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GENETIC SUSCEPTIBILITY VARIANTS OF TYPE 2 DIABETES MELL{TUS

Association analysis has shown that cerlain genetic varianls are suscepliblity vartiants for
Type 2 diabsles. The invention relates to diagnostic applications of such susceptibliity
variants, including methods of delermining increased suscepiibility 1o Type 2 diabeles, as
well as melhods of delemmnining dacreased susceptibilty o Type 2 diabetes in an individual.
The Invention furlher relates to kits for delermining a susceptibility to Type 2 diabetes based
on the variants desertbed herein,
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GENETIC SUSCEPTIBILITY VARIANTS OF TYPE 2 DIABETES
MELLITUS

BACKGROUND OF THE INVENTION

Dizbetes mellltus, a metabolic.disease whereln carbohydrate utilization 15 reducad
and lipid and proteln utilization [s enhanced, Is caused by an absi:lute or refative
deflclency of Insulin. In the more severe cases, diabetes Is characterized by chronic
hyperglycemla, glycosuria, water and electrolyte loss, ketoacidosls and coma. Long term
complications Include development of neuropathy, retinepathy, nephropathy, generalized
degenerative changes In large and small blood vessels and Increased susceptlbllity to
Infectlon. The most commeon farm of diabetes Is Type II, nnn-lnsulin-dependent diabetes
that Is characterized by hyperglycemla due to Impalred Insulln secretion and insulln
reslstance In target tissues. Both genetic and environmental factors contribute to the
disease. For example, obesity plays a major role in the development of the disease,
Type 2 dlabetes is uﬂ-'en 2 mild form of dlabetes mellitus of gradual onset.

The health Impllcations of Type 2 diabetes are enormeous, In 1995, there were
135 millien adults with diabates worldwide. It Is estimated that close to 300 rilllon will
have dlabetes In the year 2025. {King, H., et al., Dfabetes Care, 21{9): 1414-1431

(1998)). The prevalence of Type 2 dlabetes In the adult population In Iceland Is 2.5%
(iﬂlbergBEDn, S., ot al., Diabet. Med., 14{6); 491-498 (1997)), which comprises
approximately 5,000 people over the age of 34 who have tha disease.

Type 2 dlabetes Is characterized by hyperglycemla, which can occur through
mechanlsms such as Impaired insulin secretlon, insulln reslstance in peripheral Hssuas and
Increased glucose output by the liver, Most Type 2 dlabetes patients suffer serious
complications of chronle hyperglycemla Including nephropathy, neuropathy, retinopathy
and accelerated development of cardlovascular disease. The prevalence of Type 2
diatetes worldwide Is currently 6% but is projected to rise over the next decade {Amos,
A. F., McCarty, D. 1., Zimmet, P., Dfabet Med 14 Suppl 5, S1 (1997)). This Increase in
prevalence of Type 2 dlabetes 15 attributed to increasing age of the population and rise in

obeslty.

There Is evidence for 2 genetlc component to the risk of Type 2 dlabetes, Including
prevalence differences between various raclal groups (Zlmmet, P. et al., Am 7 Epidemiol
118, 673 (1983), Knowler, W.C., Pettitt, D.)., Saad, M.F., Bennett, P.H., Diabetes Metab
Rev 6, 1 {1990}), higher concordange rates armong monozygotic than dizygotlc twins
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{(Newman, B. et &/, Diabeltologia 30, 763 (1987), Barnett, A.H., Eff, C., Leslle, R.D., Pyke,
D.A., Diabetologia 20, B7 {1981)) and a sibling relative risk (A} for Type 2 diabetes In
European populations of approximately 3.5 {Gloyn, A.L., Ageing Res Rev 2, 111 (2003)).

Two approaches have thus far been used to search for genes assaciated with Type
2 diabetes. Slagle nucleotide polymorphisms (SNPs) within candldate genes have been
tested for association and have, In general, not been replicated or confer only 2 modest
risk of Type 2 diabetes - the most widely reported belng a protective Prol2Ala
polymorphism In the peroxisome proliferater actlvated receptor gamma gena (PPARG2)
(Altshuler, D. et al., Nat Genet 26, 75 {2000)) and an at risk polymorphlsm In the
potassium Inwardly-rectifying channel, subfamily 1, member 11 gene (KIRE.2) {Gloyn AL,
et al., Dizbetes 52, 568 (2003)),

Genome-wide linkage scans in famllles with the common Form of Type 2 diabetes
have yielded several locl, and the primary focus of intermational research ¢onsortia has
been on locl on chromasomes 1, 12 and 20 observed in many populations (Glayn, A.L.,
Agelng Res Rev 2, 111 {2003)). The genes !n these [oci have yet to be uncovered.
However, In Mexican Americans, the calpain 10 {CAPNIO} gene was isclated cut of a locus
on chromaseme 2q (Horikawa, Y, et al., Nat Genet 26, 163 (2000)). The rare Mendellan
Farms of Type 2 dlabetes, namely maturlty-onset diabetes of the young {MODY), have
yielded six genes by positlonal cloning (Gloyn, A.L.,- Ageing Res Rev 2, 111 {2003)).

Ganome-wida slgnlficant linkage to chromosome Sq for Type 2 diabetes mellitus In
the Icelandlc population has been reported (Reynisdottir, 1. ef af, Am J Hum Genat 73,
323 {2003})}; In the same study, suggestive evidence of linkage to 10q and 12q was also
reported. Linkage to the 10q region has alse been observed in Mexican Americans
{Dugglrzla, R. er af., Am 1 Hum Genet 64, 1127 (1999)).

The transcriptlon factor 7-like 2 gene (TCF7L2; formerly TCF4) has been
assoclated with Type 2 dlabates (P = 2.1 x 10{-9)) {Grant, 5.F. et &l,, Nat Genet 38, 320
(2006)). The eriginal finding In an Icelandlc cohort of assoclatlon of the rmicrosatellite
marker DG105478 within Intron 3 of the gene (P = 2,1 x 10{-%)) was replicated In a
Panish cohort {P = 4.8 x 10(-3)} and in a US cohort (P = 3.3 x 1G({-9)). Compared with
non-carriers, heterozygous and hamozygous carriers of the at-risk alleles (38% and 7% of
the population, respactively} have relatlve risks of 1.45 and 2.41. This corresponds to a
population attributable risk of 21%. %. Association of the TCF7L2 variant has now been
replicated In 10 Independent studles with similar relative sk found In the differeat
papulations studled, The TCF7L2Z gene product Is a high mobillty group box-contalning
transcriptlon factor previously Implicated In bloed glucose homeostasls. It is thought to
act through regulaticn of proglucagon gane exprasslon In entercandocring cells vla the

whnt slgnallng pathway.
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Desplte the advances In unravelling the genetics of Type 2 diabetes, the high
prevalén-:::e of the disease and Increasing population affected shows an unmet medical
need ta define additional genetle factars Involved in Type 2 diabetes te more predselw,r_
define the assoclated rsk factors. People with Impalred fasting glueose or Impalred
glucose tolerance are asympkomalic bulk are at a high risk of developing Type 2 diabetes.
Currently there Is very little informatlon to distingulsh those within this high risk group,
where lIfestyle Intervention would he the best cholce for disease prevention, from those
individuals for whom prevantlve medication would be more appropriate. Identiflcation of
susceptibllity genes will allow & better understanding of the pathophysiology of the
disease and as a direct beneflt for the patient it will facllitate better approaches for
diagnosls and treatment. Also needed are therapeutlc agents for prevention of Type 2

diabetes.

SUMMARY OF THE INVENTION

The present Inventlon_relates to metheds of dlagnosing an Increased susceptibility
to Type 2 diabetas, as well as methods of dlagnosing a decreased susceptibllity to Type 2
dizbetes or dlagnosing a prc-ntectlnn agalnst Type 2 diabetes, by evaluating certaln
markers or haplobypes that have been found te be assoclated with increased or decraased

susceptiblliity of Type 2 diabetes.

In a first aspect, the present Inventlon relates to a method of determining a
susceptibllity to Type 2 diabetes In a human Indlvidual, comprising determining the
presence or absence of at least one allele of at least one polymorphle marker in a nudelc
acid sample obtalned from the indlvidual, wherein the at least one polymorphlc marier Is
selacted from the markers set forth In Tables 10-12, and markers In IInkage
disequillbrium therewlth, and wherein determination of the presence or absence of the at
least one allele Is Indlcatlve of a susceptibility te Type 2 dlabetes. I one embodiment, the
at least one polymorphlc marker Is selected from the markers set forth in Tables 10-12
and 14. In an alternative aspect the method of determining 2 susceptibllity to Type 2
diabetes Is a method of dlagnosing a susceptibllity to Type 2 dlabetes.

In ane embodiment, the at least one polymarphic marker Is present within SEQ 10
NO:1, SEQ ID NO: 2 or SEQ ID NO:3, In another embodiment, the at least one
polymorphic marker comprises at least one marker selected from 52497304 (SEQ ID
NO:16), rs947591 {SEQ ID NO:30), rs10882091 (SEQ ID NO:4}, rs7914814 (SEQ 1D
NO:24), 6583830 (SEQ ID NO:20), rs2421943 (SEQ ID NO:15), rs6583826 (SEQ 1D
NO:19), 37752906 (SEQ ID NO:32), r5156959-9 (SEQ ID NO:6}, rs7756902 (SEQ ID
NO:21), r59350271 (SEQ ID NO:33), rs9356744 {SEQ ID NO:34), rs9368222 {SEQ ID
NO:35), rs10440833 (SEQ 1D NO:36), rs6931514 (SEQ 1D NO:37), rs1860316 (SEQ ID
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NO: 10}, rs1981547 {SEQ ID NO:11), rs1843622 {(SEQ ID ND:9), r52191113 (SEQ ID
NO:13), rs9890889 (SEQ ID NO:31), and markers In linkage disequillbriurn therewith. In
another embodiment, the at least one palymorphic marker comprises at least one marker
In strong linkage disequilibrium, as deflned by numeric values for |D'] of greater than 0.8
and/or r? of greater than 0.2, with one or more markers selected from the group
consisting of the markers set forth in Table 22, Table 23 and Table 24. In one preferrad
embodiment, the at least one polymorphic marker fs selected from markers rs7752906
{SEQ ID NO:32), rs1569699 {(SEQ ID NO:6), rs7756992 (SEQ 10 NO:21}, 9350271
(SEQ ID NO:33), rs9356744 (SEQ ID NO:34), rs0368222 (SEQ ID NO:35), rs10440833
(SEQ ID NO:36), 156931514 (SEQ ID NO:37), and markers In linkage disequilibrium
therewlth. In another preferred embodiment, the at least one polymorphlc marker is
selected from markers rs7752906 (SEQ ID NO:32), rs1569699 (SEQ ID NO:6), rs7756902
{SEQ ID NO:21}), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID NO:34), rs9368222
(5EQ ID NO:35), rs10440833 (SEQ ID NO:36), and rs6931514 {SEQ 1D ND:37). In one
embodiment, the at least one marker is selected from marker rs7756992 (SEQ ID NO:
21}, and markers In linkage disequlllbrivm therewith. In another embodiment, the at
least one markers Is selected from the markers set forth In Table 22, In ancther
embodiment, the at least one marker Is selected from marker rs10882001 {SEQ ID NO:
4}, and markers in linkage disequilibrium therewlth. In another embodiment, the at least
one markers Is selected from the markers set forth In Table 23. In yet another
embeodiment, the at least one marker Is selected from marker rs2191113 {SEQ 1D NOD:
13), and markers In linkage disequilibrium therewith. In another embodimant, the at
least one markers Is salected from the markers set farth In Table 24.

In one embodiment, the method of determining a susceptibllity, or diagnosing a
susceptiblllty, of Type 2 diabetes, further comprises assessing the frequency of at least
one haplotype In the Individual. In one such embodiment, the at least cne haplotype is
selected from the haplotypes that comprise at least one polymorphlc marker as sat forth
in Tables 1-6, and polymerphlc markers in linkage disequilibrium therewith. In another
embodiment, the at least one haplotype is selected from the haplotypes that comprise at
least one polymorphlc marker selected from at teast one marker selected from rs2497304
(SEQ ID NO:16G), rs947591 (SEQ ID NO:30), rs106882091 (SEQ ID NO:4), rs7514814
{SEQ ID NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID NO:15), rs6583826
(SEQ 1D NO:19), rs7752905 (SEQ ID NO:32), rs1569699 (SEQ ID NO:6), rs7756992
(SEQ ID NO:21), rs9350271 {SEQ ID NO:33), rs9356744 (SEQ ID NO:34), rso368222
(SEQ ID NO:35), rs10440833 {SEQ ID NO:36), rs6031514 (SEQ 1D NO:37), rs1860316
(SEQ 1D NO:10), rs1981647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:9), rs2191113
{SEQ ID NO:13), rs9890889 (S5EQ ID N0:31), and markers In linkage disequilibrium
therewith. In another embodiment, the at least one haplotype Is selected from the
haplotypes sat forth In Tables 1-6 and 14.
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In a second aspect, the Invention relates to a method of determining a
susceptibllity to Type 2 dlabstes In @ human indlvidual, comprising determining whether
at least one ak-risk allele In at feast ane polymorphic marker is prasent In a genotype
dateset derived from the Individual, whereln the at least one pelymorphlc marker [s
salected from the markers set forth In Tables 10-12, and markers In linkage
disequllibrium therewith, and wherein determination of the presence of the at least one
at-risk allele is indlcative of Increased susceptibllity to Type 2 dlabetes In the indhvidual.
The genotype dataset comprises In one embodiment Information about marker Identity,
and the allelic status of the Individual, i.e. Information about the Identity of the two alleles
carrled by the Individual for the marker. The genotype dataset may comprise allelic
Information about one or rmare marker, Including two or more markers, thrae or more
markers, five or more markers, one hundred or more markers, etc, In some
embodiments, the genotype dataset comprises genctype information from a whole-
genome assessment of the Indlividual Including hundreds of thousands of markers, or even

ane milllen or more markers.

In one embodiment, the at least one polymorphic marker Is present within SEQ ID
NO:1, SEQ ID NO:2 or 5EQ IR NOG:3. In another embodiment, the at least one
polymorphlc marker comprises at least cne marker selected from rs2497304 {SEQ ID
NO:16), 15947591 {SEQ ID NO:30), rs10882091 (5EQ ID NO:4}, rs7914814 (SEQ 1D
NC:24), rs6583830 (SEQ 1D NO:2D), 152421943 {5EQ ID NO:15), rs6583826 (SEQ ID
NO:19), rs7752906 (SEQ ID ND:32), rs1562969% {SEQ ID NO:6), rs7756992 (SEQ ID
NO:21), 59350271 {SEQ ID ND:33), rs0356744 {SEQ 10 NO:34), rs9368222 {SEQ ID
NO:35), rs10440833 (SEQ ID NQO:36), rs6931514 (5&Q ID NO:37), rs1B60315 {SEQ ID
NO:10), rs1981647 (SEQ D NO:11}, rs1843622 {SEQ ID NO:9), rs2191113 (SEQ ID
NO:13), rs9690889 {SEQ ID NO:31), and markers In linkage disequilibrium therewith. In
another embodiment, the at least one polymorphlc marker comprises at least one marker
In strong linkage disequilibriurn, as defined by numeric values for |D'| of greater than 0.8
andfor r* of greater than 0.2, with one or more markers selected from the group
consisting of the markers set forth In Table 22, Table 23 and Table 24. In one preferred
embodiment, the at least ane polymorphlc marker is selected from markers rs7752906
(SEQ ID NO:32), rs1569699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21), rs9350271
{SEQ ID NO:33), rs9356744 (SEQ ID N0:34), rs93668222 {SEQ ID NO:35), rs10440B833
{SEQ ID NO:36), rs6931514 {SEQ ID NO:37), and markers In linkage disequllibrium
therewlth. In ancther preferred embodiment, the at least one polymorphlc marker Is
selected from markers rs7752906 {(SEQ 1D NO:32), rs1569699 (5EQ IC NO:6j, 7736992
(SEQ ID ND:21), rs9350271 {SEQ 1D NO:33), rs9356744 (SEQ ID NO:34), 59366222
{SEQ ID NO:35), rs10440833 (SEQ ID R0:36), and rs6931514 {SEQ ID NO:37). In one
embodiment, the at least one marker Is selected from marker rs7756992 {(SEQ ID NO:
21), and markers In linkage disequllibrium therewith. In ancther embodiment, the at
least one markers Is selected fram the markers set forth in Table 22. In another
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embodiment, the at lzast one marker Is selected from marker rs10882091 {SEQ ID NO:
4), and markers in linkage disequlllbrium therewlth. In another embodiment, the at feast
one markers Is selected from the markers set forth (n Table 23, In yet another
embodiment, the at least one marker is selected from marker 52191113 {SEQ ID NO:
13), and markers In linkage disequilibrivm therewith. In ancther embodiment, the at
least one markers is selected from the markers set farth In Table 24. In yet another
embodiment, the at [east one marker Is selected from marlkers In linkage disequllibrium
with the SLC30A gene on chromosome 8, between posltion 115,032,398 and 118,258,134
(NCET Build 36 of the Human genome assembly). In one such embodiment, the at least
one marker is located wlthin the SLC30A gene.

In ong embodiment, the method of determining a susceptibllity, or diagnosing a
susceptibllity, of Type 2 diabetes, further comprises assessing the frequency of at least
cne haplotype In the tndividual. In one such embodiment, the at least one haplotype Is
selected from the haplotypes that comprise at feast one polymorphic marker as set forth
In Tables 1-&, and polymorphic markers in linkage disequilbrium therewith, Tn anothar
embodiment, the at least one haplotype is selected from tha haplotypes that comprise at
least one polymorphic marker selected from at least one marker selected from rs2497304
(SEQ ID NO:16), rs947591 (SEQ 1D NO:3D), rs10882091 (SEQ ID NO:4), rs7914814
{SEQ ID NO:24), rs6563830 (SEQ ID NO:20), rs2421343 (SEQ 1D NO:15), rs6583826
(SEQ ID NO:19), rs7752906& {SEQ ID NO:32), rs1569699 (SEQ ID NO:6), rs7756592
(SEQ ID NO:21}, rs9350271 (SEQ ID NO:33), rs9356744 {SEQ ID NO:34), r=9368222
(SEQ ID NC:35}), rs10440833 {SEQ ID ND:36}, rs6931514 (SEQ ID NO:37), rs1860316
{SEQ ID NO:10), r5s1981647 {SEQ ID ND:11), rs1843622 (SEQ ID NO:9), rs2191113
{5EQ ID NO:13), rs3850689 {SEQ ID NO:31}, and markers (n linkage disequlllzrium
therewlth. In another embodiment, the at least one haplotype Is selected from the
haplotypes set forth In Tables 1-& and 14,

In certain embodiments of the Invention, determination of the presence of at least
one at-risk allele of at 1east one polymorphlc marker In 2 nudeic acid sample from the
Ingividual is Indlcative of an Increased susceptibllity to Type 2 dlabetes. In ocne
emdiment, the Increased susceptibility 1s characterized by a relative risk (RR) or pdds
ratio {OR) of at least 1.15, In another embodiment, the Increased susceptibility is
characterlzed by a relative risk (RR) ¢r odds ratlo {OR) of at least 1.20,

[n some embodiments, the presence of 152497304 allele A, rsD47591 allele A,
rs10882051 allele C rs7914814 allele T, rs6563830 allele A, rs2421943 allele G,
rs&h83626 allele G, 57752906 allele A, rs1569659 allele C, rs7756992 allele G,
rs9350271 allele A, rs9356744 allele C, rs9368222 allele A, rs10440833 allele A,
rs6931514 aflele G, rs1B60316 allele A, rs1981647 allele C, 151843622 allele T,
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rs2191113 allelz A, andfor rs9B90889 allele A is indlcatlve of Increased susceptibllity of
Type 2 diabetes,

In particular embadiments, the presence of at least one protective allele In a
nuclelc acld sample from the Indlvidual is Indicative of a decreased susceptibillty of Type 2
dlabetes. In another embodiment, the absence of at least cne at-risk allele in a nucleic
acid sample from the Individual Is Indicative of a decreased susceptibllity of Type 2
diabetes.

Particular embediments of the methods of the Invention relate to the at least one
marker or haplotype belng further assoclated with Insulin response andfor Impalred
glucose tolerance In an Individual.

In other embodiments, the presence of, or the determination of, at least one allele
or haplotype in an at-risk marker is Indlcative of an Increased susceptibillty to Type 2
diabetes, and whereln the at least one allele or haplotype Is further indicative of
decreased Insulin response and/for Impalred glucose talerance.

In certain embodiments of the Invention, linkage disequillbrium Is characterzed by
numeric valures for || of greater than 0.8 and/or  of greater than 0.2. However, other
values far the r? and |D'| measures are also possible In other embodiments, and such
embodiments are also within the scope of the claimed Invention, as described in Further

detail herein.

Another aspect of the fnventlon relates to a method of assessing a susceptibliiby to
Type 2 dlabetes in a human ingividual, comprising screening a nuclelc acid from the
indivldual for at least one polyrnorphic marker or haplotype in SEQ ID N(; 1, SEQ ID NO:2
or SEQ ID NO:3, that correlates with increased occurrence of Type 2 diabetes (n a human
population, whereln the presence of an at-risk marker allele In the at Jeast one
polymarphism or an at-risk haplotype In the nuclelc acld Identifles the Indlvidual as having
elevated susceptibllity to dlabetes, and wherein the absence of the at least ocne at-risk
marker allele or at-risk haplotype in the nuclelc acld identifies the individual as not having

the elevated suscept!bliity.

In ane embediment, the polymorphism or haplotype 15 selected from rs2497304
(5EQ 1D NO:16), rs247591 (SEQ ID NO:B!‘.Z;}, rs10882091 {SEQ ID NO:4), rs7914814
(SEQ 1D NO:24), rs6583830 {SEQ ID NO:20), rs2421943 (SEQ ID NO;15), rs6583826
{SEQ ID NO:19), rs7752906 (SEQ ID NO:32), rs1569699 (SEQ ID NO:6), rs7756092
(SEQ ID NO:21), rs9350271 (SEQ ID NO:33), rsD356744 (SEQ ID NO:34), rs9368222
(5EQ 1D NO:35), rs10440833 (SEQ 1D NO:36), rs6931514 (SEQ ID ND:37), rs1860316
{SEQ ID NO:10), rs1981647 {SEQ ID NO:11), rs1843622 {SEQ ID NO:9), rs2191113
{SEQ ID ND:13), rs3890869 (SEQ ID NO:31}, and markers in Jinkage disequilibrium
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therewith, as characterlzed by numeric values for |D’| of greater than 0.8 and/for r* of
greater than §.2.

Certaln embodiments of the Invention further comprise a step of screening the
nuclelc acld for the presence of at least one at-risk genetic variant for Type 2 dlabetes not
associated with LD Block C06 (SEQ 10 NO:1), LD Block C10 (SEQ ID NO:2) and LD Block
C17 (S8Q ID NO:3). Such additional genelic varlants can in specific embod!iments include
any variant that has been Identified as a susceptibllity or risk variant for Type 2 dlébetes,
including other variants described herein, In one embodiment, the step comprises
screening the nuclelc acld for the presence or absence of at least ane at-risk allele of at
least one at-risk varlant for Type 2 dlabetes (n the TCF7L2 gene, wherein determination of
the presence of the at least one at-risk allele is indlcative of increasad suscephibility of
Type 2 dlabetes, In another embediment, the at least one at-risk varfant In the TCF7L2
gene |s selected fromn marker DG105478, rs12255372, rs7695340, rs11136205,
rs7901695, 57903146, rs12243326 and rs4506565, and markers in linkage
disequllibriumn therewlth,

In another aspect of the present Invention, the presence of the marker or
haplotype found to be assodated with Type 2 diabetes, and as such useful for determining
a susceptibility to Type 2 diabetes, is indicative of a diffarent response rate of the subject
to a particular treatment modality for Type 2 dlabetes,

In another aspect, the Inventlon relates to a method of 1dentification of a marker
for use In assessing susceptibllity to Type 2 dlabetes in human Individuals, the method
comprising:

Identifylng at least one polymorphic marker within SEQ ID NO:1, SEQ ID NO:2 or
SEQ ID NO:3, or at least one polymorphic marker In linkage disequllibrium
therewlth;

determining the genotype status of a sample of indlviduals diagnosed with, or
having a susceptibllity to, Type 2 diabetes: and

determining the genotype status of @ sample of control individuals;

whereln a significant difference In frequency of at least one allele in at least one
pelymorphism In Individuals diagnosed with, or having a susceptibllity to, Type 2 dlabetes,
as comparad with the freguency of the at Ieast one aliele In the control sample is
Indicative of the at least one polymorphlsm belng useful for assessing susceptibllity to
Type 2 diabetes, )

In one embedimerit, “significant” Is determined by statistical means, e.g. the
difference [s statistically significant. In one such embodiment, statistical slgnificance is
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characterized by a P-value of less than 0.05. In other embaodiments, the statistical
significance is characterized a P-value of less than 0,31, less than 0.001, less than
0.0001, less than 0.04001, less than 0.000001, tess than 0.0000001, 1255 than
00000000001, or less than 0.00000001.

In gne embodiment, the at least one polymorphic marker s in linkage
disequillbrium, as characterized by numerical values of r of greater than 0.2 andfor |D’|
of greater than 0.8 with at least ona marker selected from marker rs2497304 (SEQ 1D
NO:16), rs847591 [SEQ D NO:3D), rs108B2091 {SEQ ID NO:d}, rs7914814 (S5EQ ID NO:24),
rs6583830 {SEQ ID NO:20), rs2421943 {SEQ ID NO:15), rsb583824 (SEQ ID NO:19),
7752906 {SEQ 1D NO:32), rs1569699 {SEQ ID NO:&), s7756992 (SEQ ID NO:21),
rs9350271 {SEQ ID N0:33), rs9356744 (SEQ ID ND:34), rs9368222 (SEQ 1D NO:35),
rsI0440833 (SEQ 1D NO:36), 6231514 (SEQ D NO:37), rs1B60316 (SEQ ID NO: 10},
rsI9B1647 (SEQ 1D NO:11), rs1B843622 (SEQ TD NO:9), rs2191 113 (SEQ 1D NO:13),
rs9850889 (SEQ ID NO:31).

In one embodiment, an increase in frequency of the at feast one allele in the at
least cne palymarphism In indlviduals diagnosed with, er having a susceptibility to, Type 2
dfabetes, as compared with the frequancy of the at least one allele In the control sample,
Is Indicative of the at least one polymorphism belng useful for assessing increasad
susceptbllity to Type 2 diabetes. In another embadiment, a decreass in frequency of the
at least one allele In the at least ane palymarphism In Indlviduals dlagnosed with, or
having a susceptibllity to, Type 2 dlabetes, as compared with the frequancy of the at least
one allele In the control sample Is Indlcatlve of the at least one polymorphlsm belng useful
for assessing decreased susceptibllity to, or protection against, Type 2 dlabetes.,

Another aspect of the Invantlon relates to 2 method of genotyplng & nuclelc acid
sample cbtained from a human Individual, comprising determining the presence or
absence of at least one allele of at [east one polymorphic marker In the sample, wherein
the at least one marker Is selected 2497304 (SEQ ID NO:16), 947591 (SEQ ID I';[D:EID],
rs10882091 (SEQ ID NO:4), rs7914814 {SEQ ID NO:24], rs6583830 (SEQ [D NO:20},
rs2421943 {SEQ 1D NO;15), rs6583626 {SEQ ID NO:19), rs7752506 {(S5EQ ID NO:32),
rs1569699 (SEQ 1D NO:6), rs7756092 {SEQ ID NO:21), sS350271 (SEQ ID N33},
r£9355744 (SEQ ID NO:34), 59368222 (SEQ ID NO:35), rs10440833 {SEQ ID NO:36},
rs6931514 {SEQ ID NO:37), rs1B60316 {(SEQ ID NO: 10]), rsiodleq7 (SEQ ID NO:11),
rs1843622 (SEQ ID NO:9), 52191113 {SEQ 1D NO:13), rs$6890889 (SEQ ID NO:31), and
markers In linkage disequilibrium therewlth, and whereln determination of the presence or
absence of the at least one allele of the at [east ona polymorphic marker Is predictive of a

susceptibllity of Type 2 diabates.

In gne embodiment, genotyping comprises amplifylng 2 segment of a nuclelc acld
that comprises the at least one polymorphic marker by Polymerase Chaln Reactlon (PCR),
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using a nucleotide primer palr flanking the at least one palymorphlc marker. In another
embodiment, genctyping is performed using a process selected from allele-specific probe
hybridization, allele-spedific primer extension, allele-specific ampliflcation, nuclelc acld
sequencing, 5*-expnuclease digestion, molecular beacon assay, allgonudectide ligation
assay, slze analysis, and single-stranded conformation analysls. In one particular
embeodiment, the process comprises allele-specific probe hybridization. In another
embodiment, the process comprises DNA sequencing. In a preferred embodiment, the

method comprises:

1) contacting coples of the nudelc acld with a detection oflgonuclestide probe and
an enhancer oligonuclectide probe under conditlons for specific hybridizatlon of

2)

3}

the oligonucleotide probe with the nucleic acid;

whereln

a)

b)

d)

the detectlon elligonuclestide probe Is from 5-100 nucleotides In length and
specifically hybridizes to a first segment of the nuclele acid whose
nucleotlde sequence Is glven by SEQ ID NO:1, SEQ ID NO:2 or SEQ ID
NO:3 that comprises at least one polymorphic site;

the detectlon oligonuclestide probe comprises a detectable Jabel at Its 3°
terminus and a quenching malety at Its 5* terminus;

the enhancer ollgonucleotide is from 5-100 nucleotldes in length and Is
complementary to a second segment of the nucleoctlde sequence that Is 5°
relatlve to the cligonuclectide probe, such that the enhancer
ollgonucleotlde Is located 3' relative to the detection oligonuclectide probe
when both cligonucleotides are hybridized to the nuclele acid: and

a single base gap exists betwsen the first segment and the second
segment, such that when the ollgonudieoticde probe and the enhancer
oligonucleotide probe are both hybridized to the nucleic acid, a single base
gap exists between the oligonuclectides;

treating the nucielc acld with an endanuclease that will cleave the detectable
label from the 3' terminus of the detection probe to release frea detectable
label when the detection probe Is hybridlzed to the nuclelc acld; and

measuring free detectable label, whereln the presence of the free detectable
label indicates that the detectlon probe specifically hybridizes to the first
segment of the nuclele acid, and Indicates the sequence of the polymorphic
slte as the complement of the detectlon probe.
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In a particular ernbod!ment, the copies of the nuclelc acid are provided by
amplification by Polymerase Chain Reaction (PCR). In another embodiment, the
susceptibliity determined Is Increased susceptibility. In another embedimant, the
susceptibllity determined is decreased susceptibllity.

Another aspect of the Invention relates to a methad of assessing an individual for
probatbllity of respanse to a therapeutic agent for preventing and/or amellorating
symptoms asscclated with Type 2 diabetes, comprising: determining the presence or
absence of at least one allele of at least one polymorphic marker In a nuclelc acld sample
obtalned from the individual, wherein the at least one polymerphlc marker is selected
from rs2497304 (SEQ ID NOQ:16), rs847591 (SEQ 1D NO:30), rs10882091 (SEQ ID ND:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ 1D NC:20), rs2421943 {SEQ ID NO:15},
rs65838256 (SEQ ID NO:[3), rs7752906 (SEQ 1D NO:32), rs1569692 {SEQ ID NO:6),
57756992 (SEQ ID NO:21), rs$350271 {SEQ ID NO:33), rs0356744 (SEQ ID NO:34),
rs9368222 {SEQ 1> NO:35), rs10440833 (SEQ ID NO:36), rs6931514 (SEQ 10 ND:373,
rs1860316 {SEQ ID NO:10}, rs1981647 (SEQ ID NO:11), rsIB843622 (SEQ I NO:S),
rs2191113 (SEQ 1D NC:13), rs9890B89 (SEQ ID ND:31), and markars In linkage
disequllibrium therewith, wherein determination of the presence of the at least one allele
of the at least opna marker |s Indlcatlve of a probablilty of a poesitive response Lo the Type
2 diabetes therapeutic agent. In one embodiment, the Type 2 dlabetes therapeutic agent
is selected from the agents set forth in Agent Table 1 and Agent Table 2.

Yet another aspect of the Invention relates to a method of predicting prognesis of
an Individual dlagnosed with, Type 2 dlabetes, the method comprising determining the

- presence or absance of at least one allele of at least one polymorphic marker in a nuclelc

acld sample obtalned from the Individual, whereln the at least one polymorphic marker Is
selected from the group conslsting of rs2997304 (SEQ ID NGH16), rs947591 (SEQ 1D
NG:30), rs10882091 (S5EQ ID N{:4), rs7914814 {SEQ 10 NO:24), rs6583830 (SEQ ID NO:20),
rs2421943 (SEQ ID NO:I5), rs6583826 {SEQ ID NQ:19), rs?752906 (SEQ ID NO:32),
1569699 (SEQ ID NO:S), rs7756952 (SEQ IR NO:21), 9350271 [SEQ ID NO:33),
rs9356744 (SEQ 1D NO:34), rs9368222 {SEQ ID NO:35)}, rs10440833 {(SEQ ID NO:356),
rs5931514 (SEQ 1D ND:37), rsIBA0316 {SEQ 10 NO:10), 1981647 {(SEQ ID NO:11),
rs1643622 (SEQ ID NO:9), rs2191113 (SEQ ID NO:13), rs28900889 {SEQ ID NO:31), and
markers In linkage disequilibrium therewith, wherein determinaticn of the presence of the
at least one allele Is Indicative of a worse prognosls of the Type 2 diabetes In the

Individual.

A further aspect of the Invention relates to a method of monitering progress of
treatment of an Individual undergelng treatment for Type 2 diabetes, the method
comprising determining the presence or absence of at least one allele of at least one
polymorphlc marker in a nuclelc acld sampte obtalned from the Indlvidual, whereln the at
least one polymorphic marker is selected from the group consisting of rs2497304 (SEQ 1D
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NO:16}, rs%47591 (SEQ ID NO:30), rs10882091 (SEG ID NO:4), rs7914814 (SEQ ID NO-24),
rs5503830 (SEQ ID NO:2D), rs2421943 (SEQ ID NO:15), rs6583B826 {SEQ ID NO:19),
7752906 {SEQ ID NO:32), rs15659699 {SEQ ID NO:8), rs7756992 (SEQ 1D ND:21),
rs9350271 (SEQ 1D K133}, rs9356744 (SEQ ID NO:34), rs2368222 (SEQ 1D NO:35),
rs10440833 (5EQ 1D NO:36), rs6931514 (SEQ 1D NO:37), rs1860316 {SEQ ID NO:10),
rs]1981647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:9), rs2151113 (SEQ ID ND:13),
rs56850889 (SEQ ID NO:31), and markers In linkage disequilibrium therewith, whereln
determination of the presence of the at least one allele is Indlcative of the treatment
outcorne of the Individual,

In ong embodiment, the method further comprises assessing at least one
biomarker in a sample from the Individual, Tn another embeodiment, the method further
cornprises analyzing non-genetic Infarmation to make risk assessment, dlagnosis, or
prognosls of the Indlvidual. The non-genetic infarration Is in one embodimeant selactad
from age, gender, ethnidty, soccloecanemic status, previous diseasa dlagnasls, medical
history of subject, famlly history of Type 2 dlabetes, blochemical measuraments, and
clinical measurements. In a2 particular preferred embodiment, a further step comprising
calculating overall risk is employed.

The Invention also relates to a kit for assessing susceptibility to Type 2 diabetes In
# hurnan Individual, the kit comprising reagents for selectlvely detecting the presence ar
absence of at least one allele of at least one polymorphlc marker In the genome of the
individual, whereln the polymorphic marker Is selected from the group consisting of
polymorphlc markers within the nuclele acid seoments whose sequences are set forth in
SEQ ID NO:1, SEQ ID NOD:2 and SEQ ID NO:3, and markers In linkage disequlllbrium
therewlth, and wheraln the presence of the at least one allele is indicative of a
susceptbllity to Type 2 diabetes,

In one embodiment, the at laast ane polymorphic marker Is selected from the
group of markers set forth In Tables 10 - 12, and markers in linkage disequilibrium
therewith. In another embodiment, the at least cne polymorphlc marker is selected from
the group of markers set forth In Tables 10 - 12 and Table 14, and markers In linkage
disequilibrium therewith. In another embodiment, the at least one polymaorphic markers
is selected from rs2497304 (SEQ ID NQ:16&), rs347591 {SEQ 1D NO:30), rs1088209) {SEQ ID
NO:4), rs7914B14 {SEQ 1D NO:24), rs65683B830 {SEQ ID NO:20), rs2421543 (SEQ ID NO: 153,
rs6583826 (SEQ 10 NO:19), rs7752906 (SEQ ID NO:32), rs1569699 (SEQ 1D ND:6),
r57756992 (SEQ 1D NO:21), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ 1D NO:34),
rs9368222 {(SEQ ID NO:3%5), rs10440833 {SEQ ID NO:36), 6531514 {SEQ ID NC:37),
rsIB60316 (SEQ 1D NO:18), rs19B1647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:9),
rs2121113 (5EQ ID NO:13}, rs2BS0BBY {SEQ ID NO:31), and markers In linkage
disequilibrlum therewith. In another embodiment, the at feast one polymoerphic markers
Is s¢lected from rs2497304 (SEQ ID NO:16), rs947591 (SEQ ID NO:30), r510882091 {SEQ ID
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NO:4), ra7914814 (SEQ ID NO:24), rs6583830 (5EQ ID NO:20}, r52421943 (SEQ ID NO:15),

rs6583826 {SEQ ID NO:19), rs7752506 (SEQ 1D NO:32), rs1569699 {SEQ ID NO<B),
rs7756992 {SEQ ID NO:21), rs9350271 (SEQ 1D NO:33), rs9356744 (SEQ 1D NO:34),
rs93608222 (SEQ ID NO:35), rs10440833 (SEQ ID ND:386), rs6931514 {SEQ ID NO:37},
rsIBB0316 (SEQ 1D NO:10), rs1981647 (SEQ 10 NO:11), rs1843622 (SEQ [D NO:9),
rs2191113 (SEQ ID NO:13), and rs9830BES (SEQ ID NO:31).

In one embodiment, the reagents comprise at least one contiguous oligonucleotida
that hybridizes to a fragment of the genome of the individual comprising the at least one
polyrmorphlc marker, a buffer and a detectable fabel. In one embodiment, the reagents

comprise at least one palr of oligonucleotides that hybridize to opposite strands of a
genomic nuclelc add sagment obtalned from the subject, whereln each cligonuclectide

primer palr is deslgned to selectlvaly amplify a fragment of the genome of the Indlvidual
that Includes one polymorphic marker, and wherein the fragment is at least A0 base palrs

In size. In a particular embodimant the at least one oligonucleot!de is completely

camplementary to the genome of the Indlvidual. In another embodiment, the at least one
clisonuclectide can comprise at least one mismatch to the genome of the Individual. In
ane embodiment, the ollgonucleotide Is about 18 to about 50 nuclentides in length. In

another embodiment, the oligonudeotide Is 20-30 nucleotides In length.

In ane preferred embodiment, the kit comprises:

2 detection ollgonuclastide probe that Is from 5-100 nuclegtides In length; an
enhancer ollgonuclectide probe that Is from 5-100 nucleotides In length; and an

endonuclease enzyme;

wherein the detection oligonuclectlide prabe speclfically hybridizes to a frst
segment of the nuclele acld whose nuclectide sequence Is given by SEQ ID NO:1,
SEQ 1D NO:2 or SEQ ID NO:3 that comprises at least one polymomhic site; and
whereln the detaction ollgonuclectide probe comprises a detectable label at its 37
terminus and a quenching molety at Its 5 terminus; whereln the enhancer
oligonucleatide Is from 5-100 nucleatides in length and is complementary to a
second segment of the nucleotide sequence that Is 5° relatlve to the
oligonucleotide probe, such that the enhancer oligonuclectide Is Ipcated 37 relative
to the detection oligonudeontide probe when both oligonucleatides are hybridized
to the nucleic acid; whereln a single base gap exists between the fArst segment
and the second segment, such that when the ollgonucleotide probe and the
enhancer ollgonucleotide probe are both hybridized to the nuclelc add, a single
base gap exlsts between the oligonucleotides; and whereln treating the nuclelc
acld with the endonuclease will cleave the detectable label from the 3' terminus of
the detectlon probe to release free detectable label when the detectlon probe Is
hybridized to the nuclelc acid,



10

15

20

25

30

as

14

A further aspect of the invention relates to the use of an eligonudleotide probe In
the manufacture of a dlzgnostic reagent for diagnosing and/or assessing susceptibllity to
Type 2 diabetes In a human indlvidual, wherein the prabe hybridizes to a segment of a
nuclelc acld whose nucleotide sequence Is glven by SEQ ID NO; 1, SEQ ID NO:2 or SEQ
ID NO:3 that comprises at least one polymorphic site, whergin the fragment is 15-500
nucleotides in lepgth. In one embodimant, the polymarphic site is selected from the
polymorphlc markers rs2497304 {(SEQ 1D NO:18), rs947591 (SEQ ID NO:30), reiDB82091
{5EQ ID NO:4), rs7914814 (SEQ ID NO:24), rs6583830 {SEQ ID NC:20), rs2421943 {SEQ ID
NO:15), rsb583826 (SEQ ID NO:19}, rs7752906 (SEQ ID NO:32}, rs1569699 (5EQ ID NO:6}),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQG 10 NO:33}, rs9356744 {SEQ ID NO:34),
rs@i68227 (SEQ ID NO:35), rs10440833 {(SEQ ID NO:36), rs6931514 (SEQ ID NO:37),
re1860316 (SEQ ID NO:10), rs1981647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:0),
rs2191113 (SEQ 1D NO:13), rs2890889 (SEQ ID NO:31), and polymorphisms In linkage
disequllibrium therewlth.

Yet ancther aspect of the Inventlon relates to a computer-readable medium on
which is stored: an Identlfier for at least one polymerphic marker; an indicator of the
frequency of at least one allele of sald at least one polymorphlc marker In a plurality of
individuals dlagnosed with Type 2 diabetes; and an indicator of the frequency of the least
one allele of sald at least one polymerphle markers In a plurallty of reference individuals;
whereln the at lzast one polymorphlc marker is selected from the polymorphic markers
rs2497304 (SEQ ID NO:16), rs947591 (SEQ [D NO:30), rs108682091 (SEQ 1D NO:4),
rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ 1D NO;15),
rsb6583826 (SEQ ID NO:18), rs7752906 (SEQ ID NO:32), rs156969% (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21), rs2350271 {SEQ ID NO:33), rs9356744 {SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rs10440833 (SEQ ID NO:36), rs6931514 {(SEQ ID NO:37),
rs1660316 (SEQ ID NO:10), rs1981647 (SEQ ID NO:11), rs1B43622 (SEQ ID NO:9),
rs2191113 (SEQ ID NO:13), rs9850689 (SEQ ID NC:31), and polymorphlsms In Hinkage
disequlllbrium therewith. In one embodiment, linkage disequilibrium is defined as defined
by numerical values of r* of at least 0.2 and/or values of |D'f of at least 0.8.

In one embodiment, Inforratlon about the ancestry of the plurality of individuals
Is Included. In another embodiment, the plurality of individuals dlagnosed with Type 2
dlabetes and the plurality of reference Individuals ts of a specific ancestry.

- Another aspect relates to an apparatus for determining a genetic indicator for Type
2 dlabates In a human individual, comprising: a computer readakle memory; and a
routine stered an the computer readable memory; whereln the routine is adapted to be
exacuted on a processor to analyze marker andfor haplotype Information for at least cne
human individual with respect to at least one polymorphic marker selected from the
markers rs2497304 {(SEQ 1D NO:16), rs947591 (SEQ ID NC;30), rs10882091 (SEQ ID NO:4),
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57914814 (SEQ ID NO:24), rs65B3830 (SEQ ID NO:20), r52421943 (SEQ 10 NO:15},
rs65683826 (SEQ ID NO:19), rs7752806 (SEQ ID ND:32), 151569699 (SEQ 1D NO:6),
rs7756992 (SEQ ID NO:21), rs3350271 {SEQ ID NO:33), 159356744 {SEQ ID NO:34),
rs3368222 (SEQ 1D NO:35), 510440833 (SEQ ID NG:36), rs6931514 {(SEQ ID NO:37},
rs1860316 (SEQ ID NO:10), 1981647 (SEQ D NO:11), rs1B43622 {5EQ ID NO:9),
rs2191113 {SEQ ID NO:13), rs9890889 (SEQ ID NO:.31)}, and markers In linkage
disequllibium therewlth, as defined by numerlcal values of r? of at least 0.2 and/or values
of |D'| of at least 0.8, and generate an output based on the rmarker or haplotype
Information, wherein the output comprises a risk measure of the at least one marker or
haplotype as a genetic Indicator of Type 2 dlabetes for the human individual.

In one erbodiment, the routine Rurther comprises an Indlcator of the frequency of
at least one allele of at least one polymorphic marker or at least one haplotype In 2
plurallty of individuals dlagnosed with Type 2 diabetes, and an Indicator of the frequancy
of at the least ane allele of at least one palymarphic rmarker or at least one haplotype Ina
plurallty of reference Individuals, and wherein a risk measure Is based on a comparison of
the at least one marker and/or haplotype status for the human Individual to the Indicator
of the frequency of the at [east one marker and/or haplotype Information for the plurallty
of Indlvlduals diagnosed with Type 2 dfabetes.

In certain embodiments of the methods, uses, apparatus or kits of the Invention,
lInkage disequilibrium is characterized by numeric values for || of greater than 0.8
andfor r* of greater than 0,2. However, other values for the r* and |D¥| measures are also
possible In other embodiments and such embodiments are also within the scope of the
clalmed invention, as described In further detail hereln.

In cartaln other embodiments of the methods, uses, apparatus or kits of the
Invention, the Individual is of a specific human ancestry. In gne embodiment, the
ancestry [s selected from black African ancestry, Caucasian ancestry and Chinese
ancestry. In another embodiment, the ancestry Is black African ancestry. In another
embodiment, the ancestry is European ancestry. In another embodiment, the anmstr‘} Is
Caucaslan ancestry. The ancestry Is In certain embodiment salf-reported by the individual
who undergoes genetic analysls or genobyping. In other embodiments, the ancestry Is
determined by genetlc determination comprising detecting at least one allele of at least
one polyrorphlc marker In a nucleic-add sample from the Indlvidual, whereln the
presance or absence of the zllele Is Indlcative of the ancestry of the Indlvidual.

In partlcular other embodiments of the methods, uses, apparatus or kits of the
Inventlen, the Individual [s ghese. In other embodiments, the indlvidual |15 non-obese.
Obaslty Is In one emboediment determined by values of BMI (Bady Mass Index} of greater
than 25. In another embediment, obasity Is defined by valuas of BMI greater than 30.
Other cutoff integer or fractiona! values of BMI are also possible and within scope of the
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inventien, Induding, but not limited to BMI of greater than 23, 24, 25.5, 26, 26.5, 27,
27.% and 50 on. Non-cbese Individuals are In one embodiment deflned as all thase
Indlviduals who do not fulflll the criteria of obeslty by BMI. In other embodiments, non-
obese Individuals are those with a particular cutoff of BMI, such as BMI less than 25, less
than 24, less than 23, less than 22, less than 21 or less than 20. Non-Integer cutoff
values of BMI values are also useful for defining non-obase individuals., In general, the
obese and non-obese groups do not overlap In terms of their BMI values. In certain
embodiments, the cutoff employed to define the groups Is the same, e.g., greater than or
smaller than BMI of 25. in other embodiments, a different cutoff is used, e. d., greater
than 27 for obese Indlviduals and smaller than 23 for non-obese Individuvals. AR relevant
ranges of BMI that are suitable for defining obese and non-obese Individuals are also
possible and within scope of the Inventlon.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregolng and other objects, featuras and advantages of the invention will be
apparent from the fellowing more particular description of preferred embodimants of the
Inventlon.

FIG 1 shows a plot linkage disequilibrium pattern in the reglon of chromosome 6p22.3
containing markers associated with Type 2 diabetes, (a) The X-axis shows positions with
respect to NCBI Bulld 35 genome assembly {identical to Bulld 36), and the Y-axis shows a
measure of [inkage disequlfibrium In the reglon. The span of the CDKALL gene Is
indicated by the arrows, and the locatlons of exons by black bars perpendicular to the
dlagonal Iine. The SNP markers are plotted equidistantly rather than according to thelr
physical positions. The flgure shows the  measure of IInkage disequilibrium, whereln the
shading |s proportional to palr-wise values of r* between markers, (b) A close-up of the
5" end of the CDKAL gene, showing the LD Bluck CO6 reglon (SEQ ID NO:1) within which
several markers have been found to be associated with Type 2 dlabetes. The locatlon of
several of the associated SNP markers {s indlcated on the figure.

FIG 2 shows linkage disequilibrium In the region of chromosome 10g23.33 contalning
markers associated with Type 2 dlabetes. The X-axls shows positions with respect to
NCEI Bulld 35 genome assembly, and the ¥-axis shows a measure of linkage
disequilibrivm In the region. The lacatlon of four assaclated SNP markers rs2497304,
rs947591, rs10882091 and rs7914814 is indlcated as well as the span and exons of the
three genes within the LD block, IDE, KIFt1 and HHEX. The figure shows the P measure
of linkage disequilibrium, whereln the shading Is proportional to palr-wise values of i
betwaen markers.
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FIG 3 shows linkage dlsequllibrium In the reglon of chromosome 17g24.3 contalning
markers associated with diabetes In non-obese and all patients. Tha locatlon of five SNP
markers, rs1860316, rs1981647, rs1843622, rs2191113 and rs3390889, Is indlcated.
The figure shows the ¥ measure of linkage disequilibrium, whereln the shading Is
propartional to palr-wise values of r between markers.

FIG 4 shows a Q-0 plot of the 653,025 adjusted Chi*-statistics (circles) from the analysls
of single SNFs and bwo marker haplotypes. The equiangular line (black line) is Included In
the plot for reference purpose. The dashed harizontal line Indicates the threshold for
genome-wlde significance assuming a Bonferronl correction for the 653,025 SNPs /

haplotypes and three phenotypes tested.

FIG 5 presents a schematic view of the assoclation of T2D to 6p22.3. a) The palr-wise
correlation structure In @ 1 Mb interval {20.5 - 21.5 Mb, NCBI Bulld34} on chromosome 6.
Tha upper plot Indudes palr-wise D' for 1047 common SNPs (with MAF > 5%) from the
HapMap release 19 for the CEU population, while the lowar plot Includes palr-wise s
values for the same set of SNPs. &) Location of recombination hot-spots in this interval
based on the HapMap dataset {Nature 437, 1299-1320 (27 October 2005})). £) Location
of exons {vertical bars) of the two genes, £2F3 and CDKALZ, that map to the Interval. d)
Schematic view of the genome-wide association results In the Interval for all T2D cases
{black dots), non-obese T2D cases {open clrcles) and obese T2D cases {open triangles),
respactively. Plotted Is -log 2, where Pis the adjusted # value, against the chromosomal
locatlon of the markers. All Four panels use the same herizontal Mb scale Indlcated at the

bottorn of panel 4).

FIG & shows CDKALI cDNA from INS-1 cells, Lanes I and 2 contaln COKALI cDNA
amplified from exons 2 to 8 and exons 7 to 13, giving a band sfze of 596bp and 738bp,
respectively. B-actln {837bp) serves as a posltive cantrol in lane 3 and lane 4 15 a
negatlve contral reaction without primers. 5ize standard is glven on the left.

FIG 7 shows the assoclatlon of rs7756992 and 513266634 to Insulln secretion. Mean log-
transformed Insulln secretion levels, estimated by corrected Insulin response {see
Methods), for the three different genotypes of the two SNPs, rs7756992 and rs13266634.
Results are shown for 3982 Individuals (231 T2D cases and 3751 controls) from the
Danlsh Interg9 study that had an oral glucose tolerance test. Tha number of Indlviduals Is
Included under each celumn, and the standard error {s.e.m.} Is Indicated as horizontal
bars. The Included P values are from regresslon of the log-transformed insulln secretion
levels on genotype status, adjusting for age, sex and affectlon status, assuming elther an

additive madel [Pys) or @ recessive model (P}

FIG B presents further analysls of assoclation of rs7756992 and rs13266634 with Insulln
secretlion. a) Mean log-transformed Insulin secretlon levels, estimated by corrected
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insulln response {CIR} for the three different genotypes for the SNP rs7756992. The
Insulin secretlon levels are estimated for a group of 3938 Individuals from the Danlsh
InterS9 cohort {223 T2D cases and 3715 controls) that had an OGTY. Results are shown
for all individuals (leftmost bars) and males {(middle bars) and females (rightmost bars)
separzately. The number of Indlviduals behind each estimate is indicated In parenthesls
below the columns together with the corresponding genotype. The standard error of the
mean Is indicated with a bar on top of each column. &) Comresponding estimates for the
different genotypes of the SNP rs13266634 for 3926 individuals (228 T2D cases and 3698
contrals).

DETAILED DESCRIPTION OF THE INVENTION
A description of preferred embodiments of the Invention follows.

The present Inventlon discloses polymeorphic markers and haplobypes that have been
found to be assoclated with Type 2 dlabetes. Particular alleles at certaln polymorphlc SNP
markers and haplotypes comprising such alleles have been found to be assoclated with
Type 2 diabetes. Such markers and haplatypes are useful for assessing susceptibllity to
Type 2 diabetes, as described In further detall herein. Further applicatinns; of the present
nvention include methods for assessing response to Type 2 dlabetes therapeutic agents
utllizing the polymarphic markers of the Inventlon, as well as kits for assessing
susceptibliity of an individual b Type 2 dlabetes.

Definitions
The following terms shall, In the present context, have the meaning as Indlcated:

A "polymorphlc marker”, sometime referred to as a "marker”, as described hereln,
refers Lo a genomic polymorphic site. Each polymorphic marker has at least two
sequence variatlons characterlstlc of particular alleles at the polymorphic site. Thus,
genetlc assoclation te a polymorphlc marker implies that there is assoclation bo at least
one speclfic allele of that particular polymorphlc marker. The marker can comprise any
ollele of any variant type fnungl In the genome, Including SNPs, microsatellltes, insertlons,
deletlons, duplications and translocatlons.

An "allele” refers to the nucleotide sequence of a glven locus (position) on a
chromosome. A polymorphlc marker allele thus refers to the composition (l.e., sequence)
of the marker on a chromesome. Genamic DNA from an Individual contalns two alleles for
any glven palymorphlc marker, representative of each copy of the marker on each
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chromosome. Sequence codes for nuclestides used hereinare; A=1,C=2,G=3,T=
4.

Sequence conuclzotide ambigulty as described herein Is as proposed by IUPAC-
IUB. These codes are compatible with the codes used by the EMBL, GenBank, and PIR
databases.

Meaning
Adenosing
Cytidine
(Guanine
Thymildine
Gor A
TorcC
GorT
AarC
GorC
AorT
CGorT
AGorT
ACorT
ACoris
A C G or T (Any base)

Zl=(TIolm(Ewm|Z|R|=<RAIO O (&

A nudeotlde posltion at which more than one sequence Is possible in a population
{either a natural population or a synthetlc population, &.g., a llbrary of synthetic
molecules) Is referred to hereln as a “polymorphic site”.

A "Single Nucleotide Palymorphlsm™ or "SNP is a DNA sequence variation
ocxurring when a single nucieotide at a specific locatlon In the genome differs between
members of a spades or between palred chromesomes In an individual. Most SNP
polymarphlsms have two alleles. Each Indlvidual Is tn this Instance elthar homozygous for
one 2llele of the polymorphism (l.e. both chromosomal coples of the Indlvidual have the
same nuclectide at the SNP locatlon}, or the Indlvidual Is heterozygous (i.e. the two sister
chromeosomes of the individual cantaln different nuclectides}. The SNP nomenclature as
reported hereln refers to the officlat Reference SNP {rs) ID identificatlon tag as assigned
to each unlgue SNP by the Natlonal Center for 8lotechnelogical Information (NCBI).

A “varlant”, as described hereln, refers to 2 segment of DNA that differs from the
reference DNA. A “marker” or a “polymorphic marker®, as defined herein, Is a variant.
alleles that differ from the reference are refarred to as “variant” alleles.

A "microsatellite” Is a polymorphlc marker that has multiple small repeats of bases
that are 2-8 nuclestides In length (such as CA repeats) at a particular slte, In which the
number of repeat lengths varies In the general population, An "indel”is a common form
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of polymorphism comprising a small Insertion or deletlon that is typlczally only a few
nucleotides long.

A "haplotype,” as described hereln, refers to a segment of genomic DNA that [s
characterized by a speclfic combination of alleles arranged along the segment. For diploid
organisms such as humans, a haplotype comprises one member of tha palr of alleles for
each polymorphilc marker or lacus . In a certain embodiment, the haplotype can comprise
two or more alleles, three ar more alleles, four or more alleles, or five or more alieles.
Haplotypes are described hereln In the context af the marker name and the allele of the
marker In that haplotype, e.g., "3 rs7758851" refars Lo the 3 allele of marker rs7758851
belng In the haplotype, and s equivalent to *rs7758851 allele 3%, Furthermaore, allelic
codes In haplatypes are as for individual markers, i.e, 1 = A, 2=C, 3=Gand 4 =T.

Tha term “susceptibllity®, as described hereln, encompasses both Increased
susceptibllity and decreased susceptibility. Thus, particular alleles at polymorphic
markers and/or haplotypes of the Inveatlon may be characteristic of Increased
susceptibllity (i.e., Increased risk) of Type 2 dlabetes, as charecterized by a refatlve risk
(RR) or odds ratio (OR) of greater than one for the particular allele or haplotype.
Altematively, the markers and/or haplotypes of the invention are characterlstic of
decreased susceptlbllity (i.e., decreased risk) of Type 2 dlabetes, as characterized by a
relative risk of less than one.

A "nucleic acid sample” Is a sarnple obtalned from an individuals that contains
nudelc acid. In certain embodiments, i.e. the detection of specific paflymorphic markers
and/or haplotypes, the nuclelc acld sample comprises genomic DNA. Such a nucleic acid
sample can be obtained from any source that contalns genomic DNA, Including as a blood
sample, sample of amniotic Auld, sample of cerebrospinal Auld, or tissue sarnple from
skin, muscle, buccal or conjunctival mucosa, placenta, gastroinkestinal tract or other

argarns.

The term “Type 2 dlabetes therapautlc agent” refers o an agent that can be used
to amellorate or prevent symptoms assoclated with Type 2 dlabetes.

The term "Type 2 diabetes-assoclated puclelc acld”, as described herein, rafers to
a nuclelc acld that has been found to be associated to Type 2 diabetes. This Includes, but
Is not limited to, the markers and haplotypes described hereln and markers and
haplotypes in strong linkage dlsequillbrium {LD) therawith. Tn one embodiment, 2 Type 2
diabetes-associated nuclelc acld refers to an LD-block Found to be associated with Type 2
dlabetas through at least one polymorphic marker located within the LD block.

The term "non-cbese” refers, as described hereln, to an Individual with calculated
Body Mass Index {BMI) below a pre-determined threshold, such as a threshold of 30 or
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lower. Other thresholds useful for definlng the term are also possible, as described In
more detall herein. The formula for calculating EMI Is given by (body weight {in
kg¥]/[helght (in m}]%. The term "obese” refers to an Individual with BMI above a certaln
pre-determined threshold, such as a threshald of 330.

The term “LD Block C06”, as described herein, refers to the Linkage Disequllibrium
{LD} block on Chromosome 6 between markers rs4429936 and rs6908425, corresponding
to position 20,634,996 - 20,836,710 of NCBI (Natlonal Center for Bictechrology
Information) Bulld 35 (SEQ 1D NOC:1). )

The term LD Block €10", as described hereln, refers to the Linkage Disequillbrium
(LD} block an Chromosome 10 between markers rs2798253 and rs111687152,
corresponding to positlon 94,192,885 — 94,490,091 of NCBI (National Center for
Blptechnology Information) Bulld 35 (SEQ ID NO:2),

The tenmn *LD Block C177, as describad Hereln, refers to the Unkage Disequillbrium
{LD) block on Chromosome 17 bebween markers 1511077501 and rs4793497,
comesponding to position 66,037,655 - 66,163,076 of NCBI (Natlonal Center for
Biotachnology Infermatlon) Bulld 35 (SEQ 10 NO:13).

The terrn "CDKALL", as described hergin, refers to the CDKS regulatory subunlt
associated proteln 1-llke 1 gene, which spans locations 20,642,736 - 21,340,611 In NCB]

Bulld 35 of the human genome,

The term "SLCIDAB", as described hereln, refers to the Solute Carrier Family 30,
member 8, gene. This gene Is located on chimomoscme B, its longest Isoform spaaning as
much as 225kb between positions 118,032,398 and 113,258,134 In NCBI Bulld 36 of the
human genome assembly, corresponding to position 117,919,805 and 118,145,541,
respectively in NCBI Bulld 34. In both these bullds, the gene spans 225,736 bp of
genomlc sequence.

Through genotyping of Icelandic Type 2 dlabetes patients and population control
Individuals using the Illumina 330K chlp that can be used to measure ovar 300,000 SNPs
In the genome simultaneously, a number of variants associated with Type 2 dlabetes have
been Identifled by the present Invention. Assoclatlon analysls using single SNPs, two
marker haplotypes and extended haplotypes within areas of extensive linkage
disequilibrium (LD blocks) was performed across the geanome. After correcting the p-
value for relatedness, 49 single markers and two marker haplotypes were Inltlally
Identifled at 21 lod (i.e. genetlc susceptlbllity [ocatlons In the geneme) that had a p-value
less than 5x107 (Table 1}. In additlen, 10 extended haplotypes at 8 additlonzl lod were
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selected by the same criteria (Table 2). Within the patient group, 700 Individuals were
non-obese {BMI<30} and those weare tested separatélv for asseciation. After correcting
the p-value for relatedness, 36 single markers and two marker haplotypes at 20 locl had a
p-value less than 5x10°° (Table 3). Three of those lact were also identified when the total
graup was analyzed. In addition, 6 extended haplotypes at 4 additional locl were selected
by the same criteria {Table 4). The obese group of 531 patlents (BMI >30) was also
analyzed separately for assoclation. After correcting the p-value for relatedness, 38
single markers and two marker haplotypes at 16 lod had 2 p-value less than Sx10°5 {Table
3)- One of those loci was also Identiflad when the total group was analyzed but no
overlap was found between the non-obese and obese groups using thls criteria. In
addition 10 extended haplotypes at 7 additional ocl had a p-value less than 5x10°%in
assoclation analysls of cbese dlabetics {Table 6).

These single-marker assoclatlon and two-marker and extended haplotype
association results represent evidence for multiple susceptibillty variants for Type 2
diabetes. It shc_:uld be noted that for single-marker SNP analysls as presented herein,
susceptiblilty variants can be represented by Increased risk, whereln one allele Is
overrepresented In the patient group compared with controls. Alternatively, the
susceplibility variants can be represented by the other allele of the SNP in question - for
that allele, under-representation In patlents compared with contrals Is expected. This Is a
natural consequence of assoclatlon analysis to genetlc elements comprising bwo allajes.
For multl-marker haplotypes er far polymorphic markars comprising more than one
marker, at-risk associatlon may be observed to one {or more) at-risk allele or haplotype.
Protective variants in form of assoclation {with RR-values less than urity} to one (or
more) protective variants or haplotypes may also be observed, depending on the genetic
composltion and haplotype structure in the genetic reglon in question.

One of the most significant assoclation slgnals was Identified by two single
markers (rs1569609 and r57756992) and three 2 marker haplotypes mapping to
chromoseme 6p22.3 (3 57758851 2 rs1569699, 1 rs4712527 3 rs7756992, 1 rs7756992
3 rs9295478 ; see Table 3). These markers are located within an area of extensive LD
{LD block) between posltion 20634996 and 20836710 on chromosome 6 {NCBT Build 35;
5EQ 1D NO:1) between markers rs4429936 and rs6908425 (Figure 1). This region
contains the 5° end Inciuding exons 1-5 of the genge CDK5 regulatory subunit assoclated
proteln 1-like 1 {CDKAL1) (NM_017774). The associatlon of these markers was verifled in
two addlonal Type 2 dlabetes cohorts (see Table 7).

