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Abstract Jian gkou Luobo Pigs were used to construct DNA pool, the SNPs in genes of L-FABP, I-FABP,
H-FABP and A-FABP were rapidly screened by DNA sequencing, seven SNPs were detected in the four genes
which included two SNPs (intron1-T1745C, intron3—C65T) located in the intron, two SNPs (exon2-T125C, exon2-
C153A) were synonymous mutation, and three SNPs were missense mutations (exon2-A131C, Glu—Ala; exon2-
A65T, Lys—Met; exon2-G40A, Glu—Lys). The bioinformatics analysis indicted that the missense mutations could
cause the change of allele frequency, mRNA secondary structure, secondary and tertiary protein structure.
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LRk 2 (A2 RIR 2 M 2, Hod DABk
M2 f o, R TR & MR 5 B IR B
SE TR PR TSR RARR M, VR N R %
CEEGI5E, 2014). GV FE 45 & 55 H (fatty acid-bind-
ing proteins, FABPs) & JIf 45 &t UM X IR iR, A& —
Koy, BA Ml v e e, e AR

PR A i R AR R R B, T2
oA T LN 5 197 WLEA S FEIIE S oL /s i 5 21
A M b G 44, 2009) . 324 N IE, BB IR L E
9 FRRIMR I IR 25 & BE i, L r AL AR 7 R
454 1 1 (L-FABP, X ¥ FABP1). i B i 11l B2 45 &
% 1 (I-FFABP, SUFR FABP2). U IE 7Y i i R &5 & 2 1
(H-FABP, X Fr FABP3). I i 48 i B4 f 1 2 45 & 2
(A-FABP, XK FABP4) /& 1% 5 R H LI 4 Fh(fk
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HFEEAE, 2008, BN S HEE, 40(1): 94-97). HILTFR
% AL 1 (single nucleotide polymorphism site, SNPs)
FERFRAEIE B H KT b AL IR AR S 11 5
DNA A EgAs, — 58 SNPs A7 T8 [ i 4 i [X £
SN R S S IR ) G ER ThRe A (4], b s me B
R E5 K S AR SR ThRe . IR TR 25 & B 1 2 s il I s
DURR B L B IR, LA i 107 AU A R 41 E Y, e
BR] 22 25 PR X 48 7 1 I8 A8 A0 R LA B B i (PR T,
2013). 2 2EEZE(2006)%F 4 ANEF L-FABP & R 3k
T SNPs fa il 73 #r Heagt AL 22 &1 5 LA G D7 (intra-
muscular fat, IMF) & & 2 [A] [fAH OGP, 45 KB
L-FABP ZER o] e A& 52 IMF 1) 3= 205 A ; Cham-
berlain 5¢(2009)#/f 55 K B, N\ I-FABP R K56 2 4h 2
T35 54 7 55 SNP 5 IR AU B I AH ¢, FHRAR A
I-FABP #2515 K85 N5 7 1R 1) 21 A0 77, BUE LRIk
B8 22 IR 28 AT A L I 7K P v 5 STAA K (2003) % 8 4>
FEREARN) H-FABP 2R 10 4% Z A8 kAT a0, 45 R
KW H-FABP RN Z B MXEAK . ARMIREG —
JE 5 ; Gerbens %5 (2001) X A~ [F] & £ 4 1f] A-FABP
BN Z A AT 9T, 45 SRR BHZ LR 1Y) SNPs 5L
WG & R A OC . BT Uk, AT % M
RPEL, R DNA -5 00 77 452 AR 56 g 7 R 45 &
(3 B K S K] L-FABP<I-FABP~H-FABP-A-FABP
42T 50 3E4T SNPs K&, IHAE (S B2
Mt s P S BRI I AR %) 5 il B 5 Al (7] B
DRIL A E Mg S R TAE R AL ER AR .

