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ABSTRACT

Fatty Acid Binding Protein 3 (FABP3) is important for the transport and metabolism of intracellular fatty acids, and the genetic
variants of FABP3 gene have been known to affect fat accumulation in pigs. Here, we aimed to investigate FABP3 single nucleotide
polymorphism (SNP) focusing on the pork belly characteristics in pigs, which are highly preferred in South Korea. A total of 257
pigs consisting of Landrace (n=126) and Yorkshire (n=131) were genotyped by the PCR-RFLP method and the general linear model
was used in the association analysis. The alleles were similarly distributed in Landrace population, but C allele was predominantly
presented in Yorkshire population. In the association analysis in both Landrace and Yorkshire pigs, significant differences were
observed between genotypes for Cross-sectional belly characteristics and the specific belly muscle area in slices (p<0.05). These
results provide preliminary evidence for a potential use as a biomarker for pork belly traits.
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INTRODUCTION

H2)117]= A MAIH S & gho] A== §7 F ofufolH, 53] ghtoll A= A Aol tigh Aujate] ME =7t =A] Uil Ql
ThKim and Kim, 2009). 484N B-E 3] 2(cutaneous trunci muscle, CTM), B Z-2H(rectus abdominis muscle, RAM), BHPZZH AL
(external abdominal oblique muscle, EAM), B4 A (Internal abdominal oblique muscle, IAM)= &5 ThFt MR 251 &5 Ato]
o] Aoz F/d =] o] THSoladoye et al., 2015). A%o] FASHA| FEH AL ABAERRE Ao e BHH, A3 B
SEAUY 53 49 =52 4 Aot 59 AE 2 4 ot A 252 WA o] FUtsHE & 59] Fulet HlEo] 37t
Skal 2Ho] Zhashes EFe UERATHLee et al, 2018). wbA] AFEAe] 53t A|Hke] 243t vlgo| AbdAke] 41} AH|ake] g
= i

Fatty acid-binding proteins (FABPs) §-AAFE& A|W4te] o] 51} #7e]| Hofstr, 21 Fof| A =j2] 2] 6HH A Aol 918 Farty
acid-binding proteins 3 (FABP3; heart fatty acid-binding protein, H-FABP)+= A2 thAFe} M| 7+ A bAk Mg 28 3h= 15-kDa Tl A
S AF S K Gerbens et al., 1999). £3], FABP3 G- AH= & A Lof|A] A|HFAL o] 8- ZA31= o] $oislo] Hix] 9] A|v; E4of tish
SHOHRLE A& AThGerbens et al., 1999; Ovilo et al., 2002). Gerbens S(1997)2 FABP32] 2 A intron®] 9 %3 A 7|tk A
(single nucleotide polymorphism, SNP) (g.1811 G>C)= 275} 1L, =i A] o] LA Lo} SA 7 2 dgE3 Ad/do] itk Bal
S THGerbens et al., 1999; Choi et al., 2003).
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ol A ZXE A pFo] A AW F2ate Fole A S BRItk A3t 23t B A1E| IthKim, 2015). ©]+= FABP3
SNP7} A 8k ofy e} b ko) 219k 4 9l Eazo] 3k v 7Fe A= ARSI Agel e EL5kaL, SUioll A 7P e
T7b =2 A atat I Aol FABP3 SNP7L 0 2]+ ol thsh A= o= A] ket

ShH, =5 A 22 38 =R 2EF2 A Rla 27 alol YIS o, ARl JFF FF 1t Atolek ZiA|
2o & Z3F3HHRosenvold and Andersen, 2003). ©]2{$F 344 Zto]& of2] §-212} ¥lo], £3] SNpof| oJaf| 24 € 4= 9111, Y
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MATERIALS AND METHODS

