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Abstract: In order to study the effect of fat mass and obesity associated gene ( FTO) on fat deposition and embryo

implantation in pigs, the mRNA expression of porcine FTO
Y4 B #:2017-09-22

EE&TE : HFR BT B ARG 5455 X555 H (CARS-
36) ; FZFHE AR5 H (2015BAD03B01-08) ; H % H
SRR ARG T H (31201767 ) 5 TLI 48 AR BHE A 818
FEETH [ CX(17)2002] ; VLI B ) 5 5 R 1w 135

was analyzed by real-time quantitative PCR during fat
deposition and embryo implantation in Sushan and Meishan
pigs. Besides, the genetic variation in FTO coding se-

quences ( CDS) was investigated by cloning and sequen-

H (BE2017324) cing in Sushan pigs. The results showed that during fat de-
MBS AT (1982-) 5 IR 11, BIRFFE 5, M postion, FTO mRNA was expressed in all 16 tissues of
R L RIS EHETTSL . (Tel)025-84391941 ; ( E-mail) Sushan pigs, the expression level in backfat was signifi-
fuyanfeng2013@ foxmail.com, 2% W HE[FISE —1EH cantly higher than that in any other tissue (P<0.01) , and

WIWAEE AF5F3C, (E-mail ) shouwenren@ 163.com expression level in high-fat pigs was significantly higher
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than that in low-fat pigs (P<0.05). During embryo implantation, FTO mRNA was expressed in all 15 tissues of Meishan

pigs, expression level in reproduction tissues was significantly higher than that in any other tissue (P<0.05), and the first

two tissues were uterus and embryo. Ten ¢SNPs were found in FTO coding sequences (15-1 532 bp), and eight ¢cSNPs

could directly cause changes in the encoded amino acid. In conclusion, FTO has a wide function, and it may play an impor-

tant role in the regulation of fat deposition and embryo implantation, and ¢SNPs could become potential molecular markers

for meat traits and reproduction traits breeding in pigs.
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RNase IFAR 082 B 877 ORE R LK
16 MR ZUE (IR i e L0 B I W B R
J N BB IR SR RN T A T SR
TENE), FRHAGERER, LR AR %R
PRAF T IS ZEH9 RNA 421

IR RNAERITFE SR sk A TR 3L
REFBEAFILIEL RIS, L) 3 AL RS (56 S BRR ~
55 7 IR0 AR G TRy A A T AR RN A
B [FTE A SR E RYOK AT T ia AT
RBUIEE . eI AR BLR AT A T B A 5
HEATIRI A AL B, AR A A FE RS ARG IR DL
JE—IRBCA R 0 d T ZERCRPES 18 d(FHE i) #E1 7B
5 RIEA G 20 PREAHZURE (T E R RIS 8 A RA
B T E NIRRT E A ORI R
PR A O AT LS O N B B E
IR ) o FERLSREESS , S RV ALRAT
1.2 EERF SR

F LA TRIzol (Invitrogen, America) (AMV
First Strand ¢DNA Synthesis Kit ( BBI, Canada) .
SybrGreen PCR Master Mix 2X ( ABI, America) Bifl§
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B¥ ( Biowest, Spain) ., DEPC ( KeyGen, China)
Premix Taq (TaKaRa, Japan) ,1xTAE S22 ik N H
e, oA IR0 oA R iR A R w7

PIGEE PCR ¥ 2245 ( ABL, America) BB
JSAZAX (Tanon 3500, China) 54N 6 EEAY ( Shi-
madzu, Japan) 217K ( Millipore, USA) | H 3l1 K
B (TR YXQ-LS-50A, China) &5 ¥ 7k 55041
(Eppendorf, Germany)

F1 3 FTO HEEXKKAER PCR SHTASI 5 5 R R &4

1.3 5|#igit

¥ FTO ( GenBank: NM_001112692) Fll GAPDH
(FFZRERA) 1Y Real-time quantitative PCR 5|4 H
Primer Premier 5.0 X {F i1, Hitp FTO_fat deposi-
tion 7| Y TRENI DI B AF 5% , FTO_embryo implan-
tation 5| TIENG A U6 5T, 519 (R 1) i I
T IEEEFERL (Invitrogen ) A9 F & R

Table 1 Primer and PCR conditions used in real-time quantitative PCR analysis of porcine fat mass and obesity associated gene ( FTO)

519 1P (5'—3")

B (C) P E (bp)

FTO_fat deposition

GAGCCGCCTACAACCTAACTTT 59.3 136

GCTGACCTGTCCACCAGATTT

FTO_embryo implantation GGTGCGACCCATGCTGTGCT 60.0 190
ACGGCCGGCATTCTGGCTTC
GAPDH CCTGGAGAAACCTGCAAAATA 57.8 100