1 ERE55H

1.1 %54 DNA =EX

FEHL DNA J5 F 1%35 A5 B Bt e B kR il , 55 (8]
‘H DNA 44 R385, 880N 606 BE v, e
OD,,/ODy 7 1.6~1.8 YE[H N, FAJFHL[FZH DNA 2
BUSCRB A, AT )5 48 PCR 374 .
1.2 BB ESEB T EREEREK PCR ¥ 1g
PCR ¥ #4)5, HU5 pL ¥ PCR =44 FH 55 b
Wk FE LUK AT AN, 4 18 B S H B R BRI — 2
oy B —, RS YR R 1),
1.3 ¥IERE R BN F

XTI P45 FdAT LU 2 7 4> SNP A7 (B 2):
PLEE —4M 7 A28 UE, /£ FABPI 2RI — W& T
1 745 bp &b K4 T—C TAZ, /E5 4N+ 125 bp &b
R T—C 548, fE5 —4MNET 131 bp &b kK4 A—C

Kl 1 PCR §H ik

7A: M: DL1000 DNA Marker; A, B, C, D 7 14X % exonl, ex-
on2, exon3, exond; F Bt E % R E/NE i T HES

Figure 1 Results of PCR amplification

Note: M: DL1000 DNA Marker; A, B, C, D represent exonl, ex-
on2, exon3, exond; fragment length order by a large to a small

top-down

FAR, TS —HMET 153bp AR C—A AR, /3 Al I
fir44 N intron1-T1745C.exon2-T125C.exon2-A131C.
exon2-C153A. FH: exon2-T125C.exon2-C153A A~
] SLFEAE s exon2-A131C A4 L RAE, AR R (Glu)
B ANTNEIR(Ala); 1F FABP2 FEH 5 —AMNEF 65 bp
MR AT 528, /144 N exon2-A65T, F s X 25
A%, HH R (Lys) & 4 04 F A %0 1R (Meet); 7E FABP3
FER S AT T 40 bp bR A G—A R, 4N
exon2-G40A, 4 SUTRAS , 4 2 R (Glu) B #
# 2 R (Lys); 7E FABP4 FEIK {125 = & F 65 bp 4b
KA CHT RAE, B HAr 44 intron3-C65T.

1.4 SNPs HEREMEHE

I MWSnap #& £ 11 b5 ] 45 )l & FABPI

P 2 W7 K BLAST 4347 4
Figure 2 Results of sequencing and BLAST
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FABP2.FABP3FABP4 5K [f] % SNPs &5 o7 i K] U
s MRAE A Sl B SNPs S5 07 JE RIS (R 1), tHR ]
A, AL RERRAE R A 2. BT FABP3
K exon2-G40A 7 51 FEAL R i 5 o BE PR A 26 22
BUNAR, FL A SNPs SR HI J5 304 I Wi 22 5

1 AR RSl
Table 1 Estimation of allele frequency

BEFRM BN S EXbe AL
Gene type Mutant site Allele frequency
RALHT RAEG
Before mutation ~ After mutation
FABPI intron1-T1745C 0.387 1 0.6129
exon2-T125C 03143 0.6857
exon2-Al131C 03793 0.620 7
exon2-C153A  0.3529 0.647 1
FABP2 exon2—-A65T 0.3205 0.679 5
FABP3 exon2-G40A 0.482 8 0.5172
FABP4 intron3-C65T 0.450 0 0.5500

1.5 mRNA —REH S HT

X 5] AR L RAR ) exon2-A131C.exon2-A65T.
exon2-G40A 17 S HEAT mRNA 2% 45 k) T 45 S 3%
B, SNP i s AR 5 51 mRNA 245 My, H H
T3 RNA 0450 B e A B (B 3). Hidt ex-
on2-A131C AR RAZHT 51 H HEEH —125.76 keal/mol
A58 —130.36 keal/mol; exon2—A65T 137 25 Z2 45 |l f5 14
B fE A —148.27 kcal/mol 2%~ —148.69 kcal/mol; ex-
on2-G40A 17 53 5838 HI f5 1 H FHREHH —142.25 keal/mol
A58 —140.76 kcal/mol. RNA 2 25 4 F1 5 /1 e 0L
AR LSS M AR M, BB AT RE 2 A JiE 42
R R R R AR SR D RE R IA

1.6 EAKR - REHHSH

Sy R ot FRARAT /A exon2—-A131C.exon2-A65T . ex-
on2-G40A AT HE F I R A5 A 45 K W, ex-
on2-G40A 7 RAZH G I B— M o 18JE . LG
9 RS AR s exon2—-A 131C T exon2-A65T
7 RABFG K B~ # Mo BHE. ¥ BES L
AZ, A AR (3R2).

