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Single Nucleotide Polymorphism of H-FABP Gene and Its
Correlation with Meat Quality Traits in Merino Sheep
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Abstract: In order to analyze the single nucleotide polymorphisms ( SNPs) in the extron 2 of heart fatty acid
binding protein gene (H-FABP) and its relationship with some meat quality traits in Merino Sheep ( Ovis aries
var. Merino ), and to provide a theoretical foundation for the marker-assisted selection, we measured
intramuscular fat (IMF) content, muscle fiber diameter and muscle fiber density of 150 Merino sheep, and
used polymerase chain reaction-single strand conformation polymorphism ( PCR-SSCP) technique to analyze the
SNPs at the exon 2 of the H-FABP gene. It was shown that the exon 2 of H-FABP gene displayed AA, AB and
BB genotypes. There were mutation of 939 ( A/G) and deletion of C in both AA and BB genotypes, and 789
(T/C) in BB genotype, which led to valine convertion to alanine. The BB genotype was advantageous genotype
of IMF and there were significant difference between BB and AB (P < 0.05), and extremely significant
difference (P <0.01) between BB and AA. The correlation of BB genotype and muscle fiber diameter was

negative. These results indicate that the exon 2 of H-FABP gene of Merino Sheep shows polymorphism and that
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H-FABP gene may be a major gene or a major gene-linked gene for meat quality of Merino Sheep.

Key words: Merino Sheep ( Ouis aries var. Merino) ; Heart fatty acid binding protein gene ( H-FABP) ; Single

nucleotide polymorphism; Meat quality traits

g Wi B2 45 & & 1 (fatty acid-binding
proteins, FABPs) ZZ7% /2 4l Al 5t PN %) i J TR 45
BHEME A 1L S F 2R, 25 Rl
B FABPs ZEAYIih 4 AR HF1 3 SN
TAL, IFAEAR ALY A 3R 15 (Niewold et
al. 2004) . WFLIPI AN FABPs 193511

& T RS RE S eSS S IR R , Bl R
Z: 5 40 AR 5 R iz i i B AR RE A AT
200 R P 0 D T e 5 2 00 B v I R B9
DURR, M #2 &5 WL AE WG (intramuscular fat
content, IMF) 5 #& ( Ockner et al. 1972,
Kaikaus et al. 1990, Cameron et al. 1991,
Veerkamp et al. 1995) , HH F 2 F FABPs F
PRI IA iy 2 W 7L 3 00 PR T R g 9 o 12 s A
(SCH1IESE 2008) , RIC B R TR 25 A 23 1 3L A
(heart fatty acid binding protein gene, H-FABP)
IR 15 240 Jie 754 g I i 225 5 3 11 36 A (adipocyte
fatty acid binding protein gene, A-FABP) , v
ZAF(2009) LS ANERE(Ovis aries ) Bl SC 5
L, R & i a2 B B M B 23S
( polymerase chain reaction-single strand conformation
polymorphism , PCR-SSCP) £ R X} H-FABP % [F
M2 NS T 2 BRI ST TR R
Z &% (single nucleotide polymorphism, SNP)
REr K gt A 22 503 A, G5 R R, 31X 2 M A
FEAEZ A GEAR , AT LAk — 20 A Ay fie i B A
e 3 A H 5 WU IR s 2 s PR A DG IR, T
4 ( Bos taurus) ( T 5.5 2008) ¥ ( Sus scrofa
domestica) ( WHRAESE 2011) MRS ( Gallus gallus
domesticus) ( F =4 2007 ) 0955 ¥ A 25 M
g

R ESE R GLE (0. aries var. Merino ) &3
H 5B B4 d AR R HE 9T AR
T Z i (5 2010) F1E MR (R B
55 2012) 100 A BT HOIR BIE ST AL D AR SR
1 PCR-SSCP J5 i #F 5 Hh [5] 5€ M 40 /Y H-

