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ABSTRACT

The bovine fatty acid binding protein 4 and 5 (FABP4 and 5) is a major positional and physiological candidate gene
for the bovine marbling and carcass weight. The aim of this study was to evaluate the association between economic
traits of Korean cattle (Hanwoo) and genetic variation in fatty acid binding protein 4 and 5 (FABP4 and 5) genes
within carcass/meat quality traits and the before/after of fatting in breed Hanwoo. Here, we characterized the
nucleotide polymorphism of FABP4 and 5 in 86 cattle. We were detected the variability of three types (GG, AG, and
AA) by PCR, and economic traits were analyzed by the mixed regression model implemented in the ASReml program.
As the result of statistical and supersonic analysis, FABP4 gene was highly showed significant effect (p<0.006) on
marbling score (MS), in contrast FABP5 gene was lowed (p<0.084) on MS before fatting. But, FABP4 gene was highly
showed significant effect (p<0.0054) on MS, in contrast FABP5 gene lowest (p<0.0899) on MS in the after of fatting.
Compare to supersonic result before fatting in FABP4 gene, it was detected type GG: (p<7.18), AG: (p<8.50), and AA:
(p<10.50) (n=50), showed type GG: (p<4.88), AG: (p<2.33), and AA: (p<0.00) after weed out (n=20). Futhermore, it was
detected type GG: (p<9.30), AG: (p<7.95), and AA: (p<7.40) (n=50) before fatting in the FABP5 gene. It was shown type
GG: (p<2.67), AG: (p<3.50), and AA: (p<5.00) after weed out (n=50). Our results indicate that FABP4 and 5 gene
transcription is regulated by the environment of feeding and management, and suggest that feeding and management
could be potential key in determining FABP4 and 5 genes transcription for carcass/meat quality traits in breed

Hanwoo.
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M = glon, o] Fe =5 ol

cular fat)9] & S2& A%
=

FA9S s F9g

ke rlo
et
ot

(o]

x,
2

o tigro 2 Hake] 7

FE TES AL e od) AVE FEe A% A ALk SR 2 A
3wl e A7 Agslo] Foul, wEE gy chomwk 20| ks o 2
ME EEHOR AFF] AAME ghae) Aol B 1A WE A vl gl 29570 FERE glo]
Holt, avle] HAS AT SawE K4, T4 @A B 5 ALk olel@ £
SE, A A, AN, A L ol AgE So]  AF A elud B d AR

* i dAlE FENEY FSAE SR A AT AR S PI007577)0A 1S A9l kst
' Corresponding author : Phone: +82-31-290-1630, E-mail: bcyang(@korea.kr

B 20 BaE e



184

oY
SH

FraAEe] Ao, Al Ul A F4
AEE oh= WHY QAE ©3lste] 1 VAR Hol
T=o] A= et (Lee &, 2004; Cheong -5, 2007;
Cho 5, 2008; Kong 5, 2007). &A| o]eidt nfA Aa=z
710 23y 9 dFol ofET AUSE W DNA
EARNAE o] &g 75 S FAHE Fek T
Z7)ALS ThssHA FoEA A & g e N
g S/ e Ale® Basal 9l (Darvasit
Soller, 1994; Lande®} Thompson, 1990). &of ¥os}
= AE 23 A (fatty acid binding protein: FA-
BP)> AAZo A e, Axd At sEeh A
A grtE 2dste Zow e vk 53], =i elA
Wl A 2ol 7lofehes e FE FHAAE B
AT} (Gerbens, 2000). T3, A|WF Adt whad o
FABP5+= AWAk A AA, Axe] 44 2 =4, 23,
Hlgk e Soll F8gh 9 she g HuHAr)
(Luis 5, 2002; Maeda 5, 2003). FABP52] 7-9- -4}
S Ay, QA A dd aF Tl shbE s
31 ¥ FABP4E}= 1A} %2 AHsAS 7Ha Qe
Aoz HuHAY (Krieg 5, 1993). 3§ x| o
=4 AFol Bolsl= FABP4 A 715 2 9114
o7 7] fA}e AR BRaEd o™ (Lee, 2010), 1
Bul ope} 71¥ Aol A= FABP4¢} FABP5 F+ 4
27F A 2 # (fat deposition) @t BRI SHA TRAE o]
U= Aol BaE At} (Estelle 5, 2006). ©]23F AF=
HEo 2 2 Aelxes AAE g WS 8FE A
whste] Sl holdli= FABP4, FABP5 fr7Ate] EA45-
915 PCR WHoz G7Mde wAs & ARkae| (v
$) AFZ AAE o] 2259mS ) 2 =% Ay

