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Abstract

Project Code: TRG5280002
Project Title: Analysis of transcription factor 7 like 2 (TCF7L2) variants in Thai patients with
type 2 diabetes
Investigator: Watip Tangjittipokin, Ph.D
Department of Immunology, Siriraj hospital, Mahidol university

E-mail: siwtb@mahidol.ac.th
Project Period: 2 year

Type 2 diabetes (T2D) is the most frequent form of diabetes accounting for 90% of
all diabetes cases. It is a genetically heterogeneous disease resulting from defects or
variations of single or multiple genetic loci. T2D has become a health problem world-wide
and its underlying molecular mechanisms remains poorly understood. The recent success
of the genome-wide association studies (GWAS) by genotyping for a high density SNPs
across the genome and the methods of complex genetic analyses have identified several
novel genes. GWAS have showed that TCF7L2 has been the most important locus
predisposing to T2D. Genetic polymorphism of the TCF7L2 is one of the few validated
variants with large effects on the risk of type 2 diabetes in the populations of European
ancestry. Transcription factor 7-like 2 (TCF7L2) is a key element of the Wnt signaling
pathway. We aim to investigate whether the variants in TCF7L2 are associated with T2D in
Thai population. Five SNPs, (rs7896340, rs7901695, rs7903146, rs12255372 and
rs11196205) were genotyped in T2D patients (n=202) and ethnically matched control
subjects (n=205) by high resolution melting (HRM) analysis. The associations of SNPs,
haplotypes with T2D and clinical characteristics of the patients were analyzed. SNPs
rs7896340 and rs11196205 of the TCF7L2 were associated with T2D in Thai population
(p=0.023, dominant inheritance). The odds ratios (ORs) was 1.89 for the minor allele (95%
Cl 1.08-3.3) compared with the major allele. The haplotypes composed of GG minor allele
of these two SNPs were also significantly associated with type 2 diabetes with ORs 1.89
[95% CI 1.12-3.19, p=0.018 (global p-value=0.013)]. Moreover, patients who carried minor
allele of these two SNPS had earlier age onset of diabetes (AA=50.32+10.78 year,
AG+GG=45.51£10.52 vyear, p=0.012). These data suggested that the TCF7L2
polymorphisms are associated with type 2 diabetes and earlier age onset of the disease in

the Thai population.
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1:100) u&29i1'113q optical density (OD) laplFussfiianusinan 260 (OD 260) uaz 280
(OD 280) Wluiuas (nm) ﬂ’J’]SJU%qY]%rﬂJEN DNA 2zdvz1inanaainainwuad OD 260/0D 280
Taodhanfilaasud 1.8 2wliuaasis DNA ﬁmmu’%qﬂ%‘fga #IUANNDUTY (concentration)
28481302818 DNA §1uiman 16aIngas OD 260 x 50 x A1141389719 (dilution) BaIsnIAZAY
DNA

3. SNP genotyping
NN1379373%1 Common SNPs 31431 5 @unikd lagn133aest PCR product lag
’ % P P oA s, w : @
@ melting curve Wann3fia DNA mugdudazgaziidl Tm fidenu lasanuuandriazusdu
1aB@39iL % GC content UazAMAE1I283 DNA muguu laald probe Nduwziusiiavas
SNP %9 uidasmsidasuaslaain3ag LightCycler® 480 system (Roche Diagnostics
Corporation) LUIgULIBY Tm AULANGAIINWUEI wild type Waz SNP 31n%hu confirm Wan1y

genotype @28737 direct sequencing

4, Bi-directional sequencing

fuvaIbuludiuvad exons WAz exon-intron junctions ﬁ]zgﬂﬁﬁ&ﬂ%’]ﬁﬁﬁﬂﬁ’;ﬂﬁiﬂ
InieeAT direct sequencing lagld ABI Prism Big DYE™ Terminator Cycle Sequencing
Ready Reaction Kit (Applied Biosystems, Inc., California, USA) na1afa PCR products ﬁgﬂ
ﬁﬂﬁu‘%qﬂﬁlﬁ’s 30-90 ng, terminator ready reaction mix 8 yl, primer 3.2 pmol LLazLauﬁ’]
nausiia deionized awldlsinasgarie 20 NNEWINMIBINae3s PCR Taald
GeneAmp PCR System 2400 (Perkin Elmer, California, USA) lusauwes dye terminators "?‘i
Lﬁngﬂﬁﬁ'@aaﬂiﬂmﬁw 3M sodium acetate (NaOAc), pH 4.6 2 ml Lz 100% ethanol 50
ul Waanaznaw Yinmsans pellet Aldans 70% ethanol 250 mi ez e ulsean e
10-15 W7 ﬁ’]@ltﬂau‘ﬁlLLﬁ\‘imaza’maﬂﬂ%ﬂﬁ’w template suppression reagent (TSR) 25 ul
ua23inld denature ﬁqm%{}ﬁ 95°C win 2 Wil uaziliBuasuiilasldiudous load §
ABI 370 automated DNA sequencer (Applied Biosystems, Inc., California, USA) é’muty']m
fluorescent ﬁvlﬁil’lﬂﬂ’ﬁﬁ’l sequencing ﬁ%zgﬂ@iwf‘f@‘[@ﬂl“ﬁ’ ABI collection software §3%4N17
BUUAZALATIZRANAUBILURVDY nucleotide (nucleotide sequence) AzlElUsunT] Chromas
1.44



5. Data analysis

dranuives genotype UaJLaRL SNP %Qﬂ%mi’]:ﬁ Hardy-Weinberg equilibrium
lagld chi-square goodness-of-fit test WRSILATIER Pair-wised linkage disequilibrium (LD)
Taol#11sunsa Haploview version 3.2 wananil allele uas genotype AONIUATTANIAIN
LL@m@hﬂmmd’mmg’uﬂs:‘mmgﬂaULLazﬂq’ummaﬁmﬂﬂaﬁm logistic regression 33W{19
mﬁmﬂ:ﬁmmmLL@m@hwaoé’numzmaﬂﬁﬁﬂLLa:wamsmmmoﬁaaﬂﬁﬁ'ﬁmwaog}”ﬂasl
LLazmjwmmaﬁmﬂﬂaﬁLiﬁiauiﬂsaﬂwsﬁasJ ttest TIunslagAIANNA Genotype Waz allele
5z%i1aﬂ§ju§ﬂaﬂﬁﬂﬂajummaﬁmﬂﬂaﬁ]zgﬂﬁ’]mﬁmezﬂ@ﬂmﬂ% Chi-square test A p-
value fifienstasndn 0.05 Fanuuandvainsfituidymada delusunuaanRainas
SPSS %38 SAS MIAN®N Haplotypes association Iumjw&'ﬂﬁULLazﬂEj&JmmaﬁmiJﬂ?lﬁ]:Qﬂ
Sia3e¥laslUsunsuHAPLO.SCORE lu R software @9anan3n download 'lé# URL

(http://www.biostat.wustl.edu/genetics/geneticssoft/manuals /haploscore/ haplo.score.html).
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1. M13IUTINBIFEFNAIIIINLATINT
mu,z;ﬁ%’ﬂﬁmmwmmaﬁmgﬂaﬂIiﬂmem"ﬁﬁ@ﬁ 2 l@vianua 320 ABUAZNEY
1EFUATUNGTIWIN 370 A I@Ummaﬁﬂiﬁamngﬂ%ﬂﬂiﬁaLLazLﬁuﬁaga@T\‘]ﬁ 018)
(years), BMI (kg/m2), ﬁ’mﬁfﬂ (kg), ﬁ’mgx‘i (cm), 38ULd7 (cm), sauszlwn (cm), Waist/Hip
ratio, Systolic BP (mmHg), Diastolic BP (mmHg), FPG (mmol/l), Total cholesterol (mmol/l),

Triglyceride (mmol/l), LDL-cholesterol (mmol/l), HDL-cholesterol (mmol/l)

2. msdaringmdayavesgibalsawmiuziiai 2 uazngaananaiasUndlu
Uszznsinsadtainszuy

2.1 msafiudayalugmtoyanasgihalsaumnuziad 2

5:uumiﬁ°f@Lﬁuﬁagammaﬁ'ﬂma:mﬁ@Lﬁu‘éadamm fouaanansg souaaslilu
gﬂﬁ 1 namde Weunndiadeinamaiasindulsaiunwinusiad 2 uwwngdazilug
fnmuliomaiasanandiiulasinslasefueiviaguzmdvelasiniids 1l
NURNZLDUAGN muﬁs:q"lfﬂmaﬂmmu:ﬁwﬁ’m%’ummaﬁmm%a;&“ﬂazl (Participant
information sheet) aNTWANNBATIIRINTATNY2 TR uazADEIFIATIIZaT LN BT UADUNNS
fiuRedaasa imﬁ”’q‘*ﬁagaﬁmmaﬁmﬁadmimﬁmﬁ'mﬁ'umu’i%’ﬂ@Uauﬁmﬁﬂﬂ%%ﬁa
wasnerE st ATt SudedusamtirinlasinislunisfousasiaaniBusaadnsay
Tassms3samamsunng (Inform consent) wa? Anauazdniszifenaadnssiaunonsan
ﬁayaaolu Diabetes Mellitus Patient Record form s'filaﬂ]”a%mlu Record form éﬁﬂa"nﬁlzgﬂ
mmaaumwgﬂﬁaa%ﬂﬂ%ﬂ@ﬂLL‘wwﬁpﬁﬁ'«aﬁﬂ dawazviinisniandeyaaslugiudaya
Diabetes Mellitus Patient Database QL&A3a28E192843 UTBYA (database) fﬁugﬂﬁ 3.5
luLL@ia:ﬁﬁ’maogmiagm:ﬁaamania%mﬁLmﬂ@mﬁ'u ﬁaﬁﬁagahgmﬁagagﬂammtzﬂ]”aga
w4 Patient record form avnﬂmmaaﬂﬁmaﬁuﬁnﬂ%ﬂ@f_lLwaﬂuﬁu

