[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

s dlis

monthly

TG 110 slatadon A o lacd WV o0 I F9E ST oo bgS (S psle sl€tils [y suStils 4las ” ”\/”

93 &9 abd )low jor 2 Fge (S Oyt 9 B 12 (55950 105 U 03 5]

s S

- %

WALAANY ST AYREVE el ITAR N0 sl s
Sl pde 93 g5 Cals L ad e (S5 Dl 5 05 plulid ane) 3 sdelisi dad ol bt ok e
L ol sla0s bl s 5 e Gl 51 (S 08158 lacamas 53 sdalisey s ¢ )l S5 5
Lo Lo e Sa0] op foe (B me & Do (oot G Slas 2 (558 (S0 e y0p! 5 A2l e ol o]
SIS Sasi 53 333 e Sy Vel Ll il s O IS e (S5 Sl ek B 5 obes 00!
National Center for Biotechnology 6LA€L; oals LKL 93 5l el s Sles sl 8,5 b 45 0
Human Genome Epidemiology Network dnformation, Database of Genotypes and Phenotypes (NCBI dbGaP)
23andMe slapl 4 (K55 sl € 53 ke SLaS 55 5 pme Slos o5l o8 b 53 &5 (HuGENet)
G5 = eded GHOlS (S5 Sl i 5 93 p s Calia b ks e gla0) (n e 4 obicews ) skiee (deCODE
Sl sy Sobe Cuanl Lo e old Sl LK 35 ler sdelcomsa = sl » A eslina Lol 51 & e
L 157903146 TCF7L2 03 (53, - odd SoalS ot o35 by o Fege FTO 5 KCNJ11 ,CDKALL, TCF7L2
o iyl S L;uwmdg A Olgeas 158050136 5 1s5215 as7754840 LSL‘*('“:’:)J‘;;L% ol sl O s
s |y 555 Lias codslmsa @B @ g b ldd 32 FTO 5 CDKALL KCNJIL lals 55 »
L s e S5 Sk 5 La05 op e (3me 5 s Slumer G b Sz 0 S Ol oy

sl leday sdsalyl laesls s o Obe 5l als Oz 815,08 5 mld lagslen

(S S 5 SO il s Lr;jdazﬁwowb‘wﬂ:glﬂ; wals olals

BTNt E
f'ﬁA‘ﬂ‘ o

" sils oLl e

St o Sudye 5 Syl Sliin 550
ra)l; WlKls ¢ ~ﬁL”.ﬂJj:/J<JJJJ .a.x_;',,jl;

Sl St g et K

*
Do g oS 50 0,45 i s ok

YE S iy OLLs gl ey OLLs (Sl

ey <r..._Jﬁl:.a_5}uC)_,J> e (-)l:— 0ASCi 53

*YV-YYEYYOr . ua.l; VAAOVIVENY

E-mail: daneshpour@endocrine.ac.ir

3o JSTAO-Ar &S es gy ulis ¢80 op Sl 52 g ol Ole
Jolse 5025 ele L (golen K ocolis a5l e Juld 1) s
5 Sl Sl ol G e DU adss b ol
4 ane 50l 5l SIts 0T s s el s iy
Lol s (Sa) Jelgs 5 (S5 e 5l S5 L 55 g ab
3 g5 s S5 pesp oo g ol B LAk
Olamen 55 g5 Sulis mld o3 S35 5 0358 L0l o= loe
iy S ol 3l ol 0 48] el odile il antliil

Voo, . e
Bah e slgl S5 L

Tehran Univ Med J (TUMJ) 2015 December;73(9):615-23

http://tumj.tums.ac.ir

4 Ol Comar 70 31 i 5 Lo 5o 58 Osdes Y0 550
Cobs 4 O Comax 3pdie wte Bl S Suls
rl 534S 5,38 S8 Ok TV 5 S el Il Yo B Ol s
o b 3wl 5o Cabs 4 OLRe slad (1551 Ol e Do
OlsS o ool 5 sy dalgst 1Y 5 IV 5 Sas asbanssd
Slp ool oS oy 5 Sy SKie SG Olpen | Sl
TS G Gler asee Lt
33 f Sald (G g Cabn s S sler w obs IS sba
Rl 03 48 25 pr (S 43 Jlo 4 uls 5 (Sl ol


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

OllKas 5 i (sige wl

Sl s 5 LS Gl oS 5y, 0 sl ax ST yls JiE Cubs
T SR el s Sobes ol b a3 e S5

3 s o= 4 Ol O8USS ool slaelly Sy o5
e sy 51 b Lo e (S5 it 5 105 s s Lol
Lol cews ey ool 02 el iz SVlEe g Sege 5 2ol
s suazns o530 dnosls 3l arrs a2 @ Ol oo s 355
S b ke el ool 51 S ks sddal)
OF SaSay 0l b ol (555,20 501 im0l U gl Gluper
oSl e sta s el Gl R A e S 4
4 Osde Samier S Sl 1 Bl OF ol dlie
S o33 sl JUJCJ]“ 05 S0 laesls Sl
A sladle s Subs S5 ae) 53 sl slaasl o Soge
3503 0

4 ke o3l KL s 5 adlas cpl s i (SS
National Center for Biotechnology Information, Database LEL“g‘U
Human Genome ; of Genotypes and Phenotypes (NCBI dbGaP)
0% ekdals LS 9> 5 Epidemiology Network (HuGENet)
deCODE ;5 23andMe (slapl o S35 slaosesl bl 4
393 g5 Sals bl e L0 Lol Seer 4 s ke
LIS s eslizad LOT 51 a6 p o IS S oo
ok Labs Dol sdB0Ly e Ller a3 miear 3550 o)l
e