) A
15 F) FAAe] A dAE EAEIT

r2 o 1o,

Mz L

SAME Y Genomic DNA F&

g A ¢ 7S GO RE 34 o) ¢
24 865 FAIF R ARSI 4 A= JiAE
- g9 AFHste] F-&AR] EDTAE 283kl 9l
+ Vacutainer (BD medical USA)°l 5 ml® %3}
4°Col| B33t} Genomic DNA #2]3= DNA mini kit
(QIAGEN, Genrmany)< ol-&3ate] 2 2 AAletqlch
AE genomic DNAY: A7]95o= 7t 7)Ad DNA
S 9181921, ND-1000 UV-Vis Spectropho-
tometer (NanoDrop Technologies, USA)E ©]-83lo &
% =4 % TE buffer (10 mM Tris-HCl, pH 7.4; 1 mM
EDTA)l alsle] Wikae] watsle] Aglo] o] g3)s)
o) 2 7o) AeE PARE 28TE o8] 24
& 283 PAREE AHEIAGOn, TAFY 23
TUAE ] gk St g2 8.00]3dTk

PCR-RFLPE 0|8%t 7HAE REXY &Y

FABP4, FABP5 F+ 719 #+dx25E DNA t}3Ae
Restriction Fragment Length Polymorphism (RFLP) 7]
He o83k 7)ol Harsojxl SNP Felr 9714

ol

dS ST Marker wA1S 918l ©]-8-8 Primerv
PCR 4H$-AH20] FABP4:= 423 bp, FABP5: 259 bp
=5 AAsien, PR 5% ¥ Adasz dusal
DNA =17]°] me} band & Alske] xS &
A5I30tE PCR-RFLP 532 913k Rhg-<2 template DNA
2 ul (50 ng), 10 x PCR reaction buffer (10 mM Tris-
HC, pH 83, 50 mM KCl, 1.5 mM MgCL) 5 ul, 25
mM dNTPs 4 ul, primer 10 pmol 4 pl 1 unit Taq
polymerase 1 nl (Takara, Japan)ell ¥h-g-< 50 pl= =
Aotk vk 20 ® 95T oA 1087 ovwig
94°CollA 45% W4, 7} annealing %=+ FABP4(60 T),
FABP5(58 C)ll 4] 45%, 12]31 72°CollA] 18-3F] cycle 3
SAE 353] HHEE & 72T A wix ek S 10
w7 Fgsoith PR & F 3 pl®e] PCR AHES
1.5% agarose geloll A7]%9-53t] UV A SFoF-5
213tk PCR-RFLP £412 913 ¥hg-<l> PCR 4
5 plofl Algtas 2~3 unitS H7ista, 2+ A8k a49
Aol A 4A]3F BEEAIZL F- 2% agarose gelell 717]
T& Sste] A DNA 9o 97|18 gelsqlch
e DNA We=s 24eke] HFA oz 2 7iAE
A5 Ak

P iRl o

ZHEAYS SAY Y =4

Aol A A gy mAE A gk A e
a3E #4317] 918 ASReml package(Gilmour et al,
2006)5 ©o]&3te] ofeet B &3 A3F K Y(Linear
Mixed Model) 0.2 #2412 AAISI} O™, p-value kol
0.05 °lsel 495 FAMOR o3k Ao Q1Asto]
TG e ZF =AU 5d9te] Ha
Al 3t(least square mean)¥} ETLAHE FHEGIT
A B2 ofefeb Hrh

Yik= 1 +YSi+b + D+ Genotype; + Aij + ei
o] 7]el A,

Y= EAZA] 4
w-7t el A B
YSi=Adan

b==gweo]

Dy = %25 1% (month)
Genotype; = A2+ o] &3}
A= 7NA 27}

ek =122k N~(0, )
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FABP4%} FABP5 r5AtellA] EhQ1%l 27] SNPs %
< Hsp 92 ¢} MspAl I Alstas A2H9E 7HA
1ol PCR-RFLP 7|"i& ol&sto] F444 45 A
SRtk WA 270 71sA frAke] PCR-RFLP 24
e #HH FHA FHolH 5 AVIMES EF
primers ©]-&3to] F¥g & PCR AHE<! FABP
AH= AZrEA Hsp 92 1T (5-CATGVY-3)Z FABP5
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Table 1. Primer sequence and restriction for PCR-RFLP analysis in FABP4, FABP5 genes in breed Hanwoo