EDTA blood Wz clotted blood fLfiuannatanasdinyas nﬂmmmmaﬂgmmiwsaw
lushdedos9nIIa mmﬂmﬂlwaoﬂgum’m mmaaummnn@awawaua WINENA
seninFsdiaTanulutssRidinie u,maaaammﬂmuaaaam’mmmuﬂuawuum
a0 EFIAT mﬂﬁ?uéaﬁmmm:gnﬁmwﬂmuwmmjﬂLL&:%%"N La7iINITaLAL
é’hasmwmmhl,l,az%%"ﬂ@mzuq@hLm%amnﬁuadlua&mawuﬁwwma&ima:%%’u q%

whole cells NinAaazgNana DNA ¢l
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Patient Record from W3ax483aa1414:7A3

l
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2.2 mydatiudayalugmwdayavasnguaraaiasnd

szuummativdayanguenmaialnd LAEMISATUFIRINTIA DDUAaUAIY 69
LLam"Li‘lugﬂﬁ 2 S’fjame@manﬂmsitumaumuﬁuﬁa;&ahgmﬁagamaagﬁaﬂI‘iﬂmem
whafl 2 \ines naafe LﬁaLwaﬁ%ﬁaﬁudﬁmmaﬁmvlsﬂ‘*ﬁgﬂaUiimmmmmﬁ@ﬁ 2 uazd
amantAdnaglunguaimadasUnd amefAsvanduginoiulieraadaainarndiiou
lasanslaveTunsfeiaguizaiduaslasiniside Malimoazidoadieg muﬁlizﬂﬂu
Laﬂmmuzﬁwﬁm%'ummaﬂ'mﬁ%a;jﬂaal (Participant information sheet) Mniuunudivn
WS N AU AU RIRINTIALa T U BT HAD UM SR URIFINTI swﬁy’ﬁagaﬁmmaﬁm
Foamsnuiisnunuiselasazidonsnasowils nasanemaiasduiedugoudniiu
lassmsluniRauaadianBusaudnsiulasansisenInsunng (Inform consent) Wad
ﬁummzsﬁ'nﬂi:i'ammaﬁmiwﬁy’aman"ﬁagaaﬂu Control Record form %a%’a;&a”m Record
form @Tﬁﬂd’nﬁlzgﬂ@mﬁ]aaum’mgﬂﬁaa%ﬂﬂ%ﬂ@muwwﬁqﬁﬁﬁ]ﬁﬂ fauazyinmInsandayans
lugudoya Diabetes Mellitus  Control  Database $3azndnundsnugiudaya Diabetes
Mellitus Patient Database W@zuAN@NINWlUEIUVDSI Medical  history assfniiaas
Diagnosis nanada fudugiholsaiwmnuezidenlwidu T1ID wia T2D auThaveslsad
anifiady dmnidunduenmadasUndazifenldidu cc1 wia cc2 FazuL U N B
Ay LDudn ﬁzaf:ﬁagaslugmﬂ]”agaﬂﬁjwmmaﬁmﬂﬂal,l,mﬁagalu Control record form 2
Qﬂmmaaﬂﬁmaﬁuﬁnﬂ%ﬂ@ULLW‘nﬂuﬁu

#waaa EDTA  blood G‘fiaszq%auazmmqa wiaunsiufilumsifiudegnadaaves
aFNATITNEINIIRDIU IR I@zlL%ﬁ%ﬁﬂﬁluﬁaaﬂﬁﬁ‘@msazmwaaummgﬂﬁaa
°1Jaa%aLLazmuaqaﬁLLamVLﬁfuuma@ﬁ'u Control record form Aaufiazasnzifoususssnsa
m&hifﬂumg@ﬁuﬁm’\ﬂ%ammaﬁm mﬂifu?%mama%:gﬂﬁmwﬂdmwmmi’m,az%%"u WA7
ﬁwmﬁﬂlﬁué’aam@wma&hLL&:%'%"&JI@m:q@°nLtﬂuaﬂﬂsLﬁuaaluaqaadw:Lﬁwwma&huaz
F5% d2u whole  cells ﬁmﬁaazgﬂﬁﬁ'@ DNA  (anwdnaanluiida 53nmesas 4o 2)
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LﬁuL@ﬂ’Jﬂ‘U@]’JaU']\‘]Lﬂa@maﬂﬂaquﬁdﬂjUI?@LU']%'J’]%%%@V] 2 @]avh.]



pIanlagelsa

l

LAALARUNEUEANLTNTINIATINTAAE

l

dnuUsziRananatAsaziiuaIdansaa
Control Record from W%"@N%‘@Nﬂ@‘ﬂ’mﬁ@ﬂﬂi

l

F39A0LAIAIN9IA LTiT8-WINAN AR Control Record form

l

awzideudedansa

l

v k4
nsendeyalugiuieya

l

nIvagaLANgniadlugutnya

U2 wsesszuumsIavihgudayanguenaaiasUng



2ol
Sh.

A. fiayanalyl

T sounniivdindayaadddinstnsnstumion - [dayaaaddins]

& 1in Specimen W Barcode  simanu aumsvhau

@ i

Subject Medical History Therapy Complication  Blood Chemistry  Pubertal status Specimen GEne

foyafisty | DEMOGRAPHY] | DEMOGRAPHYZ |  DEMOGRAPHY3 | [ Aswinsamdaya

sHAaTHIHHAS | ||

B53adaY AL
stansaunss I iindaya | oiladays | dinin
dimsalsEanmm I .
Wwiard : I
HN - l— CHERT RG]
BN I .

Date of Record

i/ dd gy

Fadna: I

B. DERMOGRAPHY 1

T souniiviindayaadddinstrswnsiumion - [dayaaddiins]

& 1A Specimen  ¥iuw Barcode  simau aumadheu

& & al & @ i

Subiject IMedical Histary Therapy Complication  Blood Chemistry  Pubertal status Specimen Gene

Hayatialy

DEMOGRAPHY1 DEMOGRAPHY2 |  DEMOGRAPHY3 asannsaniaya

sHHaTHIAHAS |
Birth Date :

Sz l: l— el ST AL 71T
visndays | wiladaya | S
Rt I B

[Fleaze Specify]: I

Others [pleaze Specify]

—

Bge I Years Eiith Place :
- [ =

I— Day

dadgudayanguitaliainniusiia MODY  ludiuvesdeyaarmaidns
(Subject) lag A. "iTa%Jaﬁ"avLﬂ, B. DEMOGRAPHY 1, C. DEMOGRAPHY 2, ua D.
DEMOGRAPHY 3



C. DEMOGRAPHY 2

T szuniiviindayaanadiinsnsanisiuneo - [dayaadaiins]

alﬁnSpecimen ¥iuvi Barcode  simeu aumisnau

i @ al & # i

Subject Medical History Therapy Complication  Blood Chemistry  Pubertal status Specimen Gene

dwafialy | DEMOGRAPHY! | DEMOGRAPHY? |  DEMOGRAPHY3 | [ Rswinsandaws
sHdaTA#n S I
W'aist:l cm BF: I Spstalic
LR FH] AL

cm

‘wieight kg Hip: I cm I Diastalic e —

w visdiaya | wiladaya | ST Pkl
] waistHpraio: [ ] e

[ka/m2)

"Hesidence ‘
Address I Amphur I
Provice : l: Post code : I
Tel [office] : I b obile : I
Tel. [home] : I Faw: I

E-mail : I

Height :

BMI:

Fiezidence [within 5 years) : I

D. DEMOGRAPHY 3

dayaa @ inins sanTRume - [Hayaanddiins]

“ win Specimen  #uW Barcode  shzanu aumsaw

B b & &l & # E)

Subject Medical History Therapy Complication  Blood Chemistry  Pubertal status Specimen Gene

aswnsaniaya

shAaIdEnS I
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A s dadGe I windiaya | wiladays | diwin
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dseSfinn s Fulloe

msaginuediaafiy Proband : l:
ATHIUYES I

Ha-dna da7 I

Ha-dna w1san I

31N 3 (i) Madiudayangudiholiawmnusiia MODY lusuvasdaysanaaias
I@il A. ﬁagaﬁbﬂﬂ, B. DEMOGRAPHY 1, C. DEMOGRAPHY 2, itazD. DEMOGRAPHY 3
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B3 - 1ifA Specimen  #WaW Barcode  shmau aunsyau
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Subject Medical History Therapy Complication  Blood Chemistry  Pubertal status Specimen Eene
sHida1ddiAS || I
— Diagnosis

At Diagnosis - age I Date : I
At Onset - age I Drate I

Prezenting symploms :
[Pleaze Specify]