Foltow up studles of the assoclatlon of rs7756992 allele G with increased risk of
Type 2 dlabetes have established assoclation of the marker to Type 2 diabetes in
Individuals of European ancestry (allele speclfic odds ratlo {OR) = 1.16; P = 3.9x 10™%), In
Individuals from Hong Kong of Han Chinese ancestry (OR = 1.25; P = 0.00018) {see
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Tables 14, 15 and 17). Addltional variants within LD block €06 (SEQ ID NO:1) In LD with
rs7756992 that have also been shown to be assoclated with Type-2 dlabetes in European
and Chinese populations Include rs1569699, rs7752906, rs9350271, rs9356744,
rs9358222, rs104408633 and rs6931514 (Teble 18). The genotype odds. ratlo of the
rs77566992 allele G variant stipports a nearly recesslve mode of Inheritance [Table 20).
In particular, the OR for the homozygote Is 1.45 and 1.55 In the Europegan and Hong Kong
groups, respectively. The rs77566992 allele G at-risk varlant has bean found to be
comelated with decreased Insulln respanse In cammiers {Table 21, Figures 7 and 8).
Homozygous carrlers of the variant have been found to have an estimated 24% less
insulln response than heterozygotes or non-carriers suggesting that this variant confers
risk of T2D through reduced Insulin secretion. The rs7756992 marker, and markers In
linkage disequillbrium therewith (including, but not limited to, r31569699, 7752904,
rs9350271, rsB356744, rs93668222, rs10440833 and rs6931514) can therefore be used to
assess Increasad susceptibllity to Type 2 dlabetes In an indlvidual.

The function of the gene product of CDMALL is not known. However, as mplied [n
the aene rame the proteln produdt [s simllar to another protein, COKS regulatory subunit
associated prateln 1 {COKSRAPT). COKSRAPI is exprassed in neuronal tissues where It
Inhiblts cydin depandent kinase 5 (CDKS}) activity by binding to the COKS regulatory
subunlt p35 [(Ching, Y.P., Pang, &.5_, Lam, W.H., Ql, R.Z. & Wang, 1.H. J Biof Chem 277,
15237-40 (2002)). In pancreatic beta cells, COKS has been shown to play a role In the
loss of beta cell functlon under glucotoxlc condltlons {Wel, F.Y. et al. Nat Med 11, 1104-8
{2005). Furthermore, inhibitlon of the COK5/p3% complex prevents decrease of Insulin
gene expresslan that results from glucotoxicity (Ubeda, M., Rukstalis, 1.M. & Habener, J.F.
J Blol Chemn 281, 2B8589-64 {20068)). CDKALL might play a role in the Inhtbition &f
CDK5/p35 In pancreatic beta cells similar to that of CDKSRAPL In neuvreonal bissue.
Reduced expresslon of COKALT ar reduced Inhlbltory functlon thus could l2ad to an
Impalred response to glucotoxiclty. The present data shows that CDKAL! is expressed in
the rat pancreztic beta cell line INS-1 (Flgure &},

Based on the predicted functlon of COKALT and known function of SLCICAZ we
would expect both rs7756992 and rs13266634 to affect Insulln secretlon. To evaluate the
effects of the two SNPs on Insulln secretlon we analyzed the effect of genotype status on
corrected insulln response {CIR) in a set of Individuals from the Inter99 study (part of
Denmark B} that had undergone an oral glucose tolerance test (OGTT). For rs7756992,
we demonstrated that the homozygote carrlers of the risk allele had an estimated 24%
less CIR than the heterozygote carriers or non-carriers (P < 0.00001, Fig. 7). This
nbser:\ratlon Is conslstent with the varlant’s nearly recesslve mode of Inheritance with
respect to disease risk. Furthermore, the effect observed on CIR |s presant In both males
and females (Flgure 8) and in T2D patlents as well as controls, and adjusting for BMI
status did not affect the results (Table 21). The eifect of rs132566634 on Insulln response
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was smaller but significant and for this risk variant the reductlon in CIR was consistent
with an additive effect. No effect on Insulin sensitivity was observed for either variant
(Table 21).

The identificatlon of CDXAL 1 as a susceptibility gene far T2D adds a new plece to
the puzzle of how genetlc factors may predispose to T2D. Although the function of this
gena remains Lo be eluddated we have shown that it [s expressed In pancreatic beta cells
and that a varfant within the gene is correlated with Insulin secretion. The similarity to
CDK5SRAP1 further Indicates that COKAL1 may facilitate Insulin preduction under
glucotoxic condltions through Interaction with CDK5, In concluslon, we have Identified a
varlant In the COXALI gene that In a nearly recessive manner blunts the !nsulin response
and predispases to T2D,

The present Inventlon has identified seven single markers and seven two marker
haplotypes In a reglon on chromosome 10423.33 Lo be assodated with Type 2 dlabetes
{Table 1). Most of those markers are also assoclated to diabetes with elevated RR values
when obese patlents are analyzed separately (Table 5). These markers are located within
one LD block between positions $4152885and 94490091 {NCBT Bulld 35}, corresponding
to the genomic segment bridged by markers rs27908253 and 511187152 (Figure 2). This
LD block contalns three genes, Insulin-degrading enzyme (IDE} (NM_004959), Kinasin
famlly membar 11 {KIF11) (NM_004523) and Homeobax, hematopaletically expressed
{HHEX) (NM_0D02729}.

IDE may belong Lo a protease famlly responsible for intercellular peptide signaling.
Though Its role In the cellular processing of Insulln has not yet been defined, Insulln-
degrading enzyme Is thought ko be Involved In the termination of the insulln response
(Fakhral-Rad et al, Human Molecular Genetlcs 9:2149-2158, 2000}, Genetic analysls of
the dlabetic GK rat has revealed 2 amino acld substitutions In the IDE gene {H18R and
A890¥) In the GK allele which reduced insulln-degrading activity by 31% In transfected
cells, However, when the H18R and A820V variants were studied separately, no effects
were observed, suggesting a synergistic effect of the 2 variants on insulin degradation, No
effect on Insulin degradation was observed In ¢ell lysates, suggesting that the effect may
be coupled to receptor-mediated Internallzation of Insulin. Congenle rats with the IDE GK
allele displayed postprandlal hyperglycemia, reduced lipogenasis In fat cells, blunted
Insulin-stimulated glucose transmembrane uptake, and reduced Insulln degradatlon In
isolated muscle. Analysls of additional rat stralns demonstrated that the dysfunctional IDE
alle’e was unique to GK rats. The authors concluded Ehat IDE plays an Impartant role (n
the diabetlc phenotype In GK rats. IDE has been studled as a candidate gene for Type 2
diabetes In humans with Inconsistent results, Two large stiudles have recently analyzed
the assoclatlon of IDE to Type 2 diabetes by mutatlon screening and haplotype analysls
using tagging SNPs over the gene (Groves <t al, Dlabetes 52;1300-1305, 2003; Florez et
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al, Diabetes 55:128-135, 2006). Both studies conciude that common variants in IDE are
unlikely to confer signlficant risk of Type 2 diabetes. These studles did however, not
include the whole LD block as defined In figure 2 and at least some of the markers
Identiffed In our study a2s assodated with Type 2 dlabetes are outside the reglons analyzed
In those previous studles. Based on the results reported here, markers in LD with IDE are
assoctated with Type 2 dlabetes, providing genetic evidence for the role of IDE in the
etlology of Type 2 diabetes.

KIF11 encodes a motor protein that belongs to the kinesin-like protein family.
Members of this proteln famlly are known bo be Invalved In various kinds of spindle
dynami|cs. The function of this gene product Includes chromosome posltioning,
centrosome separation and establishing a blpolar spindle durlng cell mitosls. This gene Is
not a good functlional candldate for diabetes but has to be consldered as a positional
candldate due to its location within the assoclated LD block.

HHEX encodes a member of the homeobax family of transarlption factors, many of
which are Involved in developmental processes. Expression In speciflc hematapoletic
lineages suggests that this protein may play a rcle In hematopoletlc diferentiation. HHEX
Is essentfal for pancreatic development; in HHEX negatlve mouse embryos there Is a
complete failure In ventral pancreatic spacification {Bort et al, Develaprnent 131, 757-
BOG6, 2004), Other transcription factors involved In pancreatic development include the
MODY genes as well as other factors that have been Implicated In late onset diabetes,
HHEX s also an essentlal effector of Wnt antagonist for heart induction (Foley and
Mercola, GENES & DEVELCPMENT 19:387-396, 2005). This puts HHEX In the same
pathway as the recently established Type 2 diabetes gene TCF7L2 and together these
data make HHEX a functional as well as positional candidate for Type 2 diabetes,

The association of rs2497304, rs947591, rs10882091 and rs7914814 to Type 2
dlatetes was verifled In a Danlsh Type 2 dlabetes case - control cohort and also In a US
Caucaslan cohort Typa 2 diabetes cohort from the PENN CATH study {Table 8). When the
two cohorts are comblned the assoclation of rs947591 reaches significence at the 0.05
level, with a risk of 1.1 In the comblned ¢ohort. When all the cohorts are combined the
risk Is 1.15 for the 947591 marker. These results Indicate that variants within the LD
biock on Chromosome 10 that includes IDE and HHEX are susceptibllity variants for Type

2 diabetes.

Flve single markers and two marker haplotypes In a reglan of chromeosome
17q24.3 were furthermore found to be assoclated with Type 2 dlabetes in non-obese
patients {Table 3). Some of these markers show the strongest association reported In
Table 3 and assoclation te this region was also observed when 2!l dtabetics were analyzed
{Table 1). These markers are located withln two adjacent LD blocks located bebween
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positions 66037656 and 66163076 (NCBI Bulld 35) on chromosome 17, between markers
rs11077501 and rs4793497 (Figure 3). The associatlon Is signiflcant at the genome-wide
level. Mo known genes are located within these LD blocks, However, it Is possibla that
varlants In this reglon affect genes in neighboring regians Including KCN12 and KCN11i6.
Alternatively these varlants may affect unknown genes within these LD blacks,

Further evidence for the assoclation of rs7756992, and corretated markers within
the LD block CO6 that contains the 5" end incJuding exons 1-5 of the CDKALlgene
{NM_017774) on chremosome 6p22.3, with Type 2 diabetes has come from additlonal
assoclatlon studles. Two equlvalent markers, rs7754840 and rs10945398, highly
correlated with rs7756992 {r2 0,68; D' 0,95) were shown to be significantly gssnclated
wlth Type II diabetes In three large studies {Saxena, R et al. Sdence 2007:316:1331-6;
Zegginl, E et al. Sclence 2007;316:1336-41; Scolt, U et al, Scienca 2007;316:1341-5).
These studles thus further support the involvement of the CDKAL gene In Type 2 diabetes.

Assoclatlon of rs10B82091 and cerrelated markers on chromosome 10g23.33 with
Type II diabetes is also supported by recent publicatlons. & highly comrelated markar,
rs1111875 (r2 0,51; D’ = 1) was found to be signiflcantly assoclated with Type II diabetes
in four large studies (Sladek, R et al. Nature. 2007:445:628-30; Saxena, R et al, Science
2D07;316:1331-6; Zegolnl, E et al. Sclence 2007;316:1336-41; Scott, LI et al. Sclence
2007;316:1341-5). Thus, recent studies provide additional support to the discoverles by
the present Inventors that markers in the L0 Block C10 reglon as described hereln are risk
factors for Type 2 dlabetas.

The genomilc sequence within populations is not idantital when individuals are
compared. Rather, the genome exhlblts sequance vardabllity between Individurals at
many locations in Ehe genome. Such variatlons In sequence are commaonly referred ta as
polymeorphisms, and there are many such sltes within éach genome For example, the
human genome exhlbits sequence variations which occur on average every 500 base
palrs. The most commaon sequence varant conslsts of base variations at a single base
position in the genome, and such sequence varants, or polymorphisms, are commonly
called Single Nuclegtide Polymorphlsms ("SNPs™). - These SNPs are believed to have
caurraed In a single mutational event, and therefore there are usually two possible alleles
possible at each SNP site; the original allele and the mutated allele, Due to natural
genetic drift and possibly also selective pressure, the original mutation has resilted In a
polymorphism characterized by a partlcular frequency of its alleles In any gliven
populatlon. Many other types of sequence varlants are found In the human genome,
including microsatellites, insertions, deletlons, Inverslons and copy number varations. A
polymorphlc microsatellite has multiple small repeats of bases (such as CA repeats, TG on
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the complimentary strand) at a particular site In which the number of repeat lengths
varies in the general papulation. In general terms, each version of the sequence with
respect to the polymorphic site represents a speclfic allele of the polyrnorphic site. These
sequence variants can all be referred to as polymorphlsms, occurring at specific
pelymorphlc sites characteristic of the sequence variank In guestlon. In general terms,
palymerphlsms can comprise any number of specific alleles. Thus In one embadiment of
the Inventlon, the pelymorphlsm Is characterized by the presence of two or more alleles In
any given population. In another embodiment, the polymorphlsm Is characterized by the
presence of three or more alleles. In other embodiments, the polymorphism Is
¢haractenzed by four or more alleles, five or more alleles, six or more alleles, seven or
mare alleles, nine or more allales, or ten or more alleles.. All such polymorphlsms can be
utllized In the methods and kits of the present invention, and are thus within the scope of

tha Invention.

In some Instances, reference Is made to different alleles at a polymorphic site
without choosing a reference allele. Alternatlvely, a referance sequence can be referred
to for a pacticular polymorgphic site, The reference allele is sometimas raferred Lo as the
"wlid-type” allele and it usually is chosen as either the first sequenced allele or as the
allele from a “non-affected” Indlvidual {e.q., an Individual that does not display a tralt or

disease phenotype).

Alleles for SNP markers as referred to hereln refer to the bases A, C, Gor T as
they oceur at the polymaorphic site in the SNP assay employed. Tha allele codes for SNPs
used herein are as follows: 1 = A, 2 =C, 3 =G, 4 =T. The person skllled in the art will
however realise that by assaylng or reading the opposite DNA strand, the complementary
allele c2n In each case be measured. Thus, for a polymorphic site {polymaorphic marker)}
characterized by an AfG polymorphism, the assay employed may be deslgned to
speclflcally detect the presence of one or both of the two bases possible, L.e. A and G.
Alternatively, by deslgning an assay that Is designed to detect the opposite strand on the
DNA template, the presence of the complementary bases T and C can be measured.
Quantitatlvely (for example, In terms of relative risk), identical results would be cbtalned
from measurement of elther DNA strand (+ strand or - strand).

Typically, 2 reference sequence Is referred to for a particular sequence. Alleles
that differ from the reference are sometimas referred to as “variant”™ alleles, A varant
saquence, as used herein, refers to a sequence that differs from the reference sequence
but Is otherwise substantlally similar. Alleles at the polymorphic genetlc markers
described hereln are variants. Additlonal varlants can Include changes that affect a
polypeptide. Sequence differences, when compared to a reference nuclectlde sequence,
can Include the Insertlon or deletlon of a single nucleotide, or of more than one
nucieptide, resulting In a frame shift; the change of at least one nucleotide, resulting In a
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change In the encuded amino acld; the change of at least one nucleotide, resulting in the
generation of a premature stop codon; the deletion of several nuclectides, resulting In a
delation of one or more aminc aclds encoded by the nuclectides; the Insertlon of one or
several nucleotldes, such as by unequal recombination or gene convarslon, resulting in an
Inferruption of the coding sequence of a reading Frame; duplication of all or a part of a

.seguence; transposition; or a rearrangement of a nucleotide sequence,. Such sequence

changes can alter the polypeptide encoded by the nucleic acid- For example, If the
change In the nucleic acid sequence causes a frame shift, the frame shift can result In a
change In the encoded amino aclds, and/or can resuit In the generation of a premature
stop codon, causing generatlon of a truncated peolypeptide. Alternatively, a polymorphism
assoclated with a disease or trait can be a synonymous change in one or more nuclectides
(/.e., a change that does not result In 2 change In the amino acid sequence). Such a
polymorphism can, for example, alter splice sites, affect the stability or transport of
mRNA, or otherwlse affect the transcription or translation of an encoded polypeptide. Bt
can also 2lter DNA to Inarease the possibility that structural changes, such as
amplifications or deletlons, occur at the somatic level. The polypeptide encoded by the
reference nucleotlde sequence Is the “reference” polypeptide with a particular reference
amino acld sequence, and polypeptides encoded by varlant alleles are-referred to as
"varlant” polypeptides with varant aminoe acld sequences.

A haplotype refers to a segment of DNA that Is characterized by a specific
combination of alleles arranged along the segment. For diploid organisms such as
humans, a haplotype comprises one member of the pair of alleles for each pelymoerphlc
marker or locus . In a certaln embodiment, the haplotype can comprise bwo or more
alleles, three or more alleles, faur or more alleles, or flve or mare alleles, each altele
corresponding to a spedfic polymorphic marker along the segment. Haplotypes can
comprise a comblnation af various polymorphlc markers, €.4., SNPs and microsatellites,
having particular alleles at the polymorphic sites. The haplotypes thus comprise a
comblnatlen of alleles at varous genetlc markers.

Detecting specific polymorphic markers andfor haplotypes can be accomplished by
methods known In the art for detecting sequences at polymorphic sites. For example,
standard techniques for genotypling for the presence of SNPs andfor microsatellite
markers can be used, such as fluorescence-based technlques {Chen, X, et 3., Genome
Res. 9(5): 492-98 (1999)), utilizing PCR, LCR, Nested PCR and other technigues for
nuclelc acld amplification. Speclfic methodologles avallable for SNP genotyping Include,
but are not Iimited to, TagMan genotyping assays and SNPlex platforms (Applled
Blosystems), mass spectrometry (e.g., MassARRAY system from Sequenom), minl-
sequencing methods, real-time PCR, Blo-Plex system {BloRad), CEQ} and SNPstream
systems {Beckman), Molecular Inverslon Prebe array technelogy (e.g., Affymetrix
GeneChip}, BeadArray Technelogles {(e.g., lllumina GoldenGate and Inflnlum assays) and
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Centaurus assay (Nanogen). By these or other methods avallable to the person skKilled in
the art, one ar more alleles at polymorphic markers, Including microsatellltes, SNPs or
other types of polymorphic markers, can be Identified.

In certaln methods described hereln, an Indlviduzl whe Is at an increased.
susceptlbllity (l.e., increased risk} for Type 2 diabetes, is an individual In whom at laast
one specific allele at ona or mora polymorphic marker or haplotype conferring Increased
susceptihllity for Type 2 diabetas is Identifled {I.e., at-risk marker alleles or haplotypes).
In one aspect, the at-risk marker or haplotype is cneg that confers a significant Increased
risk {or susceptibillty) of Type 2 diabetes. In one embodiment, significance associated
with a marker or haplotype Is measured by a relatlve risk (RR). In another embediment,
stgnificance assoclated with a marker or haplatype Is measured by an odds ratio (OR}. In
a further embodiment, the significance s measured by a percentage. In one
embodiment, a signlficant Increased risk Is measured as a risk (relatlve risk andfor odds
ratio) of at least 1.2, induding but not limited to: at least 1.2, at [east 1.3, at least 1.4, at
least 1.5, at least 1.6, at least 1.7, 1.B, at least 1.9, at least 2.0, at least 2.5, at least 3.0,
at least 4.0, and at least 5.0. In a particular embodiment, a risk {relatlve risk andfar
odds ratlo) of at least 1.2 Is slgnificant. In another particular embodiment, a risk of at
least 1.3 Is significant. In yet ancther embodimant, a risk of at least 1.4 Is sigriftcant. In
a further embodiment, a relative risk of at least about 1.5 is significant. In another
further embodiment, a slgnificant Increase In risk !5 at least about 1.7 Is significant.
However, other cutoffs are alse contemplated, e.g. at least .15, 1.25, 1.35, and so on,
and such cukoffs are also within scope of the present invention., In ather embodiments, a
signlficant lncrease In risk I at least about 20%, Including but not limited ko about 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, B0%:, B85%, 90%, 05%,
100%, 150%, 200%, anh%, and 500%. In one partleular ernbodiment, a significant
Increase In risk Is at least 20%. In other embodiments, a signiflcant Increase in risk 15 at
[east 30%, aF least 40%, at least 50%, ak least 60%, at least 70%, at least 0%, at [east
90% and at least 100%. Other cutoffs or ranges as deemed sultable by the person skilled
In the art to characterize the Inventdon are however also contemplated, and those are also

wlthin scope of the prasent Inventlon.

An at-risk polymorphic marker or haplotype of the present invention Is ong where
at least one allele of at least one marker or haplotype Is more frequently present In an
indlvidual at risk for the disease or tralt {affected), compared to the frequency of [ts
presence In a comparison group {control), and wherain the presence of the marker or
haplotype Is Indicative of susceptibllity to the disease or tralt. The control group may In
one embodiment be a population sample, l.e. a random sample from the general
population. In another embodiment, the control group is represented by a group of
Indlviduals who are disease-free. Such disease-free control may In one embodiment be
characterized by the absence aof one or more speciflc disease-assoclated symptoms. In
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anocther embodiment, the disease-free control group is characterized by the absence of
one or more disease-speclflc risk factors. Such risk Factors are In one embod!iment at
least one environmental risk Factor. Representative environmenta! factors are naburel
products, minerals or other chemicals which are known to affect, or contemplated to
affect, the risk of developing the speciflc disease or tralt, Other enwironmentzal risk
factors are risk factors related to lifestyle, Including but not limited te food and drink
habits, geographical lecation of mzin habitat, and cccupational sk factors. In another
embodiment, the risk factors are at [east one genetic risk factor.

As an example of a simple test for carrelation wou'd be a Flsher-exact test on a
two by two table. Glven a cchort of chromosomes, the two by two table is constructed
out of the number of chromosomaes that include both of the markers or haplotypes, ane of
the markers or haplotypes but not the other and nelther of the markers or haplotypes,

In other embodiments of the Invention, an Individua! who Is at a decreased
susceptibllity {I.e., at a decreased risk)} for Type 2 dizbetes Is an Individual In wham at least
one speclfic allele at one or more pelymorphic marker or haplotype conferring decreased
susceplibility for Type 2 dlabetes is idantifled. The marker alleles andfor haplotypes
conferring decreased risk are also sald to be protective. In one aspect, the protective markear
or haplotype Is one that confers a significant decreased risk {or susceptibility) of the disease
or tralt. In another embodiment, the absence of an at-risk allele in & nucleic acid sample
from the individual Is also Indicative of 2 protectlon against disease, by virtue of the absence
of at-risk alleles. In one embodiment, significant decreased rlsk Is measuvred as a relatlve
risk of less than 0.9, Including but not limited to less than 0.9, less than 0.4, less than 0.7,
less than 0.6, less than 0.5, less than (.4, less than 0.3, less than 0.2 and less than 0.1. In
one particular embodiment, significant decreased risk Is less than 0.7. In another
embodiment, signiflcant decreased risk is less than 0.5. In yet another embodiment,
signiflcant decreased risk Is less than 0.3. In another embodiment, the decrease In risk {or
susceptibllity) Is at least 20%, Including but not limlted to at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least 5D%, at least 55%, at lzast 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% and
at least 96%. In one partlcular embodiment, a significant decraase in risk is at least about
30%. In another embodlment, a significant decrease In risk Is at least about 50%. In
another embodirment, the decrease in risk is at least about 70%. Other cutoffs or ranges as
deemad sultable by the person skilled in the art ko characterize the inventlon are however
also contemplated, and those are also within scope of the present Inventlon.

The person skllled In the art will appreclate that for markers with two zlleles present
In the population balng studled (such as SNPs), and wheraln ane allele Is feund In Increased
frequency In a groeup of Indlviduals with a tralt or disease In the population, compared with
controls, the other allele of the marker will be found In decreased frequency In the group of
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individuals with the trait or disease, compared wlth contrals. In such a case, one allele of the
marker (the one found in Increased fraquency In Individuals with the tralt or disease) will be
the at-risk allele, while the other allele will b2 a protective allele,

Linkage Disequifibrium

The natural phenomenon of recomblination, which occurs on average once for each
chromosomal palr during each melotic event, represents one way In which nature
provides varlations In sequence {and biological function by consequence). It has been
discovered that recombination does not occur randombly In the genome; rather, there are
large variatlons In the frequency of recombination rates, resulting In small reglons of high
recombination frequency {alsc called recombination hotspots) and larger reglons of low
recomblnation frequency, which are commonly referred to as Linkage Disequilibrium (LIY)
blocks {Myers, S. et al., Biochem Soc Trans 34:526-530 {2006}); Jeffreys, A.)., et
gl.,Nature Genet 29:217-222 (2001); May, C.A., et al., Nature Genet 31:272-275(2002)).

Linkage Disequlllbrium {LD} refers to a non-random assortrnent of two genetic
elements. For example, IF a particular genetic element {e.g., an allele of a polymorphic
marker, or a haplotype) ocours In a population at a frequency of 0,50 (50%) and another
element occurs at a frequency of 0.50 (50%}), then the predicted occurrance of 2 parson’s
having both elements 15 0.25 (25%]), assumling a random distribution of the elfements.
However, If It Is discovered that the two elemants occur together at a frequency higher
than 0.25, then the elements are sald to be In linkage disequlllbrium, since they tend to
be Inherited together at a higher rate than what thelr Independent frequencles of
occurrence {e.q., allele or haplotype frequencles) would predict, Roughly spgaking, LD Is
generally correlated with the frequency of recombination evenbts Between the two
elements. Allele or haplotype frequencles can be determined in a populatien by
genotyplng Individuals In a population and determining the frequency of the occurence of
each allele or haplotype In the populatien. For populatlons of diploids, £.4., human
populations, Indlviduals wilk typlcally have two zlleles for each genetlc element {e.g., a
marker, haplotype or gene).

Many different measures have bean proposed for assessing the strength of linkage
disequiltbrium {LD). Most capture the strength of assoclatlon between pairs of biallellc
sltes. Two Important pairwlse measures of LD are r (sometimes denoted A%) and |D*|.
Both measures range frem 0 {no disequilibrium) to L {'complate’ disequillbrium), but thelr
Interpretation Is slightly different. |D’| Is defined tn such a way that It Is equal to 1 I just
two or three of the possible haplotypes are present, and it is <1 If all four possible
haplotypes are present. Therefore, a value of |D’] that Is <1 indlcates that historical
recornbinatlon may have occurred between two sites (recurrent mutation can also c2use
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|D’[ to be <1, but for single nuclectide polymorphisms {SNPs) this is ustrally regarded as
being less likely than recomblnation). The measure r? represents the statistical
correlation between two sltes, and takes the value of 1 If onfy two haplotypes are present.

The r* measure Is arguably the most relevant measure for association mhpplng,
because there is a simple Inverse relationship between * and the sample size required to
detect assoclatlon bebween susceptlbliity tocl and SNPs. These measures are defined for
palrs of sltes, but for some applications a determination of how strong LD Is across an
entlre reglon tﬂat contzins many pelymorphic sites might be desirable (e.g., testing
whether the strength of LD differs significantly among loci or across populatlens, or
whether there [s more or less LD in a reglon than predicted under a particular model).
Measuring LD across a reglon Is not streightforward, but one approach is to use the
measure r, which was developed In population genetics. Roughly speaking, r measures
how much recomblnation would be required under a particular population mode! to
generate the LD that is seen in the data. This type of method can potentlally also provide
2 statistically rigorous approach to the problem of determining whether LD data provide
evldence for the presence of recombination hotspots. For the methods, kits,procedures,
medla and apparati described hereln, a signlficant r* value can be at least 0.05, sich as at
least 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0,55, 0.6, D.65, 0.7, 0.75, 0.8, (.85,
0.9, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.7, 0.98, 0.9 or 1.0. In one preferred
embadiment, the significant r* value can ba at least 0.2. Alternatively, linkage
disequlllbrium as described herein, refers to linkage disequllibrium characterized by values
of |D’| of at least 0.2, such a5 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, .85, 0.9, .95, 0.96, 0.97,
0.98, 0.99. Thus, linkage disequilibrium represants a correfaticn between alleles of
distinct markers. It Is measured by correlation coefficlent or [D'] {r® up to 1.0 and |D*] up
to 1.0). In certaln embodiments, linkage disequillbrium Is deflned In terms of values for
both the r* and |D'| measures. In one such embodiment, a signiflcant linkaoe
disequillbrium /s defired as > 0.1 and |D'] >0.8. In another embodIment, a significant
linkage disequlltbrium Is defined as r* > 0.2 and |D'] >0.9. Other combinations and
permutations of values of ¥ and |D’|for determining linkage disequilibrium are also
possible, and within the scope of the Inventlon. Unkage disequillbrium can be determined
In a sIingle human populatlon, as deflned herein, or It can ba determined In 2 collection of
samples comprising indlviduals from more than one human population. In one
embodiment of the Invantien, LD Is determined In a sample from one or mare of the
HapMap populations (caucasian, african, japanese, chinese), as deflned
(http:/fwww.hapmap.org). In one such embodiment, LD Is determined In the CEU
pepulation of the HapMap samples. In another embodiment, LD is determined In the YRI
population. In yet another embodiment, LD Is determined In samples from the Icefandic

population.
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If all polymorpghlsms In the genome were Identlcal at the population level, then
every single ona of them would need to be Investigated In association studies, Howaever,
due o linkage disequillbrium between polymorphisms, tightly linked polymorphisms are
strongly correlated, which reduces the number of polymorphlsms that need to be
investlgated In an assoclation study to observe a significant assoclation. Anaother
consequence of LD |s that many polymorphlsms may give an assoclation signal due to the
Fact thak these polymorphlsms are strongly comelated.

Genomic LD maps have been generated across the gencme, and such LD maps

have been pmposed to serve as framework for mapping disease-genes (Risch, N. &
Merklangas, K, Science 273:1516-1517 {1996); Manlatis, N., et 3L, Proc Natf Acad 5S¢
USA 99:2228-2233 (2002); Reich, DE et af, Nature 411:199-204 {2001}}).

It is now established that many portlons of the human geneme can be broken Inte
serles of discrete haplotype blacks contalning a few common haplotypes; for these blocks,

_Iinkage disequllibrium data provides iittle evidence Indlcating recombination (see, e.g.,

wall., 1.0. and Pritchard, ).K., Nature Reviews Genellcs 4:587-597 (2003); Daly, M. et
al., Nature Genet, 29:229-232 (2001); Gabriel, S.B. et 5., Sclence 296:2225-2224
{2002); Patll, N. et al., Scfence 294:1719-1723 {2001}, Dawson, E. et al., Nature
418:544-548 (2002); Philllps, M.5. et af., Nature Genet, 33:382-387 (2003}).

There are two maln methods for defining these haplatype blocks: blocks can be
deflned as reglons of DNA that have limited haplotype diversity {see, e.g., Daly, M. et af,,
Nature Genet. 29:229-232 (2001); Patil, N. et al, Science 294:1719-1723 (2001);
Dawson, E. et af., Mature 418:544-54B (2002); Zhang, K. et af., Proc. Nall. Acad, 54,
L/54 99:7335-7339 {(2002)), or as reglons between transition zones having extensive
historical recomblnation, identifled using linkage disequllibrium (see, e.g., Gabriel, 5.B. et
al., Soience 286:2225-2229 (2002); Phillps, M.5. et al., Malure Genet. 33:382-387
{2003); Wang, N. et af., Am. J. Hum. Genet, 71:1227-1234 (2002); Stumpf, M.P., and
Goldsteln, D.B., Curr. Bfol. 13:1-8 (2003)). More recently, a fine-scale map of
recomblnation rates and corresponding hotspots across the human genome has been
generated {(Myers, S., et al., Sclence 310:321-32324 (2005); Myers, 5. et 2/, Blochem
Soc Trens 14:526530 (2006)). The map revezls the enormous variation In recombination
across the genome, with recombination rates as high as 10-6Q ¢M/Mb in hotspots, while
closer to 0 In intervening reglons, which thus represent reglons of limited haplotype
dlversity and hlgh LD. The map can therefere be used to define haplotype blocks/LD
blocks as regions flanked by recombination hotspots. As used hergin, the terms
“haplotype block” or “LD block® Includes blocks defined by any of the abave described
characteristics, or other alternative methods used by the person skilied in the art to deflne

such reglons.
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Haplotype blocks can be used to map assoclatlons between phenctype and
haplotype status, using single markers or haplotypes comprising a plurality of markers,
The maln haplotypes can be Identlfied in each haplotype EBlock, and then a set of "tagging”
SNPs or markers (Ehe smallest set of SNPs or markers needed to distingulsh among the
haplotypes) can then be Identlflad. These agging SNPs or markers can then be used in
assessment of samples from groups of individuals, In arder to identify assoclation between
phenotype and haplotype. If desired, nelghboring haplotype hlocks can be assessed
cancurrently, as there may also exist linkage disequillbrium among the haplotype blocks.

It has thus become apparent that for any given observed assoclation to a
polymarphic marker In the genome, it Is Hkely that additional markers In the gencme also
show assoclatlon. This Is a natural consequence af the uneven distribution of LD across
the genome, 25 observad by the large vartatlon In recombinatlon rates. The markers used
to detect assoclation thus in a sense represent “tags” for a genomilc region (i.e., a
haplotype block or LD block} that is associating with a glven disease or tralt, and as such
are useful for use In the methods and kiks of the present Inventlon. Cne or more
causative (functlonal) varlants or mutations may reside within the reglen found to be
associating to the disease or tralt. Such varlants may confer a higher relative risk {RR) or
adds ratio {OR) than cbserved Far the tagging markers used to detect the assoclabon,
The present invention thus refers Lo the markers used for detecting associatian o the
disease, és describad herain, as well as markers In IiInkage disequllibrium with the
markers. Thus, In certain embodiments of the inventlon, markers that are in LD with the
markers andfor haplotypes of the Invention, as described herein, may be used as
surrcgate markers, The surrcgate markers have In one embadiment relative risk (RR)
and/or edds ratlo (OR) values smaller than for the markers ar haplotypes initially found to
be assoclating with the disease, as described herein. In other embodiments, the
surrogate markers have RR or OR values greater than those Inltlally determined For the
markers tnitially found to be associating with the disease, as described herein. An
exampla of such an embodiment would be a rare, or relatively rare { < 10% allelic
population frequency) variant in LD with a more common variank (> 10% population
frequency) initially found to be assoclating with the disease, such as the variants
described herein,  Identifylng and using such markers for detecting the assoclation
discovered by the Inventors as described herein can be performed by routine methods
well known to the person skilled In the art, and are therefore within tha scope of the
present invention.

It Is possible that certaln polymarphic markers In linkage disequilibrium witht the
markers shown hergin to be assoclated with Type 2 dlabetes are located outslde the
physical boundaries of the LD block as defined. This Is a consequence of the historlcal
recombination rates In the reglon in question, which may have led to & reglon of strong
LD {the LD block), with resldual markers cutside the block in LD with markers within the
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block. Such markers are also within scope of the present Inventlon, as they are equally
usefull for practicing the Inventlon by virtue of their geneatic relatlonship with the markers
shown hereln to be assoclated with Type 2 dlabetes. Examples are shown In Table 22
{(rs17234378; SEQ ID NO:44}, Table 23 (rs7086285; SEQ 1D NC:43) and Table 24
{rs9850889; SEQ TD NO:31: rs2009B802; SEQ 1D NO:38; rs17718938; SEQ ID NC:39;
rs2109050; SEQ ID NO:41; rs1962801; SEQ ID NO:42,

Determination of haplotype frequency

The frequenclas of haplotypes in patlent and contral groups ¢an be estimated
using a2n expectation-maximization algorithm (Dempster A, ef af., J. R. Stat. Soc. B, 39:1-
38 {1977)). An Implementation of this algorithm that can handle missing genctypes and
uncertainty with the phase can be used. Under the null hypothesls, the patlents and the
contrgls are assumead to have Identical frequencles. Using a likellhood appreach, an
alternatlve hypotheasls Is tested, where a candidate at-risk-haplotype, which can include
the markers described hereln, Is allowed to have a hlgher frequency in patients than
controls, while the ratlos of the frequancies of other haplotypes are assumed to be the
same In both groups. Likellhoods are maximized separately under both hypotheses and a
corresponding 1-dFf likellhood ratlo statistlc bs used to evaluate the statistical significance.

To Inok For at-risk and protectlve markers and haplotypes withln a reglon of
interest, for example, associatlon of all possible combinations of genotyped markers Is
studied, provided those markers span a practical reglon. The comblned patlent and
contro! groups can be randomly dlvided Into two sets, equal In slze to the original group of
patlents and conbrals. The marker and haplotype analysls [s then repeated and the most
significant p-value registered is determined. This randomization scheme can be repeated,
for example, over 100 times to construct an emplrical distributlon of p-values. Ina
preferred embodiment, a p-value of <0.05 Is Indlcative of a slgniflcant marker and/or

haplotype associatlon.

Haplotype Analysis

One general approach to haplotype analysis Involves using likeflhood-based
Inference applied to NEsted MOdels {Gretarsdottir 5., et af,, Nal, Genet. 35:131-38
(2003)). The method Is Implemented In the program NEMO, which allows for many
polymarphic markers, SNPs and microsatellltes. The method and software are speclfically
designed for case-control studles where the purpose Is to ldentify haplotype groups that
confer diffarent risks. It is also a tool for studying LD structures. In NEMO, maximum
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likelihood estimates, likelihood ratios and p-values are calculated directly, with the aid of
the EM algorithm, for the observed data treating It as a missing-data problem.

Even though likellhood ratlo tests based on lkelihoods computed directiy far the
observed data, which have captured the infarmation loss due to uncertalnty In phase and
missing genctypes, can &e relied on to glve valid p-values, It would still be of interest to
know how much Infarmation had been lost due to the information being incomplete, The
Information measure for hapletype analysls is describad In Nicolae and Kong (Technlcal
Report 537, Department of Statistics, University of Statistics, Unlversity of Chicago;
Biometrics, 60{2):368-75 (2004)) as a natural extension of Information measures deflned
for linkage analysls, and Is implernented in NEMO.

For single marker association to a disease or tralt (e.q., Type 2 dlabetes), the
Fisher exact test can be used to calculate two-slded p-values for each Individual allele.
Usually, all p-values are presented unadjusted for multiple comparisons unless specifically
Indicated. The presented frequencies (for microsateliltes, SNPs and haplotypes) are allelic
frequencles as oppeosed to catrier frequencles. To minimize any blas due the relatedness
of the patlents who were recrulted as families for the linkage analysls, frst and second-
degree relatives can be eliminated from the patient list. Furthermore, the test can be
repeated for assoclatlon correcting for any remalning relatedness among the patlents, by
extendlng = variance adjustment procedure described In Risch, N. & Teng, J. (Genome
Res,, 8:1273-1286 (1998}}, DNA pooling {ibid) for sibshlps o that it can be applled Lo
general familial relationships, and present both adjusted ang vnadjusted p-values for
comparison. The diferences are In general very small as expected. To assess the
slgniflcance of single-marker assoclatlon corrected for multiple testing we can carry out a
randomization test using the same genotype data, Cohorts of patients and contrels can
be randomized and the assoclatlon analysls redone multiple times (e.g., up to 500,000
times) and the p-value Is the fractlon of replications that produced a p-value for some
marker alfele that Is lower than or equal to the p-value we observed using the original
patlent and control cohorts.

For both single-marker and haplotype analyses, relatlve risk {RR} and the
population attributable risk (PAR} ¢an be calculated assuming a multipllcative model
(haplotype relative risk model) (Terwllliger, 1.D. & Ott, )., Hum. Hered, 42:337-46 (1992)
and Falk, C.T. & Rublnstein, P, Ann. Hum. Genet. 51 (Pt 3):227-33 (1987)), l.e., that the
risks of the two alleles/haplotypes a person cairies multiply. For example, If RR is the risk
of A relative to a, then the risk of a person homozygote AA will be RR times that of a
heterozygote Aa and RR® times that of a homozygote aa. The multiplicative model has a
nlce property that simplifies analysTs and computations — haplotypes are Independent,
l.e., In Hardy-Welnberg equlllbrium, within the affected population as well as within the
controf population. As a consequence, haplotype ¢ounts of the affecteds and controls
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each have multlnomial distrlbutlons, but with different haplotype frequencies under the
alternative hypothesls. Specifically, for bwo haplotypes, iy and f;, risk(h)/risk(f)} =
(/)i (f/p), where f and p denote, respectively, frequencies in the affected population
and In the contrgl population. While there Is some power Joss IF the true model is not
multiplicathve, the loss tends ta be mild except for extreme cases, Most Importantly, p-
values are always valid since they are computed with respect te null hypothesis,

Risk assessment angd Diagnostics

As described hereln, certaln polymorphlc markers and haplotypes comprising such
markers are found to be useful for risk assessment of Type 2 diabetes, Risk assessment
can Invalve the use of the markers for dlagnosing a susceptibility to Type 2 diabetes.
Partlcular alleles of polymorphle markers are found more frequently In Individuals with
Type 2 dlabetes, than in Individuals without dlagnosis of Type 2 dlabetes, Therefore,
these markear alleles have predictive value for detecting Type 2 diabeltes, or a
susceptibllity to Type 2 diabetes, in an Individual, Tapgging markers with!n haplotype
blocks or LD blocks cormprising at-risk markers, such as the markers of the present
Inventlon, can be used as surrogates for other markers andfor haplotypes within the
haplotype block or LD blogke. Markers with values of £ equal to 1 are perfect surrogates
for the at-rsk vaHants, [.e. genotypes for one marker parfectly predicts genatypes for tha
other. Markers with smaller values of /* than 1 ¢an also be surrogates for the at-risk
varlant, or altematively represant variants with relative risk values as hlgh as or possibly
avan higher than the at-risk variant,

The at-risk variant Identified may nol be the functlonal variant itself, but Is In this
Instance In linkage disequllibrium with the true functlonal vadant. The present Invention
encompasses the asseasment of such surrogate markers for the markers as disclosed
hereln. Such markers are annotated, mapped and listed In nubllc databases’{2.g.,
dbSNP), as well known to the skilled person, or can aitermatively be readily Identifled by
sequencing the reglon or a part of the reglon identified by the mackers of the present
invention In a group of Indlviduals, and Identify polymaorphlsms In the resulting group of
sequences. As a consequence, the person skilled In the art can readlly and without undue
expermentation genotype surrogate markers in linkage disequlllbrium with the markers
and/or haplotypes as descaribed hereln. The tagglng or surrogate markers in LD with the
at-risk variants detected, also have predictlve value for detecting asscclation to Type 2
diabetes, or a susceptibility to Type 2 dlabetes, In an Individual,

The markers and hapletypes as described hereln, e.g., the markers presented in
Tables 1 - 24, may be useful for risk assessment and dlagnostic purposes for, either alone
or in comblnation. The markers and haplotypes can also be combined with other markers
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conferring Increased risk for Type 2 diabetes. Even In cases wheare the Increase in risk by
Indlvidual markers Is relatively modest, I.e, on the order of 13-30%, the association may
have slgnificant Implicatlons. Thus, relatively ¢common variants may have slgniflcant
contribution to the overall risk (Population Attributable Risk is kigh}, or comblnatlan of
markers can be used to deflne groups of individual who, based on the comblned risk of
the markers, Is at significant combined risk of develaping the disease. The markers
described herzin to be assoclated with Type 2 dlabetes can therefors be combined with
other polymorphic markers or haplotypes reported or found to be associated with Type 2
diabetes, 5o as to obtaln an overall risk of the disease based on a plurality of genetic
miarkers.

In one stich embodiment, the polymorphic markers or haplotypes described herein
are assessed together with inforrmation about markers within the TCF7L2 gene.
Association of varlants within this gene [s well established {Grant 5.F., at af., Nat Genat. -
38:320-3 (2008)) and has been replicated In a 1arge number of popudations {Flarez, 1.C.,
Curr Opin Clin Nutr Metabol Care 10:391-396 (2007). The marker rs7903146 within the
TCF712 gene, or other markers In LD with the rmarker {e.g., r512255372} can be used to
determine the genetic risk conferred by the at-risk varant In the gene {DR about 1.44).

Markers In other genes have recently been Implicated In the eticlogy of Type 2
dlabetes as risk factors, including PPARG (rs1801282), KCNJ11 {rs5215), TCF2
{rs4430796), WFS1 (rs10010131), CDKN2A-2B {rs1081161), IGF2BP2 {rs4402960) and
FTO (rs805136) (Frayling, T.M. Nature Reviews Genetics 8:657-662 (2007}.. Thesa
markers, or markers In Inkage disequillbrium therewith can llkewlse also be used In
methods combining deterrnination of the presence or absence of at-risk variants for Type
2 diabetes with the variants reported herein, so as to obtaln an averall risk assessment of
Type 2 diabetes.

Thus, in one embodiment of the Invention, a plurality of variants {genetic markers
andfor biomarkers and/for haplotypes) Is used far overall risk assessment. These varlants
are In one embodiment selected from the varlants as disclosed hereln. Other
embodiments Include the use of the variants of the presenrt Inventlon In comblination with
other variants known to be useful for diagroesing a susceptibllity to Type 2 dlabetes, In
such embodiments, the genotype status of a plurality of markers and/or haplotypes Is
determlned In an Indlvidual, and the status of the Individual compared with the population
frequency of the assoclated variants, or the frequency of the varants In dinically healthy
subjects, such as age-matched and sex-matched subjects. Methods known in the art,
such as multlvariate analyses or joInt risk analyses, may subsequently be used to
determine the overall risk conferred based an the genotype status at the multiple lad.
Assessment of risk based on such analysls may subsequently be used in the methods and
kits of the Inventlon, as described hereln.
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&5 described In the abova, the haplotypa blode structure of the human gencome
has the effect that a large number of variants {markers and/or haplotypes) In linkage
disequilibrivrm with the varant originally assoclated with a disease or tralt may be used as
surrogate markers for assessing assoclation to the disease or tralt. The number of such
surrogate markers will depend on Factors such as the historical recomblnatien rate In the
reglon, the mutational frequency In the reglon (l.e., the number of polymorphlc sltes or
markers In the reglon), and the extent of LD {slze of the LD block) In the region. These
markers are usually located within the physical boundarles of the LD block or haplotypea
block In question as defined using the methods described herein, or by other methods
known to the person skilled in the art.  However, sometimes marker and haplatype
assoclatien is found to extend beyond the physfcal boundaries of the haplotype block as
defined. Such markers and/or haplotypes may In those cases be also used as surrogate
markers andfor haplotypes for the markers and/or haplotypes physically reslding withfn
the haplotype block as deflned. As a consequence, markers and haplotypes In LD
(typ'cally characterized by r* greater than 0.1, such as r* greater than 0.2, induding r?
greater than 0.3, also Including r* greater than 0.4) with the markers and haplotypes of
the present Inventlon are also within the scope of the invention, even IF they are
physlcally located beyond the boundarles of the haplotype block as defined. Thls includes
markers that are described hereln {e.g., markers listed in Takles 22, 23 and 24}, but may
also Include othar markers that are In linkage disequilibrium {e.g., characterized by 2
greater than 0.2 and/or |D‘| = 0.8 with one or more of the markers listed in Tables 22,

23 and 24.

For the SNP markers described heraln, the opposite allele to the allele found to be
In excess In patlents {at-risk allele) Is found In decreased frequency In Type 2 diabetes.
These markers and haplotypes In LD andfor comprising such markers, are thus protective
for Type 2 dlabetes, l.e. they confer a decreased risk or susceptibllity of Indlviduals
carrying these markers and/ar haplotypes developing Type 2 dlabetes. Alternatively
speaking, the absence of at-risk alleles of at-risk varlants Implles the prasence of the
alternate allele for blallellc markers such as SMNPs. Thus, the absence of at-risk varlants
as described hereln Is indicative of a protection against Type 2 diabetes,

As describad hereln, haplotypes comprising a comblnation of genetlc markers,
e.4., SNPs and microsatellites, can be useful for risk assessment. Detecting haplotypes
can be accomplished by methods known In the art and/or described hereln for detecting
sequences at polymorphic sltes. Furthermore, correlation between certaln haplotypes or
sets of markers and disease phenotype can be verified using standard technlques. A
represantative example of a simple test for correlation would be a Fisher-exact test on a
two by two table.
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In specific embodiments, a marker or haplotype found to be associated with Type
2 diabetes, is one In which 2 marker or haplotype Is more frequently present In an
Individual at risk for Type 2 dlabetes {e.g., an affected person), compared to the
frequency of its presence In a healthy Individual {control) or in 2 randemly selected
Individual from the papulation {population control), wheraln the presence of the marker
allele ar haplotype is indlcatlve of Type 2 dlabetes or a susceptibllity to Type 2 dlabetes,
In other embodiments, at-risk markers In linkage disequillbrium with one or more
markers found to be associated with Type 2 diabetes are tagging markers that zre mare
frequently present In an indlvidual at risk for Type 2 dlabetes (e.g., affected Individuals),
compared to the frequency of thelr presence in controls, whereln the presence of the
tagging markers is Indicative of increased susceptibllity to Type 2 dfabetes. In a further
embodiment, at-risk markers alleles (l.e. conferring increased susceptibillty) In linkage
disequiliorium with one or more markers found to be associated with Type 2 dlabetes are
markers comprising one or more allele that Is more frequently present In an individual at
risk for Type 2 dizbetes, compared to the frequency of thelr presence In contra’s, whereln
the presence of the markers Is indicative of Increased susceptibility to Type 2 diabetes.

Study population

In a general sense, the methods and kits of the invention can be utillzed from
samples contalning genomic DNA from any source, i.e. any Indlvidual. In preferred
embodiments, the Indlvidual Is a human Individual. The individual can be an adult, child,
or fetus. The present Inventlon also provides for assessing markers andfor haplatypes in
individuals who are members of a target population. Such 2 target population is in one
embodiment a population ar group of Individuals at risk of developing the disease, based
on other genetlc factors, blomarkers, bicphysical parameters (e.g., welght, BMD, blood
pressure}, or general health and/or lifestyle parameters {e.g., history of disease or related
diseases, previous diagnosis of disease, famlly history of disease).

The Invention provides for embodiments that Inglude individuals from specific age
subgroups, such as those over the age of 4D, over age of 45, or over age of 50, 55, 60,
85, 70, 75, 80, or BS. Other embodiments of the Invention pertaln to other age groups,
such as Individuals aged less than 85, such as less than age 80, less than age 75, orless
than age 70, 65, 60, 55, 50, 45, 40, 35, or age 30. Other embodiments relate to
Individuals with age at onset of the disease In any of the age ranges described in the
above. It s also contemplated that a range of ages may be relevant In certaln
embodiments, such as age at onset at more than age 45 but less than age 60, Other age
ranges are however also contemplated, Including all age ranges bracketed by the age
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values listed In the above. The Invention furthermore relates to Individuals of elther

gender, males or females.

The Icelandic population is a Caucaslan population of Northern European ancestry,
A large number of studies reporting results of genetic linkage and association In the
Icelandic population have been publlshed in the last few years. Many of those studles
show replicatlon of varfants, originally identifled In the Icelandic populaticn as belng
assoclating with a particular disease, in other populations (Stacey, 5.N., et al., Nat Genet.
May 27 2007 (Epub ahead of print; Helgadottir, A., ef al., Sclence 316:1491-93 (2007);
Steinthorsdottir, V., et af., Nat Genet, 39:770-75 (2007); Gudmundsson, 1., et al., Nat
Genet. 39:631-37 (2007); Amundadotfir, L.T., et &/, Nat Genet. 3B:652-58 {2006);
Grant, 5.F,, et al., Nat Genet. 38:320-23 {2006}). Thus, genetlc findings n tha Icalandic
population have In general been replicated in other populations, Including populations
from Afrlca and Asla. The variants described hereln to be assoclated to the COKAL gene,
In particufar the LD Block CO6 (SEQ ID NO: 1) have been replicated In several populatlons
of European, Amerlcan, and Chinese (Hong Kong) origin. This supports the belief that
these variants (rs?7756992 and markers In linkage disequillbrium therewith) are at-risk
varignts for Type 2 diabates In most populations.

Partlcular embodiments comprising indlvidual human populations are thus also
conternplated and with!n the scope of the present Inventlon. Such embodiments relate to
human subjects that are from one or more human pepulation Including, buk not limited to,
Caucasian populations, European populations, American populatlons, Euvrasian
populations, Aslan populatlons, Central/South Aslan populatlons, East Aslen populations,
Middle Easterm populations, African populations, Hispanlic populatlons, and Oceanlan
populations. European populations Include, But are not limited to, Swedlsh, Norweglan,
FInnish, Russlan, Danlsh, Tcalandic, Irsh, Kelt, English, Scottish, Dutch, Belglan, French,
Germnan, Spanish, Portuguese, ftallan, Polish, Bulgarian, Slavilc, Serbian, Bosnlan, Czech,
Greek and Turkish populations. The Inventlen furthermore In other embodiments can be
practiced In spacific human populations that Include Bantu, Mandenk, Yoruba, San, Mbut!
Pygmy, Orcadian, Adygel, Russian, Sard!nian, Tuscan, Mozabite, Badouln, Druze,
Falestinlan, Balochl, 8rahul, Makranl, Sindhl, Pathan, Burusho, Hazara, Uygur, Kalash,
Han, Dal, Daur, Hezhen, Lahu, Mlaa, Oroqen, She, Tujla, Tu, Xlbo, ¥i, Mongolan, Naxl,
Cambodian, Japanese, Yakut, Melaneslan, Papuan, Karltlanan, Surui, Columblan, Maya

and PIma.

In one preferrad embodiment, the inventlpn relates to populations that include
black African ancestry sich as populations comprising persons of African descent or
lineage. Black African ancestry may be determinad by self reporting as African-
Americans, Afro-Amerlcans, Black Americans, belng a member of the black race or befng
a member of the negro race. For example, African Americans or Black Americans are
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those persons llving In North America and having erigins In any of the black raclal groups
of Africa. In another example, self-reported persons of black African ancestry may have

at least one parent of black African ancestry or at least one grandparent of black African

ancestry.

The raclal contribution In Individual subjects may also be determined by genetic
analysls. Genetlc analysls of ancestry may be carrled out using unlinked microsatellite
markers such as those set out In Smith et 2f. (Am 7 Hum Genet 74, 1001-13 (2004)).

In certaln embodiments, the Inventlon relates to markers andfor haplotypes
identified in speclfic populations, as described In the above. The person skilled in the art
will appreclate that measures of linkage disequllibrium {LD) may glve different results
when applled to different populations. This Is due to different population history of
different hurnan populations as well as differential selective pressures that may have lad
to differences in LD In specific genomlc reglons. It Is alse well known to the person skilled
in the art that certaln markers, e.g. SNP markers, have different population frequency In
different populations, or are polymaorphic in one populatlon but not In ancther. The
perscn skilled In the art will however apply the methods available and as thought hereln
to practice the present invention In any glven human population, This may Include
assessment of polymarphic markers In the LD region of the present inventlon, so as to
identify those markers that give strongest assoclation within the specific population.
Thus, the at-risk variants of the present Invention may reslde on different haplotype
background and In different frequendles In varlous human populations. However, utillzing
rmathods known [n the art and the markars of the present invention, the Invention can be
practiced in any given human population.

Lititity of Genetic Testing

The knowledge about a genetlc variant that confers a risk of developing Type 2
dlabetes offars the opportunity to apply a genetic test to distingulsh between Individuals
with increased risk of deveioping the disease (i.e, carriers of the at-risk varant) and those
with decreased risk of developlng the disease (i.e. carriers of the protectlva variant), The
core values of genetic testing, for Indlviduals belonging to both of the above mentloned
groups, are the posstbllities of belng able to diagnose the dlsease at an early stage and
provide Information to the clinician about prognosis/aggressiveness of the disease in order
to be able to apply the most appropriate treatment.

For example, the application of a genetic test for Type 2 diabetes can identify high
risk Individuals among people with Impaired fasting glucose (IFG) or impaired glucose
twlerance (IGT). It Is well established that while around a third of peaple who are found to
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have IFG/TGT develop Type 2 diabetes, glucose laevels return to normal for an equal
proportion of Individuals. Identification of indlviduals within this group that are carrlers of
genetic nsk varants will allow targeting of those Individuals by preventive measures. For
example, these Indlviduals may benefit from a coser manitorlng of blood glucose lavels to
aid in early dlagnosis. They may also need rmore strngent lfestyle interventlon advice

"since Indlviduals with certaln genetic risk Factors develop Type 2 dlabetes at lower BMI

[evels than those without those Factars.

Individuals with a famlly history of Type 2 dlabetes and carrlers of at-risk varlants
may benefit from genetic testing since the knowledge of the presence of a genetlc risk
factar, or evidence for increased risk of belng a carrier of ona or more risk factors, may
provide Increased incentlve for implementing a healthler [ifestyle. Furthermore, closer
monitoring of glucose levels should be advised Ffor such individuals, facilltating early

dlagnosls andfor preventative treatment.

Genetic testing of Type 2 diabates patients may furthermore glve valuable
information about the primary cause of the disease and can ald the clinlcian in selecting
the best treatment gptions and medlcatlon for each Individual. For Instance, patlents with
genetle risk Factars for reduced Insulln secretion may be llkely to beneflt from medication
Increasing Insulln secretian while Increasing insulln sensitivity In those Individuals may be

less effective,

METHODS OF THE INVENTION

Methods for risk assessment of Type 2 dlabetes are described hareln and are
encornpassed by the Inventlon. The Inventlon also encompasses methods of assessing an
Indlvidual for probablllity of response to a therapeutlc agent for Type 2 dlabetes, as well as
rmethods for predicting the effectlveness of a therapeutic agent for Type 2 dlabetes. Kits
for assaylng a sample from a subject to detect susceptibility to Type 2 diabetes are also

encompassed by the invention.

DIAGNOSTIC AND SCREENING ASSAYS OF THE INVENTION

In certain embodiments, the present Invention partalns to methods of assessing
risk or dliagnosing, or alding In risk assessment or diagnosls of, Type 2 dlabetes or a
suscepliblilty to Type 2 dlabetes, by detecting partlcular alleles at genetic markers that
appear more frequently !In Type 2 dlabetes subjects or subjects who are susceptible to
Type 2 dlabetes. 1n a2 particular embodiment, the Inventlon 15 a method of assessing
susceptibllity to Type 2 dlabetes by detecting at least one allale of at [east one
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polymorphle marker {e.g., the markers described hareln). The present Invantion
describes methods whereby detection of particular allefes of particular markers or
haplotypes Is Indicative of a susceptibllity to Type 2 diabetes. Such prognostic or
predictive assays can also be used to determine prophylactic treatment of a subject prior’
to the onset of symptoms of Type 2 diabetes.

The present Invention pertalns In some embodiments to methods of-dinlcal
applications of diagnosis, e.g., dlagnos!s performed by a medlcal professional, which may
Include an assessment or deterrination of genetic risk variants. In other embadiments,
the Invention pertalns to methods of risk assessment {or diagnesls) performed by a
layman. Recent technological advances In genotyping technologles, Including high-
throughput genotyping of SNP markers, such as Malecular Inversion Probe array
technology (e.g., Affymetrix GeneChlp), and BeadAray Technologies (e.g., Illumina
GoldenGate and Infiniurn assays) have made It possible for individuals to have thelr own
gencme assessed for up to one million SNPs. The resulling genotype Information, made
avallable fo the Individual can be compared to Information from the public Niterature about
disease or trall risk assoclated with varous SNPs. The dlagnostic application of diseasa-
assoclated alleles as described hereln, ¢an thus be perfarmed either by a health
professional based on results of @ clinlcal test or by 2 layman, including an Individual
praviding service for parforming an whoele-genome assessment of SNPs. In other words,
the dizgnosis or assessment of a susceptibllity based an genetic risk can be made by
health professionzls, genetlc counselors, genotype services providers or by the layman,
based an Infarmatlen about his/her genotype and publications on varipus risk factors., In
the present context, the term “diagnosing®, and “diagnose a susceptiblllty”, Is meant to
refer to any available dlagnostic method, induding those mentloned abowve.

In additlon, in certaln cther embodiments, the present Invantlen partalns Lo
methods of diagnosing, or alding In the dtagnosis of, a decreased susceptibllity to Type 2
dlabetes, by detecting particular genetic marker alleles ar haplotypes that appear less
frequently in Type 2 dlabetes patients than In Individual not diagnosed with Type 2
dlabetes or In the general population.

As described and exemplifled herein, particular marker alleles or haplotypes {&.g.
the markers and haplotypes as listed In Tables 1-24, e.g., the markers and haplotypes as
listed In Tables 1-6 and Tables 9-12, and markers In linkage disequilibrivm therewith} are
asscclated with Type 2 diabetes. In one ermbodiment, the marker allele or haplotype is
one that confers a significant Hsk or susceptibility to Type 2 diabetes. In another
embodiment, the Inventlen relates to a method of diagnosing a susceptibility ta Type 2
diabetes in a human Indlviduzl, the method comprising determining the presence or
absence of at least one allele of at least one polymorphic marker in a nucleic acid sample
obtalned from the individual, whereln the at jeast one polymorphic marker is selected
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from the group conslsting of tha palymorphlc markers listed In Table 9, Table 10, Table
11, and Table 12, and markers in linkage disequillbrium {defined as r* > 0.2) therewith.
In another embodiment, the Inventlion pertalns te methods of diagnosing or assessing a
susteptibllity to Type 2 dlabates In a human Individual, by screening for at least one
marker allele or haplotype 25 listed in Tables 1-6 and 9 - 12, or markers in linkage
disequilibrium therewith. In another embodiment, the marker allele or haplotype is more
frequently present In a subject having, or who iIs susceptible to, Type 2 diabetes
(affected), as compared to the frequency of Its presence in a healthy subject {control,
such as population centrols). In certain embodiments, the significance of assoclatlon of
the at least one marker allele aor haplotype is charecterized by a p value < 0.05. In other
embodiments, the significance of association is characterized by smaller p-values, such as
=< 0.01, =0.001, <0.0001, «<0.00001, <0.000001, <0.0000001, <0,00000001 or

<0.000000001.

In these embodlments, the presence of the at least one marker allele or
haplotype Is Indlcative of a susceptibllity to Type 2 diabetes, These diagnostic methods
involve detecting the presence or absence of at Ieast one marker allele or haplotype that
Is assoclatad with Type 2 diabetes. The haplotypes described hereln Indude combipations
of alleles at various genetlec markers {e.g., SNPs, microsatellites). The detectlon of the
particular genetic marker alleles that make up the particular haplotypes can be performed
by a varlety of methods described herein and/or known In the art. For example, genstic
markers can be detected at the nuclele acld level {e.g., by direct nuclectlde sequencing or
by ather means known to the skilled In the art) or at the amino acld level If the genetic
marker affects the coding saquence of a proteln encoded by a Type 2 diabetes -assoclated
nuclelc acid {e.g., by proteln sequencing or by Immunoassays using antlikodles that
recognize such a proteln). The marker alleles or haplotypes of the present Invention
comrespond to fragments of a genomic DNA sequence assoclated with Type 2 diabeates.
Such rRgments encompass the DNA sequenca of the pelymoerphic marker or hapletype in
question, buk may also Include DNA segments in strong LD (linkage disequillbrum} with
the marker or haplotype (e.g., as determined by a value of r greater than 0.2 and/or |D’|

= 0.8},

In one embodiment, dlagnosis or assessment of a2 susceplibility to Type 2 dlabetas
can be accompllshed using hybridizatlen methods, such as Scuthern anzlysls, Northern
analysls, and/for in slitu hybridizatlons {see Current Protocols in Molecular Biology,

Ausubel, F. et al., eds., Jochn Wiley & Sons, Including all supplements). The presence of a
specific marker allele can be Indicated by sequence-specific hybridization of a nuglelec acld
probe speclflc for the particular allele, The presence of more than speclfic marker allele or
a specific haplotype can ba Indlcated by using several sequence-specific nuclelc add
probes, each being speclfic for 3 particular allele, In one embodiment, a haplotype can be
Indicated by a single nuclelc acid probe that Is specific for the specific haplotype (i_.e.,
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hybridizes specifically to a DNA strand comprising tha specific marker alleles characteristic
of the haplotype}. A sequence-speclfic probe can be directed to hybridize to genomic
DNA, RNA, or cDNA. A “nudelc acid probe®, as used-hereln, can be a DNA probe or an
RNA prebe that hybridizes to a complementary sequence. One af skilf in the art would
know how to deslgn such a probe so that sequence speclfic hybridizatlon will ccour only IF
a partlcular allzle is present In a genomic sequence from a test sampla.

T diagnose a susceptibliity to Type 2 dlabetes, a hybridization sample is formed
by contacting the test sample contalning an Type 2 dlabetes -assaciated nucleic acld, such
as 2 genomic DNA sample, with at least one nucleic acid probe. A non-Imiting exarple of
a probe for detecting mRNA or genomic DNA Is a labeled nudeic acid proke that is capable
of hybridizing to mRNA or genomlc DNA sequences described herein. The nucleic acid
probe can be, for example, a full-length nucleic acld molecule, or a portion thereof, such
as an ollgonuclectide of at least 15, 30, 50, 100, 250 or 500 nuclectldes In length that Is
sufficlent to specifically hybridlze under stringent canditions to appropriate mRNA ar
genomlc DNA, For example, the nucleic acid probe can comprise al! or a partion of the
nucleotide sequence of LD Block CO6 {SEQ ID NO:1), LD Block €10 (SEQ ID NO:2) {e.q.,
the nuclaotide sequence encoding the IDE, KIF11 and/or the HHEX genes), LD Black C17
{SEQ ID NOQ:3) or the CDKALL gene, or the SLCIDAB gene, as described herein, optionally
comprising at least one allele of a marker describerd herein, or at least one haplotype
described herein, or the probe can be the complementary sequence of such a sequence.
In a particular embodiment, the nirclele acid probe is a portion of the nucleotlde sequence
of LD Bleck C06 (SEQ ID NO:1), LD Block C10 {SEQ ID NO:2) {e.g., the nudeotide
sequence encoding the IDE, KIF12 andfor the HHEX genes), LD Blogck Ci7 {(SEQ ID NO:3)
or the CDKAL1 gene, or the SLC30A8 gene as described hereln, optionally comprising at
laast one aliela of a3 marker described hereln , or at least one allele contained in tha
haplotypes desctibed hereln, or the probe can be the complementary sequence of such a
sequence. Other suitable probes for use In the dlagnastic assays of the Inventian are
described hareln. Hybridization ¢an be performed by methods well known to the person
skilled in the art (see, e.g., Current Protocols In Molecular Blology, Ausubal, F. et af., eds.,
John Wilay & Sons, Induding afl supplements). In one embodiment, hybridizatlon refers
to speclfic hybridization, 1.e., hybridization with no mismatches (exact hybridization). In
one embodiment, the hybridization conditlons for specific hybridization are high
stringency.