9> ;3 HuGENet )5 5 dbGaP 5y ;3 NCBI s st oyl
osked b fl;dl Gene Prospector 3 Phenopedia 5
Slesls 5 gy ils b ki S03 558 e bl
03, 0l sk S0 by @l Gl SIS 0 s
3 o 35m 58 mls Slag e (S5 L0 gl i) 53 0
g0 e 5SS b g el me sl 05 V0 e (23S
eSS S0S et sliens sdelses bt 5 QLI
il Sl LIS 03 5 B8 L5 RS LS s S s
oz s ol oKk e e ke 53 SR ey e
okl sy @Ltj 23S e 05 e phe L se 3 LS bl
ploil SlS Dladllas WOl (555 2 4 55 4805 b sl ol

S5 sl gl )y g b By o Jedes YU L G
SRS B 5o 5l el 53 5 ubs Golew 550 L of b5l
(Hypothesis-free  as 3 0 55 50U Sasw 55 0355
sbaw glaoslgls vy s L s genome-wide linkage mapping)
> a.x.icjlan DV 35 A &S bl A.sﬁ (Parent-offspring trios)
WLagedd bV Sl E L (S35 Gacls jasis sl
S 2V ans S8 S et syl ) ool ewsay (Slaesls
Vo 13 L S5 sl 53 5 ks ol 3 oS |y 8
S o3 Wl Sole (il 3 00 0

axlas 5550 dged A= 3l e O3 Sor S st Kos (gsme
S SE I L5 5 p5 pdiolSel S5 Ssli 335 s O
OIS tn slatasy 3 waallas a3 sdeliise (sl
sl bisy cpl daanlS nl ol gy b A
2 &S 05 Q-i‘ RGWAEY A‘JAAA..) e |, Calpain- \+ O} L;L»u O somad
05 Oeede Ol geds Sl ol C;b 29373 55095 4> (55
S 5 e s S daulse 50 p g Culs b ki e L6
T gl K el S I Solad Comar 3

055 o3 S (Sen Slalllae ST 5 a2yl ol aslsl
a3 aewsy S Ay (Genome-wide association study)
SR el 53 53 6 5 Calis Sole S50 b ke sla05 Ll
o Sl s ol 558w o UL ey sla sy
STCFTL2 5 KONJI1 (clads ol Lol s YooV Jlo s Laasil
3 S b el S5 S 15l s 50§ ks ole
MY s bl ol ol b Bl s

5 als KB w53 4B 8 Dy go ey Slalllas sz L
oMl Sy oS 20 4 & Jlge ol ol 4 02
03 S Slalllas 1 edelemsa glaesls o Lol Az ol
Glalims g0 Slallas al 5 iy a5 s Jags ol AL s £55
b 3 05 K coglae la K0 Sl 5 anslie 4 Klods > b
S35 als Sl 3358 93 53 (D) passms S 5l st
i das e DL L tagn cpl 5l sdaliase s Al e Wl
35S el gl bug 5 g8 Subs @l s
e ol 03 sde e @S el L 55 e (sSs)
Lol s S Cad ki Ll S5 esS Y YU i 08

FYF LAY A o)los VW 0,00 N FAF ST 5 hed iy gl olCils o sy odSCetily alno


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

nv 94 g5 cnba S o0 Sse SIS SldS o suse

s G S s bl ol 51K s s ead 5 1S =l
WCalis K55 ey 5 s s slaesly Sla- @ lcws ) skua
wsly SLasl BT ke 5 gps,m Ve b 51 s, Wlis ol s
A a)LfL?.w\J':J
)‘ ;g_). A .b..w}; DJ":JL):‘I)‘J? d_}l d} \o QL:A )l chﬂl g)‘.’.‘ B
Shils 05 Sl (g ol 5 sl 54 cl;.a 5 o3> Lgbzalfil.%
SLO) dlsea smin 3o mlbe pled 53 SLdlary (p il
O3 TCFTL2 05 ol pl i Ol 53 ¢ 5 ol o
b aslas 5o STail amy o i s o SldS ladlas O35 1ls
5 CDKALL (slagba; 05 53 Of 5l A Sl andllae ol )
Sls a8 .b0s Ol S il ax s o mie il LKCNTL
oA eSS Slles 6 CDKALL o ool (g e

<=U Fat mass- and obesity- associated (FTO) ;.o eddo bl O

Slapmdssa by Fes 05 Sl Sl e ey e o

g ala b bLol op i slils oS 05 a gas el B8
o&b | _s55%) Phenotype-genotype integrator ; b 3l K55 93
by e A Sl el ool P-value sl o 5 (NCBI osls
Sao o oekdelml laiass p g e LMD O
A Ok bl 5 08058 Glacumax 3 bl lapud) s
N I I P O O R O e ST P
oS 51 o) PubMed 3 somier o b Sl asiie Jleg o3k
o3l LIS 3 eslezul L Google scholar s Scopus (MEDLINE osls
L Polymorphism L SNP L Single Nucleotide Polymorphism
Type 2 Diabetes Mellitus L Diabetes Mellitus s Genetic variation
Non-insulin-Dependent Diabetes Mellitus L Type 2 Diabetes L
R e N (Soslaer Al Gla0) 5l S s ol

il sl gl Olse oty Sl aly Ll SVl

SN GlacGl Do ST 280y cp e bl 1 55 £ Salis b lad e Jol 05 Hler Sl Y Jur

Clinical Trail Gene Prospector Phenopedia
v y v
v v
Y Y
Y Y

23andMe deCODE NCBI (dbGap) 05 et
v v v TCF7L2

v v v CDKALI

v v KCNJ11

v FTO

TCF7L2: Transcription factor 7-like 2, CDKALI: CDKS5 regulatory subunit associated protein 1-like 1, KCNJ11: potassium inwardly rectifying channel, subfamily J, member 11,

