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-1- GENETIC VARI ANTS IN THE TCF7L2 GENE AS DI AGNOSTI C
MARKERS FOR RI SK OF TYPE 2 DI ABETES MELLI TUS

BACKGROUND OF THE | NVENTION 5 Di abetes nellitus, a

nmet abol i ¢ di sease wherein carbohydrate utilization is
reduced and lipid and proteinj_utilization is

enhanced, is caused by an absolute or relative

deficiency of insulin. In the nore severe cases,

di abetes is characterized by chronic hyperglycem a,

gl ycosuria, water and electrolyte |oss, ketoacidosis
QQQNEQT@VA@RQJTESGNTWHE?G%&SAS é%s%&%ﬂﬁi%@és FOR

of neuropathy, fgi BEPAYPY 2 el 1%31 eralize
10 degenerative changes in large an sna’ﬁgﬁlood

vessel s and increased susceptibility to infection.
The nost conmmon form of diabetes is Type I1I,
non-insulin-dependent diabetes that is characterized

cem a due to inpaired insulin secretion and
3‘%@5&0 %QEF%WTEP@H tissues. Both genetic
and Qﬂ%étt%riﬂﬁﬁﬁﬁl a ﬁl@&%?ﬁédlﬁ&gé %Qﬁé&%a%%hﬁr&%t%ﬂﬁmeis reduced

For exanple, obesity plays a major ro
agd \P@Mﬂ@dmtemfuhﬁlmﬁ@ is enlancedl ypenddsl Yyl andibadleteas rélative

L us
BreEfortyhotty, B BeBiorf s8R SRelBiobbhd ool
tgpcnglmemla , Eiycd=Q8i5, Waih:eam_ﬁ elmh@lyt&%sd,rkbiﬁhtldﬁslmﬂhﬂ do&aa\é\llg)_té)hg term
i.abetes wo i s estinated.t cl ose t

PR 1o Hadonhans of S PR, £ pE i psBiropRf generalized

delgeneediivabhangbl Rldefge anfamell bbbl Pbsselb4id ml:f‘e%@ed $ud&P8bility to
al ence of Type H.diabetes in the adult
%‘fgﬁ&?ﬂat \{jarﬁf“?sﬁc%@% o of diabsigsin Tyng Wgwngasyin-degendept diabetes
thdt is @a?a*é&?med\@fjhype;él?@mla 49d to 1%&1&3@3@1}11 se\@@ﬁ%ﬁ and msul%

conpri ses )pr oxXi mat e opl e over the age
resistieg ithigtast tispues E@bﬁéﬂeﬁfﬁ?@dl@h@hﬂnﬁﬁn@ Hctare eondfibutito the

A8 RATOr S glé‘%hgﬁtér'ﬂ%rsgiorp&ﬁbﬂol B Al b&EL g’\‘e t?tv}ﬁ e Bidease. Type-

unnet nedi c I"ne enet|
1T diglestesdsl Oﬁw Tyild fhimalphthiebess mclllmsroé grdediaetty defi ne

: E:r gﬁg g?&l g%l{%tﬁ)lﬁ of T oreg éhatbefcéo at%%%dedouasl ?n 1%95‘3 there were

1a5 abHioe adul SUMNRYb&Es WhifdwWINVYENTES a‘ﬂnﬂmei thataﬂ;@atto 300 million will
nv ion rel ate 0 t hads of _di nosi n g
e Fb BoRar vt e e gt € g RSP agidd: 14161

(Bwsm)emmeqbsevafende GUTAR 10 GiaBetdCRItBOSERM }ﬁipﬁﬁﬁﬁﬁ iblcklahdist05%

? e |l &slab S orﬁ%%pqn03|n a protection against

CVBa1spm. - 0 o 21ab8Y, Medallde; 440 498 395 P REreRBEBot Y

?@ﬁkmay@ﬁs 008 b@&ﬂl@ svér%é e oFeh thl 1&%@ &e(cimreaébs )Gfﬂeriﬁgzp n

tor 7- 2 (T-cell specific, -
P‘;ﬁ"élfr‘fl?ﬁ@’lﬂ;ﬁ ﬁhé?aé? pretingrsaging pmiﬂat@n@f@etné S]QGWSC@ ynmet medical

nEécﬁB%ﬁﬁepﬂ'lb %Ehét@%&&sﬂi olveHE T g@@?{l@%@t&%?ﬂﬁ{ h%&emsel E}eﬁne

det ect | ng eneti c marker ass
thepsiricttdd risk faqto]sy \Adsqmseded are therapeutic agents for prevention of Type II

diabetes.

SUMMARY OF THE INVENTION

The present invention relates to methods of diagnosing an increased susceptibility
to type II diabetes, as well as methods of diagnosing a decreased susceptibility to type II
diabetes or diagnosing a protection against type II diabetes, by evaluating certain markers
or haplotypes relating to the TCF7L.2 gene (transcription factor 7-like 2 (T-cell specific,
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In a first aspect, the invention relates to a nethod
of diagnosing a susceptibility to 5 type Il diabetes
in an individual, conprising .analyzing a nucleic acid
sanpl e obtained fromthe individual for a marker or
hapl ot ype aSSOCIated mﬁth the exon 4 LD bl ock of

mhere

H&EEI % ?/ SR ynrg eEr a | ve %Te 4[%3 (612 ﬁ'g% %‘Ftsﬁnptfo& fgiped))- The
niethddﬂs abmprise deldatinne gaiﬁmdnaméﬁassdciheedmwgﬁé eRbn 4 LD block of
Eﬁglzég e conprises at |east one nmarker selected from
Tl rs listed in Table 6. In another enbodi nent,

the mRs kek asptl, @6 iMRRLSE YRed & AnlRSKEF 4 &

preferred g%%odlnent ]the ngrker or haplg%§s§E|SUMﬁPUbﬂﬂyt0
tyipadi diabstoseingh mdmdeaseunpmamtﬂzmgla myclaié agig pemple obtained

t in

vl R A REE LR R ellbd Wigl o o Epyblocicof
TCEABL, vihe@oin lthlaq}rembncﬁgoﬁhe edagiter Vbehxplatbtpemﬁ ua:hcdtleasf a kuskeptibility

teioe B G e dahogiherd e PRRkesr Fini e reprisapetiest one

marks lséiédtétﬂﬁ&ﬁ @Qﬁl%ﬁ%&lstddii 32bR3%73n aﬁ&ﬁ&%ﬁ%&m&n‘é lthe marker
1192205 rs7901695, rs7903146, rs 12243326, and
O anﬁﬁ%”mhereln the presence of a non-0 allele

(e. 9 fArre BembctimenOt

in %ne re 8, rr% @I'n:l al | elee |hr? %%glf%for‘ﬁ%f%g{ypé‘ %qg\‘%cﬁxje%f?acmased
suseFRHHEH Of type 8 chabe@ase Tiha ingeabéd 962@5HilHy § inbhebwbodiment

3BT 0 o DRl B Py 1.

rebdtiviemisk efistdeass g c ﬁpbmdoerhbd@tmﬁﬂ the nfiaylee id deladtedlfRing the gréup

<Pty SR ETENR SR 0. DAY P SeRretatiies afpsras,

rsmrmsem &H%@O@%Dﬁiﬁi ﬁheramrmap&saich 6f £ndh0 @Sgl?& arg, 12,
k§g§ allele in rs7903146 is indicative of increased

citthgmepypliels) fnjla919$478d p aAllelesin 19172357 2 milple in

'rsmg?s‘s;ao 1 £0 1080 0tisTeIY6205NECHREK 4 1577501684208 %ﬂ@ie u?f?sli‘9o3 146;aC

wherein the presence of a T aIIeIe in 1rs790

- alleleingatd29 3% OI fFﬂ:T eBele dn 548045661 Bindieajive of myleeseﬂlsu%phbﬂlty

%ﬁg eteé n g@d %%B&M e@m&%@;ﬁ@g&m&&ﬁmﬁg&mp
G@mh@@ﬁ IBGﬂ @34}7 8 @ﬁd tsﬁﬁé?l 146 dmChWberem thepresaiee pEas@d0 allele in
DEISPRLG B bl fn351003 26 5508 Vel ihRl ARG AR o Hpe 1

atitve ris IS PrHan"”
dlab€$¢8 df yetl amsthet Iblafbn@d Zmblodingne tbe!‘rﬂn@meﬂi% B$7908 1S, BRd ¥hérein the

is sel fro LOUR. consi stin f 30 05478,
prprasebh Sheip ngetdi 48 i BRSO R e dprsaguILe to typé I
disiset&03146, rsl12243326,: and-rs4506565, . and mhereln t he

presence of a0 allele in-DGL0S478, a Gallele in SNP -
rs| pagaherpreizel apbedimenh tegnabeydaplatyee a indicetivaof

O e
engtiodirhent |Charn@d%6 5@5 rektiverdiicat lessgharod. 8,ancle<dmg asddiive risk of

BRI S 5, sl BB S o

D@ eST8ce12:05587%) raigh el 49, kﬂl@%hﬂ@é?ﬁimg% IrETI08 846, Y1 2043326,
pe i abet e

oSSR ot SRR Bl LAy Lo (YRR L BABELES. e i sp

1812255372; a G allele in 157895340; a G allele in rs11196205; a T allele in 157901695; a
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5 is rs7903146, and wherein the presence of a C allele
in rs7903146 is indicative of decreased
susceptibility to type Il diabetes. In a second
aspect, the present invention relates to a kit for
assaying a sanple froman jigdividual to detect a
susceptibility to type Il diabetes, wherein the kit
conprises one or nore reagents for detecting one or

C HREIS i R8T 196259 ARd1a 1M 178 43026:h8 a800Met th R4E064Y508 krdRbative
TCF7L2. 1n one enbodiemnnt, the one or nore reagents

of @iperensed sascepBbibity tosepe 1k Siabrigy ong meferredemonslinenf,bagurker is
D&Rgdass M&@iﬁﬁh %r%&'i{@é SEL Eﬁ'él¥ il BeRodLY a&ﬁ]ld%(:ﬁtntr%cg

conpriding at one marker assocl ate
deemﬁedzBuE@pbbm@ktodfpeﬂCEiﬁb@es | In apntheepbidiedenbodineh ttemearker

. or edfr r.ou L sti.n
s BRI oS5 B S AL LSS B GRSt
ddﬁ%ﬁ&ﬂkﬁaﬁmhbﬁ%QQSﬁkﬁldﬁbaﬁi243326 and rs4506565. |na

15 eferred enbodi ment,.the.one, or nore marker is
DG cQiid asBerd dheyprgsent an%tms}atesm{%ﬁréapmgasample

e drRahal tb h&eéf@rs{ﬁ%pﬁlﬁhﬁh@ $pelt hgh&ed, alhél‘%mg’ i’eﬂ@ompnscs

| n anot her asgg present |nvent|on rel at es
OnGER FSHE BTRZes @Fﬁq@tlmnem eoye thaeliersfassocintasionith thletegimb‘ff LD

b1b ESHORSE; 173 Iﬁ 0 rzlgt?dléd%ﬁr a8 %E}E: 'o{: {nﬁ%erggegen& %%&hié[)ﬂg?ast ?<ne

det ect | I Ng a narKkKer assocl at e exon
Gooﬁgﬂ'@lgﬁu@leoweumc& thet ipcompletdy Q@npiémelﬁa’ymna kemion smprising

o B o 1 PR T80 e men,
thd&rﬁﬂé(ﬁfmi;lﬂieﬁ é$ &d:etzceﬂ fidnothetg;]mpgdsa}gﬁnﬂg)gﬂﬂcg%osggs cr€~,12255372
S SUTao b o5 E ISR 2 RShsses. o

pré@atd embedibRel, BRMne of ARrdMAKES isiIFG TR br 1MFB P44 SmOmother
mar ker rs7903146 and wherein the presence of a non-0

- prefered empadiperiotererker wnthe Geliele m 7903646 57003146 i s

i ndifgahbier Kped RE HRARE hﬂvtebftléi'f re?até§9§ h?ﬂeﬁ%d%@ﬁ%@%ﬁ% a0
a TCF7L2 therapeutl c agent. Another aspect o

iniriduat foo probabilivef responsedo a FEFTL24heTgrRAtiOageht copptiting
de?e%e % dﬂer%&?ﬁ%&ﬁ%lﬁgﬁy )?ono 195) ’tﬁgc% ﬁr&ﬁ%‘? f%er&??het%rgsence

atment o abetes. I'n oné
of TigFMinket hendipaivt o€a pybabilisofapaieatesptiat tat TEFZL2 therapeutic

act|V|t at.hway or i.n.th
et b elediise B wthdur B R op g
D.(Bh@ﬁ*élf-fl’ﬁ ersil 22558’@& m7§9534®011~_sa% BIH920S| ?S%?%F&gggcﬁﬁﬁﬁgg\l%g%
t ent Ta -
andip 58% er‘ﬂ Ef"gaﬂ ﬂ’&ﬂiﬁ’F Fpar %”1%%1%8475 RIS
rs 00 186] wad bR Bb pfeb&me RY§ ﬁbh—@rhll\éle ih D@qosmraeﬁ Elleflé ﬁf“
t he follomnng nmore particul ar description of Ere erred

rsSEPB bR vardisatie of marobphilibmfiagesitive msmmsp teleBETS?2 theeapeutic
ag%;gWLZ region of interest with respect to |inkage
sequi librium (LD) of SNPs in HapMap project Build
16. Amvdhe? 28pegkds tpeineendipanslaiee wethe use of a TCF7L2 therapeutic agent

for the manufacture of a medicament for the treatment of type II diabetes. In one
embodiment, the TCF7L2 therapeutic agent is an agent that alters activity in the Wnt
signaling pathway or in the cadherin pathway. In another embodiment, the TCE7L2
therapeutic agent is an agent selected from the group set forth in the Agent Table,
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LD bl ocks as indicated by the black arrow schematic

(based on NCBI RefSeq) which shows the direction of

transcription; exons are indicated, with exon 4

hi ghl i ghted. DGl0S478 is |gcated at 114.46 Mo on

chronmosone 10 (NCBI Build 34) in intron 3 of the 10

TCF7L2 gene, within a 74.9kb bl ock that i ncorporates
BFBEFtD@éCkJ?*ﬂ@ﬂI@FT ARGy exon 4 and part of

Intron 4 (herein referred to as the "exon 4 LD bl ock

of TBETe2Eding FinkotBhiRbjavts feehgesand agattagesiof the invention will be

t h th di.n h
S TEETENET N RN e
imdgntibaupper | eft part of flgure) and r2 (lower right

DETAI DESCRI PT|.ON OF THE | NVENTI.ON A
Sggﬁﬁpfamﬁctafheﬁ@?ﬁ%% ErIFE TR TePeqt fRelikagRnt i on
dlSE@lhllllgﬂﬁrﬂ éng 6 SKESRGANES Pibiebt ﬂ_MRieIGI *Fh@ﬁ‘bﬁ{tb né 8pans seven

pe |1 etes is characterized by hyper cenla
oelﬁs pdndieated by tha bisgk ArrovselamrtisfbassdiehN i) wdhich
ol r i -
S T SIS
DGAS478 yplecdied afildhdo b machrembsommfﬁ @iCEIe‘BuimM) in intron 3 of the

; [icati.ons enlaJ

TR R RO 2l BB e TR R SL OB P Spaeeef exon

4 aflé\patt@f il otheeiy dicavad Scal the “&ionelds® bloth ef PCEYERY$NOR: SNP
of type. 1] diabetes 25 wo rtﬁldv\nde is currentlﬁ 6% bu

er# jPhtted S apigistantl reshea thanrscording tor g by isal posifigns. The

gllfhﬁdh@@@ Swo hRaRhQVATENCEe. 9) (LyRe 14 péibt S ah&1* (lower right
attributed to increasing age of the popul ati on and

Paft)se in obesity. There is evidence for a genetic
conmponent to the risk of type Il diabetes, including
preval ence differences bet ween various racia

DO e RO R 40t ROVENEHG 4. ©) and A oy bl i ng
" ol S RO Qb Gkl ot ARERER iffp e OPoan

popul at'i apprOX|na
approaches have t hus far been used to search for genes

[ ed .wi =2 Il diabetes. Single nucleotide

Ioﬁbgﬁﬁgﬁﬁﬁﬁﬁ V@%@i@—%&%hln candi dat e genes have been

tes tI@ﬁe fiafiatR s dCihatac Rz 6l pétalydemig edhalan ob@ir theagh

ﬁgﬁlcate or confer only a nodest risk of type |

meghapismegich ag H’épaﬂFB@fnS%“HECW‘PEp‘BF‘#’é‘&e%%ﬂ?ﬁ I%P%?Péeeé tipspgs and
indr$eRb® fludos? ol BB |ﬁ'v§r”Mo@t ﬁz{a@m&e %ts%&l@ﬂef {tol or

activated receptor gene_  ( PPA ng an at
coppligations okalvesie Byner qeﬁea m&uéw nepiton ,dﬂeymp@tbm rﬁwcngthy

g 0l AL EUIG ALLPTE TR e

wotldwideoih ctny@elyl % Umtabpm@tedhamee yvee kisedxisdoeadedl). Thisi |n;lcrease

in g%% % mﬂ Xlabe%gsl{ss at%bultepdt %rnq_]c%eltsgl%%lge oF t%lg poptlﬂatlon and rise
in obesity.

There is evidence for a genetic component to the risk of type II diabetes, including
prevalence differences between various racial groups(2, 3), higher concordance rates
among monozygotic than dizygotic twins(4, 5) and a sibling relative risk (As) for type II
diabetes in Buropean populations of approximately 3.5(6).
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10 been on loci on chronobsones 1, 12 and 20 observed

in many popul ations(6). The genes in these |oci have
yet to be uncovered. However, in Mexican Americans,

the cal pain 10 (CAPN10) gene was isolated out of a

| ocus on chronosonme 2q; thig-represents the only gene
for the common formof type Il diabetes to date to be
identified through positional <cloning (9). The rare

Me n‘?‘%'a@ﬁrcfa@lﬁdﬁla@é thiny e bddn editveteash forgepbsyassociated with type

turit t di abet
g B s e el DR e 0¥ ecn
tes{éﬁ%‘ a%wlé’udil%efhfaeéi HIERHOE 10k Bken Féil afed @8 06nfbd dihk)azgmod@t

ronosomne for ‘type Il diabetes mallltuspwgpg
risk o’éty{;m ] chahmep%qu tae imea{ Widply reRpricH &CEgAPTSIethiF T

orted.s ol e d
poly BB L TR o AR ol ARt v
(PPARGRYVcan g risk @n]s'(n})rph)sm 2Chapetassirh prvadyredgpe gh hannel,

ciation with Type I1D abetes
Smﬁﬁ@ﬁﬁgé§@ﬁg ﬁw k%#“ﬁéﬁﬁtes to identification of a
ty p@ehbmglvﬂﬁéhﬁﬁag@%&@l@ iredamilids Bvittbihe (ck:m(-ﬂoa)fom aftm@ II diabetes

| ock of hi
Have AriSed PETRIHOCL 4L or PE GRS Of DREP IR i Gy s

beds Cgrﬂgé% éﬁ)ﬁﬁﬂ)%mmr Heh&d Y0 SHxbvell hﬁnﬁﬁ@ﬁoﬁﬂdﬂ@nﬁ(ﬁ) he gknes
T& I ncl ng mcrosatellite DGLOS478 a 10
in ﬁ’msé(bpshafvs motgt]b@emawredr HpyowsgnMeH e  BERsns. 3’%‘“& Rejp

(C%%Qg ?ﬁé %&a%q %tgt]t[' 1%%@@ 1dchs B @l%fn%%mg D& tBf ir&irék8hts the only

ound In an lcelandic cohort, of
gehé ﬁ:nrﬂ&&ﬁmmmbm forrodf tREI0E4TBes tpRate 130 ddentifipghibgaueh gositional

k N, t -1l cie
BRI BB B phpb] ) ARy kBT FAEt].puloPiabote
of dheMRfh fémy,&ﬁawﬁeﬂgdmx gatbssgraxoggo@m_ﬁﬁﬂ cohort

30 DG1L0S478 | s |located in tr.on
on 18§ P vOuslFeRPTH genomeside Sl%“é?faﬁlgg‘“’tf%%é %Eé‘!“ joeke’ 3G for
ty%“ﬂ%meie'a %iel%tﬁ@ ﬁpﬁfl t[@%aalc ?apﬁlaﬁxfn(f o)t irothe 3an;¢ fredypivelabso

exon 4 an art of intraon
cepartndsosgdsivactingesE it ip Yot %ﬁs‘)&%} 1710 region has
al%?@%@wﬂ%e@ge&l ﬁi@ﬁ&dﬂp&%aﬁé{ﬁ)or that plays a role in

[

st gnal 1 ng pat hway, also known as the
APC3/ 0- cat eni n/ TCF pat hway. TCF7L2 nedi ates the cel

eel fiL.C7 k eaY ALleqRcr9l PAs%géiHﬁ&g@ﬁh

n Factor /-

)
t hr Oﬂgafprbé‘eﬁt 1ﬂﬁénﬁorpalammndn@rﬂ§@ugn Qfga vae &ﬂl@begﬁﬁssoclated LD

i S8 LTS & 1820 Bl Behe hbeEt bhiPRansSription
ud i Terenbifadisfdess antbol mcmgz) iSelérbl mpxkarsofithin the exon 4 LD
bpslk 'ﬁ%%;f%inéqa ng ﬁﬁég&s%% @gﬂp%ﬁﬂﬁ ABRERL 17003146 and
rs?%ﬁﬂﬁ? 1AL beerfolhy RIHRGsdobaRAtvith §BeMRdiabetes. The ongmal
ARganmm) (13). Wen Wit signaling i.n, pr ¥%es
obssryatien, dhstelgunr inpdpdapicaobprrpf the a%&a%ﬁ*%m%@%?
%ZJJ §~9 ROGHE {iﬁill 15?153' @B%Lﬁét?o%t dribitab fétr%k&‘iaﬁ@@}@a% $(Bs3Yuently

tion, een reported that
bé&htréﬁl&atedtm alDanmth?;a’l W digbgtest dohent ap@ﬂ@»ém@d ﬁm@mm cohort.

D%icl OQHSt ¥ located in intron 3 of the TCF7L2 gene on 10q25.2 and within a weil
defined LD block of 74.9kb that encapsulates part of intron 3, the whole of exon 4 and
part of intron 4. The TCF7L2 gene product is a high mobility group (HMG) box-
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t hrough physical interaction wth 3-catenin and TCF7L2
in colon cancer cells(14). The nmultifunctiona
(3-catenin protein is also inportant for mediating
cell adhesion through its .li_-ndi ng of cadherins(15).

As a result of this discovery, nmethods are now
avai |l abl e for diagnosis of a 15 susceptibility to type
conkainidlgabateihtion facm lthat RryE @ kold ivahe VhiSigukling pkem:ga sid known

susce tibilit type |1 _diabetes and/or
SELH b itenigli itk e Tk fseteus B9 o5 e wepifg regulation
of ﬁ“@%@ﬁ?ﬁ?&é% PSSR G DR e b AR [Pu e (oeh te
Wiit petfhuchy mgprebeds Rrichtetia and g}yabgmrsyﬂmme-@hgs(d ¢} & edilition,

Wil e BT e MDA SR e g fBon of
the(&tigbgélﬁshan@npﬁ@n fcrtd @CRATGerhend@r bmd%pﬁoten& alphd, 16

or ot her aIIeI%% i n mar ker, DGLO associ at ed
(C/WHlphél@’@éﬁW’%ﬁometﬁmlﬂ rafqFpactivated reqsaios gamma Gallele
(PP AR N5 )P AR 203 it A28 5 B Sk atfoByBs s SeG/eRRE S overexpressmn
susceptlblllty to type Il diabetes  and’is an a
of dmgmantangmfee%@?ﬁé ﬁ@@ﬁ ordls difjquentiate intg) aa!lmpﬁtga(f 3)aIHradd1t10n it
IeIe in

sgel al ed
51& @?ﬁ tB-ii fﬁ% %15 %erlu]n (:.1%::1 I‘é V{%rggs PIAlﬁgeamma activity
threﬂﬁﬁ WZ@&%&%C&&&&%'B%%1M@F ﬁ%ﬁ%@ﬁ)ﬁ@ancer cells(14). The
susceptibility to type 25 Il diabetes and is an allele
muitifgnctionabB-seterin pyatciadudlssimuoyioat for meilighes eadh adhegonthrough its
lIeI rs7895340 (associated with
bu%’§bep?mgm$§ry)to type Il diabetes); a Gallele in SNP
r sl Abk36aoftlhis dachwate chemctdh aa: Idmcmﬂslﬂel for diagnosis of a
oSBT ot b Sul B o b BBl et By o
typalll &laBetedandN? a&ﬁbtedtﬂo&@%@iﬁst(t?ﬁ&ﬂ @i@bﬁ%@l W pleferred embodnnents of
susceptlblllt to type IT diabetes); a T allele, in

 the gV ORI AIRSECRT A WA I léle@%fyd]éf‘c?fé%@%‘)f pattioalar Allce

m&&ﬁﬁg‘egb L1k i Mafl@r DYRESATR msaaﬁiea%nmec%am s«a.l;deghﬁmy to

that is protective agalnst type di abet es) ;
tyrel I[ diabetphargNpar elfdothguis prafeciive aam@ﬂ tygretThdiabetes); 2 non -0 allele

(e. %us4c Qp‘%, 91%3; ély %d O B%Qrealfelc?) o %R&texe 51084y 8%8&'01319%68 wifh

assocl a ecrea
sussepstialityith Itjl’petlydltabﬁttsymG klleld imBEP esl 2275 373r(dsso<satacﬂ1 with a

dec?alrle!%s'eji gtllstcgﬁn 1]§K"g§) {3@93}% ge aggisn%% e}lltgt/eagat is rﬁ'teg wget aegsé st %pe i
disburceptl dield 1h)SNHIsIMﬁS3 12 (ashoafartiesjh suaceﬁtibillheﬂoeyﬂdil SNP
ciapPreEl ACA 0 i TP A 0P iR Psampbas i ity B rpe

11 §i#6SQCAnAtiesh MAha i§ Hl%@e,%ﬁ% Bl aidst ¥ypb 01 dlmeesb lan A allele in SNP
di abetes). In additional enbodi nents of 5

rsT8R934 (aenqciated rath swager@bilityde trmrs diabefes: 4 61 aéleleu% SN t he
f :
rslgﬁ%ms(agga%gl e I}}E%%b&d sﬁ&??@oghtgg ’IP& %ét@s%ﬁ%%é} allele

a susce pt | al so
thedismatsiie aghinat typel diasies); s (ISa:lbm st mya 196205 (esobiated with

sufspRREHE o Wos Bink T ofile i SR B s Efeitil i
dea*émglsmelﬁﬂﬁlﬁtywtybenmm&ws ahe 1sLh31%1ﬂeIthatlld?ﬂtelcﬁVe dgaﬁlst type I

enc sence of these particul ar | el e
61% Ml% eNBSAPgs7901695 (assocxated with susceptibility to type II dzabetes),

a C allele in SNP rs7903146 (associated with a decreased susceptibility to type Il diabetes
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Nucl ei ¢ acids, probes, priners, and antibodi es such as

t hose described herein can be used in a variety of

net hods of diagnosis of a susceptibility to type |

di abetes, as well as in kits (e.g., useful for

di agnosis of a susceptibility-.to type Il diabetes).

Simlarly, the 15 nucleic acids, probes, priners, and

ant i bodi es descri bed herein can be used in nethods of
andi 1280 S| S 11t isdrétesive agsinkt Wdﬁ m‘abéteé); 47 atlele fry PP k47903146

di abetes, as well _as In
(agsopldtTiine Sysentibility (RJ¥P db% E“é)( 8& gkﬁ%’ Wﬁﬁ%‘ﬁm
(alfdobRled Wit Qﬂfsc&ﬁﬂaﬁﬁif t0 &F@Iﬂﬂhdbete@p Rl mseauae urnsm 1$4586565
can be used to anp he markers of _int In %Eﬁl

(assopiated voith @ ﬁ@cm@ém todrurpe Hidiasiss)- sngfldigio aihfﬂ&ms

{
inkSlob Dt o IEY 8L Sipl oo TRRg B ARSE dgé@%’?i‘ hag ™ canbe
uded f@i diaguesig of a sush@maiutg teetype H dighrekesy ardGipgargagrosispt a

SRR PP is s b S ks M RAARRon of S AMORR:

préfRtiBeacihepg € difbetes. TﬁEEHa@ncmlclaesagS ptesmitedslmh)lw @ Hehieed to
insertion or deletlon a SI | e.hucl eotide, or of

idgefHy the PrSsEDEHEF fi’hﬁ%ﬂcéBf éepa[rlé I %“ﬁge in a frame shift;
t he change of at |east one nucleotide, 25 resulting in

a change in the encoded anmi no acid; the change of at
DIAGHOIHE A ¥dt i de, resulting in the generation of

ap rﬁg@& aGidS L 2Bnes v, L8 a%cﬁtléscéﬁd?&s 86 Fe@ribed herein can

nucl € resulting in a deletion of one or nore
beannded dn a&aldsiy eﬁr:n@‘dheds Bdiagnesinof & seceriibality thepe {ididietss o well

or s nucl
asrlé‘&%tﬁ-gﬁ-%-aﬁe 416%18%1 gg % ﬁlgsgr t}bzln%% g@ ?Iydl ?::atl‘nmﬂarly, the
midie BEIEg b sbds qfrmﬁdilﬁ aﬁd) ﬂntﬂ:@dme de&mbed béreinlven g@md in methods of
dupll tion of 30 al

& c}ep@ﬁse&fsu%ﬂepnlg B&: @Fg%tﬁs asg‘%elg as 161 methods of
dlag%sisaﬁ&qﬁsﬂa&n&lf ag@inkt tyd TI@izbatet, Mkl alsben gm)e In ddar Bpédnahe kit
one such change nay be pres ene. Such

ﬂﬁéﬁ@@ﬁ@@“@ﬁﬁhﬁé@“@%@?é“&mﬂpkg@?% W%\ ﬁ%“%%lypeptlde
e ne Og)en?} &t dhé lrrgreﬂt‘i’(&{ @ia%ms@s oﬁ@étﬁcepﬁ@ﬂlt}e@é&@ﬁ B digbétes is
|

nce is a rane hift change, the fra
mﬂq: by d@taq:tlng%pﬂlymﬁ)mhlam ig ng@w mugkere 3&%‘\']036 @@%Fﬂ&ﬁﬁi hggein (e85

the 1§%§ mal%*!kt%lf DéAfsd Lt sivB £ PO 588 EAR0 200K 1 R 96205,

ure's on, causing generatlon of a
rmar@at ﬂﬁ9¢ﬁ1l4§,pem43fb26 m%@&iﬁéa i Vie¢ polymompbispraspybiiashenge in a
iated w.th dj,.seas
T 2L B Pt e o5 5 PR o o ML bPPuiRble Tuleotide, or of more
thath idie Budledtitle2repultth@int: Barhelstdfinthbehangs pliatiyasbos nucleoﬁde
alteration in one or nuc

B B O i B SO ORI g b Bt o pacieotde,

r&ﬁit%@@:@ﬁﬂe‘é@né’rﬁﬁm préfairelddy/ dation bt dbleti@cofthpverfunileatides,
pol ymor phi'sm nma alter splicing sites, affect tﬁg@ih
rastl4iBiEiin ¢ glelston @i%/mp)é MOrQImERKAITS SPCQsief by (hieqwcispiidssi the

mf@& éﬁ’ BRELI ﬂ%%rgfhl%feo iBANS]caks 99 uﬁ&qﬁahﬁcorﬁ@iﬁ%mn’“@r gene

nuc el C acCl as any of "the ch anges or
calnteeamai rexnlingés em mn@nupabm vitheQodiag seduengecnf thepeeney @iphication of

]Eloga R%% tgxeggg% %%%%9?)%1 op 6 t %1 pra }Ear?of 1J|h Q%Feggtt J@ngar%%ment of all

oPy bairt 8f hatgend) MoRithadshe satic Ehﬁge ﬁmyﬂah @raserdmab ylsgb gene. Such
rthern anal r I
sé\clq%egceechanges%al)llssélasdlffg:euclenm ?:Illet p%l 6?)1:1('19 flal:izcgaecpb d T&JgPL}) nucleic
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used (see Current Protocols in Ml ecul ar Biol ogy,

Ausubel, F. et at, eds, John Wley & Sons, including

al |l suppl enents through 1999). For exanple, a

bi ol ogi cal sanple (a "test 13 .sanple”) froma test

subject (the "test individual™) of genom c DNA, RNA,

or eDNA, is obtained froman individual (RNA and cDNA
a@@nF@WﬁXWﬂD@ uSthe diffrenes Gri fani@gHi® cEdnge SHE Ham@%hﬁrban resultin a

syuspect ed. of Vi n be| susceptible to
cl})a?lg% }rﬁe gly gn%os eeg a%nét}o acb g&? p}% éesglt 1 g@qterqtg)p ofg Ppanatyre stop
ccdioab:@uaﬁg gﬁil@aﬂlcﬁddyf\éi tetihhic€ ﬁﬂg@ﬁ)tﬁ@ ﬁﬂ%ﬁtwﬁ‘ a é}g m&fr%hxsm

from an

l{ ttﬂ est sanple can
asé%‘ﬂ% gﬁéfﬂ%fi?ﬁ%mmdmeaeha susceptibilép tp %ém:ﬂsepr @mdltlon
assmb@weﬁ Eeduipe ) Iﬁlcfellé’éc‘fjd : % &Qgﬁo%f %Pera 8 8&? opore

fluid, or tissue sanple misc
m&%ﬁ?]“ A ﬂH@F@*@@}afhaﬁcﬂcae ewttrasultgaatchmgetmﬂielpﬂ@ipeﬁticﬁcehcoded

b}% T@F S n@ G RS1d ASuc%lgasg 7 alrrm?ige of Yg"g‘%}: ]é;g}%g]]&sges affect the

I's or tissue a

stﬂghtbf@d sansmeniodf naRNAy oothérats RIS tBe ﬁﬁrllsﬁﬁﬂidn‘ﬁﬁ‘ fanMitldn\t the
e Is then

JThe
843 ex am n 2 o't é?“e?‘%ﬁl @@'\%éﬁ QPNA CB@FgﬁrB? Pherations desgribed above

lsT@E?d;dztomeeéleaea:aealeraa%ubl@m%@%nt and/ or to deternine
ant(s) encoded by the TCF7L2 is

|
p r e St%ﬁ!%tﬂg‘il ggr Iﬁ%‘@s’ég atspcepidhilioe @me§hﬂlabet$phym1dn@non
m&tﬂédsaﬁicﬁ%)s SeatheRPara Rl Cﬁ&ﬁ%l\lﬂ?é(nalﬂ¥%ﬂwn S %1 ﬁnuq.’x%aéﬁogs Canbe

gene in the genomc
usa% {sge GraBE: PrRtoqelssh dalecakir Bigpgh &usuins, Tieed,, ey, e.bml, Wﬂey &

pr ucl ei ¢ .
S(%r@gn&ﬁ%lg% 1ts n}%}%%ﬁ&t &%}(ﬁ%) F%étaﬁqrrgng%,ta (i).}gglcal sample (a “test
sapygle i fai teshsizbject (ifﬁfi%lsﬂmﬂmriﬂuel”yi oPEInBmi SONANENN or cDNA, is

ARy UL S BB TR SR L TSN L

aseﬁutdmedua]ushgjectedﬁfﬂaw@ B6iHE SScoRBI R dr &k%gx i
or nﬁgl ei ¢ améd gﬁfraorrent S%d(f& grcarrymga

def egﬁfgﬁ %gl?eng dighgioge ABe B @qn@e@@,aéult,a:hﬂdméetm P st

aippletei be S0 any sbircd kasHA tripj | e |l
i an:bet ez a t?gbsrl di zat i ﬁﬁéaﬁg’z&ﬁ%@% gu%y g&a“’ ‘?S&mple

©happioicitiiad, tsagpleos ppplrosponn duid, ngtlaua'%ﬁﬂaﬁﬁm&kﬁn, c
m@@l’e%ﬂé’bél%r%t) _;Iuﬁéﬁatal 1915 sa 3)]&%&! ]8 %‘%ﬁ%ﬁﬁ’té’r BRAr prgans. A |

preferred probe for dete

test sppaleel BN Bow fetel td:lip pnﬂmu@m%l c@taiﬁedfbybippﬂjpﬁbtegndﬂﬂ)ds
ences esc ed .herein. The

SUGUCI i%%mgﬁég{%l?o ggnm “SfSSEnP 5& Né RO, or ey
sample fiscthen exandnedrml cbtamhﬁ),e velfether 6yt tﬁéi@hﬁaof’cpﬁﬁmg% acid

tde f. .at .| east 15 0, 50, 100
i8 @3333{36’% e it @#@eﬁ%aﬂ@temﬁaqoée@w the §CF7L2 is
presm cirfd p‘mbérgce hff HeipdiyERrptnes br %1%}5%%95}11:@52 b%a%dlglg%gtgg by

b to aQEr OEF i ate MRNA or ‘genom C
yyrisfizafion of theasae md-‘ihegwm BNes Kays. apfeDiNdetal nefid FioBe.
A ‘dRsiekiabRGr r
di sc S sal s egj m% ésﬁg ﬁﬁglgg?ar?gb% qﬁﬁﬁ] pemll';ll?:e %@P@%Frc{bﬁ’ethe nucleic

acigd prabp £bepnfain 'm'qeemyd;ﬂa dt lzast bonpslgumphdishSinWrdral2ngdieic acid
icient to allow

St hat,. are suf
B ANl 0 LA B blar S vegian iy B L sualeic
acld?CFmObmcdrdwcana@f ¢the nucieic acid molecules described above (e.g., the gene
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15 "Specific hybridization", as used herein, indicates

exact hybridization (e.g., with no m smatches).

Speci fic hybridization can be perforned under high

stringency conditions or noderate stringency

condi tions, for exanple, as glescribed above. In a

particularly preferred aspect, the hybridization

conditions for specific hybridization are high

i ncC peeh i gl h&Br niidlei®bBS & Yrobd &

i e R i e e
primdordtel).zat i on occurs between the nucleic acid probe

and _TCE7L2 nucl ei G..aci d | S
Ter AR e Gy bR T el pAFTRIFon L Lite
foMadd Bdontactiag theSest paasle Rbnthininglel G 2aiucleircictl with bideast one

More than, one nucl eic aci.d probe c al so be. .
gl WDy ATRC PP PTRBE e PRI f,BeP Pl R i52 lapoted
mRMe R0EpBbe &Jﬁbﬁ@hﬁbﬁd@i@%% RRODES ghointe DNAI @atdnees of

a pol ynorphismin the TCF/L2 nucleic acid, or o& tge d
deperibsd hewsinof The misleis pidipmbe et bee 1o G yapleath i AR PR eIc 201
mbifud gfllglﬁ{t{b%%&b&% %déldals af gli REdl FINRELI 13, 3®508100, 250

SUSC€ Ity to I abetes, or for a decreased
orsii6 mepitothiek it iength any pefficlentiioabestiBenlly dybridinelprder piripset

a.protective all agai nst. t el
oo Py e Tp S T i PR S Bk neelp the
diBhokidgassaydes tiehyerdtionate de3@itel abowedses, e.d opmobsydndyprigaers
..Sons,. sypr the hyhridizatjo et hods gdescri bed above
dl%“é“&é‘@é‘g tﬁ%h‘?ag&& i‘ﬁk}‘ﬁ?’ﬁ e’\cbdsé)g é}%g[gv?f'%og%pol ynor phi sm
Or ariRafybiiih@én Spiil€ istGhivaibdtider aasitdmited arenfuffiviant to
susceptibility to tt@? Il .di abetes or éﬁﬁﬁfia ed m@th
albpeiwnerisa sueridipicamithy pictee 3o prebe \ad/p dicpeies.
“i%&iﬁb‘%&%ﬁﬁiﬁi@n Wb Sner@in! BdlcasflkbenydiidBhiiod @.g., with no
J5tai n fron1the__|nQ|V|duaI by appropriate_ neans.
m@petihes)c Spydbific Hylridizaionshn be prifirape uadar highsHngengiconditions
descri.b : f WATaERVY s icularl
of RREr ol Sond ol Rrid@ibles doRild WS, Iig pardontacy
pRfbindd agrecipthethybrifizet encediiona fyapacifia ibridigetio ama figh
variant encoded by a 5 TCF7L2 nucleic acid and is
& 'ore di.agnostic for the susceptibility to type |
di abejeHic 19britikerise ¢f pasaq ishacdptdidi dsingstandatdppethods. If
di abetes _(or indicative of a protective s
SREGRIC RS PrgHE™ Q90HS DRt Ea fhe TglRic ag ottt ?@%ﬁe‘?x%‘ﬁ%ﬁ“’e%"‘d m
tt3fiest $8n AL, (RACIEITCFIZD BaPihe ge ofiftesm, foplis s pifditey vaafd, that is
Patents No. 5,288,611 and 4, 85

: 1,330, 10 Alternativel
presqeé bt thel sudleielagidrals. MprNn gesBeleicaqdRIobR et aﬁsﬁ\sﬁ{eé%%d
ih @i jad idi Sy @R nuRRE (RS prob
g
ispaditatie-of i kelymanphiganh dheldEdiba mucleis geig, aof the presence of a

N-.( 2- ami.noet h ' ' it i Car
o LB R O UL 5 AN S oo
s@cemibiljty engpe B diseyds, bi fok @ decréasedbsuséaptibditatrpiyps 11 diabetes (or
_N.el.sen, P.E. .et , BlL.oconj t.e emstry 5,
indifafiy ¢ o Rfﬂ%eﬁﬁl‘é%?ﬁ%{%a@b‘ﬂ ‘éﬂ?é ﬁq%?bf’?a‘] 1994). The PNA

pr obg, NathaRe 2Rt ORes ChiaemIBoiokbe o Myldaylar Bikildg, Aasibel, F. et
al., eds., John Wiley & Sons, supra) the hybridization methods described above are used

8

to identify the presence of a polymorphism or a particular splicing variant, associated

with a susceptibility to type 1 diabetes or associated with a decreased susceptibility to
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TCF7L2 nucl eic acid. Hybridization of the PNA probe to
a TCF7L2 nucletc acid can be diagnostic for a

susceptibility to type Il diabetes or decreased
susceptibility to type Il dj@mbetes (or indicative of
a protective allele against type Il diabetes). In

anot her nethod of the invention, alteration analysis

tyby lirdisttetdsC FooNogthgashilgsis,casst sa'iQ]i;IQ of RNvadis b8tadRlem AR
ene, if teration (nutation)

ion in.the
i b ST e T, et BTISGos of Hpdi 9id aragnes
deRbrileddl b8 td RN Ofrof tﬁ@ﬁid.‘[\h@&all Qanﬁbattﬁre ofa %}ﬁ%{'ﬂ ﬁﬁﬂ:ﬂlll fha

contalnlng genom ¢ DNA i s obtained from

Te Rt Amtrag acihorr phificaescaeratiin nedinvtar eplicingP@Rpmicamodze by 2

. TUBELh ﬁ&l%ﬂ EJY c%gfa'@dlgé'ﬁ) &l B AG! sglsc(aPﬁtéthyég ttypg&ma‘getes

necessary, uences
orghe @@r@md:su@b@@ttbdnyrm ﬂype ﬂeﬂsatbetea dinindivaive oREbRtevtiab YB4IS

8b§1a38?ﬂﬂg ‘1g as described (see Current Protocols in

supra). The digestion pattern of
t he E@k@t%ﬁtaaweim@gmusé BriieRiERid Hebey ge%eﬂﬁ'%xﬁﬁple U.S.

t | hi th
s o g 4T 0 T her ef or & il cates the
pr eS&l?&ﬁat%lﬁQ%@ﬁ% t@icﬁ%ﬁp@m%h?ﬁé chf? bg %Pe%l 111§teetdl of a nucleic

di abetes or decreased suscept|
acf} preks whe B)’bfl%tl@ame\ﬁ@d@ flesgripechabout. BMAak b aNaA agmcrmmg a

peb 08k, il B! 60O RRURNGE, AAAKS) R0 S0 B%: organic

used ct specific po PR S

baﬁ@m 4.} cg: doird)) sAtatlestto :ﬂamgimnmmam 05 a Myl@e@afb@hﬂqﬂaker
opri at e

st TRk Nl PRy n e ary SrARoaie Gomica

Sc&:atxj;p R(OE). ThesPNAprobd @anlbk a@lgﬁaw@gﬁ@mcm} hfiRRIiZ80 2
a, TCE7L2 .nucl ei ¢ aci or a fragment

seqguence )
T e Qlﬁywl%fﬂoap £ hoRAA Brobg foryRERTL Zsfucidiacid can be
diggabdic fof a BiSb¥ptibAlityfid %@Mm’&ﬁestok“ ﬁecré@ﬁusb%yublh to type I

et ermi ned, ., usi hg standard net hods. The sequenc
dighties Rrdpdreiiva it @ profertiveiaiele agaivst fypedheéinbetes} DNA,  eDNA

f r agpeRdther HMod O th8 BNVALE di Q@&ton al%i ;e%%cyﬁﬁﬁl%ghon can

5 known nucl ei ¢ acid sequehce o
bemdoto dgtsctanmalispatioatie the Pere, 1ﬁi1e simmtmnc(ﬁmaatmﬁ} wmjahm‘pmsm in

h
s S %E%tul F%E]I th% c}e?{ﬁ s %peeisnﬂg é)% %t?eeglgpc%fm Ey e‘% F?&%%Ple
coslaminggenbinid R)MAt ie obtapred| Iﬂondﬂha bretigu. OPolglnBﬁls@ StdiyRa&fon

rotect| al | st type |l diabetes
PERY e %’F"r 1§JV r’i&%ﬂ‘?&?é&?lﬁlageldéa# e%eesa@%fub@aamlang
seqi&hefis} mtth@te@(f RBHICES %ﬁmﬁm ﬂl@Aﬁ’FHni/ fHé &&F irﬁﬂh&lﬂal aRFF Lhdysis is

t he use of

COREIS SSETBH! 5P CHpI A piaolo it HoleavineBilessuoh The
bl fusOTd RIRLMIMNN LB AR CA e RS of 868hod e

exanpl e, ture
altgigtionyen I@llsén@pb@mfm ctheoTG?I@Hn?umlcbumcdie énd thbmfore ﬁf(ﬁicfateg ahd 0