FABP J:HAN B+ 2 T 75 2 80, 00
H5 P PR A A S | R X A SR A 5
M) F4 P 345 5 DR B SR st AR b, i i R 4 =
135 15 16 B R S Bl

1 BRI

1.1 KIAfiE R ASEE T 2011 ~2012
SR 1 R SR 2 B sh W ist AL B b ok
BT,

1.2 SEIeArH

1.2.1 SEERREA 150 H2 ~3 B e ESE
FILCE (A6 B BEES4 B 43 HECR A
ARG & B (7 9R A 3 A 57 B A
—HARFEFIT) . B HFREDEEIL 5 ml
DL KL 20 g, —20°C HRAF .

1.2.2  FEEGH  HEEE K, Tris (A5 A
S TOERE . N-N" I FH 509 I 19 i . TEMED 11 F
B 3 R AR W) B R A BR 53 4 28 5 Tag Plus
DNA Polymerase (2.5 U/pl) . dNTP Mixture
(2.5 mmol/L each) .DNA Marker I HEigHH
HEME DNA [ & . pGM-T e R i) & 341
H Ao RAR AR AR A BR 2 w5 B b (74 BE
7 Biowest) ,%%%E%’?%ﬂ%ﬁ( MR EAEY
FHEABRA ) s IPTG (5[ Merck ) 5 X-gal (12
Merck ) ; R F R (2 [E Oxoid) ; FERFEEUY)
(9= Oxoid) ; BEAE# (Japan) ; A7 . 55 N BE
O AR SER R A el e SR = g —
WA

1.2.3 FEAUL KREE®BEREEON
(Z36HK, {# [ Hermle ) ; il ’K L ( AF100, L ¥
SCOTSMAN il vk &G A R A ) 5 BN T H
FTAEGR (Y)-VS2, B8 — b ik s A IR A
A ) 5 AL ARE IR PR 7 KA ( DKZ-2, 1A % S
WRARAFD) FRERHEIKAL(DYY4, Jb5T
N—ALER ) ; PCR X ( Tprofessional , i [#
Biometra) ; #% 2 & [ £ I {X ( DN-1000, 3%
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Nanodrop ) ; Multispectral Imaging System ( BioSpectrum
Chemi HR 410,35 [F UVP) ,

1.3 EIAH*

1.3.1 PCR-SSCP

1.3.1.1 JE[N4] DNA $2HC SR & AR -
AT (BRI B vn 55 2002 ) M4 I H 4
HUHEPRIZH DNA 0. 8% 35t 5 W 358 JKC F, Dk A ) 42
WSURCR, A% A8, A A SO JH 4 32 Rk 2 i e
250 ng/pl &H .

1.3.1.2 5t 56 4 GenBank 2
it B9 48 % H-FABP 3t N 7 5 (& & 5.
AY157617. 1) ,ffi [ Primer Premier 5 ¥ {4Fi% 11
HNETF 2 (P X 3R 754 ~968) B 51 ¥ 5,
9514 :5'-AGC TCA TGC TCA TAC CCT T-
3 FiF514:5'-CAA CTC ACC TTG ACC TTC
C-3", bR 7S A e KL R e 0y A7 BR A
A, P R BRI 215 bp 3B KRR 53C
1.3.1.3 HMH B PCR ¥ R 25 w
PCR [ W & . 10 x Taq Plus Buffer 2.5 pl,
dNTP Mixture(2.5 mmol/L)2.0 pl, k. FiE5l
¥1(10 pmol/L) 4% 0.5 wl, DNA B 1 ul, Taq
Plus DNA Polymerase (2.5 U/pl)0.5 wl, iIK 5
ddH,0 % 25 pl, PCR ¥ #4544 .94°C FiAE 5
min ;94°C 251 30 s,53°C 1B Kk 30 s,72°C ZE{H 30
s, 435 PMEFR;72°C LB 10 min, ¥4
2% B E ARG G HL VARSI LR S 1, - 20°C ¥R R
A7