1.7 EARRTHIR=ZREHS T

HEAT AR H 5 R R = R 4 A TR AN AT, 5 T
filEE TS5 ARG DR A B . R E
JoR = 2 435 R TR 85 A %) exon2-A131C.exon2-A65T-
exon2-G40A 1 1 A8 /i J5 19 8 iR &5 A E AT 20 #r

Kl 3 RNA 45345 R
Figure 3 Results of secondary structure change of RNA

25 W], exon2-A131C £ S BRIE S B ALC X
LR A AR (Glu) F 2 R (Ala) I , exon2-A65T
PL R R AT X B2 5 1 D it 2 IR (Lys) Al HH
iR & R (Met) i, DL exon2-G40A 7 f Bl 3L 43 i N
G A X N2 FE TR N A 2 R (Glu) Rl 2R (Lys) 5
B AR = Y550 IR AT JE B TR (- 4).

K 4 E AR =R AR

#: A: exon2-A131C ALY ; B: exon2-A65T RAZ R ; C: ex-
on2-G40A FEAFHT; D: exon2-A131C A5 J5; E: exon2-A65T R
A3 )5 F: exon2-G40A RAS G

Figure 4 Results of tertiary structure change of protein

Note: A: Before mutation exon2—-A131C; B: Before mutation ex-
on2-A65T; C: Before mutation exon2-G40A; D: After mutation
exon2-A131C; E: After mutation exon2—A65T; F: After mutation
exon2—-G40A
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TE 52 MR A 53 B Ax 22 R 2R i, JULIN I D7 (TMEF)
MR EZER AR, K52 EAEX, EE
SO AR IORE R S 2 7o BT 4 SRR B, 2%~3%
PILA IR 2 2= A0 A B AR AR vt , 4L I

i AT 2%I S DA PR 5 A 11 R ) s 22 (R A B
%,2013) TSR, BN AR REE — B T
KRR B4 A2, S EUULA B B A, 7™ 52 e
A 0T, T R L T 7 B e I
DRI I, E RT3 PR 2R 11 R] N S B2 s UL P i 7 25 B oA
B AP AR B AR S AR . R R 45 A B A R R
(FABPs)X Jlig i AR B A B 22 X, JUHRAE AT
PN I 7 = T S A DR SRR FH (SR 5, 2006), 450 &
H-FABP 1 A-FABP 5 R 8 2% E AR N BIE 52 52 i JJL
W& BRI R, HREAEENANIEN & &
EIEAH R (BRERE, 2006). FABPs L EE T o4 515
O R AR I P v 1, 185 o A iy R T R 7] (1) 5 3
SR 20 i N A5 5 5 5 RN S R 5 R A S A P 4%
AR T WL B 7 R 10 (Nakata, 2003). 7EIUAR &
Yolk A= 7= |, ¥ FABPs 2[R £t 35 25 IR B4 M JE AR
I E S H AR, vl 5& S ) A = 1 e, o0GE &
ot i SO 5 6 B e b A2 2 B R B s R
Hl, WFRENTRA S FAEYETTENS TR L
X FABPs YJREEAT 2 J7 T W 70, X SR 1 fif i 17
i 4 G B 1 SRR RO B LA T I i A R 42 L
iRz = X (Her et al., 2004; Jiang et al., 2006).

A FER L L2 & FABPIFABP2FABP3-
FABP4 ZER3EAT SNP 2 2507 Rl , JLim A5 Hy 7 A
SNPs. H " intron1-T1745C.intron3—-C65T 43 ) 1F
FABP1 #1 FABP4 BRI )N &+ b, BT W& F1E%%
SOOI PR BT R, R R ZHE RS R A
Gt 7 5, B PR R 25 R TG R, TR L RA AL
RURE TS 2 0 25k DR 7 S Bl 3 it AR 3 o — 5 51 e
AT E RN IR FARDE s 7 FABPI BRI 4N+ 11
exon2-T125C.exon2-C153A £ 47 5K 5] #E X M 4
BB HI I, NIE LRAS; (£ FABPI.FABP2.
FABP3 3:[R 4 EF F#T exon2-A131C.exon2-A65T,
exon2-G40A Z AL A G D 1 g 2 25 IR 1) A2
N SURAS, WS SR OB N R R
(Glu) & ¥ N TH 2 R (Ala), B2 R (Lys) & 4 4 H R
AR (Met), H23 % B2 (Glu) & # Nl 2 R (Lys) . X 5
LS SUTARR) 3 A 2 A 55,43 A HEAT S48 11T 1) AR
Y BT o T 22 75 A0 o 5 A7 3k R AT 3 A B 5 IR