Specific hybridization, If present, |s detected using standard methods. TF specific
hybridlzation accurs between the nuclelc acid probe and the nudelc acid in the test
sample, then the sample contalns the allele that Is complementary to the nucleotide that
Is present In the nucleic acid probe. The process can he repeated for any markers of the
present Invention, or markers that make up a haplotype of the prasent inventlon, or
multiple probes can be used concurrently to detect more than one marker alleles at a
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time. Itis also possible to deslgn a single probe contalning more than one marker alleles
of a particular haplotype {e.g., @ probe contalnlng alleles complementary to 2, 3, 4, 5 or
all of the markers that make up a particular haplotype}. Detection of the particular
markers of the haplotype In the sample Is indicatlve that the socurce of the sample has the
particular haplotype (e.g., 2 haplotype)} and therefore |5 susceptible to DISEASE,

In one preferred embodimeant, & method utllizing a detectlon aligonudentide probe
comprising a fluorescent molety or group at Its 3° terminus and a quencher at Its 5°
terminus, and an enhancer oligonuclectide, Is employed, as described by Kutyavin et al,
{Nudleic Acld Res. 34:e128 {2006)). The fluorescent moalety can be Glg Harbor Green or
Yakima Yellow, or other sultable fluorescent moletles. The detectlon probe Is designed to
hybridize to a short nudeotide sequence that Incdudes the SNP polymerphlsm to be
detected. Prefarably, the SNP Is anywhere from the terminal resldue to -6 restdues from
the 3’ end of the detection probe. The erhancer is a shorl aligur{ucleutide prcbe which
hybridizes to the DNA template 3° relative to the detaction probe. The probes are
deslgned such that a single nuclectide gap exlsts between the detectlon probe and the
enhancer nucleotlde probe when toth are bound to the template. The gap creates a
synthetlc abasic sTte that Is recognized by an endonuclease, such as Endonuclease IV.
The enzyme ceaves the dye off the fully complementary detectlon probe, but cannot
cleave a detection probe contalning 2 mismatch. Thus, by measuring the fluorescence of
the released fluorescent molety, assessment of the presence of a particular allele deflned
by nucleotide sequence of the detectlon prebe can ba performed.

The detectlon prl:l-he can be of any sultable slze, although preferably the probe is
relatively short. In one embodiment, the probe Is from 5-100 nucleotldes in length. In
another embodiment, the prmabe Is from 10-50 nucleotldes in length, and In another
embodiment, the probe Is fram 12-30 nucleotides in length, Other lengths of the probe
are possible and within scope of the skill of the average person skilled In the art. Ina
preferred embediment, the DNA template contalning the SNP polymorphlsm (s amplifled
by Polymerase Chaln Reactlon (PCR) prior to detectlon. In such an embodiment, the
ampllfied DNA serves as the template for the detectlon probe and the enhancer probe.

Cartaln embodiments of the detection prabe, the enhancer probe, andfor the
primers used for amplification of the template by PCR include the use of modified bases,
Includlng modified A and modified G. The use of modifled bases can be useful for
adjusting the melting temperature of the nucleptide malecule {probe andfor primer) to
the template DNA, for example for Increasing the melting temperature in reglons
contalning a low percentage of G or C bases, In which modifled A with the capability of
forming three hydrogen bonds to Its complementary T can be used, or for decreasing the
melting tempearature in reglons contzining a high percantage of G or C bases, for exampla
by using modifled G bases that form only two hydrogen bends to thelr complementary C
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base in a dauble stranded DNA maolecule. In a preferred embodiment, modifled bases are
used in the design of the detection nucdlegtide probe. Any modified base known to the
skilled person ¢an be selected In these methods, and the selection of sultable bases [s well
within the scope of the skllled person based on the teachings hereln and known bases
available from commercial sources as known to the skilled persan,

In another hybridlzatlon method, Northam analysls (see Current Protacols In
Molecular Biology, Ausubel, F. et af., eds., John Wiley & Sons, supra) [s used to Identify
the presence of a palymorphism assoclated with Type 2 dizbetes. For Northern analysls,
& test sample of RNA Is obtalned from the subject by appropriate means. As described
herein, specific hybridizatlon of a nuclele acld prabe to RNA from the subject Is Indicative
of 2 particular allele complementary te the probe. For representatlve examples of use of
nuclele acid probes, see, for example, U.S, Patent Nos. 5,288,6;1 and 4,851,330,

Additionally, or alternatlvely, a2 peptlde nucleic acid (PNA) probe can be used in
addltion to, or instead of, a nuclele acid probe In the hybridization methods described
herein. A PNA[s a DNA mim!c having a peptide-like, Inorganlc backbone, such as N-(2-
amincethyl)glycine units, with an crganic base {A, G, C, T or U) attached to the glycine
nitrogen vlia a methylene carbonyl linker (see, far axample, Nielsen, P., et af., Bioconfug.
Chem. 5:3-7 {1994)). The PNA probe can be deslgned to specifically hybridize to a
molecule in @ sample suspected of contalntng one or more of the marker afleles or
haplotypes that are associated with Type 2 dlabetes. Hybridization of the PNA prabe Is
thus diagnostic for Type 2 dlabetes or a susceptibllity to Type 2 dlabetes.

In one embodiment of the metheds of the Invention, diagnosls of Type 2 diabetes
or a susceptibility to Type 2 dlabetes Is accomplished thraugh epzymatic amplification of a
nucleic aclkd from the subject. For example, a test sample containing genomlc DNA can b
obtalned from the subject and the polymerase chain reaction {PCR) can be used to
amplify a fragment comprising one ore more markers or haplotypes of the present
Invention found ¢ be assoclated with Type 2 dlabetes. As described hereln, Identificatlon
of a particular marker allele or haplotype assaclated with Type 2 dlabetes can be
accomplished using a variety of methods (e.g., sequence analysls, analysis by restriction
digestion, speclfic hybridizatlon, single stranded conformation polymorphlsm assays
{55CP), electrophoretic analysls, €t¢.). In another embodiment, diagnosls Is
accomplished by expresslon analysls using quantitative PCR {kinetic thermal cycling).
This technique can, for exampla, utllize commercially available technotogies, such as
TagMan® {Applled Blosystemns, Foster Clty, CA), to allow the Identiflcation of
pelymorphlsms and haplotypes. The technique can assess the presence of an alteration In
the expression or composition of a polypeptide ar splicing variant{s) that is encoded by a
Type 2 diabetes-assoclated nuclelc acld. Further, tha expression of the variant(s) can be
quantified as physically or functionally different.
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In another embodiment of the methods of the Inventlon, analysls by restriction
digestlon can be used to detect a particular allele if the allele results In the creatlon or
elimination of a restrictlon site relatlve to a reference sequence. A test sample contalning
genomic DNA Is obtained from the subject. PCR can be used to amplify particular reglons
that are assoclated with Type 2 dlabetes (e.g. the polymorphic markers and haplotypes of
Tables 1-21, e.g., the palymorphic markers and haplotypes of Tables 1-6 and Tables 9-
12, and markers In IInkage disequllibrium therewlth) nucleic acid In the test sample from
the test subject. Restrictlon fragment tength polymorphlsm (RFLP) analysls can be
conducted, e.g., as described In Current Protocols In Molecular Blology, supra. The
digestion pattern of the relevant DNA fragment Indlcates the presence or absence of the

particular allele In the sample.

Sequence analysls can also be used to detect specific alleles at polymorphic sites
assoclated with Type 2 diabetes (e.g9. the polymorphic markers and haplotypes of Tables
1-24, e.q., the polymorphlc markers and haplotypes of Tables 1-6 and Tables 9-12, and
markers In linkage disequillbriumn therewlthe, e.g., the markers set forth In Tables 22, 23
and 24). Therefore, in one embodment, determination of the presence or absence of a
particular marker afleles or haplotypeas comprises sequence anzalysls. For example, a test
sample of DNA or RNA ¢an he obtalned from the test subject. PCR ar other appropriate
methods can be used te amplify a portlon of a Type 2 dlabetes-assodated nuclelc acld,
and the presence of a spedfic allele can then be detected directly by seguencing the
polymarphic site (or multiple polymorphic sites) of the genamic DNA In the sample.

Allele-specific ollgonucleotides can also be used to detect the presence of a
partcular allele at a Type 2 diabetes-assaclated nucleic acid {&.g. the polymorphic
markers and haplotypes of Tables 1-21, e.g., the palymarphlc markers and haplotypes of
Tables 1-6 and Tahles 9-12, and markers In linkage disequilibriumn therewlth), through the
use of dot-blot hybrldlzaton of amplified oligonucleotides with allele-specific
oligonucleotide (ASO} probes (see, for example, Salki, R. et al., Nature, 324:163-165
{1986)). An “allele-specific oligonucleotide” (also referred to hereln as an “allele-specific
oligonucleotide probe®) 1s an cligonucleotide of approximately 10-50 base pairs or
approximately 15-30 base palrs, that specifically hybridizes to a Type 2 dlabetes-

assoclated nuclelc acld, and which contains @ specifl; allele at a polymoerphic site {e.g., 2

polymorphlsm described hereln). An allele-specific oligonucleotide probe that Is specific
for one or more particular a Type 2 dlabetes-assodlated nuclelc acld can be prepared
using standard methods (see, e.g., Current Protocols In Molecular Blology, supra). PCR
can be used to amplify the deslired reglon a Type 2 diabetes-associated nucielc acid. The
DNA contalning the amplified reglon can be dot-blotted using standard methods (see,
£.g., Current Protocols In Molecular Blology, supra}, and the blot can be contacted with
the ollgonucteotide probe. The presence of spedfic hybridization of the probe to the
amplified reglon can then be detected. Speciflc hybridization of an allele-specific
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ollganucleatide probe to DNA from the subject (s Indicative of a speclfic allele at a
polymeorphic site assoclated with Type 2 dlabetes (see, e.g., Glbbs, R. et 5., Nuclsic Acids
Res., 17:2437-2448 {19589) and WD 93/22456),

in a2nother embediment, arrays of oligonudentide probes that are complementary
to target nucleic acid sequence segments from a subject, can he used to Identify
polymorphisms In a Type 2 diabetes-assoclated nuclelc acld {e.g. the polymarphic
markers and haplotypes of Tables 1-24, e.g. the polymorphic markers and haplotypes of
Tables 1-6 and Tables 9-12, and markers In linkage disequllibrium therewlith). For
example, an oligonucleotide array can be used. Oligonudeotide arrays typically comprise
a plurality of different oligonucteotide probes that are coupled to a surface of a substrate
In different known locations. These ¢ligonucleotide arrays, also described as
“Genechlps™,” have been generally described In the art (see, e.g., U.5. Patent No.
5,143,854, PCT Patent Publicaticn Nos. WO 90715070 and 92/10092). These arrays can
generally be produced using mechanical synthesls methods or light directed synthesls
methods that Incorporate a combinatlon of phetalithographic methods and solid phase
ollgonuciectide synthesls methods (Fedor, S. et af., Science, 251:767-773 (1991); Plrrung
el al., U.5. Patent No. 5,143,854 (see also published PCT Application No. WO 90/15070);
and Fodor. S. et al., published PCT Application No. WO 92/10092 and U.5. Patent No.
2,424,186, the entire teachings of each of which are Incorporated by reference hereln).
Techniques for the synthesis of these arrays using mechanical synthesls methods are
described in, e.g., U.5. Patent No, 5,384,261; the entire teachings of which are
Incorporated by reference hereln. In anather example, Hnear arrays can be utllized.

Add!tional descriptions of use of oligonucleotide arrays for detectlon of
pelymorphisms can be found, for example, in U.S. Patent Nos. 5,658,659 and 5,837,832,
the entlre teachings of both of which are incorporated by reference hereln. Other
methods of nuclele acid analysTs can be used to detect a particular allele at a polymorphic
site associated with Type 2 diabetes {e.g. the polymorphic markers and haplotypes of
Tables 1-24, e.g. the polymorphlc markers and haplotypes of Tables 1-6 and Tables 9-12,
and markers in linkage disequllibrlum therewith). Representative methods Indude, for
example, direct manual sequencing {Church and Gilbert, Proc. Natl. Acad. Sc. USA, 81:
1991-1995 (198B); Sanger, F., et al., Proc. Nall. Atad, Sci. USA, 74:5463-5467 (1577);
Beavls, et ak, U.S. Patent No. 5,288,644); automated flucrescent sequencing; single-
stranded conformatlon polymorphism assays {SSCP); clamped denaturing gel
electrophoresis {CDGE); denaturing gradlent gel electrophoresls (DGGE) (Sheffield, V., et
&f., Proc. Natl. Acad. Sci. USA, 86:232-236 (1989)), mobllity shift anélysis {Orita, M., et
al., Proc, Nall. Acad. Sd. USA, 86:2766-2770 (1959)), restriction enzyme analysis
(Flavell, R., et i, Celf, 15:25-41 (1578); Geever, R., et al,, Proc. Natl, Acad. Scf, UsA,
78:5081-5085 (1981)); heteroduplex analysls; chemical mismatch cleavage (CMC)
(Cotton, R., ef al., Proc, Natl, Acad. Sti. USA, 85:4397-4401 (1985)); RNase protection
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assays (Myers, R., et 3., Sclence, 230:1242-1246 (1983); use of polypeptides that
recognlze nucleotlde mismatches, such as £, coff mutS protein; and allele-specific PCR.

In another embodiment of the Invention, dlagnosls of Type 2 dlabetes or a
susceptlbllity to Type 2 diabates can be made by examining expresslon andfor
composition of a polypeptide encoded by Type 2 dlabetes-essodated nuclelc acld In those
instances where the genetlc marker(s) or haplotype(s) of the present inventlon result in 2
change in the composlition or expression of the polypeptide. Thus, diagnosis of a
susceplibility to Type 2 dlabetes can be made by examining expression andfor
compaosition of one of these polypeptides, or ancther polypeptide encoded by a Type 2
diabetes-assoclated nuclele acld, In those instances where the genetlc marker or
hapletype of the present Invention results In a change In the compositlon or expresslon of
the polypeptide. The haplotypes and markers of the present inventlon that show
assoclation to Type 2 dlabetes may play a role through their effect on one or more of
these nearby genes. Possible mechanlsms affecting these genes Include, e.g., effects on '
transcription, effects on RNA splicing, alterations (n relatlve amounts of alternative splice
forms of mRNA, effects on RNA stabllity, effects on transport from the nucleus to
cytoplasm, and effects on the efficiancy and accuracy of transfatlon.

A variety of methods can be used to make such a detection, including enzyme
linked Immunosorbent assays (ELISA), Western blats, immﬁnnpredpltatiun and
Immunoflucrescence. A test sample from a subject Is assessed for the presence of an
alteration in the expresslon and/for an alteratlon In compositien of the polypeptide
encoded by a Type 2 diabetes-associated nuclelc acld, An alteration In expression of 2
polypeptide encoded by a Type 2 diabetes-assoclated nuclelc acld can be, for example, an
alteration In the quantitative polypeptide expresston {l.e., the amount of polypeptide
produced}. An ajteration In the composition of a polypeptide encoded by 2 Type 2
dlabates-associated nuclelc acid is an alteratlon In the qualitative polypaptide expression
{e.g., expresslon of a mutant polypeptide or of a different splicing vartant). In one
embodiment, diagnosls of a susceptibllity to Type 2 dlabetes is made by detecting a
particzslar splicing variant encoded by a Type 2 dlabetes-assoclated nucleic acld, or a
particular pattern of splicing variants.

Both such alterations {quantitative and qualltative) can also be present. An
nalteration” in the polypeptide expresslon or composition, as used hereln, refers to an
alteration in expression or composition In a test sample, as compared to the expresslon or
composition of polypeptide encoded by a Type 2 dlabetes-assoclated nuclelc acid [n a
control sample. A centrol sample Is a sample that corresponds to the test sample (e.g., IS
from the same type of cells), and is from & subject who is not affected by, andfor who
does not have a susceptiblilty to, Type 2 diabetes {e.g., a subject that does not possess a
marker allele or haplotype as described hereln). Simllarly, the presence of one or more
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different splicing variants In the test sample, or the presence of significantly different
amounts of different splicing variants In the test sample, as compared with the continl
sample, can be Indicatlve of a susceptibllity to Type 2 dlabetes. An alteration In the
expressian ar composition of the polypeptide in the test sample, as compared with the
control sample, can be indicative of a spacific allele In the Instance where the allele alters
a splice site refative to the reference In the control sample. Various means of examining
expresslon or composition of a polypeptlde encoded by a Type 2 diabetes-assoclated
nuclelc acld can be used, Including spectroscopy, colorimetry, efectropharesis, Isoelectric
focusing, and Immuneoassays (e.g., David et a/., U.S. Pat. No. 4,376,110) such as )
Immunoblotting (see, e.g., Current Protecols In Molecular Blology, particularly chapter 10;
supra).

For example, In one embodiment, an antibody (e.q., an antibody with a detectable
label} that is capable of binding to a polypeptide encoded by a Type 2 dlabetes-assoclated
nudelc acid can be used. Antibedles can be polyclonal or monoclonal. An Intact antibody,
or a fragment thereof (e.q., Fv, Fab, Fab’, F(ab7;) can be used. The term “abeled”, with
regard to the prabe or antlbody, Is Intended to encompass direct labeling of the probe or
antibody by coupling (J.e., physically linking} a detectable substance to the probe or
antibody, as well as Indirect labeling of the probe or antibody by reactivity with another
reagent that Is directly labeled. Examples of indlrect labeling Include detection of a
primary antibody using a labeled secondary antibody (e.g., a flrorescantly-labelad
secondary antibody) and end-labeling of a DNA probe with blotin such that It can be
detected with flucrescently-labeled streptavidin.

In one embadiment of this methed, the level or amount of polypeptide encoded by
a Type 2 diabates-assoclated nudelc acld In a test sample |s compared with the evel or
amount gf the polypeptide enceded by a Type 2 diabetes-assodated noclelc add in a
control sample. A level or amount of the polypeptide in the test sample that Is higher or
lower than the level or amount of the polypeptide In the control sample, such that the
difference is statistically slgnificant, Is Indicativé of an alteratlon In the expression of the
polypeptide encoded by the Type 2 diabetes-associated nuclele acld, and Is dlagnostic for
a partlcular aflele or hai:llotype responsible for causing the difference In expresslon.
Alternatively, the composltlon of the polypeptide encoded by a Type 2 dlabstes-assoclated
nucleic acid In a test sample Is compared with the compaosition of tha polypeptide encoded
by a Type 2 diabetes-assoclated nuclelc acid In a control sample. In another
embediment, beth the level or amount and the composition of tha pelypeptide can be
assassed in the test sample and in the control sample.

L3

In another embodiment, the dlagnosis of a susceptibility to Type 2 dlabetes Is
made by detecting at least one Type 2 dlabetes-assoclated marker allele or haplotype
{e.9., associated alleles or haplotypes of the markers listed in Tables 1-21, such as Tables
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1-6 and Tables 9-12), in combination with 2n additional protein-basaed, RNA-based ar
DNA-based assay. The methods of the Inventlon can also be used in combination with an
analysls of a subject’s family history and risk factors (e.g., environmental risk factors,
lifestyle risk factors).

Kits

Kits useful In the methods of the inventlon comprise components useful In any of
the methods described hereln, Including for example, primers for nucleic acid
amplificatlon, hybridizatlon probes, restrictlon enzymes (e.g., for RFLP analysls), allele-
specific cligonucieotldes, antlbodies that bind to an altered palypeptide encoded by a
nuclele add of the Invention as described hereln {e.4., a genomlc segment comprising at
least one polymorphlc marker and/for haplatype of the present Invention) or Lo a non-
altered (native) polypeptide encoded by a nuclele acld of the inventlon as described
hereln, means for amplification of a nudelc acld assoclated with Type 2 dlabetes, means
far analyzing the nuclelc acld sequence of a nudlelc acld associated with Type 2 diabetes,
means for analyzing the amino acld sequence of a polypeptide enceded by a nuclelc acld
assodakbed with Type 2 diabetes (e.g., the Type 2 dlabetes protein encoded by the Type 2
diabetes gene), etc. The kits can for example Include nécessary buffers, nuclel; acld
primers for amplifylng nudelc acids of the Invention {e.g., a nuclelc acld segment
comprising one or more of the polymorphlc markers as described hereln), and reagents
for allele-specific detectlon of the fragments amplifled using such primers and necessary
enzymes (&.9., DNA polymerase). Addltionally, kits can provide reagents for assays to be
used In combination with the methods of the present Inventlon, &.q., reagents for use
with other Type 2 dlabetes dlagnostic assays.

In one embodiment, the inventlon Is a kit for assaying a sample from a subject to
detect the presence of Type 2 dlabeies, symptoms assoclated with Type 2 diahete:s, ora
susceptibllity to Type 2 dlabetes In a subject, whereln the kit comprises reagents
necessary for selectively detecting at least one allele of at least one polymorphism of the
present Invention In the genome of the Indlvidual. In a particular embodiment, the
reagents comprise at least one contiguous ollgenucleatide that hybridizes to a fragment of
tha génume of the Individual comprising at least one polymorphlsm of the present
Inventlon. In another embodiment, the reagents comprise at least one pair of
ollgonucleotides that hybridize to opposite strands of a genomic segment obtalned from a
subject, wherein each oligonucleotide primer pair is deslgned to selectlvely amplify a
Fragment of the genome of the indlvidiral that Includes at least one polymorphism,
whereln the polymorphlsm Is selected from the group conslsting of the polymorphisms as
listed In Tables 1-6 and 9-12, and polymorphlc markers in linkage disequllibrium
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therewlth (e.g., the markers set forth In Tables 22, 23 and 24). In yet another
embodiment the fragment is at least 20 base palrs In slze. Such oligonuclestides ar
nuclelc aclds {e.g., oligonucleotide primers) can be designed using portlons of the nudels
acld sequence flanking polymorphlsms (e.g., SNPs or microsatelllites) that are indicative of
Type 2 dlabetes. In another embodiment, the kit comprises one or more labeled nucleaic
acids capable of allele-speclfic detectlon of one or more spegific polymorphlc markers or
haplotypes associated with Type 2 dlabetes, and reagents for detection of the label.
Sultable labels Indude, e.g., a radioisotope, a fluorescent label, an enzyme label, an
enzyme co-factor label, a magnetic label, a spin label, an epltope label.

In particular embodiments, the polymaorphic marker or haplotype to be detected
by the reagents of the kit comprises ane or more markers, two or more markers, three or
more markers, four or more markers or five or more markers selected from the group
consisting of the markers set forth In Tables 9-12. In another embodiment, the marker or
haplotype to be detected comprises tha markers set forth In Tables 22-24. In another
embodiment, the marker or haplotype to be detected comprises markers rs2497304 {SEQ
1D NO:153, rs947591 (SEQ ID NO:30), rs10882091 {SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ 1D ND:2D), rs2421943 {SEQ 0 NO:15), rs6583826 {SEQ ID
NO:19}, 57752906 (SEQ ID NO:32), rs156%699 (SEQ ID NO:6), rs7756992 (SEQ ID
NO:21}, rs0350271 (SEQ ID NDO:33), rs8356744 (SEQ 1D NO:34}, rs93668222 (SEQ ID
NQ:35), 1510440833 (SEQ ID NO:36), rs6931514 (SEQ ID NO:37), r51860316 (SEQ ID
NO:10), rs1981647 {SEQ ID NO:11}, rs1843622 (SEQ ID NO:9), rs2191113 (SEQ ID
NO:13), and rs9890889 {SEQ ID NO:31}Y, and markers In linkage dlsequilibrium therewith,
In gne such embodiment, linkage disequllibrium is déﬂned by valuas of r¥ greater than
0.2,

In one preferred embodiment, the kit for detecting the markers of the Invention
comprises a detection oligenucleotide probe, that hybridizes to @ segmant of template
DNA containlng a SKP polymorphisms o be detected, an enhancer oligonucleotide prabe
and an endonuclease. As explained in the above, the detectlon oligonuclectide probe
comprises a flucrescent moiety or group at Its 3" terminus and a quencher at Its 5°
terminus, and an enhancer cligonucleotide, 1s employed, as described by Kubyavin et al.
(Nuclelc Add Res. 34:e128 {2006)). The flucrescent molety can be Glg Harbor Green or
Yakima Yellow, or other sultable flucrescent meleties. The detection probe s deslgned to
hybridize to a short nucleotde sequence that Includes the SNP palymorphism to be
detected. Preferably, the SNP Is anywhere fromn the terminal resldue tc -6 rasidues from
the 3’ end of the detection probe. The enhancer Is a short cllgonuclectide probe which
hybridizes to the DNA template 3' relatlve to the detaction proba. The probes are
deslgned such that a single nucleatide gap exists between the detection probe and the
enhancer nucleotide probe when both are bound to the template. The gap creates a
synthetic abaslc site that Is recognlzed by an endonuclease, such as Endonuclease Iv.
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The enzyme cieaves the dye off the fully complementary detectlon prebe, but cannot
cleave a detection proba contalning a mismatch. Thus, by rﬁeasuring the fluorascence of
the released fluorescent molety, assessment of the presence-of a particular allele deflned
by nucleotide sequence oF the detection probe can be performed.

The detectlon probe can be of any sultable size, although preferably the probe is
relatively short. In one embodiment, the probe Is from 5-100 nucleotides In length, In
another embodiment, the probe Is from 10-50 nucleatldes in length, and In another
embodiment, the probe is from 12-30 nucleotides in fength. Other lengths of the probe
are possible and within scope of the skill of the average person skilled in the art,

In a preferred embodimant, the DNA template contalning the SNP polymorphism |5
amplified by Pclymerase Chaln Reaction [PCR) prior to detection, and primers for such
amplification are Included In the reagent kit. In such an embodiment, the ampliied DNA
serves as the template for the detectlon probe and the enhancer probe.

Certaln embodiments of the detectlon prube, the enhancer probe, andfor the
primers used for amplification of the temp!ate by PCR Include the usa of modified bases,
Including madified A and modified G. The use of medified bases can be useful for
adjusting the melting temperature of the nudeotide molecule (probe andfor primer]) to
the template DNA, for examnple for increasing the melting temperature In reglons
contalning a low percentage of G or C bases, In which modified A with the capabillty of
forming three hydrogen bonds to Its complementary T can be used, or for decreasing the

. melting temperature in reglons contalning a high percentage of G or C bases, for example

by using modifled G bases that form only two hydrogen bonds te thelr complementary C
base In a double stranded DNA molecule. In a preferred embodiment, modifled bases are
used In the design of the detection nuclectlde probe, Any modified base known to the
skilled person can be selected in these methods, and the selection of sultable bases is well
within the scope of the skllled person based cn the teachings hereln and known bases
avallable from commerclal sources as known ta the skllled person.,

In one such embodiments, the presence of the marker or haplotype is Indfcative of
a susceptibllity (increased susceptibllity or decreased susceptiblity} to Type 2 diabetes.
In another embodiment, the presence of the marker or haplotype is Indicative of response
to a Type 2 dlabetes therapeutic-agent. In another embediment, the presence of the
marker or haplotype Is Indicative of prognosls of Type 2 dlabetes. In yet another
embodiment, the presence of the marker or haplotype Is Indlcative of progress of
treatment of Type 2 diabetes. Such treatment may Include intervention by surgery,
medication or by other means {e.g., lifestyle changes}.
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Therapeutic dgents for Type 2 diabetes

Currently avallable Type 2 diabetes medication {apart from [nsulin} falls Into six
maln classes of drugs: sulfonylureas, meglitinides, blguanides, thiazolidinediones, alpha-
gTucu-sIdase Inhibltors and a new class of drugs called DPP-4 inhibltors. These classes of
drugs work In different ways to lower blood glucose levels.

1. Sulfonylureas. Sulfonylureas stimulate the beta cells of the pancreas to release more
Insulln.

. 2. Meglitinides. Meglitinides are drugs that also stimulate the beta cells to release

insulin.

3. Blguanides. Biguanides lower blood glucose levels primarily by decraasing the amount
of glucose preduced by the liver, Metformin also helps ta lower blood glucose levals by
making muscle tissue more sensitive to Insulln 50 glucose can be absarbed.

4. Thlazolidinediones. These drugs help Insulfn work better in the muscle and fat and

also reduce glucose production in the liver.

5. Alpha-glucosidase inhibitors.” These drugs help the body to lower blood glucose levels
by blocking the breakdown of starches, such as bread, potatoes, and pasta In the
Intesting, They also slow the breakdown of some suoars, such as table sugar. Their actlon
slows the rise In blood glucose levels after a meal, They should be taken with the frst bite

of 2 meal,

6. DPP-4 Inhibitors. A new class of medicatlons called DPP-4 Inhibitors help impm;.re AlLC
without causing hypoglycemia. They work by preventing the breakdown of a naturally
occurring compound In the bedy, GLP-1, GLP-1 reduces blood glucose levels In the body,
but Is broken down very quickly so it does not work well when injected as a drug itself,
By Interfering In the process that breaks down GLP-1, DPP-4 inhibitors allow It to remaln
actlve In the body longer, lowering blood glucose levels only when they are elevated.

Examples of avallable drugs in these classes are listed In Agent Table &.

_Agent Table 1.

Drug Clags Generlc ngma Brand name
Biguanides metformin Glucophege, Glucophage XR, Glycon
L _ metformin plus glyburide | Glucovance
Thiazelldinedlones plogliBzons Aclos
rosiyfilazons Avandia

Sulfonylureae acetohexamide Crymalor
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Drug Clase Ganeric pame Brand name
chiorpmopamide Dizbinesa
glidazide Dlamicron Diamicren MR
glimeplride Amaryl
qlipizide Glucotml, Glugotrol X1
glyburide Micronase, DiaBeta, Glynase PrasTab
glyburide plus metformin | Glucovance
tolazamide Tolinass

_ tolbutamide Orinase, TokTab

Meplitinides naleglinkde Starlix
repaglinide Prandin, Gluconoms

Alpha-glwcosidese inhlbltors | acarbose Precose, Prandase

_ miglitol Glysat
DPP=£ Inhibitors sitagliplin Januvia

Additlonally, a comblnatlon therapy comprising Blguantde and Sulphonylureas has bee

used for treatment of Type 2 dliabetes.

Addltlonal Type 2 dlabetes drugs are listed Agent Table 2.

_Agent Table 2
Compound | Compound name Company Compound Indleatlons
name{s} {penerated ueing Refarence
Aulonom, ISI1S Draw
venalon 2.5 from MDL
Information Syslams)
AR-0133418 | 1-{4-Methoxy-benzyl}-3-{5 AD
{SN-4521) nite-thiazal-2-yl-urea AstraZansea
AR-025028 | NSD AstraZensca
N-{4-(2,4-Dichloro-phenyl)-5-
{ 1H-Imidazol-2-yl}-pyrimidin-
2yf}-N{S-nllo-pyridin-2-yi)- ron-insulin
CT-898023 glhane-1 2-diamine Chion Corp dependant dizbeies
YWagman et al.,
Curr Pharm, Des
2004: 10010)
110937 nan-insulin
CT-20026 NSD Chiron Corp dependent diabeles
ron-Insulin
CT-21022 NSD Chiron Carp dependent diabeles
non-ineulin
CT-20014 NSD Chiron Corp dependenl diabstes
] nondosulin
CT-21018 NSD Chiron Corp dependant dlabeles
; aon-insutin -
CHIR-98025 | NSD Chlon Corp depandenl diaboles
Wagman et al,,
Curr Pharm. Des
2004: 10(10)
1105-37 non-Insulin
CHIR-98021 | NSD Chiron Corp dependeni diabalas
CrystalGenomics | WO- diabeles mellitus
CG-100170 | NSD and Yy 2004DE5370 {Korea)
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Compound ! Compound name Company Compound Indications
name(s} {generated using Referénce
Awrlonom, 515 Draw
verslon 2.5 from MBL
Information Systams)
4-[2<(4-DImethylamino-3- Cycdacel Lid. non-lnsulln
ritrophenylamino}-pyrdmidin- dependanl diabetes,
4113, 5-dimelhyk1H- among cthers.
pyrrole-2-carbonitrila
NP-1130, 4-Benzyl-2-metiyl- Neurnphama S4 CNS disordars, AD
NP-031112, | [1,2,4lthizdmzoidine-3,5-
NP-D3112, dione
NP-00381
H9-Fluore-2-{piparidine-1- Eli Ly & Co nan-insulbin
carbonyl)-1,2,3 4-letrahydne- dependenl dizbetes
[1.4]dazepinof6.7, 1-hilindol-
7-yl}-4-imidazo[1.2-ajpyridin-
3-yl-pyrrole-2,5-dions
oW- Cyclopenianecarboxylic acld | GSK WO-03024447 nan-insufin
7O4752x, {6-pryridin-3-yl-furol2 3. (compound depandent diabsetes,
GW-784775, | dlpyrimldin-4-yi}-amida referenced: 4- neurcdegenearalive
SR-216764, [2{2- disease
Sp-4152068 bremaphenyl)-d -
{4-fluorophenyl)-
1H-Imldazod-5-
y¥ilpyridina
NNC-57- 1{4-Amino-furazan-3-yl}-5- MNavo Mordisk nan-Insulln
0311, NNC- | plperidin-1-yimethy-1H- dependani diabotes,
57.0545, [1.2,3]razole-d-carboxyhc
NNC-57- agld [-pyridin-d-yFmath-{E}-
(1513 1] yidenalthydrazide
CP.f0B48 NSD Piizes Hypoglycemic agent
VX608 NSD Cerebrovascular
lschamia, nerHnsulin
dependeni diabetea
NSD Klnatek Nuclear factor kappa
B modulator, Anll-
Inflammatory, Cell
cycle inhibitor,
Glycogen synthase
kinase-3 beta
KP-403 inhibitor
class
Exenatide; CiaaHzazMNegOerS - | Amnylin £ ER Lilly non-insuln
Amino acld sequerce:H-Hig- | & Co dependent diabetes
Gly-Glu-Gly-Thr-Phe-Thr-
SerAsp-Leu-Ser-Lys-Gin-
Met-Glu-Glu-Glu-Ala-Val-
Arg-Leu-Phe-lle-Glu-Tmp- -~
Leu-Lys-Asn-Gly-Gly-Pro-
Ser-Ser-Gh-Ala-Pro-Pro-
BYETTA Pro-Ser-NHz
[exenatide}
Vildagliptin NSD Novartia non-insulin
(LAF23T7) dependen dlizbates -

E£PP-4 inhibitor
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Therapeutic agents of the invention

Variants of the present invention (e.g., the markers andfor haplotypes as
described hereln) can be used to Identify novel therapeutlc targets for Type 2 dlabetes,
For example, genes contalning, or In linkage disequilibrium with, varlants {markers and/or
haplotypes) associated with Type 2 dlabetes, or thelr products, as well as genes or their
products that are directly or indlrectly ragulated by or interact with these varlant genes or
thelr products, can be targeted for the development of therapeutic agents to'treat Type 2
diabetes, or prevent or delay onset of symptoms associated with Type 2 dlabetes.
Therapeutic agents may comprise one or mare of, for example, small non-proteln and
non-nudelc acld molecules, proteins, peptides, proteln fragments, nuclelc aclds (DNA,
RNA), PNA {peptide nudlelc adds), or thelr derivatives or mirmetles which can modulate
the functlon ar;dfor levels of the target genes or thelr gene products,

The nuclelc aclds andfor varlants of the Inventlon, er nuclelc aclds comprising thelr
complementary sequence, may bea used as antlsense constructs to control gene
exprassion In cells, tissues or organs. The methodology assoclated with antisense
techniques Is well known to the skilled artlsan, ard Is described and reviewed in
ArtisenseDrug Technology:! Prindples, Strategies, and Applications, Crooke, ed., Marcel
Dekker Inc., New York {2001). In general, antlsense nuclelc acld molecules are deasigned
to be complementary to a region of mRNA expressed by a gene, so that the antlsense
molecule hybridizes tc the mRNA, thus blacking translation of the mRNA Into protetn,
Sevei'al classes of antisense ollgonucleotide are known to those skilled in the art,
including cleavers and blockers. The former bind to target RNA sltes, actlvate Intracellular
nucleases {&.g., RnaseH or Rnase L), that cleave the target RNA. Blockers bind to target
RNA, Infilblt protein translation by steric hindrance of the ribosomes. Examples of
blackers Include nuclelc adds, morphollne compounds, locked nuclelc aclds and
methylphosphonates {Thompson, Drug Discovery Today, 7:912-917 (2002)). Antisense
aligonucleotides are useful directly as therapautic agents, and are also useful far
determining and validating gene functlon, for example by gene knock-out or gene knock-
down experiments. Antlsense technology Is further described In Lavery et al., Curr. Opim,
Drug Discov. Devel, 6:561-569 (2003), Stephens ef af., Curr, Opln. Mol, Ther, 5:118-122
{2003), Kurreck, Eur. J. Biochemn. 270:1628-44 (2003), Dlas at al., Mol. Cancer Ter.
1:347-55 (2002), Chen, Methods Mol, Med, 75:621-636 (2003), Wang et al., Curr. Cancer’
Drirg Targets 1:177-96 (2001), and Bennett, Antisense Nucleic Acid Dm‘g.Dév. 12:215-24
(2002)

The variants described hereln can be used for the selectlon and design of
antisense reagents that are specific for particular varlants, UsIng Informatlon about the
varlants described hereln, antisense ollgonuclectldes or other antlsense molecules that
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specifically target mRNA molecules that contaln one or more variants of the Invention can
be designed. In this manner, expression of mRNA molecules that contain ene or more
varlant of the present Invention {markers andfor haplotypes) can be Inhlblted or blocked.
in one embodiment, the antlsense molecules are deslgned to specifically blnd a particular
allelic form {l.e., one or saveral variants (alleles and/or haplotypes)) of the target nuclelc
acld, thereby Inhlblting translatlon of a product orlginating from this specllic allele or
haplotype, but which do not bind other or altemate variants at the specific polymorphlc
sltes of the target nuclelc acld molecule.

As antlsense molecules can be used to Inactlvate mRNA so as to Inhiblt gene
eicpresslon, and thus protein expressian, the molecules can be used to treat a disease or
disorder, such as Type 2 diabetes. The methodology can Involve cleavage by means of
ribozytnes contalning nucleotide sequences complementary to one or more reglons in the
mANA that attenuate the abliity of the mRNA to be translated. Such mRNA regions
Include, far example, preteln-coding reglons, In particular proteln-coding regions
corresponding ko catalytic activity, substrate andfor llgand binding sltes, or other
functlonal domains of a proteln.

The phenomenon of RMNA Interference (RMAI) has been actively studied For the last
decade, since Its criginal discovery In C. efegans (Fire et al.,Nature 301:806-11 (1594)),
and In recent years its potentlal usa In treatment of human dlsease has been actlvely
pursued {reviewed In Kim & Rossl, Mature Rev. Genet. B:173-204 {2007)). HF-IA
Interfarence {RNAI), also called gene sllencing, I1s based on using double-strended RNA
meolecules (dsRNA) to tum off speclfic genes. In the cell, cytoplasmic double-stranded
RNA malecules {dsANA) are processed by cellular complexes into small Interfering RNA
{siRNA). The sIRNA guide the tarmgeting of a protein-RNA cormnplex Lo specific sites on a
target mANA, leading to cleavage of the mRNA (Thompson, Drug Discovery Today, 7:912-
ai7 (zhuz}]. The sIRNA molecules are typlcally about 20, 21, 22 or 23 nucleatides in
length. Thus, one aspect of the invention relates to isalated nucleic acid molecules, and
the use of those molecules for RNA Interferance, l.e. as small Interfering RNA molecules
{sIRNA}. In one embodiment, the isolated nucleic acld molecules are 18-26 nucleotides In
length, preferably 19-25 nucleotides in.length, more preferably 20-24 nucleotides In
length, and more preferably 21, 22 or 23 nucleotides In length.

Anather pathway for ENAl-medlated gene silencing orlginates In endogenously
encoded primary microRNA (pri-mIRNA) transcripts, which are processed In the cell to
generate precursor miRNA [pre-mlRNﬁ). These mIRNA molecules are exported from the
nucdeus to the cytoplasm, where they undergo processing Lo generate mature miRNA
molecules {mIRNA}, which direct translational Inhlbltion by rémgnlzing target sites In the
3’ untranslated reglons of mANAs, and subsequent mRNA degradatlon by processing P-
qodles {reviewed .In Kim & Rossl, Nature Rev, Genet. 8:173-204 (2007})}.
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Clinical applications of RNAT Include the Incorporation of synthetic sIRNA duplexes,
whlch preferably are approximately 20-23 nucleotidas In slze, and preferably have 3"
overlaps of 2 nucleotides. Knockdown of gene expression is established Gy sequence-
speclfic design for the target mANA. Several commaerclal sites for optimal design and
synthesls of such molecules are known to those skilled In the art.

Other applications provide longer siRNA molecules (typically 25-30 nucleotides in
length, preferably about 27 nuclectides), as well as srall halrpin RNAs {shRNAs; typically
about 29 nucleotides In length). The latter are naturally expressed, as described In
Amarzguloui et al. (FEBS Lett. 579:5974-81 (2005)). Chemlcally synthetlc siANAs and
shRINAsS are substrates for /n vivo processing, and in same cases provide more patent
gene-sllancing than shorter designs (KIm et al., Nature Biotechrol. 23:222-226 (2005);
Slolas et al., Nature Biofechnol, 23:2'27-231 (2005)). In general siRNAs provide for
translent sHenclng of gene expression, because thelr intracellular concentratton Is diiuted
by subsequent cell divislons. By contrast, expressed shRNAs mediate long-term, stable
knockdown of target transcripts, for as long as transcription of the shRNA takes place
{Marnues et al., Nature Biotechnol. 23:559-565 (2006); Brummelkamp et &/, Sdence
296: 550-553 (2002)).

Since RNAI molecules, including siRNA, mIRNA and shRNA, act in a sequence-
dependent manner, the variants of the present Inventlon {e.g., the markers and
haplotypes as described herein) can be used to deslgn RNAI reagents that recagnize
specific nuclelc actd matecules comprising spedific alleles and/or haplotypes {e.g., the
alleles and/or haplotypes of the present Invention), while not recegnizing nuclelc acig
molecules comprising other alleles or haplotypes. These RNAI reagents can thus
recognize and destroy the target nuclelc acld molecules. As with antlsense reagents, RNAI
reagents can be useful as therapeutic agents (l.e,, for uming off disease-assoclated
genes or disease-associated gene variants), but may also be useful for characterizing and
valldating gene functlon {(&.g., by gene kaock-out or gene knock-down experlments).

Delivery of RNAI may be performed by a range of methodelegles known to those
skllled In the art. Methods utllizing non-viral dellvery Include cholesterol, stable nuclelc
acld-lipld particle (SNALP}, heavy-chaln antlbcdy fragment (Fab}, aptamers and
nanopariicles. Viral delivery methods Include use of lentivirys, adenovirus and adeno-
assoclated virus. The siRNA molecules are In some embadiments chemlcally modified to
Increase thelr stabllity. This can Include modlfications at the 2' position of the ribose,
Induding 2*-Q-methylpurines and 2’-flucropyrimidings, which provide resistance to Rnase
actlvity. Other chemical modifications are possible and known to those skllled in the art,

The followling references provide a further summary of RNAI, and possibllities for
targeting speclfiic genes using RNAI: Kim & Rossi, Mat. Rev. Genel, 8:173-184 (2007),
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Chen & Rajewsky, Nat Rev. Genet. 8: 93-103 (2007), Reynclds, et al., Nat. Blotechnof.
22:326-330 (2004), Chl et al., Proc. Natl. Acad. Sci. USA 100:6343-6346 (2003), Vickers
et al., 7. Biol. Chem. 278:7108-7118 {2003), Agaml, Curr. Opin. Chem, Biol, 6:829-834
{2002), Lavery, et al., Curr. Opin. Drug Discov. Devel. 6:561-569 {2003}, Shl, Trends
Genet, 19:9-12 (2003), Shuey et al., Drug Discav, Today 7:1040-46 {2002}, McManus et
al., Nat. Rev. Genel. 3:737-747 [(2002), Xla et a/., Nat. Biotechnol. 20:1006-10 {2002},
Plasterk et af,, curr. Opin. Gepet, Dev. 10:562-7 (2000), Bosher ef 3l., Nat. Celf Biol,
2:E31-6 (2000), and Hunter, Curr. Biol. 9:R440-442 (1999),

A genetlc defect leading to Increased predisposition or risk for development of a
disease, inchuding Type 2 dlabetes, or a defect causing the disease, may be corrected
permanently by administering to a subject carrying the defact a nuclelc acid fragment that
incorporates a repalr sequence that supplies the normal/wild-type nucleotide{s) at the site
of the genetic defect. Such slte-specific repair sequence may concompass an RNA/DNA
oligonucleotide that operates to promote endogenous repair of a subject’s genomic DNA,
The administration of the repalr saquence may be performrned by an appropriate vehicle,
such as a complex with polyethelenimine, encapsulated In anlonlc liposomes, a viral
vector such as an adenovirus vector, or other pharmaceutical compasitions suitable for
promaoting intracelular uptake of the adminstered nucletc acld. The genetlc defect may
then be overcome, since the chimeric ollgenuclectlides Induce the incorporation of the
normal sequence Into the genome of the sirbject, laading 1o expression af the
nermalfwlid-type gene product. The replacement [s propagated, thus randering a
permanent repalr and allaviation of the symptoms assoclated with the disease ar
condlbon.

The present Invention provides methods For identifying compounds or agents that
can be used to treat Type 2 dlabetes. Thus, the variants of the invention are useful as
targets for the Identlficatlon andfor development of therapsutic agents. Such methods
may Incdude assaying the ability of an agent or compound to modulate the activity and/or
expression of a nuclelc add that Includes at least one of the varlants {markers and/or
haplotypes) of the present tnvention, or the encoded product of the nuclelc acld. This in
turn can be used to identify agents or compounds that Inhiblt or alter the undesired
activity or expresston of the encoded nuclelc acld product. Assays For performing such
experiments can be parformed in cell-based systems or in cell-free systems, as knowa ko
the skllled person. Cell-based systems include cells naturally expressing the nucteic acid
molacules of interest, or recombinant cells that have been genetically modified so as to
express a ceriain destred nuclelc acld malecule,

Varnant gene expression In a patlent can be assessed by expression of a varlant-
centalning nuclelc acld sequence (for example, a gene contain'ng at least cne variant of
the present Inventlon, which can be transcribed into RNA contalning the at least one
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variant, and in tum translated Into protein), or by altered expresslon of a normalfwlld-
type nucleic acid sequance due to variants affecting the level or pattern of expression of
the normal transcripts, for example varlants in the regulatery or contre! region of the
gene. Assays for gene expression Include direct nuclelc acld assays (mRNA), assays for
expressed proteln levels, or assays of collateral compounds Involved in a pathway, for
example a stgnal pathway. Furthermore, the expression of genes that area up- or down-
regulated In response Lo the signal pathway can also be assayed. One embodiment

‘Includes operably linking a reporter gene, such as luclferase, to the regulatory reglon of

the gene(s) of interest.

Modulators of gene expression can In one embodiment be 1dentliled when a cell Is
contacted with a candidate compound or agent, and the exprassion of mRANA is
determined. The expression level of mRNA in the presence of the cand!date compound or
agent Is compared to the expression level in the absence of tha compound or agent.
Based on this comparison, candidate compounds or agents for treating Type 2 dlabetes
can be Identlfied as those modulating the gene expression of the variant gene. When
expression of mANA or the encxied proteln Is statistically significantly greater in the
presence of the candidate compound or agant than in its absence, then the candidate
compound or agent Is Ident/fied as a stimulator or vp-regulator of expression of the
nucleic acid. When nudelc acid expression ar proteln level Is statistically slgnificantly [ess
In the presence of the candidate compound or agent than In Its absence, then the
candldate compound Is Identlfied as an inhlbiter or down-regulator of the nucleic acld

expresslon.

The invention Further provides methods of treatment using a cornpound Identifled
through drug {compound andfor agent) screening as a gene modulator (l.e. stimulator
andfor Inhibltor of gene expression).

In a further aspect of the present invention, 2 pharmaceutical pack (kit) Is
provided, the pack comprising a therapeutic agent and a set of Instructions far
administration of the therapeutic agent to humans diagnostically tested for one or more
varlants of the present Inventlon, as disclosed hereln, The therapeutlc agent can be a
small molecule drug, an antlbody, a peptlde, an antisense gr RNAI molecu’e, or other
therapeutic molecules, In one embodiment, an Individual Identifled as a carrier of at least
one variant of the present Inventlon Is Instructed to take a prascribed dose of the
therapeutic agent. In one such embodiment, an indlvidual [dentifled as a homozygous
carrier of at least one variant of the present Invention Is Instructed to take a prescribad
dose of the therapeutic agent. In another embodimant, an Indlvidual identified as a non-
carrier of at least ona varlant of the present Inventlon Is Instructed to take a prescribad
dose of the therapeutic agent.
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Methods of assessing probabliity of response to therapeutic agents, methods of
monitoring progress of treatment and methods of treatment

As is known In the art, Indlviduals can have differentlal responses to a particular
therapy {e.g., 2 therapeutic agent or therzpeutlc method). Pharmacagenomics addresses
the Issue of how genetlc variations (e.g., the varlants (markers andfor haplotypes) of the
present Invention} affect drug response, due to altered drug disposition andfor abnormal
or altered actlen of the drug . Thus, the basis of the differentlal response may be
genetlcally determined In part. Clinlcal outcomes due to genetic variations affecting drug
response may result In toxicity of the drug in certaln Individuals {e.4., camiers or non-
carriers of the genetlc variants of the present Invention), or therapeutic failure of the
drug. Therefore, the varfants of the present Inventlon may determine the manper In
which a therapeutic agent andfor method acts on the body, or the way in which the body
metabolizes the therapeutic agent.

Accordingly, in ¢ne embodiment, the presence of a particular allele at a
polymorphic site or haplotype is indicative of a different, e.g. a different response rate, to
a partlcular treatment modality. This means that a patient diagnosed with Type 2
diabetes, and carrylng a certain allele at a polymorphic or haplotype of the present

" Invention {e.g., the at-risk and protective alleles andfor haplotypes of the Invention)

would respond better to, or worse to, a specific therapeutic, drug and/or other therapy
used to treat the disease. Therefore, the presence or absence of the marker allale or
haplotype could ald [n decidlng whak treatment should be used for a the patlent. For
example, for a newly dlagnosed patient, the pressnce of a marker or haplotype of the
present Invention may be assessed (e.g., through testing DNA derived from a blood
sample, as described herein). If the patlent Is positive far a marker allele or haplotype at
{that Is, at least one specific allele of the marker, or haplotype, is present), then the
physldan recommends one particular therapy, while If the pétlent Is nagative for the at
least one allele of a marker, or a haplotype, then a different course of therapy may be
recommended (which may Include recommending that no Immediate therapy, other than
serlal monitering for progresslon of the disease, be performed). Thus, the patlent's
carrier status could be used to help determine whether a particular treatment modallty
should be administered. The value lles within the possibilities of belng ahle to dlagnose
the disease at an early stage, to select the most appropriate treatment, and provide
Informatlon to the clinician about prognosis/aggressiveness of the disease In order to be
able to apply the most appropriate treatment.

In some embodiments, the treatment modality comprises adminstering at least
one of the therapaulic agents set forth in Agent Table 1 and Agent Table 2. In one
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embodiment, the therapeutic agent Is selected from Blguanides, Thlazolldinedlones,
Sulfonylureas, Meglitinides, Alpha-glucosldase (nhiklbors and DPP-4 Inhlbltors. In one
embodiment, the Blguanide ¥s metformin or metformin plus glyburide. Other combination
theraples comprising metformin, Including comblnations with thlazolidinediones, are also
contemplated and within the scope of the Invention. In another embodiment, the
Sulfunylurea Is selected from acetohexarnide, chlorpropamide, gliclazlde Diamlcron,
glimeplride, gliplzide, glyburide, tolazamide and tolbutamide, In another embediment,
the Thlazolldinedlane Is selected from ploglitazone, roslglitazone and mitoglitazone or
other thiazolidinedione derlvatives., In another embodiment, the therapgutic agent Is
selected from the agents set forth in Agent Table 2.

The present Inventlon also relates to methods of monitaring progress or
effectlveness of a treatment for Type 2 diabetes. This can be done based on the genotype
and/or haplotype status of the markers and haplotypes of the present inventlon, L.e., by
assessing the absence or presence of at least one alltele of at [east one polymorphic
marker as disclosed hereln, or by monltoring expression of genes that are assoclated with
the variants (markers and haplotypes) of the presant Inventlon. The risk gene mRNA or
the encoded polypeptide can be ‘meamn&d In a tssue sample (e.g., a peripharal blood
sample, or a blopsy sample). Expresslon levels and/or mRNA levels can thus be
determlned before and durlng treatrnent to monitor Its effectlveness. Alternatlvely, or
concomlitantly, the genotype andfor haplotype status of at least one risk variant far Type
2 dlabetes presented hereln Is determined before and durlng treatment te monitar its
effectlveness. Alternatlvely, biological nebworks or metabollc pathways related to the
markers and haplotypes of the present Invention can be manitored by determiring mRNA
and/or polypaptide levels. This can be done for example, by monltoring expression levels

. ar polypeptides for several genes belonging to the network and/for pathway, in samples

taken before and during treatment. Alternatively, metabolites belonging to the blological
netwaork or metabollc pathway can be determined before and during treatment.
Effectiveness of the treatment Is determined by comparing observed changes In
expresslion levelsfmetabolite levels durlng treatment to corresponding data from healthy

subjects.

The progress of therapy In Individuals carrylng at least one at-risk allele of at least
one marker found to be assoclated with Increased s'u\'k;ma'|:etII:-Ilit!.|r or sk of Typs 2 drabetes
Is thus monltored based on the genotype status of the Indlvidual. Indiviguals carrying at-
risk vartants as described hereln may benefit fram closer or more frequent monitoring of
progress of therapy than non-carrers, alternatively in comblnation with a particular
treatment modality or therapeutic agent belng adminsterad, as described In the above.

In a further aspect, the markears of the present Inventlon can be used to¢ Increase
power and effactlveness of clinlcal trials. Thus, individuals whe are carriers of at least one
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at-risk variant of the presant Invention, 1.e. Indivlduals who are carders of at least one
allele of at least one polymorphlc marker conferring Increased risk of devaloping Type 2
diabetes may be more likely to respond to a particular treatment modality. In one
embodiment, indlviduals who carry at-risk variants for gene(s) In a pathway andfor
metabolic netwerk for which a particular treatment {e.g., small molecule drug) is
targeting, are more likely to be responders to the treatment. In another embodiment,
Indlviduals who camry at-risk varlants for a gene, which expression andfor function Is
altered by the at-risk variant, are more likely to be responders to a treatment modality
targeting that gene, its expression or its gene product. This application can Improve the
safety of dinical trials, but can also enhance the chance that a clinical trial will
demonstrate statistically 5I.§|nlﬁcant efficacy, which may be limited t¢ a certaln sub-group
af the populatlon, e.g., individuals that are either carriers or non-carriers of the at-risk
varlants described kereln. Thus, one possible outcome of such a trial Is that carrlers of
certaln genetic variants, e.g., the markers and haplotypes of the present Invention, ara
statistleally significantly Ifkely to show posltlve response to the therapeutic agent, i.e.
experience allevlation of symptoms associated with Type 2 dlabetes whan taking the
therapeutic agant or drug 2s prescribed.

In a further aspect, the markers and haplotypes of the present Invention can be
used for targeting the selection of pharmaceutical agents for specific individirals.
Personalized selection of treatment modalities, lIfestyle changes or comblnation of the
kw0, can be realized by the ubilization of the at-risk varfants of the present invention,
Thus, the knowledae of an indlvidual’s status For particular markers of Ehe present
Inventlon, can be useful for selection of treatment optlons that target genes or gene
products affected by the at-risk variants of the inventlon. Certain combinations of
vaniants may be suvitable for one selectlon of treatment optlons, while c:-l:her-gene varlant
mrr[blnatlnns may target other treatment options. Such combination of varfant may
Include one variant, two variants, three varlants, or four or more variants, as needed Lo
determine with clinlcally reliable accuracy the selectlon of treatment madule,

In additlon to the dlagnostic and therapeutic uses of the variants of the present
invention, the variants (markers and haplotypes) can also be useful markers fr human
[dentification, and as such be useful In ferensics, paternity testing and In biometrics. The
specific use of SNPs for forensic purposes Is reviewed by Gill (Fnt, 1, Legal Med, 114:204-
10 {2001)). Genetic varlations In genomlc DNA between Indlvidisals can be used as
genetic markers to identify Individuals and to assoclate a bloleglcal sample with an
individual. Genetic markers, Including SNPs and microsatellites, can be useful to
distinguish Indlvidvals, The mare markers that are analyzed, the lower the probabllity
that the allellc combination of the markers In any given Individual Is the same as in an
unrelated Individual (assuming that the markers are unrelated, i.e. that the markers are
In perfect linkage equllibrium). Thus, the vardants used for thase purposes are preferably
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unrelated, i.e, they are Inherited Independently. Thus, preferred markers can ke selected
from avallable markers, such as the markers of the present Invention, and the selected
markers may comprise markers from differant regions In the human genome, including

markers on different chromosomes.,

In certaln applications, the SNPs useful for forensic testing are from degenerate
codon positions {[.e., the third position In certain codons such that the varlation of the
SNP does not affect the amina acld encoded by the codon). In other applications, such for
applications for predicting phenotyplc characteristics Including race, ancestry or physical
characteristics, it may be more useful’and deslrable to utilize SNPs that affect the amino
acid sequence of the encoded proteln. In other such embodiments, the variant (SNP or
other polymorphlc marker) affects the expresslion level of a nearby gene, thus leading to

altered proteln expression.

The present Inventlon also relates to computer-lmplemented applications of the
polyrmorphlc markers and haplotypes described hereln to be assoclated with Type 2
dlabetes. Such applications can be useful for storing, manlpulating or otherwise analyzing
genotype data that is useful In the methods of the Inventlon. One example pertains to
storing genotype Informatlon derived from an individual on readable medla, so as to be
able to provide the genotype Informaticn to a third party (e.q., the indlvidual), or for
deriving Informatlon from the genotype data, €.9., -bry comparing the genotype data to
information about genetic risk factars contributing te increased susceptibliity to Type 2
dlabetes, and reporting results based on such comparison.

©One such aspect relétes to computer-readable media. In general terms, such
meadlum has capabllities of storing {1} Identlfer information for at least one palymeorphic
rmarker or a haplotye; (1) an indicator of the frequency of at least one allele of sald at
least ona marker, or the freguency of a haplotype, In Individuals with Type 2 diabetes;
and an Indicator of the frequency of at least one allele of sald at least one marker, or tha
frequency of a haplotype, In a reference population, The reference population can be a
disease-free population of individuals. Alternatively, the reference population Is a random
sample from the generel population, and Is thus representativ of the population at large.
The frequency Indicator may be a calculated frequency, a count of alleles and/or
haplotype coples, or normallzed or otherwlse manipulét&d values of the actual frequencles

that are sultable for the particular medium.

Additional Informatlon about the individual can be stored on the medlum, such as
ancestry Informatlon, Information about sex, physical attributes or charactersitics
{including helght and welght), blochemlcal measurements (such as bloocd pressure, bload
lipld levels, fasting glucose levels, Insulin response measurements), or other useful
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Information that Is desirable to store or manipulate in the context of the genalype status
of a particular Indlvidual.

The inventlon furthermore relates to an apparatus that is suitable for
determination or manlpulation of genetlc data useful for determining a susceptibllity to
Type 2 diabetes In a human Individual. Such an apparatus can include a computer-
readable memory, a routine far man!pulating data stored on the computer-readable
memeory, and a routine for generating an output that Includes a measure of the genetic
data. Such measure can Include values such as alletic or haplotype fraquencies, genotype
counts, sex, age, phenotype information, values for odds ratlo (OR) or ralative risk {RR)},
population attributable risk (PAR}, or other useful Informatlon that is either a direct
statistic of the original génotvpe data or based on calculatlons based on the genetlc data.

The abave-described applications can all be practiced with the markers and
haplotypes of the Inventlon that have In more detail been described with respect to
metheds of assessing susceptibllity to Type 2 diabetes. Thus, these applicatlons can in
general be reduced bo practice using markers listed in Tables 1-6, and markers in linkage
disequillbrium therewlth, e.g. the markers set forth In Tebles 22, 23 and 24. In ona
embodiment, the markers or haplotypes are present within the genomic segrnents whose
senuences are set forth In SEQ ID NO:1, SEQ ID NG:2 ar SEQ ID NO:3. In another
embadiment, the markers and haplobypas comprise at least one marker selected from
rs2497304 {SEQ ID NO:16), rs947591 (SEQ ID NO:30), rs10882001 (SEQ ID NO:4),
7914814 {SEQ ID ND;24}, rs6383830 (SEQ ID NO:20), r=2421943 (SEQ ID NO:15),
rs6583826 (SEQ ID NO:19), rs7752906 (SEQ 1D NO:32), rs1569699 (SEQ ID NO:6),
rs7756992 (5EQ ID NO:21}, rs9350271 (SEQ 1D ND:33), rs9356744 (SEQ ID NO:34),
rs9368222 (SEQ ID NO:35), rs10440833 (:SEQ ID NO:36), 56931514 (5EQ ID NG:37),
rs1860316 (SEQ ID NO:10), rs1981647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:9),
rs2191113 {SEQ ID NO:13), and rs9850889 (SEQ ID NO:31), optionally Including markers
in linkage disequillbrium therewlth, wherealn linkage disequilibrium is defined by rumerical
values for r* of greater than 0.2. In another embodiment, the marker or haplotype
mprises at least one marker selected from 52497304 allele A, rsB47591 allele A,
rs10882091 allele C rs7914814 allele T, rs565835830 allele A, rs2421943 allale G,
rs6583826 allele G, rs7752906 allele A, 51569699 zllele C, rs7756992 allele G,
rs9350271 allele A, rs8356744 allele C, rs9368222 allele A, m1ﬁ440333 aliele A,
rs6931514 allele G, rs1860316 allele A, rs1981647 allele C, rs1843622 allele T,
rs2191113 allale A, and rs389088% allele A, In yet another embodiment, the at least one
marker or haplotype comprises at least one marker selected from the markers set farth in
Tables 22, 23 and 24,
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Mucleic aclds and polypeptides

The nudelc acids and polypeptides described hereln can be used In methods of
diagnosis of a susceptibllity to Type 2 diabetes, as well as in kits useful for such diagnosis.

An “isplated” nuclefc acid molecule, as used hereln, is one that is separated from
nucielc acids that normally flank the gene or muclectide saequence (as In genomic
sequences} andfor has been completely or partlally purified from other transcribed
sequences {e.g., as In an RNA library). For example, an Isolated nuclelc acid of the
Inventlon can be substantially Isolated with respect to the complex cellular milieu in which
It naturally occurs, or culture medium when produced by recombinant technlques, or
chemical pracursors or other chemicals when chemically syntheslzed. In some Instances,
the Isolated material will form part of @ composition (for example, a aude extract
cnntalning other substances), buffer system or Eeagent mix. In cther circumstances, the
rmateriat can be purifled to essentlal homagenelty, for example as determined by
polyacrylamide gel electrophorests (PAGE) or column chromategraphy (e.g., HPLC). An
isolated nucleic acid molacule of the inventlen can comprise at lzast about 50%, at least
about BO% or at least about 20% [on a molar basls) of all macromoltecular species
present. With regard to genomic DNA, the term "Isolated” also can refer to nuclelc acld
molecules that are separated from the chromasome with which the genomlc DNA is
naturally assoclated. For example, the Isolated nuclele acld molacule can contaln less than
about 250 kb, 200 kb, 150 kb, 100 kb, 75 kh, 50 kb, 25 kb, 10 kb, 5 kb, 4 kb, 3 kb, 2 kb,
1 kby, 0.5 kb or 0.1 kb of the nuclectides that flank the nudeic acid molecule In the
genomic DNA of the cell from which the nucleic acid molecule is derived.

