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Ex-FABP 1 438G BE 1 IK E EIRIEREF B R

= s > % W, N ) opL,
mEEY Y & g0 NFEY BEXY TARRY IAAY RERD
O E A MY AN A AR [ 5 A E, dBE 100094 2 KK A dr Rk ORI, KIE 116023,
) i [ gl RS R A= B, st 100094)

FHE  YIAL AN W RR 45 & & 1 (extracellular fatty acid-binding protein, Ex-FABP) & [X] & JIg i R &5 & £& 1 (fatty
acid-binding protein, FABP) ZKI& I 55—l bt , S5 ARITIR . WLEr4E. %S Ry, FIH PCR-SSCP (single
strand conformation polymorphism) Fl DNA Wl J 71 7515, XA A A 24 A XS 354T T Ex-FABP JE K 57184 X & 4>
FHRZ ST, RILT 3 NAEHR 2 A1 (single nucleotide polymorphisms, SNPs) 7 &i. Horfr, 1 A Berp )
Tl C (-1000) FIHEANFHEIE T—C (-1011) [(54F, SEULA LT AERIILN AT 14 cap, 27T 14 Nkx-2, 14
AhR/ArF 2 A~ CF1 5555 e R T 45457 20077 A R SAS #PE%T Ex-FABP JE[H 57145 X [¥) SNPs 5 J& fAc IR (1) 55
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INT TSN, RIVIEN AL BB (53R 5 AR EARAEN W E A (P < 0.01). (TS R, AIMEIIRS: & &
[ (Ex-FABP) JE K2 520 g D7 0 R . 2 il S Mg bR 1) 3 8 e B 3 A
EEER AMAMIRIT R 45 & & (Ex-FABP), PCR-SSCP, X9, AJJFiItEIR

FRES Q38

G Wi TR 45 & B [ (fatty acid-binding protein,
FABP) Z4ie Nt E T, EAES 5 RIR 1)1z i
Iy, ARSea G KBENRIDTR, (et H i =FR B &
BN, VE 2RI FTHRIE « WL B A 4 i b A R TR D
R 4l B A RAE A RSTRAR R B R BT, — A
JEE i 7 12 45 4 25 A (heart fatty acid-binding protein,
H-FABP), 7 —f 2 IR Wi AR W R 45 & S A
(adipocyte fatty acid-binding protein, A-FABP)Z7.
IXEERF G gt KB, H-FABP L&A & 2.0 E. &
BRI FL IR A0 P rh 20k, A-FABP 2P 32 275 IR i
9 K k. H-FABP [ 2 &7k 5 %% 09 UL N I8
(intramuscular fat, IMF) & & . 5 I J5 (backfat
thickness, BFT) DL A5 AN FSER A7 7 2 35 AH
KBS, AMISURILT FABP 55— B bi—4
AT IR 25 A 85 11 (extracellular fatty acid-binding
protein, Ex-FABP) 4 2 5 JIg Iiij BR 1) A i ik 2 18,
Giannoni 55 (1999 4F) 5t Dy #h v [ FF 7 1 XS (1)
Ex-FABPAEDN, JLAZTTIR /744K 5148 bp, H4
2696 bp [ 5" X . 6 NMMNE T 5 AW E T
157 bp (19 3" AERHIFEIX, ILGtY 178 NaILIR. b5
FIWF5E )0 R, Ex-FABP S5 M5 DAL L
R N B R R NN P s M s = e 1
AR & F2 AR 5T Ex-FABP JE[H, R I
HfEfE 2, HSMBEIRAAEN S E A OC. AT
FIH PCR 3 #4959 (] Ex-FABP JE X358 9 741 F B,
XT3 A8 X B AT BB R B 2 A& T (single strand

conformation polymorphism, SSCP) 43 #1, FfXf R
AL R HEAT WP 558 . AR SCAE 2 7 PR A S i S5
YR SE R Bt BT 9T Ex-FABP JE[A 5 J& A IR
PIAHIC IR ZR, LA SR e 67 A0 X PRI AN () 2 o ) A7 1t
&8 5%, A Ex-FABP JE KI5 o4 i g PR 0 3 22
ik 5L, FE K& 4y 18 A i B e ik B iR
A

1 ARSI

1.1 #%

L1 SIS RS R, M [ AR bR 2% 2 PR 5 il i v
Y WARFDCRTH RS &8 R I U ALY, 2
B FEX WY, H XSS R 8 28 AT
A 747 K, TS IR SR AR B ARPIR (R i
WUE . BRIVL. JEAR) rseE.