FTO: Fat mass and obesity associated

S 05 695 2 90 8 Salis b B e gty ge y n Fete (bl Y Jpu

& P P29 5
dbGaP Y/ex) Ve
V/ex) T
O><\'7\Y
\/Ox\fc
dbGaP AT 1
V/~><\'7Y.
dbGaP o/oxy e 1
V/~><\'7H
dbGaP Yexy e 5
Y/exy e

sl 05 el
157903146 TCF7L2
157901695
154506565
1s12255372
1510440833 CDKALI1
154712523
185215 KCNJ11
185219
158050136 FTO
1511642841

Tehran Univ Med J (TUMJ) 2015 December;73(9):615-23

http://tumj.tums.ac.ir

L O geme lsline (glel ki 5IP<t/00 5 4wl Chi-square test glos L P-value *


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

OLlKas 5 g i (sgo WA

rl.: Lv )L@.z- g_jjj:..._;" S » VYEVAO TV LS')} 4.:>L; DL C “
YYYY

orl oo el ize gl s 3l (ol ax S 1s11196205

o,lil IVS4G>T 5 IVSICST  iiy ax 8 Coeal 4 4w
TN s

bl dyge b Dl A e p il Kaa 5 Dumcott
Lyl sy sdiasilis OUT @l s 05 oal s ek
Sl ot 5 157901695 5 157903146 (slapsd s 35k Olia Jlsline
157903146 ilge P 05 alal ool 2 3 53 £ Subs
sy GhIBl Rl VOV Olpea 1 (S5l 4 Sl ils (T D)
(OR=\/0V P=+/+Y)

50 187901695 55 ibge UI Olssa C P Ks (g5
sy Ol s S ol & Sl e (LI s e A
oLz sdelcsa glaanl 3,5 ol L .(OR=1/0) P=+/4+A)
a0l et 5 111196205 Ol Jlsbias bli,) s pde sl
1512255372 o650 T Sl Jles 36 5 (OR=4NVE P=2/4V) (5 ko
"(OR=V/tr P=+/48) 35 golew S50 0 (T WD

SLS 5L Kes 5 Dumcott L 55 odelConsas ol 4 S
ool e 5 1512255372 Cbye W Obe byl s pde
skasOlil il as 5 Grant Lew g ablpldl g o ol
3 s S ke PN 5 bLIL S s
53 g8 b 4l Jhe 5 (1512255372) 05 cnl Ller 05!

Yo
"’j’f

33 75 Sals 4 de 5 BAVY ) b SR Ses 5 Mayans
Gso p eddabd oedsn b Sler addlas 4 Il 55 A0V
Glaasl sty cobs w0 Ml e U Of Lyl 5 TCFTL2 o}
Ole (P=/vvvnnt) Sl bLi 34y edkasolis 550 OUI
sdal sy gl adl nl 3 Cubs 4 Sl kst 5 1512255372
O3 ol sy |y Hes 5 Grant Lw sddelsil s ol
Tsls e
a4 Sn 53 YA 65y andlles b JilLKes 5 Parra piocan
Olbe Jlabas LLII G sy ol 53 YVO 5 55 650 ol
P=0/081) W3 gl stalie | cubs 4 Sl LSl 5 1512255372
6 LKes 5 Miyake o iass cpl sl s " .(OR=VAY

)A:.\.Abjﬁ YY\i DL dj g)'.’.‘ 6})ﬂb.l.:~/4;?u v..w.:.é)}ﬁgi AJJUGA

oL o5l O 4 HUGENet s NCBI >, ~ =l s s 8 s
O dodr) 5

2 okantld St se S (05 Sl Sl ey
Sl g3 g8 alis b DL it (s Sl 05 8 )
S50 p ekdeldl Sldlas ey Segs e (Y dsde) LAS
bt slten Lol ladle s bl sland ek
AP s p 2530 OSUS Comar 3 0T 5l saliawsay (glaasil
ROURY

93 g5 ek Sap 3 Sy S5 Dl ens 5 W05

lasl 55 O3 ol [Transcription Factor 7-Like 2 (TCF7L2) &3
s Sland o) p &S Sl Sk gla Sl Sl eslanal b
05 w228 o3 oLl sy A3 bl Ve ojled psises S
S &S o il GCG 03 535 w53 S 28 TCFTL2
i 3 S (SIS pla 0T by s dis 0 50, (s
Lil Joees b Osoosn (nl 2 sledr L a0 s se
Wl 05 S5I8 o 2alS 3 e 28 35S 5 55508
sl 0L TCFTL2 05 (535t eddplndl sl tagyy oS oo
Solg 03 5 el i Al e 05 al Ol 03 e S
Olpeas 05 opl ool 5 opd e by 4l s (L1530 o
oy ol & Ml st Wl e 0F 55 oS &S LS 05 S
Vs e das Gl s g