R I e S G

typedl dlsbetw(ef mﬁa:latwe mrﬁtebﬂilﬁiﬁllebe a@&naaypelﬁ dhases)pai rs,

tha eC|f idizes to a TCF/L2 nucleic aC|d
and {"’e %’ﬁfyéisﬁé sly %EF Ysrorin Arteshpesdirgrohymeer plists ima TCF7L2

nusleis @eif!l AbiedtishyipleQ TN of RN RBEHLESA BlonPrhP By IRIRELP BCR or

other appropriate methods can be used to amplify the gene or nucleic acid, and/or its
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associated with a decreased susceptibility to type |

di abetes (or indicative of a protective allele

agai nst type H diabetes). An allele-specific

ol i gonucl eoti de probe that is specific for particular

pol ynor phisns in a TCF7L2 nutlleic acid can be

prepared, using standard 20 nethods (see Current

Protocols in Ml ecul ar Biology, supra). To identify
Hanimasapmicssnit depiradh dhgepgueanbaol af6F dssnricat @id, wr & fragment of

1.1, . di : e I f | S ai.ne
o 88l 0808 oSl SAMBLNL SPIRA SR A
mBN/A, agdetertniodd, asing Shtla?d migttlods. cTicdetuanine of the nhitleinkeidgnucleic

seguences, e cont aj ni t he lified . K TCF7L2
oo PP A e PO bisEpEPgE gy the
krioSvrci@icidd 2id Sdnenss ioNhe2ens bASTIA MEREIS a@ﬁ@%ﬁ@éf et
Protocols in | ecul ar_Bi ol ogy, supra), and the bl ot
presence g plyBglisenntheT6f o Rdiceies thah ke frdipdual hage

B T Y BBl BT ARk e o

- indigpivenfzagrpigetivefallgle agtinetgpe B dgimbietes)e ol i gonucl eot i de

prob ). I ndj Vi . 1S ihdicative of a
T R o Tk e i
potyreomphsmeniaidifidtinvelcefackl) saemdh the hid of dobbloBRyHridatibh of

di tes or.is.indicative of_decreased s tipilit
g e SRR ST SO b Bt o
exahlptd, Sai&Q & 0841, Wpse BR4:062h6% F]_S)BG)): ha-<aiif18-shddy@nt i on

furtWer,ngV|des allel e-specific oligonucleotides that
oligpBRS eRtiAE” tsorRisrPd fahaariB@s ap "yl el ofigprickotide prohe) is
anW1igBHE &ifdle R bshr&:afRtehS1 0180 eas%'ﬁaﬁk,%raeﬁb%%br%ggamzy 15-30

pol ynor phi sm or-to the conpl enent thereof. _
bagg pajesnthat Beeifigally vdridizes fr oHEE7/b? nuclri¢ arid,snd Shappontains a
- | i s Qi t0:a Sl t
PR SREIAC DA} TR B0 AL oSO
assoepited withia devreased suscepitibdity ¢o fype M digheidsi(ahindicativerdfmprotective

e B 555 ) SRR o 5 RS 3 o

for partiardpyntyrmhaphisit n a7€ECONAuqi¢ic aEd cambd Elpdryd) sy 2@8dard
i stal siteée. ificatio roceeds. f.rom.the two
m%ﬁ?%é?%@, Cifpet F’{?Iﬂfgofwofd@%%@féhfgq s PEtude 9% h 10

polyitibiphises id the g thhtCind Adsodihlet hiith iy MdisSetes, @38 bamhle of DNA
) contrgl s usually performed wth a second pair o
is piptet Somghe msvigl.cACRIraNGe ysedh th gmeliadons iemmeshota
TCAVEL 20RIMIARDAR itsSlahBind REGuehSesO tIRE HrA cméiﬁﬁg%% tffed

erfect conplenmentarity to a distal site. The single-
THd e mcksiveacich(op fragreert o thergent praudlenacidids dot-kletielk vsibg e

' r ks. t _wh t .

oo O Pl o B el Big R B8 el ot

m smat c

 coulaplgd midl teooligheud sotieipgoted Thietphesthe qiepaifir ipfiigivation of the

e TNV NN
spéﬁii_fiﬂo]ﬁ@ﬁudéﬁﬁdei;ﬁtﬁbe&f; M?ro@ﬂﬂab@@.ﬁvi&ﬁalg@ﬁliﬁgﬁwaei c

Cl ds . > ) Sl ze, Of rrmers andg probes can be =~
PO@’@&%’_@&MF@&LH iy eclgioaide ud 8 et gicrper setcemipility o
typRfTI abbewehi i6 ifINALFSY RESaldl M&%ﬁbﬁiﬁ%@ﬂ igiaaﬂétes (or

_(fosjtions in the furanose ring are join
indicative of a protective allele against type II diabetes).
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20 an O net hyl ene (oxy-LNA), S-nethylene (thio-LNA),

or am no nethylene (am no-LNA) noiety. Common to all

of these LNA variants is an affinity toward

conpl ementary nucleic acidsyzwhich is by far the

hi ghest reported for a DNA anal og. For exanpl e,

particul ar all oxy-LNA nonaners have been shown to.

hav eTeintentipntfenine padvides sl16ib-spebiic olapdudlddtideyiamyfbiidize to

lex with co nt ar or .RNA, respectivel
th%\gé%?ﬁﬁ%‘érd"%mtagp %af%té BT & Dl\f? iRgid COREPTIRGE Tnele peclcotide
pdlPnbRReNe 8 ghdPinplenaTBercopU PR 'Bhg@luclebﬂgésec@ﬁ Be Hio%es or

Tm are al so obtai ned when LNA nononers are used
PTEBFSBI nati on with standard DNA or RNA nononers For

- pri
ooy LR SR Smer {SREBOL a2le WA Bl e i, oviihppine o,
palymetpdism %ft!ﬁl @iy piitnes inplfwatich dfen allniic famad which the pnmer

xR A oot e el B MRkt REY B7 For 2445 (1989)

Thlapgmbr mumbcbin&oajhlnekl(ﬁﬁﬂiﬂeﬂ 2o HImat ShichQRbAfizes at a distal site.
y .polynorphisns in a

dual dt dent
Ak REbEasRH R0 GRE Bl e g e mnlting it SO RETe bt ety Which

. in@lch@OHePaftRir]ad 8llelkFornR s AR BStibE Rsually ;e ormed with a

d i gonuc] eoti de arraéé é%{chally conpri se urality
SeeAndRATT fmarers. 9ps govlich dristesinglobiss mﬂsra@tclantdhe;poimnecpmc

sﬂ:’é @nd Mtﬁé?’%?v@ﬁchae | goh&?%c?c gﬁngl]itgﬂt;r% las?a site. The single-

| ocations. These o g arra
ba&%%waé@dpraseﬂt@nﬁdhap@ﬂm hott&@tabb@nod@eme‘bmhddy The method

t
it R TN —
allgﬁ;é%@ﬁﬁg:ieamdiyrﬁtﬁtﬂi@ﬂx%cau'ﬁh&ﬁﬁpc%ftﬁ)ay§n@§tr&e%&]éiﬁﬁﬁb|t?’el@ﬁgat10n
[ uce usi n synt hesli s net hods or |
c%n%léFnﬁﬂg§ﬁtﬁgsﬁ§SE§@h%§§ t%at i ncorporate a ot
co mnnmmaafonwf@ml anhldpPEsABEN A nﬁatem@ﬁs @PNA§P kﬂe%ze of

has;gg ﬂonucleotlde synt hesi s See Fodor et
SIS ang praRessan b redggedioas fopoay baSF& rM%gar@ta ngwel digssof

S R T e M
$rmetipdened pey-UNS), $amethybane (thjodLNALIS mﬂmeahylene (amino-LNA)
m&@@c I@oﬂgﬁorﬁ;oeali df@]’fe% PRY a&a%gmlg X Jntz{] g@mag %onaél?rﬁaﬁary

Techni ques he sy NEhEs s g
nupkettegidscerhich yarinhias the h@lbttﬁ:etmnad dordeBN Al dneldgi For €athple,

384,261; .the entire teachings are
partcilr 8 6@?5? gﬁ”%g}‘-" B BEHGPETR 5 have AeePIgREsef 64BC
and i79B@ ﬁ;v}%hriﬁ&’&ndﬁ@ﬁw@tﬁ cotdb leﬂeﬁﬁ% %@ 66 al‘gSpBCtIVer ag ppposed

ollaonucleotl e array 1S prep a nuclerc
to 2§ite ferdrotlh BNHyand RINA édr thmctrrespdnemagmm RAEMSE aiﬁib@(dmﬁaq r

hj d
in AR kS BBp ol %&f?é%@“%e@ﬂman g arrbegombietion gl
Staﬁﬁ&d DONA o8 RYLA, mpiisthérs.NEsk fofalk d b éirg%is't &@)eﬁ\ﬂﬁ% on %@ere g%
an a

ﬁ/ 10092 and. Vﬁ 95/ 11995
BonppersaTs gludedige: dhe3' enhdby penapei tb@/ﬂ@ﬂ@r@nd'& could be
indi&dsed eonsidarably ef . a target nucl ei ¢ acid sequence that -

i ncludes 20 one or nore previously identified

pol yh#RGSRir esheah Reseys df oligempkliebiidecprblyes it lazekmenmlementary to
target nucleic acid sequence segments from an individual can be used to identify

polymorphisms in 2 TCF7L2 nucleic acid. For example, in one aspect, an Oligonﬁcieotide
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anplification techniques, e.g., PCR Typically, this

i nvol ves the use of prinmer sequences that are

conpl ementary to the two strands of the target

sequence both upstream and downstream fromthe

pol ynmor phi sm Asymmetri c PCR3ztechni ques may al so be

used. Anplified target, generally incorporating a

| abel, is then hybridized with the array under 25
arfY2E0 pé Ladde Gligadliatleatiis arrhmyplcﬂm)d:mljrﬂm aq;ﬂurahty of different

B RIIRICE grehe BT e oD s B e P iR hown

lo¥Hioas) ThRe bAEGRICIHREBANES, ald&yiéﬁctrﬂiea @5 “GditRhips™,” have been
hybri di zati on data obtained fromthe scan is t

||
Sl e ogbtd Brthe it gy GaEbIr b 5- b Ny 6, 103,536 aail VOR Geiees,
lfBﬁiceltfﬁﬁe}&dsoy@ B90/18 @Jnrd@i/l 0643 hengb aﬁﬁﬂrsr[ﬁg 'gEIYerQWdﬂr@cﬁféed

terms of a sing detection bl ock .
usiretreeshpmigals ynihagih eleﬁ@ﬂwﬁtghh fliseptedayymthygsis sethod tiatieorporate a
co%fag{xaﬁ%h 8t SE&?{}H gﬂpﬁk 812&('(??) $ Qﬂ:fjsqtllah@aseho%sgrmwc?%%luge %thesxs |
maihbdu Red FME)r asqzieaﬁtc&nca 251vu6m777gma|),amhyn@et alntes. ProdD.

s WSS Gty Pan Al tioni. " ShAPES shpest el BB

PobBEEMicRG 0. 0PI 9771 0002 A6 UID st NBY Da24i386] tkdntiRdteldhengs are
hybrldlzatlon of the target tq. t he array. For exanpl.e,

ineqrporatpd by trefaremee hesiny Thriguss frdhe ethesisof fhege arrays using
méGhEEhl 9REis HARAs REIMERHENES BR., 18P Als. sWghhih, t&s}mre

rich stfetches of a genomc Sedquence, separately rom

. teadhinge afedipborperatad by-referanehheseigninrangthempiasna¢. lisoas afteys can be

mhﬂ% 5 separate optim zation of hybridization
condltlons for each situation. Additional uses of
ol i gMuecaheﬂngDnieﬂ@:mﬂay]say io prepetednonypiiéis avid ef etdrest is lyhridized
e, found, .for .S Nos. 5.858, 659
il o580 9m i B BFre o RRR A0 on B paoit Bteaty
cahﬁﬁmfw by aletitbdo Ylesceibed kureie ah@ries ih, @, poblishet ﬂ?OJd‘SAquhcatmn Nos.

L e BTS00 8 5 00 SRR b e we

mé’cFi?&d@d b YeRrdnkd Berdf. lih bAliaD R €S n0EIBR acideRhRBENhal ihMBdes

hods incl ude direct nmanual sequenC|ng urch and
ongj o B prepiogely idgntified pelyprorniig mags igamp I-known
Sdon 28R4 BERAMTymicAll Bhis HRb] th%%%éi £
gt on SRR en, Bg, PORSTypicdllR iy DGl aTAL Rther sbffnces

15 aa O AT o 6 SeplsH Bt SR Epligpsrean and

oo o R AT i e T PRSI 38 o bo wsed

Alp@liXske) targehe @nmﬂm gegrpadiiien t lapel, isthec hylnpimd @gihsthd &rray under

il 539 ons Uhsud e ef brindhdin et raiog Stne 24y, the

arfa¥id $oanndd to @ktetrhineMiOsositivaloh the e to SeHich M@ﬁr%et sequence
86:.2766-2770 (.1989) % reséﬁlctlgn enzyme, ana
hybpfigge| Thedtybrflizationiijta gbfained {rem7hs Sca@ésevéwaﬂw f—B% Form of

ﬂf&&@eﬂc%ﬂsﬁsme@%@ fglﬁ@lbn olfﬁ@at?d% c208d afk:981) ) ;

het er odupl ex anal chem cal m smat'ch cl eavage
( cvlthoush peragly cnmﬂ@@tenna@f a sipglg detegiégn blosgae.g., for

A AP S SV g

bep:@pq,qu}@pf drdéaing/mwﬁple[ mem@n ipeBmapigog. hi&tltmmn‘w oheds, it will
gener vy g ders%gcl)d th%&e%ecﬁgrg El%lclgs ma}lr évee lgr%u Sgde W1th1n a single array or in
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PCR, for exanple. In one aspect of the invention,

di agnosi s of a susceptibility to type Il di abetes, or

of a decreased susceptibility to type Il diabetes (or

i ndicative of a protective a% el e against 25 type 1|1

di abetes), can also be nmade Dy expression anal ysis by
quantitative PCR (kinetic thermal cycling). This

B iseptRate Wirhdd 6 Laghh sS85 4lhe
pggﬂslen?é&of aﬂr; Sglt?grvatl on #mﬁélh%}{&mogﬁﬁﬁ use during the
PR iohHedirgetie tirptyaye For erenenis Gﬂdﬁﬂsf dyendd e'EEE_VaIbRa to provide

B o of 0% PR A I R IPE o acg zevomic
segefs teperajediefromfthosatfhlding of Aﬂbhmgﬂlbh@ mehRRowh & AR

s 3 ous r. heterozygous. Furt her,
Se? épgfrg%gast}og n&&%’ﬁé flgmcfiﬁﬁe%g Bified as
p hy SAdd!JtlbyaI @kesiaf! r@ﬁkd}lﬁﬂ@éoltlﬁe shedyk @&eﬂéﬂ drphisth e R Q%JLT%

£ 5; he |nvent|0n dlagQOSIS a suscep Tl
8 efig]b %lﬂbHé Sategfs Nigs. 58 e¥eunleBR3e et Iemlﬂelfetayhmgs of
whﬁhhﬁlﬁcérboﬁteﬁ%tr@ﬁr&% h dﬁab‘éﬁﬁér\ﬁ?etﬁgds%ggucqtlg %é16§naly31s can

al l el e agai nst "type etes), can

beisadinilqiert exhymesatiions mm%fper Tdiabpios gtnm vafiars ent6leflt a typ
r | udi ng enzyne
TS eSS T I, T
Gﬂbﬁm rﬁ’esqm Sbirlpiltad Sain&/S4rsd: liogmaped (19@3)3 Sfx%ﬁ GFh eull BPde. Natl,
al is assessed for the presence
an 'F‘fl 25032{5]30 ﬁ%y aﬁ|19 2@ Eﬁiﬁ’%@?ﬁl oH-S-BAdNer 5.388. %)44): automated
ﬂla:lrd:seemts B@ﬁnblﬁg@ﬂt@@ﬁﬂriﬂd@ﬂ‘ c&ffoﬁﬁh@wﬁ?bbﬁﬁﬁ?ﬁﬂlgx? as 0(§§§P)

he presence of

JTCE7L2 nuclei c aci
di‘]ﬁ?% degriyrng gelie iﬁ‘ﬁff"%‘mf Bde EIHYE s dyrepring gradi¢nsigel @@mdphoresm

ER(Sheffild, 91Cid S c |
ﬁﬁa)adTCFnZ nucl efzg%l%dﬁ%tg% gt]} 'S%%or %’eﬁ 55 (?%&'Imomhty

wmalts (O, Miai @l obreat Vethtdcod &colLﬁaie&ﬂ:Z’tﬁé—Qé’Xﬂ(mQ))on
reditictfon enkDitc BATMAR (RyellROLE RER {50 (U0 SEGH 680l Rrormatn
Acgg. . [T@:méoﬁf’ll,(dP&l)o\; tatiretivpiex analgdit;ehahicalmistatoi@leavage

B LD SR ST By e

prefpétionianspyy @viya‘e,tli M.leRaB, Sciyned BY: B I SE3G); useddf%%%tﬁies

a _susce Lity to type Il diabetes or of
wiflh ReSiE s Blidclemiimes Fyen e £ ypRmutS moisiubdiecnseifie
POrgder dxym@it ecting a particular splicing variant

encqoded by that TCF7L2 nucleic acid, or a particular
pat tRPFE Pedt 5f thejipvpniian. diaenesis Bin WSSQP@hﬂm' todypt Il dizbetes, or
of & ABBdstd BlseHRBLANG 1 FRL '.Iltcﬂéﬂe%@)(or%ﬁ&c L% Blliiie Bhete against

The term_ "alterat pepti
typs il %%%1 930 bgenadedoy ehpnemcm arnazﬁsrby quantR#tive PCR (kinetic .

the?ﬂqﬁlec{y@flﬁég Thi} tg%rgjqussb:u ing Tac ?Z’jlééa:yg%alg gssgqstt}eles It)resence of
an almrpmxm mlthme@f'esmh %P &ﬁhpdé&m*ﬁ)bf %e%'fﬁeﬁh&é‘%k@deiﬁ b‘i‘r“a ﬁ*ﬁz

nu@ cont.r ol nple. A control le’is a sa

Bf PEEHE SRRt ats eaedod hyp |Té:F(7éz gucleic scrﬂr Gml §ﬁiﬂies
cart Mﬁﬁb@&sed eLhlo the %glfﬁ' gation of pp gmlf)n ésvnlfsld 4 oélglsjatﬂg%}ls

fected by a susce
hoxapmp’eﬁ Prcietarerygbies. éstheg HieORpRESIOOMTDS wtriaﬁﬁ h bt B®mntified as

phRNP PRI orlal, e Lest sample, as
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conpared with the control sanple, is indicative of a
susceptibility to type Il diabetes. 25 Simlarly, the
presence of one or nore different splicing variants in
the test sanple, or the presence of significantly
different anounts of different.splicing variants in

the test sanple, as conpared with the control sanple,

is indicative of a susceptibility to type |

di abét emthevasieotrs themvsntoh, dxgiisiRiolg sﬁQbet&ﬁBﬂy@dSlt@é 11 diabetes

Siti tl ncogded. a TCF/7L2
of SEPER KA weeah B Gl dﬁ’g’P‘iﬁaf %%’@E PFogmBsyive alee
agzih@ el dibeted), @h ®6 biddp BORShBing! eiﬁfelsﬁé?ﬁ Edtﬂorfc%ﬁ:ﬁﬁ%lﬂgn ofa

. Tgﬁ%% m%?&fﬁgc aagar}e%ﬁgﬁ}rg%\ﬁ%gs@ gﬁbﬁlw@ézmg bnkasirmwosorbent

aﬁﬁ?&t @8 As)] WMl L6 B B R¥hitatiR dhl %H éﬂue%@%fc@r A test

For exanple, in one aSpect, an anti capa
sagplp g fﬁgmti‘@ldllibs agspgseg) &rytbfememee Q@lga.li;era@sn drethe ek fresbion

aﬁp&vﬁ) altegag‘llﬁfl é%ﬂ%ﬂ% %)g)%gyé&aeneng%&jeg a?’;'it f@b 212 nugleic acid,

OIan)r giemr@‘eecr@dﬂ amartmlan ohoara lencofad bjﬂh dCF7LaRtdlEodyid. Wn

o D R s i R R B o e, o
exanipild (ad)alteﬂaﬁoﬂ nttengeatittvep 61913?613%&8@ eﬁbxé@,fcin (.abglk Iaﬁﬂ,u&f of
t.he obe 5 anti body. by coupling (i.e., physica

PYRIPEAD PTofieroy CREHEIRBOR inyiie SHEEOTEPT 0fe notipsps 2nosded by a
T@FVLM&C 88d el ar@mtibA el e GhathidBRI o rﬂ ﬂg)e idel &ﬁreﬁ&?@ F Sgpr

anti body by reactivity w th ‘anot he gent “t
CXPTSEIOR o) ap %?%HCFE(%WV@@H& of efch diffetent szpbeﬂng Weriant). Ina

prbfé‘ﬁ]eﬂ depede HE%B(? ?%ot%f g@cegﬁﬁﬂ gp‘{ i/@ngerii[ drgiggt)és ar 0 a%ecreased

| 'uor escent 'y con
suéqa@nbdmtq tpipe A didbiias prolremaded by ditatibg amm]hulbhqﬂlciﬁg vafifnt

uore cent |
o A ot e B BT PRy Salisng vaipors
anti lﬁmiuyua&ltéasxons @ﬁﬁint&l’ime&nﬂfqahhtsw cdr £8) be/predinf) 0Bhe term

“ ypept.i de .encoded. by an al tered TCE7LZ, nucl eic
oo R BB ST O SURPYSLSATS §6 WP g eitoreiers to an

alipeitippeptipiessidn ©o dadpdiyich i0ARes lsérﬁ‘ﬁl@ Chs RERb&EE vAG tﬁ:i ession
an antlbod%R that specifically b nds to a particul a
or SRMPRFIHGR GhRalmsptidsiod £G4 B2 auq%% P‘éfl & aenirol srnplbeA bentrol

sathpRLs b QaiFR Mt b¥rrdsPEnddts %Iﬁﬂgﬁ shid ;?1@ & Esis We%gﬁg tpe of

ﬁartlcular splicing variant or o
ce

He tifkig fisyn an lﬁémdm} whe ts not afeatest stk st@sepnaﬂmgum tepell diabetes.
It
Arﬁ&l'téiiatldﬁrmttﬁbee g%ﬁgﬁj &r #d?n&m@:t{oﬁg)tg gtse%ggp le i al?%ﬁstlggrﬁg

Sp Iclng varl nt or
copxpp;pd:m1§1~ﬁhg cmtrqh emmk.tie relicative b ms@aphﬁ:htﬂ' ey ps HIRMERs.

ded hi | t d
sifflahy 0 SRR SPorB RE StRE abat BB e B st or he
prdsyna afeignapdy fiflordpbitogits Gﬂliffaﬂehtesfpﬁdmﬁ k&ﬁxhﬁit&n@ﬁé et

i s, di agnosti.c for a susceptlblllty toty
SaIBPlﬁb"est%?PaﬁFﬁl 151 thA SOl swnele. I & %B%%ﬁ’é@;usgerptlbﬂlty to type II

diabafebi Vetias rﬁ&!nb 6f GmIRhE @ éss?d?lccgfégﬁxﬁg%h J‘dr?ftpgg ?ﬁ%}o’u‘de

nucleic acid. In one aspec

eﬂ%deéﬁﬁ ariCEFL2 poslgisapid cdb be nessd mlddwga SpEEEFSth Ry, nubkrigietry,
ele@ﬁblﬂnoﬁ:&lsalsbé%tré mglﬁg, a%d%%%%ggssays (EQ b‘la‘%d' e?VF | U pat.

anount

- 4,376,110) such as Immunoblottlng (see also Current Protocols in Molecular Biology,

particularly Chapter 10). For example, in one aspect, an antibody capable of binding to
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25 pol ypepti de encoded by the TCF7L2 in a contro
sanple. A level or anpbunt of the polypeptide in the
test sanple that is higher or |ower than the |evel or
anount of the polypeptide ijg_the control sanple, such
that the difference is statistically significant, is
indicative of an alteration in the expression of the

thﬂﬁdl%;ls?ﬂee deg. eik&%@@ﬁ)e@ ¥bdRs, p¥Q€%B% an%ﬁia@daﬁmﬂ% Beteite 1abel,

gnostic for a susceptibility to

Ca‘HP%\BQﬁde Anijipdiss prtonsiyFloneher SOTepesodiy, pemodbndlha infact

T »
L3080l SUSSHEA 1y TETFIE UL L6 B bt
wifhgegard e Hheererrooaatibddly, 1ShHe1TdEE1h Encmm}ia@ dlreax:laiﬁhhng Bf the probe

or Qr?c od? lbar e%gﬁlmgn(g 19113&108{15{ }1@% ge%ee F.Fesu %_t%ce to the probe or

aniu:"mﬁyp. N welbms mblirédn &bﬁlﬁﬁg/cﬁfﬁﬁé beBe bParitbBdy BpteaSBMR vith SSther
n of the peptide in

d ,w t
roagRRY Ui it ?’6?“%’&#&%@ %xngmgieé I@% BiPet lhshing ns{ide & Eefestisn|of gy
prifr@ry ¥Bokty usth 2R 6@ scent 1B8RL Q@Joné%?% b(ﬁlg oFﬁdqﬁbelm

| evel or, amount and the conposition’o ypept i &
DNy prabe withskigtin auehithpt fieen be deteetadpiith fhlm:tsmmﬂy Iaée]ed ntrol
sir§fAsREe; A difference in the amount or level 5 of the

pol ypeptide in the test sanple, conpared to the

cont¥asters hlopfrg analysis fiismgemmnbasﬂy Balepeibed bisve itint biRifically

L S R DTN
specificalip bomispos pmlyp@nde Snr\]doﬂékl bRk hu@ﬁ@éée@nm@ 8R4, Rkh :aﬁ%ody
thaf e BRIy Bind Bt prgontal PP RG BHEE! BHeoRechy & B Eom be
usedte MentKpRE ?ﬂaséﬁ%e 3 £ Rt JaRlpld asﬁﬁ&)lar%?%ﬂe?ﬁ,«fvagént orofa

difference fromthe control i s 1ndicat

PolyaeRtids sBePdst 8% & pelymorphiy of FteegdaBEk ds? nuglvily asid, puthe absence in

skt el ARty AL e 08 L

polpmembag pores-adferddmaiciicdenl. sSThexnesents afg I@blpeptlch encoded by a
polgh\l)gpfnh%é Eéi aﬁggﬁdrh%kleﬁaa\éﬁi bld &gtaij Cegée e]g/no %’é’?% Fﬁlco c?ed by a non—

t's sequence varl
polymdiphiceraa-adieradmayleicl aoiiis disghobiic foh € sgesibity kdtypd frer

e 2 L T RO ATDLON, € SLLES L0 Bty e

TtﬂVLIemﬂmbaaHJeles at a polynorphic site wthout
rence alfele. Alternatively, a

h
( of B o Bl ebesh it B eethash thsdeveb permeint pbpalmapbde encoded bya
TCPALY hnediéi8 i ¥ RY daﬂlbfe is b&ﬁg&r&ﬁ‘ &mfa gﬁe%@éi oF rﬁjﬁl.ltrﬁ lo8ipl.S

sonmetines referred to as and
POIYEGPE% gmqoyied by R déSHLadn ecette surhplef Arlswtel seguant efithe

f
polfacpBue e R hibre At iF et GlaPer R R s rGmoureiny,
polgpsgtideastbe cortrod bapleshclpiheniht WifeyencAld gadtieecamlyetgn(ﬂcfaﬁte fs
O as

inalch ¥R 418 B0 i S ion O Bcndl Geddreaardead b bb’éh@e?@ﬁfle?
nucleigetidnind 1§tﬁﬁlgt&)@t_¢cefoﬁ B %@Gﬁtﬁﬁ}htﬁ% gpef Babeidl WieHa@lely, th
ic’Site). The marker %

varJant lele (i, mor
ﬁl&op oL %'Qrﬂ? @pptg:}e@n@gded% JPCF7L2 nuclelc acid in a test sample is
compared with the composition of the polypeptide encoded by the TCF7L2 nucleic acid

in a control sample (e.g., the presence of different splicing variants). A difference in the
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any variant type found in the genone, including SNPs,
mcrosatellites, insertions, deletions, duplications
and transl ocations. SNP nomencl ature as reported
herein refers to the official Reference SNP (rs) ID
30 identification tag as assijgned to each uni que SNP
by the National Center for Blotechnologlca
Information (NCBI). -18- A "haplotype," as descri bed

teansisiiionof flermlypeptdsie girandt sabipla, geomphed BV (bd é@i&sﬁmn of
ecific conbination

d b
BERRYP PR, B B8RPl R R g SRR e e T dsberes

Isagmmt aspbet, loth dfetlavel oLsTha@l FRthe cbiSodian &tﬂya%lﬁﬁﬁnde can be
one o two or nore allele

al l el es,
%Sﬁeggeé‘ IB%JWFtéa@PFD é}ngén the Gemiral paplee Agfiffericaes in dre aincmet orlevel -
dﬁhd@ﬂ?pe@hd& Ifih6 $ost shifp 1 BARH4rEd FRLK BdrtroRE dﬁ@r tdﬂﬁé‘f% e in
‘al | el es’ "pol ynorphic sites” associ ate
QRBASHOD 5 %‘F’ &k saiplg cPmpared msthe setrdh eareple;, or beﬂmmﬂ"eﬂeﬁbe in
for TE t bl ock,.on.
o pator KET o] QIS il B L pcelie R gof § Shoeptivitey

telisasdl disbetes observed. NCBI Build 34 position of this
bp. The term

LDbI 114,413,084 114, 488,01
suscepig I DI fme{hq@s %‘*%E’éf‘ﬁ? B%BS%‘é? eﬁﬁg'ég%m%éga difference
Vti’@tlhomj)@retlm@ﬁ eaﬁﬁﬂ (Giteas Rirple! | A MirRgcd ﬁ%ﬁﬁ:ﬁ@ @6111101 is indicative
Thus,.. particul ar nmarkers and/

%5% g?“&? tibiltyitn abiteso Andfen s ndicetize %Hﬂt%@?ﬁcﬁlbfe against
typwleﬁsetes susceptility of type Il diabetes, as
characterized by a relative risk of greater than one.
Markers and/or hapl otypes that confer increased

ATSHESPAL: 'PUH’D@RI&E e furthernore
! REA 'gﬁg as%}]ﬁ%y

considered to be "at-ri confer an
i ncr Rerdations o inshvidualeadiitiog gemptivadiivereiiydo h&t&la‘l&ldenucal

/ t he _i.nven
e e PP B st S G BT gt gemany
1Q§=aiafb‘ét1e the momhana)dtee mofd%dthbxy: afe me:h;aibdljﬁﬁo@h&l%n@d‘ inla€SS
p5 %Sénnuc eot | ? g05| ti %’H ch nore than one
o io n o gl 59 Befs efen eat[a i rer{té lelgsat apolymorphic site
Wuthbmtrchbosmg)miraﬁrbm Aleled A§ﬁéﬁ1ta’ﬁ€él G @ﬁ?éﬂc@ﬁéq%@nce%m% be re%erred to

| i br nthetic nol ecul es s referred to
tog g Dot liaR pr e Iae e o6 retmenes Al SorDsperebredtd o the
“20d-sipey bRelBuEd Bkl id &ohémte'ﬂheﬂtﬂ@ﬁét Ee%[ {a,x%ﬁﬂﬁl;lefié érea% the

| s a single nucléotide polynorphi
a ﬁ‘b@é‘ nop-affectgd pindividual g, @nrl%dméuamlhat doesatoit displap A disease

. oA al Pherbty 9. p}illlgiteﬁ re cﬂﬁ‘érs om] SRENE 2 f'qre TR rre@%mg “yariant”

menber of the popul at1on ymne a
allséSi tion, then this position is a polynorphic site,

and, ,p t he oyrm hic siteis a .
SNP. A e dé“%ﬁfﬁ{ %5‘?‘%?@ a8 HESRERICSEAUEBC R arctsristic of a
pw’@@é&l’ vtauamtraﬁe]z?u QaoBnofphiCsitels The thadSr I:eﬂl%nﬁbﬁﬁé&n llele of
%J_IQDQ[| m)ﬂiné tﬁl te in the SNP assay enE‘Hoye
"gerson %& %mi © grnomey trelifing S migose !tefbylsemons
de%ﬁayldﬁlghﬁhoﬁﬁﬁﬁi ﬁtﬁlsfobﬁloﬁﬁ)p‘)s' te strand, the
n‘gisl\%%"rent ar lele can in each case be nmeasur ed.
hu ?m%fl%%l‘fyr%r‘??ﬁﬁ@d kereip refrsrie tierviffigaldtefté@e SNP (rs) ID
1deﬁﬁﬂfﬁé§ﬁtﬁptlﬁg ﬁf‘hssfglﬂ@d &)Se%@[uﬁ&?é GNP gy %Nzﬁxonglle Contas Jor | ©

t he percent a}g
Biotechnological Information (NCBI).
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or ratio of the two bases possible, i.e. A and G
Alternatively, by designing an assay that 30

deternmi nes the opposite strand on the DNA tenpl ate,

the percentage or ratio of _tpe conplenentary bases

T/ C can be neasured. Quantitatively (for exanple, in
ternms of relative risk), identical results would be

obt &i vegidymmn mmmhatemofefﬁs td e segbidht off 4 @ROmicTOINA (strand

strand or trand), Pol hi.c sites can N for
thalis daFsHEEed PK 2 SBtisosD Rt Brpetis aﬁéﬁ%?ﬁ%ﬁﬁ arranged
aldnRSRY $dgBiRgt. O LARkt8H AbodinteRt, t@Q@anllth?pe AnREPARS dBbfmore

mcrosatel lite has nultlple sna repeats of bases
allelsgidTo 45 more plighesathsge eumage plimes, & g more dlelas, aufive T TRER

allgllé at Jneﬁ@%ggl%er Eﬁ%ul?ﬁa tﬁlés" A Bglﬁg%ﬁg&r sq{e * associated

ver |on of
witfe&p extn 4 oD Heckpof TOBHEhiAs vsed berem, fexbe ﬂrléljblbdc ol L2

reffid Dt 20 b o Bt HRIB o B i sl i Sabetes

is dbdeBled. AICBIBuildBApIRRioalof Blicl.D SNRE iaffomniigosagLllite

rkers | ocated within the exon 4 LD bl ock of TCF7L2
1S T BP be. addediTm SHeCRPHRlLY Y36 dpjerigpd Besinggngompasses both

indEa6d b@%&bﬁb‘i‘lﬁ}%ﬁh §§crgased s%lsceﬁi'@ﬂi@ﬁl s ﬁ‘aﬂlﬁflﬁrn%{?ﬁﬁs and/or
sequence 1 s referred to for a partlcu ar Sequence

hapjoypeeef the dnventen aiey bepharactamistih ef wefeased suscepiildy of type 11

du!b%ﬁe@ rds %ﬂaxtagteﬁﬁed W&g rqxgle%%‘?%er tﬁﬁ{ ol%x Ss aﬁ(ﬂgr

rence et wee 1 ONs
haﬁmtsﬂﬁnccaﬁd ifdréa:88 @usae;mromﬁbftyﬁa il (tia‘c&des (asaqﬁla‘,hmnﬁﬁ@ 29

copRgosRl e 2 R, B el nd Gacki ok OF Bheall! Mheditdety e

matRérs aﬁﬂloﬂ%ﬂtﬂh 5 foff ds ieRdon e ehiactegdtir f‘ de€redked suscepnblhty
se that differs_from SEQ 1 but is

Of&P%e[f fieegies g sharpisrized ;Y 8 F‘?‘ﬁtf"éﬁmgﬂﬁ'\gsiﬁmﬁ &ieti c
mar kers that nmake up the hapl otypes associated with

t he ﬁ@ﬁﬁtﬂecﬁﬁldb Pokitieg kt Wihich hofeAhah @eSsey@dnc@Bipdssible in a population
Addi ti on ﬁrlants can |nclufe changes, that affect a

§pepr @813 aldonyor a syntheiq PAPHIANAR. G HRIGUIRE sypfietic

ma_lgﬁﬂés? 1&%&%&1-{@ RS8InSR A 4pAGR ol $eNOBRre M morphic site is a
conpared to a reference nucleotlde sequence,” can

-smgha:mufé@hﬂh & Jengtby the site s referagddpiap i Smgleapucwh@q eolymorphism

S s Je o egygm?ﬁ? 19& a u{a.p @}ﬂ‘oﬁlggong% %c%ﬂgﬁ q’%e ni%Hn%@r ?f a

E€rences nmay re in a’frane shi
pdphlatwmhmw agéniat ahdastheomemberndidht pafeilativayhas £ thyinine anthe

sof ottt ddet e PRL 5 A GeBE e, i Sie R Rl e
podynsrpiakiie & S0P, Adidlemfor sNe m&kah horef@tedse ekl refer to the

nuc] eot j des, resul et.i qn of __one or
baa?%&o é% aﬁﬁ%&éﬂﬂﬁv ?H@ %éco%“fedﬂéhe Fthlﬂ’eaﬁsmmﬁo ¥l The
peton GRifle@in HEYRNAIL redhdS a0y a‘é%ngsdﬁgacﬁﬁg ﬁa}él ?ﬁt%ﬁé‘ ﬁlrand the

reconbi nati on or_gene conversion, resu n an

copplesaniARy plbvle san rrachoerse bRmeasHTRSn éfélu&)ffmaa pcéﬂammgw sne

GOHag‘]r?ggpo& ti 1881 orr éﬁqé ggérérssaﬁ{;eﬁ tr?é%;elﬁlﬁ% %ﬁl%gféeep Sroentage
orsgguETiicetwalssdepessibletk. iAmnddet Altbrnlmvéy by dSmglhng an assay that

equenge changes alte ol ypenti de encoded .b he
aRERHEP R GEPARR TR b e T BRoIRR b HE e SRGRTe g or bk
ompwn@dnea@bms TAO YR RS SQaadtiaiR s ol dxambféemftérﬂﬁﬁ)f
shi res It in a change in the encoded
Te]éEYed%Skg’dH?HtW I@gﬁtsr\@m beq ugqqlgr@g MeRsrpEent of elther DNA strand
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30 of a premature stop codon, causing generation of a
truncated pol ypeptide. Alternatively, a polynorphism

associated with type Il diabetes or a susceptibility
to type Il diabetes can be a synonynous change in one
or nore nucl eotides (i.e. hange t hat does not
result in -20- a change |n t%e am no aci d sequence).

Such a pol ynor phi sm can, for exanple, alter splice

(B k29 0r afsfrgf&%) OB rRIARE bikds bR h11do AR IR Ln RS %@%cégrb]@sed on

ot herw se ect ‘'the transcription or translation
S%“&W@%ﬁi @&efﬁwpwfefiﬁlfr’f@@s Feor exampls| s polznpephicBhiarasatellite has

: | nge
ohASHERRR BPEES Ghi R RS bl e oo
nstuhmqfcepeet\/lemgthmv@es unthe genefdl populbtjgre (Haich eercion of td sbquence

nce, nucl otrde sequ S the fe

Wi smecies SR SRR it FoRRERT Rt e o SEEP @iymorphic
sxsee qiimnde th@‘révrp@d oRepld, desrensansedor bith ¥akddie sAkblkahes

are r % rr to as "varjant" polypeptides wth variant

R aHerosatelktarpanies Aaied within the sken 4 LPelock of

TU‘F$L2WHU§1& B} Be 538didted %E’tﬁ@ﬁ% 12fiaBaSRS dés%edeﬁt 63’&1121?—3?2 _%0

nucl eotides in length (such as CA repeats) at

_particular site, in which the nunber of repeat

| engfARECal)y ¢ EdeTERCo 6 BUGER sraferrpbinuone pakiculapsciver. Aleles
thdt GIPRPROm R ReBEnce RA XARFRBL SI.GA0RS él&g For g{%%ﬂle the

insertion or deletion that 1s typlca onl
TefRTeIE GRNYBIS Dlﬁﬁgequpnee bfawb@tgqaewnel ehdérlB(tﬂaohnﬁdﬂ €438083% of NCBI

-Bgﬁﬁgggﬁﬁﬁ%?gg%ﬁﬁr $74?H§ whig aV|nd355 'c 1%ﬁwgvpéﬁg@n§?nw

1Q)0$nb§ﬁm "tpttdihcreélit $e8BQ TheNOhapl ﬁiriﬁp&ﬁ:l%ﬁﬁme xe: ) Itr@é’d I’F?aemﬂ refers to a

conbi nat i of v eneti.c markers ef or.

scthig B R el SRS N B i o FRiRSFe SutiES s s The

genetivmatierrstthet rdlde vpQhe Bell@Ghds A6 REMENALSe 8kon 4 1D block of
y hi.c si r exanpl e, standard t echni ques

T‘?g %%ﬁ ?{t%tt%r gti&ﬁtmtai Ghcligfe changos thh aifest a polypeptide,

?”; & pOISpdrildb eh& dBRbY ﬁ{egI'@IaHZté%né‘ Seithse %diﬁgnxo%%fferglllces when

uor escence- based t echni ques 20 (
cosigRfgo ragferegesyuclepgisle 9@111@11@9%) inclpgsrthe iTBRtioRes deldimat a

si% Ndn@QRide, 197 B{Hrg H’%ﬁ 0{19 ﬁucﬂ%)g gl §uc§1°§f68uegrgp hfffete%@éé 183%’ result

~These markers and can I dent
llllﬁiefrﬂn@ﬁ S}lp%éhe @@mg%rbfratd@tst‘mgmofecm@te ntabrfrgsultgn # chamgaint the

| i nkage . .
ng&ﬁs equi 1 gr um ?Itélf)‘%g OP%/GI easp es mayﬁe%gtr‘? the generation of
a pletnb,tmsst@momb’éd dbletied of seadéral miii:lerbhdb.sainaymult $n Alleitichkof
e |l bet ndj vi, dual whom an

ons b ok piai Gl R S ap B e PRt elie P of Aligever

meRpedds, suches 8y uidqakl rebRAIKREL R or RaR) aﬁﬁaﬁmh,smaﬁfésﬁlhﬁlt
i ncreased risk (or susceptility)

confers i ficant
faﬂil %?%%ﬂ%@we Pha gading s fatiication ofipllfor epatef 2
se@ﬁ@&'tﬁh%siﬂoﬁ%ﬁa I@Eﬁ'&%ﬁm@ﬁt il %91“19[%&(&% s'e@.teﬁ@ﬂ%y aribdWin

relative risk. In a further enbodi nen
degﬂdmrqnp C%?F@éeﬂ@ﬂﬁ%mg@cﬁﬁ@y thg ppépczﬁnkageqdeﬂ by tiermacleic acid.

