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Abstract: The aim of this study was to obtain the sequence of FTO gene of Tibetan chicken, ana-
lyze its sequence by bioinformatics, clarify its temporal-spatial expression characteristics, and re-
veal the relationship between the expression level of FTO gene and intramuscular fat content
(IMF) at different developmental stages. Healthy Tibetan chickens in various ages(1-210 days of
age) were selected, the tissue samples of heart, liver, spleen, lung, kidney, breast muscle, leg
muscle and subcutaneous fat were collected for the total RNA extraction. The Reverse Transcrip-

tion PCR(RT-PCR) was used to clone Tibetan chicken FTO gene sequence, the real-time quanti-

s HH9:2017-02-23

ELTB I AR T =1 e H (2016 NYZ0043)

TEER A Ak 281992 . 58 AR LML B LA L 2 3 58 15 B RIS . E-mail :1s2349@163. com
* BEEE:T KW 0%, 18 A% 7 Fh 5 B ATHFSE , E-mail: wangyong010101@ swun. com



1192 = W

I

E o

tative PCR(qPCR) was used to detect the expression level of FTO gene in different tissues and
developmental stages, and the correlation between the FTO mRNA expression and intramuscular
fat content was analyzed. The results showed that the sequence of Tibetan chicken FTO gene was
1 585 bp (GenBank accession number: KY366175), containing 1 524 bp CDS, 35 bp 5" UTR and
26 bp 3" UTR, encoding 507 amino acids with a N-terminal domain and a C-terminal domain.
There were 6 amino acid mutations between Tibetan chicken and Gallus gallus FTO amino acid
sequences. FTO gene of Tibetan chicken was widely expressed in different tissues. The expres-
sion level of FTO gene was the highest in spleen, which was significantly higher than other tis-
sues (P<C0.01). FTO gene also kept a high expression level in adipose and lung tissues. The ex-
pression pattern of Tibetan chicken FTO gene in breast muscle and leg muscle were different, the
expression level in breast muscle decreased gradually with the growth of Tibetan chicken, while
in the leg muscle, the expression level increased first and then descended with the increasing age.
The expression levels of Tibetan chicken FTO gene in different muscle tissues and different devel-
opmental stages presented diverse relationships with IMF content. The expression level of FTO
in breast muscle of Tibetan chicken was negatively correlated with IMF content, and this correla-
tion in hens was significantly stronger (P<C0. 05). In leg muscle, the expression level of FTO
gene in cocks was positively correlated with IMF content(in period of 119-210 days, r=20. 601,
P<C0.05), while in hens this relationship was opposite. The results suggest that FTO gene may
play an important role in intramuscular fat deposition during the growth and development stage of
Tibetan chicken. These results will facilitate the research on the structure and function of FTO
gene in Tibetan chickens.

Key words: Tibetan chickens; fat mass and obesity associated gene; tissue expression; temporal

expression; intramuscular fat content

UL SEAESK . i TR &L R A AL SR AE 1 K R L 3R A

48 %

7 T R 10 A R B ARDRL Y Tz N A Ol A 7
AR 1 2 0 8 W DU 2 3 A A 2 A 1)
R A 3 FSCRE B TR 9% . B 2 R R PR R
H A LA AE T (Intramuscular fat, IMF) & & & % 1
YR BT E LR R Z — &/ IMF % 5 0] 1 57
PO BBRE L XUBR 5 20t PR IME 5 & 52 3R 5% Rt
A TR 2R ] 9 428, PR OHG 00T 4F O 3 0 A A AR TR
PR X IME JUARASL 1 R Y WF 58 A . 1 B g
FROE 2 T8 B A B A2 7 A A TH B A 1R Y G B Y
TR

FTO(Fat mass and obesity associated) J& 2007
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ANEUF B FTO mRNA B 3 35 K B 8 F [, i
SEAMFTFTHELAEEF LY. HEEE . KRT
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P i B IR A A 2R3 R 1 T AE LR L 4 v i B 3R
K IEAr T FTO 7 Mg LA BR L ) R 3B K P 5
IMF &R R . B EW XS FTO B B 2454
Uige & 5 IMF TR R & it — B 0E5E FTO %
PR 7 NS A K R 7 3t A v 1 8 4 A i At R 1 3
WU S .

