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Abstract; The aim of this study was to analyze the differences in genomic selection sweeps between Danish Large White (LW) and Asian
Sus scrofa (SS) pigs. We obtained genetic variation information from 43 LW and 6 SS pigs using the whole—genome resequencing technology.
Selection regions were detected using both Fst and 7 ratio methods, and functional enrichment analysis was performed on the genes within
these regions. The results showed that there were 134 selection regions in the LW pigs compared with the SS ones; these regions contained
103 genes. The GO functional enrichment terms were mainly involved in enzyme metabolism, while the KEGG functional pathways were asso-
ciated with growth and reproduction. After screening, five candidate genes related to the reproductive performance of the Landrace pigs,
namely APC2, AQP9, KISS1R, PAPPA2, and PTBP1, were found to be under strong positive selection. The results of this study further
elucidated the genetic basis of the high reproductive performance of LW pigs and provided references for the domestication and selection of

foreign breeds and the development of molecular markers for related economic traits.

Keywords: Danish Large White pig; Asian Sus scrofa; whole genome resequencing; selective sweep; candidate gene

IR R, B (Sus scrofa) F350 J7~  FPEELE 100 LA 504k, FERIALHBCE 74467 3
550 J7 AT e R BRAE AR R W L DX, R I P B R AFAEZE S, R 1 TTAERT, S8 TE BRI A )
ZA M B S IR I R, T

Wes B3 2024-04-17; &0 H . 2025-02-07 ZH AT I AREREE SRR, TR ARZ 5, 1%
g (P KB g e (LD H FTAE 2R

Je A 1Y EF 5 R Al & e —~ ML ST = ., e 22y

i TSGR, R 77— (0 M S8

R R M, WSO AR R, Bemal,  FE 18 SC19 AL RCKE R ML S RS, Xt
yinzongjun@ ahau. edu. cn, fﬂﬁﬁﬁﬁ%%%)ﬁﬁﬁTngﬁﬁﬁm o




BHEEE 202544 $H57FH H4 <15 -

KM (Large White pig) Ji 7= 9% E 2 55 2 AR,
PR PR v M5 (Yorkshire pig) ,  FH 3 [ b )7 4
HrEEmEACEBE MR, RS he8EN
o, DU e, WK, AR, BRE
wr, AR KA E US| 2 A E
K, Rk E BB RS R KA ERKRE
. RRRAM ., MAKAKERR, PFRRAKL
VI WINE PSR T o S 200 R E R Ny e st i )
ml, AretERe i s, ORI ER AR 3G R
%o BB AIR, TEPEZR K 6 3 R 20 TP A e KT
WS ARXIL, 0T 16 5 YLk 115k GRIETHE T 1Y
— AT R IR AT 22 R VR 2Z IR R B g A
=, OFURE M B RE A OC, H 53 XA 28 Y
NDUFS4 L #E il B vk e e . AR R 244
P BUTAEZE R FRE

HE R 32 e P X Bl 98 K & A itk sh
SRS N R A THMEN S, AT T
AN [R) SRR R A AR s Bl . A SOk R T
ANFEERR KA KA S e 58 4 At Py Al
M RS E MR R B 2 A2 e ERE L, OF
AR T RZ GATHARA BN 7 H KA
H 55 YN B A6 18] %) 5 A A1 32 R R LR DL . At
FEHET 2R A HEI P RIS S R KA TN 5t
BARSER, AR LTER (Fst) KZFEMD
AAEEC (w ) PIR TR T R B E S A, %
FEFFR R AR H Y R Z e B XS T & 36 A, Rk
RIS 0 TR e SO TPR E YN L gAY
S e YN E A=Y 2D ik i U TR VA= S s

1 #REFE

1.1 #HARREBIEERE

AT e 49 IyFEAS, Horh 43 b R ORI
(LW) BLHLURLE T LRI A IRFIE Bedn A FRA A
6 S UM BF S (SS)  An ik DY 2H KAl Sy S 5 A i AR
5, FdE e L& = NCBI 4 % ( https ://www. ncbi.
nlm.nih.gov/) , &3R5 H . PRINA699491
1.2 DNA XERERAENF

43 PR KA DNA SCEER 3 J Dy 22 4t
BN IERBHCA R AR E W, S5 B R A AR
Sus scrofall. 1(https://www.ncbi.nlm.nih.gov/) . i F
GATK #fFf) UnifiedGenotyper #5344 b B3 47 iy Le Xof
SCUEIEAT ZANREA Y Variant K0, A8 I 3] 428 S 4
H VariantFiltration #F473 1€, SIS0 - Window
4, —filter" QD<4.0 || FS>60.0 || MQ<40.0", -G _
filter" GQ < 20" ( QD: Variant Confidence/Quality by

