON'DIN 1 PPSCURSOR. ) 
GBzXO-‘é665 (Human mRNA for thrombospondin) 
GBzXl-US'I (Human mRNA for thrombospondin) 
(35:1112471 (thrombcspondin-pSO {Homo sapiens) ) 
GBzM99425 (Human thrombospondin mI-ZNA, 3 ‘ end. ) 
PI-RzGOlé'IB (thrombospondin-pSO — human (fragment) )‘ 
(381112-471 (Human thrombospondin-l gene, partial cds . ) 
GB:JO4S35 (Human thrombospondin gene, exons 1, 2 and 3 t ) 

_ ~GBzM25631 (Homo sapiens (clone lanibda-TS-ES) thrombospondin (TEES) mRNA, 5 ' end . ) 

ALTERNATIVE SPLICE INFORMATION 

Alternative splice forms for this gene: 

I I -398‘? - 'nrombcspondin 1, alt‘ I 

- MAPPING DATA 

GDB accessi0n(s) for this gene: 

Figure 1A 
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HT2143 Report 

RECORD‘ INFORMATION' ' 

Gene ID: -' 2081 
Sequence ID: ‘ 2143 

Protein ID: _ '7 2125 

Sequence name: thrombosp'ondin 4 
Genome: nucleus 
Texan: Homo sapiens 
Locus: 2081 

Common Name: - thrombospondin 4 
Role ID: 40 

Coding sequence length: _ -28_86 nt 
' Transcript sequence length: 3074 nt 

Expression data: _ THC1688S7 

ACCESSION DATA 

HT2143 is derived fr0m>accessions(s): 

513:? 3 TIEROMECSPONDIN 4 PRECURSOR- ) 
C-B : Z1 

Z1 

( 
(throrTEoospondin-é {Homo sapiens }) 
(I-i. sapiens mRNA for thrombospondin-é) 
O (chrombcspondin 4 precursor — human) 

cDNA PEA TURES . 

Feature — -nd 5 End 3 

codino seq 28 2913 
3 'UT 2914 3074 

SEQUENCE 

nucleotide: 

gaaczccc ggaagag 
ctgcac cagcgg: 
gaccc: :ccagt: 
gacccc gatc'cct 
gccac: ccccec: 

at-gggal aaagcca 

Figure 2A 
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'ACDSCPDVSNPNQSDVDNDLVGDSCDTNQDSDGDGHQDSTDNQPWINSAQLDTDIGDGIG 
DECDDDDDNDGIPDLVPPGPDNCRLVPNPAQEDSNSDGVGDI-CESDFDQDQVIDRIDVCP 

' tENAEVTLTDPRAYQTVGLDPEGDAQIDPNWVVLNQGMEiVQ'I'IYINSDPGLAVGYTAFNGVD 
FEGTFI-IVNTQTDDDYAGFIFGYQDSSSFYVVMWKQTEQTYWQATPFRAVAEPGIQLKAV‘K 
SK‘I‘GPGEHLRNSLWHTGDTSDQV'RLLWIGDSRNVGWKDKVSYRWFLQI-RPQVGYIRVRFYE 
'GSELVADSGVTIDTTMRGGRLGVFCFSQENIIWSNLKYRCNDTIPEDFQEFQTQNFDRFD 
N v . 

Figure 2C 
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SINGLE NUCLEOTIDE POLYMORPHISMS IN 
GENES 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 09/657,472, ?led Sep. 7, 2000, Which claims the 
bene?t of US. Provisional Application Serial No. 60/153, 
357, ?led Sep. 10, 1999, US. Provisional Application Serial 
No. 60/220,947, ?led Jul. 26, 2000, and US. Provisional 
Application Serial No. 60/225,724, ?led Aug. 16, 2000, the 
entire teachings of all of Which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The genomes of all organisms undergo spontane 
ous mutation in the course of their continuing evolution, 
generating variant forms of progenitor nucleic acid 
sequences (Gusella, Ann. Rev. Biochem. 55, 831-854 
(1986)). The variant form may confer an evolutionary 
advantage or disadvantage relative to a progenitor form, or 
may be neutral. In some instances, a variant form confers a 
lethal disadvantage and is not transmitted to subsequent 
generations of the organism. In other instances, a variant 
form confers an evolutionary advantage to the species and is 
eventually incorporated into the DNA of many or most 
members of the species and effectively becomes the pro 
genitor form. In many instances, both progenitor and variant 
form(s) survive and co-exist in a species population. The 
coexistence of multiple forms of a sequence gives rise to 
polymorphisms. 
[0003] Several different types of polymorphism have been 
reported. A restriction fragment length polymorphism 
(RFLP) is a variation in DNA sequence that alters the length 
of a restriction fragment (Botstein et al.,Am. J. Hum. Genet. 
32, 314-331 (1980)). The restriction fragment length poly 
morphism may create or delete a restriction site, thus chang 
ing the length of the restriction fragment. RFLPs have been 
Widely used in human and animal genetic analyses (see WO 
90/13668; W090/11369; Donis-Keller, Cell 51, 319-337 
(1987); Lander et al., Genetics 121, 85-99 (1989)). When a 
heritable trait can be linked to a particular RFLP, the 
presence of the RFLP in an individual can be used to predict 
the likelihood that the animal Will also exhibit the trait. 

[0004] Other polymorphisms take the form of short tan 
dem repeats (STRs) that include tandem di-, tri- and tetra 
nucleotide repeated motifs. These tandem repeats are also 
referred to as variable number tandem repeat (VNTR) 
polymorphisms. VNTRs have been used in identity and 
paternity analysis (US. Pat. No. 5,075,217; Armour et al., 
FEBS Lett. 307, 113-115 (1992); Horn et al., WO 91/14003; 
Jeffreys, EP 370,719), and in a large number of genetic 
mapping studies. 

[0005] Other polymorphisms take the form of single 
nucleotide variations betWeen individuals of the same spe 
cies. Such polymorphisms are far more frequent than 
RFLPs, STRs and VNTRs. Some single nucleotide poly 
morphisms (SNP) occur in protein-coding nucleic acid 
sequences (coding sequence SNP (cSNP)), in Which case, 
one of the polymorphic forms may give rise to the expres 
sion of a defective or otherWise variant protein and, poten 
tially, a genetic disease. Examples of genes in Which poly 
morphisms Within coding sequences give rise to genetic 

Nov. 3, 2005 

disease include [3-globin (sickle cell anemia), apoE4 (AlZhe 
imer’s Disease), Factor V Leiden (thrombosis), and CFTR 
(cystic ?brosis). cSNPs can alter the codon sequence of the 
gene and therefore specify an alternative amino acid. Such 
changes are called “missense” When another amino acid is 
substituted, and “nonsense” When the alternative codon 
speci?es a stop signal in protein translation. When the cSNP 
does not alter the amino acid speci?ed the cSNP is called 
“silent”. 

[0006] Other single nucleotide polymorphisms occur in 
noncoding regions. Some of these polymorphisms may also 
result in defective protein expression (e.g., as a result of 
defective splicing). Other single nucleotide polymorphisms 
have no phenotypic effects. 

[0007] Single nucleotide polymorphisms can be used in 
the same manner as RFLPs and VNTRs, but offer several 
advantages. Single nucleotide polymorphisms occur With 
greater frequency and are spaced more uniformly throughout 
the genome than other forms of polymorphism. The greater 
frequency and uniformity of single nucleotide polymor 
phisms means that there is a greater probability that such a 
polymorphism Will be found in close proximity to a genetic 
locus of interest than Would be the case for other polymor 
phisms. The different forms of characteriZed single nucle 
otide polymorphisms are often easier to distinguish than 
other types of polymorphism (e.g., by use of assays employ 
ing allele-speci?c hybridiZation probes or primers). 

[0008] Only a small percentage of the total repository of 
polymorphisms in humans and other organisms has been 
identi?ed. The limited number of polymorphisms identi?ed 
to date is due to the large amount of Work required for their 
detection by conventional methods. For example, a conven 
tional approach to identifying polymorphisms might be to 
sequence the same stretch of DNA in a population of 
individuals by dideoxy sequencing. In this type of approach, 
the amount of Work increases in proportion to both the 
length of sequence and the number of individuals in a 
population and becomes impractical for large stretches of 
DNA or large numbers of persons. 

SUMMARY OF THE INVENTION 

[0009] Work described herein pertains to the identi?cation 
of polymorphisms Which can predispose individuals to dis 
ease, by resequencing large numbers of genes in a large 
number of individuals. Various genes from a number of 
individuals have been resequenced as described herein, and 
SNPs in these genes have been discovered (see the Table and 
FIG. 3). Some of these SNPs are cSNPs Which specify a 
different amino acid sequence, some of the SNPs are silent 
cSNPs and some of these cSNPs specify a stop signal in 
protein translation. Some of the identi?ed SNPs Were 
located in non-coding regions. 

[0010] The invention relates to a gene Which comprises a 
single nucleotide polymorphism at a speci?c location. In a 
particular embodiment the invention relates to the variant 
allele of a gene having a single nucleotide polymorphism, 
Which variant allele differs from a reference allele by one 
nucleotide at the site(s) identi?ed in the Table and FIG. 3. 
Complements of these nucleic acid sequences are also 
included. The nucleic acid molecules can be DNA or RNA, 
and can be double- or single-stranded. Nucleic acid mol 
ecules can be, for example, 5-10, 5-15, 10-20, 5-25, 10-30, 
10-50 or 10-100 bases long. 
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[0011] The invention further provides allele-speci?c oli 
gonucleotides that hybridize to the reference or variant allele 
of a gene comprising a single nucleotide polymorphism or to 
the complement thereof. These oligonucleotides can be 
probes or primers. 