1.1.2 F %k #). TagDNA % & B . dNTPs.
pMD-18T Vector 4 Hl Promega A #l, 519 i
Y TREAF AR, DNA F B gl &
FORLAE I Al AL RO G B BB A R, I

[ 5% L RUEERIIT 70 R BRI H (973)(G20000161) I E 5K B R
“863” I EHITH (2001AA222191).

IR AL

Tel: 010-62893323, E-mail: ninglbau@public3.bta.net.cn

ek H e 2004-11-12, #2532 HI: 2005-01-31



. 430 - S YRR R

Prog. Biochem. Biophys. 2005; 32 (5)

SN AE LR R 2E A AR A [ 51 5 S =
TERK.
1.2 A&
1.2.1 791 3L K 41 DNA 32 5. A I 3 AP 2 Y
DNA, JiiEW, Oy FrelbEseminm ) CGE )l
1.2.2 9B ARMER G . B, L', AW
BE(RE . Oy ) ERERERE N EARE:
PR & I P9 U k2 245 s I TG 2 I
JIR s B E . AR o 1 B AR T v WL SC R 16).
1.2.3 PCR ¥ 3. #1#% GenBank |- ¥ Ex-FABP %t
K241, I Oligo6.0 B A it 514, 519510
3 (F), 5" CCGTCTGTC CATCCATCCTG 3'; F
W (R), 5" CAGCCCTGACAACAAAAGCA 3'. ¥ 1%
ff) PCR F=4) /& Ex-FABP JE X 5 4% X U % 1.6 kb
H1 204 bp ) DNA F Bt. PCR ¥ 34 Jx I Ak R ¥
25 pl, Hrr 10xPCR Z2 ¢ 2.5 ul, dNTPs 2 pl,
ISR RS 4% 25 pmol, Taq B 1.5 U, #4
B DNA £ 50 ng. PCR [ W 4t Ay . TAR P 94°C
5min 7, BEAWTFEH: 94°C 30, 56°C 30s,
72°C 30's, 35 MEFR; 72°CEE{H 7 min. PCR 774
TE 2.5% 35 JIE 0 & I W vk, Al PCR 7= 9 1) J5
H, Y TP AE SSCP I H &
1.2.4 SSCP 73 #1. 1 ul [ PCR P=4)H1 5 wl ¥ EAF
22 R (98% I ERE , 0.025%P5 W, 0.025% — H 4%
/Y, 10 mml/L EDTA pH 8.0, 2%H73il) T 98°CAs {4k
10 min J5, HEE UK E, UK 10 min fREFAR
r RAS. AZVEJG I PCR =W kAT AR 1 58 TR M T e
%t (PAGE 30%, Acr:Bis=29:1)Hiik, 10 V/em
JEBE, WK 14~16h )5, YR,
1.2.5 5. % SSCP 43 Mt Jim 1 4l & 55 3 Y
F I 3 ASANA PCR 388 7= 3B AT Rl 2l Ak,
T-2ARIESE 5 HeA R AT B DHS o B BE, 24
SEORLAE A 00 P AR AT I . I SN AR &R 10l
HhHRGEMW 2 pul, WFESIY 1 ul, Bk
DNA300~500 ng. J ¥ %24 96°C 2 min, 96°C
10s, 50°C 555, 60°C 4min, 25 MG, filcl 1
¥ [ Wi AE ABI377 (PE A7) HEAT DNA 74152
1.2.6 SRR R IR o R E GRS A
A7 /5 T M %E . http://www.cbre.jp/research/db/
TFSEARCH.html
1.2.7  Givk o i, ¥ 51450 #t % H DNAMAN %%k 4,
SR 5 M5 SSCP 75 %) 1) SNPs &Il 43 K AL, ¢
GenBank _I" ] Ex-FABP %t [K] ¥ 41 B a2 by B A= L 3k
DRI, 5 A8 AN A (10 56 A1 284 Sy 5 A 7 66 PR Y . g