W5 05581V A dS 5 s AVLYVO (slls TCFTL2 0
S5 10G25.3 4>l 53 Vv ojled 095509, S5 2 4 035 O
SIS o A5 05 ) s el eld
gl i s I L Lol ole bl &8 Lol plules
2 s 0 danlse sl 4 Caslie iman 5SS A
ot Ol SE MYl s, Sl 6 SL ke glad sk
03 5035 13, S e el 51 aS 5550 Hler dagnd ) 5o
2 =) Dl ke Llan S I3 e 2ose 5ol slatasy
U aw Os,ml Gs 2 MEVEATAA ol 5L 53 T 4 C A3,0S 5

oled 5L 53 C o T ai sy i =Y

Ye)4

V450

as7903146 ol
5 T TNSTO01695 o b s 05,3l 535 VI EVELCVA

2 AATVAANNE VVEVAAARY S5 asl 5 T o G A5 S5

G A58 5 eis -t 57 1512255372 oL L Llex 05l s

FYF LAY A o)los VW 0,00 N FAF ST 5 hed iy gl olCils o sy odSCetily alno


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

A 94 g5 cnba S o0 Sse SIS SldS o suse

Camer 5 (ORSV/Y+ PV syl Comer 3 5 g s
ol Sl il e Bl 53 (OR=V/Y0 P=2/veiA) S5 Ks
YRGS FOPSIR 5 P SR I L K-S
Sl A V00 500 e KSKis 5 Sbssl Cumex 53 (GO)
S g 4SS opl Sy ool i K3 (55m 3l 331 L )
D555 AL dlin 52 GG 55 sl o3 5o el 4 ey
T il geS UYY Olgea (AA) Jli S5sea b s (GA)
L 5 b pa s ol e DL sias0lis sl ol (PY/05) ¢
s gt gl gt RIS dlad sy 53 6 5 Eals 4O

oz eddarld Glandsgo b on e 3 s S
S o 45 3,03 L ISTTSABAO ohy pe (05 ) oy 55
b skl 1 355 (O) e 0 (G) 1S TS
ol C© P ol BL sy KL aLKes 5 Zeggini
3353 g8 abs o Ml e 5 ibse W Olpea e
TP=£/1 %))

(Potassium inwardly rectifying channel, KCNJ11 0}
Loy sl 3 gl O e (..Ja.u :subfamily J, member 11)
Glie 3 spzr e enlt GLJUE sdge 5 Wl SSL L slad sl
S KONJIL 03 L3 eis 655 a soopl 51 ool Wdyhe ol
ol JUS 53 g lagussn O3ped Llszes OF iy
Il e 15 e ol 3 il oS by sladshe
JUIS e 28l o 05 ) 53 e 355 (el 25 53
345 aga el ul &S el ATP-sensitive potassium (KATP)
O A3 e OF Jliowy o8 2550 ol sl e 5 SRl 4 e
Persistent hyperinsulinemic U o2& -yl rU Al e el
(PHHI) L=l « 1ol a5 4l s hypoglycemia of infancy
T Ll e

Shls g 5ol &85 1Y ojled ps5505,S S35 2 KONJTT O
a5 JTSL Yeer ) g 03 5 o0 0551 S
U R 0 R A TS PP S X W PHS PSS
ol b el s Gl e el Al YO0 51 e
b Slodsl sl 8 A3l OF Skl 53 Ol s pde 03
35 835 2 SSUS Slaeisge ik 0556 s )8 Tnagaki
O P P el Ole 51 & Wlots Ltz KCNIT1

Tehran Univ Med J (TUMJ) 2015 December;73(9):615-23

http://tumj.tums.ac.ir

355 50 OUI @l s Wl 3 3OAYY 5 e 6 culs
a3l kst 51512255372 g aes oS T Obe lslas Loyl S
"LOR=VY P=a/AX) ) sl o 515 Al 3500 1 55 g Salis
@B 04E Lo 51 ey BL nl S 5y O a5 Ll 4SS
33t sl Olomen O 0355 led 5 Cowir i b sdelisey
(P=V/ o)

05 3 p Ll by 50 o YY (Ul Ken s Ng il 5o
2l I3 U3 s 3590 53 g8 ubs L 0T Blo ) TCFTL2
Gl D) € T Obs lsbas LS| 350 s s liasOlis sdalwsa
780 CI= Vo 4=8YD) 55 Sobs 5 1511196205 s L
35 LNLKan 5 Miyake Ly bl opl 5SS T L(OR=Y
bizdt (C D) gaed oS PTObe 553 Bl s sdimslis
P=g/ADN ) sy 55 g Cabs 4 Yl s 5 1511196205
" (OR=\/¥4

g5 Sals b ks ie 05 55 addlae 4 51K 5 Michele
Comar L3 LT 51 a sddastld Glapddsn Jy 5 o
Ol st bl 51 OLis oLl R Ll A P
Ml st 5 TCFTL2 05w O3 3l 53 sddisdls pmdsn i 55
st 157903146 od g0 L bl pren g 53 g5 b
PX/WVN ) iy 1/0) Dlpes 1 53 g8 el 4 Ml
Ve Olgpeay [y Sl ils 157901695 1d s 5o L 5 (OR=1/0)
s g esls L3l (OR=VY P=Yx) ™) 1

CDKS5 regulatory subunit associated protein 1-like 1 O}
Sl ks @3ly 25 paises S s6S S35k a5 (CDKALI)
gl laais g s Ol aws sddjlsie, cpisn oS
05 opl Gds 5 Shas SOl 355 A5G Methylthiotransferase
sdipluil slatass I ool b el sile 3L atlsl 048G
3 a3 s pe Glaaendsge Lo Ole bl 1 SOLLS
Tl e s g5 by 4l ke 5 05 ol

skasglis (EKea 5 Scott law g bl sla iy b
S 5 05 il g Gosml 3 s se Glaged s ok Ol BLEI 555
s Steinthorsdottir Law s K3 Sk asl ol sy s g5 ks 4
sy S sy e Olas O @l IS 3 Al 3y SHSes

4 Sl s I LTS WONAAY ey gy 05, 53 ey s


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

OllKas 5 i (sige ay.