ZNSEUDNASS
ol A ARS-E 1265-2] SHEF o] A HR|(AM A 74%, DA 525)2F 131572] LA HAAMSA 1125, DA 195H)E o] &
Slo] 2412 A5t FASEES ARG 2 AL A|25HE 9719] Aol A ARS-E| It} Genomic DNAE & %] 2] S-AlL % 2]

o]| -] G-DEX™ IIc Genomic DNA Extraction Kit (Intronbio, Seongnam, Korea)Z- ©]-8-5l| A|ZAI7} Al &-5k= i Fdol| whet &3t

2 Ao A 85 A FUEL Lee 5(2023)01| 7]&H WS o]-85t0o] ST AHAA &eto] A N ES ARESHo] of
219 =A= 24417 SR 4°Coll A WSt o, 7 A o] HRbEAE SAEEAE e 2E A
= B2 UL 2X 9] Fof] 2291 A4 0 2 gmfel sSHA| F3 Ato] o] FAlof| A A ARE B alakqitt A
A4 BA (belly weight, BWT), A4} Z 0] (belly length, BEL), A4} U1H] (belly width, BEW)= AFAARS 420 2 BS

1

= ol7] Ao &
53T AP AR meat cutter (KSC-330Q; Fujee, Siheung, Korea)S AF8-5F0] BE A3 (F3 6~141, 23 1-58)5 2F3emQ! &
o|AR HHSt &, Suto|A HE A AR] ZolE SAoISIT Sato| A WS = 1HEE 149H7HA] BA|sIloH, ATt 0 2 12

A} &Efo| A steel ruler2 2705}H0] A1 5HA| E A5} THDocuPrint, C3360; Canon, Tokyo, Japan). £ G704 AL&35H Z-8-2
=53] ¥ (cutaneous trunci muscle, CTM), B2 (rectus abdominis muscle, RAM), BYHPZ7 A (external abdominal oblique muscle,

EAM), 8|73 Al (Internal abdominal oblique muscle, IAM)©| ™, ZF 5-0] T4 (en?)> 3 A2 2t &efo| A5 AFAGtoq ofm|x|3t

St S Tmage-Pro Plus (Media Cybernetics, USA) S AF-8-510] =74 7] Z3131th T3t 7} &eto] A 9] o|u|z|of| thsl L8 H A& S%st
Hhe vt 5 USR] o 2 AP AR Sato] A THA (belly slice area, BSA)TF 5 X A|WHZA-& =431 o, Sefo| A A HA S

28 HA 0 & =11 1002 Foto] -5 HA 1} A HHH A ] H] & (belly slice muscle and fat ratio, BSR)S AlAFs+3iTH
ol H
S 24

FABP3 SNP (g.1811 G>C)°l| thgt - 2}3-2 Polymerase Chain Reaction — Restriction Fragment Length Polymorphism (PCR-RFLP)
HS 5ol 245131t PCR-RFLPO]| AF8-¥ primer®} enzyme Gerbens 5(1997)°] E 118 HEe} ZHk(Table 1). PCRS +=H
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Genomic DNAZHE] T100 Thermal Cycler (BIO-RAD, Germany)Z- ©]-8-5t0] 4=3§5}31tt. PCR ¥H&-2H /-2 Distilled Water (D.W)
9} 10X PCR Buffer (w/20 mM Mg*), 10 mM dNTPs (2.5 mM/each), 10pM primer pairs, i-MAX™ II DNA Polymerase(SU/uL)°]| template
DNAE &35to] & Hh3-l2 20uL 2 5FIT} PCR BH2-2 94°Col| A 52 7t pre-denaturation $F 5=, 94°Col|A] 1&(denaturation), 57°C
o A 14 (annealing), 72°CONlA] 1 (extension)2] g 35 cycle 4~y 5}FaL, IR O 2 72°Cof|A] 154 7F final extension THY = Z13Y
A ZAtk 582182 9] PCR $2 AHE5 Haelll (10U/uL) AISFE4AE 0]-8-5}0] RFLP HHR2 53l 2415k THTable 1). PCR At=ll
D.W, 10x rCutSmart™ Buffer 12|11 HaelllZ- g0} TuLo] &2 AlolE F, 37°C F25xolA 24K HFGAIZIH: PCR S5 AT
B3} AlstE A 2] E AHE-2 2% agarose gelollA] 117|952 A AI5HA] 816bpS] PCRTHH 2 - z}dol| whe T o] g /Ad 2 &
skt