Hiztory of ketoacidosiz l:
Fetonuria lj
Foszitive danti-GAD antibody — I I "
Foszitive Anti-laz antibody - I I "

Hrasasnns I ST ) | alFaralga |

U4 dredngwdeyanduithelinininiusiia MODY luguuas Medical History

ayaaAwAiins\sansuuHI I - [Blood Chemistry]

B3 - un Specimen  #uW Barcode  siza0u auatsEau

Subjerct Medical Histary Therapy Complication  Blood Chemistry Pubertal status Specimen Sene

Haymardrasiag ©

sHdatdradiag I I |

— Blood Chermiztyg

Test: Fesult : Date of Fesult
wils |
FPG I [rnadl] I
Frasiaans
Fandom PG I [rngdl] I
Hb&le I [rnadl] I
Inzulin I [rald £rnl) I
C-peptide I [na/dl] I
o e
TC I [rnadl] I
TG I [rng/dl) I
L [ med) [
HOL-C I [rng/dl) I

[

sUn 5 Meadagudayanguiihslawmnusiia MODYlusuvas Blood Chemistry



3. MANBIANNFNNWS UL multi-locus analysis 289 SNP 298w TCF7L2 ludilae

Tsainunuasien 2 Wssumgunuararanasdna

ﬂmzpﬁélvﬂvlﬁﬁ’lmimwmmmLLiJisTusLuﬂﬁjmjﬂayIsmmmm%ﬁ@ﬁ 2 NIRNA 320

ﬂuu,azﬂQummaﬁmﬂﬂaﬁ’]mu 370 o LLﬂ$Lﬁﬁ]dﬁ]ﬁﬂﬂ')’]&lﬂiﬂﬁ’)%%ﬂtﬂ’ﬁNQﬂ@TﬂO“HE'N

ﬁa;&aﬁ'ﬂuﬁmﬂaﬁmm: DNA V‘iﬂﬁmmmﬁﬂ"ﬁagauﬁLmﬁ:‘mﬁmnﬂéwjﬂwkﬂmem

FRAN 2 $1UIN 205 ﬂuLLazﬂﬁjummaﬁmﬂﬂa?ﬁ’]mu 202 ABAILENIIHANTIN 1 laawuin

ﬂs:mﬂsmaaﬁaaaamjuﬁmmLmﬂ@hdﬁ'ﬂuﬁawaas:é’uﬁﬂma luinuazaualIn

A1519N 1 LLa@aﬁﬂHmzmaﬂﬁﬁﬂmaagﬂaﬂIsmmmwmﬁ@ﬁ 2 WSsusUNUARIFUAT

a

Uné

Control Case p value
N 202 205
Men (%) 28.29 28.71 0.9254
Age (years) 53.34 + 9.06 5375 + 11.00 0.6776
BMI (kg/m’) 2385 + 3.20 28.02 + 553 2.49x10™"°
Weight (kg) 50.08 + 9.83 69.76 + 15.33 1.69x10"°
Waist (cm) 8224 + 929 8827 + 12.14 3.77x10°
Hip (cm) 9553 + 7.01 9921 + 10.99 7.21x10°
Waist/Hip ratio 086 + 0.06 089 + 0.08 1.14x10°
Systolic BP (mmHg) 116.00 + 14.86 133.09 + 17.91 9.19x10”
Diastolic BP (mmHg) 7127 + 990 8143 + 10.40 1.7x10”
FPG (mmol/l) 87.88 + 6.38 20675 + 98.93 5.42x10™"
Total cholesterol (mmol/l) 205.74 = 36.27 228.08 * 49.08 3.03x10_7
Triglyceride (mmol/l) 11015 + 59.69 20513 + 17.57 8.14x10"
LDL (mmol/l) 124.83 + 33.26 14415 + 43.73 8.37x10"
HDL (mmol/l) 62.02 + 17.31 50.28 + 14.44 6.7x10"




a

4. N13A329WN SNP  @viin TCF7L2 @835 HRM uag RFLP uaziingwuan s
Direct Sequencing

ﬂng’ﬁﬂvl,éfﬁﬁmimnm Common SNPs d14% 5 @unisfie rs7901695,

rs7903146, rs12256372, rs7895340, WAz rs11962055 Imﬁmmaglumu intron VB98I
TCF7L2 é’mamﬂugﬂﬁ 6

3UN 6 uaaIduniized SNP 13 5 dunilunsauFnRaNUREW TCF7L2



4.1 n17 genotype SNP rs7901695, rs7895340 e rs1196205 #2833 High resolution
melting analysis (HRM)
¥NNTATI9%1 Common SNPs 119 3 fUnts Ga03% High resolution melting analysis
(HRM) Tagn3vin PCR ivetfintSunos DNA @9l515u104 DNA template 75 ng, 25 mM
MgCl, 1.2 ul, 50 yM L-primer 0.1 pl, 50 yM R-primer 0.1 pl, 10 yM Simple Probe 0.2 pl,
Genotyping master 1 pl uazl# sterile deionized water lﬁﬂﬁﬂ%mmq@ﬁ”m 10 pl WaINI
¥NNN531A31e% PCR product I@U@ melting curve U843 DNA mslgjmiazgjﬁﬁm Tm fidnerin
Taeld probe AiswiziLTRiauas SNP e udariasmadsuailasiaias LightCycler®
480 system (Roche Diagnostics Corporation) tW3gutfisy Tm fluanananuuas wild type was
SNP
dragalusuunsuildlumsdianes é’auamlugﬂﬁ 7 lag  rs7901695 U@y
rs7895340 |famanniitng amplification 53°C &% rs1196205 |damanniizag amplification

550C LRZNANIINANDINIIATIINT Common SNPs 114 3 @‘hl,mmiﬁau,a@ﬂugﬂ 8

Programs

Program Name | pre-incubation

Cycles |1 | Analysis Mode | None
Target Acquisition Hold Ramp Rate | Acquisitions | Sec Target Step size Step Delay
(7C) Mode (hh:-mm:ss) (?7C/s) (per 7C) (?C) (?C) (cycles)
95 None 00:10:00 4.40 0 0 0

Program Name | amplification

Cycles | 45 | Analysis Mode | Quantification
Target Acquisition Hold Ramp Rate | Acquisitions | Sec Target Step size Step Delay
(?C) Mode (hh:mm:ss) (?C/s) (per ?C) (?C) (?C) (cycles)
95 None 00:00:10 440 0 0 0
53 Single 00:00:10 220 48 0.5 1
72 None 00:00:10 440 0 0 0

Program Name | melting curve

Cycles | 1 | Analysis Mode | Melting Curves
Target Acquisition Hold Ramp Rate | Acquisitions | Sec Target Step size Step Delay
(?C) Mode (hh:mm:ss) (?C/s) (per 7C) (?C) (7C) (cycles)
95 None 00:01:00 440 0 0 0
52 None 00:01:00 220 0 0 0
40 None 00:01:00 220 0 0 0
a5 Continuous 0.06 10 0 0 0
Program Name | cooling
Cycles | 1 | Analysis Mode | None
Target Acquisition Hold Ramp Rate | Acquisitions | Sec Target Step size Step Delay
(?C) Mode (hh:mm:ss) (?7Cfs) (per 7C) (?C) (?C) (cycles)
40 None 00:00:30 220 0 0 0

35U 7 ugaslusunsufillunisasiam Common  SNPs 1193 §uniks 62835 High
resolution melting analysis (HRM) JEHIGERE LightCycler® 480 system (Roche

Diagnostics Corporation)



A. rs7901695

-{(lidT) Fluorescence (465-510)

45 50 55 &0 B5
Temperature [*C)

B. rs7895340

-{diddT) Fluorescence (465-510)

45 48 50 52 54 56 58 &0 ) B4 3
Temperature [*C)

C. rs1196205

-{didT) Fluorescence (365-510)

48 il 52 54 il 5 f0 f2 fid fi il
Temperature [*C)

gﬂﬁ 8 LE®J melting peaks %\1 plot izﬁiﬂdﬁtymvﬁmLLad fluorescence LLa‘;qm‘IﬁQmumi
genotype SNP rs7901695 (A.), rs7895340 (B.) L8z rs1196205 (C.) Uit TCF7L2
laglinaiia HRM lunsuen genotype 3¢%#114 wild type, heterozygote ez mutant



4.2 n15 genotype SNP rs12255372 Lag rs790314661833 Mismatch-Restriction fragment

length polymorphism (Mismatch-RFLP) lgianlasi BseGl (Fokl) uaz Rsal ANRIAL

Loy primer filfuazan1zimanzauuaasluansen 2 dunammasasusaslugif

9-10

M1519N 2

WEAI primer  Laztaw loRAnanzanlun1vin Mismatch-RFLP  Liia genotype

rs12255372 luiiw TCF7L2

PCR Size of restriction
Product condition fragment (bp)
Variation Primer size i Method
T. annealing Major Minor
(bp) ©c) Allele Allele
CCAGGAATATCCAGGCAAGGAT Fokl Mismatch
rs12255372 123 55 26+97 123
GGCATTCAAATGGAGGCTGA RFLP
AGAGCTAAGCACTTTTTAGGT Rsal Mismatch
rs7903146 194 50 21+173 194
GATGAAATGTAGCAGTGAAGT RFLP
A. B.
s2obt GIG GIT T
o LA GGATGA C CATH a.we.aﬁi})acc_a: ?
300
200 q
100 W .ﬁ ' ~1-19273
i A o
3UN9 M7 genotype rs12255372 luliu TCF7L2 @713T Mismatch-RFLP (A.) uazBudu
Wa@18 Direct sequencing  (B.)
A. B.
E585¢E cic cIT T
s00- B8 A6GTA(QOTATA| [TAGG :_{l:): ATAT TAGG t.a?:_a TA
300 et l
200 e
- - <194
"' +173
100 _

3171 10 N3 genotype rs7903146 luBwu TCF7L2 @383T Mismatch-RFLP (A.) uazBuduna

@728 Direct sequencing (B.)