[0012] The invention further provides a method of ana 
lyZing a nucleic acid from an individual. The method 
determines Which base is present at any one of the poly 
morphic sites shoWn in the Table and/or FIG. 3. Optionally, 
a set of bases occupying a set of the polymorphic sites 
shoWn in the Table and/or FIG. 3 is determined. This type 
of analysis can be performed on a number of individuals, 
Who are tested for the presence of a disease phenotype. The 
presence or absence of disease phenotype is then correlated 
With a base or set of bases present at the polymorphic site or 
sites in the individuals tested. 

[0013] Thus, the invention further relates to a method of 
predicting the presence, absence, likelihood of the presence 
or absence, or severity of a particular phenotype or disorder 
associated With a particular genotype. The method com 
prises obtaining a nucleic acid sample from an individual 
and determining the identity of one or more bases (nucle 
otides) at polymorphic sites of genes described herein, 
Wherein the presence of a particular base is correlated With 
a speci?ed phenotype or disorder, thereby predicting the 
presence, absence, likelihood of the presence or absence, or 
severity of the phenotype or disorder in the individual. 

[0014] The thrombospondins are a family of extracellular 
matrix (ECM) glycoproteins that modulate many cell behav 
iors including adhesion, migration, and proliferation. 
Thrombospondins (also knoWn as thrombin sensitive pro 
teins or TSPs) are large molecular Weight glycoproteins 
composed of three identical disul?de-linked polypeptide 
chains. The results described herein also reveal an important 
association betWeen alterations, particularly SNPs, in TSP 
genes, particularly TSP-1 and TSP-4, and vascular disease. 
In particular, SNPs in these genes Which are associated With 
premature coronary artery disease (CAD)(or coronary heart 
disease) and myocardial infarction (MI) have been identi?ed 
and represent a potentially vital marker of upstream biology 
in?uencing the complex process of atherosclerotic plaque 
generation and vulnerability. 

[0015] Thus, the invention relates to the TSP gene SNPs 
identi?ed as described herein, both singly and in combina 
tion, as Well as to the use of these SNPs, and others in TSP 
genes, particularly those nearby in linkage disequilibrium 
With these SNPs, for diagnosis, prediction of clinical course 
and treatment response for vascular disease, development of 
neW treatments for vascular disease based upon comparison 
of the variant and normal versions of the gene or gene 
product, and development of cell-culture based and animal 
models for research and treatment of vascular disease. The 
invention further relates to novel compounds and pharma 
ceutical compositions for use in the diagnosis and treatment 
of such disorders. In preferred embodiments, the vascular 
disease is CAD or MI. 

[0016] The invention relates to isolated nucleic acid mol 
ecules comprising all or a portion of the variant allele of 
TSP-1 (e.g., as exempli?ed by SEQ ID NO: 1), and to 
isolated nucleic acid molecules comprising all or a portion 
of the variant allele of TSP-4 (e.g., as exempli?ed by SEQ 
ID NO: 3). Preferred portions are at least 10 contiguous 
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nucleotides and comprise the polymorphic site, e.g., a por 
tion of SEQ ID NO: 1 Which is at least 10 contiguous 
nucleotides and comprises the “G” at position 2210, or a 
portion of SEQ ID NO: 3 Which is at least 10 contiguous 
nucleotides and comprises the “C” at position 1186. The 
invention further relates to isolated gene products, e.g., 
polypeptides or proteins, Which are encoded by a nucleic 
acid molecule comprising all or a portion of the variant allele 
of TSP-1 or TSP-4 (e.g., SEQ ID NO: 1 or SEQ ID NO: 3, 
respectively). The invention also relates to nucleic acid 
molecules Which hybridiZe to and/or share identity With the 
variant alleles identi?ed herein (or their complements) and 
Which also comprise the variant nucleotide at the SNP site. 

[0017] The invention further relates to isolated proteins or 
polypeptides comprising all or a portion of the variant amino 
acid sequence of TSP-1 (e.g., as exempli?ed by SEQ ID NO: 
2), and to isolated proteins or polypeptides comprising all or 
a portion of the variant amino acid sequence of TSP-4 (e.g., 
as exempli?ed by SEQ ID NO: 4). Preferred polypeptides 
are at least 10 contiguous amino acids and comprise the 
polymorphic amino acid, e.g., a portion of SEQ ID NO: 2 
Which is at least 10 contiguous amino acids and comprises 
the serine at residue 700, or a portion of SEQ ID NO: 4 
Which is at least 10 contiguous amino acids and comprises 
the proline at residue 387. The invention further relates to 
isolated nucleic acid molecules encoding such proteins and 
polypeptides, as Well as to antibodies Which bind, e.g., 
speci?cally, to such proteins and polypeptides. 

[0018] The invention further relates to a method of diag 
nosing or aiding in the diagnosis of a disorder associated 
With the presence of one or more of (a) a G at nucleotide 
position 2210 of SEQ ID NO: 1; or (b) a C at nucleotide 
position 1186 of SEQ ID NO: 3 in an individual. The method 
comprises obtaining a nucleic acid sample from the indi 
vidual and determining the nucleotide present at one or more 
of the indicated nucleotide positions, Wherein presence of 
one or more of (a) a G at nucleotide position 2210 of SEQ 
ID NO: 1; or (b) a C at nucleotide position 1186 of SEQ ID 
NO: 3 is indicative of increased likelihood of said disorder 
in the individual as compared With an appropriate control, 
e.g., an individual having the reference nucleotide at one or 
more of said positions. In a particular embodiment the 
disorder is a vascular disease selected from the group 
consisting of atherosclerosis, coronary heart or artery dis 
ease, MI, stroke, peripheral vascular diseases, venous throm 
boembolism and pulmonary embolism. In a preferred 
embodiment, the vascular disease is selected from the group 
consisting of CAD and MI. 

[0019] The invention further relates to a method of diag 
nosing or aiding in the diagnosis of a disorder associated 
With one or more of (a) a G at nucleotide position 2210 of 
SEQ ID NO: 1; or (b) a C at nucleotide position 1186 of SEQ 
ID NO: 3 in an individual. The method comprises obtaining 
a nucleic acid sample from the individual and determining 
the nucleotide present at one or more of the indicated 
nucleotide positions, Wherein presence of one or more of (a) 
an A at nucleotide position 2210 of SEQ ID NO: 1; or (b) a 
G at nucleotide position 1186 of SEQ ID NO: 3 is indicative 
of decreased likelihood of said disorder in the individual as 
compared With an appropriate control, e.g., an individual 
having the variant nucleotide at said position. In a particular 
embodiment the disorder is a vascular disease selected from 
the group consisting of atherosclerosis, coronary heart or 
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artery disease, MI, stroke, peripheral vascular diseases, 
venous thromboembolism and pulmonary embolism. In a 
preferred embodiment, the vascular disease is selected from 
the group consisting of CAD and MI. 

[0020] In one embodiment, the invention relates to a 
method for predicting the likelihood that an individual Will 
have a vascular disease (or aiding in the diagnosis of a 
vascular disease), comprising the steps of obtaining a DNA 
sample from an individual to be assessed and determining 
the nucleotide present at one or more of nucleotide positions 
2210 of SEQ ID NO: 1 or 1186 of SEQ ID NO: 3. The 
presence of the reference nucleotide at one or more of these 
positions indicates that the individual has a loWer likelihood 
of having a vascular disease than an individual having the 
variant nucleotide at one or more of these positions, or a 

loWer likelihood of having severe symptomology. In a 
particular embodiment, the individual is an individual at risk 
for development of a vascular disease. 

[0021] The invention further relates to a method of diag 
nosing or aiding in the diagnosis of a disorder associated 
With the presence of one or more of (a) a serine at amino acid 
position 700 of SEQ ID NO: 2; or (b) a proline at amino acid 
position 387 of SEQ ID NO: 4 in an individual. The method 
comprises obtaining a biological sample containing the 
TSP-1 and/or TSP-4 protein or relevant portion thereof from 
the individual and determining the amino acid present at one 
or more of the indicated amino acid positions, Wherein 
presence of one or more of (a) a serine at amino acid position 
700 of SEQ ID NO: 2; or (b) a proline at amino acid position 
387 of SEQ ID NO: 4 is indicative of increased likelihood 
of said disorder in the individual as compared With an 
appropriate control, e.g., an individual having the reference 
amino acid at one or more of said positions. 

[0022] The invention further relates to a method of diag 
nosing or aiding in the diagnosis of a disorder associated 
With one or more of (a) a serine at amino acid position 700 
of SEQ ID NO: 2; or (b) a proline at amino acid position 387 
of SEQ ID NO: 4 in an individual. The method comprises 
obtaining a biological sample containing the TSP-1 and/or 
TSP-4 protein or relevant portion thereof from the individual 
and determining the amino acid present at one or more of the 
indicated amino acid positions, Wherein presence of one or 
more of (a) an asparagine at amino acid position 700 of SEQ 
ID NO: 2; or (b) an alanine at amino acid position 387 of 
SEQ ID NO: 4 is indicative of decreased likelihood of said 
disorder in the individual as compared With an appropriate 
control, e.g., an individual having the variant amino acid at 
one or more of said positions. 