=
=
o
=

Table 1. Information on the primer set and the restriction enzyme for PCR-RFLP in FABP3 SNP.
Gene Sequence (5 to 3)) PCR product size  SNP location Enzyme

FABP3 F - ATT GCT TCG GTG TGT TTG AG 816 bp Intron 2 Haelll
R - TCA GGA ATG GGA GIT ATT GG

AaA FZof| TSt 7] 2 A2 SAS program package 9.4 (SAS Institute, Cary, NC, U.S.A)2] MEANS procedureS- ©]-8-5}0] £-4]
Row, Aol o gl M| RE50] HA o tiefil= 2t Sefo|AE R U2 SIS St 7|2 eI 2ASIITL &

J517] 13l General Linear Model (GLM) procedure2 ©]-8-5}04 24 5}ATHSAS Institute, Cary,

Y=+ Bi+8i+ G+ BCW +eju

N

o471 M, s 7 FAE) 2K, pe HA HES UER], £,5, G, & 247w, 9, FABP3S| S A4 O R WA ETo| T,
B B ERIFOIM g o) @30l ZRke Ha AE HT} BE oA Uehion, $HA $01(p<0052
Agsteick

ul)

RESULTS AND DISCUSSION

[=] o
Abziato] 9|3t 9l thA T 28 P ZAof| gk 71 % EAIGS Table 201 29F%]o] Tk BWTS) B2 7.08+0.89 kg, BELS] H+
2 54.7542.74 cm, BEWS] B2 27.8711.53 cm, BSLS] w2 29.39£2.55 cm, BSAL] w2 144.421+20.50 cm?, BSR] -2

111.71£35.75 %°]tk. CTM2] H-2 16.19£6.16 cm?, RAMS] -2 7.641+2.40 cn, EAM2] -2 12.75£6.23 cm?, IAM2] H 4t

2 10.961+5.19 cm*2 LFEFSTY,
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Table 2. The descriptive statistics for belly traits.

Traits N Mean SD Min Max
Appearance belly characteristics
Belly weight (BWT, kg) 255 7.08 0.89 4.50 10.30
Belly length (BEL, cm) 254 54.75 2.74 45.00 63.00
Belly width (BEW, cm) 254 27.87 1.53 23.50 32.90
Cross-sectional belly characteristics
Belly slice length (BSL, cm) 249 29.39 2.55 4.76 38.27
Belly slice area (BSA, cm?) 252 144.42 20.50 70.79 238.17
Belly slice muscle and fat ratio (BSR, %) 252 111.71 35.75 38.54 400.13
Belly muscle area in slices
Cutaneous trunci muscle (CTM cm?) 252 16.19 6.16 1.00 39.54
Rectus abdominis muscle (RAM, cm?) 246 7.64 2.40 0.14 20.22
External abdominal oblique muscle (EAM, cm?) 245 12.75 6.23 0.40 35.09
Internal abdominal oblique muscle (IAM, cm?) 237 10.96 5.19 0.26 30.21

N, Number of animals; SD, Standard deviation; Min, minimum; Max, maximum.