Gene SNP  Restriction PCR primer Sequence (5-3) Product  Annealing SNP Fragment size  Reaction
Name  No. Enzyme P qu Size  Temp. (C) Genotype (bp) Temp. ()
GG 423
TGT TGT TIT TGG CAT TCA TTG o o
FABP4 1 Hsp 9211 TAC TGC TGG GGG CAC AGT AT 423 60 T AG 423, 218 37C
AA 218
259
CTG TTG GCA CTG CIT GAC TC o0 o0
FABP5 7 MspAl 1 CAA CAC AAC GCT GCA AAA AT 259 58 C AG 259, 174, 85 37C
GG 174, 85

A= MspAl 1 (5-CAGVYTG-3) Algtarz Ausial
agarose gel’dollx] 7]%-53t] Table 16 A|A|h= v}
oF o] Algtas AAF-9lo] ol wel RS
#A3)3IT) (Table 1).

FABP4 Aol A= Algkasd: Hsp 92 11 (5-CATGY
32 AekE A7)0 whet GG typed- 423 bp 719 1
70€] band, AG typed-> 423 bp} 218 bp =712 27]<]
band, AA type®- 218 bp 7= FHAF o] o]
A, FHA3 RWlk(genotype frequency)™ GG type:
435%, AG types51.7%, AA type:5.8%= LERHL Slth
FABP5 iAol AE Algtdas MspA 1 1 (5-CAGY
TG-3)ol W} AA typed 259 bp 2719 17119] band,
AG typed<- 259 bp$} 174 bp 12]3L 85 bp =17]2] 37}
9] band, GG type®d-> 174 bpel 85 bp 7|9 274¢]
band= 44 o] wrolAM, 82 ¥ =(genoty-
pe frequency)= AA type:37.8%, AG typedl.5%, GG
type:20.7%%= WERHIL SIth. & Fig. 1, 2004 yvehli=
npe} o] o]5 FRFHAGES gy WAolx A% G
0] oiEf Al oA GG, AG, AA 37H9] type
8O 2 RFLP marker A2 projx]= RS &
Iskith (Fig. 1, 2).

A% T AMAEeT) At HellA vl A 50 (Num:

o al

Zke] Rire] AiE #4158 23, FABP4 Al A=
27wl =A(p<0.006) YERFAL 9o, FABPSE=
FABP4 r3dAel Hlal] v]ula] WA|(p<0.084) LFERIL Q)
ohoHS W 25T 354 Ads A i 8o)glew,
FABP4 34kl A 7} type " 12 GG type 7.18, AG
type 850, AA type 10.50°]13L(n=50), FABP5 %1}l
A= AA type 740, AG type 7.95, GG type 9.30°.2 U}
EFtTHn=50)(Fig. 3).

T3k ol g AdE Ediw 449 F AT AT
el Al HS d 259 HANE S8 2l ARE s
o gl Rixe] AdE A% 50F(Num:
22-86W) MAIE AE HF Fol =53 205(Num:
1219 7HA1e] 2 A s 2438 Axjel 7 T &
Aabsel digk idfdate] R EA48) Badch 1
A7} FABPA At M= EAI(p<0.005) UERSESH,
FABP5= A 7E F-24R1 Afol7} glith vl &
T3 QA FS 3.35%2 FABP4 Aol A ZHzthe] o
T2 GG typecll ] 4.88, AG type 2.33, AA type U}
ElLbA] 29k om(n=20), FABP5 7 x}ol| A Ztzte] 4t
& AA typecld 500, AG type< 3.50, GG type°ll A

2~geM)e] AAT ARl 22 WAS B
P 53 Adel 7 Fu faAEe g g9l

Fig. 1. PCR-RFLP makers of FABP4 gene in following digestion of Hsp 92II enzyme. Lanes 1, 3, 5, 6, 8, 11, 12, 17, 24, 26-29, 31, 35, 37,
41, 43, 46, 47, 51, 56, 57, 59-61, 64, 66, 67, 71, 73, 75-77, 80, 83, 85 :GG type, Lanes 2, 4, 7, 9, 10, 13, 15, 16, 18, 19, 20, 21, 22, 23, 25, 30,
33, 34, 36, 38, 39, 40, 42, 44, 45, 48, 49, 50, 52, 53, 54, 55, 58, 62, 63, 65, 68, 70, 74, 78, 79, 81, 82, 84: AG type, Lanes. 32,69,72,86 : AA