1.3.1.4 SSCP 73t H(3 pl PCR 7“¥1in7 pl
FEZE v [98% H B E, 0. 025% TR B i,
0.025% — H 2K %, 10 mmol/L EDTA ( pH
8.0),2% Hi IR A ,98°C 28 10 min , i H pk
W10 min, BRETF 129 B2 1 5 V9 M5 Ik g 15 i
(NMEBERE = H OB N i =290 1) HHLIK
FL YK 544 300 V FHTHL YK 5 min, {4 S EREA
5 = E 70 V HLPK 12 ~16 h, HLIKZEH
S RS IR AR e €0, Wb 05, 25 B K Uk 2 3, 90
HRORAE

1.3.1.5 4if Tkl 5Ny RIEN
0 TG i R e P Dk 5 SR, o EL B A R 2 S Y
AR AL G LR A By, H PCR 734 7= ) 4

DNA &lifb [ 7] & 2l Ak, 3% 38 pMDI19-T %k
A, e Ak DHS o A2 A5 4l L, i i | PCR %528
FEAE s b, B ik b s 7S G AR R IR DA BB I 4y
AR EF
1.3.2 PRSI E
1.3.2.1 JWUNBEW & aile SRR K
HMENNIEN &5, 2% (A5 A6l iE R
NGV 25 & 5 I 5E ) (GB/T 9695. 12008 ) , fifi H
ST PE YA RrURERR T o B I
3, L BEAE A S WL AR D & /., iR
P A IMF = [ (H2 IR D7 AT P FE i S - 42
BN I fR R o L) /B OIS T A T4
[ | x100% ,JHETY B IMF &5,
1.3.2.2 WIEF4edHBUerEE 12 ~13 i
WA B L, M LEF- 2 T3 ) V1A 3 em x 2 em x
1 em BB, 4% B V5 W 181 2, 22K i
Bl RN AR LY A (JREE 16 wm) U
H.E Je0 HE BRGNS 3 A, T
O 0 s OSSN E DL N R R
WLEF4ER . 7F 10 x 10 £ B T, X4
ASFE AR 20 L EF K 5 b N LT 2 AR 25l
SE(CRTMETARZH 0. 25 mm?) |, 54 515951 45
VKA AL, WIAF4ETR AR . 7E 10 x 40 £
WA T R AN 2 5008 X A 4 T
100 AR ATLET 25 A Uiy 1o AR Ay 4 1, 3 T A 1Y
R AR B39 . ILET4E BAR AR PR ILET
A AT BRI LA 4 2 BRI, iR B AR A
ACRAFIEF 4 542,
1.4 #HEFGITHH IHE D EEHBE H-
FABP FE R AN 1 2 {7 15 1) 85 o7 B PRUSTR | E
B R 2 B fF B & & ( polymorphism
information content, PIC ). ff & Z& & &
(‘heterozygosity ) Fl A %5 55 i H [ 2 ( effective
number of alleles, N,) . [Fi 78 &2 455
Bk S FEAARTE IZ AL 82 T AL T Hardy-Weinberg
A ST A [ AL, ] SPSS 13.0 43 A
ANTRI LA XS (A PR y = + H, + S,
+ Gy + e, Yy A TEREAE w9 PP
ARAY /N ZFIIE, H A, S, 2 P 51 3L
BL, G A HEP IR e, B 22 R,
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2 RS

2.1 EFEADNAMKEMAEE HHN4A
DNA Z4% IR & AR A L A/ A, THAL T
1.6 ~1.8 ZIa], fFE S 20K,

2.2 PCR ¥ ER PIKLLKHFILHY

DNA WMz, ¥4 H-FABP 3L A 5T 2 343
FEB (PG 754 ~968) | PRI 4 2% BifiE
R J L PR R, AR A5 TR R B R/ N— B0
TP (215 bp) A IO (B 1) R vk
FVRE SRS, AT R4 T SSCP 4347

1 2 3 4 5 6 M

=

200

100

E1 FEZEFINE H-FABP EEE 2
S5NBF PCR 4R
Fig.1 PCR amplification products of H-FABP
gene extron 2 in Merino sheep
1 ~6. RNFAMER) H-FABP 2
552 ST, M. DNA 23T HEARIE L
1 6. H-FABP gene extron 2 amplification products of
different sample individuals; M. DNA marker I.