The nucleic acld molecule can be fused te other cading or regulatory sequences
and stll be consldered Isolated. Thus, recombinant DNA contalned In a vector Is included
In the definibon of “solated” as used hereln. Also, Isclated nuclels acid molecules includa
recomnbinant DNA molecules In heterologous host cells or heterologows organlsms, as well
as partlally or substanttally purlfied DNA melecules In sclutlon. “Isolated™ nuclelc acld
molecules also encompass in vivo and /a vitro RNA transcripts of the DNA molecules of the
present Invention. An isplated nuclelc add molecule or nucleotide sequence can Include a
nuclelc acld molecule or nucleotide séquenne that Is syntheslzed chemlcally or by
recommbinant means. Such Isolated nucleotide sequences are useful, for example, In the
manufacture of the encoded polypeptide, as probes for Isolating hemologous sequences
{e.g., from other mammaltan species), for gene mapplng (e.g., by /r sitv hybridization
with chremosomes), or for detecting expression of the gene In tissue {e.g., human
tissue), such as by Northern blot analysls or other hybridization technigues.

The Inventlon also pertains to nuclelc acld molecules that hybridize under high
stringency hybridization conditions, such as for selectlve hybridization, to a nucleotlde
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saquence described hereln {&.4., nudelc acld malecules that specifically hybridize o a
nuclegtide sequence contatning a pelymorphlc site assoclated with a haplotype described
hereln). In one embodiment, the Inventlon Includes variants that hybridize under high
stringency hybridizatlon and wash conditions {e.g., for selective hybridizatlon) to a
nucleotide sequence that comprises the nucleotide sequence of LD Black C06 (SEQ ID
NO: 1), LD Block C10 {SEQ ID NO:2; e.g., the nutleptide sequence encoding the IDE,
KIF11 andfor the HHEX genes) and LD Block C17 {SEQ ID NO:3), or the COKALL gene or
a fragment thereof (or a nucleotide seguence comprising the complement of the
nucleatide sequence of LD Block C0& (SEQ ID NO: 1), LD Block C10 {SEQ ID NO:2; &.4.,
the nudeotlde sequence encoding the IDE, KIF11 and/or the HHEX genes) and LD Block
C17 {SEQ ID NO:3), or the CDKAL1 gene or a fragment therecf), whersln the nucleatide
sequence comprises at least ona polymorphic allele contained In the haplotypes (e.g.,
haplotypes) described hereln.

Such nuclelc acld moleceles can be detected andfor Isolated by allele- or

. sequence-speclfic hybridizatlon {e.g., undar high stringency condiions). Stringency

conditlons and methods for nuclelc acld hyhrldlzaﬁnns are explained on pages 2.10.1-
2.10.16 and pages 6.3.1-6.3.6 in Currant Protocols in Molecular Biofogy (Ausubel, F. et
al., “Current Protocols in Molecidar Binlogy”, 1ohn Wiley B Sons, (1998)), and Kraus, M.
and Aaronson, 5., Methods Enzymol., 200:546-556 (1951}, the entire teachings of which
are incorporated by reference hereln.

The percent identity of bwo nucleotlde or amino acld sequences ¢an be determined
by aligning the sequences for optimal comparison purposes {(e.g., gaps ¢an be [ntroduced
In the sequence of a first sequence). The nucleotides or amino acids at corresponding
positions are then compared, and the percent Identity batween the two sequences |5 a
function of the number of Identical poslilons shared by the sequences [i.e., % ldentity =
# of ldentical positions/total # of positions x 10C). In certaln embodiments, the length of
a sequence aligned for comparison purposes Is at least 30%, at least 409, at least 50%,
at least 60%, at least 70%, at least 80%, at Izast 0%, or at least 95%, of the length of
the reference sequence. The actual comparison of the bwo sequences can be
accomplished by well-known methads, for example, using a mathematical algorithm. A
nan-llimitng example of such a mathematical algorithm Is described In Karlln, 5. and
Altschul, 5., Proc. Natl, Acad. Sci. USA, 90:5873-5877 (1993). Such an algorithm is
Incorporated Intg the NBLAST and XBLAST programs {version 2.0), as describad in
Altschul, 5. et al., Nucfeic Acids Res., 25:3389-3402 (1997). When wutllizing BLAST and
Gapped BLASY programs, the default parameters of the respective programs (e.g.,
NBLAST) can be used. See the webslte on the world wida web at nchl.nlm.nih.gov. In
one embodiment, parameters for sequence comparison can be set at score=100,
wordlength=12, or can be varled {e.g., W=5 or W=20}.
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Other examples Indude the algorithm of Myers and Miller, CABIOS (1985},
ADVANCE and ADAM as described In Torellis, A. and Roboettl, C., Comput. Appl. Bipsci,
10:3-5 {1994); and FASTA desciibed in Pearson, W, and Lipman, D., Proc. Natl. Acad, Sci.
L/SA, 85:2444-48 (1988). In another embodiment, the percent identity between two
amine acld Sequences can be accomplished using the GAP program In the GCG software
package (Accelrys, Camabridge, UK), -

The present Inventlon also provides Isolated nucleic acid molecules that contaln a
fragment or portlon that hybridizes under highly stringent conditions to a nucleic acid that
comprises, or consists of, the nuclectlde sequence of LD Block CO6 (SEQ ID NO: 1), LD
Block C10 {SEQ ID NO:2; e.g., the nucleotlde sequence encoding the IDE, KIF11 andfor
the HHEX genes} and LD Block C17 (SEQ ID NO:3), ar the CDKALL gene or a fragment
thereof {or a nucleotide sequence comprising, or consisting of, the complement of the
nucleotide sequence of LD Block C06 (SEQ ID NO:1), LD Block C10 {SEQ ID NO:2; e.g.,
the puclectide sequence encoding the IDE, KIF11 andfor the HHEX genes}and LD Block
C17 {SEQ ID NO:3), or the CDKALL gene or a fragment thereof), whereln the nucleotide
sequence camprises at least one polymarphic allele contalned In the haplotypes (e.9.,
haplotypes) describad hereln. The nudeic actd fregments of the Inventlon are at [east
about 15, at least about 18, 20, 23 or 25 nucleotides, and can be 30, 40, 50, 100, 200,
500, 1000, 10,000 ar rmare nudeoctides In length,

The nuclelc acld fragments of the Inventlon are used as probes or primers In
assays such as those described bereln. *Probas” or “primers” are oligonuclectides that
hybridlze In a base-speclfic manner k¢ a complementary strand of a nucleic adld molecule,
In additlon to DNA and RNA, such probes and primers Include polypeptide nuclele aclds
{PNA}, as described In Nielsen, P. et af., Sclence 254:1497-1500 (1991}. A_pmbe ar
primer comprises a reglon of nucleotide senquence that hybridizes to at least about 15,
typically about 20-25, and In certain embodiments about 40, 50 ar 75, consecutive
nudeotldes of a nuclelc acld molecula. In one embodiment, the probe or primer
comprises at least one allele of at least ¢ne pelymorphlc marker or at least one haplotype
described hereln, or the complement thereof, In partlicular embodiments, a probe or
primer can comprise 100 or fewer nucleotides; far example, In certaln emboediments fram
6 to 50 nucleotides, or, for example, from 12 to 30 nucleotides. In other embodiments,
the prabe ar primer Is at least 70% ldentical, 2t least 80% Identical, at least 85%
identical, at least 90% Identical, or at least 95% Identical, to the contiguous nucleotide
sequance or to the complement of the contlguous nuclectide sequence. In another
embadiment, the probe or primer [5 capable of selectively hybridizing to the contiguous
nuclectide sequence or to the complement of the contiguous nuclectide sequence. Often,
the prabe ar primer further comprises a label, e.g., a radiolsotope, a fluorescent label, an
enzyme label, an enzyme co-factor label, @ magnetic label, a spin labe), an epltope label.
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The nudleic acld molecules of the inventlon, such as those described above, can be
Identified and isolated using standard molecular biology techniques well known to the
skllled person. The amplified DNA can be labeled {e.g., radiclabeled) and used as a probe
for screening a cDNA llibrary derived from hurmnan cells. The cDNA can be derlved from
mRNA and contained In a sultable vector. Corresponding clones can be Isolated, DNA can
obtalned followling in vivo exclslon, and the cloned Insert can be sequenced In either or
both orientations by art-recognized methods to Identify the correct raading frame
encoding & polypeptide of the appropriate molecular welght. Using these or simllar
methods, the polypeptide and the DNA encoding the polypeptide can be Isolated,
sequenced and further characterized.

In general, the isolated nuclelc acld sequenceas of the invention can be used as
moelecular welght markers on Southemn gels, and as chromosome markers that are labeled
to map related gene positions. The nudelc acld sequences can also be used to compare
with endogenous DNA sequences In patlents to Identify Type 2 diabetes or a susceptibillty
to Type 2 dlabetes, and as probes, such as to hybridize and discover related DNA
sequences or to subtract cut krown sequences from a2 sample {&.g-, subtractive
hybridization). The nudlelc add sequences can further he used to derive primers for
genetic fingerprinting, to ralse antl-polypaptide antibodies using immunizZation techniques,
and/or as an antigen to raise ant!-DNA antibodles or eliclt Immune responses.

Antibodies

Polyclenal antibedies and/or monoclonal antibodles that specifically bind one form
of the gene product but not to the other farm of the gene product are also provided.,
Antlbodies are also provided which bind a portion of elthar the varlant or the reference
gene product that contains the polymorphic site or sltes. The term “antibody” as used
hereln refers to Immunoglobulin molecules and immunologlcally active portions of
Immunoglobulin molecules, i.e., molecules that contain antigen-binding sltes that
specifically bird an antlgen. A molecule thak specifically binds to a polypeptide of the
invention is a molecule that binds to that polypeptide or a fragment thereof, but does not
substantlally bind other molecules in a sample, e.g., a blologlcal sample, which naturally
contains the polypeptide. Examples of Immunologically actlve portions of Immunoglobulin
molecules Include F{ab) arnd F{ab”), fragments which ¢an be generated by treating the
antibady with an enzyme such as pepsin. The Jnvention provides polyclonal and
monoclonal antibodles that bind to a polypeptide of the Invention. The term "monocional
antibody” or *monoclonal antll:bdy compositlon™, as used hereln, refers to a population of
antlbody rmolecules that contaln only one species of an antigen binding site capable of
Immunoreacting with a particular epitope of a polypeptide of the inventlon, A moncclonal



10

15

20

23

30

a5

73

antibody composltlon thus typlcally displays a single binding aRinity for a particular
polypeptide of the invention with which it Immunoreacts,

Falyclonal antibodles can be prepared as described above by immunlizing a
sultable subject with a deslred Immunogen, e.g., polypeptide of the Inventlon or a
fragment thereof. The antibody titer in the Immunized subject can be monitored over
time by standard technigues, such as with an enzyme linked Immunosorbent assay
(ELISA) using immobillized pelypeptide. If desired, the antlbody molecules directed
agalnst the polypeptide can be Isolated from the mammal {(e.g., from the blood) and
further purified by well-known techniques, such as protein A chromatogrephy to obtain
the IgG fraction, At an appropriate time after Immunization, e.g., when the antibody
titers arg highast, antlbody-producing cells can be obtalned from the subject and used to
prepare monoclonal antibedles by standard techniques, such as the hybridomna technlque
originally deszribed by Kohler and Milsteln, Nature 256:495-497 (1973), the human B cell
hybridoma technlque {Kozbor et af., Immunocl. Today 4: 72 (1983)}), the EBV-hybridoma
technlque [Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. L1s5,1985, Inc.,
pp. 77-96) or trioma techniques. The technology for producing hybridomas is well known
(see generally Current Protocels in Immunciogy {1994) Collgan et al., (eds.) John Wiley &
Sons, Inc., New York, NY}. Brlefly, an Immortat cell llne (typically a myeloma) Is fused Lo
Iymphocytes (typlcally splenocytes) from a marmmal Immunized with an Immuncgen as
described above, and tha cufture supernatants of the resulting hybridoma cells are
screened to ldentify a hybridorna producing a monoclonal antibody that binds a
palypeptide of the Invention.

Any of the many well known protocols used for fusing lymphocytes and
Immortalized cell lines can be applied for tha purpose of ganerating a monocional antibody
to a polypeptide of the invention {see, e.g., Cisrent Profocols In Immunolegy, supra;
Galfre f al., Nature 266:55052 {1977}; R.H. Kenneth, In Monadonal Antibodies: A New
Dimenslon In Biofoglcal Analfyses, Plenum Publishing Corp., New York, New York {1960);
and Lerner, Yale J. Biol. Mad. 54:387-402 {1981)). Moreover, the ordinarlly skilled
worker will appreclate that there are many variations of such methods that also would be

useful,

Alternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal
antibedy to a polypeptide of the invention can be Identifted and Isclated by screening a
recombinant comblnatorial immunoglobulln library {e.q., an antlbc_:d'f phage display
library) with the polypeptide to thereby Isolate Immunoglobulin library members that bind
the polypeptide. Kits for generating and screening phage display libraries are
commerclally avallable (e.g., the Phammacla Recombinant Phage Antibody System,
Catalog No. 27-9400-01; and the Stratagene SwrfZAP™ Phage Display Kit, Catalog No.
240612). Additionally, examples of methods ang reagents particularly amenable for use
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In generating and screening antibody display (Ibrary can be found In, for example, U.5.
Patent No. 5,223,409; PCT Publlicatlon No. WG 92/18619; PCT Publication No. WO .

.91/17271; PCT Publication No. WO 92/20791; PCT Publication No. WO 92/15679; PCT

Publicaion No. WO 93/01288: PCT Publication No. WO 92/01047; PCT Publicatlon No. WO
92/09690: PCT Publication No. WO QDIUZBdE!'; Fuchs et al., Bio/Technology 9: 1370-1372
{1991); Hay et al., Hum. Antibod. Hybridomas 3:81-85 {1992); Huse et al., Science 246:
1275-1281 (1989); and Griffiths et af., EMBO J. 12:725-734 [(1993).

Additionally, recombtlinant antibodles, such as chimeric and humanized monocional
antlbodles, comprising bath human and non-human portions, which can ke made using
standard recombinant DNA technigues, are within the scope of the invention. Such
chimeric and humanized moncclonal antibodles can be preduced by recombinant DNA
techniques known In the art.

1n general, antibodies (e.g., a monodonal antibody) can be used to isolate a
polypeptide of the invention by stendard technlques, such as affinity chromatography or
Immunoprecipitation. A polypeptide-speclfic antibody can facllitate the purlficatlon of
natural polypeptide from cells and of recomblinantly produced polypeplide expressed In
host calls. Moraover, an antibody speclfic for a polypeptide of tha Invention can be used
to detect the polypeptide {e.g., in a cellular lysate, cell supematant, or Hssua sample) In
order to evaluate the abundance and pattern of expression of the palypeptide. Antlbodies
can be used dlagnostically to menitor proteln levels in tissue as part of & clinical Lesting
procedure, e.g., to, for example, determine the efficacy of a glven treatment regimen.
The antlbady can be coupled to a detectable substance to facilltate Its detection.
Examples of detectabla substances Irclude various enzymes, prosthetic groups,
fluorescent materials, luminescent materials, bleluminescent materials, and radicactive
materials. Examples of suitable enzymes Includa horseradish peroxldase, alkaline
phosphatase, beta-galactosidase, or acetylcholinesterase; examples of sultable prosthetlc
group complexes Include streptavidin/biotin and avidin/bintin; examples of suitabla
fluorescent materials Include umbelliferone, fiuorescein, fluorescen isothiocyanate, -
rhodamine, dichlorotrazinylamine fiuoresceln, dansyl chloride or phycoerythrin; an
example of a luminescent mater!al Includes lumino!; examples of bloluminescent materials -
Include luclferase, tuclferin, and aequorin, and examples of suitable adicactive material
Inclugde *2°1, 311, 55 or 3H.

Antlbodies may also be useful in pharmacegenomlc analysis. In such
embodiments, antlbodles agalnst varlant protelns encoded by nuclelc aclds as describad
hereln, such as variant protelns that are encoded by nuclelc aclds that contaln at least
one polymorplc marker of the invention, can be used to ldentify Individuals that require
modlfied treatment modalltles.
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Antibodles can furthermore be useful for assessing expresslon of variant proteins
in disease states, such as in actlve stages of Type 2 dlabetes, or in an individual with
predisposition to Type 2 diabetes that [s related to the function of the protein. Antlbodies
specific for a variant protein of the present invention that Is encoded by a nudelc acld that
comprises at least one polymeorphic marker or haplotype as described hereln can be used
to screen for the presence of the variant proteln, for example ko screen for a
predisposition to Type 2 dlabetes as Indicated by the presence of the variant protein,

Antibodies can be used In other methods, Thus, antitbodles are useful as
dlagnostic tools for evaluating protelns, such as variant protelns of the invention, In
conjunctlon with analysls by electrophoretic mobllity, isoelectric point, tryptic or other
protease digest, or for use In other physical assays known to those skilled in the art.
Antibpdles may also be used in tissue typing. In one such embodiment, a speclfic varlant
proteln has been correlated with expression In 2 specific tissue type, and antlbodles
speciftc for the varlant proteln can then be used Lo Identify the speclfic Lissue type.

Subgellylar locallzation of pratelns, Including variant protelns, can also be
determined using antlbodles, and can be applied to assess aberrant subcellular
localization of the proteln In cells In varlous tissues. Such use can be applled In genetle
testing, but alse In monitoring a partlcular treatment modality. In the case where
treatment Is aimed at correcting the expresslon level or presence of the varlant protein or
aberrant tissue distributien or developmental expression of the varlant proteln, antibod!es
speclfic for the varlant proteln or fragments thereof can be used to monitor therapeutic

efficacy.

Antlbodies are further useful for inhiblting veriant proteln function, for example by
blocking the binding of a variant proteln to a binding molecule or partner. Such usas can
alsa be applied In a tharapeutic context In which treatment Involves Inhibiting 2 variant
protein’s function. An antibody can be fer example be used to block ar competitlvely
Inhiblt binding, thereby medulating {).e., agonlzing or antagonlzing) the activity of the
proteln. Antlbodies can be prepared agalnst specific proteln fragments contalning sites
required for specific functlon or agalnst an Intact proteln that Is assoclated with a cell or
cell membrane. For administration fn vivo, an antibody may be linked with an additlonal
therapeutic payload, such as radlonuclide, an enzyme, an Immunogenic epitope, or a
cytotoxic agent, Including bacterial toxins {(d'phtheria or plant toxins, such as ricin). The
in vivo half-life of an antlbody or a fragment thereof may be Increased by pegylation
through conjugation to polyethylene glycol.

The present Invantion will now be exemplified by the following non-limiting

examples,
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EXEMPLIFICATION

EXAMPLE 1 -

The following contalns description of the Identifictlon of susceptibllity factors Found
to be assoclated with Type 2 dlabates through single-point and haplotype analysis of SNP
markers.

METHODS

Icelandic cohort

The Data Protectlon Authority of Iceland and tha National Bloethlcs Committee of
Iceland appm\r:ed the study. All particlpants In the study gave informed consant. All personal
Identifiers assoclated with blood samples, medical information and genealoqgy were flrst
encrypted by the Data Protectlon Authorlty, using a third-party encryption system.

For this study, 2400 Type 2 diabetes patlents were Identifled who were diagnosad
gither through 2 long-term epldemiologic study done at the Teelandic Heart Assoclation ovar
the past 30 years or at one of two major hospitals in Reykjavik over the past 12 years, Two-
thirds of these patients were allve, representing about half of the population of known Type 2
diabetes patlents In Iceland today. The majority of these patients were contacted for this
study, and the cooperation rate exceeded BD%. All participants In the study visited the
Icelandlc Heart Assoclatlon whera they answered a questlonnzire, had blood drawn and a
fasting plasma glucose measurements taken. Questions about medicatlon and age at
dizgnosls were Included. The Type 2 dizbetes pétienfs In this study were diagnosed as
described In our previcusly published linkage study {Reynisdottir et af., Am J Hum Genet 73
323 (2003). In brief, the dlagnosls of Type 2 dlabetes was confirmed by study physlcians
through previaus medical recerds, medication history, and/or new laboratory measurements,
For previously diagnosed Type 2 dlabetes patients, reporting of the use of oral glutose-
lowering agent confirmed Type 2 diabetes. Individuals who were currently treated with insulin
were classlfied as having Type 2 dlabetes if they were also using or had previously used oral
glucose-lowering agents. In this cohart the majority of patients on medication take aral
glucose-lowering agents and only a smali portion (9% require Insulin. For hitherto
undlagnosed Individuals, the diagnosis of Type 2 dlabetes and impaired fasting glucose (IFG)
was based on the criteria set by the American Dlabetes Association (Expert Committee on the
Dlagnesls and Classification of Diabetes Mellitus 1997). The average age of the Type 2
diabetes patlents In this study was 69.7 years.
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Raplicatio
The Danlsh study group was a set of Type 2 dizbetes patients from the Stenc

Dlabetes Center In Copenhagen (N=1,018) and from the Inter99 population-based sample
of 30-60 year old Indlviduals living in the greater Copenhagen area and sampled at
Ressarch Centre far Prevention and Health2B8 {(N=359). Dlabetes and pre-diabetes
categorles were diagnosed according to the 1999 World Health Organlzation (WHO)
criteria. An effectively random subset {N=2,400) of Danlsh controls with EMI
measuremeants were obtained from the Inter99 collection. Informed written consent was
obtalned from all subjects before participation. The study was approved by the Ethtcal
Committee of Copenhagen County and was In accordance with the principles of the
Helsinki Qeclaration.

The PENN CATH study In the US is a cross sectfonal study of the association of
blochemical and genetlc factors with coronary atherosclerasls In a consecutive cohort of
patlents undergolng cardlac catheterization at the University of Pennsylvanla Medical

- Center between July 1998 and March 2003, Type 2 diabetes was deflned as history of

fasting blood glutose =126mg/dl, 2-hour post-prandial glucose =200mg/dl, use of aral
hypoglycemic agents, or Insulln and cral hypoglycemic In a subject greater than age 40.
‘The Unlvers|ty of Pennsylvanla Institutlonal Review Board approved the study protecol
and all subjects gave written Informed consent. Ethnicity was determined through self-
repart. A tolal of 468 Caucaslan Type 2 dlabsates cases were derived frem this cohort,
Addltlonally, 1024 unaffected {with respect to Type 2 diabetes) Caucaslan controls were
randamly drawn from the same study.

The DNA used for genotypling was the product of whole-genome amplification, by
use of the GenomiPhi Amplli‘lcat[un kit (Amersham}), of DNA [solated from the peripheral
blood of the Danish and US Type 2 dlabetes patients and controls.

Gepotyping

A genome-wlde scan of 1399 Icelandic diabetes patlents was performed using
Infinlum HumanHap300 SNP chlps from Tllumina for assaylng approximately 317,000
single nuclegtide polymorphisms {SNPs) on a single chip {Illumina, San Diego, CA, USA).
SNP genotyping for replication In other case-control cohorts was carrled using the
Centaurus platform (Nanogen).

for atl

For single marker assoclatlon to Type 2 dlabetes, we used a likellhood ratlo test to
calculate a two-sided p-value for each allele. We calaulated relative risk {RR} and
population attAbutable risk (PAR) assuming a multiplicative model {C. T. Falk, P.
Rublnsteln, Arn Hurm Genet 51 {Pt 3), 227 {1987); 1. D. Terwllliger, 3. Ott, Hurm Hered
42, 337 (1992)). For the CEPH Caucaslan HapMap data, we caloulated LD between palrs
of SNPs uslng the standard definitlon of D’ (R. C. Lewontin, Genetics 50, 757 (1964}) and
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R? W. G. Hill, A. Raberiscon, Genetics 60, 615 (Nov, 1968). When plotting all SNP
comblnatlans to elucldate the LD structure In a particular region, we plotied D In the
upper left corner and p-values In the lvwer right comer, In the LD plots wa present, the
markers are plotted equidistantly rather than according to thelr physlcal positions.

RESULTS
Genome-wide association study

We successfully genotyped 1399 Icelandic Type 2 dizbetes patients and 5275
population control individuals using the Hfumina 330K chlp, Assoclation analysls was
performed using single SNPs, two marker haplotypes and extended haplotypes within LD
blocks. After correcting the p-valua for relatedness we identifizd 49 single markers and
two marker haplatypes at 21 lod {l.e. genetic susceptibllity [ocatlons in the genome) that
had a p-value less than 5x10™° (Table 1}. In addition, 10 extended haplotypes at B
additional locl were selected by the same criteria (Table 2). Within the patlent group, 700
individuals were non-obese (BMI<30) and those were tested separately for associatlon.
After correcting the p-value for relatedness,-36 single markers and two marker haplatypes
at 20 locl had H: p-value less than 5x10°° (Table 3). Three of those loci were zlso (dentified
when the tetal group was analysed. In addition 6 extended haplotypes at 4 additlonal locl
weare selected by the sama criteria (Table 4). The obese group of 531 patlents {BMI =30}
was also analysed separately for assodation. After correcting the p-value for relatedness
3B single markers and two marker haplotypes at 16 loc had a p-value less than 5x10°%
{Table 5). One of those locl was also [dentified when the total group was analysed but no
averiap was found Between the non-obese and abese graups using this crlteria, In
addition 10 extended haplotypes at 7 addltlonal loci had a p-value less than 5x10°1n
assoclatlon analysis of obese dlabetics (Table 6).

The single-marker assoclatlon and bwo-marker and extended haplotype association
analysls presented In Tables 1-6 thus represents evidence for multiple susceptibllity
variants for Type 2 diabetes. It should be noted that for single-marker SHP analysls as
presented hereln, susceptiblllty variants can either be represented by Increased risk,
whereln one allele Is gverrepresented In the patient group compared with contrals.
Alternatively, the susceptibility variants can be represented by the other allele of the SHNP
In questlon - for that allele, under-representation In patlents compared with controls Is
expected. This Is a natural consequence of assoclatlon analysis to genetic elements
comprising two alleles. For muiti-marker haplotypes or for pelymerphic markers
comprising more than one marker, at-risk association may be observed to one {or more}
at-risk allele or haplotype. Protective variants In form of assoclation (with RR-values less
than unity) to one (or more) protectlve varlants or haplotypes may also be cbserved,
depending on the genetic composition and haplotype structure In the ganetic reglon in

question.
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Table 1. Single markers and two marker haplotypes associated with Type 2
Diabetes. Associating alleles are indicated In front of each marker (Allelic code: A=1,

C=2, G=3, T=4}
Chr Pos
chri 15151890
chr2 40560735
chi2 40580735
chr2 54069849
chr2 54977851
chd 89323970
chré 6065113
chi6 31556294
chit 31556204
chre 132422351
chrié 132422361
chil 132422381
chré 150460378
chié 150461077
chrd 164474219
chr7  B7851463
chrd 124198776
chrl 124202699
chid 90164936
chrd 95493692
chrd 95510529
chri0 53058229
chrid 53063104
chrl0 84301785
chr10 84301785
chri0  B4304784
chrl0 94308872
chrid  B4309972
chrid 94337810
chri0 94337810
chriG 94364357
chri® 94364357
chri0 94372930
chri0  ©438H098
chril 94442410
chrid 944082695
chrl0  D44B5733
chri2 33373479
chri5  B3156854
chrié 22705353
chrl§ 72066252
chri6 72088481
chrl7 66072384
chA7 66117011

chr17

G6117911

Punad}
4.1 E-06
241E-06
4. 859E-07
5.53E-00
3. 42E-06
2 50E-06
1.00E-06
3.22E-06
1.93E-06
J.10E-06
3.97E-D6
T.88E07
SOEDT
SASEQ7
J.07E-06
4 35E-06
1.21E-08
5.97E07

2.03E-06

2.38E-06
5.83E-07
1.39E-06
1.37E-06
2.54E-08
2.11E08
149507
6.60E-09
66009
1.36E-0G
71BE-08
7.76E-08
9.33E-08
0.81E-08
9.23E-08
B.41E-D8
7.56E-08
1.64E-06
3.07E08
2.BOE-DG
2.93E-D6
4.23E-06
5.86E-07
T.34E-07
1.18E-07
6.78E-08

Padj
4 49E-05
3.06E-05
8.27E.06
1,50E-06
3.75E-05
3.25E-05
1.53E-05
3.78E-05
2.57E-05
3.74E-05
4 54E-05
1.25E-05
A.86E-06
9,05E-08
3.63E-05
4.89E-05
1.76E-05
9.95E-06
2.62E-05
3.03E-05
9 BDE-06
1.98E-05
1.96E-05
8.44E-07
1.19E-07
3.37E-06
2.85E-07
2.85E0O7
1.91E-05
1.81E-06
2.04E-08
2.30E-06
2 40E-06
2.30E-05
2 47E-06
1.95E06
2.21E05
4.37E-05
4,30E-05
357605
4 GHE-05
8.92E-06
1.20E-05
2.77E-08
1,B3E-06

Rrisk

12725
1.243
1.287
1.224
1.380
1.705
1232
1240
1262
1252
12459
1.203
1.202
0.813
1273
1.253
0.722
1.304

.1.253

1252
1240
1239
1.276
1.297
0.797
0,778
0779
1.228
1.262
1.258
1.256
1.256
1.256
1.256
1.258
1.225
1.2
0.815
1.264
0.625
0.812
1,238
0,781
1.281

Aff.frq
0407
£.593
0.571
0.335
0.553
0.904
0.072
0.a72
0.360
0.278
0.276
(L3565
D794
0.794
0.479

- 0753

0721
0.108
0.152
0.308
0.365
0.377
0.286
0.614
0.5B5
0443
0.455
0455
0518
0,449
0456
D.AT2
0412
0472
0.527
0542
0.526
.10
0.469
0.781
0.038
0.043

" 0.564

0282
0.707

Curl.irq
0.360
0.543
Q.517
0.281
0.563
0.872
0044
0.325
0.320
0.234
0233
0.307
0.749
0.749
0.531

0705
0.673
0943
0.154
0.263
0315
0328
0.336
0,555
0.521
0489
0.517
2.517
0.467
{.393
0.410
0.415
0.415
0.415
0.470
0.485
0.475
0.082
0.521
0.738
0.059
0.069
0.511
0,335
0,653

Haplolype

A rs3738026

1 513414307

1 513414307 3 51900609
3 rs9304D03 4 510173697
4 510173897

4 rs12486049

1 490213 3 reB 14174

2 r=2516424

2 m2516424 2 rs4947324
2 rs0483377 2 r=997607

A s04B3ATF A reTT4SETS
A rs9483377

1 rs1115570

2 r=12213837

4 rs206732 2 5933251
12192318

3 rs952656

4 rg13252935 3 rs7824203
1 rs10993008

3 rg 10000565 3 s4743148
3 =743148

4 rs7915188 4 2328170
4 rs3829170 3 re7922112
ams2421843

32421943 2 7017359
3 s7e08111 3 =2407304
3 r=1209763 4 510882091

. 3 1889763 3 0583830

3 eGIHIN26

3 6363826 2 r:10802001
2 rs 10802091 3 7923837
2 510882081

4 rs7814814

1 rs65383430

1 rs2275729 3 rs1111875
1 24087304

1 rg9475M

4 1805421

1 992017 3 11635811
d r5724466

2 1862773 4 rs825042

4 rs2432343 3 r=48B7R26
3 rs17763769 1 e 1860316
3 1860316 2 rs 177635811
1 rs1860216



chrl T
chrly
chr7
chr2g

66132708
E6143102
88139416
36391335

" 1.80E-06

1.29E-08
T.32E07
20907

2 43E-05
1.99E-05
1,19E-05
4.45E-06

1228
1.239
1.266
1250

0.583
0.665
D.744
0550

0.513
085
0.685
0.4%5

2 rei981647
9 r51843622
12181113
3 re4502015 2 ra2232580
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Table 3. Single markers and two marker haplotypes associated with Type 2
Dlabetes In non-obese patlents

Chr Pos Punad] Pad] Rrisk Aff.iry Cirl.frg Haplotype*

chri 20759353  S523E06 3.1BE-D5  0.661 0.104 0.149 4 34949203 2 502545
chrz 53360160  BS51EDB 4. 70E-05  1.411 0.855 0HD7 1 rs7424963

chrs A7772535  1.95E-06 +1.36E05  1.394 0.244 0188 3 rs10505855 2 ret2514611
chié §985113 5.76E-06 339505  1.891 0.080 0.044 1 rs490213 3 814174
chrg 20650200  @4B6E-06 4.6BE05  1.327 0.307 0.250 3 rs7758054 2 51569699
chré 20771314 1.06E-06 B0.14dE-06 1.3850 0.262 0232  1rs4712527 3157756992
chré 20787289  447E06 2.79EDS  1.333 0.315 0256 2 rs1569689

chrg 20707688  1.78E-06 1.28E-05 0.741 0662 0.743 1 rs7756902 3 rs9295478
chré 20787688  1.11E-06 A61E-08  1.368 0.292 0232 3 rs7756992

chrd 95447272 B.0BE06 A361E-05  0.764 0.469 0536 2 rs10818991 2 rs7098D303
chrii 23939149  305E-06 202605 1.525 0.928 0088 4 re1878230

chri1l 130184827 90Q0E-06 493E05 1.303 0.418 0.353 4311222327 1 510639905
chrid 28578564 215608 1.51E-05 0.723 0.220 0281 11565707 1 re6404194
chvl3 28578584  B20E-07 H.E3E06  1.381 0.763 0700 2 565707

chrid 26635031 A14E-06 2.03E-05  1.300 0606 0.540 2 7284685

chri3 26637843 2337608 215E-05  1.308 0.605 0540 2 rs7998347

chrid 26801814  9.09E-06 4.97E-05 1.340 0.771 0.716 137333350

chri3 25801814 129E-06 NB.76E-08  0.700 0.195 0254 351323350 4 rs7907436
chri3 108034018 00BE-D6G 40705  1.322 -0.732 0674 2 m47715M

chrié 12897094  B.10EO06 459E-05 D616 0.068 0405 2 rsE49A353 3 rs$991146
chri7 66072384  Z10EO7 2.00E-08  1.347 0.585 0511 317763769 1 1860316
chri?7 66117911 101E-09 2.42E-08 0677 0,254 0.335 3 r9iBB0316 2 rs$7753811
chri? 88117911 120E-09 273E-08 1482 0.734 0653  1rs1860318

chrl? 66132788  7.18EO7 S5Q9E-06 1.379 0.583 0513 2 rs1891647

chr1i7 66148102  4,33E-07 3.B4E-08  1.355 0.654 0615 4 rsi8dagee

chr1i7 68159416  4.49E-09 028E08  1.467 0.771 0096 12191113

chrl? 66173475  4.75E-06 2.88ED5  1.472 0.A05 0.839 1 r=ORA008AY

chri8 41053807  427E-06 2.6BE-05  1.380 0.218 0.167 3 =10502850

chrié 63441804  H.25500 4.66E-05 0.887 0.121 0167 4 5764133 4 rs7237200
chrifé 63465082  4,35E-06 2.67E-05 1.443 0.867 0.819 2 ra7237200

chrig 3316583 7.55E-06 4.33F05  1.370 0.227 0176 131810420

chr20 38191335  B.3BE-DA 4.65E05 1202 0.558 0495 - 3rs4592915 2 re2232580
chr21 13789165  3.83E05 240E05 1.5099 0.927 0.888 1 rs468601

chr21 33298252 117E06 D.03E-06  1.358 0,311 0.240 3 rs2A34061

chr21 39374906  4.04E-06 251E-05 1,308 0.631 0.566 4 rs389006

chr22 289550521 060EDE 4.75E-05  1.347 0.265 0212 38142410 3 re5094353

*Assoclating alleles are Indicated in front of each marker (Allellc code: A=1, C=2, G=3, T=4)



(b=L ’'€=9 ‘z=2 '1=v :2p0d 3||2||y) 5MJeLW) Uoes J0 Juol) U] Paledipu| aJe sa|3||e Bupepossy..

PLSZOEES! £ pAPEZOS! C LOSBALPS! Z LODSHOGRI £ LFSZIS0LE! £ BA0L086 ¥ | SEQLLLE) 2 GRZBRPIS) T CAZSEPLY b OPELEZISI | 02} 262415 € »S060L 25 Z S00LPEZS ¢ BBBOGEES! 2

1.2 1] SEED €560 G0-36L'¢ 90-98L D ZE0iZaG FALL =

ELLMEICEI T L6DI68G5! € OSBIELL LA € QOGPASYS) T TTEEPELS 7 L0 BALE b 0S0FDGES) £ BLEODE LD £ LSORDIZEI | A9LEDL2 1K © QPSZLSOLE Z CLESLS) 2
%) S50Z0 OB&0 BO-358'L Q3282 <608 19 FAY =

FERSEROH S 2 0LSE06S ¥ LOSO0ES) Z SZOLED) LB C AFHORLZLS | HESEEDLS L pICOSELE € LDAZZEPS € LAZS0D 5 ¥ 9590l L9 Z BJCZZEMD b OREERP0) S & (UL OEEES P CLSHAS £ COOPETS! |
1120 0320 ©  Zac') £0-345'T  "O0-3SL'P VZZOLIZE bhAp

BEYZIB0LS! T PZZO6BIAL T HEEOC6OR! T 416PIZZLE! T GrIEZ69S) € B0EERLLS) B ALLOLSOS! 2

9100 000 fed'z  SFICLE S0-Ser BOPEZELEL B

SH0GE0 & [ FLESICS) € A2A00)0 Z RSSO0 S B PLAFDPE F SPOGEYS) C OEL05LE | ERZLEESI €

LD L) a A0 S0-328t 803218 VEEBEYT SR

BLIEDELS P QHPLGLGS) | OEPZZCLS 2 L9 70 S € BSFO0LY | 2S0KFE LS 2 DOSHZRS L POZELS IS F BLIOLITLS € LEVOSEYS £ Abie801 ¢

D HEDR aceZ QO-3E6'T 1-3kLC LB¥F25361 P e

LLdARidey  byly  hyyy PLITHY peg [Peung s0d ITE)

sjuojjed asoqo-uou U| E23aqR|q Z FdAL Y m paejrosse sadiyojdey Jaxuew -[3InW "¢ BIqEL

5T

o1



B4

Table 5. Single markers and two marker haplotypes assoclated with Type 2
Diabetes In obesa patients

Chr Pas Punad)| Padj Rrisk Aff.frq Cirl.frg Haplotype*

chrl 104818518 S60E-Q06 285605  1.343 0.466 0394 257553085

chri 104824377  4,76E-06 24BE-O5  1.346 0.466 0.393 4 rs2166800

chrl 104025870 6.28E-06 A14E05 1355 0308 D.217 4 rsT552405

chr3 14T25256 TA1EDE 349605  1.696 0.087 0032 3 rs76308M

chr3 187065940  2.81E-08 1.58E-05 1396 0.737 0.6G8 1 rs9858622

chr4 140287637  4.471E-06 232E-05 1431 0.804 0.741 1 rsT316075 1 6024162
chrd 140384285  1.05E-05 4.BBEDS 0708 0.184 - 0254 4 re2292B837 2 rs11725721
chrd 40397800  B8.21E06 3.95E-D5 0T 0.184 0234 I 53762864 2 511725721
chrs 76586086 2 94G6E-06 4.46E.05 0750 0.428 0510 1 reB32785 1 E2B0576
chr TB506766 89708 426E-05 1.333 0.562 0481 4 4704400

che 9500865 750E-G6 3J.66E05 1.335 0.495 0424 4 rs214447

chrg 22837279 1.03E-05 4.8DE-05 1430 0824 D.766 2 rs10499713 3 rs4426988
chré 41191330 322806 1.77E-05 1360 0,637 0563 1510456499

chré 12B3587F3  A04E-06 2.56E05 0.6 0180 0.254 2 rs283710 2 5412835
chrd 128352648 G.ASEO7 4.42E06 1495 0.922 0755  3rs1e5852

chrd 128376284  157E-06 ©.59E06  0.6080 0.169 0256 25203718 1 283720
chrd 126494481 2.67E-06 151E05  1591- 0.130 0092 43814720

chrld 94301795  553E-07 3.93ED6  1.393 G.502 0521 3Irs2421943 2 ra7917359
chri 94304784 B8.30E-06 4.02E-D5 0.747 0427 0.499 3 r=7e08111 3 2497304
chrid 94305972 A74E-06 2.01ED5 0739 0.442 0.518 3 rs1809763 4 10892001
chri) 894309972  3.74E-06 2.09E-05 0.739 0.442 0518 3 rs1D99763 3 6593930
chri0  B4337810 T.89E068 1.1ZE05  13M D.460 0.393 3 rsG563926 2 re 10862091
chr0 94364257 1.76E-08 1.05E-05  1.383 0.486 0410 2 rs10882091 3 rs7923837
crlt 94354357 2 2.80E-068 147605 2 1.355 0.491 0415 2 1088200

chri0 84372930 266E06 1.51E05 1,355 . 0.481 0416 4 rs7914814

chri) 94388008  2.58E-08 147E05  1.365 040 0415 15583830

chrid 94482695 1.62ED6 9B85E08  1.383 0.5527 0485 1 r=2497304

chrid 118562511 8.21E06 3.95E-05  1.384 0.2p27 0238 4 rs1681748 4 52170852
chrid  11B6I0286  B43E05 4.45E-05  1.387 0.320 02568 42170862

chrid  11BBBDSB3 3 29E-06 1.BOENS  1.279 0.347 0270 3 m107877G0

¢l 105441893  B.7TOE-06 418E-05  1.533 0.142 0.097 4 rz1455593

chriz 30340321 454E06 238ED5 0723 0296 D368 1 mT1428622 3 rs 1506362
chrid B1787150 3.84E-06 2.10E-05 1.363 0.429 {.385 1 reTO2099 3 4899801
chrid 81843543 825E06 38705 1.339 0.437 0367  Jrs2066041

chri4 81833972 9.3?E-06 440E05 1.31 0.530 C.456  1rs104B3957

chrid  B7B23315 B69E-07 B35E-06 1605 0.891 0836  3rs419024

chri6 24287484 6.15E-06 32.0BE-05  1.306 0.372 0300 1 re11074678 2 985720
chrig 2065864 1.02E-05 4.77E-05  1.433 0625 0.767 3 rs3746060

*Assochating alleles are Indlcated in front of each marker {Allelic code: A=1, C=2, G=3,

T=4)
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Chromosome 6p22.3 logus .
One of the most significant assoclatlon slgnals for non-obese diabetlc patients was identifled

by two single markers {rs1569699 and rs7756552) and two 2 marker haplotypes mapping to
chromosome 6p22.3 (Table 3). These markers are located within one LD block at posltion
20634996-20836710 bases (NCBI Bulld 35} between markers rs4429936 and rs6908425 (SEQ ID
NO:1; Figure 1). This LD block contains the 5° end Including exons 1-5 of the gene CDKS regulatory
subunit assoclated protein 1-like 1 (CDKAL1) (NM_D17774). The CDKAL1 proteln has catalytic
actlvity as well as Iron lon binding activity but the In vivo function in unknown, It Is widely
expressed Including exprasslon in pancreas.

To verlfy the assodation of rs1569699 and rs77569%2 to Type 2 diabetes the two markers
weare genotyped in a DBanish Type 2 dlabetes case - control ¢cohort and alse in a US Caucaslan
cohert Type 2 dlabetes cohort fram the PENN CATH study (Table ?j. The results show that the two
markers are significantly assoclated with Type 2 dlabetes In the Danlsh cohert and that it confers a
similar risk In the US UPenn. ¢ohort although the results do not reach statstical significance. When
the bwo replication cohorts are comibined the results are significant with a risk of around 1.2. When
all the cohorts are combined the risk for each marker is over 1.2 comparing a group of nearly 3000
Type 2 dlabetes patlents {not accounting for BMI) and over 8000 controls, These results are
genome wlde signlficant.
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Table 7. Association of rs156969% and rs7756992 to Type 2 dlabetes

[celand

rs-MName Allala  Ghr Por {B35) Affn  Afffrq Ctrln Cirdfrg Rrsk Pad)

rs 1569688 2 chré 20787209 1397  0.297 5264 0.256 1224  0.000158
57756992 3 chré 20787688 1388  0.270 5271 0232 1228  Q.000204

Denmark {Slano)

rs-Name Allsle Chr Poa{B35) AHn Affrgq Ctin Cirl.ig  Rriek P
1569600 2 chrb 20787289 1108 0,361 2345 0.32 1.200 0.00072
s 756902 3 chrg 207897688 1131 0.320 2361 0.274 1.247 0.000078
Upenn

re-Nama Allele Chr Pos (B35) Affn Afffrg &GCirdn Gl g Riisk P
rs15694999 2 ¢chri 20787288 360 0346 S22 0.300 1185 009944
rs77h6a82 3 chrfi 20787688 a9z 0,293 690 0.267F 1176 0.103824

Comblned replication coharts

rs-Hamea Allala  Chr Pos (B35) Affn Afffrg. Cwin  Cirlfirg Rriek Pmh
s 1565699 2 ches 20787289 1468 - 2863 - 1.195 0,00002
RTTSe092 .3 chré 20787698 1523 - a0 - 1.221 2 HE-06
Combined all cohoris .

rs-HNams Allels  Chr Pea (B35) Afin Affffrg Cidn Cihlfrg Rrisk Pmh
rs1569690 2 chré 20707289 2865 . B3z - 1207 11607
s 75002 3 chrfi 207076888 25921 - a3z - 1224 1.8E-09

These results show significant assocfation to the 20634995-20536710 bp reglon {Bulld 24) on
chromosgme ;‘5, betwaen markers rs4429936 and rs6908425, In Type 2 dlabetes. Values for
relatlve risk {RR} are comparable In all three cohorts; the lack of sTgnificant assoclatlon at the
0.05-level In the UPenn cohort Is malnly due to lack of power eompared with the other cohorts,
although the RR value [s slightly lower In this cohort as compared with Tceland {RR of 1.185
compared with 1.224 for rs1569699}. Furthermore, RR-values for non-obese Type 2 diabetes
patients in Iceland are avan higher {(RR = 1.33 for rs1569599),

Chromosome 10q23,33 locus

Seven single markers and seven two marker haplotypes In a reglon on chromosome
10023.33 were found to be assoclated with Type 2 dlabetes (Table 1). Most of those markers are
alsc assoclated to diabetes with elevated RR values when obese patients are anzlysed separately
(Table 5). These markers are located within one LD bleck between positions 94192865and
94490091 (NCBI Bulld 35), corresponding to the genomic segment bridged by markers rs2798253
and rs11187152 {Flgure 2). This LD block contalns threg genes, Insulin-degrading enzyme (IDE)



{NM_034969), Klnesin familly member 11 (KIF11) (NM_004523) and Homeobox, hematcpoletically
expressed (HHEX) (NM_Q02729),

IDE may bBelong to 2 pratease famlly responsible for Intercellular peptide signalling, Though
Its role In the cellular processing of Insulln has not yet been defined, insulin-degrading enzyme [s
thought to be involved In the termination of the insulin response {Fakhral-Rad et al, Human
Molecular Genetles 9:2149-2158, 2000). Genetlc analysls of the dizbetlc GX rat has revealed 2
amino acld substitutions In the IDE gene (HIBR and AB20V) In the GK allele which reduced insulin-
degrading activity by 31% In transfected cells. Howewver, when the HI8R and A890V variants were
studled separately, no effects were observed, suggesting a synerglistic effect of the 2 variants on
insulin degradation. No effact on Insulln degradation was observed In cell lysates, suggesting that
the effect may &2 coupled to receptor-mediated Internallzation of Insulln. Congenle rats with the
IDE GK allele displayed pastprandlal hyperglycernia, reduced lipegenesis In fat cells, blunted Insulln-
stimulated giucose transmembrane uptake, and reduced insulin degradation |n Isolated muscle.
Analysls of additienal rat stralns demonstrated that the dysfunctional 1DE allele was pnlque to GK
rats. The authars concluded that IDE plays an Important role in the diabetlc phenotype In GK rats.
IDE has bean studled as a candidate gene for Type 2 diabetes In humans with inconslstent results,
Twa large studles have recently anzlysed the assodation of IDE to Type 2 diabetes by mutation
screening and haplobype analysls using tagging SNPs over the gene (Groves et al, Diabetes
52:1300-1305, 2003; Florez ¢t al, Dlabetes 55:128-135, 2006). Both studles conclude that
comman variants In IDE are unlikely te confer signiflcant risk of Type 2 diabetes, These studles did
howevear, nat Incdlude the whole LD block as defined in Rgure 2 and at least some of the markers
Identified In our study as associated with Type 2 dlabetes are outslde the reglons analysed in those
préevigus studles, Based on the results reported here, markers in LD with IRE are assoclated with
Type 2 diabetes, providing genetic evidence for the rola of IDE in the etiology of Type 2 dlabetes.

KIF11 encodeas a motor proieln that belongs ko the kinesin-lke protein famlly. Members of
this proteln famlly are known to ba Involved In various Kinds of spindle dynamics, The functlon of
this gane product Includes chromosome positiening, centrosome saparation and establishing a
blpolar spindle during cell mitosls. This gene Is not a good functlonal candidate for diabetes but has
to ba consldered as a positional candldate due to Its locatlon within the assoclated LD block,

HHEX encodes a member of the homeobox famlily of transcription factors, many of which are
involved in developmental processes. Exprasslon In speclfic hematopoictic lineages sugoests that
this proteln may play a role In hemal:n_paletlc diferantiation. HHEX |s essentla! for pancreatic
development; In HHEX negatlve mouse embryos there Is a complete fallyre in ventral pancreatic
specification (Bort et al, Development 131, 797-806, 2004). Gther transcription factors Involvad In
pancreatic development include the MGDY genes as well as other factors that have been Implicated
In late onset diabetes. HHEX Is also an essentlal effector of Wnt antagonlist for heart inductlon
{(Foley and Mercola, GENES & DEVELOPMENT 19:387-396, 2005). This puts HHEX In the same
pathway as the recently established Type 2 dlabetes gene TCF71.2 and together these data make
HHEX a functlonal as well as posltlonal candidate for Type 2 diabetes.
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To verify the association of rs2497304, rs847591, rs10882091 and rs7914814 to Type 2
dlabetes, the markers were genotyped in a2 Danish Type 2 diabetes case — control cohort and also In
a Us Caucaslan cohort Type 2 dlabetes cohort from the PEMN CATH study {Table B). The results
show that the associatlon s not replicated in elther cohart independently. However, when the two
cohorts are combined the assoclation of rs947591 reaches significance at the .05 level, with a-risk
of 1.1 In the combined cohort. When all the cohorts are ¢combined the risk Is 1.15 for the rs947591
marker.

Thase results Indlcate that varlants within the LD block on Chromosome 10 that includes IDE

and HHEX are susceptlbllity varlants for Type 2 dlabates.
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Table 8. Association analysis of markers on Chromosome 10 to Type 2 diabetes In
Iceland, Denmark, and tha US.

keeland

rs-Name Aflele  Chr Pos (B33} Affn  ARRg Cirln  Cirlfrg  Rrsk Padj
10802001 2 chr10 94364357 13909 0472 5275 0415 1.257  0.0000023
rs7914814 4 ¢hri 94372030 1398 Q472 5275 0.415 1.256  Q.0000024
2497304 1 chri D44B2658 1380 0542 53275 0485 1257 0.0000018
re947591 1 chrid 94485733 1392 0528 5273 0.475 12289 00000221
Denmark {Steno)

ra-Name Allele  Chr Pos (B33 ARn  Afifrg Ctrln  Ctrifrg Rnsk P

rg1 0882081 2 chrid 94364357 i1 04N 2341 0.413 1.077 Q15
rs7914a14 4 chri0 84372930 1141 0430 2380 0.410 1.088 010
2497304 1 <chri0 84482696 1145 03528 2348 0.508 1.079 0.44
rE8d T 1 chrif 94485733 1140 0,502 2361 0.478 1.103 0.055
Upenn

rs-Name Allele  Chr Poa{B35] Affn Affifrq Ctdn Cidfmg  Rrsk P
re10092031 p chrip 94364357 386 0.377 844 0375 1.008 093
rs7914814 4 chri 04372930 394 0.379 BE3 0381 0.8995 095
2497304 1 chrid 84482606 408 0460 g 0454 1021 0.81
rsB47581 1 chrig 93485733 493 0480 G687 0.459 1.089 0.24

Combined replication cohorts

rs-Name Allels Chr  Pos(B35} ARmn Afffrg Ctin Cti.frg  Rrisk Pmh
rs10852091 b chriG 94384357 1504 . 2981 - 1.052 0.1
57914814 4 chri0 84372930 1535 - 3043 - 1.053 0.16
rs2497304 1 chri0 04482696 1553 - 3126 - 1.057 .16
ran47591 1 chri) 94485733 1533 - g4 - - 1.098 0.032

Combined all cohorts

rs-Nama Allelte  Chr Pos{B35) AHn Affrg Gtdn Cidfrg Rrisk Pmh

s 10832091 2 chri) 04384357 2800 - BI5E - 1.136 0.000917

57914614 4 chri0 94372830 2034 - 2314 - 1437 0.000012

s2487304 i chrild 94482896 2852 - B404 . 1.139 o.000011

r=347591 1 chric 94485733 2032 - B2 - 1.152 9.7E-07
Chromgsom -3 locus

Five single markers and two two marker haplotypes in a region of chromosome 17q24.3
were found to be associated with Type 2 diabetes in non-¢bese patients (Table 3). Some of these
markers show the strongest assoclation reporied In Table 3 and assoclation to this reglon was also
abserved when all dlabetics were analysed {Table 1), Thesa markers are located within two
adjacent LD blocks located between posltions 66037656 and 56163076 (NCBI Build 35) on
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chromosome 17, betwean markers rs11077501 and rs4793497 (Figure 3). The assoclatlon 1s
slgnificant after correction for the number of tests performead In the single marker asscclation
analysls; l.e., the assoclatlon is significant at the genome-wide level. Neo known genes are located
within these LD blocks. However, It Is possible that varlants In this reglen affect genes in
neighboring reglons Including XCNJ2 and KCNJ16. Alternatlvely these varlants may affect unknown
genes within these LD block reglons.
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Table 9. SNFs [ocated within the CDKAL1 gene (Located between position 20,642,736
and 21,340,611 bp on Chromosome & 'n NCBI Build 35 and NCBX Build 36)

Pos Pos Fos3 Poe

Bulld Marker ID Bulfd Marker ID Build Marker ID Build Marker ID

35/36 35736 I5026 35136
20642787 | rsd{271303 20649183 | 12200834 20660836 | r511320714 20677060 | rs12333291
20642953 | 11983450 20649236 | rs348601T3 20660018 | r=9350256 20677967 | rs2064321
20643397 | rs981043 20649324 | ral11754872 20661764 | =7756211 20677885 | mISsd6593
20843513 | rs001042 206484880 | rs6456356 20662068 | rs3460520 20678018 | rs4291090
ZDB43875 | r=18083895 20848517 | rs9368100 20662488 | rad 245467 20678121 | =2065432D
20643753 | 1217512225 206486882 | rs2143406 206620830 | 0350257 20678268 | rsB485810
20643840 | c=AS035071 2065176 | rs10484534 20663855 | 119684554 20678275 | rs8465811
20643949 | rsB904566 20650200 | rs7758851 20663320 | /52465006 20678423 | 0358344
20644073 | rs6927356 20550398 | 3677076 20654109 | r511964635 20678736 | 510045290
20644083 | 535261412 20651447 | 6928571 20664190 | rs1.3199421 20672114 | rs5906281
20644313 | rs35315788 20651461 | m12192584 20664314 | rs6932320 20679339 | 516883932
20644314 | 34025358 208316808 | rs34855584 20664570 | 512200073 20879612 | 4904067
20644319 | 34361235 20652015 | rs9350255 20664659 | 13437555 20679660 | 7744002
20644335 | 8505134 20652091 | me3sa2 0 20664884 | m9350250 2067976 | m3n142564
206844490 | 13104858 20652138 | =12214002 206652568 | s121765441 20680035 | 9465812
20644717 | 27179551 20652245 | re8465797 20665260 | rs12183825 206006708 | rs7 759094
206448727 | rs2178550 20652300 | rs9465708 20665264 | rs9356738 206A0784 | s960522
20644787 | 2465704 20652574 | r=286939301 20665272 | 9348434 206071530 | sT7FE4551
20644787 | rs9465795 20652650 | 13215844 20665343 | 9465807 20681585 | r310841455
20644B48 | r=7747902 20652678 | 512214315 20665804 | 4450667 20682400 | rs16883935
20844858 | r=69{0725 206852722 | 11759517 20665985 | rs7739402 20682592 | rs13275603
20844918 | r=9085054 20652786 | r=13218957 20667590 | rs16A03914 20682568 | rsO6257d
20643971 | 2143407 20652306 | rs13219052 20667591 | 16863915 206083235 | rs1474720
2065032 | rs10619380 20653186 | rs10543744 20667900 | 9654584 20683797 | 168879944
20645431 | 152328525 20853201 | 12216047 20557959 | rsR4650808 ZD6B4105 | re34530343
20845661 | rs131B92856 20653447 | rs5366254 20868414 | rs17584626 0884260 | 9350260
20645841 | re10611252 | | 20653890 | 59358342 FOBG8565 | rsf 751682 20684353 | rs{6883957
20645940 | s7 753489 20654091 | rs93682D07 20860657 | 5171361279 20634E45 | r=9058345
20646023 | r=7753858 208543082 | s34206163 20669681 | rs34534563 20684082 | rs1012627
206460424 | rs34811195 20654506 | rs2465790 20670059 | rs12214549° 20804090 | r=0388202
20646024 | rsf 753670 2065479 | s34187071 20670354 | 7753510 20584930 | 358084322
20646107 | rs3060673 20654857 | rs9465800 20670575 | rs2B567007 20584065 | 54710932
20646100 | 11277970 20654890 | rs6E808974 20670597 | rs7 772137 20604954 | rs690911F
20646110 | rs11280089 20654502 | 513187372 20670712 | 52208537 20685540 | rs1012626
20646114 | rshi42468 20655361 | rs13214145 20670990 | rs93G8207 20EA5740 | s1012635
20646129 | rs16883904 20855793 | 16883910 20671077 | =2328526 20605760 | s7752194
20646175 | 7774291 20656958 | 12194705 20672452 | rs34823358 20685958 | rs9465813
20646441 | m10B120P02 20556271 | 35080661 20673287 | 286230014 20586014 | 512207923
0646478 | r52360198 20656485 | rs7752467 20673383 | r534233572 20686355 | m160A3903
20840502 | rg13203336 20GEB4E6 | rs77734BS 20873415 | rsd712505 20686831 | ral3205786
2064850 | rg13203631 20656986 | rs3d 182285 20673935 | rs13203450 206BBRA7Y | rs35205364
20645619 | reb456355 20657084 | 34242589 20674280 | rs9350259 20687102 | re10456332
20646644 | s10484635 20057780 | re9348433 20674435 | =69184567 20687189 | r=9465814
20647180 | 512204173 | | 20657942 | 8460519 20674595 | rsAS10537 206R7201 | r535571892
20647320 | 513207544 20558083 | rs12188377 20674749 | 511320887 20887740 | rs9465815
20647051 | 512188728 20658086 | rs9465801 20875016 | rs0F48435 Z0BB7T33 | rs36110371%
20647984 | rs2A396084 20658125 | rs9465802 206875068 | rs35366106 20EB7O21 | rs28621913
20648327 | rs12132073 20650022 | s28458932 20675H2 | 516901563 20B87926 | rs9350261
20648500 | rsB465756 20658023 | reB4658D3 20675352 | rs12333229 20687920 | rs731226
20548561 | rs12212604) 206589917 | r=2103882 20675520 | s946l5M 20600175 | reBO27481
20648556 | rs13212040 20659321 | rs9465804 | 20676002 | 105829889 20680323 | re3ds313444
20648663 | rs35291340 20559580 | rs34611821 20676351 | 2876573 20608373 | rs6928188
20648722 | 12199324 20660058 ! 512055429 20678957 | rs6925461 20688404 | rs6907097
20642085 | re12200871 206606853 | 9465305 206¥5963 | re69AS465 Z06B8545 | re6O7ASHE
20649159 | 59348432 20660829 | rs11365187 20676068 | rs10603174 208BA8TZ | rsD368204
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Pos Pos Pos Pos

Bulld Marker ID Bulld Marker 1D Bulld Marker [D Bulid Marker ID

35136 35136 35/26 35136

20689021 | rs9358346 | | 20700679 | rs0402379% | | 20711804 | rs4710836 20721906 | rs979986
20689589 | rs11867546 | | 20700929 | rs6942313 20712056 | rs12213940 | | 20722036 | rs5874773
200699593 | rs34134603 | | 20701057 | =28866817 | | 20712228 | rs13215038 20722196 | rs5874774
20689772 | rs10456233 | | 20701318 | rs34082231 20712739 | rs10946395 20722500 | ra7755788
20680807 | rs7744833 20701631 | 9358349 20712832 | re6930917 20722659 | rs9348439
20690122 | rs9480523 | | 20701770 | rs9460526 20712975 | re9358351 20722661 | 9356739
20630123 | rs04P5815 20701829 | rs9366356 20713800 | re€925097 20722693 | m2a56740
20880432 | rsGI0BOTT 20702162 | red6120092 | | 20713924 | rs0465028 20722738 | rs7760834
| 20650630 | ra94685817 20702181 | rs9465824 20713955 | r=9465829 | [ 20723021 | rs2796913
20691069 | re11067445 | | 20702518 | rsd712512 20713861 | rs6202661 20723048 [ m?608612
20691263 | 34022950 | | 20702561 | 4712513 20714057 | rs34373680 | | 20723121 | es10456710
20801793 | _rs0460524 20702646 | rs4710934 207142681 | 35051096 | | 20723139 | 9476286
20901994 | ral34020592 | | 20702658 | rs9348438 20714508 | rs932405 | | 20723140 | s?R368538
20892003 | re114468902 | | 20702902 | rs9460529 20714591 | re69265685 20723140 | rs9476287
20692339 | rsB465810 20703363 | rs13199587 | | 20714635 | rs303H385 20723141 | rs2B612622
20692402 | rs9350262 20703470 | 5513199364 | | 20715484 | ra11964664 | | 20723142 | rs9463660
20892513 | r313205241 20703526 | rs10223600 | | 20715551 | rs35964987 | | 20723146 | re9463661
20633000 | 121535838 | [ 20703606 | rs9350263 20715653 | rs12206413 | [ 20723162 | re@4G61022
20893100 | rs6925583 20703768 | rs3465925 20715758 | 535090187 | [ 20723193 | reB461021
20683119 | rsd712507 20703632 | 10223876 | | 20715763 | rs4991654 20723235 | s34980442
"20693225 | ra10S58808 | | 20704100 | rs36702271 20715910 | rs0460532 20723239 | rs34048080
20693267 | ra35982532 | [ 20704171 | rs9358350 20715991 | rs33328250 | | 20723258 | rs35218684
20693276 | 11385520 | | 20704437 | rs12208985 | | 20716030 | re13328252 | | 20723260 | rs12175876
| 20893360 | rs9348436 20704771 | rs122104590 | | 20716194 _| 34712517 20723270 | s10848323
20593416 | rs9388206 20704892 | s35431707 | [ 20716257 | rsd712518 20723287 | rs34400313
20893438 | rs13209542 | [ 20705144 | 36030523 | [ 20717220 | rs7750129 20723297 | 596081550
20693452 | rs9366207 | | 20705287 | rs11758281 20747475 | rs13206462 20723304 | 512175874
20603630 | re13200907 | | 20705350 | /528893189 | | 20717483 | rs13182442 | | 20723305 | 34520184
| 20693515 | re6926556 20705757 | rea4256947 | [ 20717486 | re13206468 | -| 20723305 | ra34756989
20654018 | rs12213132 | [ 20708019 | rs12182740 | [ 20717492 | re13192445 | | 20723322 | 4629736
20694182 | 4357125 20706262 | 1513212326 | [ 20717498 | rs13192450 | | 20723322 | rs0296917
20624554 | rs6032944 20706486 | rs12199184 | [ 20717504 | rs13206477 | [ 20723324 | rs20562027
20684607 | rs6932962 20706753 | ra1D45623d 20717510 | rs132D6483 | | 20723323 | rs0301623 |
20695026 | rs9348437 20707009 | _rsd712514 20717577 | 1512173768 | | 20723346 | redd 769771
20695332 | 12201857 | [ 20707422 | rs9485028 207175865 | 1512180975 | | 20723346 | radd 774640
20695356 | r=8485418 20707607 | reQ366357 | (20717611 | r312178172 | | 20723346 | re36036896
20695447 | rs6838855 20707867 | re2204808 | | 20717860 | rs1217B563 | | 20723365 | rs13200195
20695530 | rs0480525 20708540 | =2204808 | [ 20718357 | r511355836 | [ 20723369 | re12213541
20685927 | r=9465920 20708913 | re7762750. 20718856 | rs2328527 20723369 | rs34112320 |
20695864 | re10846291 20706976 | rsd712515 20718709 | rs11452882 | [ 20723371 | ra34615869
20605068 | rs0368200 | [ 20708998 | 10522824 | [-20718920 | rs2876574 | 20723379 | rs35949519
20696003 | re9465021 20708999 | rs35650518 | | 20718805 | rsB465831 20723381 | 9257498
20696783 | 6223790 20700002 | 10679050 | | 20720031 | 34877824 | [ 20722393 | rad4200578
206963299 | re10558139 | | 20702003 | rs34870864 20720280 | rs13212501 20723393 | rs4960519
20697309 | rs6807459 20700022 | red712516 20720847 | rs9358352 20723296 | rs9261905
20697320 | 6807767 20700145 | rs4710935 20720703 | rs9358353 20723402 | rx9267103
20697321 | rs8465822 20700386 | rs8465827 20720761 | re20756205 | | 20723404 | re1 7367677
20697349 | 6930263 20700388 | rs12204865 | [ 20720889 | rs8350265 20723416 | rs9261908
20697706 | rs6908042 20709672 | rs10246293 | | 20720882 | rs7750508 20723421 | re9267104
20697741 | rz6935317 20705764 | 512208806 | | 20721130 | ra7771052 20723424 | reB267105
20607761 | 35370102 | [ 20709894 | rs10846394 20721149 | r39460533 20723434 | 28810763
206268266 | 29368209 20709921 | rs1067778 207211085 | rs13200415 | | 20723438 | rs12178121
20608366 | rs13216746 | | 20708971 | rs35878587 | [ 20721216 | reT0550932 | | 20723438 | rs4714959
20658367 | 13216747 20710359 _| rs1997777 20721312 | re8465032 20723439 | ra10946835
20655007 | rs354B5532 | | 20710378 | rs2223622 20721463 | red368211 20723439 | rs28763327
20699747 | 513216324 20710776 | rs11964057 | [ 20721471 | re9350266 20723439 | =28847950
20685817 | rs4336434 20711246 | rs3460530 20727507 | m11752502 | | 20723439 | rs3933247
20700046 | red4509107 [ 20711344 [ rs9460531 20721615 |_rs9350267 20723449 | rs28808723
20700428 | rsD465823 20711376 | re34320158 | | 20721754 | rs97B9A8 20723457 | mB767082
20700465 | rs6936705 20711640 | 7764558 20721890 | rsO7B9A7 20723452 | rs35132675