AACCTGGTCCTCAGTGTAGCC

1.4 RNA ZEUS RFFM cDNA

4 RNA I TRIzol/ 58005 7512 IR LR it
FEW, 2 J5 TR R 52503 G EE T (Thermo NANO-
DROP 2000 Spectrophotometer, 3¢ [E) Kl #£H RNA
HPE FHH 1. 5% B BRIEBE P PRGN RNA SEH&1E

RT-PCR HH RT (S %55 ) , i A RNA 4
HLE i cDNA 55— R JH“ AMV First Strand ¢cDNA
Synthesis Kit” 3377 6,21 wl [ #5f  NAK R, 507
Li47, (1) Total RNA 5 pl, Rnase-free ddH,0 5
ul, BEALS 147 (10 pmol/ul) 45 1 ul,70 C LA 5 min,
(2) VK& 10 s, B0 AT 3117 : 5xReaction Buff-
er 4 pl, dNTP Mix (10 mmol/L) 2 pl, Rnase inhibi-
tor (20 U/pl) 1 wl, AMV Reverse Transcriptase (10
U/pl) 2 pl, (3) 37 CHAH 5 min, 42 C R 60
min, 70 CIR¥ 10 min, & IFRV . —20 CIHR-AE,
1.5 SERREEE PCR

Ry T ARTEAE i B AT SE M X6 R SR A LY e DNA
FERATIUAS . T, B cDNA FEACHR R BE
10 f% (5 l cDNA + 45 pl H,0) , & FEA g 3 A8
52,91 ddH,0 1% cDNA B4R S p: 56 B ARG
JE A SR DNA V55,

PL eDNA Jytsidie, 73 5l 7€ £ PCR 434 5 K H Y
FB,20 pl PCR RBAR R A : SybrGreen qPCR Mas-

ter Mix (2X) 10.0 ul, RS54 (10 pmol/L) 4%
1.0 wl, B4R (cDNA Fi BE 10 £%) 1.0 ul, Tag DNA
Polymerase 0.3 wl, fill Rnase-free ddH,0 %] 20.0 wl,
SOVARFFANT ;95 °C 2 min #U3 3)) HotStar Taq BTG
;95 CH#fiF 10 5,60 CHEK/FEMH 40 s, G 40 IR ;
45~95 °C AT 0. 1 C/sHHFTia 2 T
1.6 HESIT

S E B PCR AR A 27223650 ¥,
195 FTO ") mRNA FHXf Rk, WS GAP-
DH ") | R[FZH4UH] mRNA Fik il 2 Sk 3%
JKVad sk SAS 8.2 it AT GLM 43 #r, 45
P/ IR bR ifE 22 RN
2 RS0
2.1 RNA REER

HAVRE IR B RNA FI 43 606 B - 2
Y OD g/ OD g A5 R KHFAL T-1.8~2. 1, R4 L
[ RNA Ve B R T 40 4 i , BEMLIE IR 8 P4l 21K
PRI S RNA R 17 B B0 R kA I, 45 2R 1 7R A
RNA 7EEEE I R th 2 2535 M 4547, 20 51k 28 S
F118 S tRNA, H [ —ZHZURE R 2 255 10 I B 1 L 1
(28 S/18 S) KHPALF1.0~1. 5, FHH B RNA JEA5¢
#% ] DL S 2 R Sl Real-time PCR {56 11
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7. BREE(0.91) | Jili(0.89) HBIE (0.86) . FEWM
JBE(0.83) KM (0.66) , FE 1A (0.65), FH &
(0.64) JB(0.57) . EBE(0.50) . (0.42) F/N
(0.04) , Horp DREL FrOpAs | FE P IEAE B4 41
R R A i THAB A LU (K 2)

FTO

GAPDH

i H b it gt

TEMR FES OWE Kk

188
28 S

PVEVEURI RN AN TN RN 7N A P S 3 NS

T

E1 FAEEALSFRIA S RNA B 1.5%37 5 15 5 5 B ik i
#R

Fig.1 Results of 1.5% agarose gel electrophoresis for total

RNA extracted from different swine tissues

WOE TEAK N

B2 FTO EREHLEFRHLAFH mRNA RixE
Fig.2 The mRNA expression level of FTO in different tissues of Sushan pigs

5EHE PCR (Real-time qPCR) Z5 5 %M, FTO 1
mRNA 7E75 IR 55 40 5 Rl SURE th i 3447 63,
AHG I O LV T R KNLAUF, #8 mRNA %
kil R BN ARARHE Jy IR (9. 44) (O NE
(1.00) B JWE (0.92) JHHE (0.20), ¥ ;& KL
(0.08) s millEHE N W IR (10.59) LOJIE (0.85) . F
AL (0.81) HAFAE (0.58) BAE (0.51), %2

4 (s

FTO mRNAZE A+

RRNG TR 2253 B3 (P<0.05) .