[0023] In one embodiment, the invention relates to a 
method for predicting the likelihood that an individual Will 
have a vascular disease (or aiding in the diagnosis of a 
vascular disease), comprising the steps of obtaining a bio 
logical sample comprising the TSP-1 and/or TSP-4 protein 
or relevant portion thereof from an individual to be assessed 
and determining the amino acid present at one or more of 
amino acid positions 700 of SEQ ID NO: 2 or 387 of SEQ 
ID NO: 4. The presence of the reference amino acid at one 
or more of these positions indicates that the individual has 
a loWer likelihood of having a vascular disease than an 
individual having the variant amino acid at one or more of 
these positions, or a loWer likelihood of having severe 
symptomology. In a particular embodiment, the individual is 
an individual at risk for development of a vascular disease. 
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[0024] In another embodiment, the invention relates to 
pharmaceutical compositions comprising a reference TSP-1 
and/or TSP-4 gene or gene product, or active portion thereof, 
for use in the treatment of vascular diseases. The invention 
further relates to the use of agonists and antagonists of 
TSP-1 and TSP-4 activity for use in the treatment of vascular 
diseases. In a particular embodiment the vascular disease is 
selected from the group consisting of atherosclerosis, coro 
nary heart or artery disease, MI, stroke, peripheral vascular 
diseases, venous thromboembolism and pulmonary embo 
lism. In a preferred embodiment, the vascular disease is 
selected from the group consisting of CAD and MI. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIGS. lA-lD shoW the reference nucleotide (SEQ 
ID NO: 1) and amino acid (SEQ ID NO: 2) sequences for 
TSP-1. 

[0026] FIGS. 2A-2C shoW the reference nucleotide (SEQ 
ID NO: 3) and amino acid (SEQ ID NO: 4) sequences for 
TSP-4. 

[0027] FIG. 3 shoWs a table providing detailed informa 
tion about the SNPs identi?ed herein. Column one shoWs the 
internal polymorphism identi?er. Column tWo shoWs the 
accession number for the reference sequence in the TIGR 
database Which can be found on the World Wide Web at 
tigr.org/tdb/hgi/searching/hgigreports.html. Column three 
shoWs the nucleotide position for the SNP site. Column four 
shoWs the gene in Which the polymorphism Was identi?ed. 
Column ?ve shoWs the polymorphic site and additional 
?anking sequence on each side of the polymorphism. Col 
umn siX shoWs the type of mutation produced by the 
polymorphism. Columns seven and eight shoW the reference 
and alternate (variant) nucleotides, respectively, for the SNP. 
Columns nine and ten shoW the reference and alternate 
(variant) amino acids, respectively, encoded by the alleles of 
the gene. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The present invention relates to a gene Which 
comprises a single nucleotide polymorphism (SNP) at a 
speci?c location. The gene Which includes the SNP has at 
least tWo alleles, referred to herein as the reference allele and 
the variant allele. The reference allele (prototypical or Wild 
type allele) has been designated arbitrarily and typically 
corresponds to the nucleotide sequence of the gene Which 
has been deposited With GenBank or TIGR under a given 
Accession number. The variant allele differs from the ref 
erence allele by one nucleotide at the site(s) identi?ed in the 
Table. The present invention also relates to variant alleles of 
the described genes and to complements of the variant 
alleles. The invention also relates to nucleic acid molecules 
Which hybridiZe to and/or share identity With the variant 
alleles identi?ed herein (or their complements) and Which 
also comprise the variant nucleotide at the SNP site. 

[0029] The invention further relates to portions of the 
variant alleles and portions of complements of the variant 
alleles Which comprise (encompass) the site of the SNP and 
are at least 5 nucleotides in length. Portions can be, for 
eXample, 5-10, 5-15, 10-20, 5-25, 10-30, 10-50 or 10-100 
bases long. For eXample, a portion of a variant allele Which 
is 21 nucleotides in length includes the single nucleotide 
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polymorphism (the nucleotide Which differs from the refer 
ence allele at that site) and tWenty additional nucleotides 
Which ?ank the site in the variant allele. These nucleotides 
can be on one or both sides of the polymorphism. Polymor 
phisms Which are the subject of this invention are de?ned in 
the Table With respect to the reference sequence deposited in 
GenBank or TIGR under the Accession number indicated. 
For example, the invention relates to a portion of a gene 
(e.g., AT3) having a nucleotide sequence as deposited in 
GenBank (e.g., U11270) comprising a single nucleotide 
polymorphism at a speci?c position (e.g., nucleotide 11918). 
The reference nucleotide for AT3 is shoWn in column 8, and 
the variant nucleotide is shoWn in column 9 of the Table. The 
nucleotide sequences of the invention can be double- or 
single-stranded. 
[0030] The invention further provides allele-speci?c oli 
gonucleotides that hybridiZe to the reference or variant allele 
of a gene comprising a single nucleotide polymorphism or to 
the complement thereof. These oligonucleotides can be 
probes or primers. 

[0031] The invention further provides a method of ana 
lyZing a nucleic acid from an individual. The method 
determines Which base is present at any one of the poly 
morphic sites shoWn in the Table and/or FIG. 3. Optionally, 
a set of bases occupying a set of the polymorphic sites 
shoWn in the Table and/or FIG. 3 is determined. This type 
of analysis can be performed on a number of individuals, 
Who are tested for the presence of a disease phenotype. The 
presence or absence of disease phenotype is then correlated 
With a base or set of bases present at the polymorphic site or 
sites in the individuals tested. 

[0032] Thus, the invention further relates to a method of 
predicting the presence, absence, likelihood of the presence 
or absence, or severity of a particular phenotype or disorder 
associated With a particular genotype. The method com 
prises obtaining a nucleic acid sample from an individual 
and determining the identity of one or more bases (nucle 
otides) at polymorphic sites of genes described herein, 
Wherein the presence of a particular base is correlated With 
a speci?ed phenotype or disorder, thereby predicting the 
presence, absence, likelihood of the presence or absence, or 
severity of the phenotype or disorder in the individual. 

[0033] De?nitions 
[0034] A nucleic acid molecule or oligonucleotide can be 
DNA or RNA, and single- or double-stranded. Nucleic acid 
molecules and oligonucleotides can be naturally occurring 
or synthetic, but are typically prepared by synthetic means. 
Preferred nucleic acid molecules and oligonucleotides of the 
invention include segments of DNA, or their complements, 
Which include any one of the polymorphic sites shoWn in the 
Table. The segments can be betWeen 5 and 250 bases, and, 
in speci?c embodiments, are betWeen 5-10, 5-20, 10-20, 
10-50, 20-50 or 10-100 bases. For example, the segment can 
be 21 bases. The polymorphic site can occur Within any 
position of the segment. The segments can be from any of 
the allelic forms of DNA shoWn in the Table. 

[0035] As used herein, the terms “nucleotide”, “base” and 
“nucleic acid” are intended to be equivalent. The terms 
“nucleotide sequence , nucleic acid sequence , nucleic 

acid molecule” and “segment” are intended to be equivalent. 

[0036] Hybridization probes are oligonucleotides Which 
bind in a base-speci?c manner to a complementary strand of 
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nucleic acid. Such probes include peptide nucleic acids, as 
described in Nielsen et al., Science 254, 1497-1500 (1991). 
Probes can be any length suitable for speci?c hybridiZation 
to the target nucleic acid sequence. The most appropriate 
length of the probe may vary depending upon the hybrid 
iZation method in Which it is being used; for example, 
particular lengths may be more appropriate for use in 
microfabricated arrays, While other lengths may be more 
suitable for use in classical hybridiZation methods. Such 
optimiZations are knoWn to the skilled artisan. Suitable 
probes and primers can range from about 5 nucleotides to 
about 30 nucleotides in length. For example, probes and 
primers can be 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 25, 26, 
28 or 30 nucleotides in length. The probe or primer prefer 
ably overlaps at least one polymorphic site occupied by any 
of the possible variant nucleotides. The nucleotide sequence 
can correspond to the coding sequence of the allele or to the 
complement of the coding sequence of the allele. 

[0037] As used herein, the term “primer” refers to a 
single-stranded oligonucleotide Which acts as a point of 
initiation of template-directed DNA synthesis under appro 
priate conditions (e.g., in the presence of four different 
nucleoside triphosphates and an agent for polymeriZation, 
such as DNA or RNA polymerase or reverse transcriptase) 
in an appropriate buffer and at a suitable temperature. The 
appropriate length of a primer depends on the intended use 
of the primer, but typically ranges from 15 to 30 nucleotides. 
Short primer molecules generally require cooler tempera 
tures to form suf?ciently stable hybrid complexes With the 
template. Aprimer need not re?ect the exact sequence of the 
template, but must be suf?ciently complementary to hybrid 
iZe With a template. The term primer site refers to the area 
of the target DNA to Which a primer hybridiZes. The term 
primer pair refers to a set of primers including a 5‘ 
(upstream) primer that hybridiZes With the 5‘ end of the DNA 
sequence to be ampli?ed and a 3‘ (doWnstream) primer that 
hybridiZes With the complement of the 3‘ end of the sequence 
to be ampli?ed. 

[0038] As used herein, linkage describes the tendency of 
genes, alleles, loci or genetic markers to be inherited 
together as a result of their location on the same chromo 
some. It can be measured by percent recombination betWeen 
the tWo genes, alleles, loci or genetic markers. 