5. NMINAFIUAL Hardy-Weinberg Equilibrium test

AmzI38 16viN1331A e Common  SNPs v 5 dumisindwluay Hardy-
Weinberg Equilibrium  #38'lal Wud1 SNP 119 5 énuwis Ao rs7901695,  rs7903146,
rs12256372, rs7895340, Uazrs11962055 1Haung@ae p>0.05 dIuaasluansnifi 3

A9 3 UFAINE genotype distribution LLlaz Hardy-Weinberg Equilibrium test

TCF7L2 Genotype Frequency Chisquare test for HWE
Major Hetero Mnor 12 value P value
rs7896340 (A>G) AA AG GG
Control 182 22 1 0.1422 0.7061
(181.70) (22.60) (070}
Case 163 36 3 0.3806 0.5373
(162.18) (3763) (218)
Total 345 58 4 0.7762 0.3783
(343.68) (60.65) {2.68)
rs7901695 (C>T) cc cT T
Control 181 24 0 0.7925 0.3733
(181.70) (22.60) (070}
Case 173 26 3 27940 0.0946
(171.27) (20.47) {(127)
Total 3584 50 3 0.6902 0.4061
(352.93) (52.15) {193)
rs7903146 (C>T) cc CT T
Control 183 21 0 0.6007 0.4383
{183.54) (19.92) {0.54)
Case 172 24 3 3.6151 0.05873
(170.13) (2774) {(113)
Total 385 45 3 1.3578 0.2439
{353.61) (47.77) {161}
rs12255372 (G>T) GG GT TT 0.2210 0.6383
Control 101 13 0
{191.21) (12.59) (021)
Case 179 19 2 30812 0.0807
{(177.66) (21568) {0.66)
Total 370 32 2 1.9604 0.1615
{368.80) (34.40) {0.80)
rs11196205 (C>G) cc CG GG
Control 182 22 1 01422 0.7061
{181.70) (22.60) {0.70)
Case 163 36 3 0.3806 0.5373
(162.18) (3763) (218)
Total 345 58 4 0.7762 0.3783

(343.68) (60.65) (2.68)




o @ 1 @ a
6. ﬂ'li(ﬂi']ﬁ]ﬁ']ﬂ')']NNNW%ffiZﬁ'l'lﬂ SNP waaﬁu TCF7L2 LLRZﬂ']‘JLTJ%T‘JﬂLiJ'\W')'I%ﬁ%ﬂ

2

ﬂmzqﬁﬁ'ﬂﬁﬁﬁmﬁLﬂiﬁ:ﬁ%ﬂﬂawuﬁwﬁuﬁs:ﬁdﬁa Common SNPs 31474 5 GLnid

) A P = A ' o A v P
m_lﬂ’l‘iLﬂ@ISﬂL‘iJ’]WJ’m"}mﬂﬂ 2 Llhﬂl]Lﬂﬂﬂl%ﬂq&]a’]a’]aNQSﬂﬂfﬂ @]GLL&@NI%@]TYNV] 4

m'li'l\‘i‘ﬁ 4 LRAINANNIANEN Genotypic distribution luudaz SNP wasfiu TCF7L2
Control (n) Case (n) OR (95%Cl) P value*
rs7896340
AA 182 163 1 0.008
AG 22 36 1.89 (1.03-3.23)
GG 1 3 3.35 (0.35-32.52)
AG+GG 23 39 2.34 (1.22-4.47) 0.009
rs7901695
CcC 180 173 1 0.54
CT 24 26 1.13 (0.62-2.04)
TT 1 3 3.12 (0.32-30.30)
CT+TT 25 29 1.23 (0.62-2.45) 0.54
rs7903146
cc 183 172 1 0.106
CT 21 25 1.26 (0.68-2.33)
TT 1 4 4.23 (0.47-38.19)
CT+TT 22 29 1.59 (0.78-3.22) 0.198
rs12255372
GG 191 179 1 0.088
GT 13 20 1.64 (0.79-3.40)
T 1 3 3.20 (0.33-31.06)
GT+TT 14 23 1.96 (0.86-4.44) 0.109
rs11196205
CcC 182 163 1 0.012
CG 22 36 1.83 (1.03-3.23)
GG 1 3 3.35 (0.35-32.52)
CG+GG 23 39 2.23 (1.18-4.26) 0.013




7. MIATIIRIANTNARSIZHIN SNP 2098% TCF7L2 WATANBMENIIARTN bib

dilelsawnnnusiai 2

ﬂm:;ﬁﬁ'ﬂﬁﬁ’]mﬁLmﬂ:ﬁmmmé‘uﬁufﬁfzmn Common SNPs 31%43% 5 @tk
Wae rs11962055 X

ﬁué’numzmaﬂﬁﬁﬂlquﬂaﬂI‘iﬂmemmﬁﬂﬁ 2 WU7N rs7895340

AMNFUNWEALDN qlummﬁ@Im AILRAIUANTIIN 5

@M19190 5 Mean trait values stratified by TCF7L2 rs7896340 genotype

Control Case

AA AG GG p value AA AG GG pvalue
N 182 22 1 163 36 3
Age 53.21 5445 51.00 0.6491 5477 4919 50.33 0.0153
Age at diagnosis - - - - 50.32 44.72 45.00 0.0127
BMI (kg/m2) 23.76 2479 19.65 04278 2820 26.77 3295 0.6560
Weight 58.83 61.75 46.00 0.4904 69.83 6842 81.67 0.8100
Waist 81.92 85.55 69.00 0.3032 88.28 87.75 94.00 0.8363
Hip 95.28 98.09 85.00 0.2979 99.29 98.00 109.67 0.7816
Waist/Hip ratio 0.86 0.87 0.81 0.6218 0.89 0.89 0.85 0.8716
Systolic BP (mmHg) 116.07 116.36 96.00  0.6559 134.33 127.50 133.33 0.0748
Diastolic BP (mmHg) 71.32 71.27 62.00 0.6981 81.58 80.56 83.33 0.7612
FPG (mmol/l) 88.05 86.36  89.00 0.3131 208.13 204.86 154.00 0.5366
Total cholesterol
(mmol/l) 206.26 201.05 214.00 0.6209 229.19 22439 212.00 0.4572
Triglyceride (mmol/l) 11223 93,55 98.00 0.1759 209.18 19342 125.33 0.5103
LDL (mmol/l) 125.20 121.55 130.00 0.7009 14416 14428 142.00 0.9762
HDL (mmol/l) 61.75 63.73 73.00 0.4765 4989 5247 45.00 0.6033

* ANOVA was used to compare geometric mean levels of continuous characteristics across genotypes



8. NITUIANNANNWSILI19 SNP 2asfin TCF7L2 LUy haplotype

U Y o a [ [ @ € 1 o o ] o
ﬂm:;dnﬂ"l,@mmnmemmmmauwuﬁszmw SNPs 3743% 5 @I']LL%%GﬂﬁJﬂ’]'ilel

drofiuuuuilu haplotype dauaadluanssfl 6-8 wudn rs11962055 uaz rs7895340 ainasd

msthenaalaronueis =097 Uaz rs7903146 NU rs7901695 Anazdinistnenaa'l

1Y o o 2
AILNUAIL r =0.88

H Qs e 2 1 g; o 1
M13199 6 LL&@N@]’J’]N&NW%‘E‘DQG r 3¢%2139 SNP 713 5 aAtd

rs7895340 | rs7901695 | rs11196205 | rs7903146 | rs12255372
rs7895340 - 0.50993881 | 0.96766569 | 0.49547521 | 0.4652604 1
rs7901695 - - 0.50993881 | 0.88266025 | 0.59397849
rs11196205 - - - 0.49547521 | 0.46526041
rs7903146 - - - - 0.64915249
rs12255372 - - - - -