1 #MREFE
1.1 RIe s #

Trizol i7) . pMD-19T 24k 5 56 € £ il &
SYBR® Premix Ex Tag™ (2>X) ¥l A TaKaRa 2
" (£ HE),2 X Long Tag PCR Master Mix, J& 3% &%
MM DHSa F1 DNA 4l {k 7] iz iR 5] € ( Universal
DNA Purification Kit) ¥ 5 KR 4 LB 45 A R
" db ), I 55 £ (RevertAid First Strand
c¢DNA Synthesis Kit)[lJ § Thermo 24w (EEH),
1.2 ABRERRXE

T8 IR 25 A B i Al A7 B 2 ) 5 X 5 4 35 b
MEAL 1.81.119.154 1 210 H #f ¥ ft B e A3 ik 36
XF G O 52 AR I B 4 65 0 0 AR 45 A 3t X5 1 s A2 )
[f] A S A 9286 5 i W g i e ) . B AR A
12 b, T3 fr 2R TR 12 52 5 17 Jis SR £ HE A ) fit L Fn
TR AL, 25 B 25 4 20 R )5 % T AR i 48 b T — 20 “C
A2 Ja T D05 LN RE D5 & & . IRl R 4R 154 H i
AR JHE ST L KT R DT LA B % U XS ) g UL
FRB WLLH 21 4E 5 . F DEPC JKiE¥E)S - B T JC RNA
Bt (0 R A T IRE R AR A .

FIH Trizol 5 $EHUAI 21 RNA I 1% 35
JEWH R B FEL VR RNA S8 38 PE . R F 5850 43
BETHI € RNA A dh 19 ¥ B LA K ODsgo o/ ODsso
i, EHAE 1.9 ~2. 1, #% IR RevertAid First
Strand ¢cDNA Synthesis Kit 3B f5. B 2 pg &
RNA 34T cDNA 5 ) & 18 .

1.3 RWHE

1.3.1 J&XY FTO 3£ [H 7 fE MY GenBank [
JEXS FTO 3 EF (NM_001185147) , F] B Primer
Premier 5. 0 # {4 i% 3t PCR s 5[4 (F 1), PCR
JZ N AR % 2 X Long Tag PCR Master Mix 12. 5
pL B cDNA 1 41,10 pmol « L' F R #5144
| WL BB I ddHL O % 25 uL. "B 4 fF B b
(94 °C 4 min) s ZEPE (94 °C 30 ) 3B k(61 °C 30 s),
FEAf(72 °C 90 ), 38 A s A (72 °C 10 min).,
120 1 35t i Wl 95 B¢ B UK A DU 4 3% 7 9 Universal

DNA Purification Kit 4lifk H 0 i B . R )5 BB =9
5 pMD-19T # /& F 16 Ci%E4z 2 h, -1k % DHS«
o R BUPE ST AR Pk R BV O AT R PCR &
FE o B S 38 AR R A R AR W R AT R 2 W
1.3.2 BXY FTO ¢34 #7 K A ExPASy
ProtParam 43 #t 8 (1 B4k ¥4 i s DNAMAN #47 ¢
B kL %5 f# ] NetPhos 3. 1. NetOGlyce 1. 0
NetNGlye 3. 1 75 #fr 50 8 B2 1k A7 53 . O Hf 2 Ak i
FAN BEREALAL 55 B SignalP 4.1 Server #4715 5
JIR 53 A TMHMM 5 0 255 5 25 #4) 35, PSORT 11 i 17
V.41 il 52 457 s Al F NCBI 1% Conserved Domain & )7
AT EEA B $0 5 52 ) Hopfield , Swiss-model 73 51| 8
DA T R R RN = 4546 s NCBI H Blast i#£47[]
VB3 5 clustalx 1. 83 F1 MEGA 5. 0 #4 @ 4L .
1.3.3 B FTO SERALERLZ R -
154 H & A (A Bk 5 HL 4t 10 HD i L il
B RN 7 B LA BR UL 8 A 2H 2 B RNA, JF
s, cDNA, F|F Primer Premier 5. 0 34, 42 35
AT NS FTO 531 (KY366175) 134 GAPDH 3%
T 31 (K01458) 31 PCR #5519 (£ 1), R
qPCR 5 0 FTO R fE 4 A iy Fik 2= 5. PCR
SNAKRZ K 20 pL Ak cDNA 1 1,10 pmol « L' |1
T W4 1 pl, SYBR® Premix Ex Tag™ (2 X))
PCR 10 pL,ddH,O 7 pL, PCR Jz i %% 4 . il 48 Pk
(95 °C 3 min) ;281 (95 °C 10 ), 3B k(60 °C 10 s),
WEARCT2 °C 15 5) .38 DG . FEANHLURER B 3 4
B BN R E 3 A~TJC cDNA B A .
L.3.4 G FTO 3[R AE i LA BE L A i iy 22
ik 7E 5t FEEL1.81,119,154 F1 210 H ¥ (4
BE4% 10 2L 3k 100 HD Mg ILFDBE LY & RNA, 5%
F i cDNA, FIA] PCR K2l FTO 2 P 1E 805 A
[F] % & A e Mg LABR LA i Rk 25 57 . IO IR &R
ZAFH 1. 3. 3,

