H45% 1 1
20264F 11

S PN

Journal of Huazhong Agricultural University

Vol.45 No.l1
Jan. 2026, 246~254

JEISCER AL b, 45 R T I 8 AU L A B A3 SR AR B

DOI:10.13300/j.cnki.hnlkxb.2026.01.022

SRR A SR B [T ] A el R =244, 2026,45(1) : 246-254.

EThHERHAMRTHERERRRRE
At & 15 15 SR Y 5K 5 i
FISCHR, R VR, £ RIEL, TR R T,
B bR, A B, H A, EE K

W REKRFHDHARFR/ BEFLLRAETE LT/ RLRNFRETEAEADAFTEL LT/
WK F S AT RLES QHA A EELEE, RH 611130

BE

Sy DS TEA AL 22 T PR 15 R S 0 TR A R 0 b 4 2 i A% 800 IR 1 SRR A QI 5 A Qe e, 77>

TR R DR R B A S5 8L RO, X 209 Sk AL a4 A TR A R B A 2338 1L 400 (residual feed intake-so-
cial genetic effects, REI-SGE)E A 11, B s (AR 45 10 3k, 430 st S UM 41 (HRS) 584 25t %
BN A (LRS) , 5% P i 2 v AR €0 1% - v 43 9 1% (UPLC-Q Exactive ) 2304 20 Sk -3 505 01 i #15 J AC 3 21
A, R PLS-DA % 5 15 0 2 11 i 5 5 i 9 HRS 4 A1 LRS 41 A9t 55 22 S0t , O 5tk 28 22 ARt i itk A7
KEGG &80, K2 S AW 2 510 22D E . H 205 (LC-MS/MS) /3 Fr & R R, 7E % 5o
WG S E B % 1 11145 5904 B3 22 5 Ry, Bn 5 E B ILE v- 2L T R (y-aminobutyric ac-
id, GABA) 5 1312272 . KEGG && 0 g R won, MRy 2 8 £ FHNEAR R ARG
AR ABCH2 8 H VR BE-(RNA AW A 15 26 40 1% 5 22 U £ 25 £ T o AR mig
JU T () ) 5 b MR AR AT 8 Sl it o 5 SRR T RL s SR A SR B B AL S st A5 0N 5 1 22 S il (n
GABA %) J SR 153 6 (Can = Lm0 . (o RIS ) W A% .
KB IS TR A SRR A RIARE v TR 2L

FESZES  S858.28 XEAFRIRED A
FEV e S Ay — e BE R R B s ), 76 F SR RN
Fha BT R W k@ vk, A ) A
(04 58 B i ST AR L AL X T 25 R AN A B S A4
) R R 34 PTG ) A 2 388 12 2000 5 ) A R
i B A AR = R REN LAY R B & (residual feed in-
take, RED) A i 5 G BHI M 1) F 227 45 . IKRF]
(B R WA B T i i i R e A 80 SR AR TR A
EREE HR . SR, RETAMUZ MR L R 1
S 7 BV RE AR N AL S BB R, Aot
&340 (social genetic effects, SGE) TEAV BEFR sh)
Hh sk A7 R T SGE ANMA AT DL i e 38 B A 4 %
AT R FIACE 42 FH R AR P23, X 45 78 RFT
(A 3Bt RN T B8 e A 7 i B B S

Wk H 3. 2025-04-27

XEHS  1000-2421(2026)01-0246-09

TR AR (NMR) FBRE (MS) B AU 2 7
RE % 4 I AG I A= 0 1A T4 B AT AR A, e e s ) A
RS ARG s AR AR LU R 5 4
T BE R EA T 1 22 MR I, ik mT L3k A s )
MPET, AT M. HAr, [UHA e &k
FERR T N BN i g3 R Q2 T A B
AT RARAS IR B G AR IR A ST AR DG SCHAR
B 2H 5 5 S IR 2 Hr IS T 4 7 rl BH A AN TR
JUL PR 2 2 g 5 i Y 22 S5 2 0 A X G R 4
ST SRS SRR T AL ST SRR 2
PRSI T A SR U g o SR, BT ST 2 R M
TSI AL RN, W e i A 0N ST AR 4%
HLH 0 T AT 85 Bk =, e FEAE A AT O 82 o e