2.3 SSCP R4 #

2.3.1 FEHEABPHE 4 H-FABP 3£ 5k
WA 2 YA B EZ SRS BT 3 Fh
FERA o 2 Bl A AL Bl o AA BRI
BB 1 e & AE o AB BI(E]2)

2.3.2 4TIV RST MirsRas
NCBI B35 AY157617. 1 W)F 5 34T LX),
KB AA BIFE 778 iR T C i’k 939 fi k4
T A—G 45 (# 3) ;BB B (fz ) HAMUT) 16
778 ik AT C BRI 789 kAT T—C
2,939 (P EAET A—G #H(E 4), 5 AA H
FHLE, BB A 789 fi KA T T—C #4 (&5),
LR SRS IR R E T WA RN AR
R (8 6) .

2.3.3 T EFERMLEE H-FABP 3:HANE T 2

AA BB BB AB AB

B2 HEZXEFNF H-FABP &R
5MBF 2 PCR-SSCP #illl 45
Fig.2 PCR-SSCP genotype results of H-FABP
gene extron 2 in Merino sheep
AA BB Fll AB 7 3Ifi3 H-FABP 34k
BT 2 9 AA BB Al AB SEHA
AA, BB and AB are genotypes of AA, BB and AB, respectively.

PG Z AT ARSI b b [ SE R AL
FREARIETT 150 H, JEH A4 Ry AA Y
0.146 7(n=22) ,AB %1 0.593 3(n =89),BB
#10.260 0(n =39) ;A B 2557 L R 43 51 Ky
0.443 3 f10.556 7; 2415, KA {EH N 9.08, /)
FXloor, =9- 210, KT x%) 05 =5. 991, KX
BEARLL T Hardy-Weinberg JEF 7R 2%, X 7T 68
JEHTREA /N, OB BRAS 2 S 285 K
pu= NIV

X} H-FABP JE[RANG.F 2 M fE 2 REvESS
Ptk A7 43, A a5 45 BE (Chomozygosity ) N
0. 506 , 3 /5. 4% A B ( heterozygosity ) M 0. 494 | 5
BN FENB(N,) H 1.975, 285 B & =
(PIC) 9 0.372(0.25 < PIC <0.50) , ~ 1 J&F
2.4 H-FABP ERNEF2URERFEEERH
BREIREIME X8 R SPSS 13.0 # 4, Xt
AA (AB I BB 3 b3 AL 5 LN B G &= L
LT Y AR VAT 4% 22 B I AR e M AT S it
OIHE, AT A R 1,

H 1 W1, BB B LA R D5 2 2 A e 4
FERA 5 AB BIAH L 22 H W (P <0.05) , 5
AA RIAH 22 50 35 (P <0.01) ; AA HUFT AB
BZHEZFAEE (P >0.05);3 Fh3E K R
WL BB & P Y (/MK BB > AB > AA,
BB ABUXT AT 4 HARAFAE ARG, 5 AA BUAH L
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778 939
AY1576171 CCCT CCTGCCCTCAGGTGTCGG ACCACA GCA GATGACAGGAAG
GTGTCGG ACCACGGCAGATGACAG GAAG

AABRFER C CCTIC TGCCCTC AG

B3 AA EFRBFISH
Fig.3 Sequence analysis of AA genotype
5 AY157617. 1 JF8I X, AA BUFE 778 i kBT C e 939 i KB T A—G i,
Compared to AY157617. 1, there were deletion of C(778) and mutation of A/G (939) in AA genotype.