PCR-RFLPO] 28t ZZ8 FABP3 985 CFA 2 HIE ol

FABP39| SNP7} 3231l 5915 F-25617] 913l Gerbens 5(1997)°] H 113} primerE: ©]-85H] PCRE 33 & F-2 412816 bp)
S FI5IITHFig. 1) AlSHE A HaelllS 2835 RFLPE 53l 9404182 F2513ich ¢ Ak Ak ol 2J5h 639 bp,
117 bp, 16 bp HI=S o], G th-F-7A}+= 405 bp. 278 bp, 117 bp, 16 bp HI=S HIC},

800 == = 816
700 = = 683
400 == = 405
= 278
200 ==
== 117

100 ==

M PCR CC CG GG

Figure 1. The electrophoresis patterns of PCR-RFLP for FABP3 SNP in pigs. PCR amplified 816bp DNA fragment
digested with the restriction enzyme Haelll. Lane 1 represents 100bp size markers, and Lane 2 represents SNP
PCR product (816bp). Lanes 3 to 5 represent SNP genotypes, CC, CG, and GG types in order.
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Jdo
Ra)

24 BAS 58l £ 12652 = o] A A Eol| A CC, CG, GG2] 37HA] 572 & Elsh v, & 131579] 8 I A =
ofl A= cCe} CG 27 1A S ARG R Q18 4= QI ThTable 3). FE|0] A B2 Rtk Al & W%‘ RIE= CC, CG, GG 74
7+ 032, 049, 0.192 ‘—}E}L*EP(Table 3). ojol §ral], 2 A =] Yol A= T CC AR S & LEFG O 1H(0.86), CG
F20.149 RIES HY |22 YERLEA] ekttt siEelo] Ak @ 3 A ek 7k SNPoll Tt At o] ’lE7}
ko] A Aol 2 Qs ”OI StHA Yepd A0 g2 Hojw, 7} FFHE B4 f21de] 2art gt 4= Qe AlARIT
Pang “5(2006)2} Chen “5(2014)2] AA7tol|A]= sH=af|o] A Z{thof| thdt FABP3 SNPol| tish R 2ke 24 23k, GG kg el |l
T 7P A AR ZE2E 0,532 0.58) 2 Aol A= CG R A 9] W=7t 7P =9 GG AR 2 0.192 i o=
S| Ut 3k @ A A Fhol| oAl AAtol] wet 2ol & B =T, Fang 52006y GG 1-3AHg0] 0.52] Rl = 71 =
7| FEFSE AL Chen 512014)2 0.092 7H8 WA TH=|Qich BEH £ Lol M= cC FHAtE 9] HIx7} 08622 7H &9k, GG
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Table 3. Genotype and allele frequencies of FABP3 SNP locus.

Gene Breed N Genotype Allele
cc CG GG C G
FABP3 L 126 0.32 (40)! 0.49 (62) 0.19 (24) 0.56 0.44
Y 131 0.86 (113) 0.14 (18) 0.00 (0) 0.93 0.07
Total 257 0.60 (153) 0.31 (80) 0.09 (24) 0.75 0.25

Numbers in bracket indicate the numbers of experimental animals.
N, number of experimental pigs; L, Landrace; Y, Yorkshire

oj2{3t FAAY RI=o| Apol= 2t Aol o] & ZHA|Te] 14 w7, el 27] 8 ar A 3ol 2Rt dEef
(selective pressure)2] 2Fojol|A] 7|91k 7Hs/do] Qleh 53], 234 HEolA 2k AFmttte] GG /AR HlEeo] 2 Afol= 54
AR o] &5 Mefolut 874 2.<lof ofs thaA| Al *5104 2 7Fs/3 S AARRITE oA ® FE vkt fAiAkY Rlert oA u
Ehd= 22 HiA £59] f44 271 il 0] 9 874 Bl A Aol weh = TS o S-S HoEth