FEETHH 54 R B b oL e S R W H (NCTIP-XD/B01) ; 1Y )i 45 B 4% 77 3 H (2020YFN0024 ; 2021ZDZX0008;

2021YFYZ0030) 5 PU 1148 % Q5T A A3 H (scextd-2022-08)

JRISCHR , E-mail : 1073382497@qq.com
WAGEEH  FEE K, E-mail : tyq003@163.com



o511

JRSCHR 45 BT I E A R A BT A 3% s 0 TR AR B Ak 2 BB A AL 94 S o e 247

B I A S At T 0 MR A . ARG AR
g ik SRV ARSE & RS2 5 RFI-SGE
AHOC Y OGS 530 2%, 5 76 A2 T 4 75+
AT Ry R WA T AR 8 N FERL R, Sk F AT 7 2 A
T A PR RE ARG v TR SR AR
1 MRtEFRE
1.1 e SRFEE

A5 DA A ] 0 )1 5 3 A S i A 0 B R
e R HROIR T R AT LRI TE T Y 209 S R A1 e
FEAE R I HE A . 130 A AR 7 249 14 Tt 36 30 kg
(70~75 H i) i AF e, IE XT8R2 85 d
PRI ], R IR BT A B 115 kg 250 . B
A RIS R AL HAR 38 2o B AR (Osborne) A
Bl I 2R G AT AN AR HE TR S B R A . B
KBRS S, B AL B & 15 4 B RS (B F2 10~15
K)o AN SN S AR R [ B R
G RELE 20~22 CIE L. A H AR E
AN EARAT B A R SR A K 25 Y R A R OK - TR
BB Al HOR CF 3% B 757 & b B E K bR i GB/T
5915—2020{f1 5 ERK B MR AR ), IR IE
FOIE TEE RO RS
12 REFW|RESLE

AR EAT R 5 A KB o BT [ g e i
U RGERAE 10 Sk N A AL EE R A MR
R SOR BB, B A S A Bl AR 2 e U s
o BT R A F) 115 kg i i 52 B B
A MyLab™X7 460 45 3K 5% 55 6 155 7 W& Z 18] i 75
T JREFE o LI g )Xo BRL A0 74 ] W sl 445 R I £
FURHFE YA IE , DA O R BRI AT SE . 2% Gil-
bert % B ) T A AMARI AR & B KN
1.3 #HLBEERNITHESA

FEF RETERAL, F FH AL S (L R0 i AR S
11209 sk A3 755 X T RFIAY SGEH : Ve = Xb +
Zyag +Za,+ Wi+ Vg +e. HH, Y £~ RFI
FAUE ] 42t 5 & R 1 5 RO o) dat, AL 55 P 0 4
H AR 5 ag M a2 B AL UM FlAt 25 15 AL 2L
IO [ £t 5/ R BRI 63 3000 ) £ 5 g 2R B ML AEL 800 1]
e KRNI 22 10 X Z, 2 W VIR Y 56
BEAR B . 115745 3 19 RFI-SGE B 95% &5 X [i]
—4.304~4.304 . ARFEFIZ X [A], AR 5T a8 5 T 4.304
BT —4.304 WM s s 4% 10 3k, 21 A e 4k 23 3t 1%
RO 4H (735 RFI-SGE 41 , HRS) AV A 2338 A4 2000 41

(Il RFI-SGE 4 ,LRS)
14 BERAREERARE

JI 1 A i R ] K o e WA A 9 A ) A [
FAREALE B S HILHERY GB/T 17236—2019¢#
BB SRR )T RS . BSR4
PR RAE Il iz A E W 2020, I 37 BDRs A4 F 28 TR
50 mL B0 RS I R A R4 T . 15 3R
VARl K27 Bl B 2 e 55 55 sl 4 4 BRI 4 FH 22
Lot (b 1 bR S 20230157) .
1.5 Kigt42E