778 789 939
+ + )

AY1576171 TCCTGCCCTCAGGT GTCG GTTT CGATGAG ACCACAGCAGAT GA

BB R EANTF TC TGCCCTCAGGCGTCGGTTT CGATGAG ACCACGGCAGAT GA

BBEIFLER AA ACCGACGCCTGAGGGCAGA TCATCTGCC GT GGTCTCATC G

|
Mﬁf n
’ ) M

4 BB EEBEFFISH
Fig.4 Sequence analysis of BB genotype
5 AY157617. 1 FFBI LT, BB B (S HAMMNIT ) 778 R4 T C 2k 789 (i kAT T—C #4939 [k AT A—G el
Compared to AY157617. 1, there were deletion of C(778) and mutation of T/C(789) and A/G (939) in BB genotype.

5 AA 5 BB EEZ DNA 55 LL 3
Fig.5 DNA sequence alignment between AA and BB genotypes
5 AA BUMILL, BB #UfY 780 (i k4T T—C 4, Compared with AA genotype, there was mutation of T/C (789) in BB genotype.

AAZIDNAKS]  AGCTCATGCTCATACCCTTCCCTCTGCCCTCA GGTTTTGCTACCAGGCAGGTGGC
ANRIEHMFS] 8§ 8 ¢ 8 Y P S L C P Q S YL LT GCRD
BBHIDNAFSY  AGCTCATGCTCATACCCTTCCCTCTGCCCTCA GGTTTTGCTACCAGGCAGGTGGC

BBRAHEKTS 8§ 8 ¢ § Y P S L € P Q S VLLP GRE

6 AA 25 BB RVHSERRF 5 b XY
Fig.6 Amino acid sequence alignment between AA and BB genotypes
AA %15 BB B 1] 789 fii T—C HYFEH T B it 2 LR K A T WA R — N AR A B it
The mutation of T/C (789 ) between AA and BB genotypes led to valine convertion to alanine.
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®1 H-FABPNZF2 EFEESHRMEREH
BINZFRHH
Table 1 Least square means and standard errors

between genotypes and meat quality traits

/N A +

PEIR FERA R FrifEiR
Meat quality traits ~ Genotype Number Least squares
Mean + SE

WL RS IDG & (% ) AA 22 3.941 +0. 135*
Intramuscular fat AB 89 4.214 £0. 070*
content BB 39 4.417 +0. 100"
WLEF4E 4% ( um) AA 22 32.829 0. 436*
Muscle fiber AB 89 32.158 £0. 225
diameter BB 39 31. 878 =0. 322"

LT 2 5% B ( AR/ mm? ) AA 22 677.652 +0. 172

Muscle fiber AB 89 677.304 0. 166

density BB 39 676.585 +0. 138

i EARARNG FHRFRERBF (P <0.05), A
KREFRFIRE W BFE (P <0.01),

Different lower case superscripts indicated significant
difference (P <0.05), and different capital superscripts showed
extremely significant difference (P <0.01)

ZREE, 5 AB ML ER AL E; AL BLY
AB R[] T G 2P 22 S 5 3 ik DR 7R ) LT 4
BB K/MRIK AA > AB > BB, TENLEF
e B R b 25 RN R () G B S 22 5

3 3 i

3.1 H-FABP EFEZ M5 RRIEREXH
3 H X H-FABP 3:H L2380 K 55 A i
PR Z B RBIR O A KREWRE, #3074
(2006) G Zh ¥ 14 5% H-FABP 3:H N &1 3 1
2JFH, FERER S I 5 #5171 PCR-SSCP 43 #r,
Rz 2 A5 SE A B Hl 3 Fp LAY AA
AB BB, J¥ 810 % 45 5 3 W2 o7 45 0 722 S5 2 1
T A—G G Y . X T H-FABP %
5'- LI IXHINES N & A X AL AR S
HXT IMF 5 12 138 % 2500 it 58 A A e 0 (D T2
AR 2005, Hi R B0k B A 2008, O A
2008), CHTIEZE(2008) Xf 4 H-FABP J&[H 5'-
Padas KHEATITSE , R L 136 17 S A T Bl L A0 4
AR 142 P KA T G-A el Ao 45
RERW, HZBA S5 Y] S AA Fl AB BB
FEP Y E] 2 S S, B L DR X BT 1 A IE AL