Jsb 4 05 | Fat mass- and obesity-associated (FTO) 0}
o les (3_5)'}.1)_)5 G 2 5033 O350 (hls A5 S G VIV LY
wt il Olomas O cpl 333 3 Shes a5 STl a3 § gl V1
5 0Ll 53 ekl O SULS Sla gy Ll ool okile 3L
5 FTO 03 ole bl sdiasilis (oo dile o> sladie
AL 50 g5 b dile S SUS slagsslen

SLodsl Gl o g8 abs 4l e S FTO 05 Ole LLS
Olalssl Comex 03 o5 o3 2nS (Star Slallas ol b
s Frayling lav g5 axdlas ol (3 S50 35 SLulid 5) g0 s kit
3385 Sals 4 de 3,3 VAYE (G55 5 VoY Jle s HSes
BAYY s s opl o LT ool W 53 YAYA
S5 » 4B S slr St a b Ols 5l 48 Xtls y ed s g0 o
ool b BLSI iy s 159939609 iy s L FTO 0
a0 CIEVATYY P=0x) o) sy cils lan 4 S
(OR=\/YV

b sls 5 Frayling el Covnsay @b Al osbieas
3,5 07T 5 Cubs 4 M 33 TVOV (ghy o 1) adlas cpl s
b i andlles el s Sl sdelomsty an 3 5SS Il
gl Obe BLl Olpe Sbonl ax 31 olse L3 aub 5
35 a8l Srals (Sh by olen 4 M) GWLE L by 5o L
ol Sl sl (OR=VN0 /80 CI=V/+4-)/YY P=4x) )
189939609 1o s go s 53 (CSbge DA YTy 6 3 50 &S
Toams Gl R 100 Ol 1 s @ Yl Sl Wl
5 L anlas iy cpl oo alelnil slatays ) s S
sdalsa laanl aslis 5 s p w0 O 53 a5 35 5LKas
ol Gl 5 FTO 05 slagmdyge y Obe LSS s o
aslial b Laosls (iymor 5 o ize aallan Y 3 53 655 ol
Azl b )

4o 3 3 YYVEL 6,8 5 53 g samme 3 o sdelise b
Ol Lol 555 aduasOlis [Kos 0L 3 ol 33 87084 5 uls
P=0/0xV+ ") 54 cubs 4 Sl Ll 5 159939609 et 50 Sk
7 (OR=\/\+

£ Cabs 4 3 o5 600 S (Stemses Slallas piean
LUl spmy 50 0 a8 S plnil (21ISa 5 Scott L 5 &S 5

S O ShEaih e 03 spmse wwl Al 3 S
0L Wmdygo o cnl s p ool latass Lsd
2 15215 5 185219 (slagls edosrdy 30 Bl oS s s
s SIS 6 W SOL b lad sk Lo sl 5 Ol e
) 33 g5 ubs Sole & Dl lt KONJIL 03 s Lol 3405 &S
T das e Sl

Al i Olpn 2 KONITL 05 53 Srgr S 6 403
Ghls & AL S gy el s S Al e IS 6
Sl a3 0 glalid O 53185219 by go Jy Js 0355 ol
ot 185219 sd gy 513 OLES ool sla 2y il Ao
e ol 3 ek ol &S el (A) sl 4 (G) ol S JT 5L ks
YW ooslad 0308 53 elisl oty eed auel dd Sl &
ol (26 o S 53 S data g cal Gl p 255
A ol 6 35 LSl 3 gl i 5 i b (E23K) el Al s
Mg 0 SIS Ol I o35 w5

ok cnl Gy pekdelnl slatagn s g
Sobo Dl Suild a8 s e LIS oLl 5 s gl o
3L anlie 53 (AA) Coips b sSosses 331 s cabs
i Sl (AG) & K55 2 3131 5 (GG) G55 b s8S5 pen
7 ook Gl Gao pebdelnl G e
S8 AUl 93 g el olem 4l ke ol 0l bl
do Olbe S e s @ Ol5 e botasy opl oSl
Yoov b 5 Y 5 Sslel sl slagba Ol A oKl
5 BBK ddysn Jy Ole b1 codeliiesa, @ 28 oLl
FLOR=VNE P=UV) ) W S Aol 1 Suls 4 Sl b
05 ol S0 o kdar bl Gl g0 L op e 51 s (S
5 g ool 4l e Ol Ol byl aS 5405 ol 155215
Wb S 18 Slebis shse Yoot Jle s LLed sl 6l

Ol 5ot g0y ) 52 € T s Lol ol sl
WVE ol a0 Sl uils /F0 sa 5 Jlgls b el T
Zeggini sls oy Sl sdelcsay mls das o (5150
3 b g e ol Ol Slalias LS ST easglis 5o Al S
CI=V/+0-1/Y0 P=VFx) e T) sp 3 g5 als 4 Sl il
" (OR=)/\0 ¢/40

FYF LAY A o)los VW 0,00 N FAF ST 5 hed iy gl olCils o sy odSCetily alno


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

wm Safarpour M. et al.

050,8 Sledbl eSSl @ Ol vz 3525 L o 50l

el slolen Kb wes 5o Wosls Sl s e 4 Ol 00
S35 Ode 2,8l SO sy pde J= opl Ll cs
Ll Ayl b LS e 3 s el laelKl Sl eslinl | glaiees
Sl axlse e b1 (ola b LS (glagund s gn s i
5 Gy Gl ele s Ol Say Sow ol g0l
oy A 4 Oy shaieds ool Sla sl 4 aasy
Sospe Syl SUSGl 55 oy o 5 (Sas Olj o JolisS 5o

AT
.w\

55 edelcewsas slas,slcs DFeee D3 b oot andles
2 Oske S K Gl pos g Cobs K5 e
Lol 5l Sl amlie 5 L osls Lol cp i b
A 3 el ol 03 e 05 e e 4 S
bl sl WOl 51 S o (s o bt bt (slapd ) ga b
5 S5 sk 3 Al Slapms s Obe Bl oSl 4 4
SSen 355 53 OSUS laamer 53 3 gy by o Ml s
Spdygn b Ol o so0nl Bl ey DU 4 (K55
Yooyl b pbaedosn b Olpea L dlie ol 5o ol
25 dre Gl Camer 3 0slss o) sk

Sl S Olsea g b 558 adlas Ko s5m
3 s o Ol Sl Do 5 i Glypar G4 Oy
Gl ol 5 Ol e oS Cudls KI5 awes L3 3sm s Slaesls
Sbolen b b e S5 Slass 5 bOS nfeer 4 b
Wl s Sl Oszman S8 5 wlo

References

1. Esteghamati A, Gouya MM, Abbasi M, Delavari A, Alikhani S,
Alaedini F, et al. Prevalence of diabetes and impaired fasting glucose
in the adult population of Iran: National Survey of Risk Factors for
Non-Communicable Diseases of Iran. Diabetes Care 2008;31(1):96-
8.