WHAER G S5 EBANAED T, B S PR R
50 mg. JHZH SR I MUK AL S IS 20 0 . B S
A 800 pl S I (P : LM - k=222 1R
FO)#EATHEE . 5.0 (13 000 r/min, 15 min, 4 °C) )5 ,
W IS T a2
1.6 LC-MS/MS #&in

K F Waters 2D UPLC &4t 5 # Bt Q Exactive
1o 3 HERE BT A S R R A T A R AT 0
PEEC KN S, BRSO A EEA
BEH C18 £, 100 mm < 2.10 mm, ki £ 1.70 pm. 1E
B BN A A 25 0.1%0 W IR /KW, T sl A B -y
& 0.1%0 R Y F i s 1180 2 AH A R 10 mmol/L
FH R B 1) K 5, T 31 AH B 2R 10 mmol /1. HY i 44 il
95% W B AW . Bk {F il ot iE i 2 ik
RS, W% B R 3.80 kV(1E),3.20 kV (17) ; B4
FRE 320 °C s Bl B MM ARAR IR 350 °C5 5 (N,)
it 40 pL/min; 3 B & 10 pL/min.
1.7 EZRKEIHIE

LC-MS/MS 73 H7 J 2k 45 1 £ 4 38 i MetaX 4%
WAL EE GEi T bT AR 2 EE R AT R R
FI AR T 41 43 B F 5 MetaboAnalyst 5.0 #f 17 43
Brioh . I B /N 3R H 51 4 BT (partial least
squares-based discriminant analysis, PLS-DA) J7
PS5 v A 45 B 2 (variable importance
in the projection, VIP) . % 3. VIP=1.00. |log,FC|>
1.00,P<<0.05(Student s z-test) 1 hy 22 A4 (dif-
ferentially metabolite, DM) F5 " . 4% B4 i Rstu-
dio(v 4.3.3) #EA7T A Ak
1.8 ERREMKEGCEES

RSB 2 S A I AR ML T R Y A 2
Tiae , A5 Il i 5 5 b 22 5 AR i AT
KEGG & #0474, i 58 22 AR 5 S iy £ 527
TR B 5 (5 55 SR ie .



LS N AN S o ¢

o545 3%

248
2 HRESH
21 AARSHEEN

fifi F PLS-DA J5 B0 REAR A 1 o3 3004743
M, W02 IE 1 —F 2 R U 2 Rl SURE i B 5
BT, WA 1R, HRS 5 LRS 194 N B 4 Fe
HEGWHERIHARZRHE ., Mg IESFERXT

® FHESBALHUY HRS
O fRASIHERY. LRS
404
. °
(=}
> * o
~ 204 I
= ° &
[\l
= o
A & 0 ’ °
19} & o
(=9
= o o° ° 4
S -20- O ®
< °
KR
® —40
R=0911
0=0.704
—-60 -40 -20 0 20 40 60
8431 Component 1(24%)
® FHLLIHERY HRS
401 O R SHERL N LRS
— )
<}
= 20 == ... @
E: o)
) - ® o
3 ®,
= 0 19
c % ® >
& e o e
£ 20
S e®
o
L 0 b
g
R*=0.895
404 K
0'=0.382
T T ! il
-100 -50 0 50

%431 Component 1(21.7%)

HRS 45 LRS 4 : R*=0.911, Q*=0.704,, R*>Q*; [n]
Ji7 7 B F #5520 F HRS 41 5 LRS: R*=0.763, Q"=
0.63, R°>Q* H M 1E B 71U F HRS 415 LRS 41 :
R*=0.895, Q*=0.382, R°>Q*; Bt & TR AT
HRS 41 5 LRS: R°=0.867, Q°=0.436, R*>Q*, I
A B IR i i vy H 25 AR ] SE
AT 5 80t AT