Depth ; FS ; Phred-scaled p—value using Fisher’s exact test
to detect strand bias; MQ: RMS Mapping Quality; GQ .
Genotype Quality ) . f#f F§ ANNOVAR XI £ il ) 119
Variant #AT I RETRE, 42 o JE R A e 9545 5 A 58
PO M, ORI BT AR AR B BAL T IR 2 S
(SNP) s AT, I8 AN O/ EE
/N 0.05, @SNP £ AN 0.9, @XBREtAL R
I 20% bRIChLR, @ H % EH QAk,
L3 EFEESHH

R I Sl 0] 4 BE DR A 52 e 58 XA T AG ol
1 PopGenome HAF X1 8 J5 19 SNP 422 9y B K 3 3 47
WE, LL100 kb AT, 10 kb MK, #EAT Fst &
m EHITE, AT,

Fst= (Ht—Hs) /Ht,
T=2xX7, Z;:llxixjm-j ,

Horbre Hs JWREPR-FH G R, He A2 S REHAT
M2 G, n AREARRIFINEL, « F 0 50 5
ANHN G ASTF SR R A AT IR 22 S 8. A
FEHEFE 19 H LR AR I B, [W4d T Fst K
m {EH) TOP 1% 1 X I8H 5 Jhy 32 10 4 DX
1.4 EEEHL

i FH L 3 B 2= A= ) °F 65 (https ://www. omicsmart.
com ) X 52 36 5 DX 3 v R B 11 B IR AT R R A
(GO) Lt S5HMEA TR+ (KEGG) Yikk
WA, TR g e R A T T 1 SCRRA: 3R LAk
— L UIE A E ) DI RE

2 HREHS

2.1 AERKEERTMNEFEERAEZEERIH

A, AR A E B SNP B iE N
25 150 9514, HrpmyNEFH5 A4 SNP Jhy 12 857 890
A, FFRREAMEMA SNP i 4 956 186 1>, —H LA
SNP #7336 8754 (K1),

SS LW

12 857 890

4956 186

E1 AFEZEESHSTHARKBERIMNEE
HEH SNP £

TE Fst M4 R, PR K EE S Y0 B 4% 5 [N



- 16 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No. 4

HILAFTE 2 264 D Z BEPEX I (Fst {H = 0.70, G Fst B (EHMNFRE PR R H 4
TOP1%, K 2A), 18 s deaikhyifs i, 1%  HRE T 134 M2 EFEXE, 2/ F 1~5, 8, 9,
ik, it 408 4~ E w HOWTE RSP, 11, 14~16 Sk, Hrp 2 S@kie, It
AR AEIEA AR TN EF S IAT 2 287 A2k #: ih 64 4, FFR KA Z 8 X8I & PALM,
X3 (w{H=68.25, TOP1%, K 2B), [+ T  ALDHIA2, ARID3A, APSM1 % 103 /ML, 2 Y
ER 18 AWt 1 Sy ik L, dhit 566 BRI LI 14 NZ kBRI, M TE L, 5 AKX
A WIHEPEAT TR KABRERA I 2 279 % 13 53 @K 1, 7% KRR1, GLIPRILI % 8 MM
PEPEX A, (mw{E=1.28, TOP1%, & 2C),

A

0.0 ek ; |
1 2 3 4 5 6 7 8 9 101112 13 14 15 161718

1000 .o

800
600

400 A

1 2 3 4 5 6 7 8 9 101112 13 14 15 161718
R@aks

. ALk Ll EIRON TOP1% 132 3 X Jak
B2 BRXE%E,. THEEERFRAFt (A) R« (B, C) &1



B S®E 2025 4F

H518E a4l 17 -

2.2 ARKEBBZEFERBAERINESHT

XFFE R R UM 52 e £ XN B R T GO TRy
Br, 103 MEEFILE LS 1 714 N &E, HParTFu
€ (molecular function) 270 4>, ZHMIZH 5 ( cellular
component) 245 4~ AW if #2  ( biological process )
11994, BEEEMN 4 DFEDIN: ZE RN
RK T 3% P4 ( serine — type endopeptidase activity, GO:
0004252) , 22 ZATRAIFKMFEPE (serine—type peptidase
activity, GO: 0008236), ZZZMR/KfGEEIGETE (serine
hydrolase activity, GO: 0017171), K% P VI % Pk