SAS (8.2 W) B AFHEAT Fk PR 78 5 30 J A P 4R 1) S5t /)
ARSI

2 FRE5SH

2.1 PCR-SSCP % &

EX-FABP LK PCR 797 () B¢ JIE W g Je v vk &
SR N S R NUE RS b SE | S S S S
J£°4 204 bp [¥] DNA Jy B, 55250 mii 25 S AH W)
&, ATLLEEAT SSCP Z3#ft.

Fig.1 Agarose gel image of PCR product of Ex-FABP in
chicken
1:control; 2~7:PCR product; M:1 kb DNA marker.

F4 38 (1) PCR =¥t 4T PAGE K, KILAFE
FEZ A5, TR 38 LI SSCP 43t &5 S S HAS [ 3 [A]
RUBT o (P07 2 0L P 2. 8 Sl e 4 o1, B
ﬁiﬁﬂﬁﬁﬁlﬁ% AA, AR SR (1) 5 PR R A Y.

7y 9275 4 BB. CC. AB. AC Al BC.

BB AA BC CC CC AC AC

AA AB AB BB

/«%ff ag%w
@W% .

Fig.2 PAGE image of SSCP of chicken Ex-FABP partial
sequence
AA, BB, CC, AB, AC, BC are different genotypes.

22 MEFER

¥ B A R R R AS R ) e B Y, &
DNAMAN # {5 GenBank | [#] Ex-FABP %t X 7
AT RIVEPE b, HIF8 54— S e A By
AR, B AA T, AFLEASIE] SNPs AL A, 25
e &y BB FIl CC 5%, ali & BRI e A A SE DR A3 % HL



2005; 32 (5) EMUFESEYYNIEHE

Prog. Biochem. Biophys. . 431 -

SSCPfy B ——Xf N AR AE ] 2 b 3 Fhali 5 AL 1Y
FEAMIZE 0 5 0 ks BPAE RAMAJE D RO AA
GenBank J7 I Al [A], JE K AY 5 BB ) 4l & 44 171
Ex-FABP #L K [1-1011 &b — /> T—C [ 5 # 58
A2, HAE-1000 417 C FIHEASEAS,  [FI A 5ULE

ACACAGGGTTGCGTGTCCCCAGCACTTGGCTC

-1 011 bp

ACACAGGGTTGTGTGTCCCCAG ACTTGGCTC

|

ACACAGGGTTGTGTGTCCCCAGGACTTGGCTC

-1 000 bp

BEAURE AR PR R BB IR AE, BIHE-1000 1 G
FAEA, KX — RARRE R R E N CC. 3 Mol &
HEDA Y F 3 BRI 2 Fo SR AR AN A4 2l 5 DR A P 00 e
K730 WL 3 R 4.

Partial sequences of the genotype BB

Partial sequences of the genotype AA

Partial sequences of the genotype CC

Fig.3 Mutations in 5’-regulatory region of chicken Ex-FABP gene
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Fig4 Sequence image of the genotype AA, BB and genotype CC
(a) genotype BB; (b) genotype CC; (c) genotype AA.

=l

23 SEMEXREBEEMARTHRERRESN
=y b

ATCP 43 M I v B R T IR 45 & #1 1 JE B 57
A6 ® e X E 2, AE Ml (http:/www.cbre.
jp/research/db/TFSEARCH.html) |~ ffj TFSEARCH
(ver 1.3) A, TRIMINY ) ExX-FABP 3 FhE[ 7Y 57
WX (-1125~-922) L[ Joff & i Es &
AT S5 SR WL 1. & 1 nT %1, BB FERIAY LG EF
AT AA ERTAT 1A cap i, (HZ T 1A
Nkx-2. 14> AhR/Ar fil 2 /> CF1 il 4 NN 7
SEAAL S, T CC JERAL L AA FERAIAD T 1A

cap 7 fi.
2.4 EX-FABP EEH 5 FAIEXARERAE S5BE
KRB RN DI

3 T i 5T Ex-FABP &Rl 5719 X F AN [R] 3 [
RO AR 5600, ASZEG N 747 H A48 08 1k
4T PCR-SSCP 73#fr, 43 alA330 1 HA AR R Y (1)
ANREL. (A6 e A XS b ) 598 A A o £
P IAEAE T LD givt o tr, BT — L8 Ak
RAAE. BPLE. BULE. BIFE. MR, R