0T @ i tE 2R AR HRS
O fIRALSEAERN LRS
S e e
g 201 ;
o~ oY}
=z
N
= ® e
5 ° [5)
B § 0 o ©
j=9
g ® et
) °
S o
[\
R 204
#
R’=0.763
’=0.630
R i - : . .
40 =20 0 20 40
8431 Component 1(29%)
® I ZIHERUY HRS
204 ,, O fRFE SN LRS
°
_ °
(=)
& 104 : e °®
[=)}
~ » @
2 - e
§ 0 & e®
o)
D o0 o o
§ -10 e
2 )
-20- )
6y
=309 R=0.867
0=0.436
—40 -20 0 20

J8%431 Component 1(23.6%)

A B9 HRS 415 LRS 4 017 1F | 67 85 T4 A5 PLS-DA18/3 & C D40 HRS 415 LRS U E A 1F L 1 s T R AR
PLS-DA 13/, A,B are the PLS-DA score plots of metabolites in the ileum under positive and negative ion modes for the HRS group and

LRS group, respectively; C, D are the PLS-DA score plots of metabolites in the cecum under positive and negative ion modes for the HRS

group and LLRS groups, respectively.
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Fig.1 PLS-DA score diagram of positive and negative ions
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lites in the ileum for positive and negative ions, respectively, while B and D are the corresponding clustering heatmaps for positive and negative

ions, respectively.
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Fig. 2 Volcano plots and clustering heatmaps of differential metabolites in the ileum
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A LC o5 Wi 22 AR IE 7 B 7 JO LA B D 43 51 R JCIE 1 B 2R JSHUE . A and C are the volcano plots of differential metabo-

lites in the cecum for positive and negative ions, respectively, while B and D are the corresponding clustering heatmaps for positive and nega-

tive ions, respectively.
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Fig.3 Volcano plots and clustering heatmaps of differential metabolites in the cecum
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Table 1 Both ileum and cecum have significantly different metabolite collections

HFR 2441 [EER . P1H 25 xR EIHE
Name Tissue ESI P value log,FC VIP
AR -2V IR R TR [ Tleum IEBT POS <0.01 —1.03 1.82
4-Hydroxy-2-quinolinecarboxylic acid HM Cecum FE+POS 0.02 6.85 1.46
5a- M 53-Scymnol [1J% Ileum EETPOS 0.01 1.35 1.37
o B Cecum EB T POS <0.01 —2.39 217
5-F A 35| 2, TR [ Tleum IF& T POS <0.01 2.08 1.76
5-Methoxyindoleacetic acid % Cecum £ T POS <0.01 —1.45 1.73
) HUE D-(—)-Fructose % Tleum BT NEG <0.01 —1.82 1.43
. ) B W Cecum B T NEG 0.04 1.04 1.26
)% Tleum EETPOS 0.03 —2.67 1.31
K H AR AR Glycidyl oleate ) . I
5% Cecum IE8 1 POS 0.02 1.80 1.53
[ Tleum 18T NEG <0.01 —3.60 1.49
P2 Linoleic acid ‘ e .
E % Cecum 78T NEG 0.03 1.85 1.31
Y2 20 17- B mR i [J% Tleum EE T POS 0.05 —1.12 1.14
Medroxyprogesterone 17-acetate & % Cecum EEF POS 0.03 —1.14 1.42
[1J% Ileum 18 NEG <0.01 13.18 1.53
N-Z.Fk-L-& 5 [ /% Tleum IEE T POS <20.01 —2.23 1.71
N-Acetyl-L-glutamate EH % Cecum 718 NEG <0.01 1.53 1.96
HW Cecum EB T POS <0.01 1.26 1.73
N- 2 [ RE iR )% Tleum 1EB T POS <0.01 —3.52 1.22
N-Acetylmuramic acid E % Cecum 1IEEF POS 0.04 1.67 1.35
it EEFPOS <0.01 2.90 1.76
N i B BRIk NT-proBNP 1 Tleum Hr
B Cecum 1EB T POS 0.02 —1.27 1.46
) o [ Tleum BT NEG 0.01 13.51 1.31
M2 Phosphoric acid
H Cecum 8T NEG 0.04 —1.60 1.27
. o [} Tleum 1EB T POS <0.01 —14.10 1.52
o~ JFRFR o-Linolenic acid
% Cecum 1EB T POS 0.02 1.80 1.47
i ) o [} Tleum BT NEG 0.04 13.33 2.06
y-Z2 2 T2 y-Aminobutyric acid
% Cecum 155 NEG 0.01 4.70 1.56