[0039] As used herein, polymorphism refers to the occur 
rence of tWo or more genetically determined alternative 
sequences or alleles in a population. Apolymorphic marker 
or site is the locus at Which divergence occurs. Preferred 
markers have at least tWo alleles, each occurring at fre 
quency of greater than 1%, and more preferably greater than 
10% or 20% of a selected population. Apolymorphic locus 
may be as small as one base pair. Polymorphic markers 
include restriction fragment length polymorphisms, variable 
number of tandem repeats (VNTR’s), hypervariable regions, 
minisatellites, dinucleotide repeats, trinucleotide repeats, 
tetranucleotide repeats, simple sequence repeats, and inser 
tion elements such as Alu. The ?rst identi?ed allelic form is 
arbitrarily designated as the reference form and other allelic 
forms are designated as alternative or variant alleles. The 
allelic form occurring most frequently in a selected popu 
lation is sometimes referred to as the Wildtype form. Diploid 
organisms may be homoZygous or heteroZygous for allelic 
forms. A diallelic or biallelic polymorphism has tWo forms. 
A triallelic polymorphism has three forms. 
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[0040] Work described herein pertains to the resequencing 
of large numbers of genes in a large number of individuals 
to identify polymorphisms Which can predispose individuals 
to disease. For example, polymorphisms in genes Which are 
expressed in liver may predispose individuals to disorders of 
the liver. By altering amino acid sequence, SNPs may alter 
the function of the encoded proteins. The discovery of the 
SNP facilitates biochemical analysis of the variants and the 
development of assays to characteriZe the variants and to 
screen for pharmaceutical that Would interact directly With 
on or another form of the protein. SNPs (including silent 
SNPs) also enable the development of speci?c DNA, RNA, 
or protein-based diagnostics that detect the presence or 
absence of the polymorphism in particular conditions. 

[0041] A single nucleotide polymorphism occurs at a 
polymorphic site occupied by a single nucleotide, Which is 
the site of variation betWeen allelic sequences. The site is 
usually preceded by and folloWed by highly conserved 
sequences of the allele (e.g., sequences that vary in less than 
1/100 or 1/1000 members of the populations). 

[0042] A single nucleotide polymorphism usually arises 
due to substitution of one nucleotide for another at the 
polymorphic site. A transition is the replacement of one 
purine by another purine or one pyrimidine by another 
pyrimidine. Atransversion is the replacement of a purine by 
a pyrimidine or vice versa. Single nucleotide polymor 
phisms can also arise from a deletion of a nucleotide or an 
insertion of a nucleotide relative to a reference allele. 
Typically the polymorphic site is occupied by a base other 
than the reference base. For example, Where the reference 
allele contains the base “T” at the polymorphic site, the 
altered allele can contain a “C”, “G” or “A” at the poly 
morphic site. 

[0043] The invention also relates to nucleic acid molecules 
Which hybridiZe to the variant alleles identi?ed herein (or 
their complements) and Which also comprise the variant 
nucleotide at the SNP site. HybridiZations are usually per 
formed under stringent conditions, for example, at a salt 
concentration of no more than 1 M and a temperature of at 
least 25° C. For example, conditions of 5><SSPE (750 mM 
NaCl, 50 mM NaPhosphate, 5 mM EDTA, pH 7.4) and a 
temperature of 25-30° C., or equivalent conditions, are 
suitable for allele-speci?c probe hybridiZations. Equivalent 
conditions can be determined by varying one or more of the 
parameters given as an example, as knoWn in the art, While 
maintaining a similar degree of identity or similarity 
betWeen the target nucleotide sequence and the primer or 
probe used. 

[0044] The invention also relates to nucleic acid molecules 
Which share substantial sequence identity to the variant 
alleles identi?ed herein (or their complements) and Which 
also comprise the variant nucleotide at the SNP site. Par 
ticularly preferred are nucleic acid molecules and fragments 
Which have at least about 60%, preferably at least about 70, 
80 or 85%, more preferably at least about 90%, even more 
preferably at least about 95%, and most preferably at least 
about 98% identity With nucleic acid molecules described 
herein. The percent identity of tWo nucleotide or amino acid 
sequences can be determined by aligning the sequences for 
optimal comparison purposes (e.g., gaps can be introduced 
in the sequence of a ?rst sequence). The nucleotides or 
amino acids at corresponding positions are then compared, 
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and the percent identity betWeen the tWo sequences is a 
function of the number of identical positions shared by the 
sequences (i.e., % identity=# of identical positions/total # of 
positions><100). In certain embodiments, the length of a 
sequence aligned for comparison purposes is at least 30%, 
preferably at least 40%, more preferably at least 60%, and 
even more preferably at least 70%, 80% or 90% of the length 
of the reference sequence. The actual comparison of the tWo 
sequences can be accomplished by Well-known methods, for 
example, using a mathematical algorithm. Apreferred, non 
limiting example of such a mathematical algorithm is 
described in Karlin et al., Proc. Natl. Acad. Sci. USA, 
90:5873-5877 (1993). Such an algorithm is incorporated 
into the NBLAST and XBLAST programs (version 2.0) as 
described in Altschul et al., NucleicAcia's Res., 251389-3402 
(1997). When utiliZing BLAST and Gapped BLAST pro 
grams, the default parameters of the respective programs 
(e.g., NBLAST) can be used. See the World Wide Web at 
ncbi.nlm.nih.gov. In one embodiment, parameters for 
sequence comparison can be set at score=100, Wordlength= 
12, or can be varied (e.g., W=5 or W=20). 

[0045] The term “isolated” is used herein to indicate that 
the material in question exists in a physical milieu distinct 
from that in Which it occurs in nature. For example, an 
isolated nucleic acid of the invention may be substantially 
isolated With respect to the complex cellular milieu in Which 
it naturally occurs. In some instances, the isolated material 
Will form part of a composition (for example, a crude extract 
containing other substances), buffer system or reagent mix. 
In other circumstance, the material may be puri?ed to 
essential homogeneity, for example as determined by PAGE 
or column chromatography such as HPLC. Preferably, an 
isolated nucleic acid comprises at least about 50, 80 or 90 
percent (on a molar basis) of all macromolecular species 
present. 

[0046] I. Novel Polymorphisms of the Invention 

[0047] Some of the novel polymorphisms of the invention 
are shoWn in the Table. Columns one and tWo shoW desig 
nations for the indicated polymorphism. Column three 
shoWs the Genbank or TIGR Accession number for the Wild 
type (or reference) allele. Column four shoWs the location of 
the polymorphic site in the nucleic acid sequence With 
reference to the Genbank or TIGR sequence shoWn in 
column three. Column ?ve shoWs common names for the 
gene in Which the polymorphism is located. Column six 
shoWs the polymorphism and a portion of the 3‘ and 5‘ 
?anking sequence of the gene. Column seven shoWs the type 
of mutation; N, non-sense, S, silent, M, missense. Columns 
eight and nine shoW the reference and alternate nucleotides, 
respectively, at the polymorphic site. Columns ten and 
eleven shoW the reference and alternate amino acids, respec 
tively, encoded by the reference and variant, respectively, 
alleles. Other novel polymorphisms of the invention are 
shoWn in FIG. 3. 

[0048] 
[0049] A. Preparation of Samples 

II. Analysis of Polymorphisms 

[0050] Polymorphisms are detected in a target nucleic acid 
from an individual being analyZed. For assay of genomic 
DNA, virtually any biological sample (other than pure red 
blood cells) is suitable. For example, convenient tissue 
samples include Whole blood, semen, saliva, tears, urine, 
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fecal material, sweat, buccal, skin and hair. For assay of 
cDNA or mRNA, the tissue sample must be obtained from 
an organ in Which the target nucleic acid is expressed. For 
example, if the target nucleic acid is a cytochrome P450, the 
liver is a suitable source. 

[0051] Many of the methods described beloW require 
ampli?cation of DNA from target samples. This can be 
accomplished by e.g., PCR. See generally PCR Technology: 
Principles and Applications for DNA Ampli?cation (ed. H. 
A. Erlich, Freeman Press, NY, NY, 1992); PCR Protocols: 
A Guide to Methods and Applications (eds. Innis, et al., 
Academic Press, San Diego, Calif., 1990); Mattila et al., 
Nucleic Acids Res. 19, 4967 (1991); Eckert et al., PCR 
Methods and Applications 1, 17 (1991); PCR (eds. McPher 
son et al., IRL Press, Oxford); and Us. Pat. No. 4,683,202. 

[0052] Other suitable ampli?cation methods include the 
ligase chain reaction (LCR) (see Wu and Wallace, Genomics 
4, 560 (1989), Landegren et al., Science 241, 1077 (1988), 
transcription ampli?cation (KWoh et al., Proc. Natl. Acad. 
Sci. USA 86, 1173 (1989)), and self-sustained sequence 
replication (Guatelli et al., Proc. Nat. Acad. Sci. USA, 87, 
1874 (1990)) and nucleic acid based sequence ampli?cation 
(NASBA). The latter tWo ampli?cation methods involve 
isothermal reactions based on isothermal transcription, 
Which produce both single stranded RNA (ssRNA) and 
double stranded DNA (dsDNA) as the ampli?cation prod 
ucts in a ratio of about 30 or 100 to 1, respectively. 