WL B AR SR A2 [ b — e b

RN 2.
Table 1 The predication of the binding mode of

transcription factors with the 5’ region of chicken EX-
FABP gene

Site of genetic Site of genetic Site of genetic

type AA type BB type CC
ADRI1 ADRI ADRI
cap cap cap
ADRI ADRI ADRI1
STRE STRE STRE
MZF1 MZF1 MZF1
ADRI ADRI ADRI
cap Nkx-2. AP-1
AP-1 AhR/Ar AP-1
AP-1 CF1 AP-1
AP-1 CF1
AP-1
AP-1
AP-1
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Table 2 Effects of the different genotypes of Ex-FABP on meat traits in chicken
Types  No. of chicken Mof BW/g MofBMW/g Mof LMW/g M of AFW/g M of BMR/% M of LMR/% M of AFR/%
AB 221 1659.90* 104.18° 139.74* 40.98"° 0.073¢ 0.098° 0.028°
cC 24 1590.00* 99.67¢ 125.93° 36.04° 0.084° 0.106° 0.030°
BC 19 1520.58* 96.71° 120.48" 29.66° 0.086® 0.107° 0.026°
BB 52 1516.00* 95.63° 131.28® 63.56* 0.068°¢ 0.093° 0.042°
AA 265 1488.00* 94.56° 131.32% 46.22° 0.063°¢ 0.088° 0.030°
AC 11 1464.09° 99.05° 117.46° 36.88"° 0.091° 0.107° 0.033®

The difference is not significant for the mean with the same letter. The difference is significant for the mean with the different letter. M/ of BW: mean of

body weight; BMW: breast muscle weight; LMW: leg muscle weight; AFW: abdominal fat weight; BMR: breast muscle ratio; LMR: leg muscle ratio;

AFR: abdominal fat ratio.

M2 HATLLE H: AR Bl E A5 2
AMERAE BB R 2 ) 22 AR B35 (P> 0.05);
A7 AB XA BRI E 2 3% v T LA ZE A CC
BC. AC MAMBENLE (P < 0.05); 1M iE G &K
Ui, SRR AT I R S R, G S R
BB A4 [ I IR 5 B 2 = T A SRR AAL CC.
BC. AC. AB MAMENRE, FGitai R rzER
WP <0.01), HERA AA HEHA CC KA
RIENE 2 ) 22 e AN B s BRI CC 0 LA
BEW, WS TR AA. BB AT
WL (P<0.05), {HFERA AA FIFEK T BB MAZ
[F) P i JUL %6 2 S AN S 3 JEDRI RS CC 0 AN A 1 il
WMRAREZW, & TR AA. BB A4
(P<0.05); L[N BB X8 [ I R R A 82 105
(P <0.05).

39 #

EILHEFEEM TAEM LR, XA
JEE RV R A0 2R S5 2 7= 1 REAS 21 7 I B2 1) i e
AR IR IR S 7 PR B B S AN R g T X A
JH T J A P DR T L2 I g TR AL 55 R R B AR
P 0 A2 KR B RAE A A0 E i M Ex-FABP S [
)61k, n LUK EX-FABP 1F 48 A J5 P IR 46 2k
RIEATIR N IR S

ARHIF TR AN 7] [ I PRI 75 5 0% (1 2 Ak 2R kbR ke
1778530, HLIA BB LL RN AA. CC %)
WG AT B R (P < 0.01). T B4R . MYl
TEIX S EL R R M W& 2 5 (P> 0.05), X5
A BEAENY (2001 A7) MBI LE R AW G DR
CCAMARIBRILE . LA 3 T A A Y AA R

SLR A BB ANMATIBRILER . ML, (HEER A CC
X4 WR Ty KB — D WSR3 . AR
a5 KW, 70X BEARAE7E Ex-FABP A 1)
SNPs, 1ff HAESE 71X AN LR 57wy 1 4% X (1) BB 2
PRI 280 55 A P bR 22 T A A A Wl 35 TR AH DGR &R L[] —
WAL 5 SEAE (2002 4E )R HIF OT K W, XS
Ex-FABP & [A (1) 4 5 X £7 71 SNP, I H X (1) )15
REPERAT 2 1 5.