FABP3 SNP SRR T} M 37 710] 1k S

FABP39] 2914 intronol] ZA15}0] Haelllol 23l 94213 o] T == SNpE 54| %"_‘1:—77'“ 2 ZHA e} Hedo] Qls Ao R
g2 JoH, GG A E 7H 7HAIEC] CC AR S 7H ZiA S0l vlsl =2 A2 2aetttal g2 Uth(Gerbens
et al,, 1999). o|= A4 o] Thet 253 Ao 2 o] fo]A 917 wiZol, FABP39] v{tﬂ e AAadT EHE 3
& A A0 7|t meba, 2 Aol A s Y sHeeojAet 9 34 koA fAAFE 9 ch-g-xzke] HIE7} dols]
A vepd A vigto 2 AR o] ol A FABP3 f-AR 0] 1He] A BA S 5 &=
(2011)2] Aol w2 AP ARe] Sefo| A R 253} A|Hke] 227t OhEA Yefbe 2102 deA] Qlow, o] & TEsto] A4
Aol i gl A -8 T of| th$t g B4 S &eto| AR E XgYselLt.

Table 4= FABP3 SNP -2} 2t A Ake] o 4 = A ato] A (BWT)2t ZO|(BEN) Z Wol(BEW)2ES] At B4 2
T}o]t, Table 5= &2to| AH AR ako] th &7 2l A2 28 WA o tist Ay 24 A3t vhephich

A=ao] A = 2] F ol A= FABP3 SNP 3412+ 2t &ato] A AFE A T 9] Zo|(BSL), 7ﬁl(BSA), =5 9 Ao vlE
(BSR)ZH2] 212 Q1 A& LHERH O (p<0.05; Table 5), 2]3 2 (Table 4) B Al 28 P2 (Table 5)TH= G220 A7 L
EFLER] QRotTh AP A T o] Zo] W WA B Lelo] A ST F7g ol wet fhAshs S B D%(Flg 2), o= &0llA
Q%7 o] =glo] wa} gz o] | Bata] L7 Fafr] 7] fE0 2 AbEE CH(Trusell et al., 2011; Lee and Kim, 2024). SHEZ| o] A £
etollA] Az akel T Zol= 6813t 91 AtojollA] GG RAAF o] ThE OW}oﬂOﬂ Hlal =2 2t= UERITKFig. 2). T3 A
ThH o] 2.2 gof| A 1081, 1481 HA oA GG AR T} CG -§4A Hho] cC §AAFE S 717 ZiA1 o] vls) =2 7k
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AT TS HA I A H A o] &2 CG FAAR o] cC /AR At vlatsto] fo)2 02 =2 3 UEhRlth(p<0.05).
23M =2 oM = S2tol A Aol AR Z5ol ATt {22l Au/d o] LrebsThp<0.05; Table 4 B! Table 5). 241 2
o, 23AM =HA] Hetoll A F-5 8 BZ(CTM) i Z22 2 1491 S2to] 204 {02l 2ko] & B4, CTME CG 44t
oI, RAM2 CC 312G 0] =2 gk WE /Joldt AaHE E I ThFig. 3). HiHMZZARZ(EAM) FAIAFE Thol| 2] 2{]] Apo]
7F AL, HIEBARTIAM) 12, 13, 149 S2to] A0fA CG F7AHg o] CC F-AFY Tl Hlwsto] fo 4 0 & =3ttt

& A7-5 5o M=ol A0t 2 A Hehol| A fAdxkg el w2k Ao 7F uhs o] Adoldt A& 2RSS FABP3 SNP #41
Aol Aol A wfx|of| M= A A Dol 12)al 2 3 M s A= A Aol AR 250l ¥ & 4 AeS AR
CG B! GG g ol a4 ©ie] o] 8l A} AlRISol|l M fo 4 o2 S7tshs 202 Uephth e 5242 2%
o 2ge] A et ulgol| osl 2H =, & A5l 23E F3l G tHE-FAA 53] e 2352 sidshes &

Fe 2 o AL AL T VI 3] 2 nIE 4 52 AARRIT

A

Table 4. Results of the association analysis between appearance belly characteristics traits and FABP3 SNP.