[0053] B. Detection of Polymorphisms in Target DNA 

[0054] There are tWo distinct types of analysis of target 
DNA for detecting polymorphisms. The ?rst type of analy 
sis, sometimes referred to as de novo characteriZation, is 
carried out to identify polymorphic sites not previously 
characteriZed (i.e., to identify neW polymorphisms). This 
analysis compares target sequences in different individuals 
to identify points of variation, i.e., polymorphic sites. By 
analyZing groups of individuals representing the greatest 
ethnic diversity among humans and greatest breed and 
species variety in plants and animals, patterns characteristic 
of the most common alleles/haplotypes of the locus can be 
identi?ed, and the frequencies of such alleles/haplotypes in 
the population can be determined. Additional allelic fre 
quencies can be determined for subpopulations character 
iZed by criteria such as geography, race, or gender. The de 
novo identi?cation of polymorphisms of the invention is 
described in the Examples section. The second type of 
analysis determines Which form(s) of a characteriZed 
(knoWn) polymorphism are present in individuals under test. 
There are a variety of suitable procedures, Which are dis 
cussed in turn. 

[0055] 1. Allele-Speci?c Probes 

[0056] The design and use of allele-speci?c probes for 
analyZing polymorphisms is described by e.g., Saiki et al., 
Nature 324, 163-166 (1986); Dattagupta, EP 235,726, Saiki, 
WO 89/11548. Allele-speci?c probes can be designed that 
hybridiZe to a segment of target DNA from one individual 
but do not hybridiZe to the corresponding segment from 
another individual due to the presence of different polymor 
phic forms in the respective segments from the tWo indi 
viduals. HybridiZation conditions should be suf?ciently 
stringent that there is a signi?cant difference in hybridiZation 
intensity betWeen alleles, and preferably an essentially 
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binary response, Whereby a probe hybridiZes to only one of 
the alleles. Some probes are designed to hybridiZe to a 
segment of target DNA such that the polymorphic site aligns 
With a central position (e.g., in a 15-mer at the 7 position; in 
a 16-mer, at either the 8 or 9 position) of the probe. This 
design of probe achieves good discrimination in hybridiZa 
tion betWeen different allelic forms. 

[0057] Allele-speci?c probes are often used in pairs, one 
member of a pair shoWing a perfect match to a reference 
form of a target sequence and the other member shoWing a 
perfect match to a variant form. Several pairs of probes can 
then be immobiliZed on the same support for simultaneous 
analysis of multiple polymorphisms Within the same target 
sequence. 

[0058] 2. Tiling Arrays 

[0059] The polymorphisms can also be identi?ed by 
hybridiZation to nucleic acid arrays, some examples of 
Which are described in WO 95/11995. One form of such 
arrays is described in the Examples section in connection 
With de novo identi?cation of polymorphisms. The same 
array or a different array can be used for analysis of 
characteriZed polymorphisms. WO 95/11995 also describes 
subarrays that are optimiZed for detection of a variant form 
of a precharacteriZed polymorphism. Such a subarray con 
tains probes designed to be complementary to a second 
reference sequence, Which is an allelic variant of the ?rst 
reference sequence. The second group of probes is designed 
by the same principles as described in the Examples, except 
that the probes exhibit complementarity to the second ref 
erence sequence. The inclusion of a second group (or further 
groups) can be particularly useful for analyZing short sub 
sequences of the primary reference sequence in Which 
multiple mutations are expected to occur Within a short 
distance commensurate With the length of the probes (e.g., 
tWo or more mutations Within 9 to 21 bases). 

[0060] 3. Allele-Speci?c Primers 

[0061] An allele-speci?c primer hybridiZes to a site on 
target DNA overlapping a polymorphism and only primes 
ampli?cation of an allelic form to Which the primer exhibits 
perfect complementarity. See Gibbs, Nucleic Acid Res. 17, 
2427-2448 (1989). This primer is used in conjunction With 
a second primer Which hybridiZes at a distal site. Ampli? 
cation proceeds from the tWo primers, resulting in a detect 
able product Which indicates the particular allelic form is 
present. A control is usually performed With a second pair of 
primers, one of Which shoWs a single base mismatch at the 
polymorphic site and the other of Which exhibits perfect 
complementarity to a distal site. The single-base mismatch 
prevents ampli?cation and no detectable product is formed. 
The method Works best When the mismatch is included in the 
3‘-most position of the oligonucleotide aligned With the 
polymorphism because this position is most destabiliZing to 
elongation from the primer (see, e.g., WO 93/22456). 

[0062] 4. Direct-Sequencing 

[0063] The direct analysis of the sequence of polymor 
phisms of the present invention can be accomplished using 
either the dideoxy chain termination method or the Maxam 
Gilbert method (see Sambrook et al., Molecular Cloning, A 
Laboratory Manual (2nd Ed., CSHP, NeW York 1989); 
Zyskind et al., Recombinant DNA Laboratory Manual, 
(Acad. Press, 1988)). 
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[0064] 5. Denaturing Gradient Gel Electrophoresis 

[0065] Ampli?cation products generated using the poly 
merase chain reaction can be analyzed by the use of dena 
turing gradient gel electrophoresis. Different alleles can be 
identi?ed based on the different sequence-dependent melt 
ing properties and electrophoretic migration of DNA in 
solution. Erlich, ed., PCR Technology, Principles and Appli 
cations for DNA Ampli?cation, H. Freeman and Co, 
NeW York, 1992), Chapter 7. 

[0066] 6. Single-Strand Conformation Polymorphism 
Analysis 
[0067] Alleles of target sequences can be differentiated 
using single-strand conformation polymorphism analysis, 
Which identi?es base differences by alteration in electro 
phoretic migration of single stranded PCR products, as 
described in Orita et al., Proc. Nat. Acad. Sci. 86, 2766-2770 
(1989). Ampli?ed PCR products can be generated as 
described above, and heated or otherWise denatured, to form 
single stranded ampli?cation products. Single-stranded 
nucleic acids may refold or form secondary structures Which 
are partially dependent on the base sequence. The different 
electrophoretic mobilities of single-stranded ampli?cation 
products can be related to base-sequence differences 
betWeen alleles of target sequences. 

[0068] 7. Single-Base Extension 

[0069] An alternative method for identifying and analyZ 
ing polymorphisms is based on single-base extension (SBE) 
of a ?uorescently-labeled primer coupled With ?uorescence 
resonance energy transfer (FRET) betWeen the label of the 
added base and the label of the primer. Typically, the 
method, such as that described by Chen et al., (PNAS 
94:10756-61 (1997), incorporated herein by reference) uses 
a locus-speci?c oligonucleotide primer labeled on the 5‘ 
terminus With S-carboxy?uorescein This labeled 
primer is designed so that the 3‘ end is immediately adjacent 
to the polymorphic site of interest. The labeled primer is 
hybridiZed to the locus, and single base extension of the 
labeled primer is performed With ?uorescently labeled 
dideoxyribonucleotides (ddNTPs) in dye-terminator 
sequencing fashion, except that no deoxyribonucleotides are 
present. An increase in ?uorescence of the added ddNTP in 
response to excitation at the Wavelength of the labeled 
primer is used to infer the identity of the added nucleotide. 

[0070] III. Methods of Use 

[0071] After determining polymorphic form(s) present in 
an individual at one or more polymorphic sites, this infor 
mation can be used in a number of methods. 

[0072] A. Forensics 

[0073] Determination of Which polymorphic forms 
occupy a set of polymorphic sites in an individual identi?es 
a set of polymorphic forms that distinguishes the individual. 
See generally National Research Council, The Evaluation of 
Forensic DNA Evidence (Eds. Pollard et al., National Acad 
emy Press, DC, 1996). The more sites that are analyZed, the 
loWer the probability that the set of polymorphic forms in 
one individual is the same as that in an unrelated individual. 
Preferably, if multiple sites are analyZed, the sites are 
unlinked. Thus, polymorphisms of the invention are often 
used in conjunction With polymorphisms in distal genes. 
Preferred polymorphisms for use in forensics are biallelic 
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because the population frequencies of tWo polymorphic 
forms can usually be determined With greater accuracy than 
those of multiple polymorphic forms at multi-allelic loci. 

[0074] The capacity to identify a distinguishing or unique 
set of forensic markers in an individual is useful for forensic 
analysis. For example, one can determine Whether a blood 
sample from a suspect matches a blood or other tissue 
sample from a crime scene by determining Whether the set 
of polymorphic forms occupying selected polymorphic sites 
is the same in the suspect and the sample. If the set of 
polymorphic markers does not match betWeen a suspect and 
a sample, it can be concluded (barring experimental error) 
that the suspect Was not the source of the sample. If the set 
of markers does match, one can conclude that the DNA from 
the suspect is consistent With that found at the crime scene. 
If frequencies of the polymorphic forms at the loci tested 
have been determined (e.g., by analysis of a suitable popu 
lation of individuals), one can perform a statistical analysis 
to determine the probability that a match of suspect and 
crime scene sample Would occur by chance. 