1.3.5 st 55t s F o 24 £ b
22 (x£SD) "R 27220 0 St E i PCR s i
T8 — b B, Hod ACT wnry = CTermum —
CToysmm » AACT = ACT (e ga — ACT Gymany « FIH
SPSS 18. 0 4 " 1) One-way ANOVA #F47 B 3
PERS 35 73 BT 2K H] Duncan 75 X% % 41 21[H] mRNA 3%
KT L EE . FTO mRNA 335K F 5 IMF
B A DG PE ST ] SPSS 18. 0 H RS £ AH ¢ H Y
IR B (Pearson) #4743 . 24 P<C0. 05 I, A
HEFRA G E L
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Table 1 Primers for cloning and quantitative real-time PCR(qPCR)
A R4 (5'-3") iR JGR EE/C P BE /bp Jiibzs
Gene Sequence Tm Products length Purpose
S: TTGCGCGTGTGAGTGCTG
FTO 61 1585 RT-PCR
A:GGCTGGAAGGTGACCTGATA
S:GAGAGGTCAACAGTTGCTGTGTAC
FTO 60 122 qPCR
A:CACGCTACCTTCAAGCCTACAT
S: CTGCCCAGAACATCATCCCA
GAPDH 62 139 qPCR

A: CGGCAGGTCAGGTCAACAAC

S. IEXEEGIY: A L EESI Y s GAPDH. H v - 3- T BR i &0
S. Sense primer; A. Antisense primer; GAPDH. Glyceraldehyde-3-phosphate dehydrogenase

2 & B
2.1 ¥ FTO H£E=EE

DLJE RS B2 T J D5 4140 cDNA S B4l 48 PCR 4"
83 3k By N R O 5 P VRS L AR AR 5 U H A B
TINAHAT Y TERE 7= W) 257+ 26 IR BB A B AR W) H R
A BRAAF G 3645 FTO 3£ FF5) 4K 1 585 bp.
Hr 44 CDS X 1 524 bp,5" UTR J§%1 35 bp #1 3/
UTR J741] 26 bp, HZEHISTR TAG 4t 507 %
FERRIR AL . #2238 GenBank R385 5% %5y KY366175,
2.2 #XG FTO B4

ExPASy 7E 4k T. H XX FTO F R )7 511
AL RS S RE R, ZEA S TR
Cog2s Hyors Nyos Orpe Sor » 23 TR &L 4 58. 897 ku, i
SEHL N 5. T4 AR EFR BN 50. 49, SEIK R P2
H—0. 524, UL WA AR KRR 1 . 2R
AR, 5B R (Lew) BT (5 1 B 1 B 5l
12,290 (62 AN IERR) « 7] B 7 1F P £ 119 2 Jik 2 ok Sk
(Arg+ Lys) S8 60, 417 B A fif 19 24 Jk R 5k Jik
(Asp+Glw BBCH 73,
2.3 ¥ FTO B354

i DNAMAN #{F Heoxt & B i FTO 5
JRAS(NM_001185147. 1) Ay #% 15 BR )7 51 — B tE
99. 61% B HIRIFF A 98.82% (& 1), A& %] 6
A0 L R AR CE 2>, 4 Bl e 4T6A > G (p.
Aspl59Gly) ,c. 683A>G(p. Glu228Gly) ,c. 791C>
G(p. Thr264Ser) ,c. 1177G>A(p. Glu393Lys),c.
1345G> A (p. Ala449Thr) 1 c. 1477C > T (p.
Leud93Phe) .