Fof TRAHIOE e oA u

oE R e e e I g A LSRR ol b SRR B e
shifticaniyesult ih grichagetimthelen2oded athindlacdds, dndBor clm &:suﬂ; in/the Fesbration
ofa pgen::ll'ature SJIOP codclilr{ cta]usmg generation of a truncated polypeptide. Alternatively,
a polymorphism associated with type IT diabetes or a susceptibility to type IT diabetes can

be a synonymous change in one or more nucleotides (i.e., a change that does not result in
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enbodi nent, a relative risk of at least 1.2 is
significant. In a further enbodinent, a relative risk
of at least about 1.5 is significant. In a further
enbodi ment, a significant increase in risk -21- is at
| east about 1.7 is significal: In a further

enbodi ment, a significant increase in risk is at
limted to about

I . 20%. .i ncl udi but not
2 ﬁg@%g é’gg‘ ¢ agHpo ﬁ%@/ eéog)& YIm@DhiSmMEED, for @RS tter
o o O RSy Sl o ?@‘%‘? 4 bREw AR Filansiption
q ?igﬁiaﬁl@fl Og%wﬁ%r@wuﬂ% elt panadsnt dlisn DN Imk‘xerthe)giosmbzhty

thgﬁf%!g?fl&hlﬁﬁ% es’i;gh g@&rﬁ@%@ﬁc&m o% ﬁ%le&cgnescgc%gﬁgq}m somatic level in
Ypf?@ﬁ@mmqodahhy e cefaamecthucicbiide de§udiRa SR e GreftSence”

pcﬂyﬁeﬁhﬁ& Wih adﬂ gtﬁu%.r ééfg%%(}et malgo %018 ée@en(lgz gﬁcgpcg%]etpﬁcri]%tencoded

I'mted to
b}f Wmnéalleéwbmdraﬁamd tok OvirikhtC pOkypESIARS WHE vEHSME alnind ££5F
Seé In another enbodi nent, the decreased In
or susceptl bility) is at | east about 20%

i nCIAlqblol’jgu iDHicroQdielliicMal mt% 8r 15300327
4%2 d45% &%Ié/ 505% 50% glf%t&m% 7%?5 }’%9 jare 2-
E90he Gads as %Aaeneatsm@rpaﬁwbbdsmmwmh the number of
repda@ inkilg 35 Qg@;{eege% jeast aboypt %
EI'Ekhus %%hﬁe term Sus%g})?o;{)uﬁ%%{lyﬁ?%qe Bea‘ic’fm’a%ﬁ
POl AeERTRRISESComIprisiog 2camallipsogtimen defotidn thef is w@eﬂ?tdnly 4 fhwor

nu@egg@gsqg@ed risk or susceptibility of type
di abetes,” by an amount that is 15 significant, when a

cer tjglemaplloh@bedesnﬁbmfaelﬁm 2QomBaRtie ¥PGarlods BLRRE ﬂ'faﬂcers
gsdﬁﬁ’ibgén(&%ce | SII ured as | ndj.cat ed above. "The terns
ecreased roaRles, lvingparicylas aleletatipnlirarphic site. The
haplotypbecdn @mpaigah ﬂsﬁlb1naﬁ<§1 MSafo ﬁbeg'eﬁéﬁb dmérﬁl:?f Cﬁ%ﬁf&r@ Hotectin g

i s decreased accor

hatlhﬁzipr el ative risk
REPPST Fodterferorapiisbed by mstheds knogmpn vt ﬁ’l‘ datecte:rgtsaqtrences at
po@ﬁﬂwplub SidsO PP Suankple, Rfaﬁﬁeﬁ@tt c huéssfo n&'ﬂg%‘pﬁ ofgaths presence of

I\ﬂ’ that identifying er a
&8RP agg’écf%%qlhqegn%@ﬁ ezl beylsedz@um g ifiubres eotice AYsd MchBiques

f f
(CHRORNG: A1 GEndRE RELY(H oS AH Q5o o5 1 AT PR ater
techpigPesTanBraleir a¢1d@mphﬁcat1én Thest intitkoPAKEINPY cAAdRi@dnYiB8d in

g r e TCF7L2 gene, is
otdifle ot RRD Eelil S B P D e el gt gk cinglude e
useprfdindnge diseqailibring @Djuad/oALODIsséef.Or type || di abetes
(af ecte to the frequency of its presence
I & FrE gﬂ%?ﬁ%gp eﬁﬂ%\?fi dersins pewdividiel whe frcrtwisk e mpd]idlabetes is
anmﬂea@mm@ﬁ 1h BR a1 BEGBE dicatiyv
bi 1 ty tot yperk%lrorglla gl g’?)‘ %eid@ﬂgﬁ g%(%??pﬁsgecg'fth%at"mk

U Sce
Eapltlcggqe 1t gre that ¢amffess & @gnnﬁgtﬂit thcbmsedaridk (S»h SUscEXiHGH of type 11
diabersel Iﬂéheaenﬁm%tt %ﬁ@agl:ee assq ab%{] Wl%% goha %rloa Eﬂéa%w measured

chronobsones t

by prelativs rﬁlﬁnﬁe&‘ ﬁ@ﬁlenmmmmtﬁiie tibaificaree h%@asﬁ%'%y%fp&&ﬁtage In

.of the markers or

OHe%'%ﬁg Iﬁerﬁ? fa sb%?ﬁéa&% erc):};fzétéeéltrﬁ is pasurediap Aaplatye niskeof at least about

1 z,na¢1kélng bu&(bt d:rmtlaamdy aty Pes1.4] N5.ce6,120, 1 BIRECS S10f sfdiE.
dJqyention, at- mar ker or haplotype Is an at-ris
embo u}%ent a relative nsk o at least 1.2 is significant. In a further embodiment, a relative

risk of at least about 1.5 is significant. In a further embodiment, a significant increase in risk
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or haplotype within or near TCF7L2 that significantly

correlates with type Il diabetes. In -22- other

aspects, an at-risk marker or hapl otype conprises an

at-risk marker or haplotype wthin or near TCF7L2

that significantly correl at?a with susceptibility to

type Il diabetes. |In particular enbodi nents of the

i nvention, the marker or haplotype is associated with
18%?%%%%? teclfL;nl qufggﬁtfg{l eno#%mbg‘?n%g‘?% @%ﬁgﬁéﬁg%eﬁn*m at
lesiNsowm B 8Yo0 mchidorgdsd et limltai toraahoMé&S%, cas, B&%u%d 480650%, 55%,

@R SRDES S5V 5BS S BRRYSOAES: oo BledlenpinaTS

si i 6 bemit qmmasémrnsnumnemt aﬁudsmpl ification. In a
preferredF%{sjpect e nmet hod conprises assessing _in_ an

i ndi Jiodiea ﬂ%ﬂﬁp@sog Hicempmtiop-che EST bhapENge eRbirpfecreased
ridl @5@@@&@&&@@%&1{@ ofGPHEM ShBgs. pﬁrJn!e QhDofiment, @Fgﬁﬁﬁﬁtld%creased

S%N wherein an 10 excess or higher frequency
PaICATG arfplepve Hgkedt|Less depndbpeleding butaaohhmntpmo 0.9,0.8,0.7,

0.6, (U]g 9!1 0 4' :']‘.E:a\ﬂu(alf@lem'bédlﬂég{ g%& icgnt ljf}%{w%ﬁ%qﬁﬁ]%k \[kl&g %a) In

I's Suscepfiblé to t
anothek enBodiaanif dlﬁrdnha@edtwpds(ot vt ibilith)pis us dstabout 20%, including

g S8R KR0S, 5, B 7o, s,

859%,-900/4s 5 apk OB Y elnGafarthAGnbd@imdik, Of Qe @nt #4cfealB i@ Ss at least
and SNPs such as marker DGL0S478 and/ or SNP
abouy. 55372, 15 rs7895340, rs11196205, rs7901695,

r s 790344 Ghe tefid gﬁﬂg’gp%@ll td §A0 80 ResT i 8! %ﬁﬂ&‘%ﬂ @l creased risk

an at-risk haloég/ is indicative of iIncreased
orgussepHity Br # decyeased Figkoer suﬁcqmlbtbét &gypealh diabhies.dfyomemoigt that is

s1érﬂﬂéa%€“u}h\éﬁa%rt£ﬁ ail&g'xﬁérﬂ&abmg h%ﬂéé/ﬁ W g@&%g@&%&%& is

popul ation for the treatnmént net
mérstisil ps ind@atedeheve i utténr ‘decreassd gpt’l, 6ddcr¢ayedmsd:@nbmty” and

I&gchoflggﬁgac’lagﬁse%fhagqul18&1%4&% at Cl'glgtl at ﬁl%(eigtciecfargase& accordmgly

nt'rol ~groups can
w]mnpae:rettamllodmr Eﬂiede JThaxier, smah@mrlammmm&hﬁmy@e i®present. Itis

o iSogh AT SYT g s Sgihe: TRreHE LA ARGk i mecioally

sighifi&hnn@ay SI660é)pesn ari»aneus}@e Edofirs) tuycwmﬁgtﬂefsgedaﬁ@&eea@a Rhe marker
pot hesi s, the 25 patients

i’g used. éJ%er the null l}fy
POPRE 2261 P%I%V’é‘?%“eé’é@ #EefSt 0 have identi cal
f I eQUERGISR SnarktioR Hagtotyb& &, 'oh&ﬁﬁbnﬁv%gﬂo?ﬁ&ﬁ’ofatﬁe T F 7L2 gene, is

alternative hypothesisS is tested ere a candl

ongwherestke makics Py iplotie is ore fpauendy present hrearnmdmml at risk for
t_yz?eelg ‘Elfab@t@éj(a?@&@&)n co %ar@& lane ﬂ‘etﬁ)&tn ?(ﬁts%ﬁéeﬁ@g a healthy

“Yrequency In ts than c e et os
indifidpdldedntobu begemﬂhmmmnchamemﬂ% oahgpletyseizntlicdtios of

su?c%gﬁlﬁﬁiiy%? g%e %gcél?}g) %{%O%Lp WB]S %ogggsgrgglﬁ zesg or c:onélalg(])nz x?rguld be

a Rasifer-esqmotedu ah ﬂﬂodfy ﬂkatelblb hG9enlaadohért 5t éﬁrbﬁ]bhdinés&hé@%y two
t 0. eval uat st at stl cal significance. -

t he
talg ieORgClet Ob Sib SRR S ééﬁOWéorﬁaSrvk%tr@cIa%b% of év@mlsers or
haplotsiped) ofle bf thE &G6ker£8H Blotypes but not the other and neither of the markers
or haplotypes.
In certain aspects of the invention, at-risk marker or haplotype is an at-risk marker

or haplotype within or near 7CF7L2 that significantly correlates with type II diabetes. In
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for exanple, association of all possible conbinations
of genotyped markers is studied, provided those

mar kers span a practical region. The conbi ned pati ent
and control groups can be r?ndon1y divided into two

sets, equal in size to the 6 irginal group of patients
and 5 controls. The marker and hapl otype analysis is

peal.€ t st _significant ps val ue
oL EebEPARk R Fl I B By leE e Bk iR Laplonee
withanoiear EQEAL2that figmifieatalyploaelated weth stf@ptidieso type II diabetes.

i P SR e oL o B Bkl i
exd4l L DEbIoMEoOF CRAT. 28 hfiskiiss@Mterdmr ker and/ or hapl ot ype

associ ation. 10 A detailed discussion of haplotype
anaPasdardrtgghpianes for sapntymin EorAlepryisnee eENRseang(o4 nicrosatellite

maRiRRE SALH: R4 habl ﬁﬁlﬁb@es@@ﬂlbﬁgdste(} | ecglle%/ gﬁlﬁg‘?tt ré}g, %ﬁ)gfesl{es. 9,492

't kel 1 hood- based | nference app
(19 PaRs BERE Nestgl PCBtandlother Mahniq@sifet nucBs 4cdd argglifichon. Ina

T. thod is inplemented.in the .orogram '
PR, oo 2T UL F BP=ohaRyBar Y A P B prequency
of SN@'s rhd/positektelitesin, Meprivtigwmdiandisss TEAYE? gie, wherein an

speci f.i cal desi.an or .case-control studies ere
o R SR BT PG TRt ORGP BUBEETE e Lealihy control
indi@iaharis Bididagvembt the SlSviddd id SisehEBledo tyPOI distfetes! BAM O9Ps and
LD structures. In NEMO, nmaxi num |ikeli hood esti mates,

mAKGERFIHOEE haplptyees Babap be apebas safcening foolh dibeep markers and SNPs
carttbd Riehdiffed iWal-Bslt R IRFHRS Folbkaldpe, %@i&qfab%g@g chRfncinde

the observed data'treating it as a m ssing-
migrogaiellita mavikers and/aySINRS sirolras menkeEREH 0SHBigral/driShaR 1sh225d$372,
' i ' ' t for
3L, A S A0 5L P RS e e o
an iahfigl gl otgpe i dsBcative of mcrenedrstisdepiihyilityrio phpadbdiabedes, and therefore

. M,SSj.n enot.ypes,. .C be.relied on to .gi ye vali
s UGB SRR P Vit S BeBiith 1 i srmpiaupthods
deswiidbd hakar mat i on had been | ost due to the information

bei ng i nconplete. The information neasure for

hapl ot ype analysis is described in N colae and Kong

1ddnEEBbRY i sus BRRREA verdnts Depar t ment of Statistics,
University of Statistics, University of Chicago;

Bi orfig fiegidencse pDhard@poersn tropdynt 286 the capirelespups can be

’ . . _ . ;  ka
oSSRy DL BEITRLL 0 FREM R S £ 9 o /0
SoStABPEEICEHP 7 Bhahy singleFentagpm gf Gismbgocidinm dws can nidlemissing

[ t he Ei sher, exact, tes a, e used t .
gohdiiodl 8 83GmablPiulth BT B8 eSS, 1Ry RE bl GimiRosts, the
patidritedmel thédbdntplsvaad sremad & lve sduntied freguradicsisUsiEg bdikelihood

wDTEH, PR SISO SR BIRACES: TROF SPRb e  rgle DT pbich

ca@1rias Bleth ¥RES HeRtBedhdrSih] & all6REVRNRVES HBRORRASET in

patients than controls, while the ratios of the frequencies of other haplotypes are assumed

4]

" "to be the same in both groups. Likelihoods are maximized separately under both -

bypotheses and a corresponding 1-df likelihood ratio statistic is used to evaluate the

statistical significance,
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to carrier frequencies. To mnimze any bias due the
rel at edness of the patients who were recruited as
famlies for the |inkage analysis, first and
second-degree relatives can be elimnated fromthe
patient list. Furthernore, the test can be repeated
for association <correcting for any renaining
rel atedness anong the patients, by extending a
Var' %?ﬁ'ilzlé R sfdage region,
R o e 10 ) DR
fqmmmnplg 4asmmyonfo@|a11@pmb1¢ pgmb@aﬁxmpf Etmésawd m@r@éw sgyfied,
I | At hi
it e N i S O
cali bé pménaigsiiddel into tgerwtsabquabmlm e caigivek paop eﬂpatrpgts and
ass ss..t he n| fica ce of. si ng r K sSoC
raib o PSR s BPES eltyTh b el el Yetbenc
V:El@B doirgad isaitch@iied 15hﬁ&hﬁt@)ﬂ1f£1oﬁ a&e:rrgﬁﬁﬁ by peaad dor example
Cohorts of patients and a:l)B B'ﬁ’éls ca){w el random ze
oy $7el 094 RRSIta EPRSHUEHRR CYPIEC UG P} PHRBCS: [ HaSTYYT %da
ﬁ&pohﬁhe%% 0t dr s i8BckiddGe B M@élg&ﬁﬁcans rdeP@r A A6 Ha@Tbtype
repli c:ftl ons that produced a p-value for sone
agweriatipn.al | el e that is lower than or equal to the

p- val [ j N g patient and
contrgld%\%]hgrgfssgl;lsgll%groyg%élﬁnépﬁléﬂgls%ﬂ er and hapl ot ype

anal yses, relative risk (RR) and the 20 popul ation
Itzrl b’%%zgl{:e ri sk (PAR) can be cal cul ated assunming a
ve nodel (haplotype relative risk nodel)

(Tervvl lliger, J.D. & Ot, J., Hum Hered. 42:337-46
(199 Z)ne@aderﬁedpisro ath b. hafldRuiz anslyeis myvolyes Asing likkihood-based

Cenet 987),) u:. k- h t '
PRGBS i VAL MORRT OB eUap 8y i Rlf Rieger To115738
(F0U3Y]. Phié métRsd i€ kaphentel! fin B progiath NEMOs¥hieh akows for many

relative to a, then the risk, of perso 0

piyroBlic RRr S APs gnd Fagrogelte Pa“z‘%&ng SR rgggecally
dEélgﬁTﬁi lf?p 8lse Rbnifo] BRIARE YEHRESME BurpbBiSis Wid%hﬁﬁylhﬁﬁbty}ﬂe groups that

as a nice property that sinplifies ana si s and
coufepdifferénd risks. ftip pse pieel falr gudyirgieBsHudnges. fn REMQ, goaximum

hll_c%flﬁj%( dtvggh&gt%g qm@lﬁifHold'rQ{dsLé% el Bed J&ﬁ;uﬁfté‘d%lte@@y with the aid of

hi'n the control population.
ﬂ&esEM glgorstby fen g, obkapeddatp eatingrit & sonissing-dafethlens
and control s each have nmul tinom al distributions, but
th di f.f hapl ot ype frequenci es 30 under the
aﬁsze”fln%{nrfe ffﬁot hesis. Specifically, for two
hapl otypes, h; and h" risk(h,)/risk(hj) (fi
) 1 ( f j Byep Xhough Ekditbod refiogestebrsee on fikelhepds m@ated ci1rect1y for the
e h f
BT POt gt L8 Sop it FRrRARM, Rt A BRI phpse and
thiRsing %&mtjip’elsl,&:aﬁbd edlici on m)gwemrhhd pivelvat, itwequld $t8] bosfsnterest to
tends to | d.excent ase _
ok gt e brh Tt A B PR e R ixpomplste. The
lﬁmuh@ﬁmwésh& fbletse@ﬁﬁypet MaRidlslis désyﬁb)etdha Nl&lad.anﬂliag% {Technical
DS%JIH bri um Usi hg NEMO 5 LDbet &qgg]l
39, Pepirtmented] Sf%ﬂsa%@na‘éqrﬁ& st a*i"&rsﬁy of Chicago;
%grfn!ef} &%6@5‘2]??236235 (2@1?*) R AAdr@WPBkdRIon RE mf@%{h@ibh Gfeasures defined

49-6 WG & Robertson, A Theor.
for linkage analysis, and is implemented in NEMO. -
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Appl . Genet. 22:226-231 (1968)). Using NEMO,
frequencies of the two marker allele conbinations are
esti mated by maxi mum | i kel i hood and devi ation from

i nkage equilibriumis evaluated by a |ikelihood
ratio test. The definitions2¢f- D and R2 are 10
extended to include mcrosatellites by averagi ng over

- s.for all possible allele conbination of the
St‘f%g' %Z}%" Z’F@F wei ght ed by the marginal allele

pr olFabkingle BSke \¥igdkiatiBh i.nat4 on
a\tg)g ol el Jat e the LDIaétrgﬁhh:agse?gr? tgg%rééé‘?{%x%? Pt e beed to

latefmgrsigy dE"ﬁalthﬁefoufﬂ@bﬂndmﬂualcaﬂahe mmdaltﬂar@pmﬁntﬁ

h l.n.th he markers
e o bR e Pty b Shepwss.
fregheicies ;ﬁfwsmglwlsatbldltrai 8NPy, anidfhapIblypdesirs gitblic %te?ﬁénéieb Q@J)pposed

is Miltipoint, ect ed-only -

k Anal
o URHE Stk A BPRhe So et o ieuBRivdrine hiraryises wis wre
recasiselss famlﬂe ferehd Eﬁkaké Meapes, iRESHY fond Qéﬁeéﬁfgxﬁxﬁ?ﬁ can be

andthe non-paranetric |inkage

eh}glggltezic ﬁhao@hagi‘t Isf. h@gp@r@ thp éespg@dqegmweﬂégrassomatmn
cotr&3AB jfEr én%&%ai%lng@-l&l’atehﬁéss aﬁﬁﬂ%h}e 8%& %y?éx&%% %éanance

basel'ine |'i nkage "anal ysi s use STSEGP
adipsinept recedie deseraddn Risch, N. &dleperin (Gehonﬁmmes NRT351288

( 19@@%};]39@@2 oc(l %34%@ f%ﬂrlﬁg%éﬁ léo {'?}haé eT g% k}ﬁ é?ﬁlieg to gvf:,neralll familial

relatignghips, @hépl’ﬂﬂgltlh)ﬂleﬂdjl(stédmgd uﬁadjmﬂi P Q?liﬁes flbk‘ éom aﬁﬁ&n JThe
1179-8 1997 and a fam |y weighting
it Reo R ol SEdianel b roeliit, 18 onchee e sk iomesirnbsmel-

mavbll‘ ghbclagomaﬂfec&ﬁff@%ﬁdpﬁaéﬁmg G ah Yoo gut"éﬁ‘hﬂ’ib%ﬂlgegmn test
The informati on neasure t

I
uszB% éle sgr%gl §F‘¥°t8?%u‘$alt?e CMI’P@@ pﬁp%@@@@aﬁpomq@w bgmehdomézed and

theiagdooiatiat bﬁ&]yéisﬂieﬁ@ncﬁﬁﬁ’lﬁ b s Qe. gf gf) Sdf)g%né& ({tﬁg p-value

conpl e uni nf ormat i ve
is t%eﬁ%‘#?ﬁé@ ﬂ)itpgtgqﬁs et PW@U@d@dI*Vdn@fmtsomé nmklteg hiele that is lower

t d Ll
thaﬁ Bﬁé dg?tsogg??l alic, egcfﬁgé}g%\mgs?ﬁgaﬁlﬁ% fal b leeat ané@ontrol cohorts,
70 %@@D@O@nglmye)r an&h@mypmmasemﬂenmtq ?iaﬁcwae

[, nificant result. is
POPSLleJug?t gﬂgf"ﬁ%@éh@ﬁg‘“{‘ﬁﬁ% %‘llaﬁ: agsymine.a @gmpyf:@gle@tppdel
(haplhe’pb selitiveodskirasdg (I&WIB@BYQU ©. hee! ¥, HihestsliifRylison

- of) bl Tt BOERGR Db, et hod et Ro(1987)), L

thaﬂ thak £ , allel o

e Aot ol b 0
is ﬂl?:ﬂs P4y f% thevgisk waeaméwmmmmwaem Himes
thatl df % He@pglyebie Aﬁaénﬁ Iﬁg'ﬁﬁlﬂs Rtk i 55151111[8?5;%?3 aallié?le %@Wiﬁcgtlij\lel

5 hypothe3|s (e.g., Gudbjartsson e

moded hisa @cq POy thaWimplﬂﬁdm:emeﬂgma afid) Behpiktatiodt —MRESol P hrd
end to be very

F)
indd :éﬁ\ﬂ ?me ﬁﬁﬁrdyl‘\gg@begggqm}%rgﬁf ‘?;B ngheoqf@ctgéppmlmmsoveu
as v&athsut‘hc epnﬂrdi ipopbiltids0 CAkSa éd’ﬁs&a%&ﬁ&‘ Hayﬁg@?éjécﬁﬁﬁﬁt Z theTeKEhs and

n ot anal ysi s invol ves _

con%%ﬁ 8?“%313 éﬁ@t}p@ﬁ%@ kglpqtm‘tﬁmop% buswigh diferont hapiapp@frglmncx es
undé the Keerndtik 39p&iBd £ d._%‘p e&@cﬁiy? B Swd haﬂ;lgtypes, hi and #;,
risk(h,-)/ﬁsk(hj) = (f/p)/(filp)), where f and p denote, respectively, frequencies in the
affected population and in the control population. While there is some power loss if the
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has been reported that portions of the human genone
can be broken into. series of discrete haplotype
bl ocks containing a few common hapl otypes; for these

bl ocks, linkage disequilibriumdata provided little
evi dence i ndi cating reconbl tion (see, e.g., Wll.
J.D. and Pritchard, ure Reviews CGenetics

4:587-597 (2003); Daly, M et at, 15 Nature Genet.

T

mPorakly] p-vERRS a(e2004ys vabBd wewe theff arestormpiited Naithunegpect to null
41%‘544 548 (2002); Phillips, MS. etal, Nature
YEEWEYS: 33:382-387 (2003)). There are two nmin net hods
for defining these hapl otype bl ocks: bl ocks can be
Linlefge iBstqatibregi Unisg OFEMMNA that have |imted hapl otype

e Doiebs Bt Pyt pon beteeTan Ve G sORlAH fefpton or

and ®¢:(L&dkButin! 23 RN 19.8n8% 91®54)EH11¢tw&§ & NabéHsBn, A. Theor.
418: 544- 548 gﬁggég Zhang, K. et at, Proc. Natl. Acad.

AppliGenety32:236: B3R HBNEMO, fsauensies of thsriwo prari afiele
cobdbibtibhd 88 &PNARTA Bgﬂﬂﬂmﬁﬁ tl&@h‘ﬂo\é& anci‘&éﬁaﬁfo!n%m lmka e

reconbi nation, 1de using | inkage disequiliDbrium
eq Hibplumals gvalu@tbby eflikelgopd ratisttesit Th&dé enu@s of D’ and R? are

B R PRGSO O e g8

cohiinatiGe péthe tWh riRRats $2RhtedIFARY mnaginstrplicle MoPabiliesd When

| dst ei D.B Cury. .Bi,ol. 13:1-8 (2003)). . used
PIAfEPE R Fises CpPire Toh At B LR eehe T g dosion, we
plot 1o Md@éu@eﬁ!&fﬁooﬁﬁﬁhﬁ@d#e@ﬂvz&hd ihelief ehar ﬂgﬂt%bl;n‘éfq i Ell the LD plots
Representatiye methods for identi atlon of hapl ot ype
thaieE apdeslaitedsapistmpthes g xding Qfhei bl dcaon, if
deBadent Application Nos. 20030099964 20030170665, 30
20040023237 and 20040146870. Hapl otype bl ocks can be
used readily to map associations between phenotype
Steifsiicilalerbeqyier sinkegesAnaiyiés mai n hapl ot ypes can be
|dent|f|ed i n each hapl otype bl ock, and then a set of
ing". SNPs or markers (the -27- smallest, set of

SNP B ladiestedrealyedicleoshariag magadstrndwaneyt inrfle analyses to
as&b@?l%ﬂ&éﬂ?:@ $or 14 d hﬁ&uﬁ@ bolE8L T 0T- %‘:e mQE@ner@?&hﬁgmc linkage

Ps or narkers can thén be used in assessnen
(N?édpcr@e caft bo abgined psing the magrpindbiddese (Guilbisrigeon of gl., Nat. Genet.

25 F R At B PO e R MR PUER R, 80 RERGAY P
(Vﬁaﬁ@‘e%d&ﬁ@rﬁﬂpmm IByom etigcs5 & HeSe 27 (ﬁﬁ%)aKaxglﬁkIIstet al., Am. J.

s 180 53Tt o Honb e RBO kel G BR Bohapdh DR . ans

CeeNRiHn. rmerr enbr 6 hap1ooty (1997)) a4 fmxngw&fgrﬂﬁhgmh&ﬁé that is
I1on O

éﬁ? fo (@Pe useful for deter i

hagegait B qs—% & ety righ fa%ee%e ected payr equpliegndaypeighting

eaémﬁmyt Qubly. UsRS tbornefiot e SResthMOySus s8R e WiTk¥rotRogram
pe I'l diabetes. Particular markers and hapl otypes

ouawé apdibsdnfeppetionralpeenvaly zern 1f thelmarken apnotysies Aretoppwpldtely
un%llfgrgxgbcigfg aﬁ@ a'.lsnone Iﬁﬁ%‘éé d\éfehﬁﬁgﬁhg %aplalnf ount of allele

refore, ffese ers an ypes have
sharing by decent among the’ affected relatives (Gretarsdottir et al., Am. J. Hum. Genet.,

70:593-603 (2002)). The P-values were computed two different ways and the less

significant result is reported here. The first P-value can be computed on the basis of large
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predictive value for detecting type Il diabetes, or a
susceptibility to type Il diabetes, in an individual.
Hapl ot ype bl ocks (i.e. the exon 4 LD bl ock of TCF7L2)
conprising certain 15 tagglnﬁ mar kers, can be found
nmore frequently in individua &-with type Il diabetes
than in individuals MAthout type Il diabetes.

BI85 o B0 DL i

s e e
’% %@ é&e f‘rﬂ9 ?ﬂ% ﬁ§9 pi B3 Vﬁ@ndoli’-valyacm bmctaécuagn?m by emnparing

theﬂlblsd‘.td@i DODSRBH eSS c&rﬁiﬁ&e g]la Scﬁs E@%D%C]'%Dl%ghe aull

hapl ot ypes, as these 20 sim
hypnthesisip e Gudhiettsseg etyqoé\fqnGmea@étlesa (aooc@) When the data consist

oSSR Plky fdhik R 1fh¥ Swio) P-Vagltleg %}dgtp be e cconsequence

of the hapl otype block strUc #- genone,
a |arge nunber of markers or other variants and/ or

k i ts i
O B R & R BB Serepbiopbasr). may b
f ounbl cedaib endsdDningl e@rkerhidh 1 eta%ﬁats Ee Alolved gg{} Qe a

enot ype. .. Thu it 1s possible rs an
a%@ﬁ%t é%sgu‘iégtysl%}%a?ﬁgl oR ‘taplatyph blogksaldo Laladl” @Ekblﬂcfks”) It

hak@edl 2pageddnit
Y %)har Ctori zeéﬁa’%&ﬂraglfgire;hgg{gpgt %J%ﬂ%e%v\ﬁﬂfeﬁ IRIR Setis Of digerete

ek portaipingz faWecongamdiaptogbes;\ibi ihedefierk) linkage
dlﬁléq%h%hﬁﬁa c(ata Iﬁ-ovﬁi?rﬁ{tﬂ%% Iricﬂld{l] a{r %2?00%%111?621%{1 2%%5%@8\?%/&11

susce ity of type
5. clxah:bﬂ Ko Nutdeesiavidae drdnesiai 687 Tk 206, DQ%}t M@A’az

at are I n stron
N‘ﬁi‘:‘ﬁeg‘?éfgf s ?2%&9%@%“3% oo Foaf éczzyceva%fazagézzasz (2002);
Paﬁiﬂzrﬁé e84, @Sﬁzeb&teZWMGrlﬁiZB 2y tplnaﬁlrs&@hi & ézt Ndtre 418:544-548
ion uch additional variants can
(26(5’@{%%12 S @{5 ﬁo&éf‘(ﬁéﬁen%ﬂﬁ\gzﬁﬁt@@%) ski | | ed | n the
ar t . Thé@rareaahia idth Aol inSf %'&Q ‘ﬁ%ﬁlg?ysé biof 1§ gﬁgﬁ%cankoe

nom.c region in partlcula grou

delip BReLions ol that hayh hmﬁeddlaybﬁmabmva&s(e& 8.4s Maly, M. ez al,
N G0N 22 AP 3 208 1); ldﬁs%rdbb§3ﬁnc81591,@217{§$é§f‘@001)

markers within the exon 4 'L )1 OC
Daesird:- phvld dera 48 SH4-64R6909); Zhangd ®i. vi aly @hsc. WabihAd WD Se:,

sSc ri.sing two or nore
U B e (R0 PR R Beh5ion Bipesfayin odprsive
hlsgprg:gl Eourhdnation, tolentmeemmg Imkagtaﬁfeqaﬁﬁﬁuﬁaf@é}usg%abﬁe SB.

bet Th k
(; ;%0” Sfle’“%pe@%?%tz?%%@ﬁ%ﬁ’@gfe RS 5 ah N o0 en 387
3. W aaif @ l
. mr? LA 3 FIORIGASLIIIDEK IS (005 ShiE M. and
ofsisirt OB e Cuotiad. 131he GiiDorspes Mdnn&clmms“wm&k’

or*me]oek’ahaudés%lé&%eﬁﬁea% ation of 10
varjous genetic markers, eltﬁer%% n%\thd

m cR%fgaie@ﬂatwﬁt asthodhier efeonﬁqandebﬁhapmgpe”iﬂ@émtay@@% forﬁiafbr
Wn he art and
S B R AR i ol el daoS0lrodts,
200460033287 pind 290§Ol4i’$70FHaple_,ip€BIo?ks @@@rweeisé& feg ,:M\%e”
es or sets O mar kers an
assSAAC BorlBL bR hoplotuns: o (e deerabaiatimesqasse A
1dem1nﬁndel$ efthatpléSpe SRIER! £id Wend: 2 HP g%gﬁn%‘:?ﬁﬁg o1 gparkers (the

correlation woul d be a Fi sher-ex
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15 two by two table. In specific enbodi nents, a marker

or hapl otype associated wwth the exon 4 LD bl ock of

TCF7L2 is one in which the nmarker or haplotype is nore

frequently present in an individual at risk for type

Il diabetes (affected), conpgzed to the frequency of

its presence in a healthy ifAdividual (control),

wherein the presence of the marker or haplotype is 20

s llest 8tiof NPk of WRAeld ndi AP H3inlL; cepiibility to

type |1 _di abetoes. I Iﬁgﬁg&r)ﬁecﬁ%%%'glﬁlg%%g’?g t‘?‘g%‘gﬂl}?@?e can then be

ideaed ng'gp keggingi SR quéxaeglegr? baﬁcﬂ bé il itmiséésgliﬂeﬂklw sélfples

O i RSS0G e exon ock o

TCFgr Eg&r ar g&t agol ’nﬂé %%T(gef ﬁoe%rggnt%ﬁ AsogiPHonBswery Rifaelps yud

?g??zem Ifgigsmd, ne:igihhowﬂ'd' ?&h}glﬁfypfé biskd @ Hesdol cBhRREHES, as
._conpar .the frequency o eir

pr esg}%@" | %lsghr;?é%? %ﬁ?ﬂ“ﬁﬂm"‘% Yoens the Benlegpg blogiser ei n

the presence of the tagging 25 markers is indicative
of increased susceptibility to type Il diabetes. In a

ffu[éper odi nent, at-risk markers in |inkage
('ﬁ’s? Gl ?'f‘g {%H?WE h one or nmore narkers associ at ed

are npre frequently present In r

foupd tq %%seﬁ;l dorlstarminatipn apasegptibBity teetype Halisbaey —dk., they are
: i J4.ndi vi dual. (contr ol
AR ORISR e SO P e

angkhagleinep eretfpimd motedraqupelyl ih iniieidedle srithltfp e A{aBétss than in

. . ' .her ei an i ndividual who is at risk

PR LR SO TRE RPERNELS,) TngfiRer QRS atpifors e hve

predictiyesvalurelok deteainghppl 0 diapetet, or b d@RbHTHIRG to typB I0Sbetes, in an
a

rength of the associ ation of

e R ORT WA 7 o G by o BT Diconspeing certain

taggRiR) mafRierd, sart fefoumd hdréfredulfily AGhAGTIESs Wit i diéﬁetes than in
. .oqglﬁloglanoqglsu jects who carry one copy of the™ ™
mﬁ‘é{’r & YOI oREpPo ;ﬁ&g’?feé- { Aerefors ithpsn Cat-1isk” tdgeing omakdrs within the
haplooype blekbiRHabe PRAIEe ke foi“d[arlkéct‘i {I‘Eﬂbeé’ rolr a susceptibility

‘hapl otype. This ratio is equivalen he rat
to pe I debdem eangindividuak oifdiniskd teggimgmuprberb rthinsthuhaplotype or

LIF BlokNs éa%Is%?iﬂélﬁée cﬁfneré{l{' 1 JRGke Ejsgﬂ%lals%ﬁa%&fnéytgﬁ}bgpgﬁeg, as these

.1 ncl dence O_ .t e con I on anong
sipieslydigyy pestlictive valire fdreleteotingngpt Htdighetes loh a @Repiibility to type IT

: di er._ar. hapl o e has relative

dm?’iggﬁ' J%?gg%’nseh‘geg‘é’ b haplorge EEFI%']%E) ieﬁéﬂ%eézmqaﬁ@enome, a

.Iarggnmbel‘@rf n‘mak,ﬁrsmlyqiherhaﬁalﬁs ﬁ!ﬁj/@tﬂaléﬁ)f_ﬁjé KOIQ%I’I@]H iu%ﬁﬁ{a_rkers or
least 1,5, at |eas 2.%, at

. at least .1.4  a

vt fn BlogtsfR Wit nlenisiopletid: back) ma bo ed ubeaissociated
withra @ttainkthif @d&k pherddtypen is PEs

lf;en?;pn an iﬁd?vi Saﬁg&%ghﬁas gggggfégggﬁapﬁg&h?%ﬁqmes
resiRE Ik tag Sxoe kKB PIack gf TOF7L3 pedefined hatoit s bsomyLD
berdiow el o7 e e rdfsoc
(IRl 50, AL L, TP 2 B
with&ynedd diabefam(ignibey confer inreased nhdetiremsed sustdpeibibay kewpII

. 0 at.ive risk,of, |ess,tha .9. In
e TR 1 S Rl e S e B THBlR P sl nolude
otheraharkirgdhat ingkinefrodekD (tiaavidiz8d bl B?Sg,&e;it&étﬁarp@j) with one or more

of the markers listed in Table 6. The identification of such additional variants can be

achieved by methods well known to those skilled in the art, for example by DNA
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|l ess than 0.6, less than 0.5 or less than 0.4. Utility
of CGenetic Testing The know edge about a genetic
variant that confers a risk of devel oping type II

di abetes 20 offers the opppg%unity to apply a .
genetic-test to distinguish tween individuals with

i ncreased risk of devel oping the disease (i-.e.
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In certain methods described herein, an individual who is at risk for type II

diabetes is an individual in whom an at-risk marker or haplotype is identified,. In one
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expression of TCF7L2, either directly or indirectly
(e.g., through altering activity or nucleic acid
expression of a protein that interacts with TCF7L2,
such as a protein in the Witagignaling pathway or in
the cadherin pathway (e.g., beta-catenin)). In
certain enbodi nents, the TCF7L2 therapeutic agent
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In preferred enbodi ments, the TCF7L2 therapeutic agent
is an agent that interferes with the activity of
TCF7L2, such as, for exanple, an agent that interferes
with TCF7L2 binding or int g@acti on of TCF7L2 with

bet a-catenin (see, e.g., lini, et al., J. 25 Biol.
Chem 278(23):21092-06 (2003)) or wth other proteins.

sl g Rgfapeutic agents include agents that
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i ncl udi ng, for exanple, those described in US Patents
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tre@u@&g o i Bl Lbna o Dl ECHEL S0P s
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S e IR TR A L
mﬁﬁﬁé)%oﬁ%@?ﬂl&%ﬂ@ﬁm&%lﬁ@[@acﬁg@@%sﬁbﬁ df COPPaY) Yither directly or
n

ou ndi cati ons nane(s) _using Aut onom 'Sl S Draw
inR@AoE & e CATRHE AHEIDE SR T RESLSLO Pl GFRFEFICHNP! SaFeims that

méﬁc%]\ﬁ%ﬂzgﬁ’ 3‘132 @ﬂcﬂ\/;%t J}Q’&ﬁém%g SRZWhnd Sléna(lﬁ p@t@wagwf #3Rd cadherin
nitro-thiazol -2-34)-urea AstraZeneca A 025028 NSD

rafioraydZen éefa-camnﬁrz)} (T, c4rigin etibodimeptyetiy TCFZL2 therapeutic agent

alters activity and/or nucleic acid expression of TCF7L2,

TCF7L2 therapeutic agents can alter TCF7L2 polypeptide activity or nucleic acid
expression by a variety of means, such as, for example, by providing additional TCF7L2
polypeptide or by upregulating the transcription or translation of the TCF7L2 nucleic
acid; by altering posttranslational processing of the TCF7L.2 polypeptide; by altering
transcription of TCF7L2 splicing variants; or by interfering with TCF7L2 polypeptide” -~
activity {e.g., by binding to a TCF7L2 polypeptide), or by binding to another polypeptide
that interacts with TCF7L2, by altering (e.g., downregulating) the éxpression,
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(1H i nddazol - 2-yl ) - pyri m di n- 2-
ylI-N-(5-nitro-pyridin-2-yl)- non-insulin dependent
CT-98023 et hane-I, 2-di anuae Chiron Co di abetes
Waltman at at., G ur Pharm Des 2004:10(10) 1105-37
non-insulin dependent CT-20026_ NSD Chiron Corp

di abet es non-insulin dependen CT- 21022 NSD Chiron
Corp di abetes CT-20014 NSD non-insulin dependent

ﬁ%ﬁh%om tPndiaAbeb s TORE 3 RS ﬁbiclﬁj,%? &y ‘Qﬁéﬁnge(%; %%%ﬁﬁng or

Chiron Corp di abetes non-insulin depen Iron
agipgpuhatretiesy. CH R- 98025 NSD Wagman et al., Curr

Phar . : - -4 NSul. i ..
tope sekeiavp rCrdhs holilech it ARl bllicio acids or
figpysttabGémonties MP=EUR4GH63 Roreth, plratwdsiiphldlddiides @mdding the
Ylu u . (,Korea. 100179(1 NS % , . lein aci
Pﬂ’?‘?—t 55 SRS HCIST AR oy posnprising syeh puglpig acids (e.g., 2 gene,
CDN@E, Iaﬂdi/Uf inRNJhE; B&cﬂ‘d@ﬂi nuc&@d’laduﬂﬁioﬁﬂx)lg @.W(]‘,F’VILQI lﬁep‘tllde or active
di abetes, .anion M t -33- Conpound Conpound nane
ﬁegfaﬁ@roafi@fdva@aﬁﬁwf&ﬁa&&ﬁw%ﬁéﬁweﬁgmpﬁmf(@yrea% Phg

FAMLOROBY ddrohSydBde ek Rl & HHRer VSl PParBn® hEidl Wb Type I

| Af or mati on Syst ens)
diabetes nucleic acid, or fragments or derivatives thereof); polypeptides described herein
and/ or splicing variants encoded by the TCF7L2 nucleic acid or fragments or derivatives
thefeof; other polypeptides (e.g., TCF71L2 receptors); TCF7L2 binding agents; or agents
that affect (e.g., increase or decrease) activity, antibodies, such as an antibody fo an
altered TCF7L2 polypeptide, or an antibody to 2 non-altered TCF7L2 polypeptide, or an
antibody to a particular splicing variant encoded by a TCF7L2 nucleic acid as described
above; peptidomimetics; fusion proteins or prodrizgs thereof; ribozymes; other small

molecules; and other agents that alter (e.g., enhance or inhibit) expression of a TCF7L2
nucleic acid, or that regulate transcription of T7CF7L2 splicing variants (e.g., agents that

‘affect which splicing variants are expressed, or that affect the amount of each splicing

variant that is expressed)., Additional representative TCF7L2 therapeutic agents include
compounds that influence insulin signaling and/or glucagons, GLP-1 or GIP signaling,
More than one TCF7L2 therapeutic agent can be used concurrently, if desired.