A58 7 MINATIZRULUL Haplotype analysis UaIANNUUTHUNG 5 GuAs

| Haplotype frequencies estimation (n=407) |
rs7895340|/rs7901695rs11196205|/rs7903146/[rs 12255372| Total ||group.o|group.1 (;‘r':;‘l'l'::'c‘;e
[1 ] A I C [ C I C [ G [0.9038| 0.9216| 0.8859|| 0.9038|
T e I Tt G 7 T [0.0402][ 0.0268|| 0.0533]| 0.944]
3 G C G C G 0.0262| 0.0199] 0.0324 0.0702
4 G T G T G 0.011]] 0.007| 0.0152 0.9812
5 A T C T G 0.0098|| 0.0145| 0.0051 0.9911
6 A T C C G 0.0028|| 0.0029| 0.0025 0.9939
7 G T G C T 0.0013 NA| 0.0026 0.9951
8 A C C T T 0.0012 NAl 0.0025 0.9964
0 A T G T T 0.0012|| 0.0024 NA 0.9976
10 G T C T T 0.0012| 0.0024 NA 0.9988
11 G T G C G 0.0012|| 0.0024 NA 1
| Haplotype association with response (n=407, crude analysis) |
rs7895340|[rs7901695|[rs11196205|[rs7903146|[rs12255372| Freq || OR (95% CI) |P-value]
[1 ] A I C C I C G 0.9038 1.00 — ]
2 G T G T T 0.0402[[1.96 (0.95 - 4.03)|[ 0.07
3 G C G C G 0.0261|[1.67 (0.68 - 4.15)|[ 0.27
4 G T G T G 0.011 |[2.33 (0.55 - 9.91)|| 0.25
rare * * * * 0.0188[0.59 (0.21 - 1.66)|[ 0.32
Global haplotype association p-value: 0.11




Table 8 Haplotype frequencies in T2D case subjects and control subjects

rs7895340/rs11196205 Control Case (n=202) OR (95% CI) P-value
haplotype (n=205)

AC 0.939 0.896 1 -

GG 0.0561 0.104 1.89 (1.12-3.19) 0.018
AG 0.0024 0 0 1

GC 0.0024 0 0 1




9. mswaNuAndnfvasdinv TCF7L2 A2835 direct sequencing

13489970 SNP 1149 5 @nunuatilu SNP ﬁayj’lu intron ﬂmz;ﬁ%'mvl,ﬁwmmuﬁa:m

functional SNP ﬁagj’luu’%nm coding region, promoter WAZUILITW5 uar 3 UTR lag

AN oo v, . A A A A o A I
sample Vll%‘ﬂ’]%’l% 8 sample 175 criteria Iuﬂquaaﬂﬂa 4 BMI LazsauLaInuag nianad Lﬂu

a v o (Y . . o v A A o
Iimmwnumamquammzsnmmm insulin INANWIUSHAWINVBILYU TCF7L2 URNW TSN

ARBNAILRAIUANTIIN 9

ad ’ ) v aAa o , @ P @
15N17 direct sequencing Azl primer Vlmmmmmua@ﬁugﬂﬂ 12 AR RN

primer @3UEAIMUANTIN 10 sawanziwuzaulunIvin PCR udas fragment uaaslu

A1319N 11

HANN3Y direct sequencing auaadlu3LN 13 F9A1WNVaI variation NWUFIATT1

7 12 WazdWRUIVDY variation UEW TCF7L2 é’dLLa@dlugﬂﬁ 14

M151911 9 anuoue sample NbElNNT sequence WANNAAUNG bl TCF7L2

id diag [sex |age |bmi waist |height (weight |hip |[sys |dias |[fpg |[tc (tg [Id] |hdl
PO83 1 1 44| 22.20633069 78 163 59| 91| 100 60| 244 217| 292| 132| 37
P159 1 1 41 26.0261749 86 164 70| 95| 1500 100| 145) 220| 40| 155 58
P204 1 1 39| 246097337 88 165 67 91 120 80| 177 242| 300| 156 27
P242 1 2 42| 21.50446956 72 154 51| 91 140 80| 158| 253| 103| 173| 59
P250 1 2 39| 23.37257618 74 152 54| 85| 140 80| 162| 163| 161 92| 39
P261 1 1 42| 22.48132907 72 162 59| 84| 120 80| 148| 140| 44| 88| 45
P292 1 2 29| 17.62538055 67 158 44| 84| 110 70| 184 170| 126| 100 45
F316 1 2 38| 22.76943835 70 154 54| 92| 120 80| 107 228| 167 110 47
STOP 2
~—]
STOP 3
~2.5kb 17 i
CIBP -

Pro1
Pro2
Pro3

Pro4

51l 11

Pro5

WRAJ organization VaIH% TCF7L2 WAz

PCR product 71le




A19197 10 LEAS Oligonucleotide sequences

284 primer NlH@I8N PCR

Wa¥in direct

sequencing
Oligonucleotide Sequence (5">3') Chromosome region (10925.3) Product (bp)

TCF7L2-Pro1-F ATGGGAACAAAGCCCTTAGT

114,697,578_114,698,197 620
TCF7L2-Pro1-R GCATAGGATACAAAGCACAGG
TCF7L2-Pro2-F TCTGTCTCCACTCTCCCTCT

114,698,088 114,698,600 513
TCF7L2-Pro2-R TCCAGGATGTACTGTTGTCC
TCF7L2-Pro3-F TGAAA AAACTCTCTAA
c ro3 CTGAAACCCCAMCTCTC 114,698,473_114,699,127 655
TCF7L2-Pro3-R GTTGGAGGTAGTAGGAAATGAG
TCF7L2-Pro4-F CACTGTAGCCCAACTGATCCC 114,698,995 114,699,676 682
TCF7L2-Pro4-R GTGGCGACCAAGTCAGGAATC
TCF7L2-Pro5-F CTGCTGAATTAACCACCAAGCAC

114,699,476_114,700,154 679
TCF7L2-Pro5-R GGAAGCCGAAGATACAGGAGG
TCF7L2-1A-F TCGCCCTGTCAATAATCTCC

114,699,989 114,700,493 504
TCF7L2-1A-R ACCAGCAGCAATTTTGGAAG
TC-F7L2-1BF T AGGAGAAAAAGA
c CTCCCCAGGAG GACC 114,700,343_114,700,748 406
TCF7L2-1B-R CCAAGCCCAGGAAACAGATA
TCF7L2-2-F TCTTTTTCTCCCCCTTCTCC 114.700,883_114,701,266 384
TCF7L2-2-R CCCTTAAAGAGCCCTCCATC
TCF7L2-3-F AGACAAATCCCGGGAAAGTT

114,700,995_114,701,559 565
TCF7L2-3-R GCAAACAAATCCAGTCCACA
TCF7L2-4-F CCAAGGCTGCAGTTCAATCT

114,714,193_114,714,606 414
TCF7L2-4-R CTCTCCTTTGCTCCCCTTCT
TCF7L2-5-F TGAGCTCTGAGGAAGA TA
c S GAGCTCTGAGGAAGACCC 114,789,597_114,790,009 413
TCF7L2-5-R CCCAACAATATTTCCAAAGAAAA
TCF7L2-6-F GTATGGGATGGGCAGAGTTG 114,890,792 114,891,214 423
TCF7L2-6-R ACACCCAGAAAAGCAACAGG
TCF7L2-7-F CTTCCTCCTTTCCCTGTTCC

114,893,585_114,893,988 404
TCF7L2-7-R GGCTGTGGATTTGCCTGTAT
TCF7L2-8-F CCCACCCTTGTTTCAAGTCT

114,895,716_114,896,018 303
TCF7L2-8-R TTTCAGGGCAATTTTTCAGG
TCF7L2-9-F ATAT TT TTGCTTT
c 9 c GCCTTGGETTCC 114,900,618_114,901,052 435
TCF7L2-9-R TTCTGCCACTGTGCACTCTC
TCF7L2-10-F GCTTGGGGGTTATGAGACAA 114,901,377 114,901,779 403
TCF7L2-10-R GAAGGCCATTCAAGGATTCA
TCF7L2-11-F CCTTGGCGTAATGTGTGATG

114,902,003_114,902,344 342
TCF7L2-11-R AGCGATCCAGGAAGATGCTA
TCF7L2-12-F TGGAGGTTGGACAAATACCG

114,907,625_114,907,924 300
TCF7L2-12-R TGTCCTGGCCTTGAATTTCT
TCF7L2-13-F ATGCAT TTTACAGT
c 3 GATGCATGCC CAGTCG 114,908,236_114,908,602 367
TCF7L2-13-R ACGAAACCGTGTTGATGGTC
TCF7L2-14-F CCTTTCTCCCACGTTCTCCT 114.909.618_114,909,824 207
TCF7L2-14-R AAAGCAACAGGCCAGAGAAG
TCF7L2-15-F ATGTCCTTGGTGAGGGAAGA

114,910,232_114,910,645 414
TCF7L2-15-R AGAGCAGGGGGAAAAGAGAG
TCF7L2-16-F TGGTGGAGGGATACCGACTA

114,911,235_114,911,453 219
TCF7L2-16-R TCTAAACACGGAGCACATGG
TCF7L2-17A-F TTT! AGAGCA! TTA
c G GCCAGAGCAGGC G 114,915,098_114,915,668 571
TCF7L2-17A-R GGAGCTGTGGGAATGTAAGG
TCF7L2-17B-F CTCCTCATCAATTGCACAGC

114,915,617_114,916,153 537
TCF7L2-17B-R AAAATGATTGGTTCGCAAGC




M1319N 11 LEAIRNMTNLRINTaENN MLe3uN PCR 1nn3vin direct sequencing lufin

TCF7L2
Product Pre- Post-
Primer name Denaturation Annealing Extension Cycle
(bp) denaturation extension