Breed Traits Genotype p-value
CC CG GG
L BWT (kg) 7.09 (0.05)! 7.20 (0.05) 7.07 (0.07) 0.208
BEL (cm) 558.46 (2.36) 556.80 (1.95) 556.79 (3.02) 0.846
BEW (cm) 274.71 (1.27) 274.20 (1.05) 273.13 (1.63) 0.754
Y BWT (kg) 6.91 (0.05) 6.96 (0.10) - 0.662
BEL (cm) 532.94 (2.72) 534.76 (5.64) - 0.768
BEW (cm) 285.30 (1.28) 286.84 (2.62) - 0.589

IStandard error of least square means.
L, Landrace; Y, Yorkshire; BWT, Belly weight; BEL, Belly length; BEW, Belly width

Table 5. Summary of the association analyses between SNP genotypes and belly traits.
Belly Slice 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Traits
Cross-sectional belly BSL (cm)
characteristics BSA (cm?)
BSR (%)
Belly muscle area in slices CTM (cm?)
RAM (cm?)
EAM (cm?)
IAM (cm?)

The box color indicates the significant level of each association test between SNP genotypes and a given belly trait. The boxes
with yellow and blue colors represent significant results (p<0.05) in Landrace or Yorkshire population, respectively. The grey
boxes represent the non-significant results. BSL, Belly slice length; BSA, Belly slice area; BSR, Belly slice muscle and fat ratio;
CTM, Cutaneous trunci muscle; RAM, Rectus abdominis muscle; EAM, External abdominal oblique muscle; EAM, Internal
abdominal oblique muscle.
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\\\ I 34 Genotype
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5 6 7 8 9 10 1 12 13 14
Slice
Figure 2. The results of the association analysis between FABP3 SNP genotypes and belly length and area by slice
in Landrace pigs. The black lines indicate the average values across all slices, while the colored points represent
slices where significant differences were observed. Genotypes are represented by colors: red for CC, purple for CG,
and blue for GG. Superscripts "a" and "b" denote least square means that differ significantly within the same row.
BSL, Belly slice length; BSA, Belly slice area.

25

N'E‘ Genotype
o .
= —T | T — CC
@ 20 —a— a
L — R s — CG
[ L EPPE i
g I R .
g o et Lo 1 Trait
2 A s = CTM
@2 10 : . & :
g _—" y . -&- RAM
> ' B S e ol _J_____,--«j;'f"" £ A EAM
S 1 [ | 1 | [ T - 1AM

5 6 7 8 9 10 " 12 13 14

Slice

Figure 3. The results of the association analysis between FABP3 SNP genotypes and belly muscle area by slice
in Yorkshire pigs. The black lines indicate the average values across all slices, while the colored points represent
slices where significant differences were observed. Genotypes are represented by colors: red for CC, purple for CG.
Superscripts "a" and "b" denote least square means that differ significantly within the same row. CTM, Cutaneous
trunci muscle; RAM, Rectus abdominis muscle; EAM, External abdominal oblique muscle; EAM, Internal abdominal

oblique muscle.

CONCLUSION
B odq= 2|9k 21 Biw FABP3-R-73219] g.1811 G>C -4AFy HIES 25 2 301510, SNPLF AFEA S 7Ho] Aahyg
& GopE 1zt AAISHITE S = o] A Yol @ 34 Tl A frbg 9] Blw = AdolshA| Lebskom, o)A Bfx|of|Al= A7t
| kg o] B U2 BHH @ 3 A sfz]oflA]= tiR-E CC -RAdAg ol oM GG 334K UefutA] gttt sesh siajo]Act

N
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234 Wetoll o] AR AL 97 7ho] daby B4 2T S (G 2 GG 3AHg0] A7) B2 el 2825 4 9)
R0 Briwn], o] = T 48 HXI0] F2 A AR YD AL melA sl SAo] AAL 3ol ml i Qg Bt
She ol 7% e E B8E 4 9 2ol
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