2. Fasanmade OA, Odeniyi IA, Ogbera AO. Diabetic ketoacidosis:
diagnosis and management. Afi J Med Med Sci 2008;37(2):99-105.

3. Vijan S. Type 2 diabetes. Ann Intern Med 2010;152(5):1TC31-15;
quiz ITC316.

4. Kumar V, Fausto N, editors. Robbins and Cotran Pathologic Basis
of Disease. 7" ed. Philadeplphia, PA: Elsevier Saunders; 2005.

5. Pasquier F. Diabetes and cognitive impairment: how to evaluate the
cognitive status? Diabetes Metab 2010;36 Suppl 3:S100-5.

Tehran Univ Med J (TUMJ) 2015 December;73(9):615-23

http://tumj.tums.ac.ir

Gl ol 5 Al 5,5e 1 FTO 05 5 ol 4 Skl sliazed ol
eU L 05 ol s el plolid eidise b ass pl les
S5 il s VY Ol 1y colis 4 Sal eils 158050136
"OR=VY =Xy

Glatamaz )3 o 55 (503 S (Stsens Slallas plowil b o35
2 A S8 Jelse aey o sl glaesls 4 Ol g e s
s O b Jas e lapdyga b 5 55 58 by ol Sz
el s S Slacumer S35 2 (255 03 58 Gl 5L
B R T O e B B O BRSO e 34
Or Sop Sl (LSl s Lo ol 55 sl
ddsas Kos (w3l .l 2> 53 1000 Genomes s HapMap
S5 el el (Gl s 0 obs olen ol
O Sl plolid o pe K8 e Solen (nl 4 Ml ediS danes
sl s O Olys 5 (6Kt S o b 5 ks S S
3 L0) pleld 5 0Ll a5 o3sn JouS5 L Gda ol 4 Ol
@losb sladal «ubs olaw 4Vl Jlx b b e S5 S i
ol 03,551 Ly (ool O3 5 (8 i S

5 05 plulid aney 3 sdelmsa dadiy)l S 3y b
3 Sl e @rddS s Ko cubs b b e (S5 Ol i
B O I B S [GWE TP AP R VI
b3 o p soon) S Ak e wn nl o s sl
2 s oS Soeen Slllae sl glaasl
daly 53 s Sluper S 4 ey skea o s Sanex

el $os 8 Sl s b el e (S35 Dl i 5 O L

6. Gibbons A. 12™ International Congress of Human Genetics. Diabetes
genes decline out of Africa. Science 2011;334(6056):583.

7. Herder C, Roden M. Genetics of type 2 diabetes: pathophysiologic
and clinical relevance. Eur J Clin Invest 2011;41(6):679-92.

8. Salonen JT, Uimari P, Aalto JM, Pirskanen M, Kaikkonen J,
Todorova B, et al. Type 2 diabetes whole-genome association study
in four populations: the DiaGen consortium. Am J Hum Genet
2007;81(2):338-45.

9. Horikawa Y, Oda N, Cox NJ, Li X, Orho-Melander M, Hara M, et
al. Genetic variation in the gene encoding calpain-10 is associated
with type 2 diabetes mellitus. Nat Genet 2000;26(2):163-75.

10.Reynisdottir I, Thorleifsson G, Benediktsson R, Sigurdsson G,
Emilsson V, Einarsdottir AS, et al. Localization of a susceptibility


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

A review of genes and genetic variations associated with type 2 diabetes vy

gene for type 2 diabetes to chromosome 5q34-q35.2. Am J Hum
Genet 2003;73(2):323-35.

11. Grant SF, Thorleifsson G, Reynisdottir I, Benediktsson R, Manolescu
A, Sainz J, et al. Variant of transcription factor 7-like 2 (TCF7L2)
gene confers risk of type 2 diabetes. Nat Genet 2006;38(3):320-3.

12.Cho YM, Kim M, Park KS, Kim SY, Lee HK. S20G mutation of the
amylin gene is associated with a lower body mass index in Korean
type 2 diabetic patients. Diabetes Res Clin Pract 2003;60(2):125-9.

13. Sakagashira S, Sanke T, Hanabusa T, Shimomura H, Ohagi S,
Kumagaye KY, et al. Missense mutation of amylin gene (S20G) in
Japanese NIDDM patients. Diabetes 1996;45(9):1279-81.

14. Steinthorsdottir V, Thorleifsson G, Sulem P, Helgason H, Grarup
N, Sigurdsson A, et al. Identification of low-frequency and rare
sequence variants associated with elevated or reduced risk of type 2
diabetes. Nat Genet 2014;46(3):294-8.

15. Shao W, Wang D, Chiang YT, Ip W, Zhu L, Xu F, et al. The Wnt
signaling pathway effector TCF7L2 controls gut and brain proglucagon
gene expression and glucose homeostasis. Diabetes 2013;62(3):789-
800.