< B S5 o7 J5k DR AR AE RAR AT J5 A 8K 22 7 s mRNA
TR EER T 45 R R W SNP A7 A R AR T S 5
mRNA SR, I B S 80T E g R AL
AR g SRS RPN 4y B 45 SRR B, RARHT 5
B R EERI N = A B B A, RIALES
A7 5 AT e I 5 e AR R T 41, DT SR AE G B
Jo ) v £ 5 Ay, 3 T S e L N AR S TR Th R .
SNPs X 8 7t 3 [ 22 745 Ao 50 5 4% Jg 7 DO AR i A o0 1
BRI E N, AEEEDIRS A& E 2Rk,
FABPIFABP2FABP3«FABP4 1£ %% MLk g 5 1T
R &A% A 0 18 42 L HE 24 s B LA

RE RS Dby
3.1 DNA BJ#2EUA DNA i)z

LIS MENINHZRE R VL BT % Mg
HEH 0o RABEERIEZNY L EL R 2 DNA it
FIE BT I8 MELAZLZ DNA, F 1%E 5 HE
R HL VAN DNA USSR, 584N e BT
AR DNA BE SR, IR KA % 45 > DNA Ff
A B2 %2 100 ng/uL, #-HL 10 pL #4%E DNA jti.

3.2 RS gt

M NCBI £ 2 1381548 FA BPI.FA BP2.FA BP3.
FABP4 %[5 DNA JF51/(GenBank % 53¢ 543 5l 4: NC_
010445, NC_010450, NC_010448, NC_010446), F i
Primer-BLAST %15 45 /> 25 E] (1) 455 A 41 i 73 30l 1
T 1SR RS, 3 14 X3, 519(5 B L& 3.

3.3 DNA ¥ ig@F

PCR 41445 3| FA BPI.FABP2-FABP3-FABP4 &
KIS E TP 51. PCR RNAK 5N 40 pL: 2xTaqg PCR
Master Mix 7] 20 wL, b\ FiF514% 2.0 uL, ZH
H DNA 4 pL.X7#%/K 12 wLo PCR 34 % 95°C i
A 3 min; 95 CARME 30 s;3R K 30 s, iR KR ES WL L
% 3, 72°CIEM 30 s; TEFF 35 AN 72°CALEAH 10 min.
P PCR P4 1% 55 i B 0 5 F ik b A 7S I e
T B AR A R IR SR A

3.4 FHIME Ko

P IPCR PR BB A ARG R A
T Atk 5 XA, FF DNAStar 81445 7 45 5
AT IE LA, 454 BLAST 4 #1Hi5E SNPs.

3.5 SNPs IEHNER EMEFSTRMEE
F | DNAStar # ] SeqMan %k {4 & & il Fy- 45
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Table 2 The analytic of prediction of secondary protein structure with different mutation
B~ He (%) o~ BRTIE(%) TR Hh (%) P IRHE(%)
Beta turn (%) Alpha helix (%) Random coil (%) Extended strand (%)
exon2-A131C RAZHT 12.60 (16) 15.75 (20) 29.92 (38) 41.73 (53)
Before mutation
AL J5i 9.45 (12) 21.26 (27) 29.92 (38) 39.37 (50)
After mutation
exon2-A65T FEAFHG 12.88 (17) 20.45 (27) 29.55 (39) 37.12 (49)
Before mutation
RAZ 5 13.64 (18) 21.97 (29) 29.55 (39) 34.85 (46)
After mutation
exon2—-G40A ARG 9.77 (13) 23.31 (31) 31.58 (42) 35.34 (47)
Before mutation
AR J5i 11.28 (15) 24.06 (32) 30.08 (40) 34.59 (46)
After mutation

R 35IMFH, HER BOR B KGR KGR

Table 3 Sequences of primer, predicted length and annealing temperature of amplified DNA