In preferred embodiments, the TCE7L2 therapeutic agent is an agent that
interferes with the activity of TCF7L2, such as, for example, an agent that interferes with
TCF7L2 binding or interaction of TCF7L2 with beta-catenin (see, e.g., Fasolini, ef al., J.
Biol. Chem 278(23):21092-06 (2003)) or with other proteins. Other TCF7L2 therapeutic
agents include agents that affect the Wnt signaling pathway or agents that affect the
cadherin pathway. Representative agents include agents such as those used for cancer
therapy, including, for example, proteins such as the DKK proteins; the beta-catenin
binding domain of APC, or Axin; factors such as IDAX, AXAM and ICAT; anfisense
oligonucleotides or RNA interference (RNAI), such as with the use of Vitravene;
oncolytic viral vectors; and other compounds (see, e.g., Luu ef al., Current Cancer Drug

Targets 4:6530671 (2004)); small molecule antagonists, including, for example,
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20 TCF7L2 expression and activity, or have altered
TCF7L2 expression and activity, or have expression of

a di sease-associ ated TCF7L2 splicing variant, can be

engi neered to express the TCF7L2 pol ypeptide or an
active fragment of the TCF7L2" pol ypeptide (or a
different wvariant of the TCF7L2 pol ypepti de) In
certqthQT peie : cl i.ds e cod

pol ypept i gb Eg)%ﬁ%cc%% (gSTaFe %’ﬁ%ﬂ'ﬁm IB€F "??%H“’l“%aﬂy effectlve
arpprgrtéie. mt@nmhmﬂmnmmnﬁhﬁmdﬁkﬁﬁam&émﬁﬁmQ%ﬁﬁﬁéém%%@ The

&%ﬁ% ﬁr‘ﬁa a Vir ct.or, and the vector can
PR S ‘g t 0% g]bf FificHve i the tregimant of ﬁlmﬂ?lculaaﬂde«ndual’
digender dropnditien il ﬁ&@i’(& on 'Myﬂ‘%'ld?ﬂs éﬂdrsarerﬁg ng PRY. seﬁs% and can be

. Al ternat

f b
de GRS f@hg¥%{m¥éﬂ‘%§gﬂd}§ﬂﬂg Fsadditigre fruvitrploo Bphm zBsays may
opti@ﬁﬁlﬂ}ﬁb@b Foy&[‘to Héﬁﬁﬁéxﬂiﬁ %t}glﬁﬁ%@éﬁ%&g&%% egg? Prepisg dose to be

m Croj njection usi on

emplgyed Iﬁggq)ﬁaé@u atjpn willk slge depiiad uptieleeute oA ndraingstrabién, 364 the
h nt of the
o R ke B dhvor BB SR e oo ermeraent of

I nvent i on,

a H’gq’;t@fzcmgnmde&mh pationt’s oir@mmtlced. EfaRiide &fseﬁ f(iﬁy hE ¥ﬁfh&:bﬁfbd from
e

rt|on such a nucleic acid
do‘é.’% nusce |8otT g@“‘éeg{%ff &R ar Humalgpoded sst ﬁé‘tmed in
antlnmasm’bommﬁ BYnicledd adfaie . n
|| 1zg‘%’jcl eot i de) f3\/vh|u((;:h s;apec(l ) %gﬂ% C%bfdbe%g%ﬂ égT@Fq]{‘%e _
??ﬁﬁﬁ dPoREnBelee ek thet efa?0¢§8;ﬁeT¢F7Icﬂ mﬂme@sdgmlaﬂmmg
vafighi ﬂmﬁfaﬁwer (mend RRIPLA alﬂe egﬂer 108 A L 3E R oo

nucl ei c acid _that speci |ca di 765¢
CORPYFHPB AS W‘Peﬁll‘ﬁbﬁw sFag )@MSJ &DﬁZETLZ g‘eﬁe dEmididlc acid or a cDNA

o ot oR D e B R i B3 T welbrepspave

mmcgbmm/cqﬂg mmém momadv ohiasevo) padhlth RS Dﬁlgfﬂdﬁﬁé hafive FOF7L2

f bi ndi
pobRER TR cherel), IR B RGloon oot oo griareDbiA or
vetthecahgpriing the gene, nivlei@Bid SEESNACRAR BE [ldu@d {‘1%~mtroduced)

e

del d, f
il 58 TR i B hcraies ﬁ%giqeeiiw@%%béﬁgmwm e
TQﬂ7&3 Rk prebsort AN AR 8FLIVE altBRd ¥R 7y 2 ]pﬁ]%rﬁs%m du Ti;]vdR%!APr have

t hat |sc%dqlrrpl enentary to a portion o
KIBRIIA R Afis@sfeprgraiate ECT TRrsrticing et dadde engmeered to express

the SR Y SbHde &5 a@ﬁé %%]Ee%t 6PE tTrCllE’(‘}%a pgfyp%%@g ?%ﬁ%dlﬁ'erent

ol i gonucl eoti de probe t 'S gener at
varignt phtg d&d LA peliwetids). intceﬁhammbn&mmnt@nu&éi@Eﬁ§§ér@8chﬁg‘a

or genon ¢ DNA of the
TCRYRS bolBthe bt ph e bt dreiie Ve RGeoh FjohmieredEplisto
an grrabssionaiectorsue asexdnml V@nﬁ}kﬁidﬁﬁé V&Qﬁ ca¥Bé SlroBh&d into |
us nucl eases, e.g., exonucleases

t d
ool ekt S i 7R EMBsasts G ratireh onudine v b bemvial

tratisier iystems, iRxe bpLiady AMEL8Y &y, oh e for, use as
ol i gonucl cot i dey ar ermt%jgsp %“r%%mb%f%"?s Suclias

I3 shoR
feFepscipHations mﬁyhaﬁh@bﬁghl@n‘alee (ag afﬂﬁ@dSm_&fmor@NA

i . 4,564,
meﬁl’égégfé ﬂ?% Heﬁdtglﬁ) tﬁlﬁ%srt;%llqﬁa h}?dﬁéx%gs 2)2 S.g?cé ?ggt} Hate_h% ggxf @so be

usedonst r uct i ng ol i gomers usef ul in antisense therapy are
al s
Rlternatively, in another embodiment of the invention, a nucleic acid of the

invention; a nucleic acid complementary to a macleic acid of the invention; or a portion of
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descri bed, for exanple, by Van der Krol et at.,

(Bi oTechni ques 6:958-976 (1988)): and Stein et at.,
(Cancer Res. 48:2659-2668 (1988)). Wth respect to

anti sense DNA, ol igodeoxyribonucl eotides derived from
the translation initiation 5te are preferred. To
perform anti sense therapy, oli gonucl eotides (nmRNA,

cDNA or DNA) are 25 designed that are conpl enentary
s 2HRNGI BREAE! §2 Unldiodideblide M@cnb@ﬁ%em)l SabRSsed in

ol i gonucl eoti des bind to TCF/L2 NA transcripts and
@tléanéﬁith@mmsn athiigdre nysiiolaid @.g. ,cﬁ@mmgenmcmdpl which Spemﬁcally

SR AN BEECSA 08 DO e ASBUEDSE s i

ot genbetediimgitu. Mihecatissnst haticia asie gae apaelﬁtaﬁy dythridizrs emlhe mRNA

al}(:g(?;ﬁ#lﬁtge § r a%cﬁ)étsglagl%ggmblﬁ%ﬁﬁ 2%%' %ﬁ@é e.gs Ejy 1r}h|aa1tmg'\#19‘anslatlon

aﬂ:’%i:bi‘aﬁscﬁ?ﬁa@ 0B thdaill df3BHSRisEN4E hedisic a6lddan ba b chBleftional base
strand t he dug} ex DNA may thus be tested,

P SQPRISSTER L G0 T RYIDIE: 1a§1s%ﬁ%0f bipding Ky IPNMU%XGS through
ﬁb'uﬁéﬁ@udﬂ 1|n|théjﬁlﬁfcﬁ‘ %roo‘?f@ oPRE Rodviendsgr ee of

conp enmentarity and  ength of the antisense
nucl &n entisensg, coastmcs of the ensasmt breseniion ehottei delivgrod dor example, as

a;f%%%s?iux }91 nieasl &Q&n‘g{edtaggve %énqhg hﬁ%&n{%’ﬁ ltr%&ng&i iq the cell, it

Basem s hes W
p@dekes RNA thhois mpapbnadokay dugbcebron( af thé mRNA nnd/asDNtAmhzch

case ) e illed art. can rta a
Rl o TR TLS e ioh ATRTRRVDY) e bisGRe op By b Be &
olmgo@ﬁaebﬁde@rob@ tidrds géﬂegaw@d Mandeﬁm@eeu info @ik 15@1615 Bihibits

e DNA. RNA, __or chineric mi xt ur es

t hera
e%%ﬁl@g%ﬁ) %%m&aﬁ fhrthe RN andsereEeppmicgigNA of the polypeptide. In
orfl dRSHORMSINE, AREIE Kl HucROLE! Hotds b tH6d fied dgonucleotides, Whlch are

ol i gonucl eoti des can be nodified at the base noiety,

resigighi to gadagepousqruckRis phat exonpeds BoaTsl/orfegflonuelensss etherely
rehﬂ@'ﬁ@\fﬁ‘erﬁ Lablk 'i)%ooﬁix&ﬁ aFfRk F:H:I c@ xlﬂhf%ﬁl% fcﬁ“ﬁh@% anfilehse

ol I gonucl eoti1 des can’i nc er appende
olwogu@@t@gtﬂe @bospdprinddsic (mhogphothirate andgeethpiphdPhimsss analogs of

D@% ¢3,Ieer SEEHLObS: N‘% V:% Y4y 9967 2%? % ?,%%lsh‘@t. | Witionatty,
ransport ~acr oss cé ane | 368, .g.,
gdretad apmmcheitoa:bnstﬁroﬂng oliatnlers vdeAd in SaisenddFherapy are also

86..6553- 6556 c oL it L .at
ARG B PR BT g BB & B8 B R blepatr AT o) and
Stelhkd? b a(Uamrmas A§265881039 S16RR))0 Wik Lspdcd bk @is DNA
barrl er PCT International Publication

oliged ecsw&m Ug%ﬁdwsﬁi framzhe rawlefien pjistap %ﬁe@m@féned

agentSpdr B8R anfsdhse tHEFRy, SlsoRol uhés@bl@ﬁﬂcmm@%)
6: 958&%76 1%8% Seor @lrj{ ergga ca(i)ol ng agents. (See N}.\)are

degighed ﬂanfaafﬁfsorr:@@men@rzsgm%% enewiig fhe TRF AR gsne ribhe amheense
ol ohgaémhmha @?T@’Z’L% ﬁﬂzgw&g&g@ﬁnﬁg aﬁ@g@gg{&%ﬁslam. SG¥bGte
ere

a peptid zatironmtrig
cm;dggeﬂtamm aﬁ@o@-emfemed,am s@oequimge it sequence “complementary” to a

N e S L

cdnl[plamemantﬁto B0atel g bridfze Aith RhORN@Q forbengis bl Ahplex; in the

del tisense DNA or RNA to_ cell
caafh?ﬁ fiﬂaﬁ%é%ﬁﬁﬁ?eé&mﬂé@se Bycleie agid, & stuglp Wepdef quualﬁs DiN{emay
thiid BSMRed ot Bipl&H forRdidd J%Qy BUsE5/RAS Ghe ability to hybridize will depend

on both the degree of complementarity and the length of the antisense nucleic acid, as



nol ecul es, designed to target the desired cells (e.qg.,
anti sense |inked to peptides or antibodies that
specifically bind receptors or antigens expressed on
the target cell surface) c be adm ni stered
‘systematically. Alternativéﬁg' in a preferred

enbodi nent, a25 reconbi nant DNA construct is utilized

[ ti ' aced
e, RSP L SO RS Gt ST iy o
- bagy mismhat¢hiey withihe Rise ltcﬁa}smtmmambﬂﬂlt folitk stablé @p&ﬁ%éﬂﬁ@lex as

ient results in
th% e g‘%"“ b @PF %?ﬁ%‘ﬁf’ ?lgFﬁn B EH %tOJﬁrabl% ﬂ?@%@f mismatch by
lwsbfamMQﬂdﬁﬁw&mhﬁat will formconpl enmentary base pairs

5§ﬁ ¢ endogenous - TCF7L2 transcripts and thereby
pr eVeRelgPiriqotfesgired in nkigenpetiErapywrIbe DEGY, Pé%mcmmenc

- miRPr& HHeTHOsVeRBr IlBSch'f'@& Q%Mﬁ? fileiﬁer&ﬁ\éin\é? -G Red D3oubls.d cisltranded

taken up by a cel directs ranscriptron
Thg eligapycientides @mke ﬂ&ﬂi@ﬁﬁdaaf‘t&@cha@q: Moy, SermR i) cﬁ@l’mdph%

ed, .as.l s it can
ba e or POIR L Mk e SRR o eSSute, B0 Bt SR
oligprytelepéideoran. 1m:ludeb:ehar(ap13etndad: ERdpbyuch @€ pepRidBaRLs. E’?Wbarcretmg
ho&(%ﬁngm Sz ods s%af @Id in the art and descrlbed
above. 6‘%5" |98 28 hiegRiAtg e ‘T@B@Rﬁ&mﬁf%@e 661# mgibagne (ses,
e. gv,dcﬁtmm analbews Bl Bedd, SHAUBA RES55R8 thﬁtre et al,
P C°2§5f5, éhat can be introduced direct y |nt
"9 Sfe 64 8- KV SAiPAP 1071498 T RGT Infesvationsl R;ﬂvh%imn@i@xjwo
8810DB DO) o? f}&»eﬁlg&?”)fﬁﬁll Darrid} (%t n%h?gqqﬁt'efn%f}m?d %ﬁ%‘l CFaBon NO: WO

»h case ad nlnlstratlon e acconp
89/ Abedr brdization-giggereq gteemgc abéng (seagodanbersi.] TCF? L2

d
PUESLGEL SO0, LB S RLCES, D pn e
5: 5&875&%&98&)}3 Tmtbmé,rthu ehg::gmt}aotgmma;r torRlpget %o another

Smit al ., Nat
mog%%%ég c?l_eggg%d’lzlaﬁgﬁﬁrégrggr I(??%é agewq%rsgort agent,
hy&ihﬁmﬁnaﬁggiéﬂﬂaﬁmgah@ﬁgSon et al., Cell 5:313-321

(19?3%%g}For {gxa l e, altered, non-functional gene
SEISR &R e“(*iﬁrg ap ed {@pajls that exnreesd GNGA2 in vivo. A
nuBBEUF AT ods kalSskeB Yor v aIIAGOUS DRG, {I1engRd QQEK‘Q gs

t]%ene or nucleic acid (either the coding regions
R mat T escan b Hiettd dirpstly indo theélssml sity, qranmd@@edmdsnse

moWchiles Qfesi ‘ﬁhéch@ WreetRhS&lsRED @éﬁfs ?_ﬂn_lk% ta %tf{f\ﬁg

sel ect able mar k ér, to trans
antipgdiga ﬂ’éﬂ‘ snecifigellebind mptorsmr\anhgnns bmesshd o:mtheftaﬂgbtﬁ:eDMrface)

e ous r.ecombi nat
A %ﬁedl\é %%%%% glt n{a“eggd’éﬁgreé‘?neﬁfﬂbé’a}f“%lad
recdmblna@dmmcnm;ﬁuc?gl:&uhmswm?i the axmsﬁe gggglﬁ?géo?iﬁe i/slp\ll%ced
g eS8 P BBt .2, bt Mol Bisanch & cansirct
to wnmcmﬁgemnzy in 18X pﬁmsfe@ﬁmqﬁ tRORRLARIR g,f %ﬁﬁ@i%n&[%umds of
|

qucl ds. can_be increased using a
sing E\F‘aaé’tdsﬁ Fgell Orzocqr@zl@ﬁmtﬁmhammmmah@smhbgmus

TCFSEdnstri @lﬁ]@tﬁ&%ﬁf Hi%(/e QIR kR ’g(?gY 18?@1 For example,

functi ona ene or nuc el C acCl
a vegtqrsp e Ip@pmczdumvm euchehat it 1a$akdﬁ ap by hedl abbdeects the

lof [ target ed. honol o ous reconbi nati on
trerBOAR or SHRANGIEMoua | ShetRdeerat Gt 0% psgme
-ohromedogially ameglattdiak I@RCR RGN e THARTbE @ ;@@@10@ #he desired
pol ypepti de vari ant
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that differs fromthat present in the cell. 25

Al ternatively, endogenous TCF7L2 nucleic acid
expression can be reduced by targeting

deoxyri bonucl eoti de sequences conpl enentary to the
regul atory region of a TCFZéé_nucleic acid (i.e., the
TCF7L2 pronoter and/or enhancers) to formtriple
helical structures that prevent transcription of the

anfie ZlEeZRNAC | ﬁc vB&h S &é:rpbé Hr@fhotSehy %pblﬂb%grg DI@R Qé/chn&§§5?

general ly, ene, t1cancer
B)dSB‘»md&tl i ﬂ.@@ﬂt)and Heicdhed al@ve3F oeetxaaiple a plapmidNedémid, YAC

%glsxgeg&é cinGEzG ;%% 98{(3 6%%1114\/% %A:cglétm%t I‘tlléat can be

ltﬁrtidusa‘.héﬁeodg b thfttli‘ssled;&ﬁ CAlt&astiteey, @irl vebiyrsasah g Qiddatiieh
blol%glcal activit of one of the TCF7L2

t.he. |
PP ook e IERireR Sgtte; 1 YHED FSABIKTeGAM BRY begecomplished by

aﬁMﬁ&ﬁ@umqeg-sy&&ﬁ@g@gdlfferentlatlon both in vivo and
for ex vivo tissue cultures. Furthernore, the

ant | Fagdagaore (hEV ktipdlypeptige expressiosi mn@tspubg medyped by inactivating
oﬁﬁﬁio%ﬁfh%%umhéegéﬂeeﬁmle% acid LARS r%ﬁfo'te?ﬂs %éﬂ’f‘dﬂoq%ous

whose transcripts are anti-sense mnth
rgcpmbaidiones . tpedmithislas ok, Newe ﬁé'ca?oéfiééﬂ%éh Themas &d

of TCF7L ction
ChPede T 305 1 2 Cigonls nmndh e, e 3ol P aph B ot
e:_eriéFeg;ib,san aﬂ*&refdeﬂxdn-ﬁmottdﬁel geme bﬂﬁhc;lél? %Elgll_(ézhra édémﬂétélggmfagjated DNA
r. of, t interaction, o an Its I nNdl n
SRS PR D OIoEo GrThg sethipee sotim Telee aou (oner
tHeétdodingadgions &ebdulSeylredibns Mthe 8adeidh&i0) £ b@%@éﬁ with ok Rthout

creation of transgenic animals. In yet another

a aripoab lrawrosend s et Jedetabii mavkert ertramfechalla gt expeess the
g iR ackDinIB8SC MLRInNSHE] ﬁN@@an@t!rv%? \J?ﬁth a8 Hofhold¥us

treatnment of Type Il diabetes gene er apeut i c
reggEpinption Teqdis d@ﬂﬁ@é’ﬂ@@ ¢ofithe sommpowtleicanid. be devnbinsetDNA

@R%@tﬁ.cgﬁ F%chﬁ? gc s Ye%t—s,-d or 1!3? etegﬁg ﬂj% @dg t<§ %n vn?o using

system ca e targ arti
appropiase Véﬁhes,tda dempbed dtoveg Aﬂibmanaeiy,kmpmﬁduebﬁbnm}te&d genes or

VaLi. g neans ncl udi n che X
=3 Bhits i S50 0Rned Pt R ISR e Do
retbbﬁlli\}/g:gtgnn getuﬂib: wed tofiﬁsrfbﬁ(ﬁ BEAl&onkinSet c&?ﬁnﬁgﬁi Islzl”lx gt?egecﬁﬂ;ﬁctlonal
0 ade.et.al .),
B PG igsidia b bl SRR TR Sah oo drse e beye. o
an%tmrsmawhh@q t@hetedNor@blob AR re&ﬁﬂzﬁnmmeﬁse Hedltd ﬁé&rﬂ& BNA
adn1n|strat|on of non-altered peptide in
c%ﬁ]g thiemrssng A aHelgs priddhat enegres agype Hrcgahefeﬁ gokiperside yariant
m&ﬂ&i@feﬁiﬁoxﬁ%?ﬁi%sen@%élbai ration of a first splicing

vari ant encoded by a TCF/L2 nucleic acid in 20
conj HdfematyelniendpearussEREELZ healeipyeid sxpretsiongan bs exloe! by

m%%%hghg&qﬁégﬁgﬁén@%sagéggékﬁﬁpﬁgg,2 te%%vdéﬁcan also

TG‘E)7IFZ)E17¢1@10 aﬁ&lﬁ%ﬁﬁﬂtﬁ%@ﬁﬁ&t&ﬁaﬂh& eﬁ]ﬁﬁﬁﬁ'ﬁl)t to Ifditbfrﬁﬁiplld)ﬁbhcal
tg]ﬂl.a reien t?a[nts%p%sont the &J&%gi}? gImlgicS; ?1(?1 tagaet cells in the

body. (See generally, Helene, C., dnticancer Drug Des., 6(6):569-84 (1991); Helene, C.

et al., Ann. N.Y. Acad. Sei. 660:27-36 (1992); and Maher, L. I., Bioassays 14(12):807-15

(1992)). Likewise, the antisense constructs described herein, by antagonizing the normal

biological activity of one of the TCF7L2 proteins, can be used in the manipulation of
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probability of response to a TCF7L2 therapeutic agent.
In the nmethods, markers or haplotypes relating to the
TCF7L2 gene are assessed, as described above in
relation to assessing an individual for
susceptibility to type 11 di #betes. The presence of an
allele, marker, SNP or hapl otype associ at ed mﬁth
t n d risk), for type |
RSP btk RO BB b e PSP
Flﬁﬂmmgﬁremeﬁﬂmpseaeéfmajube {ef. llﬁlcﬁﬁiﬁectiﬁjc@‘%ﬁés%z%m@l&tfés or

SNP r 7895340; a C allele in SNP
s W ot VO st 6y s rih Togand te b ypn Tl

mmsr@ﬁsamg e Rh@lc®) dah bo
allele. T %453 5565, EE %@%@%&%@g‘%@?a ngC]?%z or

thf: Hg r&g&ﬁp Qf ']L(B?HPQO@Q igfbi nts 4w dé¢velpreental estents] mhkwvell as the

| @i fAEOR |
el @A faRRRElORTERTIS b AREEARCA of PORIEE o Bl hinging
ageRis HofaBt isue S@hm@mtques @qndmtutmzagmmten ctlflirebabédnl 36 be used

In%eéeatm%f%a%ﬂfe%fs Donse” indicates that the individual

is nore |1ke ave a pOSItIVG response 5 to a

TCF#n zret mrla:penﬁ)bdm&gediﬁthé heentaR, bikel YEEH3) th&%euﬁ@ﬁ%é?@s as

aly mar, k SNP hapl ot ype associ at ed
degé&"sbge pF‘eb‘i GRS e‘?erfb‘;P‘é b “P%t?l?’jﬂf tohme Yhsbiahetes diu ites
tharspestéis @péiechn heddBivired A
thTCF L2 Eﬁerapeutlc agentaﬁgﬁgkhﬁsg%gﬁggﬁég (%gsmﬂﬂ%e
TS VEPn dPasarsbe adarininiered spstemipply, lof cati Bieteed twspamomar
t1s§i&$ ClThie DR 0¥ Bgentd ERH: 6Hucec[ %Ej;? L3 ﬁ%%{/‘ﬁ%anis’l 1ncIud1ng chemical

liorating synptons a socl a
%?b%if wombipnt proguctigmeineritd prodution Qe.gleh &yms@gu& REmanNs&dh as

QfPJtW?@ 4 537? B ?@%ﬁ%ﬂd@ & SZS)eF gaqa]%ﬁenqniﬁé? g 130]51F§g/u§1|ng standard

frequency o nptons 0
me&lilﬁs%lch@sﬁeaﬂﬂdgscnhaiMQd for concom tant therapy wth

ot h ar t apelipra tons associated with
qtb}ég e ?O?ﬁ 'gboe ogagn E’E& ﬁ‘ﬁ@’l‘% Mp"émpflﬁe@\l@dmﬁnmon of
no mpollypqﬁfﬂel 0 BorgluscfioR ShithAhAsnk Fﬁge@ﬁli
TC%??Q I mg& n0 “agent sntéﬁtgtgﬁ t %&g{} d mRNA of
\/B[Sdlw TeHuiPs @alaﬁmff erqodediey WICF757 gueddic mgd in
conjaddnen Yvith antifs&%eﬁfé?zl}ﬁ z!u-@ H@Jk‘@%ﬂd S%Elﬁlwg eﬁcod ﬁ%%&cﬁfg

s, TCE7L2 therapeuti ¢ agents macen
nudeif AL} $3nAiee beaisebe fornul ated with a physiol ogi cal |y
acceptable carrier or excipient to prepare a _
leghar maceutical conposition. The carrier and
388 QH HRSEEAING PROBARIEITY OFTESFONSB T Top7Ighoul d
'I‘Hi? it Eﬁhﬁd@éﬁﬁ adm ni stration. Suitable
ar maceutical 'y acceptable carriers include but are

n ot The preseatlintventivat &dition B} fer@ik 48 in@ﬂr%dé &F & essﬂ}?%ﬁui vidual’s
al cohol s, cerof

buffered I ne,
Pf°§%4mltzr055?se°nSW8@J?§izP% Fapetiyainsy 5 besobibid, micers o
ppmmeetnﬁyﬂl@’@ B¢ YCPY 53 &@l ds%bsséﬁaﬁsb@egé&%eahgéveaﬁ%e ation to

nyl ose or starc Xt f 0Se
ass‘égf’lé‘& r'“&tnéh‘”fhé#lcfor whteptbibitytoityhe Il disbetos i m%ﬁefdflan allele,

maﬂk@f Stipeor oy hlot}@)@ta s\éf:ﬂféﬁqu% qlgceptlbl ity 91}06%5%%) forgyne II

drox met ose
dla%es\ﬂégb 3&911%19 athientitn a)ﬁsﬂlélhat m@fk.er Do 0ph2y; Aucaleif ?
lary

19958 1,00 8,2 m xed W th auxi
s EeREs B IR safBS e oo i Thddefia et
SNEVeX/00 1695 e rtlsle in SNP 157903146; a C allele in SNP rs12243326; an T aflele
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enul sifiers, salts for influencing osnotic pressure,
buffers, coloring, flavoring and/or aronmatic
substances and the |i ke which do not del eteriously
react with the active agents. 30 The conposition, if
desired, can also contain myppr anounts of wetting or
emul si fying agents, or pH butffering agents. The
conp05|t|on can be a liquid solution, suspension,

%495'65 gsal hﬁl}ker Qéslo!:mte@ ml{h§?xo§1u-’§ﬁ]9 bR of ?’t‘?@ﬁ? such as an

or mul atlon or np03|t|on can
atfgkrhaplted aa@cwtgimpb &ete@my‘i Lm hlhc1<t oLl ALEnas lnldwﬁ@‘eer@ a
ie [ [ . fe
e e T
pofitdaesspohsatandicated thal the indsiduab isanerh Jikeirgn ha;ueurposmve response

st te oI [ rolli.do di.um sacchar]
ol EE e bR P ar ST et BviRE b ARG B o o
hapd ddigBd ﬂiﬁthtshﬁééﬁnﬁﬁmlﬁﬁfda&ddﬁ%kb A RRal diabdtePds@lescribed
not limted to, intradermal, intranuscular

hergior dpgiosiiiya&esponsen i adEhY et theranpytinagaws 2 Physiological response
th%ymwa@@ Bk ent mg]?é:ﬁldmb%@l A@@é},chﬁgdra%@é reatoh®hofors not
sui tabl e nmet hod I ntroduction can al so 1 nclude gene
onlyiée a:pghc(ratmgm@mt@meebsmmmﬂh Itsewﬁédlgbfabd, buigalso preventing or
r I I Ier
AL B ARRLE (/1R GRBere ALl OO B 3 el UYL i Roms of
typh JaIrcttheast mﬂ:‘fabr dléh lesapiog thcinoad fomfcomdmmtanmhenapy ofth @drer drugs

al so .be adm ni st er ed. nbi natori a
thehapslipate Wﬂmﬁi‘sﬁéﬁo‘:g‘%@ﬁ?g hd@"& Bsition can be
formulated in accordance with the routine procedures
har maceut i cal osition adapted for

PHARMASEDH 6 COMESRIANS ngs. For exanpl o,

CONPPRH b QRS invBAtid YIS 24 %o ﬁgﬁnﬂéeﬁhéﬁtcbﬂﬂostﬂcﬂis ‘E@anM31ng
are solutions in steri i sotonic ueous

agrptsiteat pliec EGRFh2 aCttWéty @bWb’é’b |0theﬁwsm§fecé Wiﬂh-‘égll?éiég aathway or
2 QhitRkih ! 53?@%% hich t@%&&sk@&sﬁ‘fcﬁﬂ?ﬁn %&ch a%eﬁﬁs'?he

pai n at i njection.” Gene
phamgm@dtleﬂ tcgmpaﬁ@omp lbie é@inmlatmxtls@pbymletlyﬂb'racmpt% carrier

oy xggi?et}]] 0 Z!%rgpalim {A:?]e:l%%?a%glﬁlc?locroﬂpoglggn ebf.ﬁlgp er 2. cﬂmgos}{tmn can

ror wa e Concent rate
bmﬁ&ﬂetThaﬂhymﬁemheﬂmﬂdmhmhneﬂﬁsuﬁhhﬂmmaanmﬁnpule or

e b R B P T b B e o wae,

sdltHolfiofd(e. 4. tN@@lD JaEind] bef68S Slingl endsbham bIE&sI, @maﬁtqt arabic,
containing sterile pharmaceuti cal rade water,

vqa&ﬂé@@hswmi@holww%hﬂﬁ@ Hebo&f Ple)r?aﬂ@hydrates Sch'Bs

1@{3&@ Bin$idRE BFstRI aux%ese Mgt w&m&h@ e, sili&k 'a!:@_tin@cto%
for ‘injection or saliné can éfOVIded so tha

paraffincpfirfimasoihditthecidpsters) hﬁdmvm@ vieeilnses polavinphnyrelslone,
0 n (0]

OB 6L R or M UL P BB s,

mwdpathl auikdiany edentsopieg dlbriapps, ipweﬁvammmmmhmm gvesting agents,

m c viscasity . prefer.abl r t-han ter
e e iRl pretie FR P sl hen e e S
arbin@ii¢ @bstafoahd theolile, wiS b QEMNS IdeRferiot T k&lcONEh (Hel R agents.
oi ntnents, powders, .enemas | otions, sols, lininments,
sal vER® CORPOsbigRsif detired, capyaise Ronfpis minr ypaymisef wetting or

erdbISifyihd 2860 br PIDERering agents. The composition can be a liquid solution,

suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder. The
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with auxiliary agents, e.g., preservatives,
‘stabilizers, wetting agents, buffers or salts for 30
i nfluencing osnotic pressure, etc. The agent may be
incorporated into a cosnetic fornulation. For topica
application, also suitable afe-sprayabl e aeroso
preparations wherein the active ingredient,

b t th lid or | d t
BRI P iR R o Rbrprions Jul rosionaliedearontias suh

asoirigliyceddinl Xl RrvlahocddiBQSMY diARErdvV@dd L Auﬁ ﬁﬂfﬁﬂgcl:eu%cal
ropellant, e.g pressurized air.
SO B Rb TRt 9Fe ol &nEppsIn ateezatmsolmyirmomdomddlmn
sacClidte, caﬁhﬁfsgqg%?gh&ﬁlcg%oﬁ&gea% abl e salts include
those formed with free am nd groups such as. 5 those
der i M@Hmﬁ ehinkrpdvasionlof theeq cqmltpmtsmibm mluda,dﬁt € nodMdlteLto,
in n r med with free

car oxyI groups éu

top@@la ol aind intranamehi (Dm:r m&blﬂb tﬂéthofci@ bf in@roﬂ%‘%ﬁ $h8S0 mcﬂude gene
et hyl am no et han

{ t.hyl
o BBP [ UARD Bt 155 %ﬁ”m@b@g@w@%@p{w@m@cm&mn
dewrsea( ‘tgbm SN Andal dvy refak F ﬁ@ﬁagg? g{waq
erapeut| cally eftec

o #ﬁ%l ch wll bet
Bj@ﬁé gs 0 dRYenHiAn cHpalingka adeninisterddas g of aiemmblamﬁﬁ@lrtherapy

.wﬂxbmelta%éﬁtssyrrptorrs and can be deternm ned by standard

clinical techniques. In addition, in vitro or in vivo
ass a\$ rEmposion ownbd fpribelated ary:erﬂah@ wigh fheir6leRbipkotedures as a
heiHhAaRd;c es ci.se dose to,be
P enpl oye(?1 ?‘%ﬁﬁ%ﬁl@%ﬁegfmgﬁ i atign {o nyeandigipes n Fox gygmple,
coppsitions fon itianerius atmimstratiowtybhells Gl sOMSBRSE sRfild @&omc

ho
aqﬁ%egg tbﬁﬁqﬁr o\?ﬂgre%gréeéﬁr{rl Eeh&%@%ﬁ%@égqyaaieg)g;xgl;qgegasgo?ubihzemg agent
and aﬂwh&ie&ﬁe&sm dzhd phh bMBe siEOSEEe iﬁ?éétl@x? Géﬁe‘iﬁ{gp{h%tn?gq‘edwnts

e curves derived fromin vi

-respo .
ﬁ}é bEP gfaé%t’ oEasted fegetinh i H%F@ﬁ@gednmalfemxample as a dry
lycrpihﬂikledi @Swaerth Wd@%tcb&%htrﬁé %ﬁﬂéﬂéﬁ&al&%’é@gd St %‘ such as an

or. nore_ containers filled wth one or “nor
ampple QL gpchistie ingfeating thstemantiy efiadtive lagemnﬁﬂmrettheaﬁnpo’éﬁmﬁfls to be

adrafifstbrB¥ 69 tlﬂfﬁﬁon @%ajn%%!{é Illsgé %V?t%l a?lhrgi%f%lﬂ ?;H)tﬂﬁ Containing sterile

cont ai ner (
p Wagmg@q]@rﬁq}mwﬁat, sdgnertm: Yextegerater NW HehethSBRHHREIdAE

dlﬂﬁjgs f I s _or bi.ol ogi cal products,

: A ?E‘ﬁ%&r et P“(fe%‘[p* G Pvatgy t ¥ FECH R0 jeloe can be

pl‘m‘mdfsa(&tatuﬂe 1nglsélem‘s n@aylbe ntiRéd HtFan .@diiplgid ati on. The
n . be labeled with information regarding

pa cigmptr 1kl t Cfl
node " oPP A APRIAtIOR; Jogspraxabls foFet V@P"‘éﬁr*@ geml-sohd or solid forms
cormptisim] s bareibi @bfibl withASpRARBPRIELY pnPLAYEN 4B amgci Qfcosity

0 qurrently) or the Ii e pac
prefeﬁ%]:r Y, gesaten han svatesy C%ﬂé)%eﬁ@lqmdt Rueitgbt foantlaﬁ@lstlﬁﬂiﬁdelﬂw are not
I d
limitB® toaRYutiohh) @uBREK oY ﬁe{ﬂtsmﬁ? r(]:ré?ag}s o:n#n%ésegg‘g#ﬁ, gflgfg% g ¢

of the conbination therapy
lotigps, golgdipdmenss, spive aetobds)les,, whitthere Ag 688 d GAR1RE] or mixed

i SRSy Sl o bk SRR S T S P2 o

infl¢ricineasmpdic praasuretdie i BRENSAYHE NBRPSated iR §LELEL:
fonﬁﬂahsn ror topical application, also suitable are sprayable aerosol preparations

wherein the active ingredient, preferably in combination with a solid or liquid inert carrier
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30 purpose of this invention, unit dosage is intended
to nean a dosage that is dependent on the individua
phar macodynam cs of each agent and admi nistered in FDA
approved dosages in standard tine courses. -42-
SCREENI NG ASSAYS AND AGENTS | DENTI FI ED THEREBY The

i nvention al so provides net hblis for i dentifying agents
(e.g., fusion proteins, polypeptides,

epti dom netics, rodr receptors, ndi n nts
o dupiskeeed in s Risshb Pt ol Gt GRSt BT i,
néxlnbé]l@yg@@)ls phopelitard) & £] pressufized diNCr ease or decr eas e)
the activity of the TCF7L2, which otherMAse i nt eract

Wi th @?é@cﬁpe%?ﬁné’%f’ﬁ@mﬁ@l@# negjral op galifggeos.
Pﬁéﬂﬁ@éﬁtﬁgﬂfﬁcgﬂ@me Qhled 1H§lu§@ﬁ‘1|3§e[ foRmBRlIN@Ye bR groups such as

bet a- cat enl n For exarrp e, in certal n enbodi nent
thoge Heragpditosn sahocﬁnéorag phosphowd, ehetlsi prhlic otart@iyacids, wm, gl those

.1 O t f .
B e
amn:ttmm calciunn Herpic thydtoxélea bbdprdyylating, GhathPlataine, Rtedirybotino
i t t her menbers of the Wit signaling pathway or
e&%?ﬁ*ﬁ%ﬂﬁ@??n%?“?ﬁﬁccadher|n pat hway, or which alter
post MheRgdnatdrofdhint Q@ HSd ﬂﬁgragéutmﬁ‘ﬁ?éfzecnb@ bW’ The amount of
enbodj nents, such agents can ents which alter

2gRnty Whicl wall be thewpraically effﬁ@wﬂpp@ad@ iaParHen tha PAES Ofdhe disorder
ahd)6r SRR BE Lynpthial e Yan ﬂvédét@mﬂﬂ@d w@&@a@amat Rehniques. In

I nventi on pr oVvi des assays or screeni ng candi date or
addition, imyigetos it Wue atseydmeyn opiroraly be emnployerbtodein wentify optimal

OF B e et sl ) RGN A0 BB AU deon on
ttesoatgf adiemtIstlagm;taad tterseheusnedstofitheeynpsinng anﬁlghcmrld ehdecided
a‘f?ﬁﬁﬂ \%[r 2 ac h efsa pracftlccg)lrﬂ%rbarl]] Bal(z)uéli %altlelétaﬁb([:l}’acr HBECBS %%fectwe

arres;

‘ dtSE[E@hha@ﬂHe)ex&ﬂtdﬂ&&Bﬁbﬂneiopaf@bdnﬁb cikd dbrﬁzbaﬁenozh vafoo or animal

| ution phase |ibraries; synthetic l'i brary met hods
n%’ﬁU??lﬁﬁlﬁ%convolution the “one-bead one-conpound

|'i br ahy lﬂ%ﬁm%lsoaﬁdvﬁ%m Pelrin8cdutibdl dhdk SBGNRESHrdTigtEle or more
sel ection._ The biol ogical

affinit chr omat ogr aph
cq»rrtemaﬁSﬂlaé G L8f oF Fiorg ?ﬁy the iereslignd sfggphagraacepfippl gpmpesitions
oMb lifvenfiGn, O@)ﬂtﬁfn&fl? WsoBRREAENESh %rﬁalﬁ&@) el @n&t‘i)cc in the form

pol ypeptide, non-peptide oligonmer or simall nolecule
pesentedibys sovepowpolirgency ragnatirg the mamfichap dise ompalgyof

pﬁﬁ-ﬁmc v\%lg %ﬁi% %gc%?gtl)(q))iuct’s %1'8&&&{5? Q%Egggprotrﬁ Hﬁ@ aéefn)fy of

aents eact|V|t
maahfacm ateeqf sale fs:dhmﬂanmdlmmmmtmm e @aclemﬁumlhegabeled with
. LCF7L2 we t,ar.derivative
inforrgaion adberdtod A B Hnpthis b s S Ao S0P e,
séﬂﬂﬁagﬂ?,@a@hdﬂfgﬁl@?%mlnmﬁwﬁl 183, to@ ¢hedildep ;Ih{ar %z'l:dgdezr hittrhy digeRtlude
(0] test e eve (0] act|V|ty_ i s
Sa§§ gm% Qleé’a“elitﬁ% tqké@éq tﬁ?réﬁ?b uh pagk oxlagogpbe a single unit

d@s‘& b ¥F Y cbﬁbﬂ&@ﬁﬂh@ﬂp¥ et it I&Eﬁ b@la pREHY oBinit dRSes e &t hatdicular,
and is conpared with | evel of activity in a

thegents pan pe separatefanized écpgeﬂ:fer Heany\gompination, present in a single vial or

- tablet. Agents assembled in a blister pack or other dispensing means is preferred. For the

purpose of this invention, unit dosage is intended to mean a dosage that is dependent on
the individual pharmacodynamics of each agent and administered in FDA approved

dosages in standard time courses.
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of the TCF7L2 protein or active fragnment or derivative
thereof in the absence of the agent -43- to be
tested). If the level of the activity in the presence
of the agent differs, by an anmbunt that is
statistically significant, -#2emthe | evel of the
activity in the absence of the agent, then the agent
is an agent that alters the activity of TCF7L2. An
increase in the level of activity relative to a

SCREMNIRG ABBANEAARD A@ENT‘sftg fe0 $r@Reagent that

enhances (is an 5 agoni st activity. Simlarly, a
decAéaswenton fleo provides withads fovideptifyid grgents (4.9, fision proteins,

R poph AR ol NEaf O iy o Sl Brsman

heanor.
modevialed iomether diube or eibetynods) ahichvitérye@f, iddtdage 8r ducraase) the

oA A B SRR o P LR AR B Ban e
of tHaalnagnafit @ YhWaY ¥r thE @8 LeBR palilnia§ I@@%.,- bébaJc&Mﬁ?)f. AorleRfmple,
en ers

. activity in the presence of the agent that di ] :
in ¢5ri3H AP dipenty Fribigenis\en bp gaeats whish Aindte ZCFVE2; which have a
BB b AL PLBRL 05 G315 o POy e
(e.g.e¢rdrenee argnkihitatbs ayilifyort TERBALR t yitergctagénetherahéroberabf the Wt

. ' t TCE7L2 . g. t,i
L e e T O

pommslaﬂiomlmdeesﬁllagl of "gdﬁ"u_l@S ,In lroﬂiéﬁ‘ Bﬁzﬁcﬁcﬁﬂleﬁtb,(rjbﬁbm ggenfoih Se
ant | podi S, . no CcCu qQr t her rugs or .
e S B O a5t a5 T et fony o 00 o flreDa8 GG ={ U fhe Gadherin

pat@¥py.ession (e.g., transcription or translation) of the
gene or \M*gch otherwi se interact wwth TCF7L2, as well
i mbodungntsthe pventinp prpwdessssays forpeiecring agxididateor test
S8 bt R AR the Acth ' ' og -
agc_an be contacted Wi th gt%H _gcgir}ié Etal%b é&?igs@gggh%ﬁ%ﬁ?%%e
rogign(si fhsrrobans welkpy dgsats ideptifiea bp the, assayk) Test egends crnrlg

) _ ‘ C ¢
o Q5 3 o e bl bAARL 80590 U o o
in thn etthierludingubiplogichiitrarieso spaine sdded seatbapsalics eslsdbtaye or

for transcri.ption/translatiaon of the nucleic acid. .
solffn Gr-A0R6LE selbeals Threed ineineS rebieetes e Binshi g bead
oné-tortiesntielibratihaethed ahd spnthaic iy eethdat usid; : "

or

expression (e, g., the level and/or pattern of C
Chf8ffBB166%PEV ﬁelé%ﬁ?le dbe 8301%@2 librggy fpeoqch jslimifgitfogrolypeptide
libRsitd, Qe Bhe &hérffﬁﬁxeatﬁb T 5 G 143t kSt 236

.and is conpared w _%gk%s%g%gggmf\%ﬁ %%ple%%ctﬁ?g(rﬁ?}ﬁ%?ﬂe
oligamppt @ sath mofecyled bmaries of ¢ompounds Hant, &S| Artidhom Drug Des.
12:@@5{@@@}91‘ the TCF7L2 expression in the absence of

the agent to be tested). If the |evel and/or pattern
i n Indre eprrodiemes tofdebtily apgetntvhitinfalter the attivigrof AICRINL, Oell,

i nner that .is statistic ignificant, from
el et B APl P B B o e st degmive
thetdo€reat be caganéd with anagedfRe bl aMdrhanely, IR BABHERAHEN

f Lype |L glglabet es_gene. Enhancement of TCF7L2 30
conRe IRy Wit Hhecanento bR ststeth d N8 GRL (GToveh of BORYI acsivity i
assS4GE ke A4 1oVl tmomhfTbd PEEM:2 dcBOIPIsth QRured feithCF ettty or

. expression indicates that the agent 1s arn antagon
indgectiygrEpd 3s erannapic with ihe levghof aestiviteinodinfren. ¢., tHedevebuhctivity

of %IQ g’]{(lg ?Ié%’ ?’fott&ﬁ Br Qétivl_%gr%gntpog ldggw?a%tvie %eegfeso)f in( t%é gbs!ence of the agent
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-44- splicing variants) in the presence of the agent
to be tested, is conpared with a control |evel and/or
pattern that have previously been established. A |evel
and/or pattern in the presence of the agent that
differs fromthe control |evgl and/or pattern by an
amount or in a manner that 1°s statistically
significant indicates that the agent alters TCF7L2
X ot her
o i i o oAl Ly STBEBI RIS ot gl D i M amore
that B etatiktially sigaifmait, ﬁmmhhé@ﬁ@il_cﬂ' tleraciithinghe aﬂmencerre" itipegent,

Sk e o L ORRLU SN S, SAIGELD ot o

acBikrity $&htitlel tO R cEAMSIAInAicHRs Bhalihelagéitt P& AhepEfdnighcbh@s an
pronot er regi on of the TCF7L2 gene or . nucleic acid

a&@ﬁ@t ab lagtivify Kdmilady. 4 Jegrsaye B theglevrd of agtivily relafiede @ captdl:

mﬁ 2RO 813t th%odlggﬁ i Ex?&@ﬂt th;gnﬁllgﬁs h?!ﬁe llntﬁ’éon?s)f BH %@ﬁl?,n Rbnother
e reporter gene (e.g. | evel

erplpm»:‘mt, thei@«reésfsmi)ﬂtlf ef B@E'éTs%@roﬁ dwatwasorcfman@her\ﬁpﬁ ip the

i B P B T AT oI Sl g0y st

beeh ekﬁbllﬁgﬁnh Iee] bétheestdt)in tﬂe‘ prBsiBace bﬁhehganhthhfm@ffers from the

PRh Gl e BT oAt Ry Ser ety AR PR T aer

Ttpypiadtﬁltg,he absence of the agent, then the agent is

an agent that alters 15 the expression of  TCF7L2,
i ndi €8 wEsey veriionsigo relptes 4o & ps8pY X ileatlingreghts m@wéter
the Q%reks?on ORRE ?@Wﬁ boeqH ot Qnﬁéaﬁse%%%cgﬁn&sﬁﬁ QRRLIRE, -
Enhancenent of the éxpreSsion of reporter
palypHpEidese pepttdatmmh@wag@drugsge@mé@ évmdsng agentyGryibodies, small
A fo ot
Bt bored ket bl Moy B AAERNS (o o7 RESPSARELAM DO
explres§ioR [£.2., fetsciptign or ttamslatlmt)hﬁlthe@wb@ di which othehwis¢ ayerhct with
ngg]:?pr eS Iélg %%é)r{t ! hr(;fu 1a%?eob€} 8L as'sQ ! % erﬁﬁélg,ﬁateso? nofxg\gl%tflining
a hikdléic heid eﬁéc&hmgm sw*mr;m ’tmtoﬂfabﬂed Imeﬂi anAgbxﬁ\te be tastedx i): 5
qq%Qr e@s ecggg:o%%nt Q}'ﬁ?ﬁgtgl%le: h?]% chm f1er S_th% [ elit: gce1d %r celf lysate
coritahing theCclaic Sdi@nilteine iy, tlik%dllﬁkﬁscah Bakndth& soBE6A that
alters expression. Agents which alter the anpunts géellsnot

cQmpseF el§eRts REeasHY @aﬁaaﬁﬂr@ugwg%%l%yf thepmpplzic goud

sﬁ% erRBE M sd‘l‘ﬁlicﬁ'lrbaﬁ A3 %%%ﬁlpﬁ%ﬂ F bi0d. Rnd folQlandt haiteROof
riant, and which inhibits 25 activity of a second

TERTIZ Prrgessioni @ yhe lagelwad/pr @%teag@ﬁ@SNmr@ﬁpmt@n expressed, such
a an? 3 ald?(};l" p%?é nc ;fhﬁfe?ént @}?Iicflﬁé; vhrian fs %Fé%gseﬁ aiﬂdqglaorﬁlmﬁ?ed with

agoni s Vit I'cing vari
the deveb asl/drypakiemn qf@&prtesa‘imrem au.smugl {. hethe lemet drolds: pattern of the

i bed ab th
TERTEA PSSk Bt D PG BRtt b DR BlS 1f e T andorgpom i
the phe@shcead iy agent dlffErsalﬁiyt :m/arh(yurﬁ f)r A mhnmemht 9 etahmcauy
reIanntoaTCF?g/Z bi ndi n ent. For 30 exanp a
sigwificantyizem dhseed apd/onpatisrn <a sRage 9f theaeset @ewﬂ#hagant 15 an

%e G ttlaalRA 4B %ﬁﬁrbﬁ?on(&%r@p@ 1T &hisidsefdnd., oEﬁﬁmé’emenTgF'f@@7 L2
i ndi ng agent™, which can be aof’[‘lgﬁ?'/}_,gtl de or other

em@%@@lvedwa’@tﬂaﬁtﬁh@amt i§ agliageist] dptivaiyt [Symilpmly ichibition
oﬂ:ﬁ’fﬁ'}-ﬁz %Iréégigp tlﬂ(ﬂ@a’tesstﬁ'acc I?heaz'?'geﬁ‘t is %i? antagonist of TCF7L2 activity. In

another embaodiment, the level and/or pattern of TCF71.2 polypeptide(s) (e.g., different

G

f“\
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" menber of the Wit signaling pathway or a nenber of the
cadherin pathway) is contacted with TCF7L2 in the
presence of a test agent, and the ability of the test
agent to alter the interactjon between the TCF7L2 and
the TCF7L2 bi ndi ng agent is determ ned.