16.Duval A, Busson-Leconiat M, Berger R, Hamelin R. Assignment of
the TCF-4 gene (TCF7L2) to human chromosome band 10g25.3.
Cytogenet Cell Genet 2000;88(3-4):264-5.

17. Lyssenko V, Lupi R, Marchetti P, Del Guerra S, Orho-Melander M,
Almgren P, et al. Mechanisms by which common variants in the TCF7L2
gene increase risk of type 2 diabetes. J Clin Invest 2007;117(8):2155-63.

18.Schifer SA, Tschritter O, Machicao F, Thamer C, Stefan N,
Gallwitz B, et al. Impaired glucagon-like peptide-1-induced insulin
secretion in carriers of transcription factor 7-like 2 (TCF7L2) gene
polymorphisms. Diabetologia 2007;50(12):2443-50.

19. Saxena R, Gianniny L, Burtt NP, Lyssenko V, Giuducci C, Sjogren
M, et al. Common single nucleotide polymorphisms in TCF7L2 are
reproducibly associated with type 2 diabetes and reduce the insulin
response to glucose in nondiabetic individuals. Diabetes
2006;55(10):2890-5.

20.Guo T, Hanson RL, Traurig M, Li Muller Y, Ma L, Mack J, et al.
TCF7L2 is not a major susceptibility gene for type 2 diabetes in Pima
Indians analysis of 3,501 individuals. Diabetes 2007;56(12):3082-8.

21.Zhang C, Qi L, Hunter DJ, Meigs JB, Manson JE, van Dam RM, et
al. Variant of transcription factor 7-like 2 (TCF7L2) gene and the
risk of type 2 diabetes in large cohorts of U.S. women and men.
Diabetes 2006;55(9):2645-8.

22.Ng MC, Tam CH, Lam VK, So WY, Ma RC, Chan JC. Replication
and identification of novel variants at TCF7L2 associated with
type 2 diabetes in Hong Kong Chinese. J Clin Endocrinol Metab
2007;92(9):3733-7.

23. Scott LJ, Bonnycastle LL, Willer CJ, Sprau AG, Jackson AU, Narisu N,
et al. Association of transcription factor 7-like 2 (TCF7L2) variants with
type 2 diabetes in a Finnish sample. Diabetes 2006;55(9):2649-53.

24. Damcott CM, Pollin TI, Reinhart LJ, Ott SH, Shen H, Silver KD, et
al. Polymorphisms in the transcription factor 7-like 2 (TCF7L2) gene
are associated with type 2 diabetes in the Amish: replication and
evidence for a role in both insulin secretion and insulin resistance.
Diabetes 2006;55(9):2654-9.

25. Grant SF, Thorleifsson G, Reynisdottir I, Benediktsson R, Manolescu
A, Sainz J, et al. Variant of transcription factor 7-like 2 (TCF7L2)
gene confers risk of type 2 diabetes. Nat Genet 2006;38(3):320-3.

26.Mayans S, Lackovic K, Lindgren P, Ruikka K, Agren A, Eliasson
M, et al. TCF7L2 polymorphisms are associated with type 2
diabetes in northern Sweden. Eur J Hum Genet 2007;15(3):342-6.

27.Parra EJ, Cameron E, Simmonds L, Valladares A, McKeigue P,
Shriver M, et al. Association of TCF7L2 polymorphisms with type
2 diabetes in Mexico City. Clin Genet 2007;71(4):359-66.

28. Miyake K, Horikawa Y, Hara K, Yasuda K, Osawa H, Furuta H, et al.
Association of TCF7L2 polymorphisms with susceptibility to type 2
diabetes in 4,087 Japanese subjects. J Hum Genet 2008;53(2):174-80.

29.Sale MM, Smith SG, Mychaleckyj JC, Keene KL, Langefeld CD,
Leak TS, et al. Variants of the transcription factor 7-like 2 (TCF7L2)
gene are associated with type 2 diabetes in an African-American
population enriched for nephropathy. Diabetes 2007;56(10):2638-42.

30.Saxena R, Voight BF, Lyssenko V, Burtt NP, de Bakker PI, Chen
H, et al. Genome-wide association analysis identifies loci for type 2
diabetes and triglyceride levels. Science 2007;316(5829):1331-6.

. Scott LJ, Mohlke KL, Bonnycastle LL, Willer CJ, Li Y, Duren WL, et
al. A genome-wide association study of type 2 diabetes in Finns detects
multiple susceptibility variants. Science 2007;316(5829):1341-5.

32. Steinthorsdottir V, Thorleifsson G, Reynisdottir I, Benediktsson R,
Jonsdottir T, Walters GB, et al. A variant in CDKALI influences
insulin response and risk of type 2 diabetes. Nat Genet 2007;39(6):770-
5.

33.Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM,
Lindgren CM, et al. A common variant in the FTO gene is associated
with body mass index and predisposes to childhood and adult obesity.
Science 2007 11;316(5826):889-94.

34. Thomas PM, Cote GJ, Wohllk N, Haddad B, Mathew PM, Rabl W,
et al. Mutations in the sulfonylurea receptor gene in familial
persistent hyperinsulinemic hypoglycemia of infancy. Science
1995;268(5209):426-9.

35.Nestorowicz A, Glaser B, Wilson BA, Shyng SL, Nichols CG,
Stanley CA, et al. Genetic heterogeneity in familial hyperinsulinism.
Hum Mol Genet 1998;7(7):1119-28.

36.Inagaki N, Gonoi T, Clement JP, Wang CZ, Aguilar-Bryan L,
Bryan J, et al. A family of sulfonylurea receptors determines the
pharmacological properties of ATP-sensitive K+ channels. Neuron
1996;16(5):1011-7.