&30 M EESIF (53 NI A(5'-3") H A BEK B (bp) 3B KIRBE(TC)
Gene Primer Sequence of the upstream primer Sequence of the downstream primer Target fragment Annealing
(5'-3") (5'-3") length (bp) temperature ('C)

FABPI exonl GCACTTGATTGACACCCAT GTCCAGGGAGGAATAGCAT 448 62.7

exon2 CCACTGACCTTCCCTTTC TCCCTAAGACCTTCCTCC 555 61.5

exon3 CTATTCA GAGCCAGAGCACA GCAATGATGAGGGAGTAGTG 535 57.6

exond ACTCCCTCATCATTGCCACAG ACGAGAATCACCCTTCAGACC 544 58.5
FABP2 exonl ATCATCCTTCAATGCAGCT CACAACAGGCACTATTCCC 391 55.3

exon2 CACAACAGGCACTATTCCC CTCCATTGGCTGCTTCAGTA 424 50.9

exon3 CTCCATTGGCTGCTTCAGTA  AATCAGAAGGCATCAGAAAG 482 55.3

exond ACACTTTCTGATGCCTTCTG AAATGCTGCAAATTATTCGA 590 58.5
FABP3 exonl AGCTGGGCTGTCTGACTC CCTCCACCCTCCACTATC 474 61.2

exon2 TGAAGACCTGGTGTAAGCA ACAACAAGAACCGGAACTG 387 52.7
FABP4 exonl GGAGAACCAAAGTTGAGAAA CAGAGTGAAAAACAGCCATA 383 56.5

exon2 ACACACATACACGCATTCC TTTTTTTCCCTCTTTTCCC 556 57.0

exon3 GTATGCTGTTGCTTTTGGT ATTGGAAGAGGTTAGGTGG 469 59.7

exond CTTCCCACCATTGGAGAA CCTAACACGGGCAACTTC 623 52.7

F, IR MWSnap I & % 2 A7 i S5 A7 2 DR R0
I 7 o IR G T A A AR S A 2 BRI (Suli-
man et al., 2003),

A=B/(BAB,), i=a,b, NH A, FoRFEZ AL
S FE AR, B, M B, 73 pIARF M 7 ] B SNP &%
PLFEA ab W Er

3.6 REMGEESMNREYEERFEDH

FIF http://ma.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
BAF#EAT mRNA R &5K100; A A https:/npsa-pr-
abiibcp.fr/cgi-bin/npsa_autom at.pl?page=npsa_sop ma.

html BAFFEAT 8 o = R S5 K9 500 A http://www.
sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index X it
AT HE E R =S5

{E& DTk

FLEMONAW SO AT 5 58T IR IR AT
B B 5 i KA S S s ek BT M &
Py RTINS BB IL R SR TR SRR A S
T AR s 4R AT 5 Bip B 18 SCAB B AR s X3 R N
AHFFEIH TN, TR T LR SRR



FERIAH 22 5 R A
Genomics and Applied Biology

Brigd

AHEFCH S A AR BRI H (B RS NY(2014)
3045 S)MET M A RHE RBEIH QL O% E IR
B8 LRI LHAR SR B S 7nve) GBS RHG B i BRI
(2012)7024 S)ICEBE . SIHIRZEEYIREEB K
WA B B 0 AHIT FE (145 7 A0 B, A8 AR OR I 2R
SR

£ Lk

Chamberlain A.M., Schreiner P.J., Fornage M., Loria C.M., Sis-
covick D., and Boerwinkle E., 2009, Ala54Thr polymor-
phism of the fatty acid binding protein 2 gene and saturated
fat intake in relation to lipid levels and insulin resistance: the
coronary artery risk development in young adults (CAR-
DIA) study, Metabolism, 58(9): 1222-1228

Chen L., 2013, Effect of fatty acid-binding proteins (FA BPs) gene
polymorphism on animal products quality, Xumu Yu Siliao
Kexue (Animal Husbandry and Feed Science), 34(10): 82-84
(Wi, 2013, RN RS, & HE 1 (FA BPs)3E R 235 PEXS &7 i
B s, B S TR, 34(10): 82-84)