Alternatively, a cell lysate or a solution containing

o 85 VL) B8P SN 0t e 3050 L1

Iemltr?etﬂ/ot pEterﬁ;] ﬁtatehaa;etﬁraﬁadfsw b'r?eii esthtdishay Mgédagarﬂfor pattern in the
enhancj t abi,ljty.of the TCFE7L2 t ind to, .
PIEETGE PLrE 2B ﬂ‘,a? gt S J&?ﬁs@@nﬁﬁﬁsﬁéé{l&m PANSFIRY apcamyqupt or in

a Mbidetr tet BORAIsticADB @EE GnPE dich@s 1RAPIhk iabdht Qftert REFYES Lxpression.

agent -t-0_bind to TCF7L2 or a TCF7L2 brndi ng agent can ...

be ‘BCBBIAY FRPRAMmeRIG thodnvhatien. dsgnte sillshi aigr thaexpression of
TEOANS otikibh BHEARLOIROAR RALACIIRZ W Rl hnbicl ABGberSYEIL wnt
.that binding of the test agent to the polypeptide can
signaling pethwiy etthsradieriapafhmgy, dendc liddptifiedusing fodR bl 36, or

- el - di.rect | i ndirectl. d

soffn Sbnedlindd hihibie SRR gt BEEAT Rt oBBE EPL2 oo o
nuchil addhopasilphinked foy regirtet pddeatd iR cORRER WD agent to be tested,

t tivel est ents can_be epzymatically .
e Ao oS Espuir e s e Kbt PENG RSB
ex@tdsdd) RerspROSPHAL BEBmpRed With IR 9 r AR Essidin S%é%@f(é. &, the
| abel. detected by determ nation of 15 conversion of "an

leved of Bisreriessiaplsie sperterecpe sl ebsenee ofghangsot iibetested). If the
levdl6n BEPRBeMe drithSagehWMBHE! 1Rl Eqﬁ! ' i Li Ly
{?of_ a tg’st eag@ent t%’eﬁﬁ{er act v%ét}% t glrig]oalqg%%gﬁhgtglh biafisticatty
sigiiifiepats from the l¢vebin the gbseficeanfyhedgenty renriheagrot iaat sgenFthit alters

' PNV:S k- .. can.b ed to .detect the. .
BT fon T PRI B AR S R xR SR et BBt i
opetabli lirked getie RGRAMG gend fromoteabBhhangernént @f tHaekplelieort &3he

agent ... TCF7 or the TCF7L2 hi.ndi agent .. McConnel |,
re e gionice et enc A ml st o R 10850 Bihingy, tifion of
théetprbssionar His rep i yisdi @ies el the(@efit is an SMth PTAMLI Rtivity.
an anal ytical | sﬁru nt that measures the rate at
In RRPIBAF SRRRAdiPenting iqvPkel expressiaaw/i the ererier ip dhemgesgnoe of the agent
to bbb @ated A RSB 8h LA IREBhL s ??é%%dﬁ% BBl Rhaplished, 4 level

. Changes in this acidification rate can1 be used as a

in theresepen olghe agrat that diffastiioonths somieddevel hramlaraouht or in 2
ALY RGP sA8sticaly figH O GoHsgd, to

Mscreen for %Bn'g%%l cgic?tftwtét ga}ég%ggg‘tgirlﬁ z{sgt%%{:%%r&@mmn'
ant aggsnissyiich flter thesenduntstaf differery splicing vidighiignéoded by TCF7L2

u L Qi kbt o tvpe.ll .diLabetes. Drugs oul d. )
(o F 20 SR O el MG L SBRPSHER e W Ho and Pk ippibiss
actwuity dfe sesamll splicing gatiaite as el odden WiaEHMe ¥sondlof activity of a
ﬁrtragscn%{:lalngn c}events_ of genes downstream In another

RS fnq HagoRE A pe It 24 e gp%ond anlitiag vasiagt can easily be
iddriigiod uéidg 8RsPRLMBEPIsEERAPHe, | Nteract with TCF7L2.

For _exanpl e, yeast two-hybrid system such as that

a ¢ y
des dk PHhetemyodmments of ta invening, afayd @y be SsediodssBante iffipact of
DAtLELR 34 24 ) . i.denti f
*"pol gépr)egt i des ?’ﬁgéﬁ%%t gr geé%e %g'?ﬁm?%‘#{ggﬁl% @ﬂcgﬂg %ge%t' For
exguaplst a eallghata@prebsph picdmpyisiidint inteatio vethar BCETRSolyeh 8k
(h&‘@iﬁ%gfelq@d {oha% af“j $oi ﬂl,?.'l I:;Htla/mg :flge%t”t, {V Pc %Ellll Bte I‘c‘lggly{)t%}%tdg EJr other
molecule that interacts directly or indirectly with a TCF7L2 polypeptide, such as a
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Alﬁ@mata\rﬂﬂy, agell

that has two functional domains (a DNA bi nding domai n

and a transcription activation donmain). If the two

domai ns are separated but fused to two different

proteins that interact wth one another,

transcriptional activation cgn be achieved, and

transcription of specific 5 markers (e.g., nutritional

mar kers such as H's and Ade, or color markers such as
meRb&) oftBO Wi €igHSiat Jathwaenbinidmidl of PeReERER p%way) is contacted

eraction and transcriptional activation.
Wgﬂ ﬁﬁ?ﬁ?g« 2 in theppesepsst ddest agentpadths abHity ghthe ;sesf Fg%lﬁ to alter the

mV&éEti%h blvedd Btk PN dnRchdHes &Heing Iagem acdthreneadi ng

blndlng domain and al so TCF/L ['1cing
ysagrasatsolyFon G@rrtammguthfeTEH%Ip?ehﬁdma pglend, can be

uselfC ggqaﬁéxﬁgﬁé% é} 1#(1% £/ &%%%L%rbr ltl{éoi‘@lgﬁi End} Hé: !’i een ca%%lt% %18

enco ranscription activation
lnasrimmoh bl cntaxfemlgmth;@r ahaacing ity ty € thmﬁTCCIWLz to bind to,

as ocrla gtﬁrltl ]y otlinal L el giic,: ; H}ﬁl{e&éﬁé%z cﬁjég & SP ISB%IGIQI]]nmg the
abilfty o el test agénty’@aiﬁﬁ tSVOFALDbIWTCRRLI bindin ‘é?&ﬁ @4n B

t he @O{g vect or under_ appropri ate cong ions (e.g
aCH%EPPﬁ% HFEANG by sevpling tistset aeant wih mxzymanc
1281 $h&Mhat BiR@hELS
aaI | ows ?dellgﬁt | %jo gl% ?%Baéoe;ﬁ@togho élggeptgﬁgltc &gi{)]dregegg H%@)b}' {gtecting

therdabrisa gvitht  1Lnt %r ésor Hileither dwpfchsnmelgdmmﬂywdékamdmwpe
t t t T,
de'téij:@éal gf é{rekp@ouﬁﬁlé%gﬁgﬁ ogﬁgﬁ%s on c!} %/ scn@hfgﬁﬂ% 0(\10%; Aﬁ egna%vely,

gnent r|va I've thereo
teﬁagemecmmzmam@ﬁmﬂ&beteﬂmlﬂﬁIﬁtr@lxamp]e ]a:(ri;elradlsthypeﬁcfmdase

SR oL, B R S s o
cohhersiah of en mmm&dlb@me of proliect PItEs €186 witBi thdyRPé bOMis

o 5801 LS e S i

thé rabglmg MY RE theTBRRRINA! FohgxaWld, aihﬁfb@h&é"&n&ét QWRY nsed to
nber of the cadherin pat hway), or other
i RS NUReS O o e agutym B ot Beh oo TR tnding pecot wishout the

1ageq>m§@%ﬂtﬁe& a{eeceﬁ%gaﬁafcmﬂx &emém%n&ﬁ %ﬁgq\g{g&%@ﬂ,

forms of one or Both proteins,
H.3b b abogiaree 2%t IR 108 (69920 hés as@dgbrela an i;lmmgpbfsuan&t% (eg.,

Cﬁ&%ﬁgor'&é it gtlt Qltﬁyt%ﬁtn%%g Iéhalt gu?ecstthgﬁéeo ta hlc% P c:e(i)lt uf]éﬁes

ng -agent presence an SENce
1tStea¥1r01ag@m u,emg a rhngachmseamé p(ﬂhﬁd)maﬁrlcafBﬁsotE{EAES) s@]na&lgéﬂ 18 this

reagtants... Ex | es .of such
ool RSB Bl o0 B REHACH P EETORUER it B
polypepiide, cent r i fuge tubes In one enbodi ment, a fusion
pro in e. tbthloneStransferase fusi on
pr ot %‘Sﬁe"ﬁ@wﬁ?‘iﬁ‘%} G &FediRiSEIS TR Y SOMPAYI et augEonists or
an@kbRivs, fEQEJeLlﬁ tredifdlp 7&%@9111?&1%?&&:5’(113@1@@ tj-&grlfg% b&kd %ﬁgs

agent_to be bound to a ri x or other Soli1d support

coyld brlssipead teApmintad RF 7L recetivetionthet wfturnasn &s ysedrio pégulate
g a8 sInT B Mo ped B © | e, o

sol dm h@ﬁhﬂr@mbadnmlemgoﬁ the invEFof, Asshgs cmrteastdd iddnilly a

vl BPl R Rk LRy SRS e GurPralfror): DN B such s

that ébdcribytslag Bieldarand bagt (Flds, SSared @igMON Mhiure 340:245-246 (1989))
can be used to identify polypeptides that interact with TCF7L2. In such a yeast two-
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The | evel of expression of appropriate nmRNA or

pol ypeptide(s) in the presence of the test agent is
conpared to the | evel of expression of MRNA or

pol ypeptide(s) in the absenge of 5 the test agent. The
test agent can then be identified as a nodul at or of
expressi on based on this conparison. For exanple,

hyBMIERsRADHBSSIs R Qs @Js.lecp&i bf@?;@h%;i@ hﬁa ﬂﬁrﬁ@ﬁﬁfon factor

(statistically significantly greater the presence
thaphasttwe freefionalglomainst{a PN 4 bindingalosaicand a thrascripgion aetijetion
iS.id i fie ' t [ ancer af th
doind SAOAL 1t L DA 5 1 ARG b U
with)ope essthern tradsctipiomaRiAvetiorpah \op egliewd, difl th@s&iption of specific

statistically. significantly | in the presence of
maflige e e D T P peE ARk orplor Taaliers S b cam
be ughAnb idneitl; B8 pRBericd BF Bitdrdtiodfand hén 1Qf aRRLYRE o de
expression. The | evel of nRNA or pol ypeptide

exagyil-8 dheometbprls af dheciar pndion ot tiisk Vet &t wroR athidbyneladas gawcleic
aci&ll ﬁﬁc‘:‘cfdir&eQDN!AelSiﬁdeiﬁg Bhafeh8 Glsh %FB'BMBQQPQ %ﬂ’zﬂlﬁrsgr ﬁqgment or

This invention further pertains to nov agent
derivgpéiie thieiend, anyl atsheondyedter Based Whickl inchles ¢ medeit agid encoding a
' di ngl. | h.ois within the .scope,of this,.
irafSE BB ok RN UMM and 1od Srtlhdlg bREARERS b Fhich
powmh i1y thadinkeesct Wﬂthl']fﬂ]:ﬁﬂié oretshlidsg gﬁriaﬁf, eﬂfré@ﬁént ge 6ﬁ'fdagﬁédi
er.ein., For _.exa .. .an_agent identjfied a escri_be
thefReF o {AURRRI9E ST bRP AR i ATSCYFDT 51 BF Sepopl spatpmder
app2og:ie dortthticus T6E. [ hodtifeftiditRhs bkhak Le iR XY M 5ShARkedM system
TQE?LZ gﬁ%gon acting the protein_ _or the nucleic aci
fropdrloptshe Hetq fljod-2iemze bifgy) diows ideméfigasionsé pelosiss tat express
thelrBRIEY OF BitéredCTHIse coldnith bih bd\&aRGRAY, | ARREI thi f&i tide(s)
descri bed herein. NUCLEI C ACI DS OF THE | NVENT

thatripgeragt wWihcT @ B-2au ifipsmemlpridetiviativa tlebragdr Sueht poliireptides can be
) , . _ ) el Leic .
useRlaE 3Bty it AL UL Rt A & SRl Cldation to
methodb ef gealment. nol ecul es of the present invention can be
R or..exanpl e NA such as cDNA and
E o8t RO amol e o Bl Bhee 35 sfindE CL e ihe o
invsilﬂétgi, &-Iﬁdylﬁrﬂé@iﬁablesﬁoﬁ@in&)éﬂizk&ﬁﬁ@dhmﬂg g4 tBamCheLt he
Qdi nse, strand or the non-coding, or _
ProfiptBRRGE LT PRIE S8 (7ire PRLRS ATRpnol 18 s Smaling pathway

or tnB@bcT A dadRériPpallds) 5 oiffer bhBp&RA Y 12e94US 0% Bfid ko,
gene and_can further conprise 3% addi ti onal "non- codi ng

in qréefiferecdlitaisaennrationiaf cownisx ehiiom sncerapreg fermegfngor both of

es:
e o el ROl db Bl o PR UERE Bineligt a st peon
to thi prateigeptintoraciianriies froeéuwith a hindinglegentde thegmesencef anid

sist In Ion
reafj_aht_yp Eptriples Of\h?inlCMV&ﬁﬂﬂ Bates mgﬂ@ﬁﬂﬂéiﬁlateb,liést aitRs, ¥l micro-

i it t t hose that encode a. .
cengiffes e is.088 ERERUTERn s STy e 601 oA Smpserase
ﬁlsidﬁQﬁ@teinP’l ain IR 1668 Pwhich BRIO ditdiDind: MoWIACIIRhY Pepiide

mar ker from infl uenza.
protein, or a TCF7L2 binding agent to be bound fo a matrix or other solid support.

hat. d l. ide t.o
.absgé&rml aStest %gezlg,lqsg? B 5001:8%[1%5151’33 ICn? F%’Z‘{%%%eﬁ (s)lg.?a%feﬁig} coentgn%ng the

In another embodiment, modulators of expression of nucleic acid molecules of the

invention are identified in a method wherein a cell, cell lysate, or solution containing
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An "isol ated" nucleic acid nolecule, as used herein,

is one that is separated from nucleic acids that

normal |y flank the gene or nucl eotide sequence (as in

genom ¢ sequences) and/or has been conpletely or

partially purified fromothep_transcribed sequences

(e.g., as in an RNA library). For exanple, an isolated

nucleic acid of the 10 invention nay be substantially
TCBAL i edntatibdh with 2aedt higdno aidiibe eipdston af@bpropadte MRAN A or

it naturall urs, or. .culture nedi um when

P%Waﬁh%% S PPER8 YEARD T iR Iqqfﬁéysat oPT PPl determined.
THRY (8641 oS 0 Se@lonAfAfprophashiral & oy\bﬁﬁ%@ﬁﬁ%)ﬁ@t'tﬁéépresence of the test

synt hesi zed. I n_sonme instances e isolated materi al

i aaﬁm is cPRPRFP i the dvebolepisedon PlgRRNAKT nelmepide(s) dn theabwence of

thEXdst Afeht. Cﬁ{éttéét BEO4 A RS bS iﬂgﬁﬁm%)mocﬁﬂgtﬁqu e§%ﬁ%§s§<ml #ised on

reagent mx. In-other I5 circunstances eria
thiseopriparigsay iHor exkniple, e@&emﬁpmﬁsSMmfmg@iél Ctrypplypqm@xsagpater

B R

temmlgatt tid ﬂeﬂnﬁqalrasaesﬂmlatdmsﬁhaabﬁwf tHROnRBO. @fpo%@:%’ptﬁc&n a

al.l nmacronol ecu eC|es res
A on o Ry, s ictP oI on G156 FRRHA of sy mep B 15 3% o
(sﬂaﬁl&hdaﬂ% EibnifRaMiCles) th @6 Eﬂ:séﬁéle BE @&t 5@5’1‘& tHah & SENALRLOHe test
fromthe chronbsome with which 20 the@genonlc DNA i s

agra g identifiedasemdniibiier of sy mBRdngy Rolyneniédd expressien The level of
R D e
hegein GorHefelstieg mRIEA evopdlumptidhi ch {1 ank the nucl ei c acid
nol f fr m
oL 8L oyl AT B ek 87 A
scmahmg akmyg aﬁcdmedlﬁgiyexﬂ 1stmﬂnn trerscopedifiigis orventbmLib dmrdfey use an

d ti.l L d..Th
- EOUTIRA 1t SRR R e vt aEemp destBr bt ot
exhh:@ledaf ag‘Hnt idefkifdd asldggdnabfﬂereliﬁ?caﬂl Eedsleldgé Biktd?. act?ndg@%f a protein
i s i ¢ aci mol ecul.es jnclude reconhina
ﬂﬁ&i%dﬂ’é EIE#” %@5 B?Feh%veragﬁoeg{a{?ém%g% TCE by cqniagiing fhggrotein
orfB¢ Ao ¥oid [or%HHt’%&tﬁfgtd @hl'c.‘ém%ﬁﬁlhé RGN R &%{4 Sitldidacid)

solution. "Isolated” nucleic acrd "nolecul es also
widh thepe ddenfifiod gedeseribedmerin.r o RNA transcripts of the
DNA nol ecul es of 30 the present invention. An isolated

nucl eic acid nol ecul e can i nclude a nucleic acid
NUELEKAEIDR QRTHEINVARN O3 quence that is synthesized

T§Mﬁ@léz¥{9W:£§q ofhi pn%g,ttts means. Therefore,

econbl nan SHREE ™M a vector is included in
t he Tefpresetti iaventibn a40 pertiisobadcbded mslais add h@leiRs comprising

S i.sql at e ei ¢ .aci | ecul i ncl ude
PR R dn e ARt Pl 66 mplerales b s oen dRsaips s be
R4, ﬂﬁbkar@ﬂe RARKAQ b ISDN@J is@cﬂm tPRA gid gén&lﬂ{d l_f)Nﬁd Dr@%decules
n vivo and in vitro

es in solution.
Caflngaﬁe@ﬂ? Brandsq of Heslprizandsticinglesranded RNA qsrm%wgn be the
collMECHdeid, @F/dak 8 gﬁ)ﬂ (oS LiiA] S&%ﬁg&%se %iﬁﬁh a‘l‘ﬁglaudrl]é‘l? L&k Faolecule

acl d sequences. | SOl at nucl el ¢ acl ecu
capincludeator alpnrftOﬁ@f pheernotl g tsequencd oftth@g@recaodi eth further comprise

ocB BB Hne s BBl Nd  Shrork Wb G LR BE5 e

(including regulatory sequences, for example).
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gene mapping (e.g., by in situ hybridization with
chronbsones), or for detecting expression of the gene
in tissue (e.g., human tissue), such as by Northern or
Sout hern bl ot anaIyS|s 10 4khe present invention also
pertains to nucleic acid nol ecul es which are not
necessarily found in nature but which encode a TCF7L2
pol yJAQcﬁﬁﬁd)ﬁ?l ﬂfclé?@%«ﬁ‘ ﬁfole%@ﬂe& 6 {BY invéAtidPddh pRfusd 16 1?153(61‘
pol ype tlde or polynorphic variant thereof. Thus,
segveuap|fer example, iapoeenpoiairacedss APolpemia torassit i Ie@a’clon or

C
oo BRSOt Boly SRR Sud e st Bt BT o, thope that
entedd &gutdiﬁgemﬁesmaysfetfasd G@STQ ém@dm mofein anidbysedint eteda a
TCE7 tide t resen i nvention. The
befrgatp B LS8 b Rerids bkl B AP RE c ol eou es
enc o figolpRat hedlsic el ag@les )s usel heREOH dg thdls sefidrated from
polyeyftldes such as anal ogues or _ derivatives of a,

nuplefroxdsiptneageliydankdhe ﬁe%ar raslpefide sequgAcH@s HodenPaid v
el Iaﬁsyor ﬁéb%eﬁéoxhﬂe{eﬂﬁor%%ﬁﬁﬂg? Eauehé@fraxﬁ OYRE hifsbQBbO

si ngl & nucl eoti de ol yror phi sns,
Semmmceﬁaﬁe@c s liy ambrﬁ Trey). Elnrcmawaslet mselaied dudeid apiyl of the
.V t
invh Brtmgkﬁ i Sﬁgﬁﬁ-ﬁﬁﬁg 158?agedraw{él%%§ Ftoﬂfn? & 51%{ el éz_'gfx,r trmfj%u in
Whielh &mnmalmtdzcstsb&tduluﬂel mmhmﬁ whee payducmirts x’ettﬁﬂﬂﬁﬁﬂnlt thebniques,

t t t
s e el SRR st S icr R S RACEL B ePBR s,

mﬂﬁﬁfe@,rtﬁé)isylatéﬁ&nat&hm hep E‘drﬂﬁpaﬁ‘t&ff@lcﬁfnpbﬁﬁﬂrh treNéxafifldNf crude
aci d) chang@% %ﬁé silent gr conserved; that is, they
exffgot 998?’-“1%11 of FEStaReEF)a PYIisriSETieTR OT FREst ey Iothyr a

cirbméladcdROthY eea@éﬂaqi fray bB peneedqa R&Lhtial hBRogeheRY! %@éﬁm@@é £

sequences are fragnents that conprise one of
degrsmined i AGE ot eelbwa chiopatagraphy ge¢hsas HRLC. aw@fmy, an isolated
nRRRELka m%ik%ui%lﬁ‘&hﬁggés%? 1R AR %@Ss@@c?%/ g&;ﬁ%{a&ﬁr l%#@%%gf all

conprise one or re single nacleo
mmemotéﬁﬂmegempresmt h‘%thabgaed ft ge@nmodDNﬂh thenterad ‘Bsadated” also
cag )%% ﬁ%{g)gllu%ﬁaé %'18160 % n V enLd eé)%pate up ﬂﬁ: quljnéodl’llqsaléle with which
thegeliohic BN EBSna&itﬁlﬂy moamed] Hgesdahplefihg &slatedtuCRictheid

b FrOLROUA DS Mea P hESRBO LOSAHGRE f Fbod Hoel K05 Kb

orNPEPHORR1ti0 Which BRASEE Q& E hiil @i &®le in BIRNESHhic DNA of the
noj eti es (e g paol ypeptides), intercalators (e.g.
celf drqupish thaswicltie Agid mokesrlstinddivedd kyl ators, and

nDdl I i
g S LA Sl S S e
angistl be nomsiddred iaelatednihes cﬁcembmnnltIhHAwbmamegl inf mvdmtmds t 0

ogen , ond
maﬁe r'ﬁﬁ ¢ gﬁea e?%g' ?0310 lﬁe‘g" ﬁ%te steh ?r%‘? S 83, bl cl,fiﬂg%lléuc ef“é?’m

mebeeutp 1ﬁc1uﬂdﬂfcsembmant\/]bNAimqiemlds @ehétemﬂ@ﬁﬁh@ﬂ&ﬁls,l dsutedl as
in the back one Q

A DS S AT Al s e bty Al e el acid

m@@bxﬂeé’ﬁlécﬁ@iébﬁﬁas‘s Babivh YR & QSR MAGIns B0 f (BE DNMOSBRYules of
hybri di zati on conditions, such as for ‘sel ective

thp prssI VgRiioTh AR tyolgted merlgistaridanolsade emdacladsrnidnieiacid
m&@&ﬁé Iﬂtﬁ:lﬁc am&] E&#ugﬂc% it Esdsgﬁﬁleﬁgé& S by recombinant

speC| ically hy 1 Ze t
means. Therefore, recombinant DNA contained in a vector is included in the definition of

<
mﬁo
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nucl eoti de sequence encodi ng pol ypepti des descri bed
herein, and, optionally, have an activity of the
pol ypeptide). In one aspect, the invention includes
vari ants descri bed 10 herein that hybridize under high
stringency hybridization can@itions (e.g., for
sel ective hybridization) to a nucl eoti de sequence
encodi ng an am no acid sequence or a polynorphic
“V@kie@Nis IsBELASH: Al 2RRENBCREPREL molch@ey RbinddtechiBinant
gﬁfrldlzes_under hi gh strlngency hybri di zat i ons has |,
Dah meteewlps ip hstereloguos preanjsaisy poprll apedartllyor seksfanfiallpariied
DR E6108s GABIAEN IR 57 Btk AV PRNARLALAA: DS PRAL dibcues
ybridi zation (e.qg., under high stringency
ofttbe giesénd reenticrSpe slish pucomytasied by dtsolted” nagleiggeid sequences. Such
ispBleR R elssl Pl baRe R ub el derchis he Y iR oo
asSpi6hestieisolhigs Honiclbgous 6tqieficed (. g, fomsotlie tmanyhalladispeidsy for
any nucleic acid other than tg the second nuc|eig
SHCIRFPPREG S S b e A gbremaaq%esaag Ry 4??6@%
exrdBsoB ol 106 defe fNBsuS@GO Y @ils,ﬁﬂ\% sAH 44 Hydktteth @ Bouthern blot
other nucleic acid in a sanple erein the
ansts di zation 20 is to be performed). "Stringency
condid i e Jvbid.di ! Co yhioh,
B A e
nepessdiily fowsl inmatesipg vdtich encadela BOFTle? polypeptidatar anther, splicing
whi ch .4, hybridizatien of,.a parti.cul cl-ei
SR EFC I ek far B e Wapn® BRL R TR 6 champl e
infrentidneperteint @CDNY ribleales cising arsplpeaesithat i differédiérom the

secqnd, or the first and_secon hay e sone ree .
e BT RE AROF O BB VEES T i HSdepatefacy 5t o goseti
cddR; Ghcodd/ DYCFTEYpo19BHid9 0Pthe Pa¥ent ihRhitiSX AN @verkioh hRb N

hi gh stringency_ conditions _can be used which . .
PEPRIEURICIFI O] Belacyles erporimsdnttiany (eesneaits, g eperdive wrpnt
pdIPRSRdaS sub®e %ana&%ﬁ@ SRAVANeS ¥f a THFL 8815bHHAECHuch variants .

condi tions", "noderate stringency conditions” and o
can pvpagrallymyeweips ol 2t indhe case ghalighicvagatiopearisingle mugleotide

PRSI BLARTD, 848 AL BB )0
arfff ottegalicpiones$s. Mubeted IvariatRine imdpyde( Butswradt linfited dg, addition,

d%‘e glgagnats%lipr' : %%?)lf §nei> o nlf\l/grlﬁﬁmgélllgc’) EqWB itb%llﬁ %Suﬁj ﬁrb%nsegalti\erg or

nd in ronson, S.,
ndvetdiedsatbrzyrind acid 2Rdgbs} tnchbiny (diRRL}y and Bdletiohhe Preferably the

iRl e o B HP L IS PG OB HPT Ry ey do

ndtRBeSiBE URRERS st orQREVIRROT LDOPATY b PHIR OBe e @heBt, the
gaps can be introduced in the sequence of a first

nuickal i 8HE BoqPERCSS BEC) TFAGIMCRISI B FERPYiSe OnsET MEF BIYImEEdic or

BT ARIRE bfkedd Iﬁ%ﬁ&tﬁ&%ﬁéﬁtﬁﬂe RRpdtiae B Rhées LR&®ements that
conpared, and the percent Tdentity 5 between the two

cageylse vue st mereginglamiclestidopolyimerphismsan adiCH7deigersal -
posi ] sequenc s &g 20,1 L =
R o

posSI ons/tota

edhgile, lébelins mdtintation, mremsbgudamedifeaiasspiless dnghdrpel linkages

same clLeoti de or, am nao acid. residue,as the
T e L e A L P
1iARb &8 $hasR o@Dt 80 PhSspBRbrodithioates), pendent moieties (e.g.,

polypeptides), intercalators (e.g., acridine, psoralen), chelators, alkylators, and modified
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that position. As used herein, nucleic acid or am no

acid "honol ogy" is equivalent to 10 nucleic acid or

amno acid "identity". In certain aspects, the length

of a sequence aligned for npari son purposes is at

| east 30% for exanple, at Feast 40% in certain

aspects at least 60% and in other aspects at |east

% I e

hn]géeké%l n% e&lpﬁ%a@o%[en%%l&lgifc a(‘:g?)l s@%g %z{éh{aﬁd L{% mgnﬁlgtgc Iéﬁlgcglﬁes that
mlmamméena@@é Imﬂﬂ%(&he@h ihy ablmjl' o Hmbtmra dmighﬂid@s seqﬁ&tce via hydrogen

mat | orit.h A.preferred, .
o AP B AL TR S BT M B ELEAL ose
Whi}dmptlﬂé'llimka‘geﬁﬁ&@ﬂimﬁﬁfdr pHdsitakd lidkagés ialthe balktfe of fﬂ@trﬂlolecule.
Sci . . USA 90: 5873- 5877 (1993). -Such an al gorithm
| s | ¢ BsBiion e periags dpauc m&%émca% ex thanbybrilizsgmdphigh
g &S [ [
e S Mg St A rflafn, gt
seqFacecppted BeraT(es: »GljglF’]&lrﬂsaCld mplscles which swrfma@r éﬂzgld@efe toa
e
ool 5 SR U B0 BT, B ST G0 R
acthutyod thegpol weptide 1 M pnanspetit, ethg hive:htﬁm intludsanrifgs datiiled

ol Rl e P g PR SERRBale ks e
hyb:rmmbn}smm wiclddquenaate |eﬁcddh% il Qenb bblAs@fueddeasrs and

II , CABI%@ 4%&%& 11-17 988 Such an_ al gorithm
PO‘i}'EW %Y%‘P& tor niignether 28pratip W@%Fhat Yyidizsnupdephigh
strivBédehy h%ﬁrl&%atﬂﬁlrs thaOin dohiGitiHia ’?@F'V@i‘ﬁcﬁyﬁ’éphg@ ment

sof t war e e (Accelrys, nbrid UK). Wen

ut i Preh IHJ@}E)@%CI ?@@Jr‘%ﬂﬁemted@@ arsphgedémsn@clﬁ@u d

hyl?lﬁ%h?ﬁﬁ €2 g, alﬁi{feﬁy#gﬁ%%ng‘éﬁdﬁhdﬁlgﬁ%g ﬁg?écﬁ% l'gfbﬁl as used

hergipe gpfers Adﬂlﬁtabd%adaf aafingowicldivacid trhybedire m:ae segnad ynmlac adi¢in a

| ude VA DAM
8300 ot B8 R0 SR AT 00 OB RS s b
theBeomsdinuclef: a’é&cE(e@],Qv%)l the3frsemnalFATIAhsbeslt phdd @hilafity to the
n an pnan 01groc Nat |., . Acad.

Sc
secgBl biiate 80 BRI oGb ol ine Saprovhereip e bbrigizaton
is tb the PrifbrynddRt WRERInBP coli iR s Ak Sy BRALIE $5a £AR oPSrt which
accoggllshed using the GAP programin the GCG software

TelHs SR HgAPTERIRY AriFreh copdiirest S ns /1 igpparafuappBipuffer
corf&ﬁﬂi‘d.t?bn Whigh ?el%lph ﬁo@&f %dﬁ'ﬁél@a‘r BicleR acto% s@&qd Fucleic

engt wei g yet anot her aspect
Hae E&ﬁt @@cﬂ@m iagid meaytbp p@@fpmbfe(net #0%) evll@nentar ialthe second, or

Rr m|
e Rl iy e SR RSOy PRI P
(e ,@, V%QRS%,\Béi%g §0%095%). Hdl&xmﬁs,eaﬂtalnrmgrﬁﬂmgbnajf 6cﬁ1d1t10ns can
i.d |sola | ei c, aci cule hat cont ai n
bo Bl iy g R AR P thsg af pss
corﬁplbmégeﬁity Ceingh dtﬂnﬁg’éaﬁcﬁ nditdUe, eﬁ\bﬂ&ﬁte sﬁﬁ@b@?‘b@n&lﬁons and
TCE(L2, or the conplement of such a sequence, and al so

“lo R $mgIRnEd asmelh acmethedsiior aucleir aeid hasbridizntions are

: »exﬂélﬁéc%ﬂ‘pa%eé 5.30MBN0. R arRPabds L 48 6 Y BLL Al 385 M088!

Molecula: )ézology (Ausubel, F. et al., “Current Protocols in Molecular Biology”, John
Wiley & Sons, (1998)), and in Kraus, M. and Aaronson, S., Methods Enzymol., 200:546-
556 (1991),
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stringent conditions to a nucl eoti de sequence encodi ng

an am no acid sequence or pol ynorphic vari ant

thereof. The nucleic acid fragnents of the invention

are at |east about 15, preferably at |east about 18,

20, 23 or 25 nucleotides, aml can be 30, 40, 50, 100,

200 or nore nucleotides in length. Longer fragnents,

for exanple, 30 or nore 15 nucleotides in |ength,

whi chheanie@aeh@nbloge bt el YPefd hidentidesLarhiae deibl édietices can

are particularly useful Euch as for the generation
beslelePinaddty ign g BRowEPTISEtop SPEHA! COPPEHEE: RYFRPSH: (¢rfp BaPs can

be ABaleh & 84 BARRE of a6t srétf&én@e Cordplifhal £129ARMY ST niddRtides

i nventi on are used as pro es or priners i1 n assays
orgriho 8gds dosueshwsding pesitipnsrass fhen canpied ang the mrqeﬁ@dgnﬁty

%genztge 9&116 c%:c!eg L ﬂ?&mtnr@tthetw&g b?ﬁeﬁt{ha?%os (Pon? shared by

5ase- Sp eC| manner to a conplenmentary st
tha a@juemms acé. p%mixéﬂxtju# é¢f idsutérl pombass/temaﬂ# pf posBImS X 100) When

i ncl ude t .de nucl descr.i bed
o REGHLR B s eRoel Pefe B oS Htr neRRie G5 B tebigue oo
th® onﬁédﬁﬁﬁdmgl pds@m:sm&heaothag;emneé tmhemon&alesmmemmgous at
t hat bridizes to at_ .| east about 15 for exanp
thavdwﬁwzo Apsisedbereinanyelei agid onapiae eeid  Bemplogy. is sewéﬁﬂent to

nu%few 2c'§d 6PASREULIM MU L bRt Abeds, '@I‘rh‘:l'eﬁg-tﬁ o0& b&uence aligned
nol ecul e conmp rISIgg a‘conti guous nucl eoti de sequence

fop POrERERR PETPORRS| 1§ ﬁ@hﬁ@;ﬂwﬁr pxemeple. ek feagt40%, i eprtgiyaspects at
1o} @ﬁe fad B S %Qpe% #1da8Bh0%, %@%’be%%% g%%oo o [LBRB LS the

I des, certal n aspéct
refanedce (Beqmbaee, Tkmractlmkmmpaasqm ofithd Bvd seqB86icesicdndwetacchegplished by

I h b I
PR oo e Bt DUB6E P BT A ey g
lirhhiageaampblerat shchof mbthemeatival dlgowdihis i3 degatibbemtadhn ef al., Proc.

NS o B B o oS S L Bt e

NBEASqt &d@miﬁgﬁg 0%5%51 @eﬂtdncpd)) as @escelvedirCalpRher 0f, Nucleic
izing to. the contiguous nucl eot i de

selectlvel
GrfenaE 383007 R8T MBI A NE Aub epasd HleA S bpyograums,

thQ UGfaﬁR?h%e?e?Qé‘ﬁﬁ@ ?es?égtﬁr@ Blvo gHﬂr?s ROBBIOASTY daBE used. In one
furthe conprises a .g., rad|0|SOt0 e,

asppatPASHTBEAIS foTATEBINGE COBPRIIFAD calbbe wwhefsaeres bl a@t‘diengthﬁﬂa, or
%g%%k%hg gﬁgdvﬂguﬁ _of the_lnventlon_such as thpse
e

escri bové can identified and isol ated using
st andlasttemmtiened asn-hinginggranplsnfiagquetisenzaiidal digorlag usheel for

03 e RPRPR at FRwBhe is1EC ARl o 1S T IR, cRERORAGs 1117
(1p|9$)y fRER SR altgbgt}ﬁh @Rk dited ﬁdt@ﬂlengibIGthﬂogran:; (I:rersion 2.0) which
el uc 1 de ri rs Sl e as, n e .
ISQé'al%gﬁ“@éJ"(g Sq¢Hen @zﬁl&teun@ﬂfes@%% eiwé,rp@*bndge UK).
WHes UBn&8s t}ﬁrALI‘dﬁ*ﬁpﬁ@ﬁﬁh fba%@ﬁpﬁﬁng%ﬁh@@&a demeRRS eﬁpmzzo

sequences encodi one or nore of the amno acid

welghiesidestapleoy Brlansib penally ofde, BemaanPrYRlyCR4 can be used.

o
TSR0 P50 ER R An sk el A v
antiQORAM aRfsRerftredtin Fotedlis ahd Bobdt, ﬁt}mNEtt Hpdls Bamd. 10:3-5 (1994);
an%&pAé'fg td!as%?%eé earslo{l] 21'1(? Ll%ifna%t Proc. ﬁ t? rgc%d F§me V54 85:2444-8

(1988).
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San Diego, CA, 1990); Mattila et at, Nucl. Acids Res.
19: 4967 (1991); Eckert et at, PCR Methods and
Applications 1:17 (1991); PCR (eds. MPherson et at,
IRL Press, Oxford); and U S, Patent 4,683,202. The
nucl ei ¢ aci d nol ecul es can bé anplifi ed usi ng cDNA, 15
MRNA or genonmic DNA as a terrpl ate, cloned into an

appflﬁ&ﬁbtﬁbﬁasﬁ@&}tﬁé p@i@gnt 1&‘ Edu A ang“%:?&@ eggan be

analqysn S er suitab 1 fication
acepiapiishgd uang e GAP @marmfm (h@@@G ¢afbrare péckapeluiidd ¢itiers

R D s s
length werght of Nt gr 4. Abeykt afsether albﬁiafét t&lﬁia ﬁetc?egz (cihﬁiﬁilg%)b)smtream tdve?o

t n icatio at e a
B B o R RO Bl 5 1S G A B in o Richaagiware

paakagé ubmgacQaﬁW@ﬁS@%ﬂafehgtﬁtW@ghtGB@\SBA) The latter
l'i fi.cation et hods 1 nvol ve i sot hermal '

r eacﬂjfhre RSePHRELIoR 2{se provadandtolatedimnslaic pridl sipleculgh fehcontain a
fr t

S50 Ok S A FTD 00 D B
Seﬁuﬁiﬂﬁ? YA MIE) @Dthe:%)lnplenmtmﬁ such 2 sequepec tid/aso/proPifesTbslated

led,, for e

 dctd 1cERE, §80ochBarn BORRS s o Bhort B SR bSonidizgs npdg highly

Stlmﬂmt doltl&lrhang/tocl’esmcimddé Bmﬂwmﬁmdh@ ArSamiRMAdisBquead® or

Z| PLO othr sui.tabl e vect.or.

rfgsﬁgﬁlaﬂﬂﬁ R bnab ey sif acii fpemenig of BRATRHoB e at et
abbﬁ:ﬂ 150 piefegabily aViensd 2Bk 18] 207 23 8A2s ﬁmecﬁlldemﬂd béiﬁ%rjo §@130,
B ® uenced .in.either or _both orient ati ons )a/ art
100 g‘%l%a Heleqtisles 1 sngthe Fprgey fragments fpreiempis 40 symore

nubleati®s G RASMKEhRh 30cdR| R ?d?ﬁd ﬁtﬂ;@éﬂé&%&&%@ BEdef ?re

nol ecul ar_wel ght. For exa di rect ana ysi's
papticglarhyvesfh sadhes foxibe g@@r@tfonmﬁ@n@c@m@s desesbeathdles of

the present invention can be acconplished using
Progisl ani e ret hods that are commercially avail abl e.

See In b Hlated ﬁpeaxﬁgmu&elc%@ﬁ%ﬂ%ﬂ f@ﬁCF m%w}ea\{ﬂed as probes

Cl oning, .A Laboratory Manua
or mm@rsm 883)3}’8 ¢k Ré fwsedesatibedReommbHralms™ &\tﬁpﬂm&r&i? At ory

Addi t
olEp R et A ENIER T b bine Pt s L omsmy s o
nuplgizl sgidoneledudss. SuCherobet amt prifes orkidBeslypOptidd IAcleb A8 )as

Ql-¥R S t | ar 5 met hods,
de%%%epgl%eg’g %’2 ﬁﬁ”ﬁ%“d’%ﬁ?jﬁ@%@ﬁﬂﬁ the pol ypepti de
can Abgrobsod paired, con@ﬁ%&i’l@%@n aneudidniiib 8équeR RN BALSHHFESL to at
nucl e]:qc acid nol ecul es of the invention can

IeaﬁAthaafs e &X%EP GoPHL0-4r andigicerisin asRpgE b0, STR7IR
coﬁ’dé@lﬁt% nhf18otiREBF £ HBALic QLidndIuld Y rﬁﬂ% aCé%Hﬁ otlﬁg h&feotide

sing chem cal synthesis and enzynatic
Se%a%etqf k73 |°ﬁ@01pim@ﬁéMV%@nkuh@mf iIn ofttee asg:@cta;a proFtDcﬁr pnmer

coﬁéﬁé@ 6o o@f@w@f‘ﬁﬁé a{ncasﬁgcltt)sd ﬁ‘%lﬁ 6;3‘%058 |n|u§leot9des or

t1 sense oligonuc e |de
exaypit flewi Ped 30sinnlgotides L linbthyt Bpaty, tHerpGoteus|peiaid: o8 145 70%

u nodi fie cl eoti des designed to increase
iachfib B8 %&?‘%%Pu%?%gﬁf’ﬁlﬁ? SFAFDLIRE 19 BF SRTPIETeRk ofilhe contiguous

nucleotide sequence, for example at least 80% identical, in certain aspects at least 90%

identical, and in other aspects at least 95% identical, or even capable of selectively

hybridizing to the contignous nucleotide sequence or to the complement of the contiguous
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i ncrease the physical stability of the duplex forned

bet ween the anti sense and sense nucleic acids, e.g.,

phosphor ot hi oat e derivatives and acridi ne substituted

nucl eoti des can 15 be used. Alternatively, the

anti sense nucleic acid nol eggle can be produced

bi ol ogically wusing an expression vector into which a

nucl ei ¢ aci d nol ecul e has been subcloned in an
nuclpstideeseqeenos. | @fem theyprobs o@mnéRMaranmpmeb edalfet @®m.t he

serted nucleic acid,mlecule wll

fadé?f??tg%‘?a PR h TR AU B2E P SRR gﬁ"‘é’r acid of

| nt enhe stigleic hbig :ﬁmsdzﬂéscofaﬁd vty @m&e@ tBe8 dadcsibedgbons 8h be
npare w.th endogenous DNA sequences jn

ldeaaﬁ% ?Rdsls?létefi Yeing spdagn sdecuiag P@iw techiayeg gdfas sequence
mfgﬁﬁsﬁfo'n &zéézﬂ&é?em aﬁ% A3mplY, BRESIc a8H Thb1ERds QD5 Al FR and
and dISCOVGF rel ate DNA sequences or to subtract” out
isolkasesiiry e golymsease Fhanreactiempiieg synietin b paiueleaiddegprimers
e
deﬁg&gﬁ%g c?nﬁtﬁg? F#Eﬁ{é iy 1*23;7%% ?agtl}se;éoa%fefxﬂe‘ﬁ??@{ucﬁ'? E%gm% or
desagnadhmebd&m mlengd@l%sed smsquawts amnodiag bl’ld: qruxeer;e odific amsino

.an _anti gen t. a nti- | hodi or,. el 5
s O EEp o 56 7y RPN Rt P riipies and
AppBEdiRas Rl L AR Roh (D Al Bdicharedhan ¥eadNDBIY, 1992);

correspondlng coggjete gene sequences) can be used in

vhelspde o fdpthads angatnphaeoss (Fdfe Inasrf eht A cadpmio Press,

Saﬁmégal éA ﬁﬁ%ﬁ%ﬁ%&ﬂﬁ eﬁfu@laﬂczl%?Rka @9' 49%7 ((99)1) rme& bedi pCr
res ectlve genes on a C I onbsone, | ocat e

M ané dppiestians ba v 41994 )G (eéerl\éel?}@rsoaueéelaéBL Rress,) Oxford);
t
o] B0 D126 VI 0 ol S gaenbseUois,

mB A mr génorait DMA. of a eniplak odpnedlints anppmopiiate ivedtareal| vy,

ch%h&@n%ﬁ%eﬁsjg Sequences of the invention can be used
T aent Qq ﬁ%léipr%EQI}econblnant pol ypepti des for
analOyisdr suitablednaslifeatiagminetiodonclude ﬁﬁ:ﬂ%&td ¢haiisieactioh (BSR) (see

mar for tissu e qQrre '
WS Fallegeaberarmis el Do) Elnakron L Saercr SR 101 Hoss),
traflefibtiéh ASISitationl (KWek endl, #bOWat/Ol cddNS&li SSAssd ns; @bgg), and
The nucl el ¢ aci d_sequences_can _additio

Sel&éusﬁee‘@eﬁ%ﬁ@npﬁrqpheat@@r('@eﬁﬁeﬂlgetatﬁdfi’me Hﬂfaéﬁﬁ%ﬁ?lc U§é§5¢§74

(1 @@ﬁ%ﬂ BgdeRGER Hase@sréqu&@e afbBRcd®n (Nneh ge%éﬁmer two
orfponents of kits (e.g., reagent Kits) for use in the

amebﬁ@@éwn meptiodd /hmol\se igothepmak reaetions based oaegéhqr@ebﬁrmwmtm
wofliind o A08AEL KM MO l U B AR Ry

as thetahptfcdeagredets 1herrmmof dboet A0dirrigo o, respantbtedy.

hy bg“hg 5 Zﬁl@%ﬁfdgaNgxr zag l%xrele,@r 0%}[{%51 43 ngia%ﬁ%lgg %85 useecl as a probe

for(ieﬁeeﬁ}h £ RDOIA Ik} @dived fefiludsen deBS MiRINAIR RaLHEYHE T IPLOX
for RFLP_ anal ysj.s), allele 10 specific

or étﬁﬁrgwﬁalalﬁ eioT Sorrespndinglenes Gpn bhisplated P Aganobiined,
folfo@vdﬂé)ﬂ Vabhd @Jcﬁﬂmg Bt ih¥ @loned fhdrk darPR S6RERIELR, eﬂﬂ@natﬁ%o{ho r

anplification of nucleic acids conprising a TCF
oriepietia &Y geirerogrizedmegrogds i identif theorpetaeadsng ﬁﬁaﬁ sncbdmg a

polﬁﬁ%iﬂ\‘lé 'oPﬁletagﬁroPH %ﬁocie %e?%ng uﬁ&‘:& fe ﬁleE?:gtLa%algmg 8f the

el C acCl or ana e am nho’ aci sequ
nu@éotide TERELE of nucleic acid molecules of the present invention can be

accomplished using well-known methods that are commercially available. See, for
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pol ypepti de as descri bed herein, etc. In one aspect,

the kit for diagnosing a susceptibility 15 to type |

di abetes can conprise prinmers for nucleic acid

anplification of a region ip,the TCF7L2 nucleic acid

conprising the marker DGLO %8, the SNP rs12255372,

rs895340, rst 1196205, rs7901695, rs7903146,

0 rr an - b t

oA R, MoleB e AL B0 el GRERE R,
NewaXnrhd 989 Eyskindiet ah eR ewndninan ODNA knbeusoeptiataat (Aced Jess,

dj e he priners, can be desi,gned usi.n .
19583 (ABRES Gy, SRR I iR Rer e FRumIF s et pugletc acids
(Clener uhdFomiie\Res.of, 40Y P@9bY) aaitl pbBbhesides. VBT ORSsANRiHGR T

ﬁ%bLg%Am t her. aspect of, the iInvention pertains to
mefhagh SpPolR g Tt o DINA ERRRCEiRihTBO HPePH e 48 s Taaleler
seqBhcR8 Yhe fur@RSsHakRESiZB@r ei n and the conpl ements t her eof
(or a portion 25 thereof). The constructs conprise a
vecpatisepae yicleigpridmolesyles ofithg diestention ¢anths dakizedd wsing the
muclEAME BEReAl. dtf1Rri2Y SRIAP heBRpRERA: WISRIAGHT ahdl cSheBEOSE
or antiSense orientation. Bse erel n, eterm
usifiy elsimged] symhesissand @nzymaiid ledation cdackions heiag bcedypedih@wafin the

transporting another . nucleic acid to which it . has .
ot BRI B B P peeiSotleRie (& mmsPeeeisiriesido
canr'tef ciemiicall sgnihdsized usihg domblle cturdng acklddNbed QORI

j Gh ﬁQdL ignal .segnments, can be 30 |igated,
mORRSE RErcP5E IBPEnre it BicToage te biqlegica) siabibfy, ofthremelegules or to
incRESH thé BRAicaPMALIEETRIY SufiéforRed hdtRadiafe hithsOndehd ¥idse!
gnone. Certain vectors are capable of autononous
nualep peids igorphpyphorptiieale dedyativenang astiflion sutiseiptesimatcleotides can
r : L i

b B e Rt Eb e MR L R R bR dny
usingat eRpsyssiotvheer ntecwlick a hiaclgic acidoneleqilslomhken suboivaéd @

) . N 4 f.a| Il
ane S8 Rl KA L5 bR1 B 6 AERRTR 8L AoSh SEL o
be oftgyl dntisdnsel oddnvatpn\ib b barpétebleitaciisfanm@restx pr essi on

vectors ,are.capable of directing the expressjon of
ge it ‘B‘&%%C&@Sfﬁﬁ%%?eﬁ%l %ﬁb‘?ea‘ﬁ!e?/ % SRSt iy crlogennss ANA
seq@iESTSafionty RCIdeHEy 6he Ui inbid of thd\diEREQTRELAR B, and as
echni ques,_ are_ often . in the formof plasm ds.

pro 8 1¢ Rridirpent disRoYes Telaed Mk sasencae pUig sukigRshout
kndWRhudREMBoRfh saBBR! 458 nAReNSEIiAEGuenSiiGhn AR M4k b lised to
vectors ég.g,h replication defective retroviruses,
dery@PORBErs 198 eenetip fingripmnting soweisgretdpolyperids pniitalies seing ®NA
: | b ' t aj speGt s...reconbi.nant
R S s B LY e T O G
immue] responsesi Gortivhe aufragnodnts dfdhe mwisttide sequencds fdentified herein

: itable for exprgession of the nucleic ., acid nol ecul e
(an? e SOftson e PO fe R SHLoTFRS) e LB AETRER Ways, such as
polpxpleetidt RRgaes LR Sxduisie UlEse sEARNESs cBRhEudeB 8! (Blrpheir

uences, selected on the basis of the host €Cells to

se
1es glif‘s%“dle? o 2 cREosRs: gAY, thrs, lasalegepgpiseions yespeinlke with@enetic
disdab® (IHEbRIG oA Gl SH UeRES D6 LEARSH i L Ehin, @
IS raecéﬁn%iigna.nfg aexpr essi on \_/elcl:linglr , 'Q%Er a gﬂi qug{dgw and
(iil)y ¢ & farangielidentifipation of b didlogieni dampleo AUBitiveally, theatuclebtide
Squéé%hﬁeéﬁ %‘? ie;lvéﬁggﬁgﬁlg g g%ed: tﬁ Ecgeﬁg?yt aﬂd%x;l)éegskrggorﬁanat.nQ %olypeptides
for analysis, characterization or therapeutic use, or as markers for tissues in which the
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manner which allows for expression of the nucleotide

sequence (e.g., inaninvitro

transcription/translation systemor in a host cel

when the vector is introduced into the host cell).