TCF7L2-ProlF | 450 | 95°c, 7 min | 95°C, 30 sec | 63°C, 30 sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-Pro1-R
[TCF7L2-Pro2-F 513 95°C, 7 min | 95°C, 1 min | 60°C, 1 min | 72°C, 1min | 72°C, 5 min 30
TCF7L2-Pro2-R
TCF7L2-Pro3-F | 655 | 95°C, 7 min | 95°C, 30 sec | 63°C, 30 sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-Pro3-R
TCF7L2-Prod-F | gg5 | 95°c, 7 min | 95°C, 30 sec | 63°C, 30 sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-Pro4-R
TCF7L2-ProS-F 1 479 | 95°c, 7 min | 95°C, 30 sec | 63°C, 30 sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-Pro5-R
TCF7L2-1AF 504 | 95°C, 7min | 95°C, 30 sec | 52°C, 30 sec | 72°C, 30sec | 72°C, 5 min 35
TCF7L2-1AR
TC-F7L2-1BF 406 | 95°C, 7 min | 95°C, 30 sec | 52°C, 30 sec | 72°C, 30sec | 72°C, 5min 35
TCF7L2-1B-R
TCF7L2-2-F 384 | 95°C, 7min | 95°C, 1min | 60°C, 1 min | 72°C, 1min | 72°C, 5min 30
TCF7L2-2-R
TCF7L2-3-F 565 | 95°C, 7min | 95°C, 1 min | 60°C, 1min | 72°C, 1min | 72°C, 5min 30
TCF7L2-3-R
TCF7L2-4-F 414 | 95°C, 7min | 95°C, 30 sec | 52°C, 30 sec | 72°C, 30sec | 72°C, 5min 35
TCF7L2-4-R
TCF7L2-6-F 413 | 95°C, 7min | 95°C, 40 sec | 55°C, 45sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-5-R
TCF7L2-6-F 423 | 95°C, 7min | 95°C, 40 sec | 55°C, 45sec | 72°C, 30sec | 72°C, 5 min 35
TCF7L2-6-R
TCF7L2-7-F 404 | 95°C, 7min | 95°C, 1min | 60°C, 1 min | 72°C, 1min | 72°C, 5min 30
TCF7L2-7-R
TCF7L2-8-F 303 95°C, 7 min | 95°C, 40 sec | 55°C, 45sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-8-R
TCF7L2-9-F 435 | 95°C, 7min | 95°C, 30 sec | 52°C, 30 sec| 72°C, 30sec | 72°C, 5min 35
TCF7L2-9-R
TCF7L2-10-F 403 | 95°C, 7min |95°C, 30 sec | 52°C, 30 sec | 72°C, 30sec | 72°C, 5 min 35
TCF7L2-10-R
TCF7L2-11-F 342 | 95°C, 7min | 95°C, 1min | 60°C, 1min | 72°C, 1min | 72°C, 5 min 30
TCF7L2-11-R
TCF7L2-12-F 300 | 95°C, 7 min | 95°C, 40 sec | 55°C, 45sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-12-R
TCF7L2-13-F 367 95°C, 7 min | 95°C, 1 min | 60°C, 1min | 72°C, 1 min | 72°C, 5 min 30
TCF7L2-13-R
TCF7L2-14-F 207 | 95°C, 7min | 95°C, 1 min | 60°C, 1 min | 72°C, 1min | 72°C, 5min 30
TCF7L2-14-R
TCF7L2-15-F 414 | 95°C, 7min | 95°C, 1min | 60°C, 1min | 72°C, 1min | 72°C, 5min 30
TCF7L2-15-R
TCF7L2-16-F 219 | 95°C, 7 min | 95°C, 40 sec | 58°C, 45sec | 72°C, 30 sec | 72°C, 5 min 35
TCF7L2-16-R
TCFTL217AE | 571 | 95°C, 7min | 95°C, 1 min | 60°C, 1min | 72°C, 1 min | 72°C, 5min 30
TCF7L2-17A-R
TCF7L2-17B-F 537 | 05°c 7min | 05°c 4 min | A0°C 1 min | 79°C 4 min | 79°C & min an




C/IC CIT

rs3814570 C>T

TT TIA
7 7
rs10885394 T>A
ci/C CIT
IITIGG:I)MMCC! GIIIIG:{(I:)IMCC
rs10885395 C>T
TT TIC
7 7
-394T>C
C/C Cl-
-40delT
TI-
7
12delT

3UN 12 usasnavasdauiianaleindlayis direct sequencing wa98u TCF7L2



TIT

TlinsG

1aTTTTTIGGGE

}

IAIIIIT:T}GGGG

o

A/A AIG G/G

221insG

rs11196171A>G

T/ -

T/-

I—‘.IGIGAGIGIIACGIGCI@IIIIIIIIICI

89529_89530delT

193649_193672del
CTGTGTGTGTGT
GTGTGTGTGTGT

200468_200469delT

317 12 (619) waasnavassiauianileinidlaysdt direct sequencing Wa3Bw TCF7L2



CiC C/IA

P477T

31 12 (619) waasnavassiauianilainidlasdt direct sequencing WaIBw TCF7L2



dl o n; ad . . CZ
@3N 12 usednanuulIRuiaanulasds direct sequencing Tugthelsaiunanu

FRAN 2 T1UI% 7 ARLAZANFNFNATUNG 1 A%

Genotype ‘
Location Variation
Major Hetero Minor ‘
rs3814570 C>T cC CT TT
Control 1 0 0 1
Promoter
Case 6 0 8
Total 7 0 9
rs10885394 T>A TT TA AA
Control 1 0 0 1
Promoter
Case 0 8
Total 7 2 0 9
rs10885395 C>T cC CT TT
Promoter Control 1 0 0
Case 6 2 0 8
Total 7 2 0 9
-3947>C TT TC cC
Promoter Control 1 0 0
Case 7 1 0 8
Total 8 1 0 9
-40delC NN NM MM
5 UTR Control 1 0 0
Case 6 2 0 8
Total 7 2 0 9
12delT NN NM MM
5' UTR Control 0 1 0
Case 0 8 0 8
Total 0 9 0 9
221insG NN NM MM
5 UTR Control 1 0 0
Case 7 1 0 8
Total 8 1 0 9
rs11196171A>G AA AG GG
Control 0 0 1
Intron
Case 2 2 8
Total 2 5 2 9
89529 89530delT NN NM MM
Control 1 0 0
Intron
Case 7 1 0 8
Total 8 1 0 9
193649_193672delCTGTGTGTGTGTGTGTGTGTGTGT NN NM MM
Control 0 1 0 1
Intron
Case 0 8 0 8
Total 0 9 0 9
200468_200469delT NN NM MM
Control 0 1 0
Intron
Case 0 0 8
Total 0 0 9
P477T C>A cC CA AA
Control 0 0 1
Exon
Case 6 0 8
Total 6 3 0 9




Thai study variation

-394T>C
rs10885395

-40delC

rs10885394 1odelT 200468_200469del T
91insG rs11196171A>G
rs3814570 89529_80530delT Pro477Thr
193649_193672delCT
GTGTGTGTGTGTGT ST_O_"|2
v 4l STOP 3
~2.6 kb ¥ 17 B
—— cee| |-
A
Prol
Pro2
A
03 rs319146 (H179P) rs2757884 (N323K) Pro477Thr
Prod rs58719567 (P503S)
T Pro5
rs10885395 rs12359833 (K439K)
rs56408190
rs73362229 (A560A)
rs10885394
rs3814570

rs36064780

Reported variation

311 13 WEAIANNAAINHABRIEW TCF7L2 Anwuludsemining (GRESTEY R RRS)) ey

Qs Aa P 1 1
NUAIMUAIINHRRIBNNIN smuluﬂ‘i:*’mnsau (RIBAIY 8\‘]31])

10. MsAnBIaMARYIHRAAUNLIN direct  sequencing  W3sufisuludile
Tsawnuuzita MODY nuatdaiasUnd

ﬂmz;ﬁaﬁ'ﬂvlﬁﬁwmsé’mﬁanmmLtﬂsﬁuﬁvl,ﬁmﬂ direct sequencing fvnaulaan@nen
¢a lag genotype Lﬁuﬁﬂuauiuﬂsju;jﬂamta:mmaﬁmﬂﬂ@aﬂwa: 200 AW @283D High
resolution melting analysis (HRM) laun rs10885394, rs10885395, -394T>C, 221insG LA
P477T eudey  &nMzfitnanzauuss Primer fildie3sn PCR - aauaasluasnad 13
drogsldsunsudilglunisvic HRM é’mamlugﬂﬁ 14-15 &% rs3814570 ¥iM1T genotype
@283% Restriction fragment length polymorphism (RFLP) el Nialll Han1sanEn
LLa@alugﬂﬁ 16

N3 genotype #2839 HRM 1u§umna:mm3mwn genotype ladu 2 mju N&aAe
ﬂﬁj&l Homozygote (Major allele 24NY Minor allele) R8s Heterozygote ﬁdLLa@ﬂugﬂ XX
MNUUFDIINS spike l#8@71&% 1:1 @28 sample s genotype L% homozygote (Major
w3a Minor allele Ale) lu sample Ailuailn Homozygote lusauusn Ssazaunsousn
Homozygote Miilu Major allele aanan Minor allele 'l é’mamiugﬂﬁ 15  WANIANEN
anuulsiusnuaaiuaasluean i 14