BREIR 6 A A5 T 45 2R R L 8 FTO HE A

20 22 G R (Ser) Wi BRAL AL 13 : 18 I3 & R (Thr)
BERRALAL AL 7 R Z B (Tyr) BB AL A7 i AR 7E 4
A NBEHEAL 7 55 AN AFAE O-Hf kA A7 £ 5 SignalP
A TMHMM #l FTO B G155 kT 51 Fl 5 5
593, PSORT 11 #E47 7 40 il 52 0, & 30 = 2EAE
LRI (39. 120) (AN A% (34. 8 %0) T4 i i (26. 1%6)
R EA Y EAE s A I RE TN B R . FTO A
A —A N i 45 49 35 (34 ~ 331 (L@ He @) —14> C
Uiy 25 14 B (335~ 504 L KW . WK 3;FTO 1
TGRSR N 45 R R 203 (40, 04 %) A S R A]
RETE W oML JE . 77 (15. 19 %) A & BL 1R v] RE & 1 7E
g, 227 (44. 77 %) A~ FE R 1T RETE 1L TG B 36 1l 5
S YEER TS R BN  FTO K [ AE XS | R A | 4
S N /N BRI 55 ) ol ) 1) B 1 45 4 B A 3 1Y
AL (R 4)
2.4 YFhE FIO BRI RS S E R R iRt
S

Wit NCBI Hf Blast 47 2 55 7R [a] J5 ¥ o &
B FTO 2 1Ry 41 5 J5 X% (NP_00117 2076. 1),
KAG(XP_019475299. 1) (¢ 3L 15 (XP_012952476. 1) |
2 Bz %8 #8 (ADH51655. 1) B¢ % (XP_009676702. 1) .
A (NP_001073901. 1) . KB (NP_001034802. 1) . /M &,
(NP _036066. 2), 4 (NP_001091611. 1), %% (NP _
001106162, 1), i (XP _ 535301. 4)., Jf (XP _
003998090, 1) FI3& & £ (XP_001345910. 4) [ [&] I
PEAR YR & 98. 82% ., 96. 08% ., 87. 84% . 96. 45% .
83.83%.59. 06% . 57. 31%.57. 50%.59. 26% .
58.28% .54. 48%.59. 65% Ml 43. 18% . R G i1k
W3 BT 2 W1 960 5 50 1Y) 0% 2% 6 & Bl (81 5) L FF
GRS 22
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Comparison of the FTO amino acid sequences among Tibetan chicken, Gallus gallus, Anas platyrhynchos ,
Homo sapiens , Mus musculus
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Fig.2 Sequencing peak of mutations of Tibetan chicken FTO gene
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A. N-terminal domain; B. C-terminal domain
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Fig.3 Two domains in Tibetan chicken FTO protein

/N6, M
1. Tibetan chicken; 2. Jungle fowl; 3. Mallard; 4. Human; 5. Mice; 6. Pig

1. JECXG ;2. JFAE ;3. kMg 4. A ;5.

B4 AEYFEFIOEAN=FHEHEEE

Fig.4 Structure comparing of FTO protein among different species

2.5 G FIO EREMALRIEERFERIEERDH
qPCR #il FTO mRNA 7E % A [/ 26 41 Y
X F ki (E 6A B, 25 /8, FTO mRNA £
N RS (14 R A 2 R 3 3K K i e s H R A i 41 41
1 2 15 KO 5 e o AR AR S Y T A 4L 8L (P <
0.01) . 7E Jz 5 g i I 20 % vt 77 76 55 5 /K SF- 1
ik HEESAEE. LT RRGAMFHA D FTO
mRNA 3k 8 # & F 0 AL 441 (P<0. 05),
T A H TR B 2 7 A 20 i 2R K - fe s R
B e T HAR AL (P<<0. 01) , HWR 72 f7 F RS i v 11
FEIRAKT- A e R RERR 35 e T A ZH 21 (P<<0. 01D,
i} P 2k 22 5 45 L R (] 6C. D)L Y FTO
mRNA 7 g L i) 2% 35 7K S8 Bl ZE K% i 3 i 2

BT R B A XS FTO mRNA £k
K 2w T AR B (P<<0.01), 1 H % BFi
X FTO mRNA £ik/KF W& T 119 HiR (P<
0.05) Mtk 3 & T HAh H i (P<<0. 01, 7EBR AL
(12235 KBl AE & H I B3 N 2 58 B TS N R
#7E 119 H R FTO mRNA 32 357K 35 31 06 1
HUAR 3% = T Hth H % (P<<0.0D)
2.6 F¥8 FTO mRNA RiE/KFES IMF & 211
XS