The term "regul atory sequen@gg™ is intended to include

pronoters, enhancers and other expression contro

el enents (e.g., polyadenylation signals). Such
cofr@ﬁiéhdﬁl@@bl)@r@ptﬁmsl engescd rithaesstititiely, fuingticswpl e, in

oeddel , " hnol.q

S YROIToY R aeen i LhePeage el dyence R Ry be used
2s REQUAREOMYE sciB8RIHE BAE ST dxﬁgﬁalobtﬁteastsmmsoﬂbed herehmr agitcan also be
constitutive expression of a nggéeot i.d uence

inghadsd as\ppEwOBIIHOLHS (& ) TeRRRPEFHOSIET Hifi B Fhegergmps andr

ﬁﬁ%ﬁ% F%ﬂ(%&xkgghggﬁJeotlde sequence only in certain

tissue-specific regulato

seqd‘ém(e%) seageniits) ugsgulap freauetbedPIIgenesis EEISe RPTPRIIS

u88§‘|]1 C‘hftéhon suc%;g?s igr%gre%{ ih Elﬁ%ﬁm%%e Igfe ht\yﬁe hotgin
rﬁséslortpﬁnm dsrdznafied edinaiag:, ﬂ@ldd@rebeso’t PERPISH SEASORTS &

ERTTIC M I e T L A

spEHﬁE ehYoRicRAUass, REINERE whithbind tociltertidrg tf nsi-aiered (native)
epti des, encoded by nucleic acid ..nol ecul.es

TARU pHERPTRER-RoRns 525 rRbEFRBASTHAIRIC “8idh PR e 2 TCF7L2

nbREL 858 oPfor LS ri SNVEYAroN 2 CiIndd8s B8 ShgRgidg fiemucleic acid sequence
expression of a polypept|de of the invention

ofr DRETBARIAS Aok B U B P PR AE Seoeneets IGFTL2
p(ﬁ%elpftidé HE Ees@l%béﬁ he %:ﬂl 'etc 'Iﬂ%ﬁg Es?é@ﬂ h:% Kt &EQgQ@ﬁ?,'a%ﬁédeﬂﬁbﬂﬁy

sSSIon vectors s or mammal i an
toctgpd B didBetes ainl epnyusse pue:terssfoaml@w g@é snplifieaiiop e€p regipn in the

Ntermu I r [
rER g LGe “Ha Romp s TR E pa1 Ty e SRF IR s72, eppssd0,
rs\n 196205 fre7908 xmmo&mm 1}.12743[3@6 and/er rsﬁm paton py at-risk

&g]%? ﬁ‘ilg‘fsfs glggf' gie gﬁ%%{ %%%111 Em al Ez\%ﬁt?%{}{pg fI (ﬁ:ﬁ)%tes or who

1srs§&‘éﬁ§lb1€ dtype B &KM&S 9he Privve s @h befdesh peediusing pbitmns hbithe
been i ntroduced. The terns "hos

cel |} .and
nﬂﬁ@@@ﬁéﬁﬂ&ﬂﬂﬂ&§§?s@@*@E“5W@hvgﬁé bg?@ﬁgﬁgeably
her ei n. is understood that such terns refer not

only to the articular subject cell but also to the
Vﬁ(ﬁ@&ﬁ&Abﬂ3ﬁgﬁ§H@EbLSprogeny of such a cell. Because

cert %nnt gpgs&aé&t%ﬂﬂe‘%ﬁ%n ep&%ﬁg tolfcRUCHRREDnREhcts containing a

genefatons nutation or environnent al
nix¢léik ueidanslecidesalesqrited denpimvay thoeomplamerts theragé(or a portion

|de al to 10 the arent C
cHP L GETRT SRrBEh SR an dpreflidh Rl jnto which a
s&lula@c%t ofGRe Invedivnlias Bewn 1ﬁsreﬁk@ i‘rymanse or angisdoae yotitatione |As used

For exanple, a nu Ie|c he..i nvent.i on
bergin, B 16 LS CBANTFS BLE RIS PO B o Sgeo1e o R qtnd Shother
Egéi% %E1dct§ hatbialh it HEAREn BhkdIBIOTR! thpholebios 1s(as‘lgl>{‘d§m<it8 which refers

I nese hanster ovag% cells

e biepulandophlg|stranrdsd DA 9op laﬁOéﬂklﬁ%as%L‘i"acg %@esegﬁe?‘is sapbe
hﬁ?'teéar yg{n% tyéé 0%/\? ks Qréftop SuHefdid SR Dﬂhosegments can

reu aryotlc cel[T$ via conventional
bt lignisd mtorﬂtd wrl genotrea iisHeinticotrrs B kiitagleed auingomaedeplication in

a%%st ceﬂ mto wehmh {hey are introduced (e.g., bacterial vectors having a bacterial origin
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"transformati on” and "transfection” are intended to
refer to a variety of art-recognized techniques for
i ntroducing a foreign nucleic acid nolecule (e.g.

DNA) into a host cell, inclgding caIC|un1phosphate or
cal cium chl ori de co- preC|p|tat|on DEAF dextran 20
nmedi ated transfection, |ipofection,

ofebRiehli@PSIdpistal SiaiinHae vBRbAYP C@th@%ecﬁ&r@@% ol é%%om%f

tra fectln host cells can be found in
313 aé*hﬂ“‘?ﬁr et it e mapesns/of aimsb@llsumﬁgmrcshatmrento

thé ﬁ@dﬂ §él§ Ghd %ré%fy ﬁ‘@f@ﬁﬁhét@c[‘al‘&f%%vﬁh ‘rﬂethostS 191{@“ E%gr%és&% vegtors

e endl ngﬂ_upon expression vector
arg éapﬁhhe@@ el th@wtmewosm lgbnef tawhich mhetyfare: eperablyrhiiedd In

chBLE YRS AL SN PO LT, BERATE L BLdSt,

fomn of)plesrmds sE]o%tfﬁ-bﬂe iR e is(Re@led té Blcldde ShéH ARG Foln® of
duced into the host

bi oti cs) erally intr
RIS STy A T VoS (oF TR eHIS erepies wipeises,
ade@ivittaaRhe af@okfESsciabe J&Iﬁ'&@s)ttﬁ‘éﬁ@rv& @@.Evﬁ&ﬁffﬁﬁq’nons
resi stance to drugs,_ such as ygromyci n and

met HREFEAR pspectiy fepnbingnt |eﬂpfﬁﬁl@c‘@lc@§ fribouivendioa comprise a
nu§1%%c|e‘e(éf(ﬁﬁbl%cﬂ§ bk Bk iRt mbaefo b, lljecreog e)gacre%?mﬁoc{}glielﬂué:lelc

on the sane vector as € nuc
acigfmelpaile inrpdkast tdh Bris mmsktbat itheet nemiulommt @Rpéssi@PakRteinciude

R i o ] NN ——

exmeeagom mhmhtls oper(alﬁyguﬂ{ed:ﬁl thenidiat adi@v@uehddGobe @iﬁ%&gd Within
survive,

whi
o ek B s on etk o B ke of bttt bbact” B etanded fo

meas it nreqmarem&e Sqfénce K ﬂﬁe»f@gt isClidke8 to éh@ hd gyt R @%E%ﬂéﬁ%és) ina
can be us to produce (i.e., express) a po

magpen Wy fOBHXPrﬁ%?ef@rqaﬁﬂﬁfgwleov@msegumwémg|, Branfiuviteer
traﬁkﬁ}bh&ﬂﬁraﬂﬂﬁtiﬂ;ﬁq stbiBlor R PRUE L& BwRerPRL ¥Qc%@rt 11; ?n%rokiﬁceﬁ%to he

invention. I'n one as
hogtopio AT hederpt |r§§§af@ur tegnéneg” ishentsdtto u:@ldde eforhotue ndnhaiters

t t di
wod bl il B ASRRLAA0E, BRI B S, <SG By
sequences sugi deadrited nfod examysleiih Gobddel, mn@ﬂkm@?iﬂ 'pkﬁshh&ogy’ ,
ogLcC urtner
L Bl B B8 L BRBEEL, LS, ML 00, L et
sedularced ﬁnchnhtthmse|v¢h1clAMéch@ﬂlsﬁﬁnﬂ:exEHEmbﬁMEMﬁéﬁnde sequence in

Pol cIo i es .and/.or nonocl onal anti bodi es
e NPes TR PO Lo Ghect SiPAREGE oA e gopleo iieceigtsmcs only

in &Eﬂﬁamrlﬁkt defls (0L, Bsi8EpdedPeRliatbR st edd! gg’b‘iﬁthe%h&ggi %8 by

hded 15 Amtlbodles are al’so provid
ﬂ“’é"' %% G 18 AheoArt bt the devigoofthe pamession vetter caafdepemniom syelnfactors

as 16 CEMEL ofithhod 9&! & ﬁ%@ﬁnﬁ&i %{H’:ﬁ@ {yvgl Ig%gre%)sgonsotl po?ypeptlde

The term"anti b " as use rern
desingdu hlergé=pnession thbsmf Iﬂ@nmmﬁon ua:njﬁmhﬁgdlmﬂ lixfo BEst M to

no n nol ecul nol ecul es
thefBl S B0 R SR gt B P iR ecodi by pralsippgid
nmhmwmsankﬁnﬂkgeﬁmmﬂ nol ecul e that specifically binds to
a ti.de of the
p’?hey RE gmbmant expression vectors of the invention can be designed for
expression of a polypeptide of the invention in prokaryotic or eukaryotic cells, e, 2.,

bacterial cells such as E. coli, insect cells (using baculovirus expression vectors), yeast
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20 invention is a nolecule that binds to that
pol ypepti de or a fragnent thereof, but does not
substantially bind other nolecules in a sanple, e.qg.,
a biological sanple, which naturally contains the
pol ypepti de. Exanpl es of immagnol ogically active
portions of immunogl obulin nolecul es include F(ab)
and F(ab')2 fragnents which can be generated by

cells 6ahhmhatiiecan! iShashle Wodt helammmdsfuﬁheraﬁ queqhkl Jupra.

The |nvent|on rovides 25 pol ycl onal and.
A]éq:{pqatkyggfp TRGREY 11641158}{]?1'8585)116/8}:%5% ec‘fréanécfntt 3trans?ated in

vibr DB EHaRble USRE: TT BfdRoteRBALORaba bR Y7 ﬁﬂymerase

"monocl onal ant i body conp05|t|on as_used here
r ef ekupthes aspesbpfitha Vet DAL BOkRP FRbsERIgVENCh pigpombinant

exin?e@éigiil Oec@(PJ of NG vSRRG S b&h i %Eocﬁ@éd OB tehd oSt 8? b »

I Mmunor eactl ng w a partl Cul ar epl tope
recopﬂimapemsm d@u ‘ofre bl miemh@rgeabim hemimdhsoindasiood that Hish jerms

GSRESL e by BT TR} B8 BB s o

such ¥ @6lL.1 Becaude dertati Iﬁhd1ﬁbatiom§rﬂﬂ9 beae ﬁmsuccéadhr;g:gwmatmns due to

,antlbodles can be red as descri bed abov. g
cifbeh RS P gr %vugamﬁgfﬁf&%g%ﬁaﬁwwng il 0% be identical t
thb Ht%ﬁ Nput Sredbtill IRSIYRERIthif Srebopd\6F théneen tak AFedderddn.
- fragnment thereof. The antibody titer in the

i mnﬁq how @elé o} ecanyeprpkaszotivpm eller Egiceglly For qz);@glgyi, a nucleic acid
milRRE8F fle LRLNBLIUSESbe «%% Sin W dedtio2 @elf"srtém chlEbkﬁzgect cells,

I MTUNOSOr bent assay usi-ng | mMmob
yeasl oy peppitaizn ckfis Gesh a&e@hm*tSh éalastm WC%I(@@@)@ COS cells).

o R B SRR in e om

pur i Veosst IbI)TA\mh be kﬁtmﬂncéchnhrpmj{mncm cehkassotp:r@ﬂe Via A

coSFRRF PO A P, 6t e s

t%%foig@ﬂibg thd eﬂ(ij'&lfs@d“cﬁoﬁ"h 48 &ﬁ%qde@fd ebepaky a pi(ij@ﬁy of agmegmsed
can be obtaiped fromthe j ect and use J ar e
teRRRGIE ARtTestCgFdioEd by %%éw?chlsﬁﬁﬁq nad) s fstoen,
m‘éﬁ@n@é%hﬂ@ shB&H Bl SSumhioidd BblnyecH @66, ISKIA BMextran-

r and I stein, Nature 256:495-497 (197 , the

midinted trnsfestion) Epafpatongderniecirentiniion Suiikblepeyiheds fog transforming
@ HRer laborat
o e s o PEIET M S oAb R
maamder Therapy Alan R Liss, 1985, Inc., pp. 77-96)
or t ech ues.. The [ 0
o o R B B T BEN08 PR O B won
elprakion obcot atndl tmmufwhmggecl(xﬂ@ﬁm);ed Galyi ayamlkfradipn of edls .n)ay

o oI DA o (85T Bopgien in s TAsbensit et teldo 38

ik &rdn¥dIR lg@@é/ﬂaeﬁen(:bm LRldeibbiS PhRIRCY. £ S Br rédi@iNaB to ammimics) is
i mmuni zed with an i mmunggen as, descri be g above nd

gwe-ﬂlaewtfqﬂueedslaﬁ%ﬁhﬁ épﬁrﬁegs algng vith thegens p w&rmfrb?lie
sci&hdp ?ﬁtﬁ&%ﬁé%cﬁ Efei‘ {félsﬁngyﬁrdrﬁ'é%”ﬁmﬂra@mQBng a

nonocl onal ant| a pol ypepfide of the

hygromprin ond mAtWJtrQXatc hguda]qycmhqmmmc ioq pegitoiabiemarker can "

for fusin hogyt and 20 I
b%gnﬁrog%ceg 5 p a¥1 fcgrﬁ otnﬁi an}e Vggtgr 5{%9 éﬁcgl?lgtzagla Iﬁcﬁeéulé J)ﬂﬁé
inventins oo oad be mtroduced on a separate vector. Cells stably transfected with the
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anti body to a pol ypeptide of the invention (see, e.qg.,
Current Protocols in Imunology, supra; Galfre et at,
Nat ure 266: 55052 (1977); R H. Kenneth, in Mpnoclonal
Antibodies: A New D nensiqngln Blologlcal Anal yses,

Pl enum Publ i shing Corp., New York New York (1980);
and Lerner, Yale J. Bi oI Med. 54:387-402 (1981)).

inthtR ey ﬁﬁcleﬂ: R&id 2Rl Qfufh dAarvelidentitied b ?‘%El’é&fcn\% L, cells that have
appreC|ate that there are many variations

inGoEpaied the selnctahlequarke gege pall @svéwe; whilq the phen M/lé dteb
re
p Q@hbﬁgelmf‘ﬂg &ﬁﬁgﬂl?%%dhg%q?pgga%%& 1 QLR ?11 ifculture

nmonocl onal  anti b e I nven
carg bp upgsl to peortuicd (fed eaprdss) sq»bb@eptldy)of ﬂﬁanwtmmgAacordmgly, the

t I b rar

mwfe?lﬁgmpg Pdgp aleﬂl ‘I'é goer u81n§ 61 &p l I%/cwt ?a[lllg of the

m\pmhymeh‘t orbespant, tt]itﬁlnethyd bempdes chlraribaaky mw:emrbﬂ thRhA6Y (into
that bind the ide. Kits for

I
W}ggh%%&?’ﬁhﬁmaﬁp‘éﬂéﬁ%ﬁ?ﬁ% Ch EéﬁP%lbfP%ﬂ‘ildF Phihg inveaticn has been

intesuirRd)Gh alshiyabdrabdiahl sack ﬁwﬂthe bﬁlﬁeﬂ?ﬂ@ﬁ H@:enfl Inanother
Reco nant Phage Ant i bodg@;}/stem 60-" Cat

aspeel. ghomethed furfer eoreprises o @emiscpmmﬁﬁrqm]ﬂvgen@mp pnghe
ho&ukﬂ_catalog No. 240612). Additionally, exanples of
met hods and reagents particularly amenable for use in
gener at i ng and screening antl body di splay library can

Al%@ﬁ@yﬁé M@ﬁg@}g Pat ent No. 5, 223, 409;
| cation 2/18619 PCT Publication No.

V\D TOWOhZ]ZzﬂﬁtbocBé‘éfarEﬁtblmc&@glo@gl éafiriﬁb%di%al tﬁa/sg&fﬂcﬁaﬂl\lgﬁg\gl\bme
cation ubl i cat.i on
forgh oS 33 e RbpAoL bt e 4o oAt s 5P BeRe 8o provided.

Aritiboliies aleiad pPNeridedWhiSR bR 6irtidRGE eRHé}lth&'@édaﬁfbrme reWPence
90/ 0%809 Fuchs et at, Bi o/ Technol og 1370-

geneprg Yot that gondpinpthe pRiyRROTPRIE FHReF, SitRy b%hed@m‘éangbw @8 used
ke Rl Bl SRS R ATH TAR s o

immwglpbtﬂm mglecylese GﬁbmnEmﬂe&ﬂlat @mﬁmemtlgsmbmdag siths fher i c

e el Bl e an ol AR b RS kSR i€ R

m‘@n‘aﬂldamdnole@mrthaﬂan&s tﬁl‘twaﬂpebzbmtqiﬂ@s 2 ﬁagmeﬂmhd’ﬂedf bhlt@loes not
0 0 i nv i.on. h chi nmer.i c
sofEARRD ki Ot PRGBS i ey SFaBBrBRishAtrally

combifs tlmqimmypqpne& km@mplas Rf ihRuaslbgically dcivRResml of

. antlgodles of é%fn (e.g a nonocl ona

IHHPPHBRRAR elRe Dif'eq ingg G & Tengpispty eyt e beendrated |
by in@¥ @i the Bnttibds Wﬁ%regzyﬁﬁ@ Sivh QY BSpsins UFH% ﬁx%nﬂ&{ bidldds

chr omat ography or i_mmunopreci pitatio
rolysloppleand mpmoglral iaptikodigstthas f@arpoﬁ@cpﬁdetoéﬂ@ inydntion. The

f ]
R T cng oRfel BERb Gl R PoR o By ot

reconbi nant
refers [t 8 povbatmonod pntitandy mrﬂedud).ﬂyhes petaifionlyf ce spemes of an antigen
i on n be us det ect

20 t he i nvent C
bicHBE R R it A GG gkl e poJgepiide of the
mvsaartp:m nRtanbelomil atiREy oM@ thislypicai®f dikflaRVAdinal ﬁmdmg
bundan E% patt%rn of

afft mty Or a particu ar polypeptide of the mnvention with which it immunoreacts.
Polyclonal antibodies can be prepared as described above by immunizing a

suitable subject with a desired immunogen, e.g., polypeptide of the invention or g
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expression of the polypeptide. Antibodies can be used
di agnostically to nonitor protein levels in tissue as
part of a clinical testing procedure, e.g., to, for
exanpl e, determine the efficacy of a given treatnent
regi men. The antibody can heggcoupl ed to a detectable
25 substance to facilitate its detection. Exanples of
det ect abl e substances i nclude various enzynes,

sk HRtdof. ThOBRbodf litt® Ehe BfinubBbe fubjdcs canl Hembordterentver
materials, biolumnescent nmaterials, .and radi.,oactive

timebs siendard tEmRpresIcbrs B ERISME BRSBTS assay”
|
(EE“% %ﬁ:{ﬂ%& obh 2P oq‘%f: SridAlTkaldiRE, tRDQRMRAY adRcules dn‘ected

t OSI acetyl choli nesterase; exanp
agafnst tha lpbbmbgldyrc:@g bh @plagedgi’qm fregpapmekies. ,|fﬁ@} g g_glood) and

t
ottt e s Slesh BRA Shal £ Bl SRRy tfSotain
thﬁ t{g(ﬁ F1a8ﬁ<?1 nAt 4ol ap@rc@&amltﬁe afteoirhnmngzam eg., mhomshﬁan@body
1 C ri azj | am, ne or ES r
T DIt PO B e B PEn 5T R R b Fb R £t 36 to
s e s
originalbxdaspriked btk Oféﬂlaﬂ‘ébﬁ[lbﬁ%&’%’é@tzﬁg ﬁféﬁi‘ﬂ%&% %}?31
t -
ce ]]%ﬁ;ontdgng% éedzﬁgéuQ EK&%ﬂor I, EIEIW Td %‘ﬂ”’?ﬂ Qo83 tﬁ@%\%\f

OVVI ng I catl on,
hytsidoota teahingvdddolec? o M¢wloﬂﬂlg4ntrbOdwy agghGanagr Therapy, Alan R.

L]is%@]/@‘ Hl: :: %%pr% B&R6hh Pe%gmaﬁése : "]'ffhae téchﬂab@g%r for groducmg

I on O transcrlptlon ctor
hybHdorkla? is-wélb ke gseél'gélﬁél)allaﬁuaf eg Reotomois ie dmingupleiys@O94)

N A L L R
1iNd Gtﬁblﬂaﬂyrh‘?mﬂl&ﬁmhpﬁ tigsed td@nﬁdﬁ&’dzﬁﬁtﬂﬁ@ﬂll&mﬁi&oa&&h};ﬂm ‘ﬁh e

Data Protection Authorlt of n% and thlé %ﬁm mnmmﬁs
gl EE G CBmBmOdea e BLrVE D
ofqtjhle r@sﬁ[ﬁnquyﬁﬁ@&rﬁa Edlls ahescfdehéltodaMRifY Bﬁl?lﬁriﬁbﬁna@i’ﬂﬁﬁfﬂg a

personal identifiers associated wth bl ood

man?ib@@ anh@ﬁs*ctbat bings g PREPERIHE oA kP HESERPogy were first
15 eg&g%@h&%ﬁ% YdiPkddRhdrbiodie ﬁéédqer ﬁ%&@%ﬁﬁﬁbsyﬂé%ﬂl’g a

thir arty encryption system (18). For this study,
irRebOfalizeg @il lmch abét epplisditforthe sum@rseeoﬁ aeeeretitg agopprdonal

a'\gﬁ:] glg ﬁ‘? ) EB gr %p O'f% o neég&? &gﬁ e% é?iég?ﬁceols in Immunology,

srﬁﬁ*&QGhl&Tele@ﬁl CNcEﬂre %EéS@%{(le, Réé.r]éetmetham Mo chiat Awsibodies:

rraj obf’ﬁb‘fp"’li ?Ia :BS iqlpg §‘§‘%§J( a%Jn ?%yﬁ&@%gwaéoﬁpépr esen 1%? nG"

vapeoutoshlahd obmeh ezRopBlAtian 5a{38RA0M1 I8 Pe Mdre@@r, the
di abet es patients_in |cel and oda The aborl%y %1 d
ordiessdly gl 6 rpaker il aRpERriale (hakhels, A7 Fagy valt 695 ofSheP metods

PORE Ll Bk dekg exceeded 80% All participants in the
ﬂ%tgﬁy visited the Icelandic Heart Association where

t hey Adisswtive th preppuiag maseelanslantibedy-1sewtae Bybiigamand a
monoclonal antibody to a polypeptide of the invention can be identified and isolated by

- gereening a recombinant combinatorial immunoglobulin library (e.g., an antibody phage

display library) with the polypeptide to thereby isolate immunoglobulin library members
that bind the polypeptide. Kiis for generating and screening phage display libraries are
commercially available (e.g., the Pharmacia Recombinant Phage Antibody System,
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fasting plasma gl ucose neasurenents taken. Questions

about nedication and age at diagnosis were included.

The type Il diabetes patients in this study were

di agnosed as described in U 25 previously published

| i nkage study(10). In brief, the diagnosis of type I

di abetes was confirned by study physi ci ans t hrough

l(a T

o s aror s aa BE A el Bl b o R0 g v
24981gp Additipedt esamples efhghods ep«brdagﬂsrgs pa';fzcﬂ;lht@ mmelablh for use

n Bkl U5 DML o J 5L SR B S sl -
Paienisiib.| 2286400 ; Ecgﬁjbﬁbﬁiﬂm&\‘&) mgm/?gﬂggﬁgﬂpﬁgga@hﬁo WO
o1y P50 S R e D o ikl Binirion e Wa) By epo: pet

PuBticati PR NoEWMG 990 1 0% ipeat hubicddk @\Too 'W(b 99)0‘1' §4’ﬁ ?’d%ﬁb&ﬁﬂn No.
ents and only a Smal | portion - uire

we %%@Pﬁ%ﬂ Pﬁ&‘rPWhllcwé@lt HouWei W@%&ue ¢rwl dﬁeﬂ/ chidiegy 9:
13’% m(ﬁQ@l)g{?} P4, ]ﬂwg Cﬁrgﬁ%? SHG)%(?% ma.!'TP %Il rﬁ%l%ﬁ%]‘ﬁ%@ etal,

gl ucose (I ’baset teria seét
Scrﬁm@%aﬁ”@rJéaﬁét(é%mpmmﬁthswnal( BiROL/. Cbmﬁﬂ:iﬁé@%?).

t he s an Lficati Di abet Mel | jtus
654 TRAR), FecB et Ethptih sh s iy g Shized
mopad‘,lom hﬁubmdgmcsnlaﬁmg/bmsm& ahdyRahemab pBaink,GAliéH06n be
o orts The glstudy group was selected fromthe

*Ftagng agbpﬁéﬁpgpwp% are wighin QF%BWQ)‘?@G invention.
Suét Mem@atﬁqﬁﬁinﬁeli%eno&%ﬁaﬁaﬁﬂmcﬁé ARbe PRADcH @gr@&ﬁxﬂgnant

reV|ousI with type Il diabetes and/or nmeasured >=7
bigues UWBﬁ?FQﬂQﬂ 539 10 unaffected (with respect

to I;

th ems/arrgllal SR s ARSI PO bR el o e
to jselaty aqrobipspidecaf] the itvestiandy stdard dechsiioes, atahos affinity
CJ.U.U

NS0 A O B bRty i

thelpmdﬁcgmnmg? netaral @aly_pelaidwcﬁm telRtahdof mbomhﬁaﬂﬂry ptsm;b& y
15 Cent er . bet ween 1998

|
PP RA PR 35015 Ry s, MGrot5E B SRSy dercihfetpr dgoivpeptide of
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previously published linkage study(/0). In brief, the diagnosis of type II diabetes was

agnose

confirmed by study physicians through previous medical records, medication history, and/or
new laboratory measurements. For previously diagnosed type If diabetes patients, reporting
of the use of oral glucose-lowering agent confirmed type I diabetes. Individuals who were -
currently treated with insulin were classified as having type Il diabetes if they were also
using or had previously used oral ghucose-lowering agents. In this cohort the majority of

patients on medication take oral glucose-lowering agents and only a small portion (9%)
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stndy cohort.
The PENN CATH study in the US is a cross sectional study of the association of

biochemical and genetic factors with coronary atherosclerosis in a consecutive cohort of
patients undei‘going cardiac catheterization at the University of Pennsylvania Medical
Center between July 1998 and March 2003. Type II diabetes was defined as history of
fasting blood glucose >126mg/dl, 2-hour post-prandial glucose >200mg/dl, use of oral |
hypoglycemic agents, or insulin and oral hypoglycemic in a subject greater than age 40.
The University of Pennsylvania Institutional Review Board approved the study protocol
and all subjects gave written informed consent. Ethnicity was determined through self-
report. 361 Caucasian type II diabetes cases were derived from this cohort. 530 unaffected
(with respect to type II diabetes and myocardial infarction) Caucasian controls were
réndomly drawn from the same study.

The DNA used for genotyping was the pfoduct of whole-genome amplification,
by use of the GenomiPhi Amplification kit (Amersham), of DNA isolated from the
peripheral blood of the Danish and US type II diabetes patients and controls.

Genotyping

New sequence repeats (i.e. dinucleotide, irinucleotide, and tetronucleotide repeats)
were identified using the Tandem repeats finder software(20) and tested for
polymorphicity in 94 conirols. The size in basepairs of the lower allele of the CEPH
sample 1347-02 (CEPH genomics repository) was subtracted from the size of the
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between pairs of SNPs using the standard definition of D* (27) and R?(22). When plotting
all SNP combinations to elucidate the LD structure in a particular region, we plotted D’ in

the upper left corner and p-values in the lower right corner. In the LD plot we present, the

markers are plotted equidistantly rather than according to their physical positions.

RESULTS
Locus-wide association study

We previously reported genome-wide significant linkage to chromosome 5q for
type II diabetes mellitus in the Icelandic population(10); in the same study, we also
reported suggestive evidence of linkage to 10q and 12q. To follow up the 10q locus, we
used an association approach employing a high density of genotyped microsatellite
markers across a 10.5 Mb region (NCBI Build 34: Chr10:114.2 - 124.7 Mb)
corresponding to this locus. We identified and typed 228 microsatellite markers -- i.e. to
an average density of one marker every 46 kb (Table 1). All the markers were typed in
1185 Icelandic type II diabetes patients and 931 unrelated population controls.

Table 1: Location of the 228 genotyped microsatellites on chromosome 10 in NCBI Build
34 of the human genome assembly.
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0.242 0.178 1.48 4.6x10'7 16 0.022 0.015 1.53 0.076
a0 0. 001 sOhr®OBid34 8910GacdtiBn  END: BRRVB4 ChrPR@atign 50

DB10SBe1. 711 21281879 10 Si x al | ' @REP&r e observed with
DEhOS168@t r a- nud?288di6le repeat, WEP%EP4 eles 0, 8 and 12
DagEIeant i ng f of22B8P78f chr onpsont2447403 he popul at i on
DEOPETEl s. Al | 62242008howed a prR&eefYe association
DEReSHBi ve Ri SRZ%W&O 67; P =2."4%98) relative to the
DEUBRH7al | el es 1288458 ned. This PI473#9G% i s two-si ded and
DEARSE % nt o acdBpft22Phat sone of12tzﬁ%°6 tients are
DEdPStedd to eall?7d8%ér. DA 0s478'3%¢ ' tated in intron 3
DAPSHE2 transcrfedd factor 7- Iﬁ?d’ 45 (TCF7L2 -
DAGSFREr | y TCF4)24@8%87on 10g25. 2. "ML "rarker is within
a well defined LD block of 74.9kb (based on the CEPH

Caucasi an HapMap Phase |1) that enca at es tf ..of
i nt rYnglg maplka aggeeipiomanaysEiLh gﬁ&mgg?ﬁt%}fe Wﬂ%‘%’f& h&eﬂuﬁed
%J(@ £8 magigenot yped in the CEPH
> as@h@ﬁ%ﬁ%ﬁ%&?% gﬁ l'1es, |tenbecams cl ear that
allele G of SNP rs 12255372 IS observed to be nearl y

[f or L et e 1 Ig,gd DGL0S478 (r!
Iﬁﬁ%—g@tdlésgs%ﬁ %&%@)dr IPDS”:"%% “of rs 12255312
H h crdbhor aoll-al eca——af ..M Aa—0
l (] Ul c&{ P‘[’ CI (S8 UI 2 . R
AWe eover ' (J_E-st f sk conf(,&ggéd by %L95éf:\]el es BYofifge £o

0fg DGLIOS4/8esk0 not differ24(P = 0. 3)psHence it 2.g<109
nat ural toooed | apse al |l c.oazhe non-0 aBé el es of DEHTSA78
irto a conpogite alleleowtsich will Belreferred 8P0as
aktele X oAdd ele X hasofifiequency ofl4®7. 6% and48694%
i ne cont r ol $.02nd pati ent QOTEespect i veP?3 Assuni n%wé
mabti pl i caviove nodel (1600317), 8f%d to the
f ot _non-camppers. allel 82% 5 haq1§ [12%1-1%at ed. RIF18T
1.50 per copy carried. Replication of the D@ 0OS478
association to Type Il Diabetes To verify the

10 S %ﬁ?els %{‘ e(%@erggd%thci@fgé rﬁlglegﬁtﬂ’éerebéat dirgbaless 0, 8Bed 12

te was genotyped maDamshﬁéﬁyell
acchoaiummr pefhaf chrofmogaBescadkspaptition OmEEM: 0 shqged 2

pr[c))%ectwg association (Relative Risk (RR)=0.67; P =2. 1x10™) relative to the other aileles

combined. This P-value is two-sided and takes into account that some of the patients are

related to each other. DG108478 is located in intron 3 of the transcription factor 7-like 2
15  (TCF7L2 - formerly TCF4) gene on 10925.2. This marker is within a well defined LD
block of 74.9kb (based on the CEPH Caucasian HapMap Phase II) that encapsulates part
of intron 3, the whole of exon 4 and part of intron 4 (FIG. 1).
When DG10S478 was genotyped in the CEPH Caucasian HapMap families, it
became clear that allele G of SNP rs12255372, is observed to be nearly perfectly
20 correlated with allele 0 of DG108478 (P = 0.95, P =5.53x10™), and allele T of
1512255372 is correlated with other alleles of DG105478. Moreover, the risk conferred by
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10 cohort was selected fromthe PERF (Prospective
Epi dem ol ogi cal Ri sk Factors) study in Denmark (19).
This femal e type Il diabetes cohort had been di agnosed
previously wwth type Il di@apbetes. The associ ation
observed in Iceland was replicated (Table 3). Table 3:
DGL0S478 Association to Type Il Diabetes in Denmark
alleid %3/:&@ mém(ew%zhg&m r(ogagleg%ragﬁgm% Egéncfa 1) ne(tgh‘gi@%))ﬂﬂ@e all
0 1 de
theeloe@zﬁj’@ s @A 5458 o 2 goropas a’éelwéwtl ‘w@ re‘slted tpps allele
X. legl%%( Qasjig&lu%n%floﬁmg andl 96,8502 Qo3 L &, a@igntg reZ§ect1¥el¥
331 0.260° 1 [1 , 1.79] 0.0048 15 The conposite
Asexmmg 8 kaudiplicativecriedel (26, 7 b qomnergd &t the @SE%rrnﬁn@wmoﬂ@e X
tes cases, giving an
hmﬂﬁgméé?égﬁﬁhﬂf B%B%iokﬁg&ﬂgfoo48) 20 Subsequently,
the mcrosatellite was genotyped in a US Caucasi an
R ije [ ﬁ¥ cohort of 61 s and 530 controls
e‘?l IILIIC r g a Cross
sectb Qaa? 56 by ciafiod HFD@EHACE & type IdiatkR e rﬂleaéatsm@ was
genetic fact rs wi_th. coronary at her oscl erosi s in

genobyped dy e Rres Sy i dbetpgahai 08 2¢theRspyidng &ariaqlwhe Danish

corro% PaILldcpatdan tr?etpE rdégearee %bﬂénﬁ&ogl%{ﬂ"}“@h@ PR study in
dical Center. Typ 11 di abetes was fined as a

Dehlingltkdﬂ 9. Zblﬁﬁm@éwm@ dishglesicaibrided eemdzﬁ&r@ﬁ@ﬂ preiogsdywith
typﬁ?/f!h lﬁ{téésg ?‘hh% lassgl:lH (?0561%9(9 Igrgl{c%%ndaﬁgseregfi?a?%dag ey 2: eni c

in a subject greater than age 40. The associ ation

bseryv ' l,cel a al li.cated in this
e fh‘i’ﬁ%%ﬁ@cﬂm i‘xp 13?3 E f) RMatk o179
" Alfected fre RR[Q_: . 1w sided P
6 3 S III Ld II LCU ?
ed freq (nzghl) Control,freq (n=5 é) RR
5% C ] Twoysided P '§¢Q 001 0.00Q, 40 0.615 G,
0,54 3.3x1H0m§ 4 0.003 P,404 0.73 0. Eg 8 0. OSQNQ 049
Ls79 0.002%2012 0.256 0gdR0 1.57 1.2%,10'4 16 Q7940
0x 020 2.0%434012 X 0. 38%00 253 148pd1laB)l. 2. Z4bas

QO

frequency of 25. 3@6|n controls and 38.5%in

The composite at-risk allele X has a frequency of 26.0% in controls and 33.1% in
type II diabetes cases, giving an estim.ated RR of 1.41 (P = 0.0048).

Subsequently, the microsatellite was genotyped in a US Caucasian type II diabetes
cohort of 361 cases and 530 controls from the PENN CATH study. This study is a cross
sectional study of the association of biochemical and genetic factors with coronary
atherosclerosis in a consecutive cohort of patients undergoing cardiac catheterization at
the University of Pennsylvania Medical Center, Type 11 diabetes was defined as a history
of fasting blood glucose >126mg/dl, 2-hour post-prandial glucose >200mg/dl, use of oral
hypoglycemic agents, or insulin and oral hypoglycemic in a subject greater than age 40.

The association observed in lceland was also replicated in this population (Table 4).
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5 type Il diabetes cases, giving an estinmted RR of
1.85 (P = 3.3x]0-9). Conbining the results fromall 3
cohorts using a Mantel -Haneszel nodel (NOTE 3) vyields
an overall two- sided P of 4.7x10-18. The associ ation
of the conposite at-risk akFete to type Il diabetes in
three popul ations constitutes strong evidence that
variants of the TCF7L2 gene contribute to the 10 risk
Tabfe 4:ipE 109478 Aspreciation tafTypg [Dipbaies i8 heldniind\ 3P doubt
allvte_asAfreied frenin=361) 1 Heoniplifep (=580 ot GRISY Cllgj qplogided £

wet i nvest i dP0ed t he node &P nheritance -nore cl osergg
The domi naftéifrodel and refé&¥sive nodel5tan be 33
réj ected ad9%he heterozygbl® carriers &darly hav&’?
i Bcr eased 998k rel ative t8%% he non-carffers (P %2
12 6) and r%88iced risk cofpred to the 'fonpzygoud?!o

) o , 012
cHiriers (P%015 0.0001). e nulti gilv model*'2
IDIXOVi des a %¥Pter fit - buf?¥here | SRé\g{vlguvrgﬁgg tha?‘a’f1ﬂg
risk of the honozygous carriers relative to the
het erozygous carriers is greater than that of the

h .
ri skhefcompesiteat-gisk 2o tfshas arfieauensy of PaSYa e coprqlfand 38.5% in
nop-carriers, T DI OV =fq S LRiSSthe
W%e?ﬁtdﬁg’e{e%?%’? i eﬁ% %k‘gsno ﬁ%ﬁhlgg%gtﬂg?gj;ygséﬁgocgﬁiﬁ er sﬁéénd
reiREYEAUS catmrts ueing a Marpdiewsiedmode (NOHECH vidlés an overll two-
.Tabl e_ 5; gel-free estinates of the relative risks
si o?ﬁx‘g%" el-ative Risk Cohort 00 OX [95% O] XX [95%

C] RARssdchBbRBHhE cdmpdsilelt-Hek AllelOlo Bp@T didbstz6 in Bred4]

0.21 De k 1 1.37.]0.98,1.90] 1..92 326 .17
R TS O T I A
ris%ﬂf%mﬁ:@dﬂabéteﬁs [1.26, 1.67] 2.41 [1.94, 3.00] 0.21

e

ree cohorts have simlar popul ation fre%uen{/ﬁdiabetes

for Afier establishinig beyped doubpthe asypsiatinirobdeintelp &'V
w%m hléfgs&%g%gﬁg BOEH inflakt n:ﬁf’ﬁ Blobdly. TR ddmieRb@btelaRd recessive

I'n the 25 Danish cohort. Wile there is .
model ceaboredoted a6 e HRRrozygbes ¢aaers cleatly havetp@easehgsl glative to

thiF: télplg-?:?%%rsr(?%{(]gg aéh)ﬁat&dtrg&c?& I‘lgl? E@ﬁfag?d io.qhé Hﬁn biBdasLrs (P<

quite rea atistical _
0.60QI)i The anttiplicRive Modbprovidesbbeiterdits he theesig levidenqedhat the risk

t he cohorts assum ng. c relative r]sks
oh B BPBIPEORRCARITT [y dn PO IboR GOy {3l han that of the
ri@séf HBhfcokiohavAriek etlativeo tiid sitscanfierd. PablediygtoRiddd model-free
respectively conpar ga’lto the non-carri e‘*%n{Tab(I)e c%?,rie 5
estisantiiof el s b erieEERrRIRRY: BITBRT T Fre a1tk
Lo&N&euUs and honpbzygous carriers nmake up
c%éf%ﬁﬁ@%ﬁ&ﬁe popul ati on respectively. Hence, this

variant has enough predictive value to be of clinical
use. g 5C RhJIBERNE NG tR AP tleablafle risks

Genotype Relative Risk

Cohort 00 0X [95% Cl] XX [95% CI] PAR
iceland 1 141 [1.17,1.70] 2.27 [1.70, 3.04) 0.21
Denmark 1 1.37 [0.88,1.90] 1.92 [1.13, 3.26] 0.17
USA 1 1.64 [1.23, 2.19] 3.29 [2.13, .07} 0.28
Combined 1 1.45 [1.26, 1.67] 2.41 [1.94, 3.00] 0.21

The three cohorts have similar population frequency for the at-risk allele, but the
RR estimates vary; with the strongest effect seen in the US cohort and the weakest in the
Danish cohort. While there is no reason for the RR to be identical in the coborts, it is
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attributed risk is 21% which is substantial froma
public health point of view It should also be noted
that allele Xis in excess in inpaired fasting glucose
(I°FG 10 individuals (fastkng serum gl ucose between
6.1 and 6.9 mM. The conposite at-risk allele X has a
frequency of 27.7%in 1393 controls and 37.1%in 278
notbl @hat alsediffe@hsds Mg thaestie skl tebied rRRs 86 ndt.dotte (dBckr dtadfic]

iatjon.qof SNP rkers within exon 4 LD _
sigftisahicf 3 BAST SopbiningBese B EOIESS conped promal GTEng
rethiad ridkk QBgﬁé%EI%HEﬁoE@ caRdrs3NF h%ﬁ%%g)ﬁs Eﬁ'ﬁ&g b RO skl B have

t he exon of TCF7L2 e tabl e contains
relpfing Tiskg of {42 eed 2-4brespSnively eomparadto the nonsrrictti Sebledd.ed

Al ERAENELIG BT ) RO Ao DRl g
hommarRgous cargsisanakg upi3Bbh zmdt?f% olﬁﬂmqjopulﬁﬁonﬁak;}eeh&ly Hence this
varg i SR LR LT Sl SR B AtichlisP ol e on gt Population
attfiBteBARIOR 2 1 9 $ihidhd s substinBuli fréin 34ublR- IaTh PFhESE view.