[0075] p(ID) is the probability that tWo random individu 
als have the same polymorphic or allelic form at a given 
polymorphic site. In biallelic loci, four genotypes are pos 
sible: AA, AB, BA, and BB. If alleles A and B occur in a 
haploid genome of the organism With frequencies x and y, 
the probability of each genotype in a diploid organism is (see 
WO 95/12607): 

[0076] HomoZygote: p(AA =x2 

[0077] HomoZygote: p(BB)=y2=(1—x)2 

[0078] Single HeteroZygote: p(AB)=p(BA)=xy=x(1— 
X) 

[0079] Both HeteroZygotes: p(AB+BA)=2xy=2x(1— 
X) 

[0080] The probability of identity at one locus (i.e, the 
probability that tWo individuals, picked at random from a 
population Will have identical polymorphic forms at a given 
locus) is given by the equation: 

P(1D)=(X2)2+(2W)2+(Y2)2 
[0081] These calculations can be extended for any number 
of polymnorphic forms at a given locus. For example, the 
probability of identity p(ID) for a 3-allele system Where the 
alleles have the frequencies in the population of x, y and Z, 
respectively, is equal to the sum of the squares of the 
genotype frequencies: 

p(ID)=x“+(2.xy)2+(2yz)2+(2xz)2+z“+y4 
[0082] In a locus of n alleles, the appropriate binomial 
expansion is used to calculate p(ID) and p(exc). 

[0083] The cumulative probability of identity (cum p(ID)) 
for each of multiple unlinked loci is determined by multi 
plying the probabilities provided by each locus. 

[0084] The cumulative probability of non-identity for n 
loci (i.e. the probability that tWo random individuals Will be 
different at 1 or more loci) is given by the equation: 

cump(nonID)=1-cump(ID). 

[0085] If several polymorphic loci are tested, the cumu 
lative probability of non-identity for random individuals 
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becomes very high (e.g., one billion to one). Such probabili 
ties can be taken into account together With other evidence 
in determining the guilt or innocence of the suspect. 

[0086] B. Paternity Testing 

[0087] The object of paternity testing is usually to deter 
mine Whether a male is the father of a child. In most cases, 
the mother of the child is knoWn and thus, the mother’s 
contribution to the child’s genotype can be traced. Paternity 
testing investigates Whether the part of the child’s genotype 
not attributable to the mother is consistent With that of the 
putative father. Paternity testing can be performed by ana 
lyZing sets of polymorphisms in the putative father and the 
child. 

[0088] If the set of polymorphisms in the child attributable 
to the father does not match the set of polymorphisms of the 
putative father, it can be concluded, barring experimental 
error, that the putative father is not the real father. If the set 
of polymorphisms in the child attributable to the father does 
match the set of polymorphisms of the putative father, a 
statistical calculation can be performed to determine the 
probability of coincidental match. 

[0089] The probability of parentage exclusion (represent 
ing the probability that a random male Will have a polymor 
phic form at a given polymorphic site that makes him 
incompatible as the father) is given by the equation (see WO 
95/12607): 

P(exC)=Xy(1-Xy) 

[0090] Where X and y are the population frequencies of 
alleles A and B of a biallelic polymorphic site. 

[0091] (At a triallelic site p(exc)=xy(1—xy)+yZ(1—yZ)+ 
xZ(1—xZ)+3xyZ(1—xyZ))), Where X, y and Z and the respec 
tive population frequencies of alleles A, B and C). 

[0092] The probability of non-exclusion is 

p(n0n—exc)=1—p(exc) 

[0093] The cumulative probability of non-exclusion (rep 
resenting the value obtained When n loci are used) is thus: 

cump(n0n—exc)=p(n0n—exc1)p(n0n-exc2)p(n0n—exc3) . 
. . p(n0n—excn) 

[0094] The cumulative probability of exclusion for n loci 
(representing the probability that a random male Will be 
excluded) 

[0095] If several polymorphic loci are included in the 
analysis, the cumulative probability of exclusion of a ran 
dom male is very high. This probability can be taken into 
account in assessing the liability of a putative father Whose 
polymorphic marker set matches the child’s polymorphic 
marker set attributable to his/her father. 

[0096] C. Correlation of Polymorphisms With Phenotypic 
Traits 

[0097] The polymorphisms of the invention may contrib 
ute to the phenotype of an organism in different Ways. Some 
polymorphisms occur Within a protein coding sequence and 
contribute to phenotype by affecting protein structure. The 
effect may be neutral, bene?cial or detrimental, or both 
bene?cial and detrimental, depending on the circumstances. 
For example, a heteroZygous sickle cell mutationi confers 
resistance to malaria, but a homoZygous sickle cell mutation 
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is usually lethal. Other polymorphisms occur in noncoding 
regions but may exert phenotypic effects indirectly via 
in?uence on replication, transcription, and translation. A 
single polymorphism may affect more than one phenotypic 
trait. LikeWise, a single phenotypic trait may be affected by 
polymorphisms in different genes. Further, some polymor 
phisms predispose an individual to a distinct mutation that is 
causally related to a certain phenotype. 

[0098] Phenotypic traits include diseases that have knoWn 
but hitherto unmapped genetic components (e.g., agamma 
globulimenia, diabetes insipidus, Lesch-Nyhan syndrome, 
muscular dystrophy, Wiskott-Aldrich syndrome, Fabry’s 
disease, familial hypercholesterolemia, polycystic kidney 
disease, hereditary spherocytosis, von Willebrand’s disease, 
tuberous sclerosis, hereditary hemorrhagic telangiectasia, 
familial colonic polyposis, Ehlers-Danlos syndrome, osteo 
genesis imperfecta, and acute intermittent porphyria). Phe 
notypic traits also include symptoms of, or susceptibility to, 
multifactorial diseases of Which a component is or may be 
genetic, such as autoimmune diseases, in?ammation, cancer, 
diseases of the nervous system, and infection by pathogenic 
microorganisms. Some examples of autoimmune diseases 
include rheumatoid arthritis, multiple sclerosis, diabetes 
(insulin-dependent and non-independent), systemic lupus 
erythematosus and Graves disease. Some examples of can 
cers include cancers of the bladder, brain, breast, colon, 
esophagus, kidney, leukemia, liver, lung, oral cavity, ovary, 
pancreas, prostate, skin, stomach and uterus. Phenotypic 
traits also include characteristics such as longevity, appear 
ance (e.g., baldness, obesity), strength, speed, endurance, 
fertility, and susceptibility or receptivity to particular drugs 
or therapeutic treatments. 

[0099] The correlation of one or more polymorphisms 
With phenotypic traits can be facilitated by knoWledge of the 
gene product of the Wild type (reference) gene. The genes in 
Which cSNPs of the present invention have been identi?ed 
are genes Which have been previously sequenced and char 
acteriZed in one of their allelic forms. 

[0100] Correlation is performed for a population of indi 
viduals Who have been tested for the presence or absence of 
a phenotypic trait of interest and for polymorphic markers 
sets. To perform such analysis, the presence or absence of a 
set of polymorphisms (ie a polymorphic set) is determined 
for a set of the individuals, some of Whom exhibit a 
particular trait, and some of Which exhibit lack of the trait. 
The alleles of each polymorphism of the set are then 
revieWed to determine Whether the presence or absence of a 
particular allele is associated With the trait of interest. 
Correlation can be performed by standard statistical methods 
such as a K-squared test and statistically signi?cant corre 
lations betWeen polymorphic form(s) and phenotypic char 
acteristics are noted. For example, it might be found that the 
presence of allele A1 at polymorphism A correlates With 
heart disease. As a further example, it might be found that 
the combined presence of allele A1 at polymorphism A and 
allele B1 at polymorphism B correlates With increased milk 
production of a farm animal. 

[0101] Such correlations can be exploited in several Ways. 
In the case of a strong correlation betWeen a set of one or 
more polymorphic forms and a disease for Which treatment 
is available, detection of the polymorphic form set in a 
human or animal patient may justify immediate administra 
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tion of treatment, or at least the institution of regular 
monitoring of the patient. Detection of a polymorphic form 
correlated With serious disease in a couple contemplating a 
family may also be valuable to the couple in their repro 
ductive decisions. For example, the female partner might 
elect to undergo in vitro fertilization to avoid the possibility 
of transmitting such a polymorphism from her husband to 
her offspring. In the case of a Weaker, but still statistically 
signi?cant correlation betWeen a polymorphic set and 
human disease, immediate therapeutic intervention or moni 
toring may not be justi?ed. Nevertheless, the patient can be 
motivated to begin simple life-style changes (e.g., diet, 
exercise) that can be accomplished at little cost to the patient 
but confer potential bene?ts in reducing the risk of condi 
tions to Which the patient may have increased susceptibility 
by virtue of variant alleles. Identi?cation of a polymorphic 
set in a patient correlated With enhanced receptiveness to 
one of several treatment regimes for a disease indicates that 
this treatment regime should be folloWed. 

[0102] For animals and plants, correlations betWeen char 
acteristics and phenotype are useful for breeding for desired 
characteristics. For example, BeitZ et al., US. Pat. No. 
5,292,639 discuss use of bovine mitochondrial polymor 
phisms in a breeding program to improve milk production in 
coWs. To evaluate the effect of mtDNA D-loop sequence 
polymorphism on milk production, each coW Was assigned 
a value of 1 if variant or 0 if Wildtype With respect to a 
prototypical mitochondrial DNA sequence at each of 17 
locations considered. Each production trait Was analyzed 
individually With the folloWing animal model: 

[0103] Where Yijknp is the milk, fat, fat percentage, SNF, 
SNF percentage, energy concentration, or lactation energy 
record; a is an overall mean; YSi is the effect common to all 
coWs calving in year-season; Xk is the effect common to 
coWs in either the high or average selection line; [31 to [317 
are the binomial regressions of production record on mtDNA 
D-loop sequence polymorphisms; PEn is permanent envi 
ronmental effect common to all records of coW n; an is effect 
of animal n and is composed of the additive genetic contri 
bution of sire and dam breeding values and a Mendelian 
sampling effect; and ep is a random residual. It Was found 
that eleven of seventeen polymorphisms tested in?uenced at 
least one production trait. Bovines having the best polymor 
phic forms for milk production at these eleven loci are used 
as parents for breeding the next generation of the herd. 