@M15191 13 L&A9 Oligonucleotide sequences 284 primer NlFlunsAnENANNLLUTHWIAE

MILATERA83T HRM

i . o Chromosome region o Product
Oligonucleotide Sequence (5>3') Ta(C)
(10925.3) (bp)
TCF7L2- rs3814570-F | CTGAAACCCCAAACTCTCTAA
114,708,483-114,708,610 62 128
TCF7L2- rs3814570-R TCCAGGATGTACTGTTGTCC
TCF7L2 rs10885394-F | CTATCACCCAGGAACATTGTG
114,708,744-114,708,840 62 97
TCF7L2 rs10885394-R | TAGAGGAGGAGCAGACTGATTT
TCF7L2 rs10885395-F | GTTTCTGACATTTAGCATTTG
114,709,222-114,709,384 56 163
TCF7L2 rs10885395-R | GTTCCTGGTCATCTACAATG
TCF7L2-394-F GCACCCTCGCCCAGAATC
114,709,753-114,709,866 67 114
TCF7L2-394-R GGAAAGAAGGAGGAAGAGAGGG
TCF7L2-221insG-F CTCCCCAGGAGAAAAAGACC
114,710,352-114,710,502 62 151
TCF7L2-221insG-R ACCAGCAGCAATTTTGGAAG
TCF7L2- PATTT -F TCGCTACATACAAGGTGAAGG
114,925,332-114,925,464 62 133
TCF7L2- PA7T7T -R GGTCTGCTCAGTCTGTGACTT
Programs
Program Name | Program
Cycles | 1 Analysis Mode | None
Target Acquisition Hold Ramp Rate | Acquisitions Sec Target Step size Step Delay
(?C) Mode (hh:mm:ss) {?2C/s) {per 7C) (?C) (?C) {cycles)
95 MNone 00:07:00 4.40 0 0 0
Program Name | Program
Cycles | 45 Analysis Mede | Quantification
Target Acquisition Hold Ramp Rate | Acquisitions Sec Target Step size Step Delay
(?C) Mode (hh:mm:ss) {?2C/s) {per 7C) {?C) {?C) {cycles)
95 MNone 00:00:30 4.40 0 0 0
q 67 b None 00:00:30 2.20 0 0 0
72 Single 00:00:30 4.40 0 0 0
Program Name | Program
Cycles | 1 | Analysis Mode | Melting Curves
Target Acquisition Hold Ramp Rate | Acquisitions Sec Target Step size Step Delay
(?C) Mode (hh:mm:ss) {?2C/s) {per 7C) (?C) (?C) {cycles)
95 MNone 00:00:30 4.40 0 0 0
40 MNone 00:00:30 220 0 0 0
60 MNone 00:00:01 4.40 0 0 0
09 Continuous 0.02 25 0 0 0
Program Name | Program
Cycles | 1 Analysis Mode | None
Target Acquisition Hold Ramp Rate | Acquisitions Sec Target Step size Step Delay
{?C) Mode (hh:mm:ss) {?C/s) {per 7C) (?C) (?C) {cycles)
40 Mone 00:00:30 220 0 0 0
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TA 35 37
AA 1 1
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CT 36 38
TT 1 1
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rs290487 TT 59 46
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ABSTRACT

Aim Transcription factor 7-like 2 (TCF7L2) is a key element of the Wnt signaling
pathway. Genome-wide association studies have showed that TCF7L2 has been the most
important locus predisposing to type 2 diabetes. Genetic polymorphism of the TCF7L2 is
one of the few validated variants with large effects on the risk of type 2 diabetes in the
populations of European ancestry. We aim to investigate whether the variants in TCF7L2
are associated with type 2 diabetes in Thai population.

Methods Five single nucleotide polymorphisms (rs7896340, rs7901695, rs7903146,
rs12255372 and rs11196205 were genotyped in type 2 diabetes patients (n=202) and
ethnically matched control subjects (n=205) by high resolution melting analysis. The
associations of SNPs and their haplotypes with type 2 diabetes and clinical characteristics
of the patient were analyzed.

Results SNPs rs7896340 and rs11196205 of the TCF7L2 were associated with type 2
diabetes in Thai population with p-value 0.009 and 0.013, respectively in dominant
inheritance model. The odds ratios (ORs) was 2.34 (95% CI 1.22-4.47) for rs7896340
and 2.33 (95% CI 1.18-4.26) for rs11196205 for the minor allele compared with the
major allele. The haplotypes composed of GG minor allele of these two SNPs were also
significantly associated with type 2 diabetes with ORs 1.89 (95% CI 1.12-3.19, p=0.018
(global p-value=0.013). Moreover, patients who carried minor allele of these two SNPS
had earlier age onset of diabetes (AA=50.32+10.78 year, AG+GG=45.51+10.52 year,
p=0.012).

Conclusions These data suggested that the TCF7L2 polymorphisms are associated with
type 2 diabetes and earlier age onset of the disease in Thai population.

(A structured summary (no more than 250 words)
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Introduction

Type 2 diabetes is a complex disorder (1) since both genetic and environmental
factors contribute to its development and implicated in the etiology. Recent progress in
diabetic research has shown that genes involved in pancreatic beta-cell function are
candidate genes for type 2 diabetes. The identification of genes that predispose to type 2
diabetes could provide a better understanding in pathogenesis, diagnosis, treatment and
prevention of this increasingly prevalent and costly condition.

Genome-wide linkage analysis had shown that region on chromosome 10q
contained type 2 diabetes susceptibility genes, which were later ascribed to intronic
variations in the transcription factor 7-like 2 (TCF7L2) gene. It was associated with a
twofold increase in risk for type 2 diabetes in an Icelandic population (2). This finding
has been replicated in cohorts of European (3, 4), Asian (5-7) and African (8, 9) descent.
The precise mechanism by which TCF7L2 predisposes to type 2 diabetes is not clear. It
has been suggested that TCF7L2 encodes a transcription factor that is expressed in fetal
pancreas and involved in a Wnt signaling pathway through a regulation of glucagon-like
peptide (GLP-1) which has a primary role in glucose homeostasis (10). Since there is no
previous genetic study describing the impact of TCF7L2 gene variants on type 2 diabetes
risk among Thais, we therefore investigated the potential association of 5 variants at
rs7896340, rs7901695, rs7903146, rs12255372 and rs11196205 of TCF7L2 with type 2
diabetes. To our knowledge, this gene has not been previously tested in the Thai
population.



Patients and Methods

Subject

The studied population included 407 Thai subjects. All diabetic patients (n=205) were
recruited from the diabetic clinic, Siriraj Hospital, Bangkok, Thailand. The patients age
were greater than 40 years old and all of them were unrelated. Diabetes was defined
according to the ADA criteria. Normoglycemic subjects (n=202) were recruited among
those who were undergone annual health checkup at the same hospital. The inclusion
criteria were: a fasting plasma glucose < 5.6 mmol/l. Informed consent was obtained
from all subjects before participation; the study protocol was approved by local ethic
committees.

Genotyping

Genomic DNA was extracted from peripheral blood leukocyte by a standard
phenol/chloroform method. Five variants of TCF7L2 were genotyped by melting curve
analysis with simple probe in a single run on a LightCycler 480 machine (Roche
Diagnotics, Germany). All details of primers, reaction conditions and software utilized
are available from the authors.

Data analysis

Genotype distributions were tested at each polymorphic locus for deviation from Hardy-
Weinberg equilibrium before marker-trait association analysis. For analysis of genotype-
phenotype association, logistic regression analysis including age, sex, and BMI, as
covariates were employed. Tests for the associations of each SNP and haplotype with
type 2 diabetes were estimated by using the Haploview software (11) and Haplo.score in
R software
(http://www.biostat.wustl.edu/genetics/geneticssoft/manuals/haploscore/haplo.score.html
). This method provides a global test of association and haplotype-specific tests. SPSS
software v17.0 (SPSS, Chicago, IL) was used for general statistical analysis.



Results
Phenotypic characteristics of subjects

We studied TCF7L2 variations in a total of 407 unrelated subjects including 202
type 2 diabetic case and 205 control subjects. The clinical characteristics of the subjects
were described in Table 1.

Association with Type 2 diabetes

The allele and genotype frequencies of five variants were compared between the
two study groups. The salient clinical characteristics of study populations are described
in Table 1. Genotypes were in Hardy-Weinberg equilibrium at each polymorphic locus.
Two SNPs (rs7896340 and rs11196205) were significantly associated with type 2
diabetes (P=0.0088 and 0.0121, respectively, adjusted for age, sex, BMI) (Table 2). For
both SNPs, the association was consistent with a dominant model of inheritance, with
minor allele carriers having about twice the odds of type 2 diabetes than major allele
homozygotes.

The minor G allele (rs7896340) of the TCF7L2 was significantly increase type 2
diabetes risk with odd ratio 2.34, (95% CI 1.22-4.47, P=0.009). The correlation of
TCF7L2 genotypes with other covariates (sex, age, age at diagnosis, BMI, weight, waist,
hip waist/hip ratio, systolic-diastolic blood pressure, FPG, total cholesterol, triglyceride,
LDL-cholesterol, and HDL-cholesterol were evaluated whether the G allele contributes to
risk of type 2 diabetes through an effect on these covariates. Among type 2 diabetes p
atients, the G allele was associated with earlier age onset of disease (AA=50.32+10.78
year, AG+GG=45.51+10.52 year, p=0.0127) (Table 3). The similar trend was observed
for rs11196205 (data not shown). However, in the normoglycemic subjects, TCF7L2
genotypes did not show any association with clinical characteristics.