FPRG TR L5 AT, T IE T ) mRNA Rk H i
e, ELBR 25 THABAR 412 (P< 0.01) s B K
WL Y mRNA ik &, e HE & K TIRIEH (P<
0.05) (& 3), FTO RyFiA Rk, BE NG & e,
MR LTI AR A ABRAR (36 2) , FTO 1Y iR RIB T
PRIERE BRI DTN

FTO mRNAZE % H:

B3 FroZREHLETEAALKEPHEE PCRER
Fig.3 Quantitative PCR results of FTO in different tissues of Sushan pigs

2.3 FTO 3 EERE BT 72 A mRNA RiX
Real-time quantitative PCR 253 7~ | IR 15 i A2
HI (AEURER 18 d) , 7EMELLAE 15 R UM rh 3G
M FTO FER A mRNA ik, #305 B O\ m 2K,
WU FER IR R B, T8 NS T
BN EEE R A O R A R B B

AR O TR L, FEXSEALIE R, T
A WG 75 PN RS R AL A5 I R A 5 R O S 4
HAFEH mRNA 3k B & T HMAZHE (T
FEMBRAN) (P<0.05) 3 i A I i BAHAE 300 25 A 21 20
Feig FTO B FEHEH A,

FEN,FTO 16 F B 41 20 v 19 3 1k i HE 4 2R



A WS AR W DURR ARG BB FTO JE TR A 283k B il Ak 58 A8 A 595

= AP RA B R R (K 4) KRB FTO
mRNA IR TR i B AR 5 o e 4% — e AR T, 9
PERACAR AT REE T o ii-2 (A4 il . 55 4, FTO

®2 AT FTO RiEHRBTE LIRS TARE X P BTIEAR
Table 2 Meat quality traits related with fat deposition in Sushan pigs for FTO expression trial

TERE R DR T VR i B AR 7 v e B S 8 A
IR R IR, RIWHAER) 2 R E R AR
URYRAERS 5 T5 T AR HEARE

HHEEE (em)

e HR LA AR 98 IR KIELFE
) (em?) (%) - - - Ei 5y
cm ¢ JA R R Ab i M 235 Ak MR ERESS A Ak =
R 48.52+3.57b 49.42+2.39b 5.20+1.21b 2.70+0.56 3.20+0.80b 4.72+1.33
6§24 61.86+2.46a 56.62+1.35a 3.90+0.53a 2.40+0.46 2.10+0.48a 4.71+1.12

[ —3EdR G ARF/NG R R 2ZE R B3 (P<0.05),
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Fig.4 The mRNA expression of FTO in different tissues of Meishan pigs during embryo implantation

24 FTO HEZEBRTET (SNPs) B3| EBHIE

AHIE G e B3, 78 51 Sk IRl g B bR
MT FTO 465 ¢ 5] (BRI CDS X, Ju [l 15~ 1 532
bp) b A BARE R 5738 (cSNPs) |, I X i3k #6575 5 |
2 FETR AT 1 A8 AT T 40 B, S5 R R M, 7Rl

®3 FHULBEEPRNEE FTO EE SNPs R H5 B EERRET

¥ FTO %% )% %) ( GenBank : JX873956) I3t % 3t
10 4~ ¢SNPs 4R IX N : G524 ( FTO ¢DNA J¥31%45 52
PPl G—A 78 A227G . C523T .C608G . G628A .
A655G A810G . A886G .G1002A 1 A1344G, % 10 4>
cSNPs 70 A T4 1 553 54 56 B /b ¥ I H
A 8 NRASE T gt @ MR AL (£ 3) .

Table 3 The cSNPs detection of F7T0 in Sushan pig population and amino acid mutation caused by ¢cSNPs

AN [ RALH B te KI5 RAEHI)E
Kt I s Je A ShET CACEE AR
G524 52 G—A 1 GGA—GAA Gly—Glu
A2276 227 A—G 3 GCA—GCG Ala—Ala
C523T 523 C—T 3 GCG—GTG Ala—Val
C608G 608 C—G 3 GCC—GCG Ala—Ala
66284 628 G—A 3 AGC—AAC Ser— Asn
A6556 655 A—G 3 TAC —TGC Tyr—Cys
A810G 810 A—G 4 AAT—GAT Asn—Asp
A8866 886 A—G 4 CAA—CGA Gln— Arg
610024 1002 G—A 6 GCC—ACC Ala—Thr
AI344G 1344 A—G 8 ACT—GCT Thr— Ala
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2.5 FTO £ 3 5bBF ¢SNPs B EFE N E F B =R