[0104] D. Genetic Mapping of Phenotypic Traits 

[0105] The previous section concerns identifying correla 
tions betWeen phenotypic traits and polymorphisms that 
directly or indirectly contribute to those traits. The present 
section describes identi?cation of a physical linkage 
betWeen a genetic locus associated With a trait of interest and 
polymorphic markers that are not associated With the trait, 
but are in physical proximity With the genetic locus respon 
sible for the trait and co-segregate With it. Such analysis is 
useful for mapping a genetic locus associated With a phe 
notypic trait to a chromosomal position, and thereby cloning 
gene(s) responsible for the trait. See Lander et al., Proc. 
Natl. Acad. Sci. (USA) 83, 7353-7357 (1986); Lander et al., 
Proc. Natl. Acad. Sci. (USA) 84, 2363-2367 (1987); Donis 
Keller et al., Cell 51, 319-337 (1987); Lander et al., Genetics 
121, 185-199 (1989)). Genes localiZed by linkage can be 
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cloned by a process knoWn as directional cloning. See 
WainWright,Mea'. J. Australia 159, 170-174 (1993); Collins, 
Nature Genetics 1, 3-6 (1992). 

[0106] Linkage studies are typically performed on mem 
bers of a family. Available members of the family are 
characteriZed for the presence or absence of a phenotypic 
trait and for a set of polymorphic markers. The distribution 
of polymorphic markers in an informative meiosis is then 
analyZed to determine Which polymorphic markers co-seg 
regate With a phenotypic trait. See, e.g., Kerem et al., 
Science 245, 1073-1080 (1989); Monaco et al., Nature 316, 
842 (1985); Yamoka et al., Neurology 40, 222-226 (1990); 
Rossiter et al., FASEB Journal 5, 21-27 (1991). 

[0107] Linkage is analyZed by calculation of LOD (log of 
the odds) values. A lod value is the relative likelihood of 
obtaining observed segregation data for a marker and a 
genetic locus When the tWo are located at a recombination 
fraction 0, versus the situation in Which the tWo are not 
linked, and thus segregating independently (Thompson & 
Thompson, Genetics in Medicine (5th ed, W. B. Saunders 
Company, Philadelphia, 1991); Strachan, “Mapping the 
human genome” in The Human Genome (BIOS Scienti?c 
Publishers Ltd, Oxford), Chapter 4). A series of likelihood 
ratios are calculated at various recombination fractions (0), 
ranging from 0=0.0 (coincident loci) to 0=0.50 (unlinked). 
Thus, the likelihood at a given value of 0 is: probability of 
data if loci linked at 0 to probability of data if loci unlinked. 
The computed likelihoods are usually expressed as the log1O 
of this ratio (i.e., a lod score). For example, a lod score of 
3 indicates 1000:1 odds against an apparent observed link 
age being a coincidence. The use of logarithms alloWs data 
collected from different families to be combined by simple 
addition. Computer programs are available for the calcula 
tion of lod scores for differing values of 0 (e.g., LIPED, 
MLINK (Lathrop, Proc. Nat. Acad. Sci. (USA) 81, 3443 
3446 (1984)). For any particular lod score, a recombination 
fraction may be determined from mathematical tables. See 
Smith et al., Mathematical tables for research workers in 
human genetics (Churchill, London, 1961); Smith, Ann. 
Hum. Genet. 32, 127-150 (1968). The value of 0 at Which the 
lod score is the highest is considered to be the best estimate 
of the recombination fraction. 

[0108] Positive lod score values suggest that the tWo loci 
are linked, Whereas negative values suggest that linkage is 
less likely (at that value of 0) than the possibility that the tWo 
loci are unlinked. By convention, a combined lod score of +3 
or greater (equivalent to greater than 1000:1 odds in favor of 
linkage) is considered de?nitive evidence that tWo loci are 
linked. Similarly, by convention, a negative lod score of —2 
or less is taken as de?nitive evidence against linkage of the 
tWo loci being compared. Negative linkage data are useful in 
excluding a chromosome or a segment thereof from consid 
eration. The search focuses on the remaining non-excluded 
chromosomal locations. 

[0109] 
[0110] The invention further provides variant forms of 
nucleic acids and corresponding proteins. The nucleic acids 
comprise one of the sequences described in the Table, 
column 5, in Which the polymorphic position is occupied by 
one of the alternative bases for that position. Some nucleic 
acids encode full-length variant forms of proteins. Similarly, 
variant proteins have the prototypical amino acid sequences 

IV. Modi?ed Polypeptides and Gene Sequences 
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encoded by nucleic acid sequences shown in the Table, 
column 5, (read so as to be in-frame With the full-length 
coding sequence of Which it is a component) except at an 
amino acid encoded by a codon including one of the 
polymorphic positions shoWn in the Table. That position is 
occupied by the amino acid coded by the corresponding 
codon in any of the alternative forms shoWn in the Table. 

[0111] Variant genes can be expressed in an expression 
vector in Which a variant gene is operably linked to a native 
or other promoter. Usually, the promoter is a eukaryotic 
promoter for expression in a mammalian cell. The transcrip 
tion regulation sequences typically include a heterologous 
promoter and optionally an enhancer Which is recogniZed by 
the host. The selection of an appropriate promoter, for 
example trp, lac, phage promoters, glycolytic enZyme pro 
moters and tRNA promoters, depends on the host selected. 
Commercially available expression vectors can be used. 
Vectors can include host-recogniZed replication systems, 
ampli?able genes, selectable markers, host sequences useful 
for insertion into the host genome, and the like. 

[0112] The means of introducing the expression construct 
into a host cell varies depending upon the particular con 
struction and the target host. Suitable means include fusion, 
conjugation, transfection, transduction, electroporation or 
injection, as described in Sambrook, supra. AWide variety of 
host cells can be employed for expression of the variant 
gene, both prokaryotic and eukaryotic. Suitable host cells 
include bacteria such as E. coli, yeast, ?lamentous fuigi, 
insect cells, mammalian cells, typically immortaliZed, e.g., 
mouse, CHO, human and monkey cell lines and derivatives 
thereof. Preferred host cells are able to process the variant 
gene product to produce an appropriate mature polypeptide. 
Processing includes glycosylation, ubiquitination, disul?de 
bond formation, general post-translational modi?cation, and 
the like. As used herein, “gene product” includes mRNA, 
peptide and protein products. 

[0113] The protein may be isolated by conventional means 
of protein biochemistry and puri?cation to obtain a substan 
tially pure product, i.e., 80, 95 or 99% free of cell component 
contaminants, as described in Jacoby, Methods in Enzymol 
ogy Volume 104, Academic Press, NeW York (1984); 
Scopes, Protein Puri?cation, Principles and Practice, 2nd 
Edition, Springer-Verlag, NeW York (1987); and Deutscher 
(ed), Guide to Protein Puri?cation, Methods in Enzymology, 
Vol. 182 (1990). If the protein is secreted, it can be isolated 
from the supernatant in Which the host cell is groWn. If not 
secreted, the protein can be isolated from a lysate of the host 
cells. 

[0114] The invention further provides transgenic nonhu 
man animals capable of expressing an exogenous variant 
gene and/or having one or both alleles of an endogenous 
variant gene inactivated. Expression of an exogenous variant 
gene is usually achieved by opcrably linking the gene to a 
promoter and optionally an enhancer, and microinj ecting the 
construct into a Zygote. See Hogan et al., “Manipulating the 
Mouse Embryo, ALaboratory Manual,” Cold Spring Harbor 
Laboratory. Inactivation of endogenous variant genes can be 
achieved by forming a transgene in Which a cloned variant 
gene is inactivated by insertion of a positive selection 
marker. See Capecchi, Science 244, 1288-1292 (1989). The 
transgene is then introduced into an embryonic stem cell, 
Where it undergoes homologous recombination With an 
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endogenous variant gene. Mice and other rodents are pre 
ferred animals. Such animals provide useful drug screening 
systems. 

[0115] In addition to substantially full-length polypeptides 
expressed by variant genes, the present invention includes 
biologically active fragments of the polypeptides, or analogs 
thereof, including organic molecules Which simulate the 
interactions of the peptides. Biologically active fragments 
include any portion of the full-length polypeptide Which 
confers a biological function on the variant gene product, 
including ligand binding, and antibody binding. Ligand 
binding includes binding by nucleic acids, proteins or 
polypeptides, small biologically active molecules, or large 
cellular structures. 

[0116] Polyclonal and/or monoclonal antibodies that spe 
ci?cally bind to variant gene products but not to correspond 
ing prototypical gene products are also provided. Antibodies 
can be made by injecting mice or other animals With the 
variant gene product or synthetic peptide fragments thereof. 
Monoclonal antibodies are screened as are described, for 
example, in HarloW & Lane, Antibodies, A Laboratory 
Manual, Cold Spring Harbor Press, NeW York (1988); 
Goding, Monoclonal antibodies, Principles and Practice 
(2d ed.) Academic Press, NeW York (1986). Monoclonal 
antibodies are tested for speci?c immunoreactivity With a 
variant gene product and lack of immunoreactivity to the 
corresponding prototypical gene product. These antibodies 
are useful in diagnostic assays for detection of the variant 
form, or as an active ingredient in a pharmaceutical com 
position. 