The two SNPs (rs7896340 and rs11196205) defined four haplotypes, the
frequencies of which are shown in Table 4. The haplotype consisted of two minor alleles
(haplotype GG) was more frequent in diabetic subjects (P=0.018). Conversely, the three
haplotypes carrying at least one of the minor alleles at rs7895340 or rs11196205 (i.e.,
haplotypes AC, AG, or GC) were all more frequent in control subjects than case subjects.
Also haplotpe GG was associated with age onset of disease with p-value 0.002.



Discussion

Type 2 diabetes is inheritable metabolic disorder of polygenetic nature (12).
Although theoretical analyses emphasized the power of genetic association study in
common multifactorial diseases, the finding for genes which increase the risk of type 2
diabetes has not been very successful. The genes implicated in type 2 diabetes confer
only modest effects on the disease risk and in many cases have yielded inconsistent
results in replication efforts. Only few associations, notably the Prol12Ala polymorphism
in the peroxisome proliferator activated receptor (PPARG) gene (13), the Glu23Lys
polymorphism in the KCNJ11 gene (14), and the genetic variants of calpain-10 genes
(15), have been convincingly replicated. Recently, researchers searching the cause of a
previously identified linkage signal on chromosome 10qg found a strong association of a
common microsatellite (DG10S478) of TCF7L2 gene with type 2 diabetes in Icelandic
sample, and the result was replicated in the samples from the U.S. and Denmark (2).
DG10S478 is located within well-defined linkage disequilibrium (LD) block of 92.1 kb
that encompassed exon 4 and parts of two large flanking introns. Five single nucleotide
polymorphisms (SNPs) (rs12255372, rs7903146, rs7901695, rs11196205, and
rs7895340) within the LD block also showed similarly robust associations with type 2
diabetes (2). Further studies in other European populations, African Americans, Mexican
Americans, and Asian Indians confirmed the strong associations with an estimated
population attributable risk of 17-28% (3, 5, 9, 16-20). Several genome-wide association
studies independently confirmed the strong associations of SNP rs7903146 in the
TCF7L2 locus with type 2 diabetes (21). These data convincingly demonstrated that the
genetic variants within TCF7L2 gene, especially rs7903146 T, are major genetic risk
factors for type 2 diabetes in populations of European ancestry. However, unlike in
populations of European origin, the frequency of the rs7903146 T-allele is relatively low
(~2%) in Chinese and Japanese population (6, 22), raising the question of whether these
variants are major contributors of type 2 diabetes in the Asian population. Furthermore,
the association study of the genetic polymorphism of TCF7L2 with type 2 diabetes in the
Thai population has been lacking. Therefore, we conducted an association study in
unrelated subjects in Thai population.

In this study, rs7895340 and rs11196205 variant of TCF7L2 showed a significant
association with type 2 diabetes in Thai population subjects, comparable with that of
rs7903146 T in the populations of European origin. Moreover, our results demonstrate
that different variations of the TCF7L2 gene confer the risk of type 2 diabetes in different
populations. These findings provided novel evidence supporting a role of the TCF7L2
locus in the pathogenesis of type 2 diabetes in Thai population. The underlying
mechanisms by which a genetic variation within the intron of the TCF7L2 gene confers
susceptibility of type 2 diabetes remain to be elucidated.

It is noteworthy that the association between variant in TCF7L2 and type 2
diabetes has been consistently observed in different ethnic groups (2, 10), suggesting a
high impact of this gene on the pathogenesis of type 2 diabetes. Therefore, it is
reasonable to postulate that TCF7L2 may also have a role in genetic susceptibility to type
2 diabetes among Thai population. Especially, we found significant association of
rs7895340 and rs11196205 with age onset of diabetes. Patients who carried minor allele
of these two SNPS had earlier age onset of diabetes. Variants in TCF7L2 have also been



related to the age of onset of type 2 diabetes in Mexican Americans and Caucasians (23,
24). Such data, however, have so far not been reported in Asian.

However, rs7903146 variant had weak or no association with type 2 diabetes in
Thai population. We did not detect any association of rs7903146 with type 2 diabetes in
Thai population because of their low allele frequencies were observed. Thus, a sample
size at least larger than our study would be needed to detect the effect of these genetic
variants.



Conclusion

Our results confirm the association of genetic polymorphisms of the TCF7L2 gene with
type 2 diabetes and are genetic contributors of the risk of type 2 diabetes in Thai
population. Follow-up work will be necessary to understand any possible effect of this
gene on early age of onset.
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Table 1 Clinical and biochemical characteristics of type 2 diabetic case subjects

and normoglycemic control subjects

Control Case p value
N 202 205
Men (%) 28.29 28.71 0.9254
Age (years) 5334 + 9.06 53.75 + 11.00 0.6776
BMI (kg/m?) 2385 + 3.20 28.02 + 553 2.49x107®
Weight (kg) 59.08 + 9.83 69.76 + 1533 1.69x10™°
Waist (cm) 8224 + 9.29 88.27 + 1214 3.77x10°
Hip (cm) 9553 + 7.01 99.21 + 10.99 7.21x10°
Waist/Hip ratio 086 + 0.06 089 + 0.08 1.14x10°
Systolic BP (mmHg) 116.00 + 14.86  133.09 * 17.91 9.19x10°%
Diastolic BP (mmHg) 7127 + 9.90 81.43 + 10.40 1.7x10%
FPG (mmol/l) 87.88 + 6.38 206.75 + 98.93 5.42x107*
Total cholesterol (mmol/l) 205.74 + 36.27 228.08 = 49.08 3.03x10”
Triglyceride (mmol/l) 110.15 + 59.69  205.13 * 17.57 8.14x10°°
LDL (mmol/l) 124.83 + 3326 14415 + 4373 8.37x10”
HDL (mmol/l) 62.02 + 1731 5028 + 14.44 6.7x10"

Data are means + SD.



Table 2 Genotypic and allelic distribution of five variants by glycemic status

Control (n) Case (n) OR (95%ClI) P value*
rs7896340
AA 182 163 1 0.008
AG 22 36 1.89 (1.03-3.23)
GG 1 3 3.35(0.35-32.52)
AG+GG 23 39 2.34 (1.22-4.47) 0.009
rs7901695
CcC 180 173 1 0.54
CT 24 26 1.13 (0.62-2.04)
TT 1 3 3.12 (0.32-30.30)
CT+TT 25 29 1.23 (0.62-2.45) 0.54
rs7903146
cC 183 172 1 0.106
CT 21 25 1.26 (0.68-2.33)
TT 1 4 4.23 (0.47-38.19)
CT+TT 22 29 1.59 (0.78-3.22) 0.198
rs12255372
GG 191 179 1 0.088
GT 13 20 1.64 (0.79-3.40)
TT 1 3 3.20 (0.33-31.06)
GT+TT 14 23 1.96 (0.86-4.44) 0.109
rs11196205
CcC 182 163 1 0.012
CG 22 36 1.83 (1.03-3.23)
GG 1 3 3.35(0.35-32.52)
CG+GG 23 39 2.23 (1.18-4.26) 0.013

*Adjusted for age, sex, and BMI



Table 3 Mean trait values stratified by TCF7L2 rs7896340 genotype

Control Case

AA AG GG p value AA AG GG \ealue
N 182 22 1 163 36 3
Age 53.21 54.45 51.00 0.6491 54.77 49.19 50.33 0.0153
Age at diagnosis - - - - 50.32 44,72 45.00 0.0127
BMI (kg/m2) 23.76 24.79 19.65 0.4278 28.20 26.77 32.95 0.6560
Weight 58.83 61.75 46.00 0.4904 69.83 68.42 81.67 0.8100
Waist 81.92 85.55 69.00 0.3032 88.28 87.75 94.00 0.8363
Hip 95.28 98.09 85.00 0.2979 99.29 98.00 109.67 0.7816
Waist/Hip ratio 0.86 0.87 0.81 0.6218 0.89 0.89 0.85 0.8716
Systolic BP (mmHg) 116.07 116.36  96.00 0.6559 13433 12750 133.33  0.0748
Diastolic BP (mmHg) 71.32 71.27 62.00 0.6981 81.58 80.56 83.33 0.7612
FPG (mmol/l) 88.05 86.36 89.00 0.3131 208.13 204.86 154.00 0.5366
Total cholesterol (mmol/l)  206.26 201.05 214.00 0.6209 229.19 22439 212.00 0.4572
Triglyceride (mmol/l) 112.23 93.55 98.00 0.1759 209.18 19342 12533 0.5103
LDL (mmol/l) 125.20 121.55  130.00 0.7009 144.16 14428 142.00 0.9762
HDL (mmol/l) 61.75 63.73 73.00 0.4765 49.89 52.47 45.00 0.6033

* ANOVA was used to compare geometric mean levels of continuous characteristics

across genotypes



Table 4 Haplotype frequencies in T2D case subjects and control subjects

rs7895340/rs11196205  Control (n=205) Case (n=202) OR (95% CI) P-value

haplotype

AC 0.939 0.896 1 -

GG 0.0561 0.104 1.89(1.12-3.19) 0.018
AG 0.0024 0 0 1

GC 0.0024 0 0 1
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