R 48 A% 52 36 = i 0 BF 9% AR A5 B BXG IME 3 44
B (81,119,154 F1 210 A Br N BE4 10 FOHPE Y,
FAGK I NG FTO K5 i) 77 3235 45 8 5 X 7 X%
ANV AF % B B L 2 BR L FTO mRNA 3K 7K -5
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ﬁ[ Canis lupus familiaris

Felis catus
98 |
Bos taurus
91
Sus scrofa
100 ——— Homo sapiens

I: Rattus norvegicus
100

Mus musculus

Struthio camelus

Anas platyrhynchos
100 6l * Tibetan chicken
99 Gallus gallus
100 Meleagris gallopavo

Melopsittacus undulatus

Danio rerio

Il 1 Il ! ! 1 Il |
T T T T T T T 1

0.35 0.30 0.25 0.20 0.15 0.10 0.05 0.00
5 NJEWMRE FTO S 58 R FE LR
Fig. 5 Phylogenetic tree constructed based on FTO amino acid with Neighbor-joining method
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S & L LI I 1 [ De e RE Gl LI ICT] Inp b
S 1 2 3 4 5 6 7 8 S "1 2 3 4 5 6 7 8
~ 204 Tissue ~ 2141 Tissue
© . ° .
5 C  FTOmRNA in breast muscle 5 D FTO mRNA in leg muscle
i 515, = 815
X 2 -o- Male Kz - Male
-}j g e T -= Female -%E S‘é’_ -= Female
& 1.0 BC = 5101
= o <~ o
< 2 ¢ < 2
Z 5 A P
2 2051 &2 5
E 20 D E 2
Sz B Sz
- B o
= g
50.0 T T T T T S 0 T T T T ;
t 1 81 119 154 210 t 1 81 119 154 210

H #%/d Day H ##%/d Day

A B4y B F 5 i PCR I FTO mRNA 78 154 H 82 B XS 25 24U i AH 6 3238 1, DL U 3Rk K
XS n=5:1. 0520 JIF53. 4. 55, B6. BN ARNI:7. MUL;8. BRIL. C F D 435l 3R 7R 5 % e 4 K I
FTO mRNA 7EAR A 4F R B (1.81.119 154 F1 210 H %) (¥ 23 15 A Mg LA BE UL AP i AR 0 Rk L DL 1 H 8% 0AS 19
FTO mRNA ik A B n=10, 7 — ML L5 GAPDH fE R NS AN FRER R Z 5 B (P<
0.05) A KRG F B R 2 SR W2 (P<<0. 01 L AH A F B 2R 25 R |3 (P>0. 05)

Figure A and B show the relative expression levels of FTO mRNA in the different tissues of 154 days old male and
female Tibetan chickens by real-time quantitative PCR, compared with the expression level of the heart tissue, n=
5:1. heart; 2. liver; 3. spleen; 4. lung; 5. kidney; 6. subcutaneous fat; 7. breast muscle; 8. leg muscle. Figure C
and D show the relative expression of FTO mRNA in breast muscle and leg muscle of male and female Tibetan chick-
ens in different ages(1, 81, 119, 154 and 210 days old) by real-time quantitative PCR, compared with the expression
level of 1 day old, n=10, and the same sex is compared among the groups; GAPDH is used as internal reference
gene; Different superscript lowercase and capital letters respectively show significant difference (P<C0. 05) and ex-
tremely significant difference (P<C0.01) ., the same letter show no significant difference(P>>0. 05)

B 6 FTO mRNA 75 35 74 [5] 42 4R R 7~ [5 4 4 B 9 Beg AL Fn R AN mh A9 48 3 3= 5 7k

Fig. 6 Relative expression level of FTO mRNA in different tissues and different ages of Tibetan chickens
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IMF & & i 47 A OGP 43 B o 45 2R R WY 03 AN ) &
HIEARPLAHL T FTO mRNA £iEKF5H
IMF & & S AN [A] F2 B2 A A oG, Horp fE 81~210 H %
BOB S Mg L FTO mRNA R3E K5 H IME &
R A OC, FERENG B A ey —0. 457 (P<<
0.05), 7E 81~119 HEEBEAGBRILF FTO mRNA %
KAKE 5 H IMFE & & 09 2% Mo B 2 5
119~210 H &, AR L FTO mRNA FikK
V5 IMF & & 5 8 3 IEAH G (r=0. 601, P<<0. 05),
7T B X D) 2 A5G (3R 2)