N7, A SR HAFAE RN, B H-FABP 1A
XTI o BB A Bk 2 S e, R R AR A (2010 ) BF
SELE R H-FABP J£IH G +926A i 5275
55 X0 it LR A I % o 22 W 8 3 M K, 14 bp
AL S 70 HiRA 84 HIR AT S LK
PR B AH S IR 2B I 2 A e K F-, € + 2851 T
57 25, 55 168 UKL B M 7 2 B 3 A O, K H-
FABP PR ] LIS IMF 45 A J5 MR 10 42 306 L
o A% (2007) 2 BYEF H-FABP J:[K 551
(B AY157617) , FIF PCR-SSCP £ AR 43
Br T 262 3k J8 % BeAb F 4510 2 ( Capra hircus)
H-FABP JEH SN 72 22840 R 54 K
MAAPEAR (006 2, 45 5 & BUAF7E AA (AB il BB
3 FhILHEAL ANE T 2 3R 22 i AFTE G—C %
A5 SNPs 3 BUH AR (G) 2748 ks AR
(R) , AR AT BE S 18 g 3 3 PR AU B AL 14 4%
LW 2EAE AR S I A otk A e 22 S 0 D
R, 38 45 F S8 52, N [F) sl ) b Bl H-FABP
R Z XA S N 2SS, H5R
JEERAE A 25 AR S

3.2 AXWHER AR ESE R
. H-FABP JEP AT 2 (R38 50 7 91 kA7 PR
TR Z AT, R 34 B BAR e 2 8
A HiR AA UH BB BUfY 778 it kAT C
J X TE GenBank H A WA FHFIZ5 5 ; 7 AA #Y
1 BB AU 939 (&4 T A—G [ R R
A5 3% 5 GenBank | BB A 45 RAFT; 5 AA
I, BB A 789 fiik KA T T—C 1) 6%
FLAR | iR 3 HUm A A LR kA T 8
FR— TN 24 R 1 85 s A R 2 - 511 F H-FABP
FERANE F 2 2R DA IRIE, Bk
LT GEAR (AR NIEE 2007 , F7 1 % 2009) ,
(LD iy o s 7 08 DX IS (] 1 28 28 AN ], AR S 56
7 E SE RN O TR K BRGSO S R A DA
b SCHRFR B, I 2 55 B i — 20 B0 i I 5%
AL RE AR AL,

3.3 IMF&E5RMmERMR  FRMHIAYL
Hpe T Ja (A AL A A9 50k A €, LS5 LR %) i
R D& INREOR - AR N S|
RAK, Mg RRW IMF J& I8 UL A XU
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() SE TR T, 55 PR TR 1 R TR AR G
SRS RN EREYIADG, BRI T IMF
(1) 25 e 5 o TR P BROEE XU RN 22 3 (H
T IMF & 5 76 1 R v i A — o i B2
R, 7520 A1 FH DNA Aric 4 Bhase £ 2 5k 45 il
IMF B, %0 HHEAT 2 &, DT 35 214
IMF 5 52 R0 PR S 1Y E bR 2 24 1 7 ol
RSN S, ASLEE X H-FABP %
PRI A T 2 A7 et i PR RS 5 ) o MR A 7 A
SyHT, K IR BB Bk L BR 17 & ) AR 4 AL
AL X ILER4E BARAAAE SR DG, B8 HEmT 4 L
PRI 11 B R 22 4

3.4 KIRLEIL AW IR KW, H-FABP %
PRI ] S8 R 100 PR B R — s, ml
DI A s ) v 1 SE R 0 LA B 7 25 2 i —A
FE R0 PR B8 PR 5 AR ) 8 R R I ( quanti-
tative trait locus, QTL) , 7M. F 2 X BB JE K 7l
X B SRR ) A B AT —
5 £ X
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