Pos Pos Poa Posa

Build Marker ID Bulld Marker D Bulld Marker D Bulid Marker 1D

A58 3536 35138 2536
20723452 | 35517165 20723563 | 357501 20723654 | s28A0829A 20723745 | 12173375
20723452 | s4714297 20723566 | rs3260901 20723654 | s34995142 20723745 | 9268072
20723456 | rs12182737 20723570 | re9269000 20723654 | 809919 20723745 | =0382110
20723456 | r=36163804 20723579 | rs121768368 20723657 | 511571878 20723746 | sAT15211
20723460 | =35730073 20723578 | s I397714 || 20723659 | rs12208488 20023747 | 358611848
2072364 | 35236604 20723579 | rs?2B¥71398 20723662 | s11751374 200723747 | 34120950
2AT2HED | rs35587559 20723579 | rs34443697 20723650 | rs13217613 20723747 | rs4620119
20723489 | rs026T106 20723579 | rsP267107 20723667 | 512528735 20723149 | m9767236
2072H71 | rs0800557 20723582 | r=35113301 20723668 | rs39160656 20723752 | rs34717143
20723484 | ns12182463 20723582 | rs3933248 20723668 | rs3h3Z2oEn 20723755 | rs13201202
20723489 | rs10848322 20723583 | rs20019830 20723668 | s976A2 20723756 | rs1 3201303
20723489 | 34052284 20723586 | r210947899 20723670 | rs35120225 20723762 | rs12157088
20723489 | rs826839%9 20723586 | rs9260000 20723670 | rs511864 20723752 | 534 7R40
20723580 | rs9258377 207235688 | rs13204671 20723674 | rs5269003 20723766 | rsA5650028
20723495 | 59257489 207235088 | rs34024007 20723675 | 534290316 20723766 | 663003
20723498 | s9265816 20723508 | rs24063756 20723675 | rs35735498 20723767 | 113199241
20723500 | rs28vT1402 20723588 | 4304158 20723675 | 9689102 20723787 | 34205001
20723501 | m287 71401 20723580 | 4208351 20723676 | rs10245991 20723768 | re344580031
20723502 | 12194731 20723500 | r=12182307 20723676 | rs9259004 20723780 | 528749541
20723502 | 4451788 20723580 | =i12201487 20723677 | 513220607 20723750 | rs279137
20723502 | rs9717323 20723590 | ral4007573 20723677 | s3I700647 20723789 | r3S2680095 |
20723502 | r=2765920 20723595 | 13219021 20723577 | rs@26008088 20723770 | 535446950
20723203 | =9285815 20723596 | rs394561563 20723678 | rs0260807 20723770 | rs12212483
20723504 | s2B771400 20723596 | =s9767597 20722684 | rs287713M 20723775 | rs2B3AB0RID
20723506 | rs12190813 20723597 | s9767102 20723686 | rgl 2213200 20723777 \ s12525384
20723506 | rs12215416 20723598 | 9269001 20723687 | rsO71TEET 20723777 | re34576984
20723507 | 12170527 20723601 | rs12180097 20723600 | rs28771223 20723782 | rs283511
20723510 | rs35234761 20722603 | r5121768485 20723688 | 9717716 20723785 | rs28380820
20723510 | reA58B7156 20723603 | 35120115 20723689 | rs28771392 20723780 | 10240690
20723512 | rs28797321 20723807 | re4273601 20723650 | 11756009 207237490 | 9265813
20723515 | 528771399 20723600 | r=12123759 20723680 | rs34 159652 207237 | r=96589173
20723522 | 513207682 20723817 | rsB13614 20723690 | rs34602172 20723792 | rs20380827
20723522 | s36090432 | 1 20723517 | 59689672 20723690 | rsO7173 20723705 | rs36399160
20723531 | s28749543 20723619 | ms36173068 20723691 | me717852 207237949 | rs8260884
20723535 | 13126506 20723623 | 512202172 20723682 | =9765Q75 20723800 | re12173388
20723535 | rsas 716308 20723623 | rs28862376 207236956 | 12170974 20723800 | 9268005
20723536 | rs?8831iB0 20723825 | rs12178884 20723686 | rs3E003577 20723802 | 28350816
20723538 | =3H938144 20723625 | s12203117 20723658 | rsO767747 20723803 | rs208380B26
20723537 | rsa6142967 20723625 | rs34 250588 20723700 | rs28771391 20723007 | r=280287
20723541 | rs35313va2 207238289 | 512162581 20723704 | 13216352 20723507 | r=34507562
20723542 | rs9260804 20723632 | sH14F727 |- | 20723707 | rs12200762 20723807 | rs9261623
20723543 | 34597832 20723635 | rs0588464 20723707 | rs12208373 2072381 | 12174621
20723545 | rs976I 740 20723636 | rsP269002 20723707 | 34570202 20723813 | 28380825
207235468 | s28771398 20723636 | ed767733 20723707 | r=3A6197240 20723815 | eAS167377
20723550 | rs3d384051 20723637 | rs10848989 20723707 | r0265014 20723816 | rs172362870
20723554 | rs12524120 20723637 | rs347372678 20723714 | 3413192082 20723816 | rsds071622
20723554 | r=12665124 20723637 | rsB260893 20723717 | rz12175478 20723816 | rsd45621940
20723554 | s HD22G43 20723638 | mASGE5233 20723720 | rs287 72692 20723816 | 35179751
20723555 | rs9260900 20723639 | rs11753058 20723722 | 35516674 20723818 | 4450721
20723557 | 20771307 20723639 | r535358647 20723722 | sdaTa013 20723817 { rs121B03B5
20723557 | rsfiS2TR 20723646 | m34719653 20723727 | rs3 4691406 20723817 | /12206581
20723959 | 0261907 20723646 | rs36575623 20723720 | rs28771380 20723817 | rs12333308
20723559 | rsRTOGTEE 20723848 | rs12192046 20723720 | rsd4374863 20723817 | rs8289008
20723559 | rsD767242 20723849 | rs11739054 20723730 | rs}526149 20723821 | rsBE8B4TS
20723560 | s0914835 20723649 | ra28771395 20723734 | rs122070984 20723829 | rs9268007
20723560 | rs8260202 20723649 | rs35583402 20723734 | r312662476 207238327 | 9265008
20723560 | 0767104 20723849 | rs36016334 20723736 | r=0260036 20723832 | rs92688008
20723582 | rs8281908 20723649 | rs4555911 20723739 | r=s20771389 20723834 | =35880754
20723563 | rs12207064 20723653 | rs11985757 20723740 | rs20771388 20723836 | m13211150
20723563 | rs12213193 20723654 | 10948990 20723741 | r=0302502 20723837 | 12216274
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Pos Pos Pca Paos
Bulid Marker 1D Bulld Marker ID Bulld Marker ID Buld Marker ID
35136 35136 A5/36 35136
20723038 | 121681544 207240113 | 34552032 20724401 | rs12202859 207310683 | 5168583006
20723838 | rs4337934 20724018 | ra28090881 20724435 | rs28040538 20731181 | 35073110
20723841 | rs9270205 20724018 | rs34478537 20724466 | 9473083 20731184 | rsH02B348
207236842 | rs12178577 20724025 | re35191657 20724467 | rs34220046 207311263 | rs34201758
20723849 | 512215604 20724038 | reM450517 20724487 | rsB261322 20731371 | rs6456360
20723853 | re9395360 20724043 | rs9689655 2072441 | 9261323 20731373 | rsB456361
20723854 { 520749540 20724064 | 12180172 20724517 | rs526002 20731380 | rsE456362
20723855 | rs20B95226 20724068 | 28885015 20724564 | rs0473002 20711584 | re6922571
20723855 | rs9260853 20724071 | m9717832 | | 20724566 | rs34307764 20731925 | rs35145358
20723851 | m4365525 20724072 | rs9717836 20724626 | rs34400559 20731950 | =8465836
20723864 | 9261912 20724074 | rs9905593 20724665 | rsA449627 20732013 | fs7763304
20723865 | 520005227 20724087 | r=28B8B7572 20724685 | 4714818 | 20732154 | rs9465837
20723870 | 59281913 20724083 | 13216113 20724698 | s4714817 20732218 | 57743314
20723873 | re12183502 20724083 | re35254115 20724722 | rsA82384 20732337 | rs714831
20723870 | re34332895 20724084 | rs70942100 20724720 | rsBR2051 20732361 | rs714830
20723873 | 5472602 20724005 | rs6923503 20724753 | rs12520056 20732484 | rs7743789
207230748 | 35640475 20724007 | 12214417 20724758 | re350065683 20732584 | eS074776
20723984 | rs9269010 20724091 | re28747986 20724888 | ra12528458 20732589 | re5BT4777
20723888 | rg12192237 | | 20724006 | rs1087363 | | 20725087 | rs10850195 | [ 20732965 | rs168B4003
20723888 | m35243706 20724098 | ra1091092 20725002 | 35356126 20732079 | re9356741
20723991 | 240708372 20724104 | rs12100758 20725102 | rsB337570 20733080 | rs9386358
207230937 | 5280296 20724307 | rs11758052 20725159 | 512530107 20733246 | 9356742
20723894 | 511765576 20724112 | me8261321 20725173 | rs720448 20733430 | rs117569407
20723903 | re35553517 20724113 | 328861738 | | 20725175 | ws0368212 20733470 | rz9465930
20723903 | e28803616 20724113 | s36108104 20725250 | radS481531 20733613 | rs2206579
20723804 | rs42586504 20724123 | rsi13208115 20725253 | sT20440 20733920 | ra3511133%9
20723310 | rs9260892 20724129 | rs8472693 20725262 | rs10630186 20734381 | 5917582
20723914 | 513188941 | 20724130 | rs12208570 20725495 | r=2064 20734300 | rs6917580
| 20723914 | 0717238 | | 20724130 | reo6B837660 | | 20725499 ) rs2065 20734630 | rs13437429
| 20723015 | re12175563 | | 20724131 | 513200482 20725638 | ra03568213 20735418 | r=34 307011
20723915 | 12191408 20724131 | rs8260386 20725732 | ed1455744 20735420 | red515379
20723915 | 2460210 20724131 | rs8472694 20726077 | 3860654 20735736 | rs2223620
20723915 | rs9260091 20724159 | rs8230885 20726154 | rsES00954 20735870 | 9465839
20723918 | rs0395351 20724172 | 280295 20726168 | rs6456350 20735993 | 12664972
20723920 | rsaveee1v 20724172 | 20740538 20726176 | rs7739405 20736730 | 28402356
20723576 | m3s07IA7TD 20724174 | 13201041 | 20725601 | rs77H0S08 20736798 | 6934727
20723531 | mS765004 20724184 | rs1087362 20726684 | s1045G007 20736873 | rs35493420
20723231 | rs9767229 20724187 | rs12103850 20726987 | r=B460534 20736881 | =11350625
20723932 | 335247845 207247180 | rs12202552 20727168 | rs11968749 20737261 | rs45223079
207239327 | 0717328 20724208 | r=9780B84 20727353 | 9358354 20737470 | 7771213
20723938 | ra2BB05674 20724210 | r59474241 20727809 | rs9366214 20737568 | reG4E5A40
20723935 | r=g260090 20724211 | r=0260023 20727982 | rs0350268 20737687 | 9465841
20723938 | rs24926348 20724222 | m34669820 20728005 | rs2060013 20737767 | rs0405042
20723938 | r9717233 20724225 | 12109086 26728160 | 2069014 20737837 | rs9450535
20723045 | rs35869128 20724234 | re12102114 20728290 | rsZ089015 20737882 | 34835508
20723945 | ra{2175941 20724765 | mOB88543 20728292 | rs11967475 20738060 | rs9485843
20723951 | 9260088 20724272 | 12195237 20729096 | rs10214549 20738730 | rs13220485
20723552 | rs9TEC6R6 20724281 | rs35293585 20720217 | 2223621 20738159 | 13220352
20723956 | rs10046203 20724201 | raD3a14280 2072870 | rst485835 20728371 | re4710937
20723957 | rs9260868 20724306 | rs34665644 20729984 | rad5404828 20738375 | rs0460536
20723950 | re 12180540 20724308 | re12189599 20729095 | r=10687080 20738376 | rsi3190734
| 20723961 | reB766115 20724311 | re12208503 207390233 | r=B815936 20738451 | rsB455844
| 20723968 | rs6912019 | 20724312 | r=9800791 20730331 | rs0295472 73712 ) masoT6e05
20723869 | rs9TE7458 20724330 | 512173681 20730732 | 1515695660 20738713 | re11327958
20723576 | 813202161 20724337 | 512182084 20730829 | 137455009 20738932 | 13184407
20723889 | :13218048 20724343 | 512182119 20730045 | 51959659 20736090 | rs1(4B84633
20724000 | s1321B040 20724352 | rs12182102 207G | =5BTA7TS 20739624 | 2320528
20724001 | rs13208557 20724302 | rs12174506 20730348 | rs10501252 20739789 | rs35958155
20724002 | rs132027152 20724303 | rs9767809 20730583 | re1568658 207398090 | s4421185
20724013 | 572210049 20724394 | rs12173703 20731030 | rs34142400 20738932 | s2328529




- Pos Pos Pas Poe

Bulld Marker ID Bulld Markar ID Bulld Marker ID Bulld Marker 1D

5126 35136 35/38 35136
20740089 | rs0450537 20752360 | raii348111 20763375 | rsR4658:5 20772512 | rsS87478041
20740745 | 517224527 20752473 | rsf03321% 20763384 | rsB465856 20772781 | mabrve4e7
20740888 | =341865901 20752702 | mGO336S 20763463 | 16884070 20773060 | =742642
20741024 | 17823073 20752872 | 35255583 20763487 | 1684072 20773305 | re35245597
20741278 | 12183074 20752801 | 234332316 20763647 | rs13208604 20773438 | rs11867127
20741316 | 9465845 20752923 | rs4710930 20764169 | rs0466857 20773528 | rs7740382
20741844 | rs35140963 207531486 | rs11970417 20764307 | rs9366217 2077AEAT | rs5500545
20741088 | ra¥ 760842 20753659 | rei1963217 20764559 | rsD450541 20773548 | r=06589351
20742320 | r=0465846 20753670 | rs11885473 20704746 | s9460542 | | 20773570 | rs28665000
20742407 | re465847 20753833 | rs28765975 20784785 | 1=11569955 20773086 | rs77SE236
20742551 | 1782027 20754040 | r=7738974 20764779 | red712522 20773025 | 7772603
20742584 | 18884021 20754976 | rs7745175 , 20764924 | rs168B4074 QT 4001 | ¥ V52780
20742630 | =45332976 20755173 | re¥765784 207685172 | ra34400684 20774034 | rs7752906
20742085 | =7755830 20755178 | rs6907731 20785324 | 2 }26546 20774160 | 31684260
20743005 | rx7756031 20755250 | ,e3n057856 20765543 | rsAT12523 20774223 | rg2 206739
20743139 | 35850451 20755313 | ei7det2 Z2076EB44 | rsAT12524 20774225 | rs2206730
20743188 | 105571117 20755539 | rs10484632 20766838 | mASA9TT53 20774250 | 220877
20743241 | 6840200 20755770 | rs35444629 20765991 | r=4710940 20774436 | rs11970425
20743799 | 0465848 20755849 | r517823571 20765197 | r=13190727 20774484 | 26034806
20743808 | 34351919 20755941 | rs11065062 20766215 | rs35138485 20774880 | r=35042364
20745083 | ed712519 20755962 | rs6936199 20766311 | r=35260725 20775218 | rgd5540121
20745285 | m9366215 20735085 | 36913126 20766335 | 35939620 20775361 | 9350356
20743566 | 512206285 20756178 | s8913509 20766566 | s178239% 20779667 | re93b6743
20745853 | rs34040904 20756613 | s34638218 20766713 | rs168B4082 20775778 | rs93b0270
20745088 | rs7751857 20758873 | m3sT46011 20767438 | rsB006327 20776366 | s34928053
20746702 | 246568490 20756741 | 0460540 20767565 1 reB456367 20778235 | rs34971765
20746857 | 57341291 20757090 | 36045545 20767785 | rs6456368 20778443 | rs11970598
20746957 | rs6d21014 20757129 | rs35392790 20768202 | rs7749083 20079281 | r=12527373
20747388 | rs94685850 20757233 | rsB456364 20768344 | 6456369 | | 20770367 | =35016847
20747583 | =si758812 20757260 | 2179553 20768669 | rs10946396 20780262 | rs11568224
20747681 | rsab5E02526 20757512 | raQ350260 20768672 | rs10945397 20780271 | m11968225
20748265 | s9465851 20757531 | rs9485854 2076R710 | rs11753505 20780276 | rsB465861 |
20748399 | 534257578 20757787 | 2179552 20768000 ! rs13203361 20780236 | 1195826
20748403 | s71339730 20757938 | 6925232 20769013 | 10246398 20780408 | r=121896849
20748516 | rs0460530 20758033 | 2328532 20769122 | 7774594 20780413 | rs12200627
20740850 | 4712520 20758248 | rs7743970 207653729 | rs7754840 20780432 | 12189895
20740043 | rs4710038 20758317 | 13200457 20769249 | rs9460543 20780855 | rs11968848
20740084 | rs25880040 20758318 | rs34641285 20769508 | =s0460544 20781135 | rsT1063845
20749315 | =9348440 20750344 | rs13202538 20769529 | rsS4B0545 20781601 | 335677128
20749672 | £94a5052 20758387 | s2876576 20769711 | 2206740 20701859 | 57451008
20750054 | rs12126009 20758476 | rs13208572 20769008 | rsS5874779 20782670 | rsR35A218
20750306 | rs11968248 20758653 | rs2B7A3153 20759807 | 22970050 20782790 | ,e1012636
20750353 | re34797179 20758712 | mOSge)37 20769815 | r=5874780 20782345 | 313217846
20750764 | rs6925328 20758800 | rs7766844 20750016 | r=35014202 20783274 | rs1012635
207504813 | rs35073053 20738969 | r=7767133 20769816 | rs352363501 20783700 | sAE65197
20751140 | s3G224625 20759291 | 7749484 20770082 | rs6456370 20783771 | rs30261542
20751145 | sA5462488 20760100 | rs2050225 20770102 | rs0D79614 20783828 | rs28823314
20751160 | rs30E06539 207606989 | rs0205474 20770166 | rs35h456723 20783898 | 28880810
20751153 | rs6874778 20760744 | s9205475 20770571 | 0368218 20784051 | rs288718391
20751155 | 511267861 20761529 | 52328545 20770945 | ed7125256 20784393 | r=34409031
27E1201 | 54235000 207671548 | rs28846771 20771014 | rs4712526 20784650 | rz73208763
20751230 | rs16684020 20761779 | 2876582 20771314 | sAT12527 20784747 | rg287 10685
20754706 | rs2320530 20761859 | rs10223448 20771442 | rsd5191644 20764709 | rs28A560086
2075174 | 23285 20762084 | rs13219723 ZOTF 443 | 2470647 20705042 | 511961863
20751750 | =28360636 20762005 | 313203489 20771811 | rse480546 20785211 | re17824302
20752162 | rs6932676 20762154 | 113203583 20771938 | r=84B5859 20705289 | s12660618
20752183 | rs9460538 20762172 | 513203087 20772079 | 9465860 20788302 | rs11371206
20752303 | k6932876 20762270 | mE456366 20772291 | rsTIE425 20766303 | eM162621
20752346 534929755 | 20762876 | rs9358355 20772508 | 2060776 Z0THE408 | redT712520
20752356 | 28733367 20753089 | r2036R216 20772509 | rs34941928 20786463 | 13217082
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Pos Pos Poa Pos
Bulld Marker ID Build Marker ID Bulld Marker ID Bulld Marker D
35138 35136 A5hg 3536
207686470 | rs13217085 | 20002092 ! rs12180713 ZDB27858 | rs12710493 20845673 | rsPASRIG2
20788481 | 13217090 20809108 | 131398305 20827866 | rs12193125 20845736 | rs0l60228
20788483 | r5132170N 20809415 | rs11961445 20828258 | rsRARGTA6 20845737 | ng17839064
20786523 | rs13200046 _208094?0 535982077 20828707 | 59350272 20845816 | rs34427164
20786772 | m1196B032 20809486 | rs11305835 20829322 | rs13219444 20846388 | 9360229
20786954 | 94685850 20810952 | rs9356745 20828342 | rs12111216 20846555 | 9205461
20787289 | 1560600 20811700 | rs35043644 208208562 | 9350273 20846750 | rsD3I6BZ3D
20797388 | =34168173 20811842 | rs16884140 20829700 | reD36A225 20846007 | 0358750
20787688 | rs7756822 20841931 | rs6931514 20830339 | rs17825025 20846992 | rs2366359
20788045 | 3512717 20812147 | reIS443650 20831038 | r=89350226 20847710 | red1272361
20788657 | rs9348441 20813281 | s34671712 20832213 | 6903175 20647065 | rsd710942
20728843 | =93I68220 20813569 | s11753081 | | 20832329 | reBO03744 | 20847948 | rs8466675
20788541 | r=6R3{1254 20814081 | rs7730516 20832537 | e312111351 20847938 | 4710343
20789327 | s6911742 20814209 | ebH01559 20832754 | r24712538 20840275 | sSAS0276
20700601 | rs35612882 20815176 | re13196379 20R32906 | 0356747 20R45458 | 9465876
20797039 | rs35816514 20815177 | rs13212234 20833076 | rs0356748 20048854 | 34604057
20731123 | s34612860 20816204 | rs10536170 20033219 | rs77E7IN 20849362 | mOARBASZ
20791143 | re9350271 20817155 | 9465060 20033402 | m7747752 20849423 | m34333300
20791162 | rsA5657699 20817688 | re36070002 20033511 | 0350274 20849720 | 350277
20791174 | rs11364854 20818288 | rz17226450 20833853 | =3170041 20850306 | 13204257
20761249 | 8460547 20818905 | rs1073247 20833919 | re6915155 20850655 | rs35106258
20781646 | 16884103 20819131 | rs2465870 20834014 | rs6214568 20051448 | 513194434
207916867 | re?206736 20819386 | re17226492 20824472 | re4538607 20851931 | r=8358363
20793465 | rs9356744 20819433 | 132135613 20835549 | 34712537 20852254 | rg34520383
20794295 | 34987372 20818557 | rs16884146 20836048 | rs34097377 20852706 | red4710944
| 20794427 | m36005020 | | 20819955 | 2305733 20836497 | sb928012 20852720 | re12529527
20794552 | ra¥f7GB070 20820440 | r=37490925 20836710 | s6308425 20853053 | ed 710945
20724875 | mA3GR222 20821121 | 9460548 20837083 | mPA713235 | | 20853684 | 03502 7E
20795260 | sARS66695 20821619 ] 09460540 20837085 | mPRSTOABZ 20854215 | rs7 738382
20785781 | rs10440832 20821685 | rs1040550 20037098 | s35373857 20854499 | 51474739
20786100 | rs10440833 20821893 | rs4712530 20037704 | r=35900720 ZDASAEEA | 35432334
20706237 | rs35747076 20822083 | rs3S620277 20838030 | 9485872 20854686 | mi6884185
20706578 | rs6R002{7 20822362 | raf451928 ZOB3BTRD | 59842459 Z0B55689 | m3h345866
20797102 | 234433494 20022445 | 58456371 Z0B38787 { rs0842425 20856120 | rs2745928
20797924 | 57748720 20822589 | 13220116 20838784 | 12197544 20856124 | ws2745927
20797928 | ra34175709 20022823 | rsZ706732 20839053 | 34407999 20856166 | 524736459
20799290 | rsf11357 | 20823169 | rs2179822 20838503 | 57741604 20856236 | rs132156(1
20800493 | ra12200791 20823483 | 511983770 20840493 | iAo 73456 20856258 | 5386836
[ 20000855 | s5A74782 20823805 | 10845402 208406517 | rs35633408 20856302 | r52819001
20800857 | rs3&119385 20B223840 | rs4712531 208413608 | rs9465873 20058706 | 32819905
20801341 | 513210682 20824088 | rs35738288 20841433 | 512211466 20856744 | m11752936
| 20802207 | 4710041 20824232 | 9265478 20842055 | sd7412538 20856762 | ra1543364
20002270 | rsd620102 20824549 [ 2328547 20842065 | rs4i1413744 20BSGTES | rs132032088
20802272 | 28450626 20824763 | rz3060701 20042592 | rs13213979 20855679 | rs?473648
20802273 | m4T12528 20824764 | reI46R6252 208420973 | m13217519 20856066 | re2473647
208022097 | m10577753 20824B56 | 513215005 20843073 | 34169067 20856067 | 2473646
20B02504 | m2223583 20824884 | rs0368223 20843074 | 4773978 20857002 | rs1543363
20802573 | es22087 35 20024937 | s?32R548 20843075 | 34104100 20857270 | 168844190
208028583 | raZDGT.M 20025025 | 511427712 20843076 | rs34730688 20857656 | 4644038
20802010 | s34530846 20025074 | rs5935590 20843373 | 11753021 20858009 | s2B12988
20803458 | 316884131 | 20825100 | 513216185 20843473 | rs11753041 20858162 | rsd475313
20804127 | rs10806521 20025234 | rs8455871 20843666 | rs6938078 20858693 | 2745033
20805104 | rs16884133 20025383 | 10945403 20844017 | rs9295478 20858865 | r=04G0552
20805571 | rs17024500 20026219 | rs237R540 20844137 | 510484601 20852007 | 0460553
20805652 | rs10946401 20026449 | m1T226774 20844216 | rs9358361 20858031 | esDAS02TH
20806114 | 318884135 20827124 | rs8358357 20844796 | 29688471 208521173 | e510558019
20806582 | 35711390 20827211 | rs9368224 20844922 | re7744943 20059187 | 510598071
20807220 | 511969783 208272321 | rs11756271 20844206 | rz0255480 20859199 | 1219921
20807364 | 516884137 20827372 | 3358358 20845006 | rs9368227 20859220 | =7762413
20809600 | e11970626 | | 20827540 | rsS4E80550 20845333 | rs04E5874 20859204 | ra?74A7724
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Pos Pas Pas - Pos

Builld Marker 10 Build Marker ID Build Marker 1D Bulld Marker 1D

3586 35136 a5/36 35436
20859674 | rs11 7568602 20871244 | rs35450702 209A0329 | s4074050 20005830 | 122112171
20853995 | rs4712539 208722208 | rsd351239 20888884 | =93502082 20006051 | r511968953
20880175 { rs2819046 20872206 | rs12190376 20888894 | msI193655 20206198 | r310456236
20880010 | r=20818990 20872578 | rs4710646 20888919 | 11545101 209068654 | rs4712549
20860358 | rs9465877 20873085 | 0465885 20088919 | rs3193654 20006867 | rs25184803
20060448 | 34996587 20873251 | rs12792328 | | 208580262 | rs12159265 20006929 | rs4712560
20060459 | 34744937 20873365 | rs10536083 20080420 | rs3411371 20007200 | 512273259
20861169 | rs2815992 | | 20873375 | 36210777 20889600 | sdi1272363 20007404 | red406779
20861420 | rs10948405 20873677 | r56149469 20890072 | rsd478387 200075684 | rs34432145
20861720 | s2745332 200874082 | rs4505542 20894222 | rg11752130 20907866 | 9358360
20061866 | rs?819993 20874261 | 57751154 20891373 | rs6210215 20008145 | 59368238
20061911 | rsR4E65879 20874410 | 9355752 20891415 | 10690190 209008308 | re4524599
20861915 | rs2d19994 20874676 | rs4510656 20891477 | rs10647026 20008448 | rs8455883
20861965 | s34{A4249 20875450 | 57452218 20097638 | rs10246408 20908614 | 512215519
20862008 | rs2493995 20875680 | rsd320354 20892162 | rs4710949 20009486 | rsS8747AS
20862168 | 35908672 20876442 | rg04B5886 20002202 | 4712547 20909709 | rs34668362 |
209621689 | 35525560 . 2087645 | 6926436 20852371 | 54712548 20010367 | rs24650558
20862500 | 19350364 20877469 | rs34127549 20292641 | rs105504682 20810527 | rs1286842
JDBE2805 | rs2745931 20877508 | rs13214325 20892642 | rs34372188 20010525 | 10946410
20862716 | r52745930 20877580 | re7 750031 20893118 | rs936A234 20971078 | =4710950
20862740 | rs2745920 200877506 | r=34801493 20893144 | re0348443 20911442 | rs04658604
20863911 | 2819886 20877974 | 7772390 20883525 | 55874783 20911666 | rs6925153
20864423 | rs10121744 20878762 | r=6200375 20893543 | rs113446805 2001791 | rsB456374
20864756 | =2473651 20879028 | rgd7 12541 20893571 | s12210335 20012542 | rs9465095
20864955 | ra15901574 ZDB79194 | ed 710847 20893673 | r512210338 20913108 | rsd712551
20865045 | rs0ASA3ES 20873323 | 534893361 20893711 | rs6902757 20913695 | rs4607421
20865049 | =B8912931 20878617 | r=35020647 20823943 | rs6456373 20913862 | 4293002
20865067 | 510652206 20879690 | rs9465887 20094027 | rs5927892 20913984 | 8480550
20865084 | 510852207 20879842 | rs0358232 20894054 | 513210599 20914140 | rsE842203
20865081 | 711281792 20879939 | rs0350581 20804573 | =3H563905 20974465 | 512189708
20865121 | 58234147 20BB012Q | red132864 20885205 | rs35065145 20014478 | rsT12660120 |
20865127 | 513200004 20880272 | rs12195400 20897153 | rs1049B8608 20814641 | re2465857
20865134 { r=6934300 2088034 | rs2465888 20098456 | rs10806923 20014675 | 8465028
20865135 | rs24735650 20000553 | 6341727 20898488 | rs10806924 20915108 | r=B905567
20855136 | rs6913020 20BBOTIT | rs4712542 20898554 | 159366235 208915183 | r=4500857
208685625 | rsO406E80 | | 20880982 | rs6823622 20898785 | 9363235 20915571 | rst21M 72
208686301 | rs34767457 20881085 | rs4712543 20898787 | 9368237 20915711 | rs9358370
20366210 | rs35499882 20881530 | =9354386 20899054 | rs22A568753 20918218 | 7748911
20Q66326 | rs2019997 20881700 | s12211178 208992585 | 12111182 20916680 | rs93502a87
20866505 | rs2519398 20881731 | rs7453352 20829490 | =11752772 20916721 | r=9356754
20866512 | 2519999 20881858 | =6029760 20853518 | rs12667145 2977615 | s12625153
20865583 | rs2820000 20881957 | r=6225910 | 20888518 | r=12665631 20917713 | rs6456375
20866738 | rs10946406 20882292 | r59465089 20899691 | 12208378 20017744 | rs3A5{17828
20866788 | rs34291318 20882389 | rs4712545 20000793 | m3fo64322 20017773 | reB348444
20066813 | rs94658B1 20882575 | 512193229 20901075 | 34430352 20917833 | rs8465899
20866829 | rs9465882 20882738 | 9465850 20801172 | rs42090898 20917869 | 6902880
20866922 | rs?R20001 20883200 | mE935300 20901416 | rsd44952563 20910009 | rs11756029
208567101 | rs2820002 20883430 | rs6936640 20801508 | 57773607 20018026 | rsP34B445
20867254 | rsB350280 20883839 | 54493738 20001981 | 510684285 20918173 | reB358371
20867255 | rsB3567514 20883701 | rs11965187 20901982 | s33967126 20218193 | 5348445
20868156 | r=6900558 20884250 | rs6809514 20002035 | rs34171574 20018577 | =SAT4TES
20080333 | rs19d15727 20084320 | rs5d56372 20002604 | mO94JB0557 2091B578 | r=s35532605
20068591 | 6910328 20885570 } m34358176 20802661 | rs44921584 2091BR04 | rs5S8747AG
20869059 | 512684021 20866538 | r=0465891 20902862 | r235025512 20918655 | reS8747R7
20869213 | sB2G85492 20886687 | rs 10946407 20903233 | rs10048409 20018710 | re4373348
20869314 | s8465803 20887060 | rs35581397 20903353 | rsd205483 20918839 | rs11956832
20863558 | 8465004 20887457 | rsO350367 20903427 | m11751918 2091888B | rs358874TI
20870485 | redd 37452 20887029 | rsd076137 20904975 | rs36025037 20918388 | r=34208478
20871061 | rs3 235608 20880220 | rs12207747T 20005571 | =7730940 20973070 | rs4320530
20871150 | red 712540 208BB8221 | r=13203058 20805701 | m9465892 20819478 | r=13199015
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Pos Pas Fos Poe
Bulid Marker ID Build Marker 1D Bulld Marker ID Build Marker ID
35/36 506 3536 35036
200819599 | rs9465800 20934012 | rs0368240 20052897 | rsA5541206 200866831 | rs9366363
20914570 | ra9465901 20934024 | rs9260241 20952000 | rs03EETE1 | 20967583 | rail 1966194
20012827 | rsd710951 20934147 ) =93080242 20952918 | 35392301 20080453 | ra125243148
20019032 | rgd710952 20034260 | 54305717 20053053 | rs7751431) 20060532 | 28412853
20020567 | =OA5A372 20934729 | ra12200113 20953657 | rsd338435 20068598 | rs0358374
20920027 | rs9353373 20035051 | rs4446563 | 20953903 | r=36065806 | | 209686821 | rs9350291
20920992 | m0360239 20035807 | m8340447 20954005 | rsf020045 20968927 | rs9350292
20921191 | 512192912 20938313 | s10806927 - 20854509 | rsBS41354 20969034 | 930293
20921254 | s7747588 20936483 | m35622501 20954569 | mE941809 20969131 | 16901585
20821744 | 7752140 20936512 | m12211426 20954582 | =E941508 20969205 | sbD0F23¥
2821896 | 7752310 20936992 | 9388243 20954975 | rs6903445 20969579 | rs4383807
20922035 | rsd710953 20837713 | 7788091 ‘| 20855367 | re7742468 20969839 | rs4330531
20022189 | rs12662683 20837751 | sB356755 209566366 | 11417705 20870113 | 12662176
20922395 | r=8465902 | 20938045 | 6217412 _ |- | 20056496 | 11281215 20970520 | rs9a56757
200772954 | 35040258 20908281 | 12215186 20056497 | m2B53M427 205T0RS0 | m34873202
20022058 | es47 10954 20938644 | raB34B448 20056497 | 0205485 20970884 | re0388245
20923239 | rsi2661608 20232681 | re10570089 20956490 | 328580709 20970889 | 224101377
20923432 | ra10948411 20930207 | r=34709460 20956498 | 4060549 20971175 | rs12201353
20023028 | mIB03T446 209309227 | r=12490001 20926738 | rm343ETEQ2 20971267 | rs12214755
20824516 | 123212105 209368932 | 0485513 20057391 | rs7753271 20872435 | 112659210
201925219 | 12213057 20939133 | 535997535 | | 20957513 | rs9480556 20973570 | rsB4R5022
20925336 ) 512213956 20039251 | raf201110 20057564 | ra3d4204582 200736508 | 12101808
20925602 | rs100846412 20039636 | redSE10189 20057693 | 511962974 20073841 | 35647500
20025812 | ie11759888 20840144 | 2368244 20957793 | s36878846 20972851 | rsB8T4TR0
20925867 | re9366360 208408067 | rs9350288 20967849 | r=5021177 20673852 | rsAR3T2258
20826472 | 1266573 20940851 | 12210496 20858215 | mE456374 20974027 | msf74893397
20926367 | mAT12552 | 209410839 | rs45688440 20958359 | 12863147 20974223 | 7454011
20028516 | rs9465903 20042070 | 51106406 | 20958432 | r513192074 | 20974715 | rs35244703
20826518 | 4712553 20843072 | m2B516599 20958837 | s11294607 20974836 | 9368246
20027237 | 12180831 20843192 | 12201027 20068873 | i|FIG3I216 20974986 | s34062103
20927408 | 54334968 20843239 | k12184825 20959240 | rs58747B3 20975000 | s35A87666
20977432 | 3237934 20943365 | rs34826561 20858954 | rs1 1966088 20875686 | 16884250
20927804 | 11981950 | | 20843724 | r=5874788 20950487 | 13208940 | | 20075795 | rs10554344
20927955 | m10606925 20043727 | mAa4317823 20060793 | p4397214 | 20976043 | rsd4370355
2209468 | m¥TRII00 20944192 | m8465914 209615047 | =6808018 20976276 | r=10588127
20529641 | 9465904 20944328 | m2465315 20261601 | r=34810909 | | 20976276 | 3438236
20829820 | m85317R4 20946192 | 10592623 20981812 | 6908922 20977458 | rs7768346
20929848 { r=11304808 _2{1948235 r=7 748282 2)961613 | sEXHATTS 20977678 | mT7E6681
20930110 | s24B5805 20846253 | ris7 7692056 20962352 | 7771981 20977795 | rIsFT 0607
20830489 | 9465506 208465255 | s 742021 20062545 | 9465921 20978072 | 9350294
20030866 | msD465507 20845283 | =7765209 20962984 | rsd 236002 20078617 | rs9350295
200231188 | rafd65008 20845275 | raT7490M 20063120 | rsd 236003 20078719 | rs0366364
20031485 | reB038757 20846424 | re0295484 20063450 | rs9350289 20070768 | raddd447575
20931735 | reB223264 202496948 | ref456377 20063535 | rs0350200 20078082 | rsDIBEIBS
20031827 | re5200502 20247467 | rs34883164 20963662_| ra10558510 | | 20980033 | rai55056816
20832202 | s9460561 | 20948065 | re8465017 20063671 | 10804340 20880715 | 34113324
20932400 | 10948413 20948650 | rs12210803 20883756 | myfi61330 20881367 | 10946414
20032413 | 465500 20948719 | 4345305 20963998 | 13205243 0081027 | rs4645410
20932000 | re4E0562 20849055 | rsd764900 20964017 | rs35463313 20082392 | ra16804254
20932809 | rs9465910 20840271 | 7765060 20964570 | rs12211628 20082541 | rs1Ma7235
20932975 | r510B06926 20040459 | rs11987047 20964502 | rsd4712556 20881561 | =0350206
20932907 | 0460553 20049540 | 35943413 20965069 | 710955 20083706 | m9aR8247
20933029 | rsB465911 20840572 | rai{967058 20065780 | rs34401273 | | 20584381 | 312685789
20932338 | rs11404073 20049779 | rad4605654 20065904 | rs16884220 20084489 | rsA0TFA03
20933335 | 34129366 20850591 | rsB465919 20066215 | =11985417 20984592 | redl77A04
20933375 | edT12654 20950092 | rs3sSTR08E 20966239 | re4712550 20984662 | =407 7405
20033403 | med 712555 20051013 | rad5M4109 20066335 | rs4712569 20984894 | m4528705
20033542 | rs35893086 20852120 | redAS6756 20066543 | m34B657BG 20984817 | msAH495386
20033749 | s34260640 20852300 | ra34658248 20066637 | rs17B26361 20985132 | rs46168519
20833920 | medes812 20952720 | r1TZ34378 20066700 | 59366362 20985370 | sI6002274
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Poa Pos Fos Pos
Bulid Marker ID Bulld Marker ID Bulld Marher ID Bulld Marker 1D
3538 I5/36 35/36 - 35126
20005482 | r=0368248 21000241 | rs10455008 21014657 | =8460573 21034654 | m13215945
20905514 | rs7742802 21000447 | rs35294796 21014665 | 2460574 21034564 | 13215949
20985952 | 4236004 21000702 | rs8358251 210146848 | =6920918 21034748 | rs13202822
20086261 | =AT12561 21001068 | rsB918036 21015860 | rgd41.3506 210M 750 | s13203127F
20886658 | (58358375 21001199 | =34587331 21016247 | 69096552 21034760 | 132034130
20988884 | ra12124503 21001226 | rs6456379 | *| 21016278 | 6910032 210350087 | rs35250543
200568090 | rs34023832 | | 21001338 | rs93668252 | | 21018580 | rs1406427 21035108 | rs10687937
20987073 | rs4537128 21001683 | red626415 210163690 | rs34713908 21035735 | rs9358378
209087237 | rs4525408 21002414 | rebB74702 21017395 | rs9360257 21035148 | s465936
20987282 | rs12184813 21002415 | rs33925173 27077435 | rsB933008 21035009 | rs6203I76
20987312 | s6915746 21002607 | rs5874703 21017512 | 17235121 | 21036896 | 272344
20088259 | r=9350297 21002602 | rs34720816 21017740 | 511753331 21037020 | rs9366370
20588570 | rs12210221 21002625 | rs12528345 21018757 | r312190263 21037483 | rs7747830
209588321 | rs12195243 21004281 | rs12206985 210188186 | =35916632 2103795 | 35552655
20089365 | rsi0048415 21004330 | rs11757050 2101815 | rs0350208 21038014 | m{1970010
20059383 | rs7TE3T0Y 21004330 | rs34449480 21018982 | rsd710958 21038092 | ms171970030
20989508 | s1Q588878 21004372 | rs9368253 21019053 | ra3d5AA5192 21038468 | rs3s34 131
20090154 | rsD465923 21004532 { 9295486 21019304 | re6456385 21038480 | s5874794
20990216 | 9465024 21004540 | 9465930 21019380 | rs77H3674 21038957 | rs340941{16
20590238 | mO460587 21004836 | rs 12208718 210196354 | re7 746308 21039069 | rs9366371
20550523 | =9485025 21005635 | rs6918543 21020851 | r=12120631 21038135 | rs7775805
20950820 | rs4612158 21005875 | red 712562 MO207E85 | rs1498425 21040473 | r=6916666
20061505 | 10045416 21006081 | rs6459380 21021671 | 13187106 21041656 | mI16A84308
20992059 | r34545483 21006118 | rs7750877 21022074 | 56913538 21042140 | 11395158
20992198 | s2460569 21006228 | =o358374 21022178 | rs2460575 21042539 | rs3 700028
20993260 | rsd5314852 21008412 | 35620702 21022308 | rs6914232 104291 | rsT7GABLT
20993493 | rs4131667 21008800 | rs20665148 21022483 | rsBA60576 21043110 | 35030815
20993700 | 4334975 21006801 | rs28539540 21022485 | =E914506 21043253 | r=9350300
20983732 | r=4272215 21007273 | 35400249 21022873 | rz9465932 21044027 | s10846418
20924113 | 2117568312 21007751 | rsi2152854 21022913 | 2020082 21044393 | 10946420
20024200 | rsBO26315 27007879 | rs12154181 21022932 | rs9350299 27044437 | 3465537
20805305 | r=9366367 21007863 | rs12154184 21023379 | 10535841 21044451 | 52368259
20995933 | 5238256 21008029 | 93682 21023592 | rsf45503 -| 21044462 | rs33917838
20996432 | rs8938755 21008207 | rs036A255 21024540 | r=24537557 21044697 | rs0358370
209965680 | 20465020 21002058 | r=365958018 21025636 | r=B268258 21044671 | mo460580
20005674 | 777564 21008211 | rs64155381 21026230 | rsG9387164 21044802 | 35523552
20998730 | m2BRAMAT2 21009246 | rs775B467 21026422 | rs6036415 21044952 | 16884310
2090673 | rsf2210522 21009290 | rs8456382 2102661% | rs35G78799 21046071 | 34741537
20996732 | rs13191608 21009421 | rs12153814 21028080 | re284408602 21046084 | rs12676287
20506755 | r310806520 21009654 | 57735013 21028102 | red 712564 21046564 | rsB465938
| 200964850 | rs0268284 21009711 | =692276A 21028251 | red 712565 21046566 | rs2B87349E60
20096859 | r:026R995 21009716 | =s73191241 21028711 | r=9366360 210465856 | rs7747773
20396080 | rs200B5225 2100980% | rs10040864 21028958 | re9465934 21046841 | re9465930
20996805 | =926B996 21009910 | rad4135721 21026350 | rs6913658 21045900 | re4 144650
20996911 | rs9768237 21010295 | rs34154507 21030247 | rs776567G5 21047359 | 4712559
20996937 | s3b32B517 21010588 | rs35386545 21030707 | rs12662218 21047800 | rsd712570
20985973 | 92689398 21010568 | 9368256 21030842 | rsB460577 21047713 | 56939250
20997216 | =i12055384 21010964 | 7740084 210308562 | rsAT 125665 21047725 | rsd710859
20887384 | 512055630 21010972 | =7758155 21030025 | rs4712587 21047708 | rsd V1260
20887540 | rs4847247 21011220 | 9366368 21030862 | rsBa36002 210479087 | rs1.3191844
20958086 | sB460571 21011950 | r=D350377 21031254 | rsB8460578 HM046350 | rs12196535
208598593 | 510946417 21012344 | 56908429 21031561 | rs7 771782 1048740 | reA50301
20888950 | =11752477 21012628 | rsd712563 21032088 | rs2328550 21049043 | 02350302
20889169 | rsB313323 21012910 | rgd 710957 21032168 | r59465935 21049105 | rs11954084
20090294 | 12184053 21013210 | s12214078 21033024 | rs9460579 | 21049192 | rs6927418
20099407 | rsAG009E49 21012433 | rsb460572 21033247 | r52328551 21049306 | =12198512
20009762 | rs10594050 21013812 | rs28765683 21033384 | s 3787947 21049369 | r=11450413
20099763 | sEA74791 21013640 | rs2465931 21032807 | rs35164658 21049370 | wzl 1400604
20990764 | rs355h53046 21014102 | rs34068097 21034157 | re3d463604 271048371 | 533042714
20098770 | rs4363020 21044657 | 10080699 21034206, | r=180084302 21050175 | e4307160




11

Poe Pos Pos Poz

Bulld Marker ID Bulld Marker I Build Marker 1D Bulld Marker 1D

3jsna 35/3G 3536 J5N6
21050624 | rsd4712571 21059850 | rs13211056 21083023 | rxd5957348 21110432 | rs8350311
21051211 | rsB465941 21070250 | rs17236694 21083217 | 201354 21110750 | rs12195827
21051466 | rs10046423 21070934 | =s3bh382761 21083369 | r=201353 21110788 | sB3668373
21051483 | 9465942 21071276 | mZB6123456 210834230 | rs0350300 21110854 | rs34620040
21051538 | s34 758060 21071587 | r=8915209 | .| 21002650 | =2Q1352 271172308 | sR3S0A12
21051656 | re8205487 21071832 | 35420176 21084109 | rs201331 21111513 { rs2038066
21051560 | eH8T47I5 21072254 | 6940852 21004143 | 235053352 21111536 | rs1.M1EE
21051567 | 0358300 21072419 | 535708433 21094661 | rsBAT47ET 21111581 | r51 MHE76
21051563 | 12174149 21072662 | 6841808 21094872 | 35874798 21111601 | rs203B0ES
21051568 | re8350303 21072628 | rs11966306 21094931 | x201350 21112269 | rs¥744303
21051569 | =9350301 21073181 | rs16884325 21005014 | a1 097504 21112288 | rs¥7g4317
21052585 | ce11270071 21073468 | rs7743030 21085425 | rs4560627 21112352 | rs¥TE2669
21052648 | 0405043 21073653 | rs26420494 210954872 | rs10699637 21113187 | re8932336
21053046 | ra9465944 21074417 | rs47125673 21095654 | rsT453577 21113252 | 3002111
21053295 | rs10590950 21074865 | rs11762712 21096171 | rs11300B77 21112325 | 932393
210653625 | rs34879403 21075605 | rs9480583 21086223 | 201349 21113687 | r=2839854
21053767 | rs7 772447 21075964 | ra0485)504 21066418 | s10694420 | 21114641 | mE348453
21053935 | 7T 39_ 21076612 | 34425275 21086428 | 3223730 | 21115593 9368394
21054476 | 34802677 21076615 | m1112255 210965822 | 208 21115719 | 9348454
21054784 | rs6B01153 21076815 | s1112256 21097026 | 35010561 21115720 | =2473080
21054804 | rs11381870 21077529 | r=9348452 21097035 | rs201347 | 21115866 | m2494728
21054805 | rs35132815 21077563 | r=34660637 21097047 | rs10731919. 21116011 | m9368385
21055235 | m12203876 21077716 | =7 746754 | 21097265 r=201346 21118132 | m1498476
21055710 | ms3AGHS6536 21077784 | e=0350308 21098132 | 6456380 21TI6TIB | s1Z2792642
21055853 | rs34881630 21078333 | rs34215872 21099063 | rs12520035 21116822 | r513200036
21055870 | 8368260 21078005 | es2030081 21099645 | 5201345 21116851 | rs8368268
21056065 | 9460581 21070247 | rs620E49 21099698 | rs13186754 21116920 | s7/75MG3
21056280 | mEI30AT7I 21079554 | rs6241043 21099916 | mISs04.365 21116972 | m¥TH0E03
21056288 | 6930887 27070964 | 56213817 21100226 | rs35586782 | 21117087 | 3746554
21058329 | rs693 1047 21080948 | rs2013E1 29700247 | rz28410444 21717572 | 6214615
21056472 | m0350305 21081289 | 34479545 21100248 | re13196975 21417887 | 9455246
24050200 | ra9350306 21081631 | rei9080458 [ 21100263 | rs35586503 21410124 | 384334
21050970 | rs12107923 21082363 | re13210151 | 21100320 | rs9356759 21418132 | r=416888
21059112 | rs0460582 21082046 | re3426675% | | 21100418 | sd366372 21118300 | r=11382802
21059172 | rs5A74798 21083025 | e34192233 21100871 | rs10946424 21418547 | 51548145
21050066 | rs6022187 21083039 | ,s11427521 21100949 | rs201344 21118567 | rs201231
21060142 | rs0465945 21083189 | rs35082882 211071200 | rs11964880 21179018 | rs0455047
21060180 | rs10558500 21083211 | m11330322 21101281 | 11067584 | | 211718021 | 12197742
21060186 | 511288992 21083279 | 1997685 21101513 | 5201343 21118236 | rs201292
21050212 | re82348451 21083363 | m10498699 21102220 | rx201342 21118698 | re3s008561
21080247 | e6322014 21083423 | 5201360 H102283 | reDAS0A10 21118973 | rs201202
21060357 | reQASEIB2Z 21085425 | 201359 21102377 | rs9360262 21120725 | rs93583485
21060639 | e3s5863080 7 | 2105653 | mZD135A 21102486 | re9360262 21120735 | rsasa54358
210681204 | rs4631270 210R5834 | 34764914 21103236 | 35906044 | | 21120883 | 6805258
21081530 | =2015426 21087560 | re@01357 103858 | rs201341 21121364 | rs201294
21061898 | 77484498 | 21088272 | rs4712575 21103935 | r=12660707 21121603 | rs201295
21062676 | 930307 | 21088448 rsA712576 21104054 | 201340 21121962 | s7748932
21062805 | rs1004172 21088450 | mAT12577 21104291 | 201339 21121894 | rs2494720
210683311 | 7775523 21085472 | eass001 21105034 | r=398308 21122535 | re3g66676
21084970 | rs12168174 | | 21088891 | rs35828025 21105044 | 4712570 21122822 | rie3dB834774
21066160 | rsB368261 21089414 | rs3B36584 21105348 | ra449233 21122375 | rsiGA843T6
21067118 | rs¥738201 21088616 | rs444005 21107366 | r=0350383 21123408 | ms201308
21067314 | 517236645 21090258 | re35693085 21107874 | 36070234 21123607 | rs8180606
21067986 | 216084318 21080584 | re11991135 21108856 | rs9I6A264 21123934 | 201309
21068463 | m9912311 21091067¥ | 201356 21109330 | rs93608265 21123054 | m201310
27068617 | 34769205 21081773 | 201355 21109358 | re9360266 21124001 | re64503530
21068702 | 12205321 21091769 | 512103302 21100523 | e9A6R267 21424511 | m201311
27088811 | 6456380 21091788 | s34391804 21109553 6940871 21124822 | sGB74700
21085040 | rsA712572 21081914 | 35723307 21109878 | rads240009 21124023 | rs34 733806
21089650 | 512524670 21081926 | 35448630 21110331 | A0 14677 21124830 | rs4005714




102

Pia Pos Pes [~ Pos
Bulid Marker ID Bulld Markar ID Bulld Marker ID Bulld Marker 1D
35/36 35136 35438 A5/36
21124882 | r=3061573 21142744 | ra? 765970 21156840 | m201337 21173198 | rs34550007
21125258 | rs16064385 21143715 | rs20129092 21155825 | rs201338 21173393 | rsd710963
21125848 | 3894804 21143786 | 35061829 21157007 | rs34847484 21173679 | 59465961
21125898 | rs0450586 21144118 | rs201298 | 21157597 | 159942509 21173766 | rs1001310
21126295 | rs15884300 21144658 | rs201287 21157804 | ra3q907944 21173805 | rs4712580
21126495 | rs35678732 21145048 | re201286 21158291 | rs1 0906930 21174689 | 40507
21126634 | 510546425 21145549 | 24771308 21158841 | red 712579 1174782 | 9460593
21127516 | rsE899729 21145593 | rs8285488 21160395 | 7775602 21176287 ( 12200678
21127744 | rs16BB4394 21145919 | rs989969 21160650 | rs11760181 21177342 | rg35738724
21128114 | rs38115181 21146281 | s34B74522 21160654 | rs2056951 21777501 | rg7762612
21128124 | 5874800 211466814 | 201312 21160653 | re7 758243 21177028 | re35174378
21128307 | rs34639720 27146901 | rs201313 21160834 | rs9358387 21177981 | rs131293304
21128419 | re25260002 21147025 | 201314 21160873 | me156301 21178014 | 59205490
21128533 | rs7744010 21147263 | re9350314 21160074 | 189465051 21178237 | rs12660913
21128746 | rs201220 21147738 | r=6918565 21161037 | rsGO0A297 21178243 | r=10246427
21129343 | rs201288 21147791 | rs6B18751 21162291 | rs6933211 21178328 | rs12199882
21129647 | 34802324 21147930 | 50205489 21162635 | rs7 740652 21178333 | rs34600664
21128381 | rs2(1288 21148244 | rs13190826 21162681 | reB456302 21178468 | 65320873
21130208 | 201287 21148259 | rs13120835 27162711 | rs132165057 21178475 | 0356760
21431340 | r=34807710 21148356 ) 317662372 21162805 | 7752701 21178487 { rs9465362
2113345 | rs1 1438527 21148884 | r=204315 21163066 | mE4568393 21178588 | 59356761
21131431 | 34878496 21148701 | rs 160884415 21163111 | rs232B567 21170609 | rs10650825
21131727 | s{6884386 21150019 | rs16884420 21163128 | rs6456394 21179141 | rs4382241
21132081 | =0465944 21150116 | rs1 7730046 21363541 | r512661235 21179575 | 2013346
21132220 | rs16884399° 217150133 | =201316 24163851 | 7754018 21178832 | 10498700
21133062 | 511297091 151059 | 516884425 211636896 | r=9350315 21180386 | 9359317
21133400 | rs169233 21151118 | 21555052 21163523 | =2018435 21180628 | 11757130
21133731 | =201307 21151343 | 511753082 21162424 | rs9465853 21180733 | 11757505
21133814 | 12206158 21151557 | rs34254730 21165865 | rs35560889 21181008 | re117576TT
21133964 | 317020 21151557 | r=B4BSG5) 211656892 | rs34142046 21181027 | rs9d65053
21134374 | r£34305502 21151573 | 57756330 29166104 | rs9455954 2181171 | 513203959
134401 | rg35570909 21151831 | m9348455 21166730 | r512202255 21181269 | r=9366374
21135019 | r=13218003 21151849 | 2201317 21166802 | m2208014 21181357 | 511968037
21135740 | rs 12200877 21152580 | r=6925517 21167015 | r=13219721 21181410 | mG9 18997
21136038 | rs6921781 21152677 | rs201318 21167016 | rs132053176 21181499 | 509368271
21136172 | rs1GBB306 21152873 | rsD450588 21167182 | k13219752 211871567 | rs2460594
21126840 | 201306 21152874 | 534526354 21167200 | rs13206420 21191588 | rs2460595
21136972 | 5201305 21162874 | 9460509 21167401 | rs83503148 2182472 | 58285491
21137253 | r£201304 21152838 ! =201319 21167460 | rs9368270 21182342 | =420386R
21137477 | rs34243002 21153050 | rs201320) 21167786 | rsB4B5055 21102548 | rs44123602
21137608 | r=201303 21153105 | 3201321 21168768 | ;28532482 21192182 | r510541645
211238072 | =201302 21153294 | 5201322 21170022 | rs172371780 241083238 | rs10541646
211389132 | rs201301 21153342 | rs201323 21170224 | rs13209905 21183364 | rs11407550
21138504 | 35592283 21153387 | rs201324 21170225 | r=s13209787 21183365 | rs35953450
21138790 | rs10846426 21153587 | re201325 21170236 | re13210005 21183371 | 57766554
21138980 | rs6919322 21153907 | rs8460580 21170262 | 513210023 21183400 \ r=7766574
21139058 | rs4710961 21153987 | r=201326 21170287 | 13210027 21182437 | rs10541647
211350368 | 9465940 21154014 | s201327 21170376 | rs7744921 21183457 | 57766451
21139350 | r=30B013 21154068 | s201328 21170433 | rs9465956 21103464 | rs¥766713
21139474 | ezd710952 21154147 | rs207329 21170545 | re9465557 21103493 | 57766728
21139480 | 512526027 21154297 | rs201330 21170553 | rs2465954 21183552 | red4280855
21139055 | rs9460587 21154300 | rs13217562 21470578 | 516884466 21183645 | rsV 67038
21140661 | sd15446 21154919 | rs34472513 21170710 | s11963047 21183675 | rs7786788
29141104 | 5761643 21154958 | 5201331 21170785 | rs165884488 21183741 | rs77 70701
21141617 | re11861095 21155233 | 3201232 21170846 | 511959507 21184027 | rs16884481
21141944 | ,s201300 21155256 | re34312444 21171228 | rs84655859 21184246 | 59295492
21142185 | 9161624 21155383 | rs201333 21171401 | 534808881 21164529 | rs4367364
21142189 | 352065549 21155639 | rs20133 21172300 | so460501 21164748 | 2068072
21142635 | rs13210277 21155793 | rg201335 21173104 | rs3H6E0A7 74 2114770 | s2D58071
| 21142726 | 512198160 21156103 | rs201336 21173128 | rs94E5960 21185523 | rs11863640
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Pea Foa Pos Pos
Bulid Markar 1D Bulld Marker D Bulld Marker ID Hulld Marker ID
asi36 - A5/36 ) T 35136
21185602 | rs119651090 21202033 | 4454125 21223255 | r=9356764 21240526 | re28403810
21185811 | 11963654 21203121 | 4401656 21224572 | rs3546855H9 21241995 | 465970
21185810 | 35119417 21204432 | r=11980472 21224879 | ral035207 21242670 | re¥760080
21185212 | rs93583568 21204602 | s0356389 21224965 | rsasE20o67 21242672 | rs7761203 |
211885866 | rs4598624 21204788 | rsd712583 21225019 | rs6927498 21242682 | 11463641
21187063 | rs10080639 21205444 | r511757261 21225118 | rs10613278 21242783 | e 765177
21187282 | rs7 748838 21205844 | 34430280 21225499 | rad5372171 21242820 | 7765198
27187326 | rs11967298 21206380 | rs11757901 21225513 | ra105564335 212420857 | rs77E4887
211872386 | rs34700985 21206756 | rs34764667 212255085 | rs7 74365 241243009 | 57765106
21187552 | 9366375 21206837 | ral5B55346 21225685 | ng3s2. 206 27243039 | rs20610069
21187610 | 4310041 21207116 | rs24B85085 21225694 | rs11418036 21243105 | rs¥762274
| 21187627 | rs4406780 21207331 | ra7744319 21225734 | rs776R536 21243107 | rs2446490
21187688 | m7750461 27207645 | mO3IgBZTs 21226218 | re4389757 21243137 | 2403869
21187916 | mE917272 21207687 | e2A567T62 21227109 | rsB456397 21243228 | sF 763725
21188170 | 6917904 212DB023 | 3350219 21227703 | msA5183051 21243240 | 7 FES¥I0
211868430 | rs34700472 21208328 | rs83500320 21228007 | =7 741436 21243646 | re 16884354
21188451 | rsB35031A 21208606 | rs93686377 | 2922R269 | rmOASE76S 21243857 | 13216162
21189185 | rsd323302 21208309 | rsa874801 21228407 | 59366378 21244099 | 2446408
21199629 | rsPI56376 21209654 | rs9368276 21228562 | rsh926918 21244512 | 24464928
21180885 | rai0450237 21210536 | 4712584 21278614 | s16884524 21244516 | 7771907
21182021 | rg13219888 21210553 | rs34092761 212208619 | 34425854 21245195 | rs9350322
21180084 | rs9368272 21210726 | rsRIGE3ITH 21228733 | s4074910 21245369 | rs2446487
21180476 | rs35189729 | | 21211435 | rs11568036 21228748 | redQ76112 21246042 | rs5201465
21191554 | rsba04548 21211684 | 9465966 21229002 | rs358085025 21246078 | r50350303
21191525 | 11761563 21211803 | r=4562957 21229134 | rsA3)9332 21246445 | re050712
21791555 | 35898656 21212138 | ¢54430302 212296594 | rsdd 33041 21246447 | rsas541643
24192182 | rs4583348 21212414 | rg35081613 21229845 | rs6HS660 21246451 | rs840377
24192400 | 4421186 21242547 | r035A390 21230834 | rsH35a392 21246456 | rs5874803
211592801 | rsB915237 21212715 | 150925464 21231054 | 59366279 21246457 | rs33051051
21193447 | s7f72873 21212715 | rg9460596 21231898 | red3i 5097 21246458 | rs5874004
21193514 | rg1TOMESS 21212847 | ri 734087 21231967 | redd 70017 21246459 | 35717786
21193811 | rs6A01354 21213142 | rg12529511 21232500 | e10946430 21246466 | 5874805
21104026 | 130033 21212851 | 36086759 21232701 | =34821627 21246467 | 35384148
21184205 | red5287277 21213087 | rs6936205 21232763 | rs131916M 21246474 | sB59711
21184410 | 10806531 21215067 | rsd574622 21232779 | s13207 763 21246487 | rs34580183
21194732 | 11964144 21215026 | re0485997 21232796 | 13207765 21246785 | rs25908559
21124764 | 10946428 21215083 | rg9350391 21232816 | 13191830 21246915 | rs9509353
21196081 | m12200487 21215150 | rg35347592 21233334 | rs34857211 21246958 | e34154201
21128232 | re4712581 21215159 | rs5874602 21234866 | e 750839 21246988 | rs258E564
21128650 | =6456385 21215207 | rs4624603 21235291 | 751485 21246992 | m9GBHSE6S
21186835 | ref456306 21215258 | rs2465966 21235577 | 117572 | 21247005 | rs?446406
21167051 | re9368273 21215359 | rsd5626186 21235798 | 34183889 21247020 | csOGBASES
21197394 | rs4712582 | 21215371 | r=34B65303 21236041 | 5120655489 21247061 | rsD588573
21188212 | rsM465715 21215437 | rs7739050 21236223 | 28421119 21247078 | 20295485
21183601 | rs5904348 21215448 | 43262256 21237436 | rs9295433 21247094 1 50485971
21199015 | 11433015 | | 21216093 | 4712585 21237650 | 12055790 21247737 | rg0460559
21199016 | rs36110847 21216145 | 3356763 21237696 | 350592444 21247746 | rsB91B66T
21129138 | rs9368274 21216170 | rsd7 10954 22376 | rs7TBESTS 21247788 | rs0q6E072
21199750 | 12197841 21216871 | 8480537 21237890 | 9356766 21248278 | 52446405
21183815 | rs12197853 21218688 | ra11963150 211237092 | BT 27 21248465 | 2446484
21199847 | 12197854 21218907 | rs§923548 1237915 | rsd5027 308 21248707 | 520665959
21200342 | m¥IE2660 21218519 | rsb924221 21238432 | rs10708944 21248870 | rs355R3136
21200361 | re77E2670 21220306 | rs10456238 | | 21238635 | rs6d32732 21245095 | 34BS6871
M200554 | rsT7G2064 21222458 | r5344108857 21238049 | rsb937430 21249584 | m7746383
21200605 | rs13210302 | | 21222459 | rs34251532 | | 21238961 | rs9986401 | 21250235 | rs7746846
2200844 | re3d756370 21222480 | 34210362 21239004 | rs3465969 21250457 | ?A360550
21201333 | r=7768086 212226844 | m3bu62170 21239122 | r=99B6662 21250639 | es232702
21201341 | ra13214341 21223003 | =16884514 21239291 | rs9205494 21251345 | e338456
21202104 | rel2045169 21223188 | 57773318 21239512 1 r35030599 21251752 | 35724403
21202717 | 6839622 21223279 | rs4340895 21240132 | 2460520 Z1251980 | re2328572