[0117] v. Kits 

[0118] The invention further provides kits comprising at 
least one allele-speci?c oligonucleotide as described herein. 
Often, the kits contain one or more pairs of allele-speci?c 
oligonucleotides hybridiZing to different forms of a poly 
morphism. In some kits, the allele-speci?c oligonucleotides 
are provided immobiliZed to a substrate. For example, the 
same substrate can comprise allele-speci?c oligonucleotide 
probes for detecting at least 10, 100 or all of the polymor 
phisms shoWn in the Table. Optional additional components 
of the kit include, for example, restriction enZymes, reverse 
transcriptase or polymerase, the substrate nucleoside triph 
osphates, means used to label (for example, an avidin 
enZyme conjugate and enZyme substrate and chromogen if 
the label is biotin), and the appropriate buffers for reverse 
transcription, PCR, or hybridiZation reactions. Usually, the 
kit also contains instructions for carrying out the methods. 

[0119] The thrombospondins are a family of extracellular 
matrix (ECM) glycoproteins that modulate many cell behav 
iors including adhesion, migration, and proliferation. 
Thrombospondins (also knoWn as thrombin sensitive pro 
teins or TSPs) are large molecular Weight glycoproteins 
composed of three idcntical disul?dc-linkcd polypeptide 
chains. TSPs are stored in the alpha-granules of platelets and 
secreted by a variety of mesenchymal and epithelial cells 
(Majack et al., Cell Membrane 3:57-77 (1987)). Platelets 
secrete TSPs When activated in the blood by such physi 
ological agonists such as thrombin. TSPs have lectin prop 
erties and a broad function in the regulation of ?brinolysis 
and as a component of the ECM, and are one of a group of 
ECM proteins Which have adhesive properties. TSPs bind to 
?bronectin and ?brinogen (Lahav et al., Eur J Biochem 
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145:151-6 (1984)), and these proteins are known to be 
involved in platelet adhesion to substratum and platelet 
aggregation (Leung, J Clin Invest 74:1764-1772 (1986)). 

[0120] Recent Work has implicated TSPs in response of 
cells to groWth factors. Submitogenic doses of PDGF induce 
a rapid but transitory, increase in TSP synthesis and secre 
tion by rat aortic smooth muscle cells (Majack et al., J Biol 
Chem 101: 1059-70 (1985)). PDGF responsiveness to TSP 
synthesis in glial cells has also been shoWn (Asch et al., Proc 
Natl Acad Sci 83:2904-8 (1986)). TSP mRNA levels rise 
rapidly in response to PDGF (Majack et al., J. Biol Chem 
262:8821-5 (1987)). TSPs act synergistically With epidermal 
groWth factor to increase DNA synthesis in smooth muscle 
cells (Majack et al., Proc NatlAcaa' Sci 83:9050-4 (1986)), 
and monoclonal antibodies to TSPs inhibit smooth muscle 
cell proliferation (Majack et al., J Biol Chem 106:415-22 
(1988)). TSPs modulate local adhesions in endothelial cells, 
and TSPs, particularly TSP-1 primarily derived from platelet 
granules, are knoWn to be an important activator of trans 
forming groWth factor beta-1 (TGFB-1) (CraWford et al., 
Cell 93:1159 (1998)) and appear to be a potential link 
betWeen platelet-thrombosis and development of atheroscle 
ros1s. 

[0121] To determine pivotal genes associated With prema 
ture coronary artery disease, We analyZed DNA from 347 
patients With MI or coronary revasculariZation before age 40 
(men) or 45 (Women) and 422 general population controls. 
Cases Were draWn (one per family) from a retrospective 
collection of sibling pairs With premature CAD. Controls 
Were ascertained through random-digit dialing. Both cases 
and controls Were Caucasian. A complete database of phe 
notypic and laboratory variables for the affected patients 
afforded logistic regression to control for age, diabetes, body 
mass indeX, gender. 

[0122] Thrombospondin (TSP) 4 and 1 emerged as impor 
tant SNPs associated With premature CAD and MI. For 
CAD, 148 of 347 patients carried at least one copy of the 
TSP-4 variant compared With 142 of 422 control subjects; 
adjusted odds ratio 1.47, p=0.01. For premature MI, the 
association Was even stronger: 91 of 187 cases vs. 142 of 
422 controls had the variant; adjusted odds ratio 2.08, 
p=0.0003. The TSP-1 SNP Was rare. Nonetheless, homoZy 
gosity for the variant allele gave an adjusted odds ratio of 
9.5, p=0.04. 
[0123] Speci?c reference nucleotide (SEQ ID NO: 1) and 
amino acid (SEQ ID NO: 2) sequences for TSP-1 are shoWn 
in FIGS. 1A-1D. Speci?c reference nucleotide (SEQ ID 
NO: 3) and amino acid (SEQ ID NO: 4) sequences for TSP-4 
are shoWn in FIGS. 2A-2C. It is understood that the 
invention is not limited by these exempli?ed reference 
sequences, as variants of these sequences Which differ at 
locations other than the SNP sites identi?ed herein can also 
be utiliZed. The skilled artisan can readily determine the 
SNP sites in these other reference sequences Which corre 
spond to the SNP sites identi?ed herein by aligning the 
sequence of interest With the reference sequences speci? 
cally disclosed herein, and programs for performing such 
alignments are commercially available. For eXample, the 
ALIGN program in the GCG softWare package can be used, 
utiliZing a PAM120 Weight residue table, a gap length 
penalty of 12 and a gap penalty of 4, for eXample. 

[0124] TWo SNPs have been speci?cally studied as 
described herein. The ?rst (G334u4) is a change from A 
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(reference nucleotide) to G (alternate or variant nucleotide) 
at nucleotide position 2210 of the nucleic acid sequence of 
TSP—I (FIGS. 1A-1D), resulting in a missense amino acid 
mutation from asparagine (reference) to serine (alternate) at 
amino acid 700. The second SNP (G355u2) is a change from 
G (reference) to C (alternate) at nucleotide position 1186 of 
the nucleic acid sequence of TSP-4 (FIGS. 2A-2C), result 
ing in a missense amino acid alteration from alanine (ref 
erence) to proline (alternate) at amino acid 387. With respect 
to the G355u2 SNP, individuals With CAD carried at least 
one copy of the variant “C” allele more frequently than 
control individuals (43% as compared With 34%). With 
respect to the G355u2 SNP, individuals With MI carried at 
least one copy of the variant “C” allele more frequently than 
control individuals (49% as compared With 34%). With 
respect to the G334u4 SNP, individuals With CAD carried 
tWo copies of the variant “G” allele more frequently than 
control individuals (1.7% as compared With 0.2%). With 
respect to the G334u4 SNP, individuals With MI carried tWo 
copies of the variant “G” allele more frequently than control 
individuals (2% as compared With 0.2%). 

[0125] As used herein, the term “polymorphism” refers to 
the occurrence of tWo or more genetically determined alter 
native sequences or alleles in a population. A polymorphic 
marker or site is the locus at Which divergence occurs. 
Preferred markers have at least tWo alleles, each occurring 
at frequency of greater than 1%, and more preferably greater 
than 10% or 20% of a selected population. A polymorphic 
locus may be as small as one base pair, in Which case it is 
referred to as a single nucleotide polymorphism (SNP). 

[0126] Thus, the invention relates to a method for predict 
ing the likelihood that an individual Will have a vascular 
disease, or for aiding in the diagnosis of a vascular disease, 
or predicting the likelihood of having altered symptomology 
associated With a vascular disease, comprising the steps of 
obtaining a DNA sample from an individual to be assessed 
and determining the nucleotide present at one or more of 
nucleotide positions 2210 of the TSP-1 gene or 1186 of the 
TSP-4 gene. In a preferred embodiment, the nucleotides 
present at both of these nucleotide positions are determined. 
In one embodiment the TSP-1 gene has the nucleotide 
sequence of SEQ ID NO: 1 and the TSP-4 gene has the 
nucleotide sequence of SEQ ID NO: 3. The presence of one 
or more of a G (the variant nucleotide) at position 2210 of 
SEQ ID NO: 1 or a C (the variant nucleotide) at position 
1186 of SEQ ID NO: 1186 indicates that the individual has 
a greater likelihood of having a vascular disease, or a greater 
likelihood of having severe symptomology associated With 
a vascular disease, than if that individual had the reference 
nucleotide at one or more of these positions. Conversely, the 
presence of one or more of an A (the reference nucleotide) 
at position 2210 of SEQ ID NO: 1 or a G (the reference 
nucleotide) at position 1186 of SEQ ID NO: 3 indicates that 
the individual has a reduced likelihood of having a vascular 
disease or a likelihood of having reduced symptomology 
associated With a vascular disease than if that individual had 
the variant nucleotide at one or more of these positions. 

[0127] In a particular embodiment, the individual is an 
individual at risk for development of a vascular disease. In 
another embodiment the individual eXhibits clinical symp 
tomology associated With a vascular disease. In one embodi 
ment, the individual has been clinically diagnosed as having 
a vascular disease. Vascular diseases include, but are not 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