- rs7087006 (B34:

ergégéZ@ B34. %4413 84) -
114 142150 bp 29 ta ﬁé%exqeﬁﬁelﬁtlﬁnpmegtfpwg glucose (IFG)
indi 8418 MER M IE@n gﬂ&&%@t%@ﬁ 661%&%%:34)6 Thﬁ %p tegt.hélc

each instance to th SEQ | D nunber I mer

allely A% bas s frrguency ofav y/ %\ﬂrﬂlf?’% rﬁ’Pﬂ‘Eﬂ%I alicb?rrh\kf’dﬁ dn AFFRIFCesasess giving an
RPES 0 ad in the Sequence listing. A
t
© Pu%cfgdi SNfgsSdF(?t?ncj[ %@%‘ﬁg HapMap ethnicities) Public
Al ias Chronosone 10 B34 Iocatl on Base Change Sequence
Asgc&kgnofﬁ 074IZ<%9W} 41308

SA0T4710 L1444t ' : 4 DS Al AUl B3
r s11d 9688 “&:ﬂfkﬂﬂn‘ﬂ&éﬁtdﬁﬁﬁ and SH@QB@:B&S ie%?ﬂﬂrﬂg“ﬁﬁl%n@{e-rexon 4 LD

114414856 ' T 17747324 114417090 /' T
bl%@f’gﬁ%gg Deipblg FRNEING DY ﬁcﬂimﬁh@éﬁ% AsTHADHORIP T

distSvtaPEAR &éﬁﬁ%@@é’m&é EDMiSck Pgiahl @h@{abﬁ%n% BFides

10 B34 Iocatl on Base Change Sequence ID NO 14-1

polyawepiie @scrﬁtpélﬁememqsmrﬁm ﬂl.Flbl@FitO845 C/ T

Table 6. Polymorphic markers residing within the exon 4 LD block of TCF7L2 (between
markers rs4074720 and rs7087006, positions in Build 34 co-ordinates:

rs4074720 (B34: 114413084) - 157087006 (B34: 114488013) = 74929bp. Sequence
identification references are indicated as appropriate, referring in each instance to the
SEQ ID number for the amplimer containing the polymorphism, and forward and reverse
primers, as disclosed in the Sequence listing.

A. Public SNPs (including all HapMap ethnicities)

Public Alias Chromosome 10 B34 Jocation Base Change Sequence ID NO:

rs4074720 114413084 AlG

154074719 114413145 C/T

34074718 114413204 C/r

rs11196181 114413605 AIG

1511196182 114414744 - ' C/T

rs4603236 114414765 G/IT

157922298 114414856 crr
15817747324 114417090 cT

157901695 114418675 ciT 1719
1311196185 114420079 . CiT

154132115 114420083 AlC



rs7069007 114420872 C/ G rs7903146 114422936 C/ T 11-13
rs11196187 114424032 A/ G rs7092484 114425520 A G
rs10885402 114426284 A/ C rs12098651 114426306 A/ G
rs6585198 114426824 A/ G rs7910244 114427209 C/ G
rsl2266632 114429546 C/ G r$H585199 114429758 A G
rs7896811 114431304 C/ T rs6585200 114433196 A/ G
rs6585201 114433370 A/ G rs4319449 114433993 G T

%%WMMMSO Al (Sequence ID NO:

SE3EA626 1144370260/BG rs7075199 114837307 ¢/ G 1416
rnsBO04519 1144385144884 rs13376896 114841336 A/C
r0GBB5405 114442P872082T rs10885406 19442311 A G

rePELY6192 11444687H0286T 6585202 114447390 T P
rS7i994080 1144515H9°44% rs7907610 114451677 A G

rgP98b 948 1144523 rs12243326 453402 C/'T
8:148§°99¢ 12265110 1 06 C/T rs7077 114453664 C/' T
F}li 198 114456 rs12775336 144459590 G/ T
rrgf[g A8 1144596 rs7100927 114450635 A/ G
rs12266632 114429546 C/G
156585199 114429758 A/G
157896811 114431304 C/T
156585200 114433196 A/G
186585201 114433370 AG
184319449 114433993 G/T
1312220336 114434854 A/G
rs7896091 114436550 A/G
1512354626 114437016 A/G
157075199 114437307 C/G
157904519 114438514 AIG
1513376896 114441336 A/C
510885405 114442257 C/T
1510885406 114442311 A/G
1511196192 114446874 G/T
156585202 114447390 C/T
187924080 114451599 C/T
rs7907610 114451677 A/G
1312262948 114452313 c/G
1512243326 114453402 C/T 8-10
512265110 114453606 C/T
570777039 114453664 C/T
1511196198 114456472 AlG
1812775336 114459590 GIT
157904948 114459672 AT
157100927 114460635 A/G
1511196199 114460704 A/G
1517685538 114462058 C/G
1511592706 114463573 C/T
57081912 114463678 A/G
157895340 114466112 AlG 23-25
rs11196200 114466525 CiG
1511196201 114467894 AT
1511196202 114470254 AIG
1511196203 114470447 A/C
1511196204 114470518 AIG
511196205 114471634 C/G 20-22
1510885409 114472659 C/T
1512255372 114473489 G/T 5-7
1512265291 114474827 C/IT
rs7904443 114475774 AG
rs11196208 114475903 C/T
157077247 114476658 C/T
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rsl 1196199 114460704 A/ G rs17685538 114462058 C/ G
rs11592706 114463573 C/ T rs7081912 114463678 A G
rs7895340 114466112 A/ G 23-25 rsl 1196200 114466525 C/ G
rs11196201 114467894 AT 1§41196202 114470254 A/ G
rsl11196203 114470447 A/ C rsl 1196204 114470518 A/ G
rs11196205 114471634 C/ G 20-22 rsl 0885409 114472659

Rdblic Aliss 1 220 Chfomoldiflei( B3P Redtbnl O- /7 Bhd CiaglI1 Sequence D NO:

LIAdAB27 C T T SYROASAS 114475774 N GiGr sl 1196208
T8EB003 C/ T rsYRITHRAT 114476658 C/ T/e74- Public
Ali27a833€hr onosone 14B8# | ocati on Base GZhange Sequence
kDI L0 rs111962091447B8B77314 A G rs4077527 114477628
AFT®763512718338 114431%B34 C/ T rs11196¢30 114478558
Q7139579007632 11H48LRH3 A/ G rs70713CY¥T 114482114 G T.....
rd3BIRB680 114484VAS34CIT rs11196213 1012486141 aT
rf%h’@ﬁ%?sg 1144863ifalzﬂ"“i_fzi““1i rs7085785 114487050 O/ T

89 114487356 rs7087006 114‘&?8013 A G B.

I\TB SSNPS di scov nd subsequent | yc alidated in
ey gely 4 LD bl o 1 CF7L2 (anpl i s bel ow):

upqucnbc I LJ

B. Novel SNPs discovered and subsequently validated in the exon 4 LD block of TCF7L.2

{amplimers below):

Sequence ID
deCODE Alias Chromosome 10 B34 location Base Change NO:
SG108405 114418658 CIT 26-28
3G103428 114421901 A/C 29-31
SG108422 114457824 . A/G 32-34
8G108427 114463480 AT 35-37
S5G105408 114466074 AT 38-40
8G10S8409 114471574 AIC 41-43
8G10S406 ' 114471618 C/G 42-44
3G105407 114473534 CIG 45-47

C. Polymorphic microsatellites within the exon 4 LD block of TCF7L2 (amplimers below}:

Sequence ID
Microsatellite C10 B34 Start Ci0 B34 End NO:
DG1082164 114460344 114460627 48-50
DGI08478 114460845 114461228 24
DG108479 114475487 . : 114475632 51-53

Table 7. Amplimers and primers for selected markers within the exon 4 LD block of
TCR7L2 |

>DG10S478
TTCAGGCCATTGGTGTTGTATATATTTCAAGATTTGCTCACAGGTCCAAA
GCTTAACTTAAGCTCCCTGAGACATATCATAAAATATGATTTGGGGAAAA
ACCCTAATGGGCCATGATCAGAACATTATTATTCAACAAAGGATGAAATG
CTTAAGCCAAGATGGCCITCTTTCTTTCTITCTTTCTITCTTTTITITITITA
ATGAAAGTTGAGCAGACTCCCGTCCAACAGTTITCAATGTAGGAATTCCC
ACAGCCCCATTTGATTGCAGTTTGTTGAAAAGTTTAATGTTTITGTAGGC
AATTCATAATTTCCACATTGAACAGCCTGAGAGGAAGAGAGCTGGAGCCC
ACTGTTGTTTTTGTAGTGGGATGGTGGGAACTTT (SEQ ID NO:2)

Primers:
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deCCDE Alias Chronosone 10 B34 | ocation Base Change
NO  8Gl08405 114418658 C/ T 26-28 80108428 114421901
A C 29-31 80108422 114457824 A G 32-34 80108427
114463480 A/ T 35-37 80108408 114466074 A/ T 38-40
SGL0S409 114471574 A/ C 41-4375-50105406 114471618 C/ G
42-44 80108407 114473534 C/ G 45-47 5 C. Pol ynor phic
mcrosatellites within the axon 4 LD block of TCE712

E:(TaopECos Ao GEVGTA (SBRdReAce |UD Mcrosatellite C10
RBAEBIEECACIAT BSACERENDNO:HG10S2164 114460344
114460627 48-50 DG10S478 114460845 114461228 2-4

&é& ﬁ;rr?a%%éé&é @g{g@é@eﬂ
C JELSGTHEL okt hin the
Aﬁ%(ﬂ:&é@Tka@iﬂmcref@EKb AA@@@S@:&:AAGAAT

K TTCAGGCCATTGGTGTI TGTATATATTTCAAGATTTGCTCACAGGTICCAAA 15

Amwmmmm@@mpggwmm
PO A RRCE AP CAFCREAAEHT

GAAAAGTTTAATGTTTTTGTAGGC 20
PAATTCATAATTTCCACATTGAACAGCCT GAGAGGAAGAGAGCTGGAGCCC
FAGTEITGTCRCEEEASTRRGATGET BOGACTTT( SEQ D NO 2)
RPEATASGICGATGTTGTTGERSCNEEDONTNIGGTGTTGTA (SEQ I D NG 3) R
AAAGTTCCCACCATCCCACT (SEQ I D NO. 4)  >rsl 2255372 5

TTGICCCTTGAGGT GTACT GGAAACT AAGGCOT GAGGGACT CATAGEGEGT
>1512243326

GCTGTIGAAATCCCCTGTGTAGTGGGAAGAAGAAATAGCAAATCTTAGCTG
CCTTGGACCTGATATAATTATTTGTCTTCATTTACATGGTT

Y
ATCCTTCAAGGTTGAATAAATGATGTGGGAGCTAGTCAAGGGGCTITAGG
TATGTGATTTCATGCCTACTTTTTTTTAGGTAGAGAAACTGAGGTCACAG
GGTACTAGAGAATGGACTCTAAGATTCAGGTTTCTGAATTGCCTGTGGTT
TTGTTGACTCAACTGCTCTICTGTTGTTTTTTAGCCACATGCCTTGAAAC
AGTCCTCTTTCCCATGTTTCTTCATCAGCACCATTAACCCAAGGTATACT
GTCCTCTCTTATCTTTCACAAGGTCTTGGAGTTCCCATGCCTTTGTAAGC
ATCCCTCCCCGAGATTCAGCACCAACCAAAATCACATTTGGAAAAATTGC
TTGTTTCCCAAGAAGCTTTGGAGGATATGATTTTGTATAGAACGGGTTCA
CAGGTTTTCTGTTCATTCTTCTATGGTGGAGTGTGTGTGTATGTGACTCT
GTCTTCTCTCCATTCC (SEQ ID NO:8)

Primers:
F: GCTGTGAAATCCCCTGTGTAG (SEQ 1D NO:9)
F: GGAATGGAGAGAAGACAGAGTCA (SEQ ID NO:10)

>157903146
AAGGGAGAAAGCAGGATTGAGCAGGGGGAGCCGTCAGATGGTAATGCAGA
TGTGATGAGATCTCTGCCGGACCAAAGAGAAGATTCCTTTTITAAATGGTG
ACAAATTCATGGGCTTTCTCTGCCTCAAAACCTAGCACAGCTGTTATITA
CTGAACAATTAGAGAGCTAAGCACTTTTTAGATA

Y

TATATAATTTAATTGCCGTATGAGGCACCCTTAGTTTTCAGACGAGAAAC
CACAGTTACAGGGAAGGCAAGTAACTTAGTCAATGTCAGATAACTAGGAA
AAGGTTAGAGGGGCCCTGGACACAGGCCTGTGTGACTGAGAAGCTTGGGC
ACTTCACTGCTACATTTCATCTCTTCGCT (SEQ ID NO:11)

Primers:
F: AAGGGAGAAAGCAGGATTGA (SEQ ID NO:12)
R: AGCGAAGAGATGAAATGTAGCA (SEQ ID NO:13)

>154500565

CTGATGAGGGTAGGGAGCATCTGTCTGCAGCTTCATCTITCATTGTCTAGG
GOCTCCAGAAATATCTGTGAGTAAATAAGTTATTTAATCTTTGCCICAAA
TTTCCAGTGACTGTAGGGATATAGCTGTGAGCCTCTAGGAGCTGAGATTT

TITAAATTTCCCACTTAAACATTTATTTAAAAATTITGTGCTCAGCATGG
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CTGECTTGGAAAGT GTATTGCTATGI CCAGT TTACACATAAGGATGT GCA
AATCCAGCAGGT TAGCTGAGCTGCCCAGGAATATCCAGGCAAGAAT K

ACCATATTCTGATAATTACT CAGGCCTCTGCCTCATCTCCGCTGCCCCCC
CGCCCCCTGACTCTCTTCTGAGT GCCAfsAT TCAGCCTCCATTTGAATGCC
AAATAGACAGGAAAT TAGCATGCCCAGAATCCACGT CTTTAGTGCACTCT
CTCCCCAGCTCCAAACCTGITACTGCTTGI GTTCAACATCTCAGTAAAGC

10

ACTAOMNCANCARCEACOOARRCCSEQ HARANOr b A TRrGoBes:  F:
GCqT ST SAGTGTATTEA T ST AT THBOGH AGRGGCCAGC
ETEeEae oo C .
W CCTTEEACE Tﬁﬁ% . AR

T AT AT AT SN T CRAGE AT A GIRRRT TTACS
TTORTGHGATETCAGGREAACTTCh L T AT AR hAGAGAAGH (AT CACAG
AAGEIACTAGAGAAT GBACTIGEAACAM A GAGED I NOGAATTGCCTGIGGI T

TTGTTGACTCAACTGCTCTTCTGITGITTTTTAGCCACATGCCTTGAAAC
“’IRGTCCT CITTCCCATGITICT TCATCAGCACCATTAACCCAAGGT ATACT
A GITCCCATGCCTTTGIAAGC

R' TCACATTTGGAAAAATTCGC

>re7b31@8d TCCCAAGAAGCT TTGGAGGATATGATTTTGTATAGAACGGGT TCA

TATAGGKRRECAGIALATOCCEE AT fEAG AN L CA S Ay heT GACTCT
TTGTTRTEFCTARAIAINCGI SEQ TEA THOAGK CBETdIA AR CSAGH -
ACEITGTCAPNITIOCCIGHATAGACSET CIDANCE S TARCAGTCAC
TC@%E{ @@S&@\@m@ﬁ@ﬁ% AGTRGCADYTGCHTE7903146

@é% @EGTCAGATGGTAATGCAGA
GGéré;frﬁ‘ifE

TAAATGGTG
TOOCHAATE T TATTTA

ATMWA@A%MMTE’M@% z@TCTY&TTTTTG
GTTATTATGAGTAACACTACTATGAACATTTTGCACAAATTTTTGTATTG
ACATGTTTTCATTICTCCTGGGTATAGTCCTATGAGTGGAATTGCTGG
(SEQ ID NO:17)

Primers:
F: TATTTAGAAACCATAAAATCCACCTAT (SEQ ID NO:18)
R: CCAGCAATTCCACTCATAGGAC (8EQ [D NQO:19)

>rs11196205
TTGTCTCCTTTTGTITCTGCTACTGTGAATGATCCTGTGATGATCATCTT
TGTGTGTAAATCTTITGTCCCCTCGCCCCCTCCCCTTTTATTATTTTCTTG
GGATAGACCCCAGGACAAAAGGTAGAAAAGAACAAAGTGTTAAAAAATTT
CTTGATACATAGCCACAGATTATTTTCCTGAAAGTTCT CAACATTTATAA
CTAC

S :
AGCAGTATGTAAGAGAGTTATGGTTGGAATGATTTTAATGTCTCTGGGGA
ATTTAACAACAAAAMAACTTTAGGCTTCTTTGGAGAGAGACATGCCCTTA
ACTCCACCCCGCCCTAGAACAGAGACCCAGCCCATCCAAGTCAGCCTCCC
CAGGTCCTCCACCTTCAAAACAGGCAAACGAAATCATTTCTTGAATAATT
GGTAGGCTTCAAGGTCAGATGTT (SEQ ID NO:20)

Primers:
F: TTGTCTCCTTTTGTTTCTGCTAC (SEQ ID NO:21)
R: AACATCTGACCTTGAAGCCTAC (SEQ 1D NO:22)

>rg7895340
TCAGGGACAGTGCATAGGTGTAAAGAAGTTGCTOGTIGGGGGTTCTAATG
CAGGTTTCTCCAAAAGTGAATGCCCTGTTAAAAAAAAATTCTTAACAAAT
ATACAGAGATTTITTTTITTTAAAAAAGTGTGACAGTTCTAGACACCTAGAG
AGTAAA

” .
TGAAGAAGCCTGTTTTCAGGTITCCCGCCTCCCTGAATTTCCCAGCATGG
TCCAGGCTTTGAAATTITATTTATCTGCT TTTGGCAATGGTTGATGGGAAT
TTCCCACATTITATTITTTTAGCTACAGAGAAAGGACATTATCTTTAAAATC

25

30

40
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45 TATATAATTTAATTGCCGTATGAGGECACCCTTAGT TTTCAGACGAGAAAC

CACAGT TACAGGGAAGGCAAGTAACTTAGT CAATGTCAGATAACTAGGAA
AAGGT TAGAGGEGEGECCCTGGACACAGGECCT GT GTGACTGAGAAGCT TGEEC
ACTTCACTGCTACATTTCATCTCTTCCCT(SEQ | D NO 11) 50
Primers: F. AAGGGAGAAAGCAGCGATTGA (SEQ ID NGO 12) R

AGCGAAGAGATGAAATGTAGCA (SEQ I D NO 13) >rs4506565 55

CTGATGAGGGT AGGGAGCATCTGICTCCAGCTTCATCTTCATTGICTAGG

TEECTOOEIASNTETTCTGIGASEAMANDAST TATTTAATCT TTGCCTCAAA
TTTCCAGTGACTGTAGGGATATAGCT GTGAGCCTCTAGGAGCTGAGATTT
P Ifﬂ'*PEl"?XAATTTCCCACT TAAAO%TEE@NBTAﬁAAATTTTGT GCTCAGCATGG

GGGACAGTGCATAGGTG
%%WMW@&TT@TCGAT&GGT

@@%ETCATTTACAGAGGATCCCATTTTACAGGTGAGGAAGAGGCCAGC
HOAGRGEAGRTT AGTATITCT AGA GETCATIAGRETGTGT TGTC

T TR X S EAPEF T TOAT A AT XA AREATECT
TT?EE%%‘E’%&?@E&E%GAGCGCAATATTTTACATG@GAAACUASXTA

%E@ﬁ@ﬁ reRQAdPANG T 14) 10
AE%G! Py CSEoAtGraeTEs) R

f@E@G@TN@«EﬁTTTTmTMB 7901695

TMTWMWWMMWW@TT

%MWW WWWT CCAGG
A PP S IR SATATA AR w (s EEHSTCAC
;?’ EAT -a:.i ] FEACEE et%'& eev'% h BaOCTG

A a‘ CATATAAAT%TATCATAAAATCT AY

PG T TTTGTGTCTGTCTGCTTTCACTTAGCATACGGTTCTCAAGGT TCA

F: TATTTAGAAACCATAAAATCCACCTAT (SEQ ID NO:27)
R: TGCCTAACACAACTGGTACATC (SEQ ID NO:28)

>SG105428
TGCCAGGGGTTTITATGGTTAATTTITCCTCCATTATGAGGGTTGACTCAGC
CTTGGGTATTAGATGTCTTTGAGAATCCAGGGTTCAAATACCACAGCTGG
TAGAATGTTITCTCAACTTGGAGCCAATCTCCATCTACTGAAGGTACGCTG
GTTTAGACAGACAACAGGGACATCAGCATTTTAAAAAGCGGTGGAAAAAG
TITGCTTGTCTTGATTGGAGCCATGACATTTTATTTTGAAATTTCAAATA
ACATGAAGGGAGGTTTGGAGCGGTTITTGGTTTATCCAAAGGGCAGTGGA
TTGAAGGCTGAGAAACACCAGGCTGAATGGGAGAGGGGTTGGGGTCCCCC
TGTGAGATAGTGAAACAATGGTAGTGCCATCCAATGATAGGCACTTTTCT
GTCATTCAGAAGCAGAAAGGGUEGCCAGAGGCCCATTGGCCTTACTGGG

M
AGTAAGCTGTAGAGCTGCTGCCTTTTCGTGAAAGGGTTGACACCAACCTT
CTCCCCCAGGAAGAGTGACCAGGGACCTIGAGGGGCATGGTCGAGCAGATG
ACAGCCTTTGTAAAACATCTCC (SEQ ID NO:29)

Primers:
F: TGCCAGGGGTTITATGGTTA (SEQ ID NO:30)
R: GGAGATGTTTTACAAAGGCTGTC (SEQ ID NO:31)

>8G105422

TTGGTAGAGATGGGGTICTCCTAGGCTGGTCTTGAACTCCTGG

R
CTCAAGCAATCTTCCTGCCTCAGCCTTCCAAAGTACTGGGATTACTGGCG
TGGGCCACCATGCCTGGCTTGAAATTTTTCTATGGCTTTATTCITTICTCC
AAGTACAGAGTCTACCCAACCTTCTGAGATCITTGGTTTTCTTTTCCTAG
GTAACTATAGTACATACTTATTTATGTTAAACAACAGCAATCACACATTT
CTTTTTCTATACAGTCATGCTTTATAGGCAAATAAAGCCTCCGTCTTAGG
CITTCTGGATTTTTTCAAAAGATGCAATTCCTGGAGTATGTTITTACTTA
GAGCAAAGCAGCCTAGTCTCCTATACCTTCTGCATCTGCAGAAAAGTTGG
TTAAACAGACTTTGTAATGATGCCCCTTACAATTCTGAAGGGACTTGTGA

20
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TCCAGTATTGTAGCATCTATCAGTATGTCATTCCTTTTTATGGCCAAATA

ATATTTTATTGTATGGATAGACATTTTGITTATTCATTTATCTGITTTTG 25

GITATTATGAGTAACACTACTATGAACATTTTGCACAAATTTTTGTATTG

ACATGTTTTCATTTCTCCTGGGTATAGHgCTATGAGTGGAATTGCTGG  ( SEQ

IDNO 17) Prinmers: 30 F: TATTTAGAAACCATAAAATCCACCTAT

(SEQ I D NO 18) R CCAGCAATTCCACTCATAGGAC (SEQ I D NG

AARNGTTICAGAG RGP T AGTGTTAGGTATAT I TGATCAATGCTAACTT

W@WW@E@W&WTCT T 35

O BEATTIRIANTTTTCTTG
G@QWWMGAACAAAGTGTTAAAAAATTT
2. ST TGATACATAGCCACAGATTATTTTCCTGAAAGT TCTCAACATTTATAA

E%%ﬁpﬁ%é GG&?@@%& TGATTTTAATGTCTCTGGGGA

ATTTAACAACAAAAAAACT éTAGGCT TCTTTGGAGAGAGACATGCCCTTA
ACTCCACCCCGCCCTAGAACAGAGACCCAGCCCATCCAAGT CAGCCTCCC
>SGAGIBTTCCT CCACCT TCAAAACAGGCAAACGAAATCATTTCTTGAATAATT

TALSEN 227" ASETS 4TT§Q>Q®T2 GAMBITHG ner s:
C FAA A TECATGS Ach TTG’ﬁE‘rTCT

GGGEEGTTCTAATG

Tmmgaﬁm@%@@@xa@mféﬁJMWT
CATACAGANGSTCTETAAA A TARRAMGTGEEAL TEOCACACCTAGAG
TWcpmATTGATCGCTTTTGACAGAAGTAGCTCCCTTGGGC

. G OASBPreCOTEETF CEOTEFPITCATCAT GG

: KA T GGGAAT
C - "T"?@AAATC
TC‘rdATI'GCTCACCGTACTCAAGTAGCTTTTGCTACCTAAAGGACAGCTGC‘T

CATATGTACTTGACTTCCTTTAAAGTGAAGGATGATGACATTTGAAAAAC
GGAGGITGAAAAGGAG (SEQ ID NO:35)

Primers:
F: TATCTTATATCCCCTCCAAGCATTC (SEQ ID NO:36)
R: CTCCTTTTCAACCTCCGTTTT (SEQ ID NO:37)

>5G105408
TTGAGCATGTGTTATTTAATGAGTTATACCTCIGTCATATGTGTGTGTTT
ATATCACAAAATAACTTATTTITATAAAACCATATTTTGAGTCATCATTT
GTGACAATGTCTTCTTTTCTCTGGTATAAATGAGGCATGTAGAAAGAAGA
TTGACATTTGCTAGAAGCTTCCCCTTTCCTCTAACTCCACAATAAAATGG
ATGCTCATAATTACATCTGCTCCTATAAGGTCAAGATTTCAGGGCTGGAA

| GTGACCTTAGATCATTTAGGCCCAACTTGCCCTCAGGAAAGGAAACTGAG

GCCCAGAGATGCCTTAAGTGAATTGCCCAATGTCACACGCTGAGTCAGTG
GCCAGAGCAAGGCTTGGATCCAGTTCTCTGCTCCCITTCCAGAGCCTTGT
GATGTCTTCTCTCCTACAGGAGGTGAAAATAACTGCTGTGGCTGGTTCTG
TTTTGCTGACTGTAAATTGGGTCATGGTCAGGGACAGTGCATAGGTGTAA
AGAAGTTGCTGGTTGGGGGTTCTAATGCAGGTTTCTCCAAAAGTGAATGC
CCTGTTAAAAAAAAATTCTTAACAAATATACAGAGATTTTTTTTT

W )
AAAAAAGTGTGACAGTTCTAGACACCTAGAGAGTAAAGTGAAGAAGCCTG
TTTTCAGGTTTCCCGCCTCCCTGAATTTCCCAGCATGGTCCAGGCTTTGA
AATTTATTTATCTGCTITTGGCAATGGTTGATGGGAATTTCCCACATTTA
TTTTTTAGCTACAGAGAAAGGACATTATCTTTAAAATCTCTTCGTTGTTC

«. |TCTCTCTITTGAGTGAGGAGAGAAGATGTGAATCCTGGCAGTGGTTCAGAG

55

TGGACACAGCCCCTGTGTTTGTGGCATAGGCTCTGTGGGCCCCATGCCAG
GGAGCAGTACCCCCGTGTAAAGGAGTGGGGGTTITGTCCATTTGGATAGAG
CAAAGATCCTCCACCTCAAATCCCACAAGAACAGTTGCCACAACCTGGGC
CCTAAGCATCTCATTTTCCTATGTAGAAATTAATGATCTGGAGGAGATGG
CAAAACATTCCTTCCAGAGCCTGTGTGGATTTTGG (SEQ ID NO:38)

Primers:

AP %Y 7895340

F:
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TCTTCGITGITCTCTCTCTTTGA (SEQ I D NO 23) Priners: F:
TCAGGGACAGTGCATAGGTG (SEQ ID NGO 24) 5 R
TCAAAGAGAGAGAACAACGAAGA (SEQ I D NO 25) >SGL0S405
TATTTAGAAACCATAAAATCCACCTATTTGAGGT GTACAATTGAGTGATT
TTCTGTATAGI CACAGATCTGI GCAGTEATCCACACCCTCTAACTCCAGG 10
ACATTTTCCTCACCCCCGAGGAGAAACCTCCCTTACCCATTAGCAGTCAC
TCCTCATTTCCTCTCCCCCCAGCCCCTECAATCACTIGIGGATTIGCCTI G

| RGBT RBEN

F'f' MAQTTA (SEQ IDNG:39)
%@Wﬁ%@%ﬁ@éﬁﬁqmwﬁmmmwT 15
ACGGTTCTCAAGGTTCATCCAGTATTGTAGCATCTATCAGTATGTCATTC
SGEIRITATGGCCAAATAATATTTTATTGTATGGATAGACATTTTGTTTAT
THCAGTTAAEIGTTAF A X T TR TEATGAGT ARGACT ACTATGMEGATTTTG
AT AANATIACITATT CACATGTTE A CATAT T EACTACEFATAGECCTAT
P@&@ﬁ@@m%@ﬁp@mwmmmwm 20

A AT CT MIATERETGTTAG
AATG TTGTCCCCTCGCCCCC

AN FOOSRSMP T LA R
1 COCTAACACAACTGGTACATC (SEQ | D NOL 28)  >SGLO5428

mmm&@ééﬂdmmm@ﬁt@@ﬂlg@mw@% 30
AONGATET GTA A GAGAATIACAGERTT QNANIACCACASCT

Tﬁﬂwmmmmmw
Jee

GGGCAGTGGA 35

PH@AAGCI:TGAGAAACACCACII:TGAATGCIBAGAGGCI;TTGCII;TCCCCC
FW@WMAM@@MM@%ATGATAG&ACTTTTCT

AGTAAGCTGT AGAGCT GCT TTTCGT GAAAGGGT TGACACCAACCTT

>5G105406
TAGTGCTCAGTATTTCCAACGTTCTGTTTATTTAAGATGAAAATTGCTGT
AGTTAATAAGCACTTCCCCATGTCATTAAAATGCTTAAGGATTTTTAATG
ACCACATAACAGTCCATAATATGATTAAACCCCAATTTACTGAATCAATG
CCATATTGTTGGGTCTTTAGATTGTCTCCTTTTGTTTCTGCTACTGTGAA
TGATCCTGTGATGATCATCTTTGTGTGTAAATCTTTGTCCCCTCGCCCCC
TCCCCTTITATTATTTTCTTGGGATAGACCCCAGGACAAAAGGTAGAAAA
GAACAAAGTGTTAAAAAATTTCTTGATACATAGCCACAGATTATTITCCT
GAAAGTTCT

S
AACATTTATAACTACGAGCAGTATGTAAGAGAGTTATGGTTGGAATGATT
TTAATGTCTCTGGGGAATTTAACAACAAAAAAACTTTAGGCTTCTTTGGA
GAGAGACATGCCCTTAACTCCACCCCGCCCTAGAACAGAGACCCAGCCCA
TCCAAGTCAGCCTCCCCAGGTCCTCCACCTTCAAAACAGGCAAACGAAAT
CATTTCTTGAATAATTGGTAGGCTTCAAGGTCAGATGTT (SEQ ID NO:44)

Primers:
F: TAGTGCTCAGTATTTCCAACGTTCT (SEQ D NOG:42)
R: AACATCTGACCTTGAAGCCTACC (SEQ ID NO:43)

>5G108407
TGCTATGTCCAGTTTACACATAAGGATGTGCAAATCCAGCAGGTTAGCTG
AGCTGCCCAGGAATATCCAGGCAAGAATGACCATATTCTGATAATTACTC
AGGCCTICTGCCTCATCTCCGCTG

5

- | CCCCCCGCCCCCTGACTCTCTTCTGAGTGCCAGATTCAGCCTCCATTTGA

ATGCCAAATAGACAGGAAATTAGCATGCCCAGAATCCACGTCTTITAGTGC
ACTCTCTCCCCAGCTCCAAACCTGTTACTGCTTGTGTTCAACATCTCAGT
AAAGCTCAACAACATCGACCCATTACTTAGGCCTCAAACCTTGGGTGGCA,
TCGTCGATTGCTCTTTTCTTTCATACCCCACATTCAACCCATCAGCCCAT
CCCACAGGCCCAAGTGTGTCCTCTCTACCTTCAAAGCGTGTGTGGCATCC
ACCGCITATCACCACCTCTGCCATTACCACTGGAGTCCAGTGCCATCATC
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ACAGCCTTTGTAAAACATCTCC (SEQ I D NO. 29) Primers: F:
TGOCAGGGGTTTTATGGITA (SEQ I D NO. 30) 45 |t
GGAGATGTTTTACAAAGGCTGTC (SEGGD NO 3 1) >SGL0S422
TTGGTAGAGATGGGGTCTCCTAGGCTGGTCTTGAACTCCTGG 50 R
_CTCAAGCAATCTTCCTGOCT CAGCCT TCCAAAGT ACT GGGATTACTGGCG

TW@@G’WM%&@@T@@@MMM FTCTCC
CTETEEICARCOY I TEAGN TR RTGGTTIAGTELTT CCTAG

é@%&%ﬁﬁ@%’@ﬁhman&

ok B TCTGGATTTTTTCAAAAGATGCAATTCCTGGAGTATGTI TTTTACTTA
F: GACCAANEANGICTAC ST AEET 5] GoAT CTCCAGAAAAGT TGG

R TTABACACACKGTHGRAAGGAT REART TCTGAAGGGACTTGTGA
-78-
DR R ‘ CAGA(JI | IC‘AGT(JI [AGGTATATTTGATCAATGCTAACTT

e‘leﬁ)

Tﬁ@g i? ?ﬁﬁ"\ é’% N

Aﬂﬁ@ﬁ&@é@é&m ne

AT AR T T O GABCET A S EQThD) oA S sa07

TATCTTATATCCCCTCCAAGCAT TCATTAACTGATGGAT TAGTGAGTTGG
Py T GAGAAGCAT AAAGGCTCGT CTOCATGT GCTTCTAAGCATTGTGTCT
R%@ﬂ E%WGTCTTAATGTTACQAAQAGAA 15
: G (SEQ ID NO:50)
TTCTTATACATGGGCT GAGTACCTCTGT GACT GBGCAAGCCACCTCACCT

> IGATI4FF ACCT TGT CTGCAAAAT GAGGAACT GGGT CAACTCATCGT TCAAA
TCCACGCAGAGAGGATCTAAATCTGGCTCTTTGCAATTGCCTTCATACAT

GTGCATACACACCACACACACACACACACACACACACACACACACACACA
CAGACACATACATATGCACACACCCCGACTCAATGGAGGACCCTC (SEQ ID NO:51)

Primers:
F: TCCACGCAGAGAGGATCTAAA (SEQ ID NO:52)
R: GAGGGTCCTCCATTGAGTCG (SEQ ID NQ:53)

To further investigate the possibility that other marker alleles in the exon 4 L]j
block of TCF7L2 exhibit a higher correlation with type II diabetes than allele X, we used
the DG10S478 genotype data generated in the HapMap CEU samples. The five SNPs
from HapMap Phase I with strongest correlation to DG10S478 were, in descending order,
1s12255372 (* = 0.95), 157903146 (* = 0.78), 157901695 (+* = 0.61), 1511196205 (1* =
0.43), and 157895340 (+* = 0.42). We genotyped these five SNPs in the three cohorts and
the correlations between the five SNPs and DGI108478, the latter treated as a biallelic
marker, were very similar to that observed in the CEU samaples. All five SNPs showed
association to type II diabetes. While some SNPs showed slightly higher estimated
relative risks and lower p-values in one or two of the cohorts, none exhibited stronger
association to type II diabetes than DG10S478 when the results for all three cohorts were
combined using the Mantel-Haenszel model. However, although rs11196205 and
rs7895340 clearly have weaker association to type Il diabetes, compared to allele X (RR
=1.56, P= 4.7><10'18), the strength of the association to type I diabetes for allele T of
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TCTCACTGAAAGCTAATTGATCGCCTTTTGACAGAAGTAGCTCCCTTGEEC 20
CGTATATTTATTTCCTAGCT TCGGAGCGAAGGTGCCGACAGACAGAATT AT
GTACACCTTTATTTTTATCTCTATGGTAAACCTGIGCATACTAAAGCATT
CCTCTGGTICTTTTGAGATGAGTGTATACATTGIGTCTGGECCCTGIGCATT
TTTTACCAAGAAGTAAGI TTTGT TGAGTHAACTTGGGT TGTATGAAGAAC
TGCATGCTCACCGTACTCAAGTAGCTTTTGCTACCTAAAGGACALCCTECT 25
CATATGTACTTGACTTCCTTTAAAGTGAAGGATGATGACATTTGAAAAAC
EOAITT GARAAGEA® £ SEQ10TS) Nl R5 hlidke Trufr'903 146 (RR = 1.54, P =
, JATGHTATATCCCCI CCAGCATTC (SEQ 1D NO'36) 30 R
THF TTT (SEQ I D NO 37) >SGL0S408
TT. GReXeAital GELABsh A A6akd 6T RG] PHLATAT Gltalied G106 two
35 ATATCACAAAATAACT TATTTTTATAAAACCATATTTTGAGT C%rg-{
et eancliae ) AT AR RAD 5108478

-1y I%%EXA 9@%@@? sHGEEXek ?Q@Tﬁﬁ CRIAMIDANE Rtk
ATGCTCATAAT TACATCTGCT CCTATAA GAT T TCAGGGCT GGAA

sm@mm&wm@@mmmmwg B$H506565
( GATGCCTTAAGT GAATTGCCCAAT GTCACACGCTGAGTCAGTG
GGCTTGGATCCAGT TCTCTGCTCCCTTTCCAGAGCCTTGT
GAT GRGEF (1T 6% GGEAGABBAGET (BAS S AN PESTRCHEGONGCTAIEEG T

T T S AR S e

M&%&&W CRIAARABATIATEAEATHCESHDE, but The Hifférence is not
\AAAAGT GTGACAGT TCT AGACACCTAGAGAGTAAAGT GAAGAACGCCTG
e =0T GAATTTCCCAGCATGGTCCAGGCTTTGA

AATTJJP%T% (bl LT Lt atiod Wi Iﬁe‘éeSSQ;e
TTTTIT GGACATTATCT T TAAAATCTCT

gaﬁmmwmmrmmm@mm@ cohort,

PR AL AR B F P EAT T AT A

ATASACATGT RCEASTROA/AAT COCADMNEHAOAETTF GEORTANECTEAIE o8 Bunerica
Dc%—gtes %-E% gég (Eg)C?Tthegée‘lg%A‘%ﬁ‘ErréeAJan TpT vn%x%‘ %%%T%omated with

disease risk, as previously observed in Iceland. However, the association of allele T of
157903146 (Relative Risk = 1.53, P =4.06x10"", PAR = 24.4%) was noticeably stronger
than that provided by the other two variants. In the West African study group, after

a

adjustment for relatedness and ethnic origin, we replicated the association of allele T of
137903146 to type 2 diabetes (Relative Risk = 1.45, 95% C.I. =1.20-1.76, P = 0.000146,
PAR = 22.2%), but not in the case of the other two variants. This suggests that allele T of
157903146 is either the risk variant itself or the closest known correlate of an unidentified
risk variant. The exclusion of the markers DG10S478 and rs12255372 as at-risk markers
in the West African group was possible because unlike in populations of European
ancestry, where the T allele of rs7903146 occurs almost exclusively on chromosomes
carryiﬁ_g both allele X of DG108478 and allele T of 1812255372, in West Africans the T
allele of 157903146 occurs with both alleles of DG105478 and 1512255372, This is
consistent with the observation that T is the ancestral allele of 157903146, whereas allele
X of DG108478 and allele T of 1512255372 are both different from the chimpanzee

reference sequence. More generally, this finding is also consistent with the expectation

that relatively diverse populations, such as those of West Affica, provide the means to
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CAAAACATTCCTTCCAGAGCCTGTGTGGATTTTGG ( SEQ | D NO: 38)
Primers: -79- F: TTGAGCATGTGTTATTTAATGAGITA (SEQ I D
NO 39) R CCAAAATCCACACAGGCTCT (SEQ ID NQ 40) 5
>SGL0S409 oo
TAGTGCTCAGTATTTCCAACGTTCTGT T TATTTAAGATGAAAATTGCTGT
AGTTAATAAGCACTTCCCCATGTCATTAAAATGCTTAAGGATTTTTAATG

A R T

hoPEATECFI@IREATEAT CTTTGT GTGTAAATCT TTGTCCCCTCGCCCCC
TCCCCTTTTATTATTTTCTTGGEGATAGACCCCAGGACAAAAGGTAGAAAA
GAACAAAGIGITAAA M

DIBAURSCITGATACATAGCCACAGATTATTTTCCTGAAAGI TCTCAACATT 15

TATAA GCCAGTAT GAGAGITAT TCGAATGATTTTAATG

TR %M A

didbAESHUETH AL 1 ..‘v N ehde %%&ﬁ@nptmn
TCAGCCTCCCCAGGTCCT ““ AAACGAAAT

faw%%fmmm@i@ﬁ(%% i wDat porigs sk of
tyﬂ%r Ui HﬁB&eS mﬁc%%gﬂ@éﬁg gg‘gﬁﬁg{ ﬂg} ﬁ%ﬁ%@%@%ﬁ@e risks.

thg(;j}g gmt does not explain a substalmal fraction of the familial clustering of type

A R Sk Rk A 70 %ﬁ%ﬂ%@m@blw

he ACQAOATAXCAGTCEATAST ATEALIASAGESCAATCTR ARG Hs T Otek

o AT RO T PROF G RoRstonnd

hookgots EMrEMbBET@VT%W ly. Hence,
GAA GTGTTAAAAAATTTCTTGATACATAGCCA! C‘AGATTAlI'T
thig:yat kst nough predictive value to be of clinical use.

We report the variant as a type II diabetes-associated microsatellite, DG108478,
within the third intron of the TCF7L2 gene. The TCF7L2 gene product is a high mobility
group (HMG) box-containing transcription factor which plays a role in the Wt signalling

ot

A\,

pathway. This pathway is considered one of the key developmental and growth regulatory
mechanisms of the cell; it is mediated by secreted glycoproteins,-lqmwn as Wats, which
initiate many si gnalling cascades within target cells upon binding to a cognate receptor
complex, consisting of a member of the Fﬁzzled family and a member of the LDL
receptor family, Lip5/6(24). Wnt signaling uncouples the central player in this
pathway,B-catenin, from the degradation complex and translocates it to the nucleus where
it txjansienﬂy converts TCF factors from repressors into transcriptional activators(25). The
p-catenin protein is also important for mediating cell adhesion through its binding of
cadherins(15).

The NCBI RefSeq for TCF7L2 contains 14 exons. However, Duval ef al(26)
showed that TCF7L2 has 17 exons, of which 5 are alternative; in addition, it was reported
that three alternative splice acceptor sites are used. This study also demonstrated the
alternative use of three consecutive exons located in the 3° end of the TCF7L2 gene
which change the reading frames used in the last exon, leading to the synthesis of a large

number of TCF7L2 isoforms with short, medium, or Idng COOH-terminal ends..
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AACATTTATAACTACGAGCAGTATGTAAGAGAGI TATGGT TGGAATGATT
TTAATGICTCTGEGCGAAT TTAACAACAAAAAAACTTTAGCCTTCTTTGGA
GAGAGACATGCCCT TAACT CCACCCCGCCCTAGAACAGAGACCCAGCCCA
TCCAAGT CAGCCT CCCCAGGT CCTCCAGETTCAAAACAGGECAAACGAAAT 40
CATTTCTTGAATAATTGGTAGECTTCAAGGTCAGATGIT( SEQ | D NG 44)
Primers: F. TAGIGCTCAGIATTTCCAACGITCT (SEQ I D NO 42)
R AAGHECHCAGTLRGANOIGTALE poSEQLAIR dNided Fpnesdbr the rare

S(G1L0S407 ) ] )
M?@*ﬂ%@&&m%%ﬁ%wmw&%m
(MOC T Ak Ad o e Ak PG A ST AAAS A BT ST Ak TAGH BeenS0
AGGCCTCTGCCTCATCT CCGCT G S ) .
impletetactepehesereT shetseaplvdioaeecrispns pRifrator-

A I S oy

deARiEL EOMARASOATREAC(TR BRAGTIHA GIEET CANRQERT BESPEEakbetes(30).