104

Pos Pos Pos Poa
Bulld Marker ID Bulld Marker ID Bulrd Marker ID Bulld Marker ID
3526 35038 538 15538
212520298 | rs17835633 21265017 | rs47 12586 212796580 | r=34012677 21287987 | r=10452581
21252216 | rs36003085 21265064 | 7761116 21278828 | 12178178 21208562 | ra 12192000
21252578 | 10498701 21265072 | 129358395 21279839 | rz0465880 21299563 | rs{ 31916690
21252578 | rs35930718 21265152 | rs0358203 21280353 | rsS358386 21298583 | rs13192011
21232735 | rs34957302 21265528 | rs34649285 21281052 | r=12194541 21288517 1 rs13152029
21253603 | rs10708192 21266252 | 6931316 21281118 | rs2061441 21258620 | ra13192143
21254245 | rs1466340 21267008 | mG91657T 21281632 | =94B0505 21208630 | rsi 3207855
21255061 | rs10710231 21267167 | rs6937555 21281781 | ra12525338 21208671 | rs13191R19
| 21255728 | re1466339 | 21267311 | rs10845059 21282235 | 354624368 21298630 | 13192164
21255824 | rs7 740358 21267321 | rs10652398 21282580 | m9465901 21208721 | s13192173
21256011 | rs11405792 21267832 | r=16884591 21202848 | rs4637824 21298723 | rs13191845
21266411 | r21471205 21268027 | rs11442186 21202946 | rs35959558 21282659 | s3465990
21258721 | rs9368280 21268367 | rs7739570 21283471 | s12525840 212896810 | s84ER607
21257043 | rs9785486 212668400 | r=7739598 21283655 | rs34803118 21299907 | 2465991
21257242 | 512206028 21268426 | 4527602 21283948 | ms125201{4 21200009 | moSAEE3A6
2257356 | rsO368281 21268664 | rsB265488 | .| 21284103 | 12526001 21298971 | rs35244001
21250107 | =2168885 21268668 | rs9295499 21284806 | rsh930148 21300001 | rs9366387
21258129 | rs12207912 21268866 | 10080292 21284912 | 0480606 21300048 | r=9366368
21258136 | ra35882470 21268870 | rad5915462 21285587 | rsl32102681 21300105 | r=0358287
21258203 | rs93508202 21268881 | rs9465976 21285589 | 1313219285 21300203 | rs13193222
21258436 | 7752602 21268928 | =25501582 21285558 | 13219506 21300325 | rs100800974
21258626 | rs7752708 21265342 | rs34044023 21285611 | rsi32{9193 21300381 | rsP225502
21258747 | r=2446483 21269038 | rs12178712 21285820 | re13219108 21300388 | 5125285974
21258735 | rs0356768 212820039 | 465577 21285664 | 513219637 213003956 | rs7759646
212568955 | rs344958914 21269504 | rsP465978 21285689 | rs13205078 21300433 | rs9465992
21258344 | re0350323 21271039 | =6920437 1 21285691 | 513205079 21300768 | 11954103
21259352 | rs4530843 21271299 | rs4005285 21285875 | rs171308530 21301021 | s34456723
212590480 | r=2460600 21271738 | rs34031561 21286261 | rsB465952 21301080 | rs34084 100
21259800 | r=9460601 21271898 | re6914598 21288187 | 512214946 21301834 | 11750448
21260112 | 510846431 21272056 | 5935070 21288654 | m344955087 21302380 | 11962770
21260135 | s350BB240 21272110 | 6235117 21289215 | 1512523755 27303158 | rsR2656340
21260216 | rs10248432 21272124 | sB8235124 21288629 | rs35642303 21303637 | rs11753415
21260253 | 10946433 21272174 | r29360284 21290957 | rs02095501 21304730 | 4712587
21260977 | 11951031 29272190 | 59151614 21291348 | rs35815279 21304978 | 77408081 °
21261341 | 4144175 21272228 | ra0356770 21281533 | 12527222 21305209 | re28469715
21267464 | s70604354 21272416 | rz355508562 21281647 | 8465983 21305355 | rs¥ 748766
21261575 | rs122030573 212725655 | mB916053 21281857 | rs2493B68 21305391 | r=35164470
21251620 | rs65801380 21272716 | r=34 191450 212018 | 35879352 HM3INSE60 | rs2125571
21261891 | rs6e082M1 21273107 | mG041714 21292407 | rs34248530 21305680 | rg0465093
21262118 | rs9460602 21273161 | 334326160 21292789 | 10946434 213060682 | re3703050
21262389 | rs3539G145 21273768 | rs0450603 21292811 | =9465984 21307504 | rs1531303
21262741 | rs9350324 21273182 | 9343458 21293033 { r=34590800 21308281 | 2305055
21262775 | rs9285497 21273257 | m777a158 21293434 | re35442433 21305369 | re1450047
21262069 | s2366381 21273274 | =11005768 21293569 | rs04R5085 21309244 | red56526535
21263128 | rs6458308 21274046 | rs35674401 21294166 | red5712201 213092681 | 0767650
24263152 | rsB4583595 21274684 | rs2125570 212947408 | rs35530626 21300268 | rsB767186
21263168 | mB{S8400 21275213 | ra7 768525 21284750 | rs9455986 21300387 | rs9460608
212683322 | rs8456401 21275057 | rs03G68285 21294751 | r=9465087 21300472 | rsB465904
21283482 | re11456476 21276570 | rs28360551 21284801 | rs11961469 21310133 | =8465995
21263471 | radd116985 21277729 | rs7763T00 2129513 | rs2446482 21310563 | rs26067162
21203523 | rs6913868 21277824 | 54425680 21295312 | rs9465988 2110749 | r511965158
21293790 | rs9366382 21277364 | rs9348459 21295313 | s121914186 21311344 | rs9350320
21263882 | s9348457 21278549 | rs13197595 21285313 | 35085233 21311429 | r35874806
212640563 | 35931974 21278592 | r=s9450G04 21285988 | 84685080 21371451 | rzs10616274
21284270 | 9366303 21278780 | 12180174 21296793 | re0AS0327 21311452 | S8T74807
21264385 | r=93663584 21278845 | 8465079 21297183 | r=34750271 { | 21311454 | rs11289843
21264393 | rs935A7A0 21279283 | 36058161 212672685 | rs3a5013085 21311471 | =9350329
21284732 | rs34A06055 21279338 | r=11060026 21297416 | rs160A4816 21311502 | rsiB24330
21264842 | re9350325 21278609 | 511985049 M297802 | e35898446 21371620 | 9717950
21204988 | rsbO24508 21279673 | rs9295500 21297024 | s11751020 | 21311710 | re3805487
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Pos Pos Pos Fas
Bulld Marker D Bulid Marker ID Bulld Markar D Build Marker ID
3536 A51316 35,36 A5/36
21311990 | rs8350330 21315528 | rs4291001 21325184 | r=B358401 21337675 | rs770637
213119027 | 9350337 21315727 | rs6240465 29325761 | 34055473 21333228 | s18721
21312023 | rs35603064 21315763 | =H8901748 21325350 | rs34921405 21323556 | 5942273
21312085 | s35675714 21316195 | 8902505 21325357 | rsE80488D 233336148 | reME6008
21312109 | rs36017220 21316355 | r=898167 .| 21325395 | 56456403 21333700 | 466007
21312120 | rs12196363 21316208 | r=89018A 21325653 | m2085654 21334500 | re7763249
21312143 | rs35881379 21316408 | re89A185 213268327 | 9466000 21335731 | 03662680
21312153 | re35710680 2131EB2] | 34707264 21326853 | rs9466001 21335750 | red3A08220
21312177 | 35017881 21317102 | rs935AZ80 21326033 | s21007 07 2135782 | 13202305
21312188 | r=12106418 21317208 | rs9350397 | 21328158 | 12911402 21335903 | rs34362358
21312181 | 12196418 21317611 | 2168984 | 21326366 | s4712500 21335906 | rs11415556
21312708 | rs35B8B3368 24317978 | rai563728 21326649 | 4710865 21336017 | rs28484932
21312723 | ris12196433 21318135 | 4712588 21327416 | rs8937610 21336582 | rsT754027
21312231 | rs34046800 21316266 | rg11267610 21327459 | 512110862 21336699 | s24022115
| 21212253 | 34108390 213168209 | 4712580 21327488 | rs35824914 21336867 | ed7 10066
21112453 | r=G5212E4 21318666 | rs6915037 21227606 | 11349973 21337512 | rs1cR84 722
213412871 | rs8921652 21318882 | s12664336 21327854 | rs16884681 21338182 | eAS571135
21312775 | r=5526388 21318431 | =9405908 21327A05 | 7738425 27338184 | 35730701
21312801 | r=12527588 21310484 | rs10214790 21328030 | rs16384685 21338815 | rs2460611
21313200 | rs10456240 21319776 | rs12201217 21328355 | re16884688 21338086 | v=9480612
21313350 | rs10456241 21320080 | rs9350332 21328398 | rsAL663664 21339013 | 12200511
21313367 | 10456242 24320905 | rs035008 2132B510 | rs12203389 21330097 | =35791563
21313458 | rsi0466243 21321140 | rs9358350 21378818 | 12701541 21339201 | re34084405
21313856 | 34046046 213312586 | re035B400 | 21328248 | rs34G51B544 21339207 | rs3d4158320
21213872 | 513213869 21321533 | 10214654 21330074 | s1593726 21338453 | 51563727
21313886 | rs6932316 21321733 | 510214716 21330730 | rs16884690 21338524 | rs3B40416
21313910 | reBI32752 21322178 | 9460609 21331118 | rsXA28574 21320530 | ral136252]
213143958 | s13214311 21322179 | =6929215 r 21331209 | 518584593 21230888 | 7770664
21313883 | r=6832014 21322517 | re12527806 | [ 21331264 | 518884705 21338861 | 25121089
21313388 | =6832635 21322581 | rz12527873 21331267 | mE829141 21330035 | red712521
21314018 | rsE912407 21322733 | rsB350333 | 21331203 | 16684709 21340199 | rs35206823
21314041 | rs34R49537 21323322 | 510846436 21331392 | 16884713 21340202 | m28600127
21114107 | r=9366380 21323380 | sb9{3136 21332034 | =0466002 21340213 | rsa710867
21314243 | rs 10223539 21323400 | re13200114 | | 21332081 | 0466003 21340214 | rsa710068
21314208 | rs10223540 21323464 | ral13200422 | 7| 21332103 | m9466004 21340218 | ,s132131M11
21314473 | rs6513302 21323815 | m2328572 21332138 | 9466005 21340210 | 13187226
213415081 | rs0266291 21323949 | 89350334 21332272 | rsB460610 21340225 | rs12199601
21315139 | Q356771 | 21324672 | rs34613347 | | 21332408 | 7770316 2140584 | re1137970
21315390 | rei12530254 | | 21324713 | rs10846437 21332488 | rs11064283
21315432 | =A4085972 21324725 | rs10846428 21332496 | fTT0TS2
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Table 10. SNPs within LD block CO6 (SEQ ID NO:1) between positions
20,634,996 and 20,836,710 bp on Chromosome & in NCBI Bulld 35 and NCBI

Bulld 36
Positlon in Pasltlen In
Positlon In Posltion in
Bunla3siss | SO0 Barker ID Butassns | SGOP Marker IO
20834909 1 rs4429936 20841581 G986 rs7 760611
20835028 33 rs9465780 20641550 6585 rs10566792
20635060 65 rs77a3222 20641598 6603 rs 1056579
20833066 71 7743223 20641718 6723 3275610
20835241 | 246 54516938 20641718 | 6723 1510566794
20835205___| 290 r54626090 20841724 | 6729 511347538
20635333 ___| 344 68465781 20841733 | 6738 rs6874772
20835349 | 354 rs28450063 20642073 | 7078 rs168836A7
20635350 | 355 rSB465782 20642385 | 7380 rs34088191-
20635834 | 830 154712503 20642420 | 7433 510806320
| 20635e45 850 0465703 20642440 7445 rs11370426
20635060 865 re47 12504 20642441 7446 rs33815274
20636037 1042 rs10348360 20842442 7447 rs11459775
20636013 g1 rs3450517 20642443 7448 rs34h 76540
20536939 1944 rs34086777 20642424 490 rs10708068
20637089 2004 sB4E5785 20642536 Pl rsd712505
20637215 2220 s 754223 20642707 Trg2 rs31271303
20637270 2284 s 173688 20642853 7854 rs11953450
20637287 22092 re11450884 20643397 02 081043
20637283 2293 rs35701726 20643513 as1ia 981042
20637301 ___| 2308 rs0460518 70643675___| 6880 rs16683805
20637450 2455 rs11362835 20643753 B758 517512225
20637521 2526 6712956 20843840 5845 rs35035071
20637824 2829 51883641 208430409 895 rsS904566
20837875 20680 51883640 20644073 gora rsEg27356
20837949 | 2849 r511402644 20644093 | 9090 rs35281412
20638219 | 3224 rs35108704 20644313 [ 0318 rs35015788
20838372 33nr rs6923583 20844314 9379 rs34025388
20638782 767 rs12181285 20644320 B3z5 rs34361235
20638428 3834 rs4E5788 20644335 9340 r=5305138
206386861 J9E6 rEMETATES 20644484 8504 513794658
20638500 4514 m220ES57R 206449717 8722 2170551
20630662 4667 35530523 20644727 9732 a2 179550
20630708 | 4713 2206577 20644787 | 6707 9465794
20630710 | 4715 rS34553771 20644787 [ 9792 59465795
20639718 4723 rs34581322 20644848 9853 rs7 747562
206397168 4724 5074771 20644858 9B53 55910725
20639809 4914 re6802897 20644918 o923 rs26a054
20640005 ___[ 5010 534607984 20644571 __| 9976 2143407
20640118 123 692321 20845032 10037 rs10649380
20640162 ___| 5167 rs6903415 20645431 | 10436 12328525
20640249 5254 rs2465780 20645661 10666 re13199286
20640425 543 rs6023750 20645841 10846 rs10611252
20640859 58584 rs10717803 20645940 10945 rs77SM00
20841038 G043 rs9455v91 20546023 11028 rs7 753056
20841141 [ 6146 66000467 70648024 | 11029 rs34B11195
20041248 6253 re34525680 20546024 11029 rs7 753670
20841203 6258 rsA5457534- 205465107 11112 rs3060613
20541252 6304 eASTINTOI 20646107 11112 rs6149468
20541303 6308 510554680 20646109 11114 rs11277970
20641320 6325 rsa5238102 20846110 11115 rs11200099
20641362 6367 =83681087 20E46139% 11144 rs 15083900
20641413 E418 2465792 20646175 11180 rs7774201
20641494 | 6489 rs12212722 20646443 | 11448 10612002
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Posltion [n Posltlon In
Position In Pasltion In
Bulld 35036 SEgI:D Marker ID Build 35/36 SEDQ :D Marker ID
2345478 11481 re2358100 20657780 22785 rse34a433
20546502 11507 rs13203335 20657042 22047 s34 605190
20646504 11209 rg13203531 20636083 23088 s 12198377
20846619 11624 rs64 56355 20050006 23101 0455001
20646644 11849 10484635 208508195 23200 ragdda5802
20847190 12195 rs12204173 20650022 23827 rg28450932
20847320 12325 rel 3207544 | 20658623 23528 rE4E50803
20847851 12858 r=12190720 20658901 23088 rs=2 103662
20647584 12689 28395084 | 20655321 24326 .94 65804
20648327 13332 rs12199073 | 20859580 24505 134611621
20E4A500 13505 39465736 | 20660058 25063 rs12055423
20648581 13566 ral1 22126040 | 20550853 2o58 0485805
20648595 13601 ral132120490 P0550020 29834 rg11385187
20548563 13800 els21 40 20660836 25041 rs113207 14
20648722 13727 rs12189324 20660018 25023 re2AS0256
20649085 14080 512200871 206617643 26769 ref 7656211
20649159 14164 rs9348432 20662069 23[}?4 rs94 60520
20643183 14188 rs 12200834 20662498 27503 534245467
20849236 14241 34860173 20662230 27835 EHAN025T
20640324 14328 rei1754872 20663855 28860 11964554
20642498 14503 rsB458356 2066359490 ZR995 re3465806
20648517 14522 ma3881939 20664108 29114 rs11884635
206542682 14887 2143406 20664130 28185 rs13189421
206850176 15181 rs10484634 20864314 29319 rs8032320
20850200 15205 raf7oHB51 206884570 29575 rs12200078
20650398 15303 677076 2DEB4653 28664 rs13437565
20651447 16462 rs6928571 20664884 289889 rs8350258
20651461 16466 rs12192584 20665256 30261 =12 176441
20651608 16613 rsHBbEE64 2D665260 J0265 12168358728
20652015 17020 rs29350255 20665264 30269 9356738
20652081 17096 rs2388200 20665272 30277 rs9348434
20852136 17141 12214002 20885343 348 rs3465807
20852245 17250 rs9485707 20865804 SJOB09 rs445B86 7
ZESZ2300 17305 r=Q485708 20685995 1000 rs7 738402
20652574 17579 rs28699301 20667580 a7595 516883914
206526560 17655 513215844 20667591 32596 rs 16884916
| 20652878 17603 rs12214315 20867200 32005 r=8es45a4
20652722 17727 reti760517 20867239 33004 re3462000
20652785 17791 ref3212957 20668414 J3a19 517584625
20652806 17811 re13218962 20660565 J3570 rs7751682
20653188 18193 re10543744 20650667 672 5113671279
20653201 18206 12216047 20659681 34686 rs34634263
20653347 18452 936635 20670055 35064 12214549
206853590 18895 rg0350342 20670384 35360 rsfia3a19
20654091 19055 rs0360201 |_ 20870575 35580 rs2B567007
20654302 10387 534206163 | 20670507 I5602 ra7 72137
20654500 19511 rs9465790 20670719 AST24 rs 12208597
20654784 18795 s34 187071 20670598 38003 53368202
20054857 10672 ra9465800 20871877 35882 52328528
2DR54B30 19805 rsA90B974 | 20672452 37457 r=34823350
20B54 902 19997 aid1973v2 20673287 33202 rs2e630014
| 20855361 20358 raTdz14145 20673363 33388 rs34233572
20655723 20798 16883010 20TMIS 38420 red 712506
20655060 20073 s12194705 20673935 30340 1s12203450
20656271 21276 1535080661 20674280 39285 red350259
20656465 21470 TS 7a3467 20674435 39440 re6218457
20656466 21471 5773468 20674595 J9600 rs35210537
20656986 21991 msAL182285 20674749 38754 11320807
206857084 22009 1234242699 20675016 40021 moA4B436
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Positlon In Poalton In
Posktlonin Posltlan In
Bulld 35/38 5:3, :“ Marker [D Bulld 3538 SES__"D Marker ID
20675068 40073 rs35386106 20688323 53328 r=35313444
20673342 40347 ‘I m16801563 20688373 53378 6929108
20675352 40357 m=12333229 20688404 53409 007897
20675520 40525 58460521 20608545 53550 rs65208506
20676084 41099 rs 10588593 20688872 SABST r=S368204
20676351 41366 rs2B876573 . 206080021 54026 [P RRER
20676957 41062 rsGa3nd61 20689580 54594 511967546
20676964 479088 rs6935465 20689593 545898 rs34134803
20676968 41973 10603174 2069772 57T rs 10456233
20677060 42065 rs12333291 20680807 4812 157 744833
20677987 42972 rs20o4321 20590123 S5128 rsQ480523
20677985 42980 rs35546893 20680123 h5128 50465816
20678018 43023 rs4291080 20850432 a4 37 rs680807 7
20678121 43129 52064320 20690530 55635 rs2465817
20676268 43773 r=9465810 20691069 56074 11967445
20878275 43250 rsD465851 20691263 56268 rs34022850
20678423 43428 59358344 20891793 S6768 rsD4E0524
20678756 43761 510246390 20691094 S6980 s34020502
206729114 '] 44119 6905281 20652003 57008 rs11448102
20676330 44344 rs16RA393Z 20692319 57344 rs94655818
20673612 34617 =34 904067 206392402 57407 rs93s0262
2067660 L4665 7744002 20692513 57318 s13206241
20679763 447ER =35142564 20593000 58005 r512153939
20680085 45100 rs2465812 20693100 S8105 r=6925593
20680678 45683 7759084 20693119 58124 rsd 712507
20680784 45789 rs2460522 20603226 58231 rs105588048
20681530 45543 rs7 764551 20693267 58272 rs3S082532
20681505 G500 510541455 20693276 58281 rs11385520
20682409 47414 515803935 20633360 ERAES rs8248436
20682542 47547 513215603 20633416 58421 9265206
20682568 47573 15962576 20653430 56443 rE132085412
20683235 48240 rs1474720 20803452 S8457 rs3368207
206R3787 48802 rs16083944 2069382 SB63S rs13209507
20684155 43180 r=34520343 20693535 58640 r=60265650
20664269 48274 r=0350260 20594018 59023 12213132
20584353 48254 15803951 20624182 EMMAT7 red4357125
20684645 49650 rs9358345 206584554 58559 rs6932944
20684862 49867 s 112527 20684607 50612 rs6932652
20584880 40805 rsG368203 20685078 &0031 rs8348437
20684030 49944 rsicAo4322 20695332 60337 el 2201857
20684965 48970 =4710932 20695356 60361 rs9465819
20684084 49889 rs6009117 20695447 50452 rs6336955
20685540 S0545 31012626 20695539 G544 2460525
20605748 50753 51012625 T 20685827 60832 2465820
20685760 50765 rsiioaz194 20695964 60o969 51094639
20686858 50963 rs3465813 20605006 60973 9368208
20686014 51049 12207823 20696003 61008 rs2465821
20686355 51350 rs16883963 20696182 611848 rs8923750
20686831 51836 513205786 20695401 61406 rs10558139
20686887 51892 =35205364 20697300 62314 rs6307450
20687102 52107 510456232 | 20697320 62325 r=B207 787
20687189 52194 rs9465814 20697321 62326 mB465822
20687201 52206 535571892 20697349 62254 rsE230203
20687740 52745 re2465815 20697706 62711 rsGO0EN 2
20687753 52758 e36119371 20697741 62746 r=G935317
20887021 52026 rs28621813 20697761 62766 redsIz02
200R7I26 92031 rs9350281 206982656 63271 rs0368209
20687928 52933 5731226 20690388 f3371 rs13216740
20688175 53180 6027481 20698367 63372 rs1 3216747
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Posltdon in Posltlon In
Poaltdon In Poalton In
Bulld 35196 SEg :D Marker 1D Huild 35/36 S'Eg I1D Marker ID
20699007 84012 rsa5485532 207102359 75354 1897777
20699747 g47h2 rs13216324 20710370 75383 re2223622
20893817 64822 rsA33654.34 20710775 75781 rs11964057
20700046 65051 rsa508107 20711249 76751 460530
207004728 65433 magEs823 20711344 768 rs24560531
20700485 65470 r=6936705 20711376 78381 rs34329159
207006713 69684 234023799 20711640 TEE45 ref rod550
20700829 65934 r36242313 20711804 Tea00 rs4 710936
20701057 56062 rs28869917 20712056 77061 - rs 12213940
20701318 56323 rs34902231 20712228 Tre3a rs13215038
20701631 66636 59350349 20712739 744 rs 10946395
20701770 66775 rs9460526 20712832 Fraav 63399017
20701828 66534 red388356 20712975 77080 re9A58:351
20702163 67168 re3a 20092 20713800 TRADS reG225007
20702181 67186 read 65074 20713324 70929 re3465828
20702518 67524 red¥12512 20713935 TAOED rs3465629
20702581 67566 ed712513 20713861 70066 e6902661
| 20702846 67651 red 710534 20714057 762 re3437 3680
| 20702658 67663 rs0348438 20714201 79286 rs3s031096
20702902 B7S07 rs3460529 20774508 70513 m932405
207033563 68368 rs13109587 20714597 7B596 rsE926585
20703370 [} Ry m13189384 20714635 79540 3938395
20703526 63531 m10223680 | 20715464 B0459 11064664
20703606 8B611 m9350263 20715557 BOGS56 re35064987
20703768 88773 mI465025 20715663 BDEGE 512206413
20703832 68837 rai0223876 20715758 BOT63 rs35090187
| 20704100 £9105 ra35702271 20715763 BoTaE 1901654
| 20704171 69176 ra93358350 20715910 BDE15 rs60532
20704432 69437 r={2208905 20715001 BOSSS 513328250
20704771 G776 rz12210453 20718030 B1035 5133208252
20704892 6DBO7 rs3431707 20716194 81193 rsAT1 2517
20005144 70149 rs3p033523 20716257 81262 reA712516
20706297 70302 rsi1758281 207T1TZ20 82225 rsi 700120
| 20705350 TOAS5 _mzZBB33133 20717475 52480 rs13206462
20705757 0762 ra34255347 20717483 52438 rs13192442
20708019 71024 ral 2192740 207174856 82491 rs13206463
| 20708252 T1287 13212326 20717492 82457 rs13192445
20708486 71481 rs121559184 20717498 82503 513192450
| 20706753 71758 re10455234 20717504 82500 rs 13206477
| 20707009 72014 =47 12514 20717510 82515 513206483
20707422 72427 r=2485826 20717577 B2sn2 rs12179168
20707607 72612 reQ365357 20717586 §2591 ms121B0B75
20707867 2872 reZz2a4809 20717611 2616 12179172
20708549 Ta554 e2294808 20717860 52065 512179563
20706813 73818 67 FB2 o0 20718357 83362 11355836
| 20708979 73881 red 712515 20718685 83701 e 328527
20708938 74003 ra10522824 20718700 Bar14 rs11452082
20708993 74004 3660518 20718920 83525 Ts2876574
20709002 T4007 e10572350 20719905 B4AS10 2465031
20709003 T4008 rs348 70864 2072001 45036 =M877824
20709022 74027 red 712516 20720290 45295 rs13212501
20709145 74150 red 710935 20720647 BSELRZ r=0350252
20709385 74301 9455827 20720703 85708 rs835a3A53
207008388 74393 re 12204865 20720761 85766 sZRTHE205
20709672 T467T rs10946393 20720889 85894 rs9350265
20709764 74769 rs12200806 | 20720880 853949 rar 750508
20709854 T48G0 rs10946394 20721130 BE5135 =77 1062
20709821 74926 re1997778 207211411 B5146 rs460533
20709971 74976 re3sB7asn7 20721195 BBZ200 rs13200415
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. Pasltlon In . Posltion In
Poeillon In Paaition In
Bulld 3536 553 :IJ Marker ID Buitd 35/36 SES_:D Marker ID
20721216 46221 i rs10550032 20723428 88443 12179129
20721312 p6317 =0465032 20723438 - | 88443 rsd714259
20721463 85460 r=0368211 20723439 S8444 rs 10946636
20724471 -| 88475 9350266 20727429 G844 rs2a761a27
20721507 BES12 rs11752592 20723839 BB344 rs2BB47O50
20721515 -B6520 8350257 20723439 88444 rsa933247
20721754 BG5750 rs8768388 20723449 88454 re2800A8723
20721898 85803 978347 20723451 83456 rsd767082
20721900 86611 978886 20723452 BE457 rsdTi 32675
20722038 87041 59874773 20723452 BB457 rsa5517 166
20722186 87201 rsal74774 20723452 884567 rs4 714287
20722500 87505 s{ /06788 20723456 88461 rs12102737
20722859 B7664 59348439 20723456 BA461 teJ6 63804
20722661 B7B66 52356739 20723460 BB45S5 re35780973
20722693 87698 meI356740 20723464 48489 rs35236694
20722730 87743 rs7 760094 20723469 88474 rs3ss67559
20723021 38029 ra2 786013 20723469 38474 rs8267108
20723046 ga0s1 =2608613 20723471 pR476 EOB00SST
207231 BR126 re 10456710 20723484 AR489 rs{2182463
20723138 88144 rs04 76286 20723480 afaoq rs10840322
20723140 88145 rs947&5287 207224580 38404 rs: 052284
20723140 28145 rs25168538 20723409 88494 59268590
20723141 pA146 rs20612622 20723400 8a405 rs3258377
20723142 BR{47 rs3463550 20723495 88500 rs9257409
20723146 88151 rs2453861 207234688 2R3 r=02658716
20723162 Aa167 s9461022 20723500 Ba505 re2a7 71402
20723183 Ag1gg 0461024 20723501 HasoH6 20771401
20723235 BA240 rs34980442 20723502 8a50T rsl2124731
207232349 68244 34048080 20723502 BASD7 rsd451160
20723250 88283 rsa52 18664 20723542 B8507 rs3717323
20723260 BA265 512175878 20723502 BR5)7 rs3765920
20723270 BRZ7S rs 10948323 20723503 8850 rs9265815
20723287 88252 rs34403313 20722504 48509 re28771400
20723202 L2297 rs35081550 20723506 aas11 rs12190813
20723304 AR309 5121758978 207235068 ga511 rs12215416
20723305 A8310 rsH 520184 20723507 BRS12 sl 2178527
20723305 583140 rs34 756980 20723510 88515 regd523a761
20723322 Ba3z? rz4620736 20723510 BA515 rsJS8a7 156
20722322 BRAZT muzZasa1i7 20723512 88517 r=20797 321
207232324 BAAZD 628562027 20723515 BAS20 re?B7¥ 71399
20723333 BE330 9301823 20723522 BRs2T s13207602
20723346 48351 s34 7507 71 2OFZA622 BRSZT 36000432
20723346 38351 r=34774640 207235 B3536G 28749543
20723346 AR5 2360380896 20723535 08540 rs13196506
20723365 ga370 r=132091956 207235346 B8A540 TE3S716308
20723360 88374 rsi2243541 20723535 BES4T rs28831180
20723389 808374 r34 112320 20723538 88541 rg34938144
20723371 BB3TE rg34615869 20723537 BAS42 r=36142067
20723379 [f:k T 1535849519 20723541 BAS4E re3sS313raz
20723381 08386 rs0257498 20723542 08547 0260304
20723383 893684 rs34200578 2072354 B8A548 rs4597832
20723393 B8A398 rsd960518 20723515 BB550 rsd7GT 740
20723390 88401 rs3261805 20723545 88551 re287v13%4
20723402 88407 9267103 20723580 88555 e 38405]
20723404 Ba4089 517367677 20723554 RASSS rs12524428
20723416 HB421 59261306 20723554 B9559 =1 2665124
20723421 B8426 re9267104 20723554 BASS5A radd 0263
20723424 - BB420 rsp267105 20723555 88560 rsO2608023
| 20723434 88439 rs28810763 20723557 BASG2 ra?87 71397
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f . Positlon in - Peositlon In

Paeilon in Posilion In

Bulld 35/36 553_:” Marker ID Bulld 35/36 553_;“ Masker ID
20723557 58562 rs6915279 20723639 8644 rs351656647
20723559 38664 3261207 207236546 GRE51 rs3hs75623
20723555 H8564 rs9766758 207236546 88851 e 712652
20723559 AB5G4 rsd767242 20723640 BaEs3 rel12 192046
20723560 BB565 rsA9 14835 2023640 BAG65 rs11750854
20723560 | B85G5S rg9260902 20723649 AAGS4 rs28771395
20723560 BBEES rad7aA7i01 20723649 BABS4 rsa5563402
20723662 BBSGT 9201908 20723649 BAGSA =I36016334
20721583 BROGE rg12207084 20723649 aAGsA rsd4a95911
20723563 BRS68 rs12213193 20723653 | HO658 ™11965757
20723563 ARSE8 rs3e 750154 207236594 BRGSO rs10945390
20723566 8R571 s8260901 20723654 BRGS9 1528008295
20723570 BASTS rs8269000 20723654 BRGSS 34995142
20723579 38584 rs12178368 207236554 BRGSD msADE213
2072AG70 Rasa4 m13197714 207236567 BBG62 511571878
20723579 ga504 w287 71396 20723559 BE664 r512208488
20723576 8a584 3443697 20723662 BBG67 511751374
20722570 eas04 3267107 20723663 828668 513217613
20723522 Basa7 reat113301 0723667 88572 12528735
20723582 88587 rs3g33248 20723668 88673 r=351 606596
20723503 BASBE re2f8 15830 20723668 88673 rs36322569
20723586 ap591 s 10847033 20723668 88673 rs3766221
20723506 BB591 9260300 20723570 88575 re35120225
20723580 aAs93 13204671 | 20723670 B8575 rs511B68
20723588 88593 534094007 | 20723674 88679 re0z69003
207235848 BRSO3 srd63756 20723675 88680 r534290318
20723588 BB533 red 304158 20723575 58680 rs357.35496
20723589 BB534 rsd 299351 20723675 BRGBO rsBGA9102
20723590 BB535 12182307 20723676 Ba5081 rs10848091
20723580 B8535 rat2201487 20723676 34681 92600
20723590 BR5O5 rs34097573 20723677 BAERZ rel 3220807
20721595 88600 513219021 20723677 Q8882 re3d TO0547
20723598 88601 re3d454153 20723677 BAGE2? re32G0808
20723506 88501 re3767597 20723578 BRGAI 9260837
20723597 BREOZ red767102 20723684 BRSS9 re2B7 7139
20723598 88603 red 269001 20723586 48691 siZ213200
20723801 B8BE0G rs12180097 20723687 38692 reB 717287
20723603 88608 ral2{78465 20723508 38693 re20771393
20723603 8B608 ra35120115 20723508 38693 rsa717718
20723607 88612 rs4273681 20723689 28694 ra2f¥ 71302
20723609 8386514 12193754 207236590 28635 rati 78009
20723617 BAG22 red13914 20723630 B2ga5 red4159662
20723617 8ag22 redGA9GT2 20723690 BEGOS rE34683172
20723519 BR624 =361 73068 20723650 22695 rs9717331
20723623 BaG28 12202172 20723801 88636 rs0717853
20723523 82628 528862376 20723652 88697 9785875
20723625 88630 a12178684 20723606 88701 rgiz2di 78974
20723625 88630 rs12203117 20723596 2871 re36003ST7F
20723625 BAEI0N re3d 250560 20723698 38703 rsa767 747
207232626 Bas21 rei2102581 20723700 BATNS 28771301
20723632 Bae37 re34147707 20723704 BaHG 13216352
2072605 38640 re9600404 20722707 aB712 s 12200762
20723635 28641 rs9202902 20723707 88712 rs12206373
20723636 ga841 rs9767733 20723707 8B¥12 s34 570202
20723637 58642 re10940909 20723707 B8B712 rsJ361927940
20723637 98642 red4 732676 20723707 8B712 rs926356014
20723537 38642 rs9260892 20723714 8EB718 rg34131282
20723638 g8642 rs356A6223 20723717 88722 12175470
20723639 BRGA4 rai1753028 20723720 BB725 =207 72692
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Posilion In Fosltdon In

Posltion In Posltlon In

Bulld 35/38 S&g :D Marker ID Bulld 35/36 SESI:D Marker ID
20723722 'BHT2T rsah516674 20723816 BB&EZ1 35179751
20723722 8a727 rs36704013 207238146 A5821 rs4458721
20723727 84732 34691406 20723017 8aaz2 s 12180385
23723728 88733 rs28771330 20723817 (5] d rs 12206581
20723728 88733 r=4 374663 20723817 BBBZ22 rs12333308
20723730 BAVAG 34029149 20723817 BBRID 02560006
20723734 BA7IS 512207894 20723821 BREZG EOGa8d 7o
20723734 BA739 rs12662476 20723829 8aa3s rsS26a007
H723736 BA741 rso260896 20723832 88837 r£9268008
20723739 88744 re2R771309 20723832 38837 r20269000
20723740 B8745 528771380 20723834 23633 rs35A50T54
20723741 BB746 rs9302592 20723836 BRB41 rs13211190
20723745 Ba7sD . ral 2 73375 20723837 BBA42 rg12216274
20723745 BA7S0 rs0288072 20723838 88843 re12191544
20723745 BR7S0 9382110 20723838 38843 =IO
20723746 BB751 4715211 20723841 28848 rs027929%
20723747 88752 =H128950 207235842 ARe47 sl 2178577
20023547 anys2 rs35061188 20723849 AB8Aa54 re1 2215604
20723747 aa7s2? rsd620119 20723853 BRESE rs9395360
20723749 B3754 9767236 20723854 SE85D re2 8749540
20723752 88757 34717143 20723865 | BHAGO rs20895226
20723755 BA7TED rs13201202 20723855 248080 rs2260893
20723756 8a761 13201503 20723861 80866 543655825
20723752 BATE? 513197088 20723854 BB859 rs9z26 19412
20723762 88767 rs35347849 20723865 BRETO rs?BROS227
20723766 88771 rs34663083 20723870 BEETS 92651913
20723766 BEY71 rs15550828 20723873 88878 r=12183502
20723767 aa7v2 rs13195241 20723873 apa7e r=H332895
20723767 BA7T2 rs34205001 20723873 08a7a rs94 72692
20723764 BAT7A rs28740541 20723876 geaa{ red5640475
20723768 BR773 =r469031 20723884 gpesa rs2268010
20723768 BB77] rs0279137 20722588 BOBO3 rel12{92337
20723769 88774 9260895 207238848 28853 EMS-HO786
20723770 JBTTS 12212483 20723891 BAGMG rsM978372
20723770 BATTS 35446358 20723893 42308 TE200206
20723775 aa7an 28330828 20723894 BEAS9 511755576
207237F7 BA732 rs125253684 20723303 Ea9048 rs200035616
2023777 BB7HZ =3 576904 20723203 BRS08 r35553517
20723782 BR7A7 =2083541 20723204 BBS0S red 350654
20723785 8B790 rs20350828 20723910 BB315 rs0250092
20723788 BB793 r310948598 20723814 BR319 rgl. 3196241
20723730 88785 0265613 20723914 aa519 rsgr238
207237801 88795 rs9680173 20723915 aRazn rs12175553
20723752 [Lirgerg rs28380827 20723915 648920 rs12191404
20723795 BEE00 rs3adg29169 20723915 88920 54460210
20723790 BEA0S rso280894 20723915 88920 =9260891
20723800 HBAGS r=121733688 20723018 BB923 9395361
20723800 BBACS 120269005 20723920 BB925 rsO766217
20723802 BBAO7 r320359816 20723926 BRI r3s5073779
20723803 BBROA rs20350826 20723931 58838 rsD765084
20723807 BBR12 rE2B0287 20723931 BALI6 s9767220
20723807 88812 rE345075082 20723932 88937 reA5 247846
20723807 88812 9261623 20723932 88937 7173208
20723810 88815 'm12174821 20723836 88941 e20005674
20723813 68818 rs283800825 207239365 28941 rs9280850
20723815 BAg20 =A3197377 20723938 28943 34926348
20723816 gaa21 17362870 20723938 B8243 rs9717233
20723816 B3A21 12346562150 20723045 88950 rs35869128
20723816 BEA21 230071522 20723846 88951 rs12175941
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Positlon In . Poalton In
Poslten In Posltior In
Build 15/78 SESI:!‘D Marker ID Bulld 35/36 Ssg. :D Markar ID
20723951 88956 re32G60E50 20724766 Bz reOGRAEA3
20723952 88957 el 766586 20724272 Ba¥T re121595237
20723955 88961 rs100456203 20724281 89286 re35253595
20723857 g9862 re9260888 20724281 8e286 m9381428
20723858 BBLGA rs12180540 20724306 29311 rmI4EE564
207235861 88965 red766115 20724308 a4 512189588
20723868 BBO73 6312019 20724311 %316 r5 12208503
20723969 £8974 rs0767458 20724312 89317 rsa8007E1
20723976 858981 1513202181 20724230 A933% rs12173681
20723988 88994 - rs13218048 20724337 89342 rs12182084
20724000 8905 r513218040 20724343 89348 rs12182118
20724001 82006 r=13208557 20724352 9357 rs1Z2182102
20724002 89007 rs13202152 20724392 ao0397 512174506
20724013 83018 rsT2270049 20724323 89390 regrGrE09
20724013 ago1e rs34552032 20724384 89309 rs12173703
20724018 83023 rs28800881 20724401 59408 rs12202889
20724018 39023 344 7a537 20724435 Ba440 28840538
20724025 80030 ra35191657 207244966 B4 e84 739583
20724038 89043 m34450517 20724467 48472 rs34 220045
20723043 89048 r=0sA8655 20724487 BoA92 rs9261322
20724064 BYIGI rs12180172 20724491 89495 rs9261323
20724068 B20T3 28865015 | 20724517 89522 rsS26092
20724071 B8BTS s8717838 20724564 Jo568 rs9473882
20724072 BOOTT rs0717836 20724566 8os7T1 rs34 30776
20724074 ESOTO rs9885593 20724628 Jo631 34420550
20724082 8a087 m2IARATET2 20724865 39670 rs44408621
20724083 82088 313216113 207245685 A9ES0 md714818
20724083 83023 r235254115 20724694 89703 sd 714817
20724084 23022 r=10949190 20724722 9727 re6R2384
20T24085 82020 rs6023503 207247348 89743 rs682051
20724087 2g0a2 ;12214411 20724753 A9754 s 12530056
20724097 BODEG rsZ2A74TIRG 20724756 go7E1 35086683
20723056 29101 rs10B7363 20724h88 B9823 rs1 2528468
20724086 gp101 rs1091092 20725002 onpaF rsi10650135
20724104 09409 rs121B0759 20725002 097 rsd50S6126
20724107 g9i112 rs11758062 20725109 90114 rsB937S78
20724112 apii7 rs9281321 20725159 o0164 1253107
20724113 £9118 rs28861738 20725173 80178 rs720448
20724113 B311B e35109104 20725176 BoTaE1 rs89360212
207245123 89128 rs1 3208115 20726250 oD255 rs3o4B1521
20724120 B913d rs34 72643 20725253 80258 rsr20440
20724130 B9136 el 2208570 20725262 BO26T rs 10650186
724130 £9135 reZ8832660 20725495 90500 re?D64
20724131 89136 re13200482 20725489 pD504 rs?065
20724131 BO135 reg260a86 20725638 B0643 rs9368213
| 20724131 B9135 sS4 72604 20725732 pov¥a7 rsd§465744 -
20724159 59164 159260885 20726077 pida2 rs34960654
20724172 89177 reZ80295 20726154 91159 rs5900054
20724172 Bo177 re28749538 20726168 Bi173] rs64563589
20724174 BI179 re13201041 20726176 g14a1 rs7739405
20724184 £3189 rs1087362 207266501 P160G rs7 760508
20724187 89192 rs12183850 20726684 pi16a9 rs 10456007
20724190 88185 re12202552 20726587 21992 rs3460534
20724208 B9Z13 rsB260884 20727168 92173 r57 1066749
20724210 BS9215 rs9474341 20727353 92358 reD35a354
20724211 8I216 rs9260883 20727809 92814 rsDJ6A214
20724222 89227 rs34662820 20727882 9zee7 rz0350288
20724225 BSZ230 rs12182385 20728085 p3100 2068013
20724234 B9230 rs12182114 20728160 93165 2069014
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. Pealtion In ans Position In
Position In Position In
Build 35736 SEE_P Marker 1D Bulld 35/35 5:3_:" Marker I
20720290 03295 rg206SM15 20737837 1026842 rs94605.35
20720292 093297 rs 11967475 20737052 102887 s34 835008
20720096 84101 10214548 20738060 103065 rs3465843
20729217 94222 222230921 20732139 103144 rs13220465
20729281 94288 53465835 20730159 103154 513220352
20729084 94283 535304828 20738321 103328 s 710937
20729955 5000 10687080 20738375 103380 sS480536
20730233 a5238 rsE315938 20738378 103341 13190734
20730331 e5336 rsS205472 20738451 103456 9465844
20730732 es737 . rs1562660 20738712 10371F rs36976835
20730929 BB rs7 455008 20738713 103718 rs11327858
20730845 95950 1563659 20738932 103937 rs13184407
20730846 95957 mhBTATTS 20738990 103995 rs 10484633
20730948 05953 rz 10601252 20739524 104529 rg232as2n
20730083 95988 rs1569658 20730789 104784 rs35958155
20731000 9B035 r=34142400 20730800 104314 rs4421105
20731063 05058 rs 16883906 20739032 104937 rs23208529
20731181 95186 35073110 20740089 105024 rs94605.37
20731184 05189 rsS028048 20740745 105750 rg1 7224527
20731263 SE266 rs 201759 207408086 1050897 e 1 B0
2031311 88376 rsE456360 20741024 106029 rs1 7823073
20731373 56378 re6456361 20741278 10a2m rg12183074
20731380 083as rsB456362 20741316 1068321 rsPd65845
20731584 06509 rsBg22571 20741644 106849 35148953
20731925 P5930 rs35145358 20741885 106831 rsi768642
20731950 96955 52465836 20742320 107325 sS4 65846
20732013 o708 rer763304 20742407 107412 rsG5847
20732458 7163 re24R5837 20742551 107556 rs17823127
20732218 87223 rs/ 743314 20742594 107590 1= 1604021
20732337 o732 rs7 14831 20742630 107635 red 533974
20732351 07366 re7 14830 20742865 107870 s 755830
20732484 97409 rs7743789 20743005 108010 red 750
20732584 97509 rsS874776 20743139 108144 rs35650451
20732580 B7504 rs587d7 VY 20743192 108187 rs105G1117
20732065 97870 rs16884003 20743241 108246 rs6340200
20733079 98084 rs23s6741 20743729 108804 rsg46a848
20733080 OR0RS 2366358 20743808 108813 rs34351918
20723246 98251 ega56742 20745083 1100848 red 712549
20733430 OB435 re11756987 20745285 110280 rs9368215
20733470 QR475 2465838 20745566 110571 51 2206285
20733613 28618 rs2206579 20745853 110858 rs34 049094
20733920 08925 rsds1 11333 20745588 110933 rEdf 751857
20734361 00366 56917583 20746702 111707 2465840
20734388 88393 rs631 7509 20746857 1118562 rs7341291
20734630 0635 513437429 20748957 111862 rs6921014
20735418 100423 ra34307011 20747388 112393 ref4E65050
| 20735420 100425 rsd515379 20747583 112588 EFrSaG12
20TIASTS6 100761 2223620 20747681 112686 reds602526
20735870 100875 rs3455830 20748295 113300 rs8465851
20735093 100908 rs12664972 20748399 113404 rs257570
20736720 101795 rec 802355 20748403 113408 rs11339738
20736728 101803 reGoM 72T 20748516 113521 rs9460538
20736873 101878 re3s493429 20746850 113855 rsd 7126520
20736881 101886 11368825 20748883 1138843 rs4 710334
20737281 102266 4523079 20748084 1140893 rs3sen9049
20737470 102475 rsrs71213 20749315 114320 rsB348440
20T 3ATHES 102573 3465840 20740879 114864 rs94659852
Hrivaer 102692 rs9465841 20750054 115059 ret12 195000
20737767 102772 rs9485842 20750306 115311 rs1 1968248
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Position In Position in
Poaitlon In Peslition In
Bulld 35/36 Ssg :D Marker ID Build 15738 5:3: :D Marker ID
20750353 15358 r2347977179 20758553 123858 E2A7E3 153
20750764 115789 rsE925328 20758712 123717 EY9GE037
20750913 115918 rs36073053 20758800 123805 re /7 o6844
20751137 116142 rs35462488 20758569 123974 ref 76713
20751140 116145 36224625 20758201 124206 rs7 49464
20751150 118155 rs3060659 | 20760100 125705 re2)50225
| 20751153 116158 shBrd7 78 | 20760626 125701 ref285474
20751155 116160 511267661 20780744 125749 ra8205475
| 20751201 116206 rs4235905 20761520 126534 2320545
20751230 116235 16884038 | 20761548 128553 rs2ea45771
20751705 116711 52328530 20761779 126784 rs287B582
| 20751731 118736 rs2328531 | 20781699 126904 510223446
20751750 118755 rs28360636 | 20752004 127089 r=13219723
20752162 117167 reGBI2GTE 20762005 127100 513202400
20752183 117188 rs9460539 20762154 127159 rs 13202583
20752303 1173086 rs6932876 20762172 127177 513203887
20752346 117351 - ra3d9z9755 20762279 127284 s 5566
20752358 1173564 _rs2B733357 20762876 127081 rsB358355
20752360 117365 ra11348111 20763082 128094 re360216
20752473 147478 r=5933219 20763375 128380 rERIB5ASS
20752702 117707 6933165 20763304 128389 rs2465856
20752872 117877 eAS255583 20763453 128464 rs 16884070
20752001 117906 34332316 207653402 128487 rs16884072
20752923 1178928 54710932 20763647 128552 rs13208604
20753486 118491 511870417 20764162 129174 rs2465867
20753659 1186084 rs11963217 20764307 129312 rs936A217
20753670 118675 rs 11065473 207645549 129564 re0460541
20753833 1184938 rs2876575 20764746 129751 460542
20754049 119054 ra7739974 20764765 128770 11969355
20754876 112981 57745175 20764773 120784 =47 12522
20755173 120178 ra7 765704 20764924 120229 m168R4074
20755178 120183 re6907 731 20765172 130177 re34489584
20755250 120255 re350578095 20765324 130329 re2326548
20765313 120318 s/ 746072 20765543 130548 mAT12623
20755839 120844 rsT0484632 | 20765844 130849 sd47 12524
20755770 120775 35444529 20765808 130003 EASIOTTS
20755849 120854 517623571 207650 130998 54710840
20755941 120846 511865062 20766197 131202 513190727
20755962 120267 565338198 20766215 131220 rs35136485
20755065 120970 msE913126 20766311 131316 re35260725
20755178 121183 rs6813508 20766335 131340 36835620
20756613 121618 534638214 20766566 131571 rs17E23996
20756673 121678 re35746011 20786713 131718 rs 18884082
20756741 121746 59460540 20767438 132443 rs6006327
207570080 122095 rs36045545 20767566 132571 rs6456367
20757128 122134 re353927M) 20767785 132780 55456168
| 20757233 122238 ref456364 20768202 133207 rs7745083
20757260 122265 rs2179553 20768344 133340 rs3458389
20757513 122518 rs3AS0269 20764668 132674 rs 10046358
20757531 122536 rs3445054 20768672 13677 ra10246397
.| 20757787 122792 re2 170552 207688710 133715 rg1 1720505
20757936 122941 rs6825233 20769000 134005 rs1320:2361
20750033 123038 2328532 20769013 134018 ra10946380
207508248 123253 s/ 743970 20763122 134127 e 14504
20758317 123322 5132089497 20799229 134234 red 154840
20758318 123323 rs3464 1285 20789249 134254 refd605a3
20758344 123349 rz132095348 20769508 134513 8460244
207583087 123392 2876376 20769529 134524 rsa450545
20758479 123484 rg13208572 20768711 134716 2206740
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. Positon In Poaltion In
Positlon In Poslton In
Bulid 35/35 5:3_:“ Marker ID Bulld 3576 553:_"” Marker ID
20760806 - 134871 rs5874770 20781859 146864 rs7451008
20769007 134812 r=33970800 20782570 147675 rs3368219
20769815 134820 rsSE74780 20782750 147705 rs1012636
2079876 124821 1£35014292 20782845 147950 rs 13217846
20789818 134821 r535363501 20783274 148275 151012635
20770092 135007 rs8456370) 20723700 148705 rsdsea5197
20770102 135107 r=a979614 20783771 140776 rB35261512
20770186 135201 rsAS455723 20783428 148833 28823314
20770571 135576 r20365218 20783399 148904 rs28890810
20770045 135950 red712525 20784051 149056 28871891
20971014 136079 rsd 712526 20784393 149398 rs34498031
20771314 1363189 rs47 12527 20784550 149655 rs13208753
20771442 136447 rgdsS{91644 20784747 1497562 r=2a7 19685
20771442 138447 rsH 470647 2784709 149784 =2 858006
20771611 136616 r=9460546 20785042 150047 511961063
20771638 136943 rz9465850 20785211 150216 51782442
207720719 137084 rs3465860 207A5289 150204 rs 12660618
20772281 137206 IGfab4£5 20786302 151307 rs1 1371206
20772508 137513 rEING07T6 20785303 151308 =34152621
20772508 137514 =3041828 20785400 151414 r=AT12528
20772512 137517 reafvd7e1 20786483 151468 513247082
20772761 137764 rAS77B4H7 20786470 151475 rs13217005
20773060 130065 ref42642 20706481 151486 rs13217080
20773305 138310 530245897 20786482 1651488 31321701
20773436 13844 rs11957127 20786523 151528 rs13260846
20773528 138533 rs7 748382 20786772 151777 rs 11968032
20773547 138552 r=JGAA549 20786954 151959 re94 65863
20773548 138553 rs36H93571 20787283 152284 51569699
20773570 138575 rs2BGAS000 20787386 152391 re34 168173
F077ABRE 138891 rs7752236 20787688 152603 rs7 FoGo92
20773525 1368030 s/ 772803 20788045 153050 eE35M 2117
20774001 139006 67 752780 207BREST 153832 s ed41
20774034 132039 &7 752906 20788843 153848 rs0AGa220
20774180 139166 r=34 184260 20788941 153046 rs6931254
20774223 139228 2208739 20789327 154322 E6G11742
20774225 139230 ra2205738 20790601 155606 rs35612002
20774250 138255 2206737 20791035 156044 rs3S5816514
20774436 138441 11970425 20791123 156128 rs34 6120860
20774984 1383489 36034006 20791143 156148 m9350271
20774898 138904 rs35042364 20791162 156167 r=359570949
20775218 140223 rs3o540121 20791179 156184 11354854
20775361 140366 rsa358358 20791249 156254 rs0460547
20775587 140672 rs9365743 20701646 166651 rsi 6684103
20775778 140783 8350270 20791261 158988 rs2 206736
20776366 141371 rsa4829853 2079365 158470 rs03567 44
20778035 143040 34871765 207242085 158300 34987372
2078443 143448 rs 11670598 20794427 159432 236005020
207768261 144266 rs12527373 20794552 188557 57766070
20773387 144372 rs35918847 20784975 150080 rs93GAZ32
20780262 145267 rs11968224 20795290 160295 rsASS66695
207A0271 145276 511958225 20795781 160708 51 D450832
20700276 145281 rsO465861 20796100 161105 - rs10440833
20780206 145301 r=11268264 20796237 181242 e3b 747076
20780406 145411 rs12189848 20795570 151583 rse200217
20780413 145418 rs12200627¢ 20797104 162109 re34433496
20780432 145437 rs12189895 20797924 162529 rs7 748720
20780855 145860 rs11068948 20797928 162933 EHTST0R
20781135 146140 rs11963845 20799280 163295 rs6911357
20781601 146606 A5G Y128 20800483 165498 ra T 2200701
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. Positlon In Positlon In
Poaltion In Posltlon In
Bula3s/e | SEAW Exarker ID Build3se | S RI0 Maricar 1D
20600955 185960 rebB74782 20A23483 188438 rs11063770
20800957 195362 rs361 19385 20023805 188810 109464902
20801341 166346 rs13215682. 20823840 188845 4712531
20802207 167212 red 710841 Z0B24098 1831 C@ r=35730288
20802270 167275 rs3620109 20824232 188237 rs8205478
20802272 167277 rs28459826 20874548 1BE§54; rs2a20947
20802273 187278 rsd 712520 20824753 189768 rsa0an7a
20802294 167239 re10577753 20824764 189769 s 4ARA2 52
20802504 167509 rz22235683 20824856 ‘1895851 513275805
20802573 167570 ra2206735 20824884 189889 s03a85223
20802863 167868 rg2206734 20824037 189042 2328044
205802910 167315 re:4530846 | 20025025 180030 rel1427712
| 20803458 168463 re16884131 20B25074 120078 sE83A5509
1 20804127 189132 rs10806921 20825100 120105 513216165
20005104 170100 316884133 20825234 150239 mo9dE58T1
20805571 170576 17824500 2082563083 1903048 510946403
20805652 170657 rs102464071 20826218 131224 ra23285489
20806114 171115 m1GA84136 20826440 191454 17226774
20806582 171587 rsds 711386 20827124 192128 rs9358357
20807220 172225 5119697583 20827211 192218 rs9368224
208073654 172359 rsiGBB4137 20827321 192328 rsi17¥56271
20808600 173605 511970676 20827572 1237V rs0358358
20809092 174007 R12190713 20827540 192545 rs23450550
20808105 174111 ral1358305 200827858 192863 12170483 .
20809415 174420 rs11861445 200278E6 192871 rs12193125
20809470 174475 rs35982077 209202508 193783 reIARGT46
20803486 174491 ra11305035 20828787 193802 rs2350272
20810352 175957 rE93a56745 20829322 194327 rs13Z219444
Z0B11700 176705 r£A5043644 20P29342 194347 rs12111216
20B11842 176847 516884140 20B29562 184567 eS0T
20811931 176936 rs6831514 Z0B29700 184705 TEAGRIZS
20812147 177152 rea544 3650 20830399 195404 517825025
20813281 178286 eI4671712 208310348 196041 rs3AGE226
20813569 1708574 rs11753081 20832213 197218 rsRITS
20814081 178086 e/ 738516 20832270 187234 5903744
20914209 173214 rs6E0 1559 20832537 187542 ed12111351
| 208151748 180181 rs13188379 20832754 197759 4712536
20815177 180182 7| rsi32122 20832086 1087681 re33IS6TAT
| 20816204 181208 510535170 20833076 1088081 9356748
20817155 182160 rs94056859 208332189 1808224 rs7767a01
20817688 182693 ralB70002 20833402 108407 =7 7A7I52
20818288 183293 rs1 7226450 20833511 1008516 re03s02 74
20818305 183810 10731247 20333853 4188959 34170041
| 20819731 184136 re3465870 20833919 198924 6915155
20819386 184391 el 7226492 20834014 199018 rs6914068
20812433 184438 1213613 | 20834472 199477 54538697
20819567 184572 rs16884146 20835549 200554 4712537
20812950 164963 rs2208733 20836048 201053 mI409737?
| 20520440 TRS445 re3749025 20836482 201497 rsA928012
20821121 86126 reS460H 20836710 201715 r£A908425
| 20821619 186624 re460549
20821685 186680 rs1040558
20821893 106098 rsA712530
20822083 107008 rs35820277
20822362 187367 rs7451028
20822445 187450 reB45837 1
20822589 187594 13220116
20822823 187820 m2206732
20823169 189174 2179633
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Table 11. SNPs within LD block C10 (SEQ ID NO:2) between poasitions
94,192,885 and 94,490,091 bp on Chromosome 10 in NCBI Build 35 and

NCBI Build 36 _
Positlon In I Position In

Posltion In - Position in

Bulld 35/36 s:g:izn Warker ID Bulld 35/36 5:'3:'2” Merker ID
94192885 i rs2 7BR253 242000423 15539 rsaloasq
94493567 713 rs36087110 04209484 16500 rgd 89517
94193803 918 rs3af71118 04209509 16625 rs24205086
94193850 1065 512359552 04209578 16694 rs11187010
94193061 1077 511186999 94209597 16713 re224 7348
4194166 1282 rs7016B0 94209748 16864 rs307638
177 1821 rs 10882085 4210585 17 rsa51 18701
94185641 2957 rs111B7000 Q4210625 17741 rs520711
196162 3278 rs4933231 o4211102 182148 TsTDP57I0
24106306 22 rs11187001 04211382 18408 rs7081224
24196353 3463 r=4933725 04211591 18707 rsf83437
04196465 3581 11187002 94212604 19720 251266
94196477 593 54933726 94213896 20812 re1Q42444
4196509 625 rsd933232 84213766 208482 rsr0e73M
4196716 ap32 rs11187003 094214145 21261 rs 1887922
94196844 3860 s34 15369 24214615 217M =7 ROBBG2
94197028 4144 rs10786047 84214726 21842 1510882066
94197452 4268 rs11814521 94214089 21985 rs11187011
84197347 4453 rs11814655 04214932 22048 rer216011
04108457 S5573 rs7476275 842714937 22113 raf8ooeEn3
94498727 5843 r=J118967 Q421512 22328 rgH9342689
294192011 6127 rsiiiB7004 94215235 22351 rs12242504
24192856 6972 rsfo10977 94215277 22393 re2275218
4199910 7035 6083813 24215373 22489 rs538469
24105832 7048 =s511985 04215528 22644 r3oE40611
242002639 T3B5 rsr911558 04215023 22039 rs1 1187012
B42007839 7905 =12415807 94218140 23256 s11187013
94201174 5220 35125831 04216029 23945 rer8g3352
04201284 8400 2251701 24217818 2493H rs11187014
4201876 8252 re /8965688 84218758 25014 eS44 537
4202516 632 rs57865988 04218805 25921 rs12243622
94202722 ga3as rs913548 04219607 26723 rsi1187015
24203071 10187 rs5788987 04215726 26842 rs7 920976
94203072 10184 rs35771235 94219592 27008 rsdG45257
B4203255 10371 =HB7T2650 94220400 27525 rs11187018
84203768 10884 =34268740 04221786 28002 re2250040
B4204339 114565 rsd 646958 04222227 20343 rs2148632
04204560 11678 rs1 4187007 B4 232308 29514 rs359591H)
94205437 12553 511459510 94 222860 28976 rsAooh 1274
94205449 12565 35832015 24222881 29997 rs/087153
94208153 13260 512356364 94222364 SO0B0 12762802
94208407 13523 re115a3933 94223038 30154 r=12763971
B4 205490 13606 781241 94223085 J0201 rsiTIBTO1T
4206624 . 13640 3781240 Q4221100 021G 2249260
94206504 13710 10562725 Q4223275 30391 15122682931
B4206584 13715 1510617641 94223718 J0EAS 11187018
84206609 13725 2200841409 p4223794 30910 rs11323400
24207018 14734 511187009 84223971 087 rs7082468
04207224 14340 rsd6 119168 84224735 31851 512245118
e4207381 14507 rs11594552 042247890 31905 3522317
S4207777 14893 rs3761239 94225905 34021 5637537
94208177 15283 r=3824738 94227236 Has2 r=35204021
S4208228 15344 rs12782629 94227300 HES0D6 efN73248
94208261 . 153717 rs12261501 Q4277405 34521 r=7091270
94200278 15384 12781670 84227647 34763 re12251.346
242008383 154909 reS68657 04227782 34898 re6SA3015
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Posilion in S Posaltlon in
Fosllion In Fosltion in
: SEQID Marker ID SEQID Marker 1D
Brild 3530 NO:2 Bulld 35/3& NQ:Z