Chen ZH., Xu LM., and Shan A.S., 2006, Fatty acid-binding pro-
teins (FABPs) and their genes of FABPs, Dongbei Nongye
Daxue Xuebao (Journal of Northeast Agricultural University),
37(5): 689-692 (WrG I, 13 LA, #2210, 2006, AR TR S
T R HEEA, RALLO K E53H), 37(5): 689-692)

Gerbens F., Verburg F.J., and van Moerkerk H.T., 2001, Associa-
tions of heart and adipocyte fatty acid-binding protein gene
expression with intramuscular fat content in pigs, J. Anim.
Sci., 79(2): 347-354

Guo R., 2006, Studies on polymorphism of H-FABP and A-FA BP
genes in min pig, landrace and Yorkshire, Northeast Agri-
cultural University, Thesis for M.S., Supervisor: Wang X.B.,
pp.34-37 (FF3ii, 2006, A& KK E H-FABP Rl A-FABP
R Z MBI, W22 A, ZRABR R, S Im: £
75 5%, pp.34-37)

Guo S.C., 2003, Studies on effects of Hal gene and H-FA BP gene
on partial economic traits in pigs, Thesis for M.S., Hunan A-
gricultural University, Supervisor: Liu X.C., pp.20-26 (F{#2
1, 2003, e AR, O NUIRIIRR &5 & B 1 6 R 4 3
STAERFE M RIHT A, Bt 22601030, W ARl KA, 3

Jifi: #1/NER, pp.20-26)

Her G.M., Yeh Y.H., and Wu J.L., 2004, Functional conserved
elements mediate intestinal-type fatty acid binding protein
(I-FABP) expression in the gut epithelia of zebrafish larvae,
Development Dynamics, 230(4): 734-742

Hui Y.T., Yang Y.Q., and Liu R.Y., 2014, Analysis of mRNA
expression difference and relationship with intramuscular fat
content of APOAS5 and APOC3 genes in pig, Jiyinzuxue Yu
Yingyong Shengwuxue (Genomics and Applied Biology), 33
(1):94-99 GBUEHZ, ¥a7K5i, XIF5 4%, 2014, 5% APOA S M A POC3
FH mRNA [R335 2 57 & S T W TR R AH S 1 234,
FERIH 5 5 B A, 33(1): 94-99)

Jiang J.J., Chen L.X., and Zou Z.D., 2009, Research progress on
fatty acid binding protein, Xumu Yu Siliao Kexue (Animal
Husbandry and Feed Science), 30(2): 6-8 (¥4, BRILKE,
4EH8°T, 2009, fETER &5 & B A AT R, B4 S R
L2, 30(2): 6-8)

Jiang Y.Z., and Li X.W., 2006, Relationship between Bsm |
louse polymorphism of porcine adipocyte fatty acid binding
protein gene and content of intramllscular fat, Zhongguo
Xumu Zazhi (Chinese Journal of Animal Science), 42(7): 1-3
(GEREE, 45485, 2006, %% N5 7 40 B B 16 07 BR 45 & £ 1 2k
Bsm 1 Az 5 238V 5 UL I 07 & = KA R8T 58, b
Bk &, 42(7): 1-3)

Jiang Y.Z., Li X.W., and Yan G.X., 2006, Sequence characteriza-
tion, tissue-specific expression and polymorphism of the
porcine (Sus scrofa) liver-type fatty acid binding protein gene,
Acta Genetica Sinica, 33(7): 598-606

Nakata T., 2003, Human as an early diagnostic and heart-type
fatty acid-binding protein prognostic marker in acute coro-
nary syndrome, Cardiology, 99(2): 96-104

Suliman H.B., Carraway M.S., and Piantadosi C.A., 2003,
Postlipopolysaccharide oxidative damage of mitochondrial
DNA, American Journal of Respiratory and Critical Care
Medicine, 167(4): 570-579

Zhu R.Z., Yi S.H., and Wang Y.H., 2013, The gene expression of
MDH and LPL in muscle and their association with content of
intramuscular fat and composition of fatty acids in pigs, Xu-
mu Shouyi Xuebao (Acta Veterinaria et Zootechnica Sinica),
44(8): 1182-1188 (HLA=Hr, FHidbin], £I0ER, 2013, LA AL
23 MDH A LPL HE PRI 5% 55 LA IR 5 25 5 AR 17 R 28 R
KRNI, &S SR, 44(8): 1182-1188)