R 2 JXG FTO mRNA RiAKE 5 IMF & E/EXESH
Table 2 The correlation between FTO mRNA expression level

and IMF content in Tibetan chickens

9 R B

A e 27
H#/d PRI Sex A1 Correlation P@E
Day Part P value

coefficient (r)

N —0.158 0.473
81-210 i L

B —0.457 0.037

N 0.311 0.497
81-119

+£if —0.151 0.720

Ji& AL

N 0.601 0.018
119-210

£ —0.231 0.495

3 4t i

ik o 55 LBl W 1 B I AN AN 25 S SO B i 2
SRR A 5 5 5 BORE R O i 15 55 2
TG s 1) A A= o T4 BB 0T JIE TR & A B e AR
W AR R R m AR ERN S B E FTO
BHRBEWITAEENLE., EHMREN,FTO &
PR A0 ot Rt R R A A
Ko HEH AT ¥ A L AE XS A R S T i
KL R TE SR i D5 DO AR B VR L #E T NCBI
JEXG FTO 5K 7 50 i 3L ak L, 58 B 4R A5 580 X% FTO
LR 21 A6 0 HEAE XS AN [] 2H 2 A [R) kB B B
sy JIL R TR AL o 8 I 2 3K B0 . 43 B FTO mRNA
TEM LA BR ILrh g 235K 5 IMF & &R Hh
JG 29T FTO He RAE 5800 i A 385 v i 1 1 42 it
2%,

AR 5 AR AF XS FTO 3| 5] K N
1585 bp, Hrffu £ CDS [X 1 524 bp, 4ih% 507 4~44
PR, 5FX (NM_001185147. D FTO # 1 R AH H

TEAEA 6 DNRASL S (e 476 A>G (p. Aspl59Gly) .
c. 683A > G (p. Glu228Gly). c. 791C > G (p.
Thr264Ser) , c. 1177G > A (p. Glu393Lys) ., c. 1345
G>A(p. Ala449Thr) ,c. 1477C>T (p. Leud93Phe)) ,
PR SRR P B 7 1 5 45 S B = e
A, WESEAR L FTO &R0 A8 5o 2 32 m JIE A 1T
UM PRI 2 B R & 2B AR S R A 2 i i
AW 2R D RE T I SR R SRR . B R B R
b5 R 8 (1 BRI B i O K AR
O 45 R B oR L EXS FTO EA 45 B 1k
AL s 4 AW AL AL A, 3X S8 7 i W] RE X 3 5 FTO
FEEMEECEER. FTO HEAM A N i 45 44 15§
(NTD) F C ¥ 45 #9 8 (CTD)™, i NTD 5
AlkB(Alkylation DNA repair protein) Z% ji%& 1 i% 1
rRs AT AR, B 25 K . 12 235 A 5 RE % ik 25 P JL
T2 5 06 W R A 938 I 18 i R0 A% TR 17 43 5 18
29, CTD fgfg 5 NTD 45 & 2 A1 B 4E . n
CTD i R R R 8 FTO H A G
A . W5 78 CTD fEFaE NTD &5 44 i 4L oh BE e
HEEMERY ., EARZSESMXTHER. 8K
LB FTO & H 2 A 8w 0 AL (5
A8 R H LG M R R, AR )T
) P8 L X3 # B s FTO BERAE LB 3 55 6 7L 3)
Yy BEORSF . NHEAE B v s ) DL M 8 2 TR L
) FTO B ANAE W & A R ik 2 2 1, FTO
LR & 28 bt vy B2 DR ST o 1 DN HC A= W) 7 T e vl fiE
EBREWIA DY Z B E —ENER.