94227502 35018 rs12411941 24249045 56161 s 665350
84227937 35053 517875328 84249117 56233 rs 1187026
842268149 35265 rsf07 7620 04239160 SB276 sl 1187027
84778915 6035 535864975 Q4240226 SEM2 radd4 50034
4728152 36268 rs5030882 94243788 56404 5111587028
84220349 36465 ra3f31274 04248316 56432 rs36049328
B4223366 36482 rs3n611772 D4248673 56795 ra7OoTH0D
B4229773 36889 57910605 94249948 57064 s 10786048
B4231074 38130 re12358508 94250085 57201 10882071
94231328 38444 re34093069 94250250 57466 rg12249974G
94231497 38613 rs358311906 84250507 57623 rg706A61A
4732484 38600 rsao2 50835 94250611 &VVZ7 r=11107029
4232485 38601 rsa 785008 24260692 S7e0a rs10BBZ2072
94232486 38602 35360064 Be4250983 Se099 311187030
84233186 40302 512243214 0425171 Ha8487 ral1 187031
84233203 40319 572177 84251786 Sa002 ral1 7187032
Q42335467 40713 2421940 942523358 59455 rs11187033
BL234183 41289 re3a 120790 04752515 286 ral 1187034
94234248 41364 10082067 042527298 SB35 rs11442945
B4234880 41886 s3S4 36518 84253137 60251 rs11187035
94234881 41897 rs34A159%4 94253203 60319 rs1970244
84233883 41849 r=11595475 84253341 [{iEET rs11187037
84235601 42707 EAS24 3007 84253515 []u]ich| rs1970245
Q4236972 44088 sAs4 26650 4253764 508B0 reS 7RG99
Q4237227 44343 6583817 Q4253765 80881 rsM0s7054
4237240 44156 =35863982 94253706 GOBR2 rs10716816
4237312 44428 ra3s532620 24254606 61722 r=34 70742
84238280 45406 rz11187019 84254765 61881 r=A5107389
04238346 45452 rs12219139 84254975 62099 rz11187038
94238386 45512 s12212148 84255082 62198 r534 174850
D4238508 45625 s30T TE B4256325 63441 r£34053974
04238512 A5528 re36015364 042566855 63971 rs11296200 -
84238730 45846 11187020 Q4257747 64863 rs11480471
04230054 48170 356500880 94258212 65328 rs1 12685004
94239740 46863 rsT093418 042582565 69412 rsa7a700n)
94239860 46966 rs11598251 047258287 65413 r333017h54
84238362 47078 rs37 37225 04768314 69430 rs1832198
842413654 28480 11444132 04258318 65435 rsd 1894084
84241355 48481 rs34841034 84258381 65487 ra1832195
B4242678 48744 511187921 94258980 GE0B6 ma5a384789
B4243163 50279 33037333 93259168 66284 54256898
04243164 280 red48380821 94259346 G462 redd653808
94243184 50300 red 781238 94250587 66703 reasa819
g4243185 50301 r=35973022 94259670 a87ae6 'r511324773
84243185 50301 rsd781237 94256792 95906 rs11187039
B4243606 50722 rs10882068 94260389 67505 531652862
B4244183 51299 rs1855917 S4260830 67954 rsahE91632
94244263 51379 rs1855816 4260859 arars rs10BR2073
4245019 52135 rs 10882063 94260983 58090 rs11488516
94245021 52137 r=9420151 94261156 aB272 rs 17445028
84245023 52139 rs11187022 94261430 88554 535831688
4245061 52177 s 10882070 94262303 §9440 511373926
84245384 52500 7075073 84262304 g9420 535405637
4246000 53116 ral 1187024 24262311 o427 [ s T
Q4246773 538890 g1 1588525 84262670 60795 rs34457657
Q4246972 54088 ra3dfz2156 4262685 69801 s34 74587
4247198 54314 re70B4020 4262844 9960 rs11187040
4247956 55072 rs11187025 84263081 o207 rsT086558
84247934 25110 6543818 O42637244 Tod460 sr910580
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Poaslion In Posltlon In
Posltion In Posltlon In
Build 35/36 sEg‘lzn Marker I Bulld 35/38 553_'2“ Marker ID
04263586 70702 34673600 04281681 BATET rs7a01064
94264572 71688 rsa5270297 04782048 A9202 r=17107709
94284850 71766 re4646856 04282197 B9373 rsA6R0S7
84264758 71905 317075327 04203137 BOZ253 rs34080105
84255538 72654 20633503 04203460 90585 re354554 74
84266128 73244 | rs12760132 04283502 90708 11518413
BA266506 73622 rs7895832 04283667 50783 rs11187056
34266635 73751 rs8583820 094283623 20639 1855915
04267645 T4761 57093773 94283919 81035 512268712
04267750 74856 512257226 94284271 Bi387 4646955
94267766 74882 rs7075051 94285010 02126 r7B98114
94267846 749682 r210509645 84285220 82336 511450048
94250551 75707 S35693308 54285221 82337 ra355710684
CA271124 78240 rs11812558 94785796 82412 s7A3A8493
84271625 78741 rs11187042 84285778 82894 rs7077418
B4271665 TB7A1 ra 10882074 94286057 83173 511187057
94271851 78977 611187043 84286434 03554 rs34460166
04272250 79374 511187044 24286967 94083 152275221
04272698 75814 rs7915071 " 94288311 05427 21032197
84273001 0207 rs4033233 84208480 95598 rs17107721
04273288 A0404 235301515 04200514 95630 re5787001
94273348 AG465 511187045 94208515 95631 r=34593706
B4273885 B1001 235296767 04288515 056372 rs11187059
04273081 aing9y? 11187046 047BR531 95647 r£12249280
04274066 81204 re11813097 94700376 57492 rs12416180
04774004 #1210 r=10882075 94292030 09146 r=10882078
84274100 81216 rs10882076 94292741 09057 rs11815736
94274121 B1237 =11187047 94293623 100739 50045084
04274127 81243 rs11187048 942903624 100740 rs1970243
04274120 A1245 re11187049 04203625 100741 33928713
04274135 81251 rs11187050 84203625 100741 r=5787002
| 94274143 81259 rs11187051 04293955 101072 | 12218329
94274150 01266 re11187052 94294112 101224 r=11187080
94274183 81209 rs11818981 04794428 101544 re7215349
94274164 81300 rs118189A2 94795169 102205 17445328
84274213 81320 rs11167053 04295380 102505 511107061
04274245 21351 512355280 94265397 102513 rs17107734
04274248 81362 r$12350894 B4206406 103522 rs11187062
04274953 A13E9 - rs11167054 B4206563 103579 1510210994
04274787 A1503 512358677 B4796625 163741 ral7445419
94275109 A2225 re35680200 04796937 104053 r£12219325
94275207 02323 rs12261046 04297315 104431 611286362
04275338 2454 s12261114 04207863 1049870 rs10766049
94275379 82495 s12261174 94297878 104995 57800822
4275352 82498 r=7A54448 04208008 105214 rs11187083
Q4275487 82503 1512262694 B4288233 105349 rs11187064
94275508 82524 rz4641376 B428B446 105562 510219017
94275509 82625 rs35586:301 04206005 1065121 r=34404546
94276174 83290 511387055 54209847 108959 7009636
34276314 83430 re7089987 94300255 107371 534330550
84276400 A3516 re70736833 04300414 107530 1510682079
54276465 B3581 re10882077 94300860 108005 512220493
84276595 83711 re11458412 94301705 108911 52421943
94276596 83712 634975586 043073904 109020 r=11187065
04277360 B4476 62421942 04302165 108281 rs4408744
04200464 87560 rs7078413 04302446 108562 r£15156630
84280662 87778 rs7076088 94303116 110232 rs1987122
042BD746 B7B62 5122584087 94303124 110240 r=8420144
04781644 BB760 re3474777 84303675 110781 rs35707435
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. Position In Posltion In

Posllion [n Posltlon In

Bulld 35/36 S'Eglzﬂ Marker 1D Build 35/36 Eﬁg‘lzﬂ Marker 1D
B4304203 111409 rsi1418454 04316826 124042 rs11187074
B4304 209 111415 11424864 94317075 12419 rsr02686
4304548 111664 _rsGaR3n2 1 94317136 124252 rsr100623
B4204589 111705 rs108082080 Q4317536 124552 rs12255048
94304784 111900 rs73oB111 4317963 125079 512355977
84305004 112120 rs108R2081 94318001 125117 re35616984
24308623 113730 rsro02106 04318580 125696 rs35A26224
4306803 113919 m12415874 04318582 125698 rg10584127
84306808 113624 rs7a17163 04318582 125688 7015220
84307486 114502 54933728 94316092 126108 511437287
24307610 114726 rs12412249 24316993 126109 s350875721
24307630 114746 mI0N51565 84319003 126208 510002084
4307851 1149657 11187066 4320200 127316 57097014
243070892 115008 10882082 84321033 128740 rg12415245
04308048 115165 - g7 000744 84321119 128235 r54 304670
04308378 115484 rs12 777822 4321321 12B437 rsed21945
94308408 115524 512779083 84321612 128728 gl 2252447
84308409 116525 12777874 04321742 125850 ra107360G67
B4309312 116428 11187067 04322696 120812 rs7909487
94300504 116710 rs127E2408 04323150 130266 ra34093946
04300635 116711 rs34052184 043237222 130338 ra1 2783634
04308977 117088 r51999763 B4 323807 130923 rsd546054
04310119 117235 rai299764 94323035 131061 red546953
84310400 117516 rs11187060 84323955 131071 reab380063
24310514 117630 rs7076418 94324493 131509 el 7875328
B4310544 117760 red542053% 94324556 131672 re34867360
B4M0845 117062 rs11187069 84324758 1310874 r=3758505
BAM 1213 118322 34630015 84325575 132691 rs11378230
941876 110992 re12264361 04325779 1320805 rs70R9761
B4311953 110069 rs10882003 943260090 133125 rs11187075
84312407 119523 rei2264602 04326342 133458 re35628053
4312615 119731 rs11187070 34376394 133510 rs37586504
BII12726 119842 re1 2266443 04326684 133800 rs3758503
4312081 120097 el 2776100 84326843 134050 11187076
04313002 1207118 rs4033720 94327161 134277 35376801
94313180 120306 rail2774925 94327403 134518 rs1 2752308
94213202 12038 rg1 2774931 943274 134547 el 2762406
94314015 121131 rg111087071 94327438 134554 rs127G4060
94314284 121500 reds009022 84327683 134799 rs4833730
24314389 121505 re117B7072 94327871 134087 rs7900584
4314566 1218082 rs12241107 94328020 136136 rsT2414433
94314708 1219824 m111a7073 94328211 135327 rs7a00991
94314816 121932 rg12783871 94328632 135748 rs7a21325
94314068 122084 reas4 18143 94328678 135794 rs7905037
4315124 122240 rsi2d41517 94330087 137203 rs71187077
94315147 122263 rs11308818 94330685 137801 rs711187078
24315157 122273 rs33935872 943306290 137805 rs1 1273566
94315157 122273 ra5787003 94331161 138297 rsG583622
94315491 122607 re7 076066 94331572 130080 511187079
94315748 122864 rss707004 94331642 13B758 rs7060530
04315751 122B67 rs35925520 9431770 13BB86 rs7007423
94315930 123046 5787005 B4332643 139759 r52001597
43150844 123060 - r34378303 04332063 140078 70026522
94316148 123264 rs2001598 84332002 140108 r31 2766927
24316150 123266 r52421044 94323545 140661 511187080
94316175 123291 rgd4777726 04334378 141484 34210106
84316178 123292 23051566 843234395 141511 reESEIA23
94316768 123882 512253172 04334850 141966 re7084215
436799 123915 12253177 94334887 142013 rsE0H3824
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Posilon In Pasilion In
Poslidon In Position In
Balld 35/38 SIEDG"'ZD Marker ID Bulld 3538 5:3-'12:. Marker [D

B4335207 142323 r65030825 94352267 159383 53o452156
84335089 143005 rs24241841 94352383 159499 re35A07258
84336041 143157 =12262904 94352548 150662 1054653
42365117 143233 r312263054 84352587 150677 rsf095250

94335850 143875 rs12573146 84352562 159878 rs79536H

4337053 144169 rs1118708{ B4AGISTE 158885 10584753
94337295 144411 s34 143873 94352593 159700 e300 TS

9433734 144430 11455878 94352808 160024 27096101

94337315 144431 539480775 94353042 160158 3733604

84337549 1446685 rs7921210 04353107 160223 12268122
84337810 144926 rsooB3826 4353183 160299 rs70365H)

94338024 145140 rs1277G949 94253510 160535 rsis6 12147y
94338100 1452686 37922041 94353973 161089 =87

843308205 145321 0TI 84354724 161840 rs111687091
a4 338626 145742 510701812 24354 852 161978 rs10RB2085
94338815 145031 rs7911H2 84354853 161905 rs12763703
94339556 145972 57888474 455005 162121 rs10882086
4340156 147312 611114 843554921 162537 511812310
04340487 147603 1889534 04355638 162754 rs11187092
94340661 147777 512365158 04355673 162788 122426881
84341882 1408990 rs 17875320 94355727 162837 ms12257279
94341915 149031 511595187 94356330 163446 rs17393423
434 1951 149067 517875331 04356331 163447 rz35550317
442066 149182 rs17875332 84356678 163594 ral 2244560
42135 149251 rs11585260 S4356805 163721 12244573
94342136 149252 rs11633701 04356015 163931 rs12244800
94342406 148522 57092778 943560870 1638584 12258474
B4342485 149601 rs11187083 94356904 164100 517875334
94342495 148611 517875333 9435703 164129 r31 7107758
94342508 149714 rs11187084 94357210 164326 rs10706050
04242803 149919 5229774 S4357RPD 164945 12246900
94243090 150215 536015451 S4A57BAT 1645981 re108H2087
S4343258 150374 12258435 04357887 165013 12261518
d4343418 150534 g1 1818332 B4357989 165105 rs11187093
04343843 150959 rad781236 84358032 - 165148 B12247024
4344062 151178 3624736 84358158 165274 51118709
04344184 157300 rsM24735 243587195 163311 rs1 2261697
84344508 151724 rs11428670 84358588 165684 108082088
S4344600 151725 rE34491012 84350838 165752 rs12248BE0
g4334602 151808 rs11187085 04359005 166121 rs3835785

g4334951 152067 re11187085 94355040 166156 rs108R2089
84345504 152620 rs11817728 94355040 165156 rsag446454
B4345575 152601 r5 12240557 94352042 1665158 11187085
94345783 152899 rs3osg3124 94359042 166158 reJf83s2e4

94345930 153046 rs12262350 043509044 166160 512767141
94346261 153377 rs11187087 04359495 166612 rai 2250205
94345544 153660 rs7099635 94350668 166684 ra11107026
94345807 154008 rs4604791 243650915 167031 rs12356724
94346032 154048 rs11556038 04360614 167730 11590330
S4347159 154275 rs7082683 94361073 168189 r=35352 504
04342003 1551159 658382 T 04362686 169802 2275220

94349184 ' | 156370 511187082 B4362022 170038 2275219

84348700 156814 512218324 34363760 170076 rs 10882090
943449861 156977 311429685 84364357 171472 rs 10882081
94350652 1657788 rs11187090 24364583 171699 r5 1187097
84350841 157957 r512411073 24384071 171987 rsi1187088
94351226 158342 rs7068118 24364977 172093 rs11 107029
84351384 158480 rs3E624501 B4265B56 172972 ral 2252642
94351461 158577 359682149 84386308 173424 12252838

E]
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Poeilion in Position in
Posltlonin Positlon In
Burlld 35136 553:'29 Marker ID Bulld 35736 _553::'2” Markar ID
094365409 173525 rs17875338 04370385 186501 1511417254
04366437 173553 517875337 94370401 186517 rs7 068540
94366604 173720 33921461 94370725 186841 r52AE92618
84365606 173722 105502460 54380110 187225 15362970071
94355638 173754 1534075743 94380403 187519 157073739
B43668485 173564 rE7060647 04380415 187531 511595797
B4367517 174633 511187100 54380535 187651 512243009
94367754 174870 rs§1187101 84380591 187707 rs7077137
94367543 175059 512415702 B4381025 188144 rs8731595
84368029 175145 rs3080476 04381254 180370 rs7078403
94368183 175299 rs12767059 B4381345 108461 rs7078179
B4360830 175946 6503828 04381677 180793 rs1 1187107
B4360057 175972 rs11547020 B4AR2267 109383 re2275217
B4363044 176160 34575231 04382439 109555 rs17107784
04360203 178319 rs10BB2092 04382499 189615 rs10639509
04365352 1764808 6583829 04382400 489615 rsi7B75342
04360604 176810 312260668 04382500 1BY9G 16 534767529
04369014 176030 512781567 094382704 180024 rs11B1B705
04370112 177228 rs70B4441 04392761 1BBE77 r=11B18708
04371113 178229 ra17875339 94332830 189926 ral1818750
04371482 178605 11187102 943020835 189931 rs57B7005
94371558 178674 rs11187103 043030830 180726 11187108
94371507 178713 r=34947859 84383071 180787 ra3051533
4371629 178745 rz11817621 94333672 18D78B 35005948
84371641 178757 11815573 94383672 1907BB re2421944
84371090 178114 s11167104 043083672 1907BB eS7ERTONT
04372020 179136 7894183 94383674 190790 re34710486
04372150 179266 re12254289 243083765 190BB1 re28615450
94372405 179521 536031409 94353041 191057 re10736088
4372432 179548 512262083 04383978 191004 re11819282
84372442 179558 57914248 84384075 191191 rs11819301
84372445 179561 rs12254474 04384310 191426 rs11819351
84372736 179852 rs7B98027 04384382 191498 r=10882095
84372930 180049 7914814 O43B4580 | 101696 r=7070990
84372046 180052 57898505 B43BH75 192103 67089765
84373054 180170 517367408 94385373 192489 610736069
84373182 180208 rs10082524 B43BE475 192591 r=12257072
84373400 180525 rs7091887 84385728 192844 67900669
B4373424 180540 rs7073868 04386335 193451 re11 812613
84373661 180777 re7095585 04306492 193608 red933732
04373634 180954 e1277¢554 04386500 193616 rs11594878
a4373970 1810B5 re12772956 04386540 193856 re110813230
84374055 181171 rs10882083 84386568 1930884 r=1972380
94374407 181523 11187105 043686504 193710 r311016862
94374449 181565 512258463 04386703 103019 54558084
04374404 1871610 535518831 94306690 194006 re3494B086
94374496 181612 534187740 04387372 184408 1547818
94374497 1871613 rs35008B07 04387496 184612 rs33487 717
04374499 1871614 rz350B3945 94387741 184057 57069600
04375670 152708 rs111B7106 94387664 195030 57085790
94376102 183218 rs7071305 04388094 185210 36015190
94376134 183250 r570B7860 94388098 185214 rs6583830
94378451 183567 ra35368950 04388569 185685 rs7090402
84370036 183952 157915915 04388954 186070 m11187109
84376918 184034 512264372 94380669 186785 rs35137137
84377214 184430 121573051 04350736 186852 3354946589
84377656 184772 rs10B82004 64350313 197429 rsa563831
84370087 185203 512244024 24390339 197455 611187110
4378491 1A5607 5176875340 24350489 197605 611187111
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Posltlon In Posltlon in
Positlon In Poslilon In
Bulla3se | SEQID Markec 1D Bulld 3536 | SEoD Marier ID
04300602 187718 24833733 94403188 210604 miAE 17963
94380673 197789 34848251 24403643 210759 r=41200170
24390842 197958 rs7922902 84403647 210763 r51 7875345
04391081 199407 rs11282830 04403675 210731 rsd 1280172
94301082 108198 rs3s084253 94403774 210899 rsd 1200174
94307152 198458 rsGoaAR32 84403817 217033 rs1044145
94391366 198482 rs 10882096 944073500 211106 3178753146
04391873 168589 rs7079503 0440243 211359 rs7078243
04391350 188066 rs7079602 04404370 211486 511187119
04391066 19582 rs11187112 94404390 211506 56107638
94392278 499384 512244420 04404547 211663 54933734
94303212 200328 25312216 04404518 211734 rs17B75347
24393281 200397 1528576319 94406058 2121743 51044153
94393578 200884 rs7 088685 94405646 212762 rs11187120
94304524 201640 517107770 Q4405813 212929 rsJo6es8103
04304677 201783 re7902436 o4406209 213325 =7071812
04384804 201920 rs7917353 4406381 211497 rs 11597608
$4385324 202440 rs36070037 04406501 213617 rs 11598250
24395344 202450 rs346847386 94406519 213635 rs35135018
04395706 202832 315127 04406534 213950 s 2242617
04396217 203333 511187114 94407185 214301 512264496
94306832 203548 s7069619 94407201 214347 511814562
94307007 204213 34620164 04407203 214399 7916594
949337283 204379 rsi{1187115 93407322 214438 rs7093043
04307847 204763 ref0739567 84407327 214443 =7 092669
04357851 204967 510686721 S4407004 215020 rs12244738
04397850 204875 rs34357393 04408110 215226 rs{2673394
94357081 206097 mI6045902 04408185 215311 rs34 223527
B4398388 205504 rz12264712 4408405 2155621 rs{921040
94398585 205701 ra3d 132402 4408480 2155606 s3o583259
04398837 205953 r51 2350273 04408734 215850 =200 1589
943988565 205932 5825726 94405046 216162 11187122
Q43088880 - | 2065385 511285704 2409276 216392 rsES83A34
843599729 20GB45 rsf06¥I33 84410546 217662 rsTO7RQ42
9439978 208658 1gB5A3AAA B4411653 218769 rs0604194
S4350806 208822 r=35230377 94411988 219114 rAaTI14504
84400137 207253 210430651 Qi 2220 2719336 rs35580348
54400805 207522 r512262701 4412694 219811 srQ7a3s1
94400870 207988 r512350115 94512743 218853 rsT00537T
94407006 208122 12359131 2441406 220522 7006187
94401155 208271 raTR08318 244134B5 220801 6503035
9441180 2008205 rs12359158 04413754 220880 rs6503836
94401236 208352 ;12355159 94413791 220907 ra7 100344
04401240 208356 12764793 04414053 221169 re2 153827
24401245 2083651 512764800 04414178 2212084 rs6583837
24401246 208362 12241432 94414402 221518 rs3097B445
84401250 208368 rs11383128 04414724 221840 rs2497321
84401253 2083€9 r57 690430 94414758 221874 rs2497320
24401708 208824 rs35736080 04415027 228213 rs11187124
84401710 208826 rs10537782 94415101 prrrgky rs7913315
401720 208836 rs3680003582 04415146 222232 rs2487318
B44017.32 208848 rs7803798 4415147 222263 rs7071919
84402106 209221 511187116 24416103 223200 rs2488058
04402138 209254 311187117 84416216 22333z 2488057
944023988 209282 511187118 Bg417125 224241 rs34840159
04402579 209895 1512411448 84417107 224313 3127768166
04402726 200842 rg35910166 04417659 224705 rs111087125
844026828 209944 rz34963356 4418089 225205 =7910787
94403360 210476 rsT7R75344 04418584 225810 rs791d4114
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Posldeon In e Position In
Positlen In Pasiticn In
SEQID Marker 1D SEQID Marker ID
Bulld 357380 NO:2 Bulld 35736 ND:2

94418703 226819 rel1554560 4432723 239820 rs1 7875340
94418859 225975 rs7914143 94432394 24010 rsaRa790
944138388 226004 rs18320087 94434773 241829 ral 08B2098
54418890 226006 514108391 94434827 241943 rs12778051
94418330 225106 57944507 94434836 241952 rs11187133
94419062 226178 r517A75348 944348819 241997 rs11187134
84478074 226180 ra7 BA95095 B4435923 243039 2497317
S44718424 226540 rs12414381 4436021 243137 r=2488087
Q4419447 226563 rs7o18084 4436103 243219 rs122623%0
24419981 226607 rs7o03a02 4436615 24373 rs10786052
24418306 226R22 11187126 Q4437076 2441832 m105227178
24418560 226605 11187127 4437120 244236 5105631158
B4418689 226804 r=11187128 - B4437550 _244ETS m12251378
H4410689 226805 1512772782 B44375801 245007 348579
04410887 227003 511187129 04438736 245852 rs111B7135
4420477 227533 rs2185756 94438875H 24594 rad4593856
94420505 227621 rsB4 10741 94439140 2465256 r31Z781513
Q44 MI7ES 227882 s34 700028 044328448 246565 ravATS058
94420766 227882 e 848360 B4438330 246646 34075563
04420877 227583 red5250649 04430806 247022 rs34266926
94421300 228416 re2d19742 944398912 247028 rs#2729328
294421540 22BE58 rs11504482 94439597 247108 rs1418367
44721080 2230498 2497318 844401065 247222 52001618
04422308 279424 rs2488055 94440107 247223 2801619
04422330 228446 6583438 84440209 247325 rEMITIHB
OHA2244 6 229562 re2488054 24440213 247329 r=0420583
04423353 230469 rs7e08334 94441710 248826 E41290176
04423442 230558 rsas280203 84442254 249370 ra178s1141
04423443 230559 s7R97560 4442322 248438 =2275730
84423460 230576 msI54 13668 04442410 249576 rs2279729
84423462 230578 rs7A87565 04443456 250672 rs11319879
4423473 230589 12761997 24443457 250573 r=34616944
94423750 230855 1334037256 24344237 251353 re34433040
94424074 231180 redd 21685 Q4445202 252318 rg354 23905
04425223 232333 re28514404 O4A45B57 252073 rs348i9410
94425223 2372339 28591207 GA444BBGR 255984 3076219
84425307 232423 re3nB85794 04445333 256448 s34231544
4425480 232584 rs70958199 04449590 256714 sI5657492
Q4425577 232693 s34 985734 4450281 PoTENE 11107130
9425653 232768 reAsp6 70 4450630 257746 e 10882000
94425663 232778 rs4933735 D4450667 257783 s 10BBZ2 100
04425739 232855 7008638 B4451033 2581449 r57 100035
04426831 233047 re7911264 04451324 258440 57100357
04427225 234341 rs11187131 04451780 268906 rsl2263168
04427575 2346591 rs11187132 84451929 259045 rgl 2263147
84420318 235434 rs11448446 94451554 268070 sl 2218257
84420319 235435 rs3215006 94451963 258079 rs2488085
94428322 235438 rs11438271 94451965 259081 rs2497316
94428328 225444 re35808040 94452407 250523 rsT108521 07
94428339 236455 1634911167 94452560 299605 rs5787008
94478424 236550 511529074 94452862 2650070 rs1111875
4478447 236563 12774358 94453437 260553 rs7921450
94429484 236600 re] 2779070 94453671 260787 rs35245232
94430250 237366 rs2B757342 04453759 2600875 r5 1977832
94430530 237645 rei5259744 84453825 261041 r51977833
294431405 238521 7089358 84453943 261039 1539396842
94431862 239078 rsa5820100 94453543 261058 g1 1309330
24432143 2308250 m34815602 04453950 261066 e34470242
S4432674 2397490 r=7914280 94454287 261403 =127 78642
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Posltion [n Posktlon In
Posilon In Posltlon In
Bulld 35736 Ssg:lzﬂ Marker ID Build 35738 Ssg:g.‘l Marker ID

24454556 261672 rs7911447 Q4458084 275200 rs11187145
94454563 261670 7894706 S4468235 275451 rel1 1187146
Q4454564 261680 7911455 94460644 275760 r=>480001
84454571 261687 '| rsFR85123 04480673 275789 rs2488080
04455183 262299 rs4933234 94450087 276203 rs1112718
04455211 262327 rs34391559 94460812 276228 rs122680057
04455539 262655 rs&501 5480 04462857 2765973 R ARAN024
94456006 263202 =24597315 04470058 277174 35018095
S4456407 263523 511187130 94470314 277430 rs 10802106
a445a418 263535 12219514 B470371 2TT4BT rg2497.31.3
044508475 263581 rs10882102 94470482 277598 rs7085841
94456646 263762 rs12572190 84470566 277782 re2497312
94455800 264006 rs11187140 84471062 273178 rs9420501
8445684908 264115 s Fo0d159 84471614 278720 54933235
4457006 264122 r=F904279 04471897 278013 GF923837
94457011 284127 57904508 94371924 270040 =10673051
24457018 26413 7904513 94471025 279041 rs3s2 75238
24457029 264145 rs7 904202 24471968 270084 35606816
Q57125 264241 5111874141 24471975 270001 2407311
Q4457267 204383 34744311 24472006 279172 = 702066
044508157 265273 rs8419743 4472115 278231 m12700253
04458159 265275 rs12254229 B4472584 279700 rsds2ez22dd
BAASR2T2 265388 rs12246641 94473140 200256 rE35026029
S4158305 2E5421 512246541 94473357 2E0473 rs11187147
e4459432 265548 sl 1813789 94473453 280579 2488079
S445B565 265701 rs11187142 9447 3856 2807 T2 rs10528320
94458914 288030 s11187143 84473580 280805 rs2467310
094459172 268280 rs28580736 417600 280806 m248E078
04459519 2660635 rs28423943 04473695 280811 =3221117
04450360 267076 11187144 94473056 281072 r=2497300
04460495 267611 10802104 B4474772 ZBI12B8 reh 70786
94460975 268081 rs34059807 94474324 2B1440 rg2497.308
244600749 268083 rs2497314 04474328 281444 rs2488077
4461575 268691 4933736 24474418 281534 5787009
S4462185 269301 34966020 24474440 281556 r=570701¢
94462049 270065 rs 342509685 94474442 281558 re57A7011
g4463018 270134 1917277 B4474472 281508 rsi1107148
94463116 270232 3600815 94474486 281802 rs1418300
84463139 270255 ra3d 793711 84474604 281720 rs2497307
24463608 270725 raf0B7591 24474750 2818585 rs7081035
24464077 271193 rs10786053 94474783 281890 re7081254
24464091 271207 10882105 84474909 282105 =70R1331
B4464476 271592 rs1578672 04475050 282174 5081745
O44 65084 272200 5357065157 4475060 202176 510568596
24465001 272207 rs24901609 94475063 282178 57099303
94465573 272689 B34405337 04475082 ZBZ2T98 r=10665748
94465640 2727156 r5d 5 5448 04475086 282202 rs34350311
94456041 27357 rs4504877 94475191 282307 rs2497305
94466253 273360 rs4262638 44 75501 283717 m2497a05
04466275 2733 rs12777206 - Q4475656 282773 mAd3IT2018
94466575 273691 12782663 4475743 282809 rs11187149
244665892 273694 rs 12762607 4476016 283132 rsi11557458
24466623 273730 1512701544 84476061 283177 122400076
B4467199 274315 1= 107485082 B4476146 283262 r5311593164
Q4467336 274452 = 113785849 BAATES7 20373 rs34848020
B4467337 274453 rz339268570 B4475358 283474 rs11507547
94467472 274588 =24 BEOD2 04476922 283939 s11187150
B4d67518 274835 rs1832808 94477781 284897 re1 o210
94467850 274868 rs7898054 Q4478505 285712 E3s619602
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Posilion In Paosltlon In

Poalllen In PoalUon In :

Bulld 35138 S:g: IZD Marker ID Bulid 3506 | Shllig_lzﬂ Marker 1D
04479180 286296 10630735 P4485259 282375 rs4933738
44734181 286297 rsA5097518 94485733 282849 reg47581
94479182 288308 34237492 94485978 283084 rer9i6355
4473184 286310 511308242 04486361 293477 re2051004
B480154 2087270 e2488075 04488416 205532 red933230
24480323 2087439 rs 12762754 94458811 299827 re1 7107041
4480347 207483 s 11593631 84408843 295859 re33005001
4480092 _26aipa rs37304884 04400R45 295961 e 10578040
B4481595 288711 rs11379031 9440809055 206071 re2488073
D4481781 288897 rs10815317 B4489325 206141 rs2488072
04481897 280013 re3ssdngi2 B4480493 295609 s34 208030
944826099 288812 rs2497304 D44B2557 208673 2488071
84482730 288846 159419745 94480816 203982 T 7254
944825314 280020 rs35845507 4490010 297124 rsi1318180
4403045 280161 rs34008238 94480015 297131 s34 994435
4483740 290335 rs2488074 94480015 2971 s 10588167
04484440 291656 s11187151 844800491 287207 a1 11A7152
24484498 201614 535406218
84485046 292162 34249712
94485097 2092213 re2497303




Tabla 12. SNPs within LD block C17 between positions 56,037,656 and
66,163,076 bp on Chromosome 17 in NCEI bulld 35 and NCBI Build 36.)

Position In I Positlon In
Poshitlon In Position in
Bulld 2576 | SEQID Marker 10 Bulld 35136 5:3:!,_“ Marker I

BE03FE56 1 11077501 68050707 13052 rs1817630
66030245 | 550 £s10445229 66050900 | 13248 s11077502
56038446 ) 781 rSB067115 66050915 | 13260 57218450
56038456 | 601 r$10445230 66051172 | 13517 5411602
66006691 | 1035 510445231 66051859 | 14204 (916075862
66030757 | 2102 1528560902 66051014 | 14759 rsA1450051
86039000 | 2145 154606755 66052280 | 14627 517780198
66036816 | 2164 54435300 66052347 | 14692 10512540
66030036 | 2281 1535154637 66052398 | 14743 152630530
60030042 | 2287 rS5EA0701 66052474 1 34819 54793432
56040960 | 3305 512165045 66052546 | 14891 34606190
55040082 | 3337 157350530 56052699 | 15044 rs12952273
66041068 | 3433 157353543 65053325 | 15670 350612
66042479 | 4874 5355813 66053541 ] 158886 (51264043
66043002 | 5347 rs4261560 66053695 | 18040 1298182
E6043301 | 5340 157223187 66053088 | 16333 rs3002520
66043481 | 5826 E6146132 56054007 | 16352 51001582
56043562 | 5007 1721248 55054019 | 16364 1092350
56043745 | 6090 (55821786 66054025 | 16370 1092381
Ge043748 | 6091 533957619 66054076 | 16421 276805
56043759 | 6104 TeE821757 66054488 - | 16833 S 164784
BB TR 6105 rsa3ss18c9 G60S5008 17443 rs1B47B5
66043764 | 6100 7512950870 66056158 | 18503 r=150911
66044207 | 6552 15350605 56057036 | 18381 rs07 36440
66044302 | B647 10550381 66057065 | 19410 51161565
65044300 6735 116550835 GE05T0ES 18410 350610
55044411 | 6756 57200064 66057184 | 19529 '=36160618
66044480 | 6834 rS350604 66057341 | 19686 20035945
66044496 | 6841 11657606 66057721 | 20066 r=350800
66044674 | 6559 511651554 56057907 | 20252 rs35143257
66044626 | 6571 rs11657734. GO05E061 | 20408 5164756
66045245 | 7550 350608 8056223 | 20568 rsA506843
645317 T6A2 rs2307 760 660508544 20889 rs164787
55045722 | 0BT rs11653245 EE058509 | 20043 35063338
65045048 | BI93 rs11653355 B6058618 | 20961 535629111
56047524 | 9863 rs34832542 66058724 | 21069 rs35654380
66047547 | BB92 12567294 66050733 | 21078 rs350608
66047580 | 0525 511655558 66056804 | 21149 560694
66047597 | 0942 15704703 56059113 | 21458 rs512280
66047621 | 9966 rs353452 66059121 | 21466 512274
66047646 | 9991 (59897791 66058131 | 21476 512241
56047700 | 30045 511655611 66059267 | 21612 35013361
56047738 | 10084 r$1825672 6050431 | 21776 34292605
65047807 | 10152 1535941755 EE0B0049 | 22304 5671380
6047887 | 10232 0806648 BADB0T02 | 22447 671117
56046278 | 10623 534084463 BA0BOT11 | 22456 535418562
66048280 | 10633 511374601 66060172 | 22517 rSBOB03E3
66040300 | 10645 T511B6B103 65060102 | 22637 rSROO7RA
66048450 | 10785 7220610 66060244 | 22589 rS509924
66048780 | 91144 rS7216368 6606064 | 22700 510865
660480842 11287 rs16913 EE06036F 22712 649395
66049202 . ] 13037 rs34941200 6080401 | 22746 780075249
66049692 12037 =A0ES104 66060403 22748 r=A0AN7S9 -
66049716 12081 320762 66060407 22752 rs5171552
665050080 12425 2630640 66060416 22761 rab11570
65050452 12797 rsd4 793380 66060618 22063 rs11325414
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Posltlon in Posilion In
PosHlon In Poslilon In
Build 35/36 553_;” Marker D Build 25/36 553, '3':' Marker ID

86061168 23513 rs350607 RG0ACD24 423‘59 ral 1077504
GB061287 23632 rs83081864 66080067 42412 rsas0624
66061435 | 23780 rsB065762 GGOBOGTZ | 43017 TSA5072602
66063324 | 25669 1510048181 65080920 | 43765 11657749
66063791 | 26139 1534162560 56080084 | 43329 516975014
66063083 | 26328 16350606 BE0B1110 | 43455 534603086
66064178 | 26523 rsB078924 BE0A1370 | 43715 rE350625
66065201 | 27638 r54703451 66081556 | 43001 rs816765
66065798 | 26143 ra 350613 66001568 23913 5415208
66066258 | 28603 1910432003 66081676 | 43921 376750
GE066436 | 28781 rs350614 66081812 | 43957 rS10862573
66066465 | 28810 s34703743 66081700 | 44045 5350626
66065461 28626 1835008270 66082086 | 44431 28590672
66066508 | 26053 1511664062 66083525 | 45871 516975022
60687303 29648 sAS0615 Ee0R3GT0 AH)1E 481417
BB067453 29798 516875891 GEQEATARA 46571208 191622
65067482 20827 rs17023280 RECHARZES 46170 482515
66067699 | 30044 350616 66083858 | 46203 5367218
RE0EAI20 J0G65 rsasI617 660823831 46276 rsd02214
66086700 | 31143 rS1991680 66084484 46820 15483543
66069274 | 31619 r99B05037 G60B4515 | 46860 5484253
66069554 | 31999 1616975803 865084734 47073 rSA86202
55069880 | 92225 rs8081551 56084768 | 47114 B 10662
65070068 | 37413 11654475 66084772 | 47117 511310950
66071310 | 33664 =11651600 66084781 | 47126 1512935985
66071575 | 33020 r34132057 GE0AATE2 47127 512045027
66071603 | 33348 rs12603169 66084808 37153 5610730
BB071721 | 34055 58073324 95084932 47277 5 1B25655
66072276 | 34621 751431455 60004935 | 47280 rs1B25670
66072384 | 34729 E17763769 86064954 47290 51825671
66073012 | 35357 rE350618 88085342 | 47687 8077650
56073300 | 35645 161991679 58085473 | 47818 512602288
56073592 | 35037 834134043 65085152 | 4A497 TS16575037
65073862 | 36207 167208033 56085744 45085 28604321
66074000 | 36345 511655478 B6057301 49646 7535353165
66074367 | 36712 1535062409 BE0BT527 | 49872 Ts41486747
66074796 | 37141 r=9900305 66087094 | 50338 rs718950
66075575 | 37920 ¢516975900 66088026 | 50371 =718051
66076138 | 38483 Ts7224554 66089255 | 51600 511654235
56076400 | 38745 1235795750 66089418 | 51763 E11077506
56076402 | 28747 re5821788 68090535 | 52880 51431454
66076579 | 38924 15350619 66090620 52065 155021790
66076797 | 29142 rS34008570 66000782 53127 151367748
66076805 | 30150 55821759 66090058 53303 1512603965
66076806 | 30151 35251724 56001042 SaABT 516075039
66077103 | 38448 157210525 66001117 | 63462 rs11434683
BEOTTATT | 39822 T=2567256 66091324 53669 rsB0B1186
66077468 | 39033 1843621 66001504 53039 rs149309
66077930 | 40275 S3A0TT265 GO091687 54032 5184506
66077004 | 40329 rs520660 86001693 | 54038 5149380
66078111 | 40458 =067 160 B6001704 | 54049 6151727
66070127 | 40472 rs350620 56001719 | 54064 15189541
86070527 | 40872 5181621 66001741 54086 rs11651021
66070410 [ 41764 rSA50621 66001844 54189 rsd16121

‘[ 66070437 | 41782 rs350622 §6001912 | 54257 180302010
56070660 | 42005 rs12459539 EE00208D | 54425 80302918
66079935 | 42280 517176093 66092700 | 55045 rs35610020
66070060 | 42314 rs350623 66092813 | 55156 535070620
55079990 | 42335 rai 1077503 66002904 | 66249 511652089
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Positlon In Positlon In
Positlon In Posltlon In
Bulld 35/38 S:g_:lin Marker [D Build 35136 Sﬁglan Marher ID

65093601 55046 rs12838026 85103455 E5840 =9801523
66093669 56014 rs12948379 88103561 65908 6720877
66084186 o5541 9911571 66103923 G5265 rs7 20876
66094376 56721 rs16975341 66103928 55273 reanl 4251
6094422 S6767 re7 220885 BG104116 55451 rsDA92068
Sa004832 ST177 rs601297 B 104427 65782 rs1 7779357
85094858 57203 rs601615 66704453 66838 = 2a7248
65004862 57207 rs601617 88105315 G76E] =2042¥58
66094892 57237 5601656 68105827 6A172 rs1872599
66095313 57658 5418402 68106415 BETE0 ra72100238
GGN2E1A1 58526 rs35417478 66106622 [T r=7208535
GG097 15A 29513 rs16975944 661063911 59256 rs989GE0S
88097631 S2976 rs3913708 66707082 59427 r=2B507087
S5007633 S8978 rs98947481 66107150 85495 ref067Ts42
G5007624 59070 59014075 65107151 69490 108414087
BE5007640 50085 m11658937 65107152 69497 ra2080508
66097733 60078 rsB307B784 88107167 69572 rsA0R1487
Ge0S7 760 GO105 rsa3158392 EE108291 T0835 red 70305
66028070 60415 rs10634138 EE100545 70RO r=B073162
B6023071 60416 e 728014 66108565 TO910 rsB07 25591
GAN2A073 60418 rs3864826 66108301 71246 r=3905537
BE0980T 60421 rs10551730 66708205 71250 r=307114
GH00RNS4 60429 re5821791 66105924 71269 rs8072003
56008085 50430 23310496 65108520 71325 rsas16553940
65098052 80437 r=xiS63419 6651 DBEE_!_ 71336 11455300
66028173 60518 rs7a03532 65108997 71342 re3e0?o337
GEOSASDT 80042 rs=3002449 66103457 71802 rs 11666223
66020320 61273 re2834881 66110309 72654 raBS01400
65020930 61275 8824282 §6110507 72852 rsB07 4286
66090978 1321 r=11656877 §6110086 72831 rs390304
G6G0RI{63 §1508 rso821792 55110681 13228 red544 200
£6090494 610839 516975946 56111138 73483 re12601471
G5000600 51945 rei 7778180 68111335 73680 1512603574
66009816 62161 rsi1650015 668111468 73813 rs 11077507
65100035 62400 rs10607347 EB111545 73590 rs1 1077508
66100062 62407 rs11372958 66111928 F4271 rs28546453
65100081 62426 rs34073358 66112148 74453 r=412077
667100083 62434 mIG104345 ‘BA1{ 2202 74547 re3g1223
66100401 62746 52103051 581125 74550 ef2241R3
56100605 52950 m2169312 65112227 T4572 rs173318
66101242 53587 rs990043 65112234 74579 s192147
85101287 63912 raE575754 665112749 75004 rs34381437
65101386 63741 re2035682 58113023 75300 12449913
65101665 64010 rego0aG24 BE114764 77109 26496807
65101825 64240 rs683914 EE114858 TI203 rs7220084
65102064 64408 rsSs8507 B6114928 7727 rsf 224057
661021608 64513 r=35142117 66115355 i rs7221542
66102168 £4513 510596069 £8115371 7iri6 rsfe2 1545
66102213 4558 w560206 65115377 TTTr22 re344 66876
66102221 1566 129497221 65115416 T rs10610236
66102269 o614 sH60368 88115835 78180 rs1979538
66102315 G660 51911959 851185821 FHOGE rs8067103
6o 702441 64786 rs35h50717 65116703 70048 rsr216053
66102450 64795 s34778818 661168480 70225 ‘g 12949351
65102555 54900 rs85082320 66117503 ag24a rs291.3650
66102591 64335 rs11658215 65117911 20258 rs1860316
66102698 65241 239815207 66118086 80431 rs9914145
66103027 65372 rs8814225 66118200 BO545 rs9908443
89103236 65501 2894021 66118485 80830 rsa07Te029
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Pesllen In - Posllon In

Posltlon In Posilion In

Bulld 35/38 Ssgl ISD Markar ID Bulld 35/36 Eﬁg ;D Marker ID
66118495 a0s40n ral12601922 66132156 24501 11656723
GG1IBTAT a1082 510545098 66132225 94570 rs16975070
88116737 51082 rs12803087 66132788 B5133 rs=1981647
66118589 81934 rs3R07225 66133032 95377 616975979
66119616 81861 55975623 66133370 a5715 re1EST5001
65119642 81967 129095773 66134231 96576 r=0900661
66119822 82167 r3JA98518 56134831 97176 r=0A90554
E611982) 82164 rs2B42209% 65135283 o7628 rsTI077510
85119823 82168 rs35094553 B6135627 oyav2 rs9302920
£9719863 82208 3220372 65135758 22103 rad4975 186
66110082 82337 rsd 1408048 68136201 03546 rg11870545
aa120631 82975 rs28373200 66136484 gaeza rs9006234
95120827 83172 541458050 66136910 9255 r=10621795
65121181 BA526 rs38013413 656136920 992565 re11328278
65121413 B37E8 1056411 66136922 90267 re11328579
651214689 83813 =7221715 567137329 99674 rs35402203
66121873 84218 512040023 601373371 Q9576 rs6a01 401
66122077 84422 rs4019476 88137347 29692 510526163
£56122410 B4755 rs7 222670 65137437 99782 rs35020611
66122508 B4853 rs7211934 88137784 100128 rsda9es303
£61226835 843980 er212243 66137798 100143 510595957
66122801 BE146 re11655139 56137965 100310 510221271
88123046 85391 red 793317 56138452 100 7E7 rs10221225
55123283 85628 rel171384 66138713 11058 reX005576
55123342 85687 red 793496 55132441 101786 reg9134563
88123566 85911 rsoO7ER3 66132476 101821 r=2915148
88123595 85840 sol7e07 #8132500 102145 rs116506083
58123682 BED27 41528454 66140108 102453 rs3d335723
68123714 HE0SE s34 1381246 aEiq04d14 102759 rs11654495
66123879 86224 m182146 88741319 103554 rsd6607820
B6123855 AG300 s34 149626 66144541 103680 m12601304
E6123859 BG304 mI5260054 66141933 104278 1486290
88125089 A7434 =087 T 66142011 104356 re12452862
86125154 A7499 rs1 1077509 66142106 104451 r=35317540
88125233 B75TE 535234488 58142225 104571 rs11077511
AA1Z253E60 B7705 rsi16713452 B5142325 104570 ms35278774
69125923 BB33B rs7208850 65142320 104674 s7216457
66126471 88815 rsd21333 65142581 104926 e 11077512
66126699 Bo044 3413073 86142607 104952 rs35634443
65126766 82111 ra?035581 66142648 104993 rs1 1454851
65126795 89140 rs3920974 E81427289 105074 rs11634670
65126798 89144 re28532132 EB142794 105139 s34 926966
65126840 B9185 re3931227 GB143200 105545 rsB078302
GB8126841 HA186 rs16975961 66143057 106242 reS62472
BB128875 H9220 rsa32348 AG144028 106373 rse8420303
GE127256 9601 rs11867791 £6142129 106474 e2Bs4 2473
66127283 Ha62A rs11871014 A6144170 106515 rEeB52 6433
/AA127312 R9EST sa4a66225 66144232 106577 rs1Z21B5220
66127313 HIESA rs35058030 66144972 107317 rs7350903
66128191 80536 2904080 68145018 107363 rs/350904
BE128304 90649 s 16975968 Aa145022 107367 rer350905
66129127 i472 rs3911700 AR145067 107412 redsIsxe6?
607129806 82151 mI4448820 H614 5660 108005 rs16975985
BaTz0814 892159 5113984641 66145785 T0BT10 rs16975987
66130210 92555 r=9907685 6671456912 100257 rs412981
66130204 92629 98146606 GE145974 TOB2539 r=412980
85130455 92800 rs17717654 66145925 108270 reDe07v46
53131911 84256 ¢ 16975970 58148236 108583 re432980
861315895 84340 51081846 85146640 100965 r=540331
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PaositionIn ~ Posltlon In

Posltlon In PosHlon In

Bulld 35/38 s&g:gn Marker ID Bulld 35/36 553 _f Marker ID:
66146722 109067 473792 68157111 119456 rE367742
65146816 108161 s2630644 861571790 119524 rs550245
66145912 100257 rs12943531 EE157197 119542 rs183590
E6146054 100200 e2 102053 6A157224 118568 5510589
B6147095 108440 redS20085 T 66157327 119672 34005284
66147167 108512 rs1 7791270 46167883 1202340 15183591
06147246 105591 rs16975909 65157917 120262 s 183059
G6147343 109688 rs177012682 661 S?EE 120321 404774
66147436 103781 7718124 66158027 120372 11657329
66147660 110005 16975993 66158091 120438 rs405068
65147678 110023 rg35105633 661581089 120454 r=35160:389
66147754 110050 34420407 66158247 120552 1516976038
66147913 110258 ms2240749 66158414 120759 5183582
86147860 110305 16975998 65158001 121346 r=3445AE8T
66148045 110390 5321705 65159262 121607 r=357E09E8
Gl 48046 110397 2240750 66159416 121761 2181113
65148178 110523 rs 16978000 68159464 121809 rs5d21703
66148512 110857 16576002 66150546 121891 r=5821794
66148962 111307 2188580 66159547 121892 re352x030
65149102 111447 51843622 S6159556 121901 m10548023
A6149149 111484 msa4A76h 65159562 121807 re3048626
88142213 111558 434729 55158637 121982 rs3072436
GGT49222 111667 =375700 66152764 122109 2215270
56149257 111602 rs116b5782 £6159891 122236 rs16976043
65149348 111693 rs11653519 66160076 122421 rsA074 760
65149386 111731 rs190256 H6160202 122637 sl 16575399
65149859 112204 4554866 56160331 122676 5342681212
66150283 112628 rs 16976008 66160370 122715 rs074213
66150360 112705 rs 16976008 66160438 122782 rs1 71385
GE150511 - | 1120856 rsi6976011 B51E0451 122796 rsd12353
BA150802 112954 rsi771B380 56160400 122825 re422823
fA150093 113243 re11652208 E5160492 12287 rs11654012
66150009 113254 rs11852208 AG1ADGGA 123013 red54 20609
56151294 113639 10481179 GA{BOT21 123066 rs236 7004
65151858 114203 16876019 GR181977 124322 rE35222003
668152747 115092 55468697 89151594 124339 11867678
88152804 115149 17791650 56162891 125036 312953137
88152883 115200 rs16976023 88182852 125197 re10642028
EB15268683 115308 rs16976024 B516285% 125199 rg037 M
66162958 115343 rsO891997 66162869 125214 510585639
A6 153183 115530 12942078 EB163078 125421 rsd4793487
8153557 115902 16976027 66037858 1 11077501
BETSIAIT 115976 rs177185358 BA036245 590 rs 10445229
B6754050 116401 rs16876031 §9038446 791 rsB067{156
G6155045 117380 e34736208 66036456 BO4 510445230
65156048 117323 ;12852540 660850 1036 rs 10445231
56155070 117415 1334369302 6038757 2102 reRSHe002
88155101 117446 rs 189581 56035590 2145 re4B06755
88155303 117848 59910837 56039816 2161 re44235300
656155784 118129 rs1 7718585 EE039936 2281 rs3s154037
65156561 110906 reod4580
65156503 118938 rs8066818
86157022 119367 red08448
A6157073 119418 s 11650843
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Table 13. Key to Sequence listing provided hereln.

SEQ ID NO Name SEQ ID NO Name
1 LD block €08 23 rs7908111
2 L} block C10 | 24 7214814
3 LD block C17 25 rs7o215186
4 rs10882051 26 rs7917359
5 rs1111875 27 s7922112
b 51569699 28 7923837
i 17763769 29 rs5255478
8 517763811 30 rs947591
v |9 51843622 31 9890889

10 rsiB60316 32 57752906
11 51981647 33 rs9350271
12 rs1800763 : 34 rs9356744
13 rs2i91113 35 9368222
19 rs2275729 36 rs10440B833
13 rs2421943 37 6931514
16 rs2497304 38 rs2009802
17 53829170 39 17718338
18 4712527 40 rs17223215
19 rs6583826 41 rs2109050

| 20 mo583830 42 rs1962801

| 21 7756992 43 rs7086245
22 7758851 44 rs17234378
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EXAMPLE 2

VARIANTS IN THE CDKALI GENE INFLUENCE INSULIN RESPONSE AND
THE RISK OF TYPE 2 DIABETES

We have recently described a variant In TCF7L2 assoclated to T2D (Grant, 5.F. et al. Nat
Genet 38, 320-3 (2006); Helgason, A. et al. Nat Genet (inn?}}. In the follpwing, we describe a
genome-wide associatlon study on Icelandic T2D patients, using the Illumina Hap3DO chip. We
Individually tested 313,179 SNPs for assodation to T2D In a sample of 1399 T2D patlents and 5275
controls. We further tested 339,846 two-marker haplotypes Identified as efficlent surrogates (r* >
0.8) for a set of SNPs which were not included on the Hap300 chip but were typed In the HapMap
project (Pe'er, 1. et al. Nat Genet 38, 663-7 (2006}). In addition to analyzing the entire group of
T2D patients we separately tested 700 non-obesa T2D patients and 531 obese T20D patients for
assoclatlon. Overall, a total of 1,959,075 (653,025 varants » 3 phenobypes} tests were performed.
The results were adjusted for relatedness between Individuals and potentlal population stratification
by genomilc control {Devlin, B. & Roeder, ¥, Biometrics 55, 997-1004 (1999)) {see Methods).
Specifically, the {unadjusted) chi-sguare statistics were divided by 1.287, 1.204 and 1,184
raspactlvely for the analyses of all, non-cbese and obesa T2D cases. A previously Ident/fied SNP
rs7903146 in the TCF7L2 gene gave the most significant results with OR = 1.38 and £ = 1.82x 107"
in all T2D patients. Although no other SNP or haplotype was significant after adjustment for the
number of tests performed, more borderline slgnificant signals were observed than expected by
chance alane (Fig. 4). Hence we declded to further pursue the top signals.

METHODS
Icelandic study population

The Icelandic T2D group has been described previously (Reynlsdottir, 1. et al. Am ¥ Hum
Genet 73, 323-35 (2003)). A total of 1500 T2D patients were recrulted for this genorme-wide
assodatlon study, using the Infinivm 11 assay method and the Sentrx HumanHap300 BeadChip
{Illumina, San Dlego, CA, USA)., Thereof, 1399 were successfully genotyped according to our
quallty control criterla {see Supplementary Methods) and used In the present case control-analysls;
531 of the genotyped cases were obese {(BMI = 30). The controls used In this study conslsted of
599 controls randomly selected from the Icelandic genealogical database and 4676 Individuals from
other ongolng genome-wlde assoclation studies at deCODE. The study was approved by the Data
Protectlon Commission of TIceland and the Natlonal Bloethics Cammittee of Iceland. Written
Informed consent was obltained from all cases and controls.
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Other study populations

The Danish fermale study group of 282 cases and 629 contrals, hereln termed Denmark A,
was selected from the Prospective Epldemiologlical Risk Factor (PERF) study in Denmark (Tanko,
L.B., ef 5f. Bone 32, B-14 (2003)). This Is a group of postmenopausal women who took part In
various screening placebo-controlled dinical trials and epldemiologlcal studies performad at the
Center for Clinlcal and Baslc Research. At 2 follow-up examination of 5847 women In 2000-2001
medical history Including dlabetes type I and type II, family history, and cutrent or previous lang-
term use of drugs were gathered durng personal Intervlews using a preformed questionnaire. If
subject was diagnosed as dlabetes of elther type I or type II, the time of dlagnosls or treatment
was also collected. The study was approved by the Ethical Committee of Copenhagen County and
was In acordanc2 with the princlples of the Helsinkl Declaration.

The second Danish study population of 1359 T2D cases and 4858 contral Individuals with
normal glucose tolerance was from the Stenc Dlabetes Center In Copenhagen and from the Inter99
population-based sample of 30- to 60-year-old Indlviduals llving In the greater Copenhagen area
and sampled at Research Centre for Pravention and Heazlth (Jorgensen, T, et al. Eur 7 Cardiovasc
Prev Rehabil 10, 377-86 {2003)). This dataset Is referred to in the btext as Denrnark B. Dlabetes
and pre-dlabetes categories were diagnosed according to the 1999 World Health Organization
(WHO) criteria. An oral glucose tolerance test was parformed on partldpants In the Inter39 study as
;iECFIbEd {Jorgensen, T. et a/. Eur ] Cardlovasc Prev Rehabif 10, 377-86 (2003)). Informed written
consent was obtainad from all subjects before participatlon. The study was approved by the Ethical
Committee of Copenhagen County and was In accordance with the principles of the Helsinkl

Declaration.

The Philadelphta study population conslsted of 468 T2D cases and 1024 cont-rul Individuals.
The study population was selected from the PENN CATH study, a cross-sectlonal study of the
assoclation of blochemical and genetlc factors to coronary atherosclerosls in a study population of
consecutive indlviduals undergolng cardiac catheterizatlon at the Unlversity of Pennsylvanla Medical
Canter. T2D was defined as a history of fasting blood glucose = 126 mg dI’, 2 h postprandial
glucosa = 200 mg dI”, use of oral hypoglycemic agents, or use of Insulln and oral hypoglycemic In a
subject older than age 40. The Unlversity of Pennsylvania Irstitutional Revlew Board approved the
study protocol, and all subjects gave written informed consent. All cases and controls were of
Eurgpean ancestry. Ethnlcity was determined through self-report.

The Dutch Breda study populatlon conslsted of 370 T2D cases and 916 control Indlviduals.
The cases were recrulted In 1998-1999 in collaboration with the Dlabetes Service Breda and B0
general pmctltlunérs from the region around Breda. All patlents are diagnosed accerding to WHO
criterfa {plasma glucose levels >11.1 mmol/l or a fasting plasma glucose level = 7.0 mmolfl), and
underge clinlcal and laboratory evaluations for thelr diabetes at regular 3-month Intervals. The
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Medlcal Ethics Commilttee of the Unlversity Medical Centre in Utrecht approved the study pratocol,
All probands filled out an Informed consent and a questlannalre on clinical data, Including thelr
dlabates refated medication, height and weight at present and at the age of 20 year. The controls
are Dutch blood bank donars with an average age of 48.

The Scottish study popuiatien consisted of type 2 diabetic cases and non-diabetic controls
from the Welleoma Trust UK T2D case-control collection (Go-DARTS2) which is a sub-study of
Dlabetes Audit and Research Tayslde (DARTS) {Morris, A.D. et &/, BMT 315, 524-8 {1597)}. All T2D
patlents were physician-dlagnosed T2D cases recrulted at primary or secondary care diabetes
dinlcs, or Invited to particlpate from primary care registers and have not been characterized for
GAD antl-bodies or MODY gene mutations, The controls were invited to participate through the
primary care physidans or through their workplace cccupational health departments. Controls did
not have a previous dlagnos|s of dizbetes, but the glucose tolerance status of the controls is
unknown. All Individuzals In thls ongoing study were recrulted In Tayslde between October 2004 and
July 2006, This study was approved by the Tayside Medical Ethlcs Committes and Infermed consent
was pbtained from all subjects. -

All subjects In the Hong Kong study population were of southern Han Chinese ancestry
reslding In Hong Kong. The cases consisted of 1500 indlviduals with T2D selacted from the Prince
of Wales Hospital Diabetes Registry. Of these, 6B2 patients had young-onset dlabetes [age-at-
diagnosis = 40 years) with positive famlly history. An additional 818 cases were randomly selected
frem the same reglstry. The controls consisted of 1000 subjects with normal glucose tolerance
(fasting plasma glucose < 6.1 mmol/)}. Of these, 617 were recruited from the general population
partidpating In a community-based cardiovascular risk screening program as well as hospital staff.
In additicn, 383 subjects were recrulted from a cardlovasaular risk screenlng program for
adolescents. Informed consent was obtalned for each participating subject. This study was
approved by the Clinical Research Ethics Committee of the Chinese Unlversity of Hong Kong.

The African study population comes from the Africa America Dlabetes Meilitus study, which
was orlginally deslgned as an affected sibling palr study with enrcliment of avallable spouses as
controls. It has since been expanded to Include other familly members of the affected pairs and
populaticn controls. Recrultment strategles and ellglbllity criteria for the familles enralled [n this
report have bean described praviously (Rotlmi, C.N. et al. Arn Epfdeminl 11, 51-8 {2001)). This
West African case-control series cansisted of individuals from the Yoruba (233 affected Individuals,
432 controls} and Igbo (237 affected Indlviduals, 276 controls) groups from Nigerla and the Akan
(257 affected Indlviduals, 248 controls), Ewe (22 affected Individuals, 30 contrels) and Gaa-
Adangbe (123 affected Indlviduals, 141 controls) groups from Ghana.
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With the exception of the Scottish Go-DARTS study population the DNA used for genctyping
in all replication study populations was the product of whole-genome amplification (GenomIPhi
Amplification kit, Amersham) of DNA isolated from the peripheral Blood.

Statistical analysis

Hiumina Genome-Wide Genotyping. All Icelandic case- and control-samples were assayed with the
Infinlum HumanHap300 SNP chips (Illumina, SanDlego, CA, USA), containing 317,503 haplotype
tagging SNPs derived from phase I of the International HapMap project. Of the SNPs asséve:l on
the chip, 4,324 SNPs were excluded as the had (a} yleld lower than 95% In cases or conirols; (b)
ninor allele frequency less than 1% In the population; or {c} showed significant distortion from
Hardy-Welnberg equllibrivm In the controls (P-value < 0.001). Any samples with a call rate balow
98% were excluded from the analysls. Thus, the final analyses presented In the text utllizes
313,179 SNPs,

Singie SNP genotyping. Single SNP genotypling for all population studied, except for the Scottish
G0-DARTS populatlon, was carried out at deCODE Genetles In Reykjavik, Iceland by the Centaurus
{Nanogen) platform (Kutyavin, 1.V, ef al. Nudeic Ac/ds Res 34, e128 (2006)}. The qualtty of each
Centaurus SNP assay was evaluated by genotypling each assay in the CEU and/or YRI HapMap
samples and comparing the results with the HapMap data. Assays wlth >1.5% mismatch rate were
not used and a linkage disequilibriumn {LD)} test was used for markers known te be In LD, Single SNP
.genntvplng for the Scottlsh population was carried out at the Blomedical Research Centre, Ninewells
Hospltal and Medical Schoal, Dundes, Scotland, by the TagMan® meathod.

Association aralysis. For assoclation analysls we utlllzed a standard likellhood ratlo statistles,
Implemented tn the NEMO software {Gretarsdottir, 5. et al. Mat Genet 35, 121-8 (2003)) to
calculate two-sided p-values and allele speciflc OR for each Indlvidual allele, assuming a
muTtplicative model for risk, k.e., that the risks of the two alleles a person carries multiply. Allelic
frequencies, rather than carrer frequencles are presented for the markers, and p-valugs are given
after adjustment for the relatedness of the subjects. When estimating genotype speclfic OR (Table
19) genotype frequencles In the population were estimated assuming HWE.

In general, allele/haplotype frequencles are estimated by maximum likellhood and Lests of
differences between cases and controls are performed using a generalized likellhood ratlo test (Rice,
1.A. Mathemnatical Statistics and Data Analysis, (Wadsworth Inc., Belmont, CA, 1995)}. This method
Is particularly useful in sltuatlons where there are same missing genctypes for the marker of
Interest and genctypes of ancther marker, which is in strong LD with the marker of Interest, are
used to provide some partial Information. This was used Inthe assoclation tasts presented in Table
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17 to ensure that the comparison of the highly correlated markers was done using the same
number of Indlvidurals. To handle uncertalntles with phase and missing genotypes, maximum
kellhood estimates, likel!hood ratlos and p-values are computed directly for the observed data, and
hence the loss of Infermatlon due to uncertainky in phase and missing genotypes Is automatically
captured by the likelihood ratlos.

Results frem multiple case-control groups were cormnbined using a Mantel-Hzenszel model _
(Mantel, N. & Haenszel, W. J Nal! Cancer Inst 22, 719-48 (1959)) In which the groups were allowed
to have different population frequencies for alleles, and genotypes but were assumed to have

common relabive risks.

Correction for relatedness of the subjects and Genomic Control. Some of the individuals In both the
Icelandle patlent and control groups are related to each other, causing the chl-square test statistic
to have a mean >1 and medlan >0.675%. We estimated the Infiation Factor by calculating the
average of the 653,025 chl-square statistics, which was a methed of genomlc contro!* to adjust for
both relatedness and potential population stratification. The Inflation factor was estimated as
1.287, 1.204 and 1.184, for the analysis of all, non-cbese and obese T2D cases, respectively. The
results presented are based on adjusting the chi-square statlstics by dividing each of them by the

correspaending infatlon Factor.