\'A

th AR AR CACGAEECT GCCAT TACCACT GGAGT CCAGT GCCATCATC

o7 Matniersdres b esispb e FISFTEA renieldingdbe detion of an

T T colorec
A e St bt B colorectal
celt HATHRDCRAACH S IdSEG D aNieais ieB g T4:bd:D block (CEPH

CAEE ARSI AR P QR 5y e cones

and PGIOEB2 £6dn . It is possible that DG10S478 is the causative variant itself; it is also

POl PR AT AR AR e R pscrption
splicing or message stability. Such a variant is likely to be in strong LD with DG108478,
i.e. the variant resides within the exon 4 LD block of TCEF7L2

Several lines of evidence suggest an enteroendocrine role of this gene in the
pathogenesis of type II diabetes. Firstly, TCF7L2 has been implicated in the development
of colorectal cancer(34) and small-molecule antagonists of the oncogenic TCF/B-catenin
protein complex have been already described(35). In addition, TCF7L2—/— mice, which
die within 24 hours after birth, lack an intestinal epithelial stem-cell compartment(36).
Variants of the TCF7L2 gene could influence the susceptibility to tyiae 11 diabetes through
altering levels of the insulinotropic hormone glucagon-like peptide 1 (GLP-1), one of the
peptides encoded by the proglucagon gene whose expression in enteroendocrine cells is
transcriptionally regulated by TCF7L2. In concert with insulin, GL.P-1 exerts crucial
effects on blood glucose homeostasis(/2). GLP-1 analogs and inhibitors of dipeptidyl
peptidase IV are currently in clinical development.

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.
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TATCATCATCATCATCACCATCATCATCATCATCATCATCATCATCATCA

TCATCATCATCATCATCTGCCCTTTAAGI TTTCTGCTTGT TTAGAAAACGA 15

AATTTATACAGAGCCCCCAGT AGCAGCT GTAAGGEGEGECAGGT TCTTGGAG

CAGCCCATCCTCAACATTCTTCCTCCTELATGGAA (SEQ | D NG 48)

Primers: F: CCATCTGITGGAGCAGAGICA (SEQ ID NO 49) 20

R TTCCATCAGCAGCAAGAATG (SEQ I D NG 50) > DGL0S479 -
RefLeGAGCCAGAGACCGATCTAAATCTGGCTCTTTGCAATTGCCTTCATACAT - 25
—_GI'CIZKTACACACCACACACACACACACACACACACACACACACACACACA

1. CAGAGRAGRLOCAT AT 15 (1ERHD
NO 51) Priners: CCACGCAGAGAGGATCT SEQID .

2. NOUB22immd e&z.,%@@@}mﬁ,@_@m,(@@.l D NO.53) To
further investigate the possibility that other marker

3. al | gl €3 Knowl&eDek aRttt, MD . BhatC k. Bf Bokif Lidiaboshy Redub Rev 6, 1
hi gfeb, pigy.el ation with type Il di abetes than allele
X, we used the DGL0S478 genotype data generated in

4, t hegHapWaian CEk!. . 99i0P4:6R gia BIE743 ((Rt, 3BFF). 35 from HapMap
Phase | with strongest correlation to DGL0S478 wer e,

5. i n geBcBafieRIC ORTER..D. eslie] ZH A3 PFkd, aﬂaﬁer&oga)zo 87 (Feb, 1981).
rs7903146 (r2 = 0.78), rs7901695 (r2 = 0.61)

6. I S1A1D6@RIN( Adeine REs R3)2, 18anAsrsT#BHR340 (1Z = 0. 42) . e
genotyped these five SNPs in the three cohorts and

7. t heDcaitsletlat 4 @h sNivaFaeeDe, 7B €Sdp, 2800pNPs and DGL0SA478,
the latter treated as a biallelic marker, were very

8. si mAl Ar Giagmteéhal , Diadeeysd] So8 (Rebe2(0BY sanples. Al five
SNPs showed 40 association to type Il diabetes. Wile

9. son¥. BNBEkawhetvdd Nat Gghtr 29, To3det, 281 mated rel ative
ri sks and | ower p-values in one or two of the cohorts,

10.nonk Reyhisbottie e &t donfBum Gewpgold, 323 Gng 8043)pe | |
di abetes than DGL08478 when the results for all three

11.coh8r Puggialeer o -hBdmEnath4 hE2 Newrel29Phenszel
model . However, although rsl 1196205 and rs7895340

12.¢| eBrYis PnhyvBruhekwet. Jalssfoﬁwla@’?emwz&ﬂol‘lfﬂdéaﬂ }4,8P@Det es,
conpared to allele X (RR 45 = 1.56, P = 4.7x 10-18),

13t heSsErRefgehalofSciates 2s 884 erugo ?—Qﬁjot)ype I I di abet es
for_allele T of -81- rs 12255372 (RR=.1,

142 5R10: Bpssomce? rbrLigr Neflelord S¢i G’é‘#g%ih‘éo((ﬁﬁb 35290?)4 P

cqQnpar a I e, Fol | ow n(g)ét he subsequent

is; gga‘ageﬁigk%%és%&%wﬁggaceﬁ sBMsp 2
1630 s ool P Lt i ek B e E RS 5 %“’9h
1750 L R Rebifens Lt ghprpbed ISR O 710). The

18. J. R. Guicher, K. Kristjansson, H. Gudbjartsson, K. Stefansson, Eur J Hum Genet
8, 739 (Oct, 2000).

19. Y. Z. R. Bagger, B. J.; Alexandersen, P.; Tanko, L. B.; Christiansen, C, .J Bone
Miner Res Suppl 1, 1 (2001).

20. G. Benson, Nucleic Acids Res 27, ‘573 (Jan 15, 1999).
21, R. C. Lewontin, Genetics 50, 757 (Oct, 1964).
22. W.G. Hill, A. Roberison, Geretics 60, 615 (Nov, 1968).

23.  C.N.Rotimi et al., Ann Epidemiol 11, 51 (Jan, 2001).



10

15

susceptibility to type 2 diabetes will be C for
rsl12243326 (C/ T SNP) and T for rs4506565 (A/ T SNP).
It should be noted that anong those hapl otypes that
carry the C allele of rs7903146, those that carry the
A allele ofrs10885406 have -&3 -estimated relative risk
of 10 1.06 conpared to those that carry the Gallele
of rs 10885406, but the difference is

2st atG.dirigiet, By As Hpapvardamt H(owe—Gma@é)FawIOﬁf 2 14t @Ep%o%
replicate and refine this association wt

2515 neboeiskem W JUrSERIR DO SBre: Cev 335 S aa0D
rs7903146 in a | arge additional Danish cohort,

25{:ons$§i’1il‘f@b€fcﬁl Corgerdies 88, 3574 (08152000 rol's and in a

netical lLy divers

%Enss %[e Frgno . él%euz5%@5%%%&@@&%324%&5?&%@% 7 2000
2% e GalfeGmak Asimse Bt M- RERERE: M T ki Beel27

wi t HDea23c2d).r i sk, as preV|oust observed in Icel and.
However, the associ ation of aIIeI T of rs7903146

2% RelJatelee %glékNaf Genpy 32,345 - 14, _PdARd:b24. ;10/@
yﬁ?ﬁéﬁ tlCﬁﬁﬁ?%éibggZEFg%ﬁg?@@?gqgk?fggéls?adyyg:oﬁp,
ate%pﬁ_@g@sté@ or_ ggnfg?%ﬂ et hni c origiln,
AP SOratad PG HaPPSk e T of
AL L
2.
L g dhot CPngeT g feﬂr”kﬁe‘?ﬁ Bt LERRE 0 it her "t he
34,1 SKVRNRANE ! SEbbie AIPEhOSERLsRUD sy el ate of

an uni‘deftr *vari ant of the

31AC G PodXil e - %Pf@arfc@ﬂ@éﬁ?%%ﬁsz@@.f | sk markers 25

T Gan group was possi because unli ke
n 0 where the T
3délle e J?k%%% 63@%%“%%@8?27%F %?§%¥Elu3|vely on
chronpbsones carrying both allele X of DGL0S478 and
allele T of rs12255372, in West Africans the T allele
of rs7903146 occurs with both alleles of DGL0S478 and
rs 12255372. This is consistent with the observation
that T is the ancestral allele of rs7903 146, whereas
allele 30 X of D@ 0OS478 and allele T of rs 12255372
are both different fromthe chinpanzee reference
sequence. More generally, this finding is al so
consistent with the expectation that relatively
di verse popul ati ons, such as those of West Africa,
provi de the neans to -82- refine association signals
detected in regions of strong |inkage disequilibrium
in nore honobgeneous popul ations. DISCUSSION 5 In
this study we describe the identification of a novel
candi date gene for type Il diabetes within the
previously reported 10qg |inkage region(10), encoding
transcription factor 7-like 2 (TCF7L2 - fornerly
TCF4) on 10g25.2. W show that it confers risk of



type Il diabetes in Iceland, Denmark and the US with
simlar frequency and rel atgye risks. Wiile the

vari ant does not explain a substantial fraction of the
famlial clustering of type 10 Il di abetes, the

popul ation attributed risk of at |east 20%is
Ciagnisti cant froma public health point of view
Conpared to the non-carriers, the relative risks of
het erozygous carrier of the at-risk conposite allele

p1{ap ph%étﬂ@& &t dﬁaéﬁ){ fa JubB&pRBIPY Rt/ dRdbdtes 0 AP AVIBRES],
carrl zz‘%‘ﬁlquﬁwdﬁgl' 8P rrf%?l?er Lr A2b1808e within
> 41" g b eslp iﬁf{g e Q4Gds7006,

pre ed ECFYR se ort
bhe. Vipreipe arker o7 g%p ?ﬁypals f%%g %\Lk Lo i grad® 1&9
i créea% éqrw y ppaeig yalucs ‘itgif g ;g ﬁ&g el
t he memel selersarbiromdG IRGI7Bors it 681?8?34 3l I
mobi s7841 69@;1@2@931%1%3%@@&@3 Gogop r@ﬁswherﬁ{n, presence
f act of thahiadter pt hyrdotape ol iadicativerd avyiscepsibgiate 1ving I diabetes.
pat hway. This pathway is considered one of the key
2 develhpmietbalof @hdmgr, oictein gguhakaror hapleciparbsipssefat fdast
cel | ond tharksr SER& A o6 e Bekest REdgh TabRIG behSast Kikomarker
as Wil diSng Wk RQqbiliblibAL SRt BYaluhieigalcaneades

Wi thj at%talrhgl?b ZC@Inthdt gb;ﬂgtrbnl@' ké}gm{eg if TapRAt e receptor

conpr ex, conS|ét|ng er of the Fr|zzled famly

and [.

'i’begwg ?&Jﬂ{ fg.db %%retnh E eLCORl% ge(szaﬂeast
pathWHVnm'§' Lactsq ThtEHe ‘b &H% n conplex and
transl ocates it to the nucl eus where |t tranS|entI¥

4.convéhe methog of aext of the preseding Q@@%‘f“hﬁrmﬁt"he marker or haplotype
t r ansa@mgpkéronal activators(25). The 25 G3-catenin
protein is also inportant for nediating cell adhesion

5.t hr oulghmithed bf agh sxhe precedidf Eldims (dhdreinThemddBr oRedpbatgpe
for TGRKbadiveontiRidised chsCpibgity bowpy er diabdial et al (26)
showed that TCF7L2 has 17 exons, of which 5 are

6.2 LerfalLygd of laqﬁixcg GnRRin te 1%@&15@@ RRIE ijmhltyhﬂ:hatrmt@r?zed

aI t eb I Ve Sf% gg 2&‘382 ?1{0%1?&1 re‘”ﬁtﬁe & ffa’zrﬁzhsct 153 M,

al so’X k itﬁ I've use o ree

cons® F@% 8%Bn& cated in the 3' end of the TCF7L2
gene_ which change t he_r.eadi ng franes used in the | ast

7.exonThq mei@pA gt ey efibe SYairndst vhsreint eam@%‘gef ?{[}WB YR5fLS
TCF7indicptvst afrdesroapadrsusérpiibilitnelfynerd| dizbefesng
COOHtermnal ends.. -83- Simlar to TCF7L2, five of

8.t he ‘Fhempibsd bf claah Bywhémmetﬁe denescd Sllsce[iténlnianecharacterized
Mendg} 4 eilatfve ¥k oficsdytaa 0.8, indledieg e selativanidkyof less than 0.7.
mat urity-onset di abetes of the young (MODY), are

9.t ransed L,ohb@ B AACLORS CRairhk 4 -Af) Wt Ble thdrRASS ké1BétE@Rom

factg Eg%@ c% &G of ﬂf@i‘gefmi‘ssts'?? @%%@96%?1‘ 196963

type ﬁﬁ,g4$ n é%z f&§ Fonloh Qg h r%{ athgg(f@ence
gene®
&

actiV,
nmut al{$',7%‘%§3g A e]ieﬁnf_ﬂ ?&é nse
di abe{¥B(136)aCa i 67122433265 oty T é]l%lglm Tsfs réﬁlaﬁlcatlve

TCF7efinopeedsesceptitiie todyne Ibdiaholsy with respect to
t he pat hogenesi s of di abetes.
10. The method of Claim 9, wherein the marker is rs7903146, and wherein the
presence of a T allele in rs7903146 is indicative of increased susceptibility to

type II diabetes.




Mut at i ons have been described in the TCF7L2 gene,
including the deletion of agy 10 Ain an (A)9 coding
repeat (exon 17)(26, 31-33) and a nunber of nutations

in colorectal «cell lines(26). DGLOS478 resides within
18 cl ga¢ hgtdaloif 0pdm4 7H¢!18, Libekinlk {26l sdlateibdomnhe group
HapMaghsRias 6r bR osdad, rﬁaggml A78S53880R | F1 9205 frk Tk b9

I ntranbes 1%%%?%§2§ and? 0@56§ ‘Qn& Gfﬁeﬁ%ﬁpﬂﬂe prdsbndef a 0 allele
poss @n{) i%fEl i e 1 %I?Vaﬂel‘é%'r@@bsmo aG

Lsets Eg %@5" N Pnr‘?ﬂé 3bs 1 kof146;a T
{rand mrs gp{fvéw i 008 RGBS cegrpes
a vaPysseRtibilEy 19 Wer {1 4igP$e- i n strong LD with DGLOS47S,
e. the variant resides within the exon 4 LD bl ock of

IZCF7EQe sethed aff laimeld , pthewit temeakeigyd8e3 I4f, and wherein the
ent epeemdoof @ Aallel ie rof0B Mésisgadieative of Hecregsad Rergepidslity to
of typelldiaistitabet es. Firstly, TCF7L2 has been
inmplicated in the devel opnment of col orectal

18ancarfdfdd eNes&Bmklan MRl eauAEo AR BNy FePbnide a TCF7L2
oncogeneukTgeh c&ﬁgﬁﬁh d%@;caﬁ Bk QORRk&w AN hdERR 4

\?\,lhlr 55\6%69&30(}{1* twe IJPITI% IISQ 47'2'7 ¢ 257687(5@60§Ihere1n

er o € J‘ 1?1US|E1%n 1b acterized by

Ivgtr Iegwlflné;éﬁ § YiP IILE e F@ fgrggq selected from

suscPpPBF18 1) 2@65 épalﬁ L@éi% 0B K-

| eversd2i33ehand ﬁéa@ étfi‘ Pt %@éesam &% MAFKER1S™
pept indisativg oi@rmyablbny@f@fposwée reeprsedes THvdddberByeUtie
pr ogageohigon gene whose expression in enteroendocrine
cells is 25 transcriptionally regulated by TCF7L2. In

14.0NC®Rd maiibd of Tdini I3, whkRinlthexeirka issdaital fromfthegiospon
bl 00g,3lsHESSEDBUEPRY, aaR3§32D, rsERIF3H0ARR] BY08E7901695,
i nhi {%’7@(5’51%6%1212489@6 'aqwrs4596m dase IV are currently

in clinical’ devel oprrent. Wiile this |nvent|on has been

articul a ngd
Lheet b E o ﬁ,gggf%, A 1%13 {h]@*%?a(ilﬁ i Dbl REBHSRs gfd%“ f
by t NOgEnd M a S0 uth bR Tty o
f or ni Bt aesnonge gy k7 G@rqpﬁgq%qlgt;n tvi t hout departing
fromthe scope of the invention enconpassed by the
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CLAIMS: 1. A nmethod of diagnhosing a susceptibility to
type Il diabetes in an individual, conprising
analyzing in vitro the individual for a marker or

hapl otype within the exon 4_LD bl ock of TCF7L2,

bet ween markers rs4074720 and rs7087006, wherein the
mar ker or haplotype is in strong |inkage

di sequilibrium characterized by nunerical val ues of

0 | t
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ggctetgtgy
taatasalga
gggeatgatg
atagatacae
cattegagga
ctgtctecta
acocgtgoectyg
aagcteatga
ttggggttge
tttactgata
gtggetgoett
aatgaagtca
tgtggeactg
ggagatggga
gacaccggat

cotectggea

caggtcoaaa

cattaagtgt
totattacag
ctgggagttt
gttttgtect
atgtatcatg
agcaatgoac
cttttactgg
taatctectet
caccogecco
aaatttgact
aactteocttt
ttatgttggg
tggcatitta
ctetggetay
acctggtagga

gggacattaa

goettaactta

accotaatgg gecatgatea

gatggectte tttoctttett

(AR B org o0

73920
73980
74040
74100
74160
74220
74280
74340
74400
74460
74320
745B0
74640
74700
74760
74820
T74BBO

74530

g0
120

180



gct gt gaaat ccect gt gt a gt gggaagaa gaaat agcaa atcttagctg

ccttggacct 60 gatataatta tttgtcttca tttacatggt
tyatecttca aggttgaata aatgatgtgg 120 gagctagtca

180

aggggcttta ggtatgtgat ttcatg
ct gaggt cac agggt act ag aé

ggtttctgaa ttgcctgtgg 240

L

cccatg

Hetett

ccac . at

ag
‘Caf c¥G58a

ca

cctt

RFTAR g

ta ctttttttta ggtagagaaa
at ggact ctaagattca

ttttgttgac tcaactgctc

aa acagtcctct 300

3t EtgrEREtt c

abiAketdd 68.360caCaagEk g0 fARLLSHC Q&ttgzggi!gttt g’l!@@t agge
gcatccctcc ccgagattca gcaccaacca 420 aaatcacatt

apygabsdaticygottygl tboucchmgaagreiadaggaggataic gatgttdigtat
tt cacaggtttt ~tgttcattc ttctatggtg

et BT eaa 540

<210> 9 <211> 21

<gctgt gaaat cccctgtgta g 21
<PNA <213> Hono sapi ens
<Pha 28 <210> 11 <211> 364

L&Yt cagat g gtaatgcaga tgtgatgaga 60 46
taggagggag agajd,ccttt ttaaatggtg acaaattcat gggcattctc
12

<212> DNA <213> Honp sapi ens
<210> 10 <211> 23
<400> 10 ggaat ggaga gaagacagag

ctgtcttctc tccattcc 558

) <212> DNA <213> Hono
<3hpi e wde>= 11 aagggagaaa gcaggattga gcagggggag

tctctgecgg

tgccicdaaa cctagcacag ctgttattta ctgaacaatt
agagagctaa gcacttttta 180 gataytatat aatttaattg

<2y

cc 300

<gklac %g
{g a
“tyggcactt TPA Yct acat ttcatctctt 360

=400 4
aaagttooea

210> 5

211> 366
<212» DNA
<213

400> &
ttgtocettyg

aagtgtattg
ctgoocagya
catctCCgct
gaatgccaaa
pocageteeca
cocatt
<210> &
211> 21
<212>» DNA

<213

400> &

cecatcocact

Home sapiens

aggtgtactg
ctatgtooag
atatccagge
gocococcocogo
tagacaggaa

aacctgttac

Homo sapiens

gaaactaagg
tttacacats
aagaatkace
cccotgacte
attagcatge

tgettgtgtt

ttgtecettg aggtgtactg g

210> 7
211> 20

cotgagggac
aggatgtygca
atattetgat
tettetgagt
ccagaateca

caacateteca

teataggggt
aatccageag
aattacteadg
geoccagattea
cgtetttagt

gtaaagotea

t at gagg cacccttagt ttacagacga gaaaccacag 240
aa ggcaagtaac ttagtcaatg tcagataact aggaaaaggt
ct ggacacag gcctgtgtga ctgagaagct

ctggottgga
gttagetgag
gectotgeot
gocttocatiht
goactotetke

acaacatcga

<400>
<212>

240
200
380

384

20

20

60

120

180

240

300

360

366

21



cgct 364 <210> 12 <211> 20 <212> DNA <213> Hono
sapi ens <400> 12 aagggagaaa gcaggattga 20 <210> 13
<211> 22 <212> DNA <213> Honp sapi ens <400> 13

agcgaagaga tgaaatgtag ca 22 ;210> 14 <211> 579 <212>
DNA <213> Honpb sapi ens <400§ 14 ctgatgaggg tagggagcat
ctgtctgcag cttcatcttc attgtctagg ggctccagaa 60

{gif\}t ciatga gtaaataagt tatttaatct ttgcctcaaa tttccagtga
{glg;agggpgmﬂggs at agctgtga gcctctagga gctgagattt
tttaaatttc ccacttaaac atttatttaa 180 aaattttgtg
<ebmagrat gg actaaggact ttacattcat taactcattt acagcttgat
agdfbgtent atgeggtaggggcattcat ttacagagga toccatttta

caggt gagga agaggccagc 300 taggggtgca gcctaggtta

< Jt taga gctcatcagg ctgtgttgtc cccagtgaaa 360

{gggga aa agaagtgaat gttgtgcatt gagaaaaatg actctcggag
<gaggaggagc 420 ctctcggata tggcgaccga agtgatw gg
<ggecchdn@t esfaagggt ct ct attatggcat 480 caagaaaaga
tgctgctttc ggtgatgccc gaggagagcc tcaatatttt acatgggaaa
“89@ ¢ctaaaaaag gggccatgtt gtggtctctg cacctaaga 579 47
9€DINF32 3T CRGPLFSI D TERPUERSATDRRR RIS PRI gl eRLEIIaH0>

g%égtaatta tttgtcttea tttacatggt tyatceotteca aggttgaata aatgatgtgg

gagctagtea
ctgaggtcac
ttttgttgac
ttocoatght
caagatotteg
aaztcacatt
agaacgggtt
ctgtettote
210> 9

<211l> 21

<212> DNA
<313
<400> &

gotgtgaaat

<210
<21l1>
<212
<213

10
23
DNA

400> 10
ggaatggaga

<210>
4211
L2122
213>

11
364
DNAa

<40Q0> 11

aggggettta
agggtactag
teaactgote
toctteatcag
gagttoccat
tygazaaatt
cacaggtttt

tcocatteo

Homo sapiensg

ccectgtgta

Homo sapiens

gaagacagag

Homo sapiens

aagggagaaa gcaggattga

ggtatgtgat
agaatggact
ttetgttgtt
caccattaac
goctttogtaa
gottgtttee

ctagttocatic

tca

ticatgoota
cataacgattca
ttttageocac
ccaaggtata
geatecoctoo
cazagaagett

ttetatggtg

ctttttitta
ggtttctgas
atgcettgaa
ctgtcotete
ccgagattea
tggaggatat

gagtgtgtgt

ggtagagaaa
ttgcoctgtyy
acagtectcot
ttatetttea
geaccaacca
gattttgtat

gtatgtgact

gcagggggag ccgteagatg gtaatgeaga tgtgatgaga

20

&0
120
180
240
300
360
420
480
540

558

21

23

60



ct gat gaggg tagggagca 19 <210> 16 <211> 22 <212> DNA
<213> Honp sapiens <400> 16 tcttaggtgc agagaccaca ac
22 <210> 17 <211> 4B6 <212> DNA <213> Honp sapi ens
<400> 17 tatttagaaa ccataaaat¢c cacctatttg aggtgtacaa
ttgagtgatt ttctgtatag 60 tcﬁgagatct gt gcagt oat
ccacacoctc taactccagg acattttcct cacccccgag 120
gagaaacctc ccttacocat tagcagtcac tcctcatttc ctctcccccc

agecect gge 180 aatcggtg%g gatttacct ttcttgacat
tEPCtgee Qoaan & (ayu) t t
ttc a?%aa TGgEat cdfa Haat ctaygg Eﬁﬁga@%??? gegEtete 120
tgtHGhYClbrifachd ageadedcy bt aaggidLat & caghati@t a 1g0
300 gcatctatca gtatgtcatt cctttttatg gccaaat aat
dataytiepttt EEtEHIEgHMD Xgatatl60y catddttagtt ttatddgeatd vatazcacay 240
ttgttttt %t tattatqagt aacactacta tgaacatttt 420
GEHPAEAT PECIRAGRAT (AT AT CETEAPaTY CPeAreY CaTaegreEct a 200
d 092t ARG od QeEAR 2486 Lo5a 02 A8 .52 12.2 1 . 52443 60
D%%Q%213> Hono Sapi ens <4005 1B tattt%%aaa ccat aaaat c
cgacctat 27 <210> 19 <211> 22 <212> DNA <213> Hono 364
sapi ens <400> 19 ccagcaattc cactcatagg ac 22
<210> 12
<211> 20
<212 DNA
<213> Homo saplens
<400> 12
aagggagaaa geaggattga 20
<21l0> 13
211> 22
~<212> TDNA
<213> Homo sapiens
=<400> 13
agogaagaga tgazatgtag ca 22
<210> 14
<21l> 579
212> DNA
<213> Homo zapiens
<400> 14
ctgatgaggyg tagggageat ctgtetgeas etteatcttce attgtetagy ggetccagaa 60
atatetgtga gtaaataagt tattteatet ttgectcaaa tttcecagbtga ctgtagggat 120
atagetgtga geeteotagga getgagattt tbhtazatttc ccacttmaac atttattiaa 180
aaatttigty cteagestgg actaaggact ttacattcat taacteattt acagottgat 240
cetatgeggt gggcattcat ttacagagga toccatttta caggtygagga agaggeeage 300
taggggtgea gectaggtta gtattetaga gotcatcagu ctgtgtigteo cccagtgaasg 3a0
gaataagcaa agaagtgaat gttgtgeatt gagaaaaatg actetaggag gaggatgage 420
cteteggata tggogacega agtgatwligg ggocottgtc aagggteotct attatygeat 480
caagaadaga tgeotgoctttce ggtgatgecee gaggagagec tocaatatttt acatygggaaa 540
ccotaaaasag ggyecatgtt gtggtoctety cacctaaga 579



48 ¢210> 20 <211> 428

<212> DNA <213> Honp sapi ens

<400> 20 ttgtctcctt ttgtttctgc tactgtgaat gatcctgtga
tgatcatctt tgtgtgtaaa 60
ccccttttat tattttcttg ggat agg?cc caggacaaaa 120

ggt agaaaag aacaaagt gt taaaaa

tctttgtccc ctcgccccct

tt cttgatacat agccacagat

tattttcctg 180 aaagttctca acatttataa ctacsagcag

Laggtaagag agttatggtt ggaatgattt 240
fgggaabtta acaacaaaaa aactttaggc ttctttggag agagacatgc

OEi t aact cc accccgccct agaacagaga cccageccat

308>

“@éFagleageapiececcaggt 360

aaacgaaatc atttcttgaa taattggtag gcttcaaggt 420

X i%ta 11,428 <210> 21 <211> 23 <212> DNA <213> Homo
sapiens 2AS°21 ttgtctcctt ttgtttctge tac 23 <210>
22 <211> 22 <212> DNA <213> Honp sapi ens <400> 22
<@aacat c§ gac cttgaagcat ac 22 <210> 23 <211> 330 <212>

<PNA <24.3> Honp sapi ens

t aat gt ct ct

cctccacctt caaaacaggc

<400> 23 tcagggacag tgcataggtg

“EhdagB¥ytt gectggttggg ggttctaatg caggtttctc 60

“ChaaltagehiGeeot gt t a aaaaaaaatt cttaacaaat atacagagat

Lbdttittta 120 aaaaagtgtg acagttctag acacctagag
ratAa84d dg.pBRAgPGHLOt tttcaggttt 180

<210= 17

<211> 4846
<212> DNA
<213>

<400> 17
tatttagzasg

teacagatet
gagadaccte
aatcactgtyg
gottttgtgt
gecatctatca
attttgttta
gcacaaattt

tgotgg

210> 1B
<211> 27
<212> DNA
<213

<400> 18
tatttagaaa

<210> 18
<211> 22
212> DNA
<213=

400> 19

Home saplens

ccataaaate
gtgeagtoat
cottacceat
gatttgootyg
ctgtetgett
gtatgtoatt
tteatttate

ttgtattgac

Home sapieng

ccataaaate

Homo =sapiens

ccageaattc cactcatagy

cacctattty
ctacacocte
tageagteacs
ttcttgacat
teacttages
coebttttatg
tgtttttgat

atgttttoat

caccotat

ac

aggtgtacag
taactcecagg
tectcattte
ttcatateaa
tacggttcoteo
gecaaataat
tattatgagt

ttotecktygg

ttgagtgatt
acattttect
ctetoccocag
toggtatcata
aaggttcatc
attttattgt
aacactacta

tatagtecta

ttetgtatag
cacceccgag
ageccctgge
aaatctaygyg
cagtattgta
atggatagac
tgaacatttt

tgagtggaat

18

22

60
120
180
240
300
360
420
480

486

27

22



cccgcctcec tgaatttccc agcatggtcc aggctttgaa atttatttat
otgcttttgg 240 caatggttga tgggaattto ccacattt at
tttttagcta cagagaaagg acattatctt 300 49 taaaatctct
tcgttgttct ctatctttga 330 <210> 24 <211> 20 <212>
DNA <213> Honp sapi ens <400> 24 tcagggacag tgcataggtg
20 <210> 25 <211> 23 <212> DNA <213> Honp sapi ens
<400> 25 tcaaagagag agaacaacga aga 23 <210> 26 <211>
574 <212> DNA <213> Honp sapiens <400> 26 tatttagaaa
<£03t agpat c cacctatttg aggtgtacaa ttgagtgatt ttctgtatag
<B0> tg:mcagat ct gtgcagtcat ccacacccte taactccagg
<didat t?™Pcct caccccegag 120 gagaaacctc ccttacccat
*%%@cd@ﬁ@a@ﬂF@EFcatttc ctctccccecec agcccctgge 180
aft gtg gatttgcctg ttcttgacat ttcatataaa yggtatcata
t t_gtatct t

té@?‘agt t c?‘%g%ﬁgta, °?§§§%Jt§%%t &tcg%%t%ogr’t’atca Q%t Eitslovann
t@itatrgi eatt ceebbdd tatgrgecaeaiaatc@t ddabiglh alggai-agac
360 attttgttta ttcatttatc tgtttttggt tattatgagt
IgagaTIEc P Pgabateda2a4D cifgatareat tdccRbYlagt tafattecty

AL LR R, S0,
SO R a5 ey ki 02

cottaazctoe acccococgocct agaacagaga ccecageccat ecaagtcage ctooccagat
cotegacott caaaacagge aaacgaaatc atbttettgaa taattggtag gotteoaaget

cagatgtt

<210> 21

<211> 23

<21l2» DNA

<213> Homo sapiens

<400> 21
ttgtetectt ttgkttctge tac

210> 22

<211> 22

<212> DNA

<213> Homo sapiens

<400» 22

aacatetgac cttgeageckt ac

<210> 23

211> 330

<212» DNA

<213> Homo saplens

<400> 23
tocagggacag tgoatadgtg tasagaagtt gctggttggg ggttctaatg caggtttete

caaaagtgaa tgocotgtta asamsaamaatt cttaacasat atacagagat ttttttttta
azaaagtgty acagttctag acacctagag agtaaartga agaagecctgt titcaggttt
cocogestooe tgaattteoc ageatggtcc aggotbtgaa atttatttat ctgettttygg

caatgyttga tgggaatttc ceoacatttat tttttageta cagagaaaygg acattatett

60

120

180

240

300

360

420

428

23

22

&0

120

1E60

240

300



<213> Honp sapi ens <400> 27 tatttagaaa ccataaaatc
cacetat 27 <210> 28 <211> 22 50 <212> DNA <213> Hono
sapi ens <400> 28 tgcctaacac aactggtaca tc 22 <210>
29 <211> 571 <212> DNA <2132 Honob sapi ens <400> 29
tgccaggggt tttatggtta attttcCtcc attatgaggg ttgactcagc

cttgggtatt 60 agatgtcttt gagaatccag ggttcaaata

tgga%aggiggg ?q; atl gtg caacttgg 120 agocaatctc
ga a acgc %tagacag acaacaggga catcagcatt
1BO ttaaaaagcg gtggaaaaag tttgcttgtc ttgattggag

<Z0et gacatt ttattttgaa 240 atttcaaata acat gaaggg
§@3tt2 gag oggtttttgg tttatccaaa gggcagtgga 300
<£% gg?}g agaaacacca ggct gaat gg gagaggggtt ggggtccccc
“tgtga O'R360° tgaaaocaat g gt agtgccat ccaat gatag
B&Actiftct gtcattcaga agcagaaagg 420 gggecagagg
t&dfeghéQoeGedtlgetgggma gtaagctgta gagctgctge cttttcgtga
460 aagggttgac accaaccttc tcccccagga agagtgacca
gggacct gag gggcatggtc 540 gagcagatga cagcctttgt

-l"\.-"\

< >
<

<400 25
tcaragagag

26
574
DHA

210>
<211
212>
€213

<400> 26
tatitagzaa

tcacagatct
gagazacotc
aatcactotyg
gebktttatgt
geatetatea
attttgttta
goacaaattt
tgctgggtca
attgggtteot
<210
211>

218>
<Z13>

27
27
DNA

400> 27
tatttagaaa

<210> 28
<211l» 22

Sebgacktctc ¢ 571
pi ens

Agaacaacga

Homo szapilens

ccataaaate
gtgcagteat
cottacaeat
gatttgootyg
ctgtetgett
gtatgtcatt
ttecatttate
ttgtattgac
tataataaat

gtgatgtacc

Homo sapiens

coataaaato

<210> 30 <211> 20
<400> 30 tgccaggggt tttatggtta 20

3 2sbiefel2> DNA

aga

cacctatttyg
ccacacceeto
tagcagteac
ttcttgacat
teacttages
cotttttaty
tgtttttggt
atgttticat
dactgttiaa

agttgtgtta

cacotat

aggtgtacaz
taactceagg
teocteattte
tteatataaa
tacggttctco
gecaaataat
tattatgagt
ttotocenggy

cattttigugy

ggca

<212> DNA <213>

ttgagtgatt
acattttect
ctotoccoceee
yggtatcata
aaggtteate
attttattgt
aacactacta
tatagtocta

agotgocaaa

ttetgtatay
cacccecgay
ageccctgyge
aaatetatgy
cagtattgta
atggatagac
tgaacatttt
tgagtygaat

cthttaaaac

<210>

330

20

23

60

120

180

240

300

360

420

480

540

274

27



<213> Hono sapi ens
<210> 32 <211> 614

23

<400> 31 ggagatgttt tacaaaggct gtc
<212> DNA <213> Honp sapi ens

<400> 32 ttggtagaga tggggtctcc taggttggtc ttgaactcot

ggrctcaagc aatcttcctg 60 51

ctcagcctt ccaaagtact

gggattactg gcgtgggcca ccatgcctgg cttgaaattt 120

ttctatggct ttattctttc tccaagtaca gagtctaccc aaccttctga
tttcttttcc taggtaacta tagtacatac
tttetttttc

v

ggt 180
ggqhgggcaacag caat cacaca 240
tatacagtca tgctttatag gcaaataaag cctccgtctt aggctttctg

<800 pmttttttca aaagatgcaa ttcctggagt atgtttttac

tetEgatrraaacgsageatagt 360
gcagaaaagt tggttaaaca gactttgtaa tgatgcccct 420

ctg aagggacttg tgaaatagtt tcacagagtt tcagtgttag
tcaatgctaa cttttggaaa actttggtgce
taaattaatc

«:9 At %glt ga 480
<6ipt apigat t cagagggt ag ggcagaat at 540
<arhachdmet taggt=akt t t aac cattctgggt aaattgggat tccgtgacge
ccaggcaaaa ttat 614
<&Pp3>ZHono sapi ens

600

ctcctatacc ttctgcatct

t%%’f@'sg%mty'zﬂiﬂﬂgt% ST FILCDRIAF LI ES
aéékd%ké¥¥3EL&AH%aS&éJggé%ﬂéﬁéhazgcacaéléﬁg ggﬁaa@&éﬁ% Qé%%acttgg

agoccaatcte
ttaaaaagcg
atttcaaata
ttgaaggctg
tgaaacaatg
gggccagagg
aagggtigac

gaggagatga

catetactga
gtggazaaay
acatgaaggg
agaaacacca
Qtagtgccat
cocattageoo
accaacctte

cagocttiot

aggtacgotg
tttgettghe
aggtttggag
ggctgaatygg
coaatgatag
ttactgygma

tcccﬁcégga

gtttagacag
ttgattggag
cogttittigo
gagaggggtt
geacttttet
gtaagetgta

agagtgacca

aaaacatcte 2

<210> 33 <211> 20

<400> 33 ttggtagaga tggggtctcc 20
EHSIT 60>

" €

acaacaggga
acatgacatt
tttatcocaza
gagagtocccos
gteattcaga
gagctgoctygce

gggacctygag

<212> DNA

catcageoatt
ttattttgaa
gageaghyga
tgtgagatag

agcagaaagg

cttttegtga -

gggcatggte

<210%>
w21l
<21l2>
<213

30

20

DNA

Homeo =sapiens

=400> 30
tgecagygggt tttatggtta

<210
<211>
<212
<213>

3l

23

DNA

Home sapiens

400> 31

ggagatgttt tacaaagget gtc

<210>
<211
<212>
22135

3z

614

DNA

Home sapiens

<400> 32

ttggtagaga tggggtectee taggetggte ttgaactect ggretcaage aatcttoetg

22

&0
120
180
240
300
360
420
480
540

571

20

23

&0



<212> DNA <213> Honp sapiens <400> 35 tatcttatat
cccctccaag cattcattaa ctgttggatt agtgagttgg ccttgagaag
60 cataaaggct cgtctccatg tgcttctaag cattgtgtct
aagttctgtt tggtttcctg 120 a%igaaactg tcttaatgtt
accaacagaa gttaaatgcc taagagmttc ttatacatgg 180
gctgagtacc tctgtgactg ggcaagccac ctcacctcat tttaccttgt
ctgcaaaatg 240 aggaagtggg toaactcatc gttcaaatct
GE@&TgQé@@%Eaéa%%w%%%&tQEE& 505GAG20Q . AR AOCL Ll aat et
ettgggccgt atatttattt cctagcitg

tBfhtggeat trgatigi-atc acciaytatd ghitAbeiLhacdtggt@ageohtiggt

g aggaaggtgg ggacagacag

Ped

catacta aagcattcct 420 52
ChFT JRUgrertRy factzcatac Attt yntesngasyy 480cacasa

Jpagciae algeteacco

ac adcC

act .t

tqt. .t t ttatat
AL B O SR b B s

i

ctggtctttt gagatgag-tg

gaticactd Gaagdilbes] ktamq894:02803L L0Vt 1 FRLARC Qf.t;elzg%ctagt

gaaaaacgga ggttgaaaag gag 633

<210> 36 <211>

ceiZsa BNAte X3 beiHgrpyssapie negt ta4 868> g836: ttatct tadtatcect

cccct ccaa
t22Pp3schp

et qetad 26
<408$ 38 ttgagcatgt gt

catte 25

<210> 37 <211> 21

<212> DNA

ILHSTEhS9a8kBr 372 COett terkoba exjettie

g38da 3¢

Sy i 0, Bl

ttaat gagtta

tgigitghed thasdtatencaaatbhc aboatkiat baditrbadA0086tgacac
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=210> 33
<211> 20
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ttggtagaga

<210> 34
<211»> 20
212> DNA
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<400> 34
ataattttge

210> 35
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212> DNA
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<4Q0> 35
tatottatat

catazagget
agtgaaacty
getgagtace
aggaactggg
aagtagctecco

anttgatgta

Homo sapiens

tggggteteg

Homo saplens

ctgggegtea
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cecotccaag
cgtctoeatg
tcttaatght
tetgtgactyg
teaacteoate
cttgggeogt

cacctttatt

cattcattas
tgetteotaag
accaacagaa
ggcaagocac
ghticazatet
atatttattt

tttatcteocta

ctgatggatt
cattgtgtet
gttaaatgeo
ctoaccteat
cactgaaago
cotagettgg

tggtaaacct

agtgagttgg
aagttctgtt
taagagwtte
tttacettgt
taattgatcy
aggaaggtagyg

gtgcatacta
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tggtttectg
ttatacatgy
ctgcaaaatyg
cttltgacay
ggacagacag

gagcattcect
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ct ggt at aaa t gaggcat gt agaaagaaga ttgacatttg ctagaagctt
ct aact ccac aat aaaat gg at gctcat aa

cccctttcce

t 180

ttacatctgc tcctataagg tcaagatttc 240 agggctggaa

gtgaccttag atcatttagg cccaacty

gc cot caggaaa ggaaact gag

300 goccagagat gccttaagtg aaftgcccaa tgtcacacgc
t gagt cagt g gccagagcaa 360 ggcttggatc cagttctctg
ctccctttcc agagccttgt gatgtcttct ctcctacagg 420
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e

aaaaattctt aacaaatata cagagatttt tttttwaaaa
T BAEE =GPt MG AR 2Cat HFagaGE tertabry adgeasyat
ctccctga atttcccagc
afctg cttttggcaa 720

tggttgatgg gaatttccca catttatttt ttagctacag agaaaggaca

aatctcttcg ttgttctctc tctttgagtg
§§§§§g aag atgtgaatcc tggcagtggt 840 tcagagtgga

<ab@gageaaa gatcctccac 960
tatgueagaaeceigggs ecetw agcatctcat tttcctatgt 1020

agaaat taat gatctggagg agatggcaaa acattccttc oagagcct gt
9 gagtttg 1080 g 1081
{52i3>2 nmo sapi ens

<§80l t 3y26 <210> 40 <211> 20

ggga Lgtttgtgg cataggotct gtgggeccca tgeccagggag
cagt actccc gtgtaaagga gtgggggttt gtccatttgg

ct caaat ccc acaagaacag

<210> 39 <211> 26
<400> 39 ttgagcatgt gttatttaat
<212> DNA <213> Hono

<SP efdmo 5480Qz-40 ccaaaateca cacaggctct 20

<211> 599
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<210
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38
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<400> 38

ttgageatgt
ataacttatt
ctggtataaa
ctaactecac
agggcetggaa
goccagagat
ggcttggate
aggtgaaaat
gggacagtgc
gagtgaatgco
aagtgtgacs
gocteocotga

tggttgatgy

Homo =saplens

gttatttaat
tttataaaac
tgaggeatgt
aataaaatgg
gtgacettag
gocttaagtg
cagttctotg
aactgctgty
ataggtgtaa
occtgttaaaa
gttetagaca
attteccage

gaatttooea

gagttatacc
catattttga
agaaagaaga
atgctecataa
atcatttagy
aattgccoza
ctecotttec
gotggtteotg
agaagttget
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fctagagagt
atggtceagg

catttatttt

tctgteatat
gtcateattt
ttgacatttg
ttacatetgc
ccocaacttgo
tgtcacaegco
agagecttgt
ttttgotgae
ggitggggoyt
aacaaatata
daagtgaaga
ctttgaaatt

ttagetacag

gtegtgbgttt
gteacaatge
cetagaagett
teoctataage
ccteaggaza
tgagtcagtg
gatgtettet
tgtaaattgg
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cagagattit
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<213> Hono sapi ens <400> 41 tagtgctcag tatttccaac
gttctgttta tttaagatga aaattgctgt agttaataag 60

cacttcccca tgtcattaaa atgcttaagg atttttaatg accacat aac
agtccataat 120 atgattaaac ceggaatttac tgaatcaatg
ccatattgtt gggtctttag attgtcttct 180 tttgtttctg
ctactgtgaa tgatoctgtg atgatcatct ttgtgtgtaa atctttgtcc

240 cctcgececce tceccectttta ttattttott gggat agacc
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tygugaatit aacaacaaas aaactttagg cttetttgya gagagacaty cocrtamcte 480
caccocgcoe tagascagag accoagecca tecaagteocag coteeccagy tectpcacot 540
t

caaaacagy caaacgaaat catttcttga ataattggta ggettcaagg tcagatgtt 588



ttagtttctg ctactgtgaa tgatcctgtg atgatcatct ttgtgtgtaa
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atccag gc

aggcctctgc ctcatctccg 120
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<abt*agdtagg aaattagcat gcccagaatc cacgtcttta gtgcactctc
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c 240 55
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<&BCtEgggt ggcatcgtcg attgetcttt tctttcatac cccacattca

ttaaaaaatt tcttgataca tagcca?@ga ttattttcct gaaagttcts
a

aacatttata actacgagca gfatgtaaga gagtt at ggt

t ggggaattt aacaacaaaa

ct gscccccec gccccctgac

caaacctgtt actgcttgtg ttcaacatct

tt aggoet ca

2260 o+ Q0L et £RPEtCEAL CCCaca ggcccaagtg tgtcctctct
accttcaaag cgtgtgtggc 420
tctgccatta ccactggagt ccagtgccat catctctcac 480
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catatcacag acctctatac tgaaagtcgg g 641
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at ccaccgct tatcaccacc

tatcatctat ctctggtctc catagctcac
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<210> 46 <211>

<400> 46 tgctatgtcc
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<213> Honb sa
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tgtcatggaa atgettaagy atttttaaty accacataac agtceataat
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45

&41
DNA

<210>
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aataggcady
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tecectttta
ttaaaaaatt
actacgagea
aacaacaaas
tagaacagag

Gagacgaaat

Home sapiens

agtttacaca
gcaagaatga
gooccctgac

aaattageat

tgatoctgtg
ttattttett
tettgataca
gtatgtaaga
aaactttagg
acgeagecca

catttcttga

taaggatatyg
ccatattetg
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ceatattgtt
atgatcatet
gggatagace
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gagttatggt
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ttagacagat catatcacag acctctatae tgaasgtegg g
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211> 25
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<212> DNA

<213> Homo sapiens
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caccccgact caatggagga ccctc 145 <210> 52 <211> 21
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<212> DHNA
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