E:N-Z 8- L- 4 R AE M A B8R I T 1E G TR i ) o .35 22 S AR , IRtk g it 24

T80 . Note: N-acetyl-L-gluta-

mate was detected as a significantly differential metabolite in both positive and negative ion modes in either the ileum or cecum, therefore multi-

ple rows of data are presented in the table.
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e 15
IEE fRi Pyrimidine metabolism- ®20
Pt
i G . 3 P value
AEFNRIIEREYI & B Biosynthesis of unsaturated fatty acids< 001
\ 0.03
NG E D {5 B Fatty acid biosynthesis 4 0.02

I()A()l

s {R14 Purine metabolism+

/NA AT 9E Small cell lungeancer-

\
Ji7il s 45 1g A7) Intestinal immune network for [gA pmduclionw

0.0 0.1 0.2 0.3 0.4 0.5
‘& 2K T Rich factor

A [l 2 SURE il Y 3 22 S AR IEHIE % s B B I AT SRR L 0 3 22 S ARIBHE 8% . A: Significantly altered metabolic pathways in ileum tissue
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Fig.4 KEGG enrichment map of differential metabolites
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Key pathways underlying social genetic effects of residual feed intake
in Duroc pigs based on gut metabolomics

ZHOU Wenxuan,ZHAO Zhenjian, CHEN Dong, CUI Shengdi, WANG Junge,
CHEN Ziyang, YU Shixin, CHEN Jiamiao, ZHOU Yaoxi, HUANG Runjie, TANG Guoqing

College of Animal Science and Technology,Sichuan Agricultural University/State Key Laboratory of
Swine and Poultry Breeding Industry/ Ministry of Agriculture and Rural Affair Key Laboratory of Live-
stock and Poultry Multi-omics/Sichuan Province Key Laboratory of Livestock and Poultry Genetic
Resources Exploration and Innovation, Chengdu 611130, China

Abstract The social genetic effects-residual feed intake (SGE-RFI) value of 209 Duroc pigs was es-
timated to study the key metabolites and metabolic pathways associated with the SGE-RFI in Duroc pigs at
the level of intestinal metabolome and provide an explanation for the SGE of pig feed reward at the level of
molecule. 10 individuals with extreme value at each end were divided into a high social genetic effect group
(HRS) and a low social genetic effect group (LRS). The ultra-high-performance liquid chromatography
coupled with high-resolution mass spectrometry (UPLC-MS) was used to analyze the content of metabo-
lites from ileal and cecal in 20 Duroc pigs. The Partial least squares-discriminant analysis (PLS-DA) was
used to identify significantly different metabolites in the ileum and cecum of Duroc pigs between HRS and
LRS groups. The kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis was performed
to elucidate the major functional pathways involving these metabolites. The results showed that the 1 111
and 590 significantly different metabolites in the ileum and cecum were identified , with 13 different metabo-
lites including GABA shared between the ileum and cecum. The different metabolites in the ileum were pri-
marily enriched in 26 pathways including alanine, aspartate, and glutamate metabolism, ABC transport-
ers, and aminoacyl-tRNA biosynthesis. The different metabolites in the cecum were mainly associated with
8 pathways including tryptophan metabolism, biosynthesis of unsaturated fatty acids, and purine metabo-
lism. It is indicated that social genetic effects-residual feed intake (SGE-RFI) in Duroc pigs are significant-
ly correlated with different metabolites including GABA in the ileum and cecum and key metabolic path-
ways including the metabolism of amino acid and tryptophan. It will provide insights into the metabolic
mechanisms underlying the social genetic effects of feed efficiency in farming pig.

Keywords Duroc pig; social genetic effects ( SGE ) ; metabolomics ; residual feed intake ( RFT) ;
y-aminobutyric acid ( GABA ) ; metabolism of amino acid
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