37.Hansen L, Echwald SM, Hansen T, Urhammer SA, Clausen JO,
Pedersen O. Amino acid polymorphisms in the ATP-regulatable
inward rectifier Kir6.2 and their relationships to glucose- and
tolbutamide-induced insulin secretion, the insulin sensitivity index,
and NIDDM. Diabetes 1997;46(3):508-12.

38.'t Hart LM, van Haeften TW, Dekker JM, Bot M, Heine RJ,
Maassen JA. Variations in insulin secretion in carriers of the E23K
variant in the KIR6.2 subunit of the ATP-sensitive K(+) channel in
the beta-cell. Diabetes 2002;51(10):3135-8.

39.Nielsen EM, Hansen L, Carstensen B, Echwald SM, Drivsholm T,
Glimer C, et al. The E23K variant of Kir6.2 associates with
impaired post-OGTT serum insulin response and increased risk of
type 2 diabetes. Diabetes 2003;52(2):573-7.

40.Florez JC. Newly identified loci highlight beta cell dysfunction as a
key cause of type 2 diabetes: where are the insulin resistance
genes? Diabetologia 2008;51(7):1100-10.

41.Prokopenko I, McCarthy MI, Lindgren CM. Type 2 diabetes: new
genes, new understanding. Trends Genet 2008 ;24(12):613-21.

42.Li H, Kilpeldinen TO, Liu C, Zhu J, Liu Y, Hu C, et al. Association
of genetic variation in FTO with risk of obesity and type 2
diabetes with data from 96,551 East and South Asians. Diabetologia
2012;55(4):981-95.

43.Daneshpour M, Faam B, Hedayati M, Azizi F. Presence of the X+
allele in apolipoprotein b gene increase the total cholesterol and
apolipoprotein b concentration in tehranian people. Iran J Endocrinol
Metab 2011;12(6):588-93.

44. Daneshpour MS, Faam B, Mansournia MA, Hedayati M, Halalkhor
S, Mesbah-Namin SA, et al. Haplotype analysis of Apo AI-CIII-
AIV gene cluster and lipids level: Tehran Lipid and Glucose Study.
Endocrine 2012;41(1):103-10.

45.Daneshpour MS, Rebai A, Houshmand M, Alfadhli S, Zeinali S,
Hedayati M, et al. 8q24.3 and 11q25 chromosomal loci association
with low HDL-C in metabolic syndrome. Eur J Clin Invest
2011;41(10):1105-12.

3

—

FYFLFID A oylos VW 0,00 N FAF ST 5 hed iy gl olCils o sy odSCtily alno


https://tumj.tums.ac.ir/article-1-7021-en.html

[ Downloaded from tumj.tums.ac.ir on 2025-04-11 ]

mmmmmm

I [ ] ] V I ' Tehran University Medical Journal, December 2015, Vol. 73, No. 9: 615-623 Review Article

From genome to gene: A review of genes and genetic variations

Mahdi Safarpour M.Sc.
Ahmad Ebrahimi Ph.D.
Maryam Sadat Daneshpour
Ph.D."

Cellular and Molecular Research
Center, Research Institute for
Endocrine Sciences, Shahid
Beheshti University of Medical
Sciences, Tehran, Iran.

-
Corresponding author: No. 24, Par-

vaneh St., Yemen St., Chamran Ex-

pressway, Tehran, Iran.

Tel: +98-21-22432500

E-mail: daneshpour@endocrine.ac.ir

associated with type 2 diabetes

Abstract Received: 05 Jan. 2015  Accepted: 26 Aug. 2015  Available online: 13 Nov. 2015

Despite the valuable results achieved in identification of genes and genetic changes asso-
ciated with type 2 diabetes (T2D), lack of consistency and reproducibility of these results
in different populations is one of the challenges lie ahead in introduction of T2D candi-
date genes. Therefore, the present review article aimed to provide an overview of the most
important genes and genetic variations associated with development of T2D based on a
systematic search in well-known genetic databases. For this purpose, the National Center
for Biotechnology Information, Database of Genotypes and Phenotypes (NCBI dbGaP)
and Human Genome Epidemiology Network (HuGENet) database were searched to find
the most important genes associated with T2D. In addition, a gray literature search was
conducted to collect any available information released by laboratories offering genetic
tests such as deCODE genetics and 23andMe. Candidate genes were selected among the
results of all databases based on the highest level of similarity. Subsequently, without any
time restriction, PubMed, Scopus and Google scholar databases were searched using rele-
vant Medical Subject Headings (MeSH) terms to access related articles. The relevant arti-
cles were screened to make a conclusion about the genes and genetic variations associated
with T2D. The results revealed that four selected candidate genes, in order of importance,
were TCF7L2, CDKALIL, KCNJ11, and FTO. The most significant single nucleotide
polymorphism (SNP) associated with T2D in the TCF7L2 gene was 1s7903146; however,
the results showed a wide range of variation from slight association in the Amish (P=
5.0x10™) to strong association in European descent populations (P= 2.0x107"). Then,
rs10440833 mapping to the intronic region of the CDKALI1 gene showed significant as-
sociation with T2D (P=2.0x10"*%). In the KCNJ11 gene, a missense variation (rs5215) in
exon one was found to have the highest association with T2D compared with other SNPs
discovered in this gene (P=5.0x10""). Finally, rs8050136 located in the first intron of the
FTO gene had the strongest association with T2D (P=2.0x10"""). On the basis of these re-
sults, it can be concluded that the current study can be introduced as a model for achiev-
ing well-documented results among spectrum of information available in genetic data-
bases based on a systematic search strategy. The candidate genes and genetic variations
presented in this review article might be applied for early diagnosis, prevention, and
treatment of T2D.

Keywords: Diabetes mellitus, genome-wide association study, single nucleotide poly-
morphism.
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