3 ELHE R ARSI T 51 SR I R
) FTO %5 3 48T 9 A9 4 4~ ¢SNPs (A227G
C523T .C608G Hl G628A) ., 4B (% 4) W, 7F
A227G F1 G628A i i YA I 2 3 Ffr 3 DA AU 17T AE

C523T F1 C608G i 5 35 HAR I 2] 2 Fp LAY R
(X)) K aE I A227G . C523T F G628A fii
AT, ) 5 R R 35 [R] TR A3 2R A Ak i A Q-3 A A S i 43
i, 1M C608G A7 pii, U 4k 5 AR - AV AR AN S A5 43 A7
(P<0.01),

T4 FHUBEEBEDKRNBM FTO EE SNPs (i 2 HE E R F & FH B i

Table 4 Allele and genotype frequencies of FTO cSNPs in Sushan pigs

E E %
AA AG GG CG CcC CT TT A G C T

A227G 51 0.59 0.35 0.06 0.76 0.24 0.03

C523T 51 0.96 0.04 0 0.98 0.02 0.02

608G 51 0.06 0.31 0.63 0.37 0.63 11.64™

G628A 51 0.98 0.02 0 0.99 0.01 0.01

X2(df=2) 01 =921, X2(df=2) 05 =5.99; ** FREFM L E (P<0.01),

3 1T 8

JE W7 U AT LA e 5 15 R 5 | 3 B A LA A T
B 8 AR AE P BIR T ORI B T LA i o
FEAT B S AT B B R AT BR AR B T
AR B R v | B PR R 3 3 I 4 4
FAEYFF AR K, 58N G B & B — 2B ]
552 M 545 g 17 R R 8 R 1 e e R PR i 4
TR BRI T TG AL Z AR FE R (PPAR) 7 8%
ZARIEN (LEPR) V" R4 E A 25 £ BEAL B
(SIRTI) ¥ 45

FTO TEX5 R Wi DAL 72 P 1) mRNA ik 45
T IR 16 Rl 2L 3R E] FTO 1) mR-
NA ik, PN i e 18 & die iy, A 8 35 v T3
AR HZL(P<0.01) , W] FTO fEH iz, H £ %
5 BRI UTRR L 2 R AR s RS e KWL i
mRNA Rk, @ 55 W 2 K TIRIE ¥ (P<0.05) ,
YLH FTO LR (1) 155 22 3 1t 5 0 Mg 1D DT FR i 222 1E AH
XK, B FTO (b G A TR DR, 7E7E = 5 &
HR/NEUE T BSR4 R BRI DU 3 FERLIA R
filg BB RO FR 4 GE FTO B mRNA, H 4141 17]
KA LEREE (P<0.05) " TEIM 22 BG4
Frp EREFEAR T A S A FTO mRNA
FEREY | B 4~ 8 JEIL e A K Y
PN F i LA B | 52 AL A5 2H 2R v e i )
FTO 1) mRNA 23k

FTO TEREWR NG FEAR 2 72 th ) mRNA ik 45

FHH IRRRBIAE A LR 15 B2 ZURE rh A 2]
FTO J:H 1 mRNA 235, HZG 4 Rk 2 i
EE T HALAZ (T ERBRIN) (P<0.05) , 1 i 2
TN, 54 FTO ¥E T Bl i ik = HE 4
5=, AE TR TP A Rk X ULER FTO 1R 7T fES
1F T Fr il - AR -PE R AE A VR IR B AR R 45 b 4R
HEAVEH ., Bassols &M, AW FEHL P FTO
) mRNA ikt & m THMAL, H FT0 515
FP ) R e A S R T 0 4 R LA R e R
AL FER B, SR YR IC Bk B LA T )
WHAE R, 6T Fr i A0 IDE A 28600 ) 5 =5 1 FTO
mRNA Fikim " | fER R A, 480 FTO
(2R U I AT BB 15 IN IR AR LA K Z [R1AH
HEERMPFRE

FTO 1) cSNPs [ 5|8 1Y 28 2 12 28 748 53 Mr 45
T IR FTO 4fi%J7 51 (15~1 532 bp) B3t A
10 4> eSNPs 5872, Horp fy 8 S E 45 1 T St 2
SERR AR SR S g8 A n] g S iE— 20 g | R L T RE
FIAEAET S 55 40 2 A cSNPs L AT AEH 1 14 B - i
55 L BAIR A 57 s AE AT [ 482 5 1
PR R 1 2 K H R A AR R FTO 56 3 4
T-H 4 4> SNPs 7E 78 LG RE R 2RI 51 2 Fp LA T
AR Y, Ud W LR 7 5 L i | A AR A ey
TERERE T S SE AR TR O RN AR R R e SR A

25 BIR K FTO 52— D B RB M HEK, 7E
AT B OB e B e AR I 4l 8L 23k IR
BRPAFL RS B0 A TR IR AR B A 4P 3Rk R
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