Quantitative aralysls. Data from oral glucose tolarance test on individuals from the Danish Interg9
study were used to calculate Insulln secretlon as corrected insulin responsa (CIR} using the
following equation: {100 X Insulln at 30 minutes) < [glucose at 30 minutes x(glucose at 30
minutes - 3.89 mmal)]. Insulin sensitivity was estimated as the reclprocal of the insulin resistance
according to the homeostasis model assessment (HOMA): 22.5 f [fasting Insulin x fasting glucosz]
{Matthews, D.R. et a. Diabetofogia 28, 412-9 (1985)). The association between CIR {HOMA) and
genotype status was bested using a multiple regresslon where the log-transformed CIR (HOMA)
where taken as the response variable and the explanatory variable was elther the number of copies
of risk allele an Individual carries {an additive model) or an Indlcator varable for hamozygous
camriers of the risk allele {a recesslve model}. Adjustrnent for sex, age and affection status was
done by Including the appropriate terms as explanatory varables. For comparison Insulln secretion
was also calculated as {Insulin 2t 30 minutes - Insulln at 0 minutes} + {glucose at 30 minutes -
glucose at 0 minutes), ylelding comparable results.



13%

Cafl iines. The INS1 cells were provided by Hoffmann-LaRoche. They were grown in RPMI1540
{Invitrogen) supplemented with 10% fetal bovine serum {Invitrogen), 50 pg/ml penicilltn- ,
stregtomycin {Invitrogen), 50 pM .z-mercaptaethannl (SIGMA), 1 mM MEM sodlum pyruvate
{Invitrogen) and 10 mM Hepes buffer solutlon (Invitrogen). They were split 1:2 twice per week by
washing once In 1X Hanks Balanced Salt Solutlon {Invitrogen) and then trypsinized {trypsin-EDTA;

invitrogen).

Preparation of RNA and cDNA amplification. INS1 cells were Incubated For 48h in normal growth
medlum contalning 10 mM glucose. At the time of harvest there were 2x107 cells, which were used
for the preparation of total RNA. RNA was extracted using RNeasy Midl Kit {Qulagen). cDNA was
prepared using High-Capaclty ¢cDNA Archlve KIt {Applled Blosystems). COKALI cDNA was amplified
using two different primer palrs between exons 2 and 8 (forward: 5'-
GGGGCTGCTCACATAATAATTCA-3: revarse: S -TGTGCCAATGTCTCTGCCATA-3") and between axons
7 and 13 (forward: 5-ACCTGGCCAGCTATCCCATT-3; raverse: 5-CCATTTTTCCCATGAATGCAG-3Y).
Primers from bats-actin served as pesltive controls (forward 5°-
ATCTGGLACCACACCTCCTACAATGAGCTGC-3; raeverse: 5'-
CGTCATACTCCTGCTTGCTGATCCACATCTGC-37).

RESULTS AND DISCUSSION

For each phenotype tested we selected all single SNPs and two marker haplotypes with P <
0.00005 For replication In a2 case-contral sample from Denmark {(Denmark B}, After eliminating
redundant markers a total of 46 SNPs were taken further for the attempt at replication (Table 14}.
In additlon, we Included the five most slgniflcant nen-synonymous SNPs present on the Ililumina
Hap300 chip. Out of those 51 SNPs, 47 were successfully gerotyped in 1110 Danlsh T2D cases and
2272 controls. In the Danlsh group SNPs r57756992 and rs13266634 stood out and were
signiftcantly replicated with #-= 0.00013 and OR = 1.24 and P = 0.0012 and OR = 1.20,
respectively, in the Danlsh group of all T2D patients (Table 15). This Is compared to £ = 0.00021
and OR = 1.23 and P = 0.000061 and OR = 1.19, respectively In the Initial Icelandic study. All of
the ather SNPs genotyped had 2 > 0.01 In the Danlsh group and were not pursued further. The
first SNP, rs7756%92, Is located In Intron 5 of the CDKS regulatory subunilt assoclated protein 1-like
1 {CDKALL) gene on 6p22.3. It resides In a large LD block of 201,7 kb that Includes exons 1-5 of
the COKAL1 gane as well as the minimal promoter reglen but no other known genes (Flgure 5).
The second SNP, rs13266624, Is a non-synanymous SNP causing an arglnine 325 to tryptophan
change In the last exon of the solute carrier family 30 {zinc transporier), member 8 (SLC30AS)
gene on 8q24. The gene product of SLC30A® Is specific to the pancreas and It Is expressed In beta
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cells where it facllitates the accumulation of zinc from the cytoplasm Into Intracellular vesicles
{Chimlentl, F., et &f. Diabetes 53, 2330-?- {2004)). The risk ailele of rs13256634 on 824 has
recently been found to confer risk of T2D In a genome wide association study of French T2D cases
and controls {Sladek, R. et a/. Nature 445, BA1-5 {2007)). Of other significantly associated SNPs in
that study, we also replicated, in the Inltial Icelandic samples, association ta bwo SNFs close to the
HHEX gene (Table 16). However, we did not replicate the reported association to markers In the
10C387761 and EXT2 genes also described in that study.

We typed the SNPs rs7756992 and rs13266634 In four other T2D case-control groups of
European ancestry from Denmark (Denmark A), Scotland, the Netherdands and Philadelphia, US as
well as case-control groups from Hong Kong and West Africa. Furthermmore, the size of the
Denmark B study group was expanded mostly by Increasing the number of genotyped contrels. The
asscclation of the G allele of rs7756992 was replicated with significance In the Scottish (OR = 1.11;
£ = 0.0042) and the Hong Kong (OR = 1.25; P = 0.0001B} case-contro! groups (Table 17).
Assoclatlen in other staidy groups was not Indlvlciually significant, but all were In the same directlon.
The cbserved assodation from comblning all elght case-control groups gave an QR of 1,15 with a
corresponding P of 9.0x10™2 {Table 17)}. Glven that approximately 2 million tests were performed
In the Initlal genome-scan, this asseclation remalned highly significant with Bonferonn! adjustrnent
(Pagy = 1.8 x10°%) (Skol, A.D., et al. Nat Genet 38, 209-13 [2006)). Attempts at reflning the
associatlon observed with rs7756952 by genotyping additlonal markers that correlate with the
ariginal signal In the HapMap CEPH {CEU) dataset, did not yield more slgnificant results (Table 18).
As could be expected the linkage disequilibrium observed for the West African populatlon was _
conslderably less than that seen for the Icelandic and Hong Kong groups (Table 19). Further work
Is needed to determine If an asseclated variant with a bigher OR than observed for rs7756992 can
be identlfied In the West African group. Llkewise, far allele C of the non-synonymous SNP
rs13266634 the association to T2D was repllcated with significance In three of the six additional
groups {from Scotland, Philadelphila and Hong Kong) (Table 17). Even though the OR for Denmark
B decreased with the larger sample size and the estimated effect was in the opposite direction {only
slightly ard non-significant) for Denmark A, the combined results from all study group yielded a
genome-wide signlficant P of 2.5210°" and an CR of 1,16 {Table 17}.

In the Ieelandic study the assoclatfon to rs7756992 was more significant In non-obese T2D
patients (OR = 1.37; £ = 9.0x10®) than In the group of all patients {OR = 1.23; F:‘= 0.00021)
{Table 14 and Table 17). A higher OR in non-cbese than in obese T2D patlents was also observed
for this variant In the other populations studied, For the combined pepulations of European origin
the OR was 1.19; P = 7.29x10° for the non-obese T2D patients compared to OR = 1.12; P =
0.00017 for the obese group, An even stronger effect was seen in the Hong Kong nan-obese T2D
group (OR = 1.36; P = 7.48x10°%), compared to the obese group (OR = 1.13; F = 0.0924), where
obeslty was deflnad as BMT = 25. When the results for all groups were comblned, relative to
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controls, OR = 1.19; £ = £.93x107"" and OR = 1.13; P = 2.68x10"° was obtained for the non-obese
and obese T2D patient groups, respectively. These results indicate that thils varlant does not confer
Increased risk of T2D thraugh Increased BMIL

Genotype odds ratlo was estimated for each of the two locl (Table 20}, Based on the
results for the comblned Caucaslan study populations rs7756992 devlates significantly from the
multiplicative model with OR for the heterozygote = 1.09 compared to OR = 1.45 for the
hornozygote, supporting a nearly recessive mode of Inheritance. The same trend, although non-
significant, was sean for the Hong Kong samples with heterozygote OR = 1,13 and OR = 1.55 for
the horozygote, Conversely, a multlplicative model for the genotype relatlve risk provided an
adequate fIt for re13266534.

The functlen of the gene product of COKALI Is not known, However, as Implled In the gene
name the proteln product s similar to another proteln, COKS regulatory subunit assoclated prateln
1 (CDK5RAP1). CDKSRAP1 |5 expressed In neuranal lissues where It Inhlbits cyclin dependent
kinase 5 {CDKS) actlvity by bindIng to the CDK5 regulatery subunit p35 {Chirg, Y.P., et al. 7 Blol
Chem 277, 15237-40 {2002)}. Tn pandreatic beta cells, CDKS has been shown to play a role In the
loss of beta cell functlon under glucotoxic conditions (Wei, £.Y. et af. Nat Med 11, 1104-8 (2005)).
Furthermore, inhibltion of the CDK5/p35 complex prevents decrease of Insulin gene expression that
results from glucotoxiclty {Ubeda, M., et af. 7 Biof Cherm 281, 28858-64 (2006)). It is lempting to
speculate that CDXAL1 might play a role In the tnhibltlon of COK5/p35 In pancreatlc beta cells
similar to that of COK5RAFPL In neuronal tissue. Reduced expression of COKALL or reduced
inhibltory functlon thus could lead to an Impalred responsa to glucotoxiclty, In thls study we
showad that CDKALI |s expressad in the rat pancreatic beta cell line INS-1 {Flgure 6). Further
studies are nesded to determine IF the effect of COKALT on increasing the risk of T2D Is exerted
through this pathway.

-

Based an the predicted functlon of COKALT and known functlon of SLC3QAS we would expect
both rs7756992 and r513266634 to affect Insulin secretlon. To evaluate the effects of the bwo SNPs
on Insulin secretion we analyzed the effect of genotype status on corrected Insulin response (CIR} In
a set of Individuals from the Inter09 study {part of Denmark B) that had undergone an oral glucose
tolerance test {QGTT). For rs7756992, we demonstrated that the homozygote carrlers of the risk
allele had an estimated 24% less (3R than the heterozygote carriers or non-carriars {P < 0.00001,
Flg. 7). This observatlon Is consistent with the varfant’s nearly recesslve mode of Inherltance with
respect to disease risk. Furthermore, the effect observed on CIR is present In both males and
females (Figure 8) and In T2D patlents as well as controls, and adjusting for BMI status did not
affect the results (Table 21}, The effect of rs13266634 on Insulln response was smaller but
significant and for this risk variant the reduction In CIR was consistent with an additive effect. No
effect on Insulln sansitivity was observed for elther variznt {(Table 21).



142

The Identification of COKALZ as a susceptibllity gene for T2D adds a new plece to the puzzle
of how genetlc factors may predispose to T2D. Although the functlon of this gene remalns to be
elucidated we have shown that [t Is expressed in paﬁcreatl: beta cells and that a varlant withln the
gene Is correlated with Insulln secretlon. The simllarity to COKSRAPL further indlcates that CDKALL
may Facllitate Insulln production unﬁer glucaotoxic condltlons through interaction with COK5. In
conclusion, we have Identified a variant In the CDKAL1 gene that In a nearly recessive manner
blunts the Insulln respanse and predisposes to T2D.
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Tabla 17. Association results for tha SNPs rs7756992 and rs13266634 In slx Caucasian
T2D case-control groups and in case-control groups from Hong Kong and from West-
Africa.

Study population [n/m) Frequency

Varlar (allele) Controls Casen OR {B5% Cl} P valua
Icaland {1388/5275)

re7756802 (G) 0.232 0.270 123 (1.10-1.37) 0.00021

1513266634 (C) 0.846 0.685 1.19{1.08-1.31) 0.0006
Denmark A {263/597)

rs7756992 (G} 0.207 0.331 1,17 (0.83-1.47) 0.18

ra13266634 {C} 0.686 0.672 0.94 (0.75-1.17} 0.58
Denmark B {1350/4825)

rs7756992 (G) 0279 0.320 1.21{1.10-1.33) 0.000054

r=13266624 (C) 0673 0692 1.09 (0.59-1.19) 0.073
Phlladalphla (447/850)

rs7755892 (G} 0.262 0295 1.18 (0.96-1.42} 0.073

re13266634 (C) 0.678 0.760 1.51(1.25-1.81) 1.5x10"
Scotland {374213718)

rs7756992 (G) 0.267 0288 1.11 (1.03-1.19) 0.0042

rs1320865634 (C) 0.8a2 0.710 1.14 {1.06-1.22) 0.00025
The Netherfands (369/915)

ra7756992 (G) 0270 0280 1.05 [0.85-1.27) 0.84

rs13266634 (C) 0717 0,735 1.10:{0.91-1.33) 0,33
Caucasian comblned" {7578/16230)

rs7756092 {G) 0.264 0.203 116 {1.09-122) 3.0x10™

rs13266634 {C) 0.675 0.700 1.15 (1.10-1.20) 3.3=10
Honpg Kong(1457/986)

re7756002 (G) D462 0.517 1,25 {1.11-1.40) 0.00018

re13266634 (C) 0.523 0.566 1.59 (1.06-1,33) 0.0035
‘West Africa® (BB5/1108) -

57756992 (G) 0.612 0.625 1.02 (0.92-1.14) 0.72

613286634 (C) 0.962 0.971 1.26 {0.88-1.81) 0.21
All groups comblned (3900/18372)

167756992 (G) 1.15 {1,11-1.20) 9.0x10%

rs13266634 (C) 1.16 {1.11-121) 2.5x10™"

Shown are the number of T2D cases and controls {r!m), the allelic frequency In the sffected and
contml Individuals, the altelic odds-ratio {OR) with 95 confidence intervale {Gl B5%) and two-skled £
values based on the multiplicative model. *When combining resuits for tha Caucastan groups and
for the five Wesl-African groups, OR's and £ values ate combined ueing a Manlel-Haenzsa! model,
while the frequency In ¢ases and conla!s is estimaled as a weighted average over the different

study groups.
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Table 19. Palr-wise correlatlon for SNP's typed In CDKALL,

Palr-wise correlation, D' {lower left corner) and r* {upper right corner), for the elght SNP's in
CDKALL that were tested for assoclation to T2D, The correlation Is estimated for control
individuals from the Icelandic, Hong Kong and West-African study groups, respeactively.

S 5 3 T 5 o E =
PR 2 2 2 2 & 3 3
N F ¢ 0§ 0§ & §
B
Iceland A
re7752006 - P55 066 056 D56 067 066  DG5
rs156%699 083 - 0.87 0.9 0.88 0.85 D83 083
E7756992 088  1.00 . 066 086 099 097 095
m8350271 084 100 100 - 100 086 085 064
199356744 084 100 100 100 - 087 086 085
8368222 .29 1.00 1.00 1.00 1.00 - 0.68 0.87
10440833 0856 2097 100 098 099 1.00 ; 068
mE931514 0098 097 099 098 099 069 100 .
Hong Keng .
a7 To2506 - 0.45 046 Q.77 0.76 (X d 07T 045
rs 1589888 0.584 - 099 0.63 0.63 G.62 0.62 0.88
B7756992 0384 100 - 063 082 064 064 089
rs0350271 069 100  0.99 - 100 088 083 062
195356744 068 089 068 100 - 059 059 062
r99366222 088 093 100 100 100 - 100 063
ra10440833 088 400 100 400 100 100 ] 0.63
6931544 084 099 100 089 068 100 100 .
West-Africa
7752806 - 016 032 013 014 012 007 D08
1559699 .42 - 061 072 072 012 007 009
7756892 062 084 - 087 067 014 008 0.0
s0350271 040 098 0.9 - 099 Q010 004 005
re9356744 041 096 1.00 100 . 040 004 006
re9386222 100 2095 085 100 100 ; 085 076
10440833 060 2068 068 . 059 060 . 1.00 ; 0.87

931514 073 0.72 0.73 0.63 0.65 0.9 1.00 -
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Table 20, Genotype speclfic odds ratio for re 7756592 and rs13266634.

Study populatlon Allelic Genotype odds ratio"
Varand (allels) OR(B5%Cl) 0D 0X {95% CI) XX (85% CI) F
Caucaslan
re77560892 {5} 1.96{(1.08-1.22) 1 1.09 {1.03-1.16} 1.45(1,31-1,61) 0.00052
re13266834 {C) 1.45(1.19-1.20) 1 1,12 (1.03-1.23} 1.30 (1.18-1.43) 0.63
Hong Kong )
7756802 (G) 125(111-5800 1 113(0.97-1.31) 1.55 (123-1.95) 0.071
rs13266634 (C} 1.19(1.06-1.33) 1 1.13 (0.96-1.34) 1.40(1.11-1.76) 0.43

Genolype 0dds ralio for heterozygous (0X) and homozygous camter (XX} compared wilh non-camiera (00). *Tesl
of the multipficative model {the null hypotheses) versus the full mogal, cne degree of freadom.
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Table 22. Surrogate markers for marker rs7756992 on chromosome 6. The table shows
markers with values for r? of greater than 0.2 In the HapMap Caucaslan CEPH samples.
The search was performed pver a 2Mb reglon flanking rs77566992 {1Mb upstream and

1Mb downstream).

Surrogates for rs7756992 on chromosome 6
SNP D' R2 PosB36 | MOS0 2T

rs3460517 0.82 .30 20536813 1818
s7 772056 0.72 0.29 20637521 2526
rs6904565 D.73 0.32 20543949 BD54
rsG927356 0.73 0.32 20644073 9078
rs6005138 0.73 0.32 205644335 2390
rs1319485E8 0.73 0.32 20644499 9504
rs5456356 1.00 0.22 206549408 14503
rs8366354 D.24 0.40 20653447 18452
m9368201 D.84 0.41 20654051 19096
rs93458433 D.94 0.4D 20657780 24785
rs13203450 0.73 0.32 20673935 38340
rs1012626 0.82 D.39 20685540 50545
5460523 0.55 0.23 20590122 55127
r=9350262 0.55 0.23 20692402 57407
r=4712507 0.56 0.24 20693119 SB124
59366357 0.56 0.23 20707607 72612
rs1997777 1.00 D.22 20710359 753364
rs11964057 0.56 0.23 20710776 73781
rs12206413 1.06 .22 20715663 80568
4515379 0.66 020 20735420 100425
rs8465641 0.66 0.20 20737687 102692
13190734 .62 0.31 20738376 103381
r=2328528 0.67 0.21 20739524 104525
52328529 0.67 D.21 20739932 104937
rs7768642 0.67 .21 20741886 106891
rs9465846 0.67 0.21 20742320 107325
rs24656847 D.67 0.21 20742407 107412
r=7755830 1.00 0.32 20742865 LO7B70
rs5940200 0.67 D.21 20743241 10B246
59465850 0.67 0.22 20747388 112383
rs4710938 1.40 0.34 20748883 1134488
59348440 0.79 0.23 20749315 114320
rs4235999 1.00 0.33 20751201 116206
rs471093% 1.00 0.35 20752923 117928
11965062 1.00 0.33 20755941 120946
rs9460540 1.00 0.33 20756741 121736
rs6456364 0.79 0.23 20757233 122238
rs9235474 0.85 0.68 20700696 125701
rs2328545 0.75. 0.23 20761529 126534
rs9368216 0.79 Q.23 207630859 128094
rs16884072 0.656 0,33 20763482 128487
rs9460541 .66 0.23 20764559 129564
rs9460542 | 0.66 0.33 20764746 1259751
54712522 0.95 D.G8 20764779 129754
rs16884074 0.66 0.32 20754924 128925
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54712523 0.5 0.68 20765543 130548
rs4710940 0.55 0.52 20765921 130996
513190727 0.66 0.33 20766197 131202
rs6906327 0.95 0.52 20767438 132443
6456367 0.95 0.68 20767566 132571
rs6456368 0.95 0.67 20767785 132790
rs7749083 0.66 0.33 20766202 133207
56456369 0.95 0,52 20768344 133349
1513203361 0.66 0.33 20769000 134005
1510946398 0.95 0.68 20769013 134018
rs7774594 0.95 0.67 20769122 134127
rs7754B40 0.95 0.68 20769229 134234
59460544 0.65 0.68 20769508 134513
rs9460545 0.95 0.68 20769529 134534
rs979614 1.00 0.34 20770102 135107
rs4712525 0.95 0.68 20770945 135950
rsd712526 0.95 0.68 20771014 136019
rs9460546 .95 0.68 20771611 136616
15736425 0.66 0.33 20772251 137296
5742642 0.79 0.23 20773060 136065
57746362 0.95 0.68 20773528 138533
rs7772603 0,95 0.68 20773925 138530
rs7752780 0.95 0.68 20774001 135006
rs7752906 0.85 0.70 20774034 139039

11970425 0.66 0.33 20774436 139441
9355356 0.95 0.67 20775361 140366
9356743 0.79 0.23 20775667 140672
9368210 1.00 0.53 20782670 147675
1012635 1.00 .42 20783274 148279
rs1569698 1.00 0.72 20787289 152594
rs9350271 1.00 0.78 20791143 156148
rs9356744 1.00 0.75 20793465 158470
rs7766070 1.00 1,00 20794552 159557
59368222 1.00 1.00 20794975 159980
rs10440833 1.00 1.00 20726100 161105
r52206734 1,00 0.53 20802863 167868
rs6931514 1.00 1.60 20811931 176936
rs11753081 1,00 . 0.53 20813569 178574
rs1040558 1,00 0.53 20521685 186690
rs9295478 0.62 0.30 20824232 189237
r52328548 1.00 0.53 20824937 189942
rs6935590 1,00 0.53 20825074 190075
rs9465671 1.00 0.53 20525234 190239
rs10846403 1,00 0.53 20825383 190388
52328549 1.00 0.30 20826219 191224
rs9358357 1,00 0.53 20827124 192128
rs5366224 1.00 0,53 20827211 192216
rs5358358 1.00 0.30 20827372 192377
rs9460550 1.00 0.53 20827540 192545
rs9356746 1.00 0.30 20828258 193263
rs9368226 1.00 0.50 20831036 106041
512111351 0.61 0.29 20832537 197542
59356747 0.60 0.29 20832986 197991
rs9356748 1.00 0.30 20833076 198061
157767391 1.00 0.50 20833219 198224
rs7747752 0.62 0.30 20833402 198407
17234378 0.80 0.24 20952720
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Table 23. Surrogate markers for marker 510882091 on chromosome 10. The table
shows markess with values for r? of greater than 0.2 In I:!1e HapMap Caucaslan CEPH
samples. The search was performed over a 2Mb region flanking r510882091 (1Mb

upstream and iMb downstream).

Surrogates for rs10882091 on chromosome 10

SNP D' R2 Pos B36 Pos SEQ ID
NO:2
57086285 0.71 0.23 94156068
52798253 0.93 0.32 94192885 1
565830813 1.00 D.33 094199919 7035
rs11187007 1.00 0.35 24204560 11676
s2149632 1.00° 0.25 o4222227 29341
11187025 0.95% 0.48 94247956 S5072
511187033 1.00 D.35 94252339 55455
510509645 1.00 D.35 94267846 749562
rs/076413 .49 .23 94230464 87580
rsd646955 0.75 Q.37 94284271 01387
rs17445328 0.58 0.32 94295169 102285
r=11187064 0.68 D.31 94298233 105349
52421943 1.00 D.45 94301795 108911
11187065 .95 .48 94301904 109020
rs111iR7078 1.00 Q.35 94330685 137801
rse583823 1.40 0.52 84332395 141511
rs2421941 0.96 0.53 94335385 143015
rsb583826 0.95 0.57 94337810 144926
re3d24735 1.00 0.36 94344164 151300
rs10786050 1.00 1.00 04357210 164326
r=11187094 1.00 0.21 Q4358158 165274
rs11187096 1.00 0.35 94359568 166584
s7914814 1.00 1.00 94372530 180046
12772554 1.00 0.23 94373838 130954
5108820594 1.00 1.00 04377656 184772
510882085 1,00 0.17 Q9384382 inl45e
rs10736069 1.00 1.00 94385373 192489
7900689 1.00 1.00 94385728 192844
r=6583830 1.00 1.00 94388098 195214
r=10882006 1.00 Q.35 94391366 198482
511187114 1.00 0.36 94396217 203333
rs65B2AB33 1.400 0.75 94325780 206895
rs/7078243 1.00 0.7d 94404243 211359
rs4933734 1.00 1.00 94404547 211562
57911264 1.00 0.73 94426831 233947
rs24898087 1.00 .74 24436021 243137
rs108682100 1.00 0.74 04450667 257783
1111875 1.00 0.51 94452662 259978
512778542 1.00 0.55 Q4454207 261403
55015480 1.0C D.51 G4455539 262655
rs10BR2102 1.00 0.52 94456475 253591
rs11187144 1.00 .40 94459960 267076
rs7087591 1.00 .39 94463609 270725
510748582 1.00 0.39 04467199 274315
rs7923837 1.00 0.39 94471897 279013
rs7923866 1.00 0.39 4472056 279172
2497306 1.00 0.58 94475191 ZB2307
rs2488075 1.00 0.60 94493154 287270
-| 52457304 0.95 0.63 04482696 289812
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rs947591

0,81

0.57

94485733

292849

rs2488071

0.62

024

94489557

296673

Table 24. Surrogate markers for marker rs2191113 on chromosome 17. The table
shows markers with values for r? of greater than 0.2 In the HapMap Caucasian CEPH
samples. The search was petformed over a ZMb reglon flanking rs2191113 {(1Mb

upstream and 1Mb downstream).

Surrogates for rs2191113 on chromosome 17

519626801

SNP D’ R2 Pos B36 Pos SEQ ID
NO:3

350605 .B2 0.54 GE044207 6552
5350603 0.80 D.22 &60i45245 7590
rs420762 0.80 D.24 609716 12061
rs350615 0.85 0.58 66067303 29648
rs350616& 0. 81 0.25 560567699 30044
350621 0.86 0.5 66079410 A1764
rsisog2dd - 0.86 0.58 66030067 42412
rs12602288 1,00 0.36 65085473 47818
rs1431454 - 0.4z 0.26 66090535 528380

| rs9302918 1.00 0.23 66091912 54257
rs3302919 0.81 0.26 66092080 54425
m3911671 .86 0.61 66094196 56541 -
rs1911969 0.86 .50 66102315 £4660
9894021 1.00 21 66103235 55581
5720877 1.00 .23 66103561 &5906
5720876 1.00 0.23 66103923 &5268
rs7218838 0.B6 .61 66105415 58760
rs2896309 1.00 0.21 66106911 55256
rs7 220084 0.82 0.26 66114858 77203

| 51860316 0.85 0.61 66117911 80256
rsB079029 0.90 0.562 £51184385 803D
rsd019476 0.87 0.63 66122077 g4422
rs1981647 082 0.26 65132788 95133

| 52890554 .80 D.21 56134831 97176
rs10221225 0.80 D.22 56138452 100797
rs11650683 0.84 0.22 6139800 102145
rs1486290 082 .27 65141933 104278
rs80708302 0.85 0.23 66143200 105545
rs12949591 1.00 0.20 66146912 109257

| 151843622 1.00 0.61 66149102 111447
s5891997 1.00 0.2B 66152998 115343
59210837 L.00Q 0.28 66155303 117548
4793497 .94 0.58 66163076 125421
rsSdS0BBS .89 0.24 66173475
rs29802 0.71 .23 66178475
517718938 1.00 0.28 66184700
517223216 0.89 0.24 66207685
rs2109050 D.82 0.24 662286323

1.00 0.3t 66236050




10

15

20

25

a0

35

160

CLAIMS

A method of determining a svsceptibllity tc Type 2 diabetes In a human Individual,
comprising determining the presence or absence of at least one allele of at least
cne polymorphic marker in 2 nuclglc acid sample obtained from the individual,
wherein the at least one polymorphic marker Is selected from the markers set
forth [n Tables 10-12, and markers In linkage disequllibrium therewith, and
whereln determination of the presence or absence of the at least one allele is
Indicative of a susceptibllity to Type 2 dlabetes.

The method of Clalm 1, whereln the at least one polymorphic marker Is present
within SEQ ID NC:1, SEQ ID NO:2 or SEQ ID NC:3.

The methed of Clalm 1 or 2, wheraln the at least one polymorphic marker
comprises at least one marker salected from rs2497304 (SEQ ID NO:16),
rs947591 {SEQ ID NO:30), rs10882091 (SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (SEQ ID NO:15), rs6583826
{SEQ ID NO:19), rs7752506 (SEQ ID ND:32}, 151569699 (SEQ ID NO:6),
rs7756992 (SEQ ID NO:21}, rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID
NQO:34), rsD366222 (SEQ ID NO:-35), rs10440833 (SEQ ID NQ:36), rs6931514
{SEQ ID N0:37), rs1860316 (SEQ ID NC:10), rs1981647 {SEQ ID NO:11),
r$1843622 (SEQ ID NOI9), rs2191113 (SEQ ID NO:13), rs9B90889 (SEQ 1D
MNO:21}, and markers in linkage disequillbrium therewlth.

The methed of any of the preceding Claims, whareln the. ar least one palymorphic
marker comprises at leask ane marker In strong linkage disequillbriumn, as defined
by numeric values for |D’| of greater than 0.8 and/or ¥ of greater than 0.2, with
one or more markers setected from the group consisting of the markers sat forth
in Table 22, Table 23 and Table 24,

The methed of any of the preceding Claims, whergin the at least one polymarphlc
marker is selected from markers rs7752906 (SEQ ID NO:32), rs1569639 (SEQ ID
NO:B6), rs7756992 (SEQ 1D NO:21), rs9350271 (SEQ ID ND:33), rs9356744 {SEQ
1D NO:34), rs9368222 (5EQ ID NO:35), rs10440833 {SEQ ID NO:36), rs6931514
(SEQ ID NO:37), and markers |n linkage disequilibrium therewith.

Tha method of Clalm S, whereln the at least one polymorphlc marker Is selected
from markers rs7752906 (SEQ ID NO:32), rs1569699 (SEQ ID NO:6), rs7756992
{5EQ ID NO:21), rs8350271 {(SEQ ID NO:33), rs9356744 (SEQ ID NO:34),
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rs9368222 {SEQ ID NO:35), rs10440833 (5EQ ID NO:36), and rs5931514 (SEQ
ID NO:37).

The method of Clalm 1, wheraln the at-least one marker Is selected from marker
rs7756992 (SEQ ID NO: 21), and markers in linkage disequillbrium therewlth.

The method of Claim 7, whereln the at least one markers Is selected from the
markers set forth in Table 22.

The method of Clalm 1, whereln the at least one marker Is selected from marker
rs10882091 (SEQ ID NO: 4}, and markers In linkage disequilibrdum therewlth,

The method of Clalm 9, wherein the at least one markers is selected from the
markers set forth In Table 23,

The method of Clalm 1, whereln the at least one marker Is selected from marker
rs2191113 (SEQ ID NO: 13), and markers in linkage disequllfibrium therewith,

The method of Claim 11, whereln the at !2ast one markers Is selected from the
markers sat forth In Table 24. '

The method of any of the preceding Clalms, further comprising assessing the
frequency of at least one haplotype In the Indlvidual.

The method of any of the preceding dalms, wherein the presence of at least one
at-risk allele of at least one palymerpblc marker In 2 nucleic acld sample from the
Individual is Indicatlve of an Increased susceptibllity to Type 2 diabetes.

The method of clalm 14, whereln the Increased susceptibllity Is characterized by a
relatlve risk {RR} or odds ratle {OR) of ak least 1.15.

The methad of Clalm 14 or 15, whereln the Increased susceptibllity 1=
characterized by a relative risk (RR) or odds ratio {OR) of at least 1.20.

The method of any of the dalms 14-16, whereln the presence of rs2497304 allele
A, rs947591 allele A, rs10E82091 allele C rs7914514 allele T, rs6583830 allele A,
rs2421943 allele G, rs65683826 allele G, rs7752906 allele A, rs1569699 allele C,
rs7756992 allele G, rs9350271 allele A, rs9356744 allele C, rs9368222 allele A,
rs10440833 allele A, rs6931514 allele G, rs1860316 allele A, rs1981647 allele C,
rs1B43622 allele T, rs2191113 allele A, andfor rs98508B9 allele A Is Indlcative of
Increased susceptibllity of Type 2 dlabates.
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The method of any of the claims 1-13, whereln the presence of at least one
pratectlve allele In 2 nudelc add sample from the Individual is indlcative of a
decreased susceptibllity of Type 2 diabetes.

The methed of any of the clalms 1-13, whereln the absence of at least one at-risk
gllele in a nudelc acld sample fror the individual Is Indicative of a decreased
susceptibility of Type 2 dlabetes.

The methed of any of the preceding clalms, whereln the at least one markar or
haplotype is further assoclated with Insulln response and/or Impalred glucose
tolerance In the Individual.

The method of any of the Claims 14-17, whereln determinzation of the presence of
at [east one allele or haplotype in an at-risk marker Is Indicativa of an increased
susceptibllity to Type 2 diabetes, and whereln the at teast one allele or haplotype
is further Indicatlve of decreased insulln response andfor Impalred glucose
tolerance.

The method of any of the preceding ctalms, wherein linkage disequilibrium Is
characterized by numeric values for |D"| of greater than 0.8 and/or r* of greater
than Q.2.

A method of assessing a susceptibllity to Type 2 diabetes In a human individual,
comprising screening a nuclelc acld from the Individual for at [east one
polymaorphlc marker or haplotype In SEQ ID NO:1, SEQ ID ND:Z or SEQ ID NO:3,
that correlates with increased occurrence of Type 2 dizbetes in a human
popuiation,

whereln the presence of an at-risk marker allele In the at least one
polymorphlsm or an at-risk haplotype in the nudelc acld Identifies the individual
as having elevated susceptibllity to Hlabetﬂ, and

whereln the absence of the at least ane at-risk marker allele or at-risk
haplotype In the nuclels acid identifles the Individual as not having the elevated
susceptlbllity.

The method of Clalm 23, whereln the polymorphlsm or haplotype Is selected from
rs2497304 {SEQ ID NO:16), rs247591 (SEQ ID NO:30), rs10882001 {SEQ .ID
NQ:4), rs7914814 (SEQ ID NO:24), rs6563630 (SEQ ID ND:20), rs2421943 {(SEQ
ID NO:13), rs6583826 (SEQ ID NO:19), rs7752506 (SEQ 10 NO:32), rs1569699
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(SEQ ID NO:6), rs7756992 {SEQ ID NO;21), rs9350271 {SEQ ID NC:33),
9356744 (SEQ ID NO:34), 59368222 (SEQ ID NO:35), rs10440833 (SEQ 1D
NO:36), rs6931514 (SEQ 1D NO:37), rs1860316 (SEQ ID NO:10), re1081647
(SEG ID NO:11), rs1843622 (SEQ ID NO:93, 152191113 (SEQ ID NO:13),
rs3800869 {SEQ 10 NO:31), and markers In linkage disequillbrium therewlth, as
characterized by numeric values for || of greater than 0.8 and/or r of greatar

than 0.2.

The method of any of the preceding Clalms, further cornprising screening the
nuclelc acld for the presence of at least one at-risk genetlc variant for Type 2
diabetes not associated with LD Block €06 {SEQ ID NO:1), LD Block C10 (SEQ ID
NO:2) and LD Block C17 (SEQ ID NO:3).

The methed of Clalm 25, comprising screening the nuclelc acld for the presence or
absence of at least one at-risk allele of at teast one at-risk variant for Type 2
dlabetes In the TCF?L2 gene, whereln determination of the presence of the at

least one at-risk allele Is Indicative of Increased susceptibllity of Type 2 dlabetes.

The method of Clalm 25, whereln the at least one at-risk varlant In the TCF7L2
gene Is selacted from marker DG10S478, rs12255372, rs7895340, rs11196205,
rs7901695, rs7903146, rs12243326 and rs4506565, and markers In linkage
disequlllbriurm therewlth.

The method of any of the preceding Clalms whereln the presence of the marker or
haplotype Is Indicatlve of a different response rate of the subject to a particular
treatment modality for Type 2 diabetes.

The method of any of the preceding clalms, whereln the Indlvidual Is of a specific

human ancestry-

The method of Claim 28, whereln the ancestry is sefected from black African
ancestry, Caucaslan ancestry and Chinese ancestry.

The method of Claim 28 or 29, whereln the ancestry Is black Afrlcan ancestry.
The method of Clalm 2B, wherein the ancestry is European ancestry.

The method of Claim 28 or 29, whereln the ancestry s Caucaslion ancestry.
The method of any of the Clalms 28-32, wherein the ancestry Is self-reported.

The method of any of the Clalms 28-32, whereln the ancestry |s determingd by
genetic determination comprising detecting at least one allele of at least one
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" polymorphic marker In a nucleic acid sampla from the individual, whereln the

presence or absence of the allele |s indlcatlve of the ancestry of the Individual.
The method of any of the preceding Claims, whereln the Individual Is obese,
The method of any of the clalms 1-34, wherein the individual Is non-obese.

A method of Identification of a marker for use Ip assessing suscaptibility to Type 2
dlabetes in human Individuals, the method comprising

a. Identifylng at least one polymorphlc marker within SEQ 1D NO:1, SEQ ID
NO:2 or SEQ ID NO:3, or at least one polymorphic marker In linkage
disequllibrium therewlth;

b. determining the genotype status of a sample of Individuzls diagnosed with,
or having a susceptibility to, Type 2 dlabetes; and

c. determining the genotype status of a sample of control Individuals;

whereln a slgniflcant difference In frequency of at lzast one allele in at least one
polymarphism In Indlviduals dlagnosed with, or having a susceptiblity ta, Type 2
dlabetes, as compared with the frequency of the at least one allele in the control
sample is Indlcatlve of the at least cne polymorphism being useful for assessing
susceptiblllty to Type 2 diabetes.

The methed of Clalm 37, whereln linkage disequllibrium is characterized by
numerical values of r* of greater than 0.2 andfor || of greater than 0.9.

The method of Clalm 37, whereln the at least one polymorphlc marker Is In
linkage disequilibrlum, as characterized by numerical values of ? of greater than
0.2 andfor |D’| of greater than 0.8 with at least one marker salected from marker
rs2497304 (SEQ 1D NO:16), rs947591 (SEQ ID NO:30), rs10882091 {SEQ ID
NO:4), rs7914814 (SEQ ID NO:24), rs6583830 (SEQ 1D ND:20), rs2421943 {(SEQ
ID NO:15), rsb6583826 (SEQ ID NO:;19), rs7752906 (SEQ ID NO:32), rs1569699
{(5EQ ID NO:6), rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35), rs10440833 (SEQ ID
NO:36), rs6931514 {5EQ ID NO:37), rs1860316 (SEQ ID NG:10), rs1981647
{SEQ ID ND:11), rs1B43622 (SEQ ID NO:9), rs2191113 (SEQ 1D NO:13),
rs9890889 (SEQ ID NO:31). )

The methed of any of the Clalms 37 - 39, wherein an increase in frequency of the
gt least one allele In the at least one polymorphism In Individuals diagnosed with,
or having a susceplibllity to, Type 2 dtabetes, as compared with the frequancy of
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the at least ane allele In the control sample, |s Indicative of the at least ane
polymorphism being useful for assessing Increased suscaptibllity to Type 2

dlabetes,

The method of any of the Claims 37 - 39, whereln a decrease in frequency of the
at least one allele in the at least one polymorphlsm In individuals dlagnosed with,
or having a susceptibllity to, Type 2 dlabetes, as compared with the frequency of
the at least cne allele In the control sample Is Indicatlve of the at least one
polymorphism being useful for assessing decreased susceptibllity to, or pratection
against, Type 2 dlabetes. )

A method of ganotyplng a nuclelc acld sample obtalned from a human Individual,
comprising determining the presence or absence of at [east one allefe of at least
one polymorphlc marker In the sample, wheraln the a2t least one marker Is
selected rs2497304 (SEQ ID NO:16), rs947591 {S5EQ ID NO:30}, rs10862091
(SEQ ID NO:4), rs7914814 (SEQ I NO:24), rs6563830 {SEQ 1D NO:20),
rs2421943 (SEQ iD ND:15), rs6583826 (SEQ ID NC:19), rs7752906 (SEQ IR
NO:32), s1569699 {SEQ ID NO:6), 57756992 (SEQ ID NO:21}, rs9350271 {SEQ
ID NQ:33), rs9356744 (SEQ ID N(:34), s9368222 (SEQ 1D NQ:35), rs10440B33
(SEQ ID NO:36), rs5931514 {SEG 1D NO:37), rs16860316 (SEQ ID NO:10),
51981647 (SEQ ID NO:11), rs1843622 {(SEQ ID NO:9), rs2191113 (SEQ ID
NO:13), 59890889 (SEQ ID NO:31), and markers In linkage disequllibrium .
therewlth, and whereln determination of the presence or absence of the at least
ane allele of the at least one polymorphic marker Is predictive of a susceptibliity of
Type 2 diabetes. '

The methed of Clalm 41 or 42, whereln linkage disequilibrium Is determined by
numercal values for r* of at least 0.2 and/or numerical values of |D’] of at least

0.8,

The method of any of the tlalms 41 - 43, whereln genotyplng comprises
amplifying a segment of a nucleic acid that comprises the at least one
polymorphlc marker by Polymerase Chaln Reactlon (PCR), using a nudleotide
primer galr flanking the at least one polymorphlc marker. .

The method of any of the Claims 41 - 44, whereln genotyping |s performed using
a process selected from allele-specific probe hybridizatlon, allele-specific primer
extenslon, allela-specific amplification, nuclelc acld sequencing, 5-exonuclease
digestlon, molecular beacon assay, oligonucleotide ligation assay, slze analysis,

and sIngle-stranded conformation analysls.

r
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The methed of Claim 45, whereln the process comprises allele-specific probe
hybridizatlon.

The method of Clalm 45, wherein the process comprises DNA seguencing.
The method according to any of the Claims 45-47, comprising:

1. contacting coples of the nuclelc acid with a detectlon oligonuclentide probe and
an enhancer ollgonuclectide probe under conditions for specific hybridization
of the ollgonucleotide probe with the nuclelc acld;

wherein

2} the detection cligonucleotide prebe Is from 5-100 nucleotides In length and
specifically hybridizes to a first segment of the nucleic acid whose
nucleotlde sequence is given by SEQ ID NO:1, SEQ ID NO:2 or SEQ ID
NO:3 that comprises at least one polymorghlc site;

b} the detection ollgonucleotide probe comprises a detectable label at its 3"
terminus and a quench!ng moiaty at its 5° terminus;

c} the enhancer oligonucleotide Is from 5-100 nuclectides In length and Is
complementary to a sacond segment of the nuclectlde sequence that is 5°
relatlve to the ollgonucleotide prabe, such that the enhancer
cligonudieotide is located 3 relatlve o the detection oligonucleotide probe
when both oligonucieotides are hybridized to the nuclelc acid; and

d} a single base gap exlsts between tha first segment and the second
- segment, such that when the oligonucleotlde probe and the enhancer
oligenucieotide probe are both hybridized to the nudleic acld, a single base
gap exlsts between the ollgonudentldes;

2. treating the nuclele acid with an endonucleasa that will cleave the detectable
label from the 3' terminus of the detectlon probe bo release free detectable
label when the detection probe is hybridized to the nucleic acld; and

3. measuring free detectable label, whereln the presence of the free detectable
labal indicates that the detection prabe specifically hybridlzes to the Ffirst
segment of the nucdlele add, and indicates the sequence of the polymorphic
slte as the complemant of the detection probe.

The method of Clalm 48, wherein the copies of the nucleic acld are provided by
amplification by Polymerase Chaln Reactlon (PCR)
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The method of any of the Clalms 37 - 49, whereln the susceptibllity is Increased
susceplibllity.

The method of any of the Clalms 37 - 49, where!n the susceptibllity 1s decreased
susceptibllity.

The method of any of the Clalms 37 - 50, whereln the Individval is of a specific

hurran ancestry.

The method of Ciaim 52, whereln the ancestry s selected from black Afrlcan
ancestry, Caucaslan ancestry and Chinese ancestry.

The method of Clalm 52 ar 53, whereln the ancestry §s black Afrlcan ancastry.
The methad of Clalm 52, whereln the ancestry Is European ancestry.

The method of Clalm 52 or 53, whereln the ancestry |5 Caucaslan ancestry.
The method of any of the Clalms 52 - 56, whereln the ancestry is 5élf-repurt9d.

The method of any of the Claims 52 - 56, whereln the ancestry is determined by
genetic determination comprising detecting at least one allele of at least one
polymorphic marker In a nudele acid sample from the individual, whereln the
presence or absence of the allele Is indicatlve of tha ancestry of the Individuat.

The method of any of the Clalms 37 - 58, whereln the human individual Is obese,
The method of any of tha claims 37 - 5B, whereln the Individual s non-obese.

A method of assessing an Indlvidual for probability of response to 2 therapeutic

" agent for preventing andfor amellorating symptoms assoclated with Type 2

dlabetes, comprising; determining the presance or absence of at least one allele of
at least one polymorphic marker in a nuclele acld sample cbtalned from the
Individual, whereln the at least one pﬂlvmc-rphic marker s selected from
rs2497304 {(SEQ ID NO:16), 947531 {SEQ ID NO:30), rs10882091 (SEQ ID
NO:4), rs7314B14 (SEQ ID NO:24), rs6583830 (SEQ ID NO:20), rs2421943 (5EQ
ID NO:15), rs6583826 {SEQ ID NO:19}, rs7752506 (SEQ 1D ND:32), rs1569699
(SEQ 1D NO:6), rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33),
rs9356744 (SEQ ID NO:34), rs9368222 (SEQ 1D NO:35), r510440833 (SEQ 1D
NO:36), rs6931514 (SEQ ID NO:37), rs1860316 {SEQ ID NQ:10), rs1981647
(SEQ ID NO:11), rs1843622 (SEQ ID NO:9), rs2151113 (SEQ ID NO:13),
rs9690889 (SEQ ID NO:31), and markers In IInkage disequlllbriurm therewlth,
wheraln determination of the presance of the at laast one allele of the at [east one
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marker Is Indicative of a probabillty of 2 positive response to the Type 2 diabetes
therapeutic agent.

The method of Clalm &1, whersln the Type 2 diabetes therapeutlc agent Is
selected from the agents set forth in Agent Table 1 and Agent Table 2.

A method of predicting prognosis of an Individual dlagnosed with, Type 2 diabetes,
the method comprising determining the presence or absence of at least one allele
of at least one polymorphic marker In a nuclelc acld sample obtalned fram the
Indlvidual, whereln the at [east one polymorphic marker Is selected from the group
consisting of rs2497304 (SEQ 1D NO:18), rs947591 {SEQ ID NO:30}, rs10882091
(SEQ ID NO:4}, 57914814 (SEQ ID NO:24), rs6583830 {SEQ ID NO:20},
rs2421943 (SEQ ID NO:15), rs6583826 (SEQ ID NO:19), rs7752906 (SEQ ID
NG:32), s1565699 (SEQ ID NO:6), rs7756992 (SEQ ID NO:21), s9350271 {SEQ
ID NO:33), rs9356744 (SEQ 1D NO:34), rs9368222 (SEQ ID NO:35), rs10440833
(5EQ ID NQ:36), rs6931514 (5EQ ID NQ:37), rs1B860316 (SEQ ID NO:10),
rs1981647 (SEQ ID NO:11), rsi843622 (SEQ ID NO:9), rs2191113 (SEQ ID
NO:13), rs9B908B9 (SEQ TD NO:31), and markers In linkage disequilibriurn
therewith, wherein determination of the presence of the at least ane allele is
Indicative of a worse prognosis of the Type 2 dlabetes In the Individural.

A method of monltering progress of a treatment of an Individual undaergolng
treatment Fer Type 2 diabetes, the method comprising determlnlng{ the prasence
ar absence of at least one allele of at least gne polymorphlc marker in 2 nucielc
acld sample obtalned from the individual, whereln the at least one polymorphic
marker Is selected from the group consisting of rs2497304 (SEQ ID NO:16),
rs$47591 (SEQ ID NO:30), rsi0882091 (SEQ ID NO:4), rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ ID NO:20), rs2421943 {SEQ ID NO:15), 6583826
(5EQ ID NO:19}, rs7752906 {SEQ ID NO:32), rs1569699 {SEQ 1D NO:6),
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID
NO:34), rs9368222 (SEQ ID NO:35), 510440833 (SEQ ID NO:36), rsb6931514
{SEQ ID NC:37), rs1860316 (5EQ 1D NO:10), rs1981647 (SEQ ID NO:11),
rs1843622 {(SEQ Ik NO:9), 152191113 (SEQ-ID NC:13), rs9890889 (SEQ ID
ND:31), and markers In linkage disequilibfium therewith, whereln determinatlon
of the presence of the at least one allefe Is Indlcative of the treatment nutcnmé of
the individual.

The method of any of the Claims 61 - 64, whereln linkage disequlllbrium Is defined
by numericzl values of r* of at least 0.2 and/or values of |D‘| of at least 0.8
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The method of any of the preceding Claims, further comprising assessing at least
ane biomarker In 2 sample from the individual.

The method of any of the preceding Clalms, further enmprsing analyzing non-
genetic Information to make risk assessment, dlagnosls, or prognosls of the

Indlvidual.

The method of Clalm 67, whereln the non-genetic Infermation is selected from
age, gender, ethnlclty, socoeconomic status, previous disease diagnosis, medical
histary of subject, famlly history of Type 2 diabetes, blochemical measurameants,
and clinlcal measurements.

The method of any of the Claims 6% - 68, further comprising calm!atiﬁg overall
risk,

A kIt for assessing susceptibility to Type 2 dlabetes in @ human Individual, the kit
comprising reagents for selectlvely datecting the presence or absence of at least
one zllele of at least ane polymorphlc marker In the gn::nnrne of the Individual,
whereln the polymorphlc marker is selected from the group consisting of
pelymarphlc markers within the nudelc acld segments whose sequences are set
forth In SEQ 1D NG:1, SEQ ID NC:2 and SEQ 1D NO:3, and markers in linkage
disequilibrium therewlth, and whereln the presence of the at least one allele is

Indicative of a susceptibllity to Type 2 dlabetes.

1
* The Kt of Clalm 70, whereln the at least one polymorphlc marker Is selected from

the group of markers set forth In Tables 10 - 12, and markers In linkage
disequilibrium therewlth.

The kit of Clalm 70 or 71, whereln the at [east one polymerphlc markers Is
selected from rs2497304 (SEQ ID NO:16), rs947591 (SEQ ID NO:;30),
rs510882091 (SEQ ID NO:4}, r57914814 (S5EQ 1D NO:24), rs6583830 (SEQ ID
NO0:20), rs2421943 (SEQ ID NO:15), rs6583B26 (SEQ ID NO:19), rs7752906
{SEQ ID NO:32), rs1569699 (SEQ ID NO:8), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs9356744 {SEQ ID NO:34), rs9368222 (SEQ ID
ND:35), 510490833 {SEQ ID NO:36), rs6931514 {SEQ ID NO:37), rs1860316
(SEQ 10 NO:10), 51981647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:9),
rs2191113 {SEQ ID NO:13), rs2830889 {SEGQ ID NO:31), and markers In linkage
disequillbrium therewlth.

The kit of any of_the Clalms 69 - 72, whereln lInkage disequlilbrivm Is defined by
numerical values of r? of at least 0.2 andfor values of |D"| of at least 0.8,



10

15

20

23

30

74,

73.

76,

77,

78,

79,

170

The kit nr"an‘,r of the Clalms 70 - 73, whereln the reagents comprise at least one
contlguous oligonucleotide that hybridizes to a fragment of the genome of the
Individual comprising the at teast one palymorphlc marker, a buffer and a
detectable labal.

The kit of any of the Claims 70 - 74, whereln the reagents comprise at least one
pair of ollgonuclectides that hybrdize to opposite strands of a genomle nudeic
acld segment abtained from the subject, wherein each gligonucieatide primer pair
Is designed Lo selectively amplify a fragment of the genome of the Individual that
Incfudes one polymorphic marker, and whereln the fragment s at least 30 base
pairs In slze.

The kit of ClaiIm 74 or 75, wherein the at least one cligonuclectide Is completely
cumplementary to the genome of the Indlvidual.

The kit of any of the Clalms 74 - 76, whereln the oligonuclectide is about 18 to
gbout 50 nucleotides In length.

The kit of any of the Clalms 74 - 77, wherein the oligonucleot!de Is 20-30
nudestides In length,

The kit of any of the Claims 70 - 78, wherein the kit comprises:
a. a detection ollgonuclectide probe that Is from 5-1030 nucleatides In length;

b. an enhancer oligonucleotide probe that Is from 5-100 nuelectides in
length; and

c. an endonuclease enzyme;

whereln the detection cligonucleatide probe specifically hybridizes to a frst
sagment of the nudeic acld whose nucleotide sequencs is given by 5EQ ID NO:1,

" SEQ ID NO:2 or SEQ ID NO:3 that comprises at least one palymorphlc site; and

whereln the detection oligonucleotide probe comprises a detectable label at its 3"
termlnus and a quenching molety at Its 5' terminus:

wherein the enhancer oligonucleotide Is from 5-100 nuclectldes In length and is
complementary to a second segment of the nuclectlde sequence that is 5° relative
to the ollgonucteotide probe, such that the enhancer oligonuclentide is located 3°
relatlve to the detectlon ofigonuciectide prabe when Both ollgonucleotides are
hybridized to the nucleic adid;
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whereln a single base gap exists between the first segment and the second '
segment, such that when the ollgonucleotide probe and the enhancer
oligonuclectide probe are both hybridized to the nucleic acid, a single base gap
exlsts betweaen the oligonucleotides; and

whereln treating the nuclelc acld with the endonuclease will cleave the detectable

- label from the 3' terminus of the detection probe to release free detectable label

when the detection probe Is hybridized to the nuclelc add.

Use of an oligonudeotide probe in the manufacture of a diagnostic reagent for
diagnosing and/or assessing susceptibility to Type 2 dlabetes in @ human
Individual, whareln the probe hvb}idlzes to a segment of a nuclele acld whose
nucleotide sequence Is glven by SEQ ID NO: 1, SEQ 1D NO:2 or SEQ ID NO:3 that
cormprises at least one polymaorphlc site, whereln the fragment is 15-500

nuclectides In length.

The use according to Clalm 80, whereln the polymerphic site 15 selected fn-:um the
polymorphlc markers rs2497304 (SEQ [D ND:16}, rs947591 (SEQ ID NO:30),
rs10882091 {SEQ ID NO:4), rs7914814 (SEQ ID NO:24), rs6583830 (SEQ ID
NO:20), rs2421543 (SEQ ID NO:15), rs6583826 (SEQ ID NO:19), rs7752906
{SEQ ID NO:32), rs1569699 {SEQ ID NO:6), rs7756992 (SEQ ID NO:21),
rs9350271 (SEQ ID NO:33), rs8356744 (SEQ ID NO:34), rs3368222 (SEQ 1D
NC:35), rs10440B33 (5EQ 1D NO:36), rs6931514 {SEQ ID RO:37), rs1860316
{SEQ ID NO:10), r=1981647 (SEQ ID NO:11), rs1843622 (SEQ ID ND:9),
rs2191113 (SEQ ID NO:13), rs3E90869 (SEQ ID NO:31), and polymorphlsms In
linkage disequllibrlum therewlth.

A computer-readable medium on which is stored:
a. an Identlfier for at least one polymarphlc marker;

b. an Indicator of the frequency of at least one allele of sald at least one
polymorphlc marker In a plurallty of individuals dlagnosed with Type 2
diabetes; and

c. an Indicator of the frequency of the least one allele of sald at least one
polymorphic markers In a plurallty of reference Individuals;

whereln the at least ane polymorphlc marker Is selected from the polymorphic
markers rs2497304 (SEQ 1D NG:16), 5947591 (SEQ ID NG:30), rs10882091
(SEQ ID NO:4), rs7914814 (SEQ ID NQ:24), rs65B83830 (SEQ ID NO:20),

rs2421943 (SEQ 10 NO:15}, rs6583826 {QEQ 1D NO:19), rs7752506 (SEQ ID



0

15

20

23

0

s

83.
B4.

35.

a6.

172

NO:32), rs1569699 (5EQ ID NO:6), rs7756992 {SEQ ID NO:21}, rs9350271 (SEQ
ID NO:23), 39356744 (SEQ ID NO:34), rs9368222 (SEQ ID NO:35), rs10440833
{SEQ ID NO:36), rs6931514 (SEQ ID NO:37), rs1860316 (SEQ ID NO: 10},
rs1981647 (SEQ ID NO:11), rs1843622 (SEQ ID NO:9), rs2151113 {SEQ ID
NO:13), 96903889 (SEQ ID NG:21), and polymorphisms in linkage disequllibrium
therewlth, as deflned by numerical values of r* of at least 0.2 andfor values of |D]
of at least D.8.

The medium of Clalm 82, further cornprising Information abgut the ancestry of the
plurality of Individuals,

The medium of Oaim 82 or 83, whereln the plurality of Indlviduals diagnosed with
Type 2 diabates and the plurality of reference Individuals Is of a specific ancestry.

An apparatus for determining a genetic Indicator for Type 2 dlabetes In a human

individual, comprising:
2 computer readable memory; and
a routine stored on the computer readable memory;

wherein the routine Is adapted to be executed on a processor to analyze marker
and/or haplotype Information for at least one human indlvidual with respact to at
least ona polymorphic marker selected from the markers rs2497304 (SEQ 1D
NG:16), rs947531 (SEQ ID NO:30), rs10862091 (SEQ ID ND:4), r57914814 (SEQ
1D NO:24), rs6583830 (SEQ 1D NO:20), rs2421943 {SEQ 10 NO:15), rs6583826
(5EQ ID NO:19)}, 157752906 {SEQ ID NO:32), rs1565699 {SEQ ID NO:6},
rs7756992 (SEQ ID NO:21), rs9350271 (SEQ ID NO:33), rs9356744 [SEQ 1D
NO:34), rs2368222 (SEQ 10 NO:35), 510440833 {SEQ ID NO:36), rs6931514
{SEQ 1D NO:37), rs1860316 (SEQ ID NO:iD), rs1581647 (SEQ ID NO:11},
rs1643622 (SEQ ID NO:9}), rs2191113 (SEQ ID NO: 13), rsOB90569 {SEQ ID
NG:31), and markers In linkage disequilibrium therewith, as deflned by numerical
values of r* of at least 0,2 and/or values of |D'| of at least 0.8, and generake an
output based on the marker or haplotype information, wherein the output
comprises a risk measure of the at least one marker or haplotype as a genetic
Indlcator of Type 2 dlabetes for the human Individual.

The apparatus of Clalm B5, whereln the routing further comprises an indicator of
the frequency of at least one allele of at least one polymorphlc marker or at least
one haplotype In a plurality of individuals dlagnosed with Type 2 dlabetas, and an
Indicator of the freguency of at the least one allela of at least one pulymnrhhlc
marker or at least one haplotype In 2 plurality of reference individuals, and
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whereln a risk measure is based on a comparison of the at least one marker
andfor haplotype status for the hurnan Individual to the Indicator of the frequency
of the at least one marker and/or haplotype infarmation for the plurality of
individuals dlagnosed with Type 2 diabetes.

The apparatus of Clalm 85 or 86, whereln the risk measure is characterized by an
Odds Ratlo (OR) or a Relatlve Risk {(RR).

A method of determining a susceptibllity to Type 2 diabetes in a human Indlvidual,
comprising determining whether at least one at-risk allele in at least one
polymorphic marker Is present In a genotype dataset derived from the Individual,
whereln the at least cne polymorphlc marker Is selected from the markers set
forth In Tables 10-12, and markess in linkage disequilibrium therewlth, and
whereln determination of the presence of the at least one at-risk allele Is
Indicatlve of increased susceptibllity to Type 2 dlabetes In the Indlvidual.

The method of Clalm 88, whereln the at least one polymorphle marker Is present
wlthin SEQ ID NO:1, SEQ TD NO:2 or SEQ 1D NO: 3.

The mathod of Clalm 88 or 89, whereln the at least one polymemphic marker
comprises at least one marker selected from 52497304 (SEQ ID NC:16),
m94?5§1 {SEQ ID NO:30), rs10882091 (SEQ ID NO:4}, rs7914814 (SEQ ID
NO:24), rs6583830 (SEQ 1D NO:20), 2421343 (SEQ ID NO:15), rs6583826
(SEQ 1D NO:19), rs7752906 {SEQ 1D NO:32), r51569690 {(SEQ I NO:6),
rs7756%92 {SEQ ID NC:21), rs9350271 (SEQ ID NO:33), rs9356744 (SEQ ID
NO:34), rs9368222 (SEQ ID NO:35), rs10440832 (SEQ ID NO:36), rs6931514
{SEQ ID NQ:37), rs1B60316 (SEQ ID NO:10), rs1981647 (SEQ ID NO:11),
rs1843622 (SEQ ID ND:9}, rs2191113 {SEQ ID NO:13), rs9690869 (SEQ 1D
NO:31), and markers In linkage d_Isequ}IIbrlurn therewith.

The method of any of the Clalms 88 -90, whereln the at least one palymorphlc
marker comprises at least one marker in strong linkage disequilibrium, as deflned
by numeﬁc values for |D’| of greater than 0.8 andfor r? of greater than 0.2, with
one or more markers selected from the group consisting of the markers set forth

In Table 22, Table 23 and Table 24.

The method of an'v of the Clalms 88 - 91, whereln the at least one polymorphlc
marker Is selected from markers rs7752906 {SEQ ID NO:32), rs15696%992 (SEQ 1D
NO:6), rs7756992 {SEQ 1D NO:21), rs$350271 (SEQ ID NO:33), rs9356744 (SEQ
ID NO:34), rs9368222 (SEQ ID NO:35), 1510440833 (SEQ 1D N(O:36), 56931514
{SEQ 1D NO:37)}, and markers In linkage disequiliprium therewith.
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The method of Claim 92, wherein the at least one polymorphic marker Is selected
from markers rs7752306 (SEQ ID NO:32), rs1569699 (SEQ 1D NO:6}, rs7756992
{SEQ ID NO:21), rs8350271 (SEQ ID NQ:33), rs9356744 {SEQ ID NO:34),
rs2368222 {SEQ ID NO:35), rs10440023 (SEQ ID NO:36), and rs6931514 ({SEQ
1D NO:37).

The method of Clalm 88, wherein the at least one polymorphic marker Is selected
from marker rs7756992 (SEQ ID NO: 21}, and markers in linkage disequillbrium
therewith.

The method of Clalm 94, whereln the at least one polymorphlc marker is selected
from the markers set forth In Table 22,

The method of Clalm 88, wherein the at least one marker Is selected from marker
rs10882091 (SEQ ID NO: 4), and markers in linkage disequillorium therewith.

The method of Clalm 26, whereln the at least one markers Is selected from the
markers set forth In Teble 23.

The methed of Claim 88, whereln the at least one marker is selected from marker
rs2191113 (SEQ ID NO: 13), and markers in linkage disequilibrium therewith.,

The methed of Clalm 98, whereln the at least one markers is selected from the
markers set forth in Table 24. )

The method of any of the Clalms 88 - 99, further comprising assessing the
frequency of at least one at-risk haplotype In thé Individizzal, and wherein
determinatlon of the presence.of the at-risk haplotype is indicative of Increased
susceptiblliity of Type 2 dlabetes.

The method of any of the Claims 86 - 100, whereln the Increased susceptibllity Is
characterized by a relative risk {RR) or adds ratio (OR) of at least 1.15.

The method of any of the Claims 88 - 101, whereln the Increased susceptibillty Is
characterized by a relatlve risk (RR) or odds ratio {OR) of at least 1.20.

The method of any of the clalms B8- 102, whereln the presence of rs2497304
allele A, 5947591 allele A, rs10862091 allele C rs7914814 allele T, rs65B83B30
allele A, rs2421943 allele G, rs6583626 allele G, rs7752906 allele A, rs1569699
allele C, rs7756992 alleTe G, rs9350271 allele A, rs9356744 allele C, rs9368222
allele A, 310440833 allele A, rs6931514 allele G, rsIlBEﬂElE allele A, rs1961647
allete C, rs1B43622 allele T, rs21911132 allele A, and/or rs9890889 allele A is
Indicatlve of increased 5ust.:na|:;'l:ll':mllIlt:'«,Jr of Type 2 dlabetes.
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The method of Clalm 8B, whereln determination of the absance of an at-risk allele
In 2 pelymorphic marker In a genotype dataset derived from the Individual is
indlcative of decreased susceptibllity to Type 2 diabetes..

The method of any of the Claims 88 - 104, wherein lInkage disequilizrium Is
characterized by numeric values for |D°[ of greater than 0.9 and/or r of greater
than 0.2.

The method of any of the Claims 88 - 105, further comprising expressing the
susceptibllity to Type 2 diabetes as a risk measure.

The method of Claim 108, whereln the risk measure is calculated as a relative risk
{RR) &r odds ratlo (OR}.
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