ARATHE AL AR PR 9 ) 238 R AU T L ELAR
DIRE ML A ] Bk (1 — T 2F . ARWFIEAE R AR,
FTO B "z Rk TG M 4 A~ H 8, H A7 4
Lrp i RB K P XS M Z 5 FTO %
20 1 P 0 i AR A AR A S TR R A R I I A
JH 2 2R vt A A v 1 3R 58 KO R g Y i 58 O
SR B R FTO 78 2 Wi A 5 36 fT 55X (1 B i
L R A =37 O < RS S N 1 B
)25 RAFFEAL RO R 2 Ak o %5 R 7E 8 25 B Wi Fn
JFHA P R mK P RIATT R S X HLEE R
R BT A . B X R XS AE R —
Pl R e I gh . T e B B O R R4 A
K. FTO TEH A Y H R L3k BAG A F 1 s
T. M. Frayling " #5848 . FTO £ N F o fili =
MRAZ R IE K85, T, Gerken Ml R, Fredriks-
son U8, FTO mRNA F ZEAE K BRI/ BT
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K AN A JE 41 2 rh 3R bR O BK B d8 L FTO
mRNA 3= 2% 35 T 103 5 07 A0 ik 41 2, XL L.
Chen 25U BF 5248 1, FTO 32 23635 T 5 (1 il 70 Jz
THEM A2, & b, Tt 2WA sy ik &g %k,
FTO 38 # 5 22 38 T 45 FLAE &2 7 M 19 T B A X 3]
DL RE AR A 2U8 B . $0R . FTO A] BB 7E I 75 4L
PRfE A R R EEAE A . AR e E Rk
W 7R FTO 65800 [a] —FR AL P 2412 rp e A A2
ANAETEME N 22 5 o {F 78 JXS g JUL A0 5 UL LA AN [R] 1)
FERE R R LA AR T IS T
WLE Al ReEAE 2= 5, C. Song ZEU BT 45 Y, 35 i
RS AR 138 B b FTO 3 [N Ry % 3k B e
1SS i s LR ETO 3P Y 323k JH7E 20 IR
U1 JE R 8 W B B 1 X W T R
R o PO ET R AN [ 2 AR AL ) ISR L A 1 A A
FEE#R 52 m FTO W 3Rik. SR, FTO JEPH 78 %8
[F)FRE ] b Tz ik R S BUR & FTO J1RER)
T3 M BT S 5 R0 e R g s AR R AR e R
fib 25 ) 2 T RE L 3X LR T EL S B2 1 B SO IE R .

W LB P RS HE H, FTO JE R 5 08k & A
KRR IR A — MK K. T. M. Frayling
R, FTO 225 M vl ok 5% ) BMI g 11 7Y
PRI Y B KRS » 2 FTO JE R Y £ 4~ SNPs fif i
5 1 AP R A A B DG T  JG L 8 PR 3 B
KB A 2 W E A 5 FTO 3 H # ik K
59 PR e LR A M o e R R D) A R
WHoE 2B Bl % 3T3-L1 g i 40 i 73 4k i if6 47, FTO
235 KF 2 BT SRS FTO ™ /NEUIE D7 40
B/NH BRI A FTO Fik GEAE 25 4l
P9 i 5 AR 3 A0 A B HE ARD . DL A Y R
FTO J:H v et Mg Wi vi RS B vh R E R AR .
T8 RIZ I 5 Y TMF TR 56 2 L AS BIF 58 0]
XGATE H i g LA BR AL FTO mRNA 3k K -5
IMF & 5 R A7 1 A0 5C 20 BT o 45 R W7 o 00 AN []
HHBAFALA AL FTO mRNA ik /K F5 H
IMF & & SN [ A% B 09 A OC B AEFEPE S 25 0 A
S F T — A LA AP 85 IR 00 %G AL A A B D5 40
SR W 5 X G2 3 ae R 2 35 R T4 T BOR i — 4
W] P 32 e TR XoF i 7 B A T 4 ) B 3wl R 1 1
PL .

4 & it
AR O 1S B MNY FTO JEHF1 1585 bp.

Hifih 507 B  HA — A N ¥ 45 44 5ofn — A4~ C
A . R RIRTE BN FTO LW T 2 £k T
F X 1) 25 A~ L 2 Hp L 7 4l 20 33k K P B i s B
FRTE BR  FTO BT 00 i UL A B8 LR AT AN [R]
() F R AR TR R IS 22 5 . AH AT g
FTO RH B KRIK K5 IMF & & H A A 6 725 1)
M . ARG 45 R 0 I &K B FTO SEH 75
FEONS UL A A 7 0 AR 0 i 3 A e 4 1 T 4 R 5 il
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