type.
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Fig. 2. PCR-RFLP makers of FABP5 gene in following digestion of MspA1l enzyme. Lanes 4, 8, 10, 11, 13, 15, 16, 19, 24, 28, 29, 35, 3841,
44, 46, 47, 50, 52, 53, 56, 59, 61, 64, 66, 76, 83, 84, 85 : AA type, Lanes 1, 3, 7, 12, 17, 18, 20, 21, 25, 26, 31, 33, 34, 36, 37, 42, 45, 51, 54,
55, 57, 58, 60, 63, 65, 72-75, 79-82, 86 : AG type, Lanes 5, 6, 9, 22, 23, 27, 30, 32, 43, 48, 49, 62, 67-71 : GG type.
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Fig. 3. Least square mean of FABP4 and 5 polymorphisms on supersonic marbling score measured before fattening start in Hanwoo cow
(n=50).
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Fig. 4. Least square mean of FABP4 and 5 polymorphisms on weed out marbling score measured in late fattening of Hanwoo cow
(n=20).
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2677 JEFATHn=20) (Fig. 4).

o &

T IS S Qe FR$-o A Aylo] o]
FojAaL gloy, F ¥ aEHel NS Sl
& A 5= Qe 3 Ao o] HHolt) uf
ZA 2 A= A7= oM A9 k9o 4 S 9
d Ao 957k AE uow SE 259 549
2 #AH fFARete] vn BAS 5] 9§ AAIsH
oS4 848 98 34 o] 39 WS- 86FE Ul
o7 2HHE FAGHA, SAYFA, SHAES 54
st 2t A R FAS AF st F-HAE B8]
o, §Ax 4o 87 #¥ Fdx2 47X FABP4
9} FABP5E o] &3t} /IAEE ugds AS 93
Abkae] Ay AlkEE] ¥ FdE fAxkete] A
AE A5kt

H2]9-0] Aduk Apekye] ZAMS A)olA FABPAE
FAZ2ST 54 At A 2430 pvalue Fhol
0.006= ERTE 121} FABP5: p-value %k 0.084¢]
235 Btk a8aL, v § =535190S vl FABPAE
HS & 55 Aol §HA B4 3] pvalue ol
0.0054% EFTE 121} FABP5: p-value %#ko] 0.0899
o] A¥5 Btk FABP4 F-Abol A vS A 253 5
4 Az} vaslels W GG type 7.18, AG type
8.50, AA type> 10.500] 01k n=50), H|& & =53 4
7} GG typeoll A 4.88, AG type 23302 UElRton,
AA type> 2 A7 20FNA = HERA] 2 THn=20).
T3 o3 3= Lee 5 (2011)= FABP4olAH YER}
= % e §x2<el w7 (FABP4SNP 2774C>G; FA-
BP4_usat3237)7} QTL H1AIslal 71 fAFshctal skl
T18u FABPAE -z i Aol QlojA] mAA )
T Felstae A AT givkal Basgivh
3, 58352] &0l BABP4 Fr3AFe] 4.3 kbollA EA
Az, 16712] SNP oA 371 (g2774G>C; g.3473A>T;
g3631G>A) oA A A o] Qv Wagk g
7} FAFSFATHLee 5, 2010).

FABP5 frzatell A Hl& A 253 34 Ao} vla
39S W, GG type 9.30, AG type 7.95, AA types
740010 2k n=50), HIS & =5 A= GG typeol A
267, AG type<> 3.50, AA type 5.002.% YEFTHN=20).
Estelles (2006)> FABP4¢} FABP5:= QTL H4] Z3},
FAT1 QTLel i3t 8 FHfFHA e Basigict o
2hx 2 A5 A3l FABP49} FABP5:= S-23 $Qa3h
& BATY Qs AR dASIch 18 ol A
ADAMS49} TGFR1%E A% 7] gl A g
Al mPARAN FoEHl dFgS Wtk Baskqlct
(Lee %5, 2010). Ojeda’s- (2008)< FABP52] 5.2 kboll A 36
Mol ddds wastgle, ol#eh theld2 FABPS=
FABP49l= 21 XIstapAo A thekide] tharhar
QI whebA EH-ol M o5 b Abolell A b
Btk O3S v A ) RS o] T2 A e
Yepal Abs

fol Axg EURE 7 7 Al A vl A3 v

% F fAAs ERDR A M Uehtes
& 5 glei). %, o] ANE Ba M Aole HA7
WS @ b} HEA Fole A} wds
of 5V A HHol o]FoldA BErEle] 4
A FAAE BAekn JueE HES S g A
MAS AR E S9e W fd0] Wolzitke AS
o 2 glgivk
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