Ex-FABP & [KIf¥) 5" 1 45 X2 40 Jifw &1 g 7 1R 445
AL ThRE RS, AREFURI £ SSCP £
BH CHAM G AW a 1B
C BRIE 3 ANFI T—C HI5AE, FEB /b — N
Ui cap 5 507 i, AR S Z T —4 AhR/Ar,
— N Nkx-2 fil 2 4~ CF1 3t 4 N & 7. Nk,
BBk DA 2 4 5 IA] - 45 67 et 1) 3 m sk 2D v g 5
3 Ex-FABP JERIFIA 020, WA 40 f &M g i
R 24 B I A I 2 S, 1T R T D () AL
AR 1R TS 545 (2001 456 FH 22 6 X0 11 I A8
P 1) WU K R OF2 ARSI M kL, AE T 9T
Ex-FABP & [X i & I i) SNP 5 AT 97 45 3 — 3%,
RITE-1000 AbA 0L C RN, 4R S3uta 2

THAE-1000 A7 KL C BIfE AN, A XA 7E-1011
AT T-C R TEA, (AR RS T LR
X s N7 45 G A R A, A28 7 BB SR K]
RO IR MR PR W 2508 2 — 301, b, AWFRH K
LI SNP, HIAE-1000 &b G diN. S8 T 7Ek
WP b AN R U155 cap (7, HFE
TR FE AR R . G XS (1) Ex-FABP Jit [K 45
Py, U 3 BIOAN [R5 DR B S 9 48 X IR e S IR
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LG LT 12 e S5 e R 1 S R 2 T A R Tk
— L.

AHE TR 4 R 5 TR — U8 4L 1) A B AE A 4
BB, 38 Ex-FABP [ 5" X F 4 65 X # A7
750 NG 1R 2 35 AH DG 1Y) SNPs JE DRI s BRI,
X3 1) Ex-FABP 5 K 0] LUAE b 52 i i 107 0 R 45 1 T
PEAR I = BRIEFE DN, S B AN 1Y) 43 & Fh R
AEPEBEE T IR ST ERS IEAE, RN R IR A
REAGSHER.
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Study of Ex-FABP as a Main Candidate Gene on
Abdominal Fat Traits in Chicken "

Qiu Xue-Mei'?, Li Ning””, Deng Xue-Mei?, LIAN Zheng-Xing?®,
Wang Qi-Gui", Wang Xiu-Li?, Wu Chang-Xin?
("The National Laboratories for Agrobiotechnology, China Agricultural University, Beijing 100094, China;
Y College of Life Science and Biotechnology, Dalian Fisheries University, Dalian 116023, China;
9 College of Animal Science and Technology , China Agricultural University, Beijing 100094, China)

Abstract Extracellular fatty acid-binding protein (Ex-FABP) is another family member of fatty acid-binding
protein, it regulates the metabolism of fatty acid, muscle fiber, bone and so on in chicken. Three single nucleotide
polymorphisms (SNPs) were detected in 5" regulatory region of Ex-FABP gene using PCR-SSCP and DNA
sequencing in crossbreed chickens. The changes of the bonding-sites of transcription factor are due to a single
point mutation T—C(-1011) and a C insertion mutation in genotype BB based on genotype AA, then results in a
cap site lack, and increase four sites of a Nkx-2, a AhR/Ar and tow CF1. The relationship between SNPs and
chicken meat traits was analyzed, the results showed that there was significant correlation (P < 0.01) between
genotype BB mutant and abdominal fat weight. The results of this study indicated that Ex-FABP gene is the main
candidate gene that regulates abdominal fat traits in chicken.

Key words extracellular fatty acid-binding protein (Ex-FABP) gene, PCR-SSCP, chicken, meat quality traits
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