(endopeptidase activity, GO;0004175) (£ 1), KEGG
SEREH, 2R PR X N R R Lsh A
ARy (regulation of actin cytoskeleton) | SN A
Y & W ( glycosphingolipid biosynthesis — lacto and
neolacto series) . fEPERRILE 47 (GnRH secretion ) |
FALWEIR L (oxidative phosphorylation) 251 #% (&
3) . LSRR LB, PR KRB
Xk N APC2, AQP9. KISSIR, PAPPA2 F1 PTBP1
X5 ANHEIN 50 B TERER K

*1 ARrAOHERAZIEEXHEHER GO EESH
GO %H FEF L QfE
GO 0004252 serine—type endopeptidase activity 7 0. 000 534 19
GO. 0008236 serine—type peptidase activity 7 0. 000 534 19
GO: 0017171 serine hydrolase activity 7 0.000 534 19
GO: 0004175 endopeptidase activity 8 0. 009 331 968
Neutrophil extracellular trap formation ®
Regulation of actin cytoskeleton [ )
Natural killer cell mediated cytotoxicity o
Breast cancer ®
Gastric cancer o
GnRH secretion ® EE%
Legionellosis (] .1
Complement and coagulation cascades [ (4 %
mRNA surveillance pathway { ] : 4
Rap1 signaling pathway [ ]
Leukocyte transendothelial migration L o
Glycosphingolipid biosynthesis - lacto and neolacto series 0.45
Retrograde endocannabinoid signaling [ ] ggg
Staphylococcus aureus infection [ ] 0:30
Hepatocellular carcinoma ®
Hippo signaling pathway [ ]
Chemokine signaling pathway [ ]
Oxidative phosphorylation o
Non-alcoholic fatty liver disease [ ]
Chemical carcinogenesis - receptor activation [
0.00 0.05
HEET

3 RARABREEAZEFERENEER 20 1 KEGG E& 7

3 itig

JE PR 4 T 0 R AR ) MR B TR R A5 A B A AR
SE BT, AN R ] B 4 S PR ALK
SEHEATIN Y, RS S % AP e, A
SNP ., i ABRI (InDel) . &5HAES (SV) i D%
AR5 (CNV) SN A (R 3 RS A 3 R &
WL R PeE , Ws e AR 0k AR AR it i 2
HWE, AT RARWEST, S RAMC R 3
PRI R 7 SRR e £, BN SZ e R 07 i B LB 3 7 157

10t AR A R AT B G o (A AN Pl A B3
B Fst Al ar (B 7 1 250 W ma AR S R 4 A2 e R X
R, &I CATHL1. CATHIA % 6 P32k B A 5 H
ot . iﬁ%ﬂ%ﬁ%ﬂﬂkﬁ’%ﬁ%“”o Zhang 1{%[12]
FEXF AU BIIE RS 5 IF 58, DATT 1% B {E 4R 15
T 539 N2 PR XA 176 AL, e SR R
£ 5 ( SCP2. APOA1., APOA4, APOC3., CD36.
BCL6, ADCY8), ¥MEJE R (PLAGL, CACNA2D1),
WLA (MYOG) FI'Z5E (CABS1) AH &Y ik JE A
Yu 2 IFERRIE B TR R BT 46. 4 Mb K/ AZ B



- 18 - Animal Husbandry & Veterinary Medicine

2025 Vol.57 No.4

DX, A7 BERE IR D7 (AL R AE i 5 R BT A5 -3l
WE L, IR s S AW A AR K U
SR, DL EWFoE R, il i A = 5 Fh
(IR R 4 A2 BE R X35, T S AP RRAIE R R 5 D e L
XIS, il A LT R PR st 1 Sl

ZHHPERBEA L EBE AT R —, FiE
BHH e A WIS AT EE . 1945 T L7 8 I
ZBA, ROBEIET N EEMERE, KRAaBme
FAFECR P EAFEGS TR A, AR K AR
WP S PR EGR 14,87 Sk, 2 A3 S Pk
16. 95 3K ARHRSE K BUFT 2R K UG AR T  E
WA 134 SRR XAz 8 Tomiess, HE—Lairk
Bl APC2, AQP9 % 5 ML 5 PF R K 8 5 1 RE
X, APC2 S B-EHE LS, I Wn/B-
catenin {5 5l , A RIETE H APC2 FEF BE S 8
BIEL WNT {5 515 SH0E M0 EHAR A2/, itk
ZHNH, HEO SRR, PTBPL 2 —FHA T
ZAEYEEIIRER RNA 855811, 7o ik 8y
ARk FESREPIEE R, FERPRBEE P iE
BRSO KISSTR 3 RIS i iy L 30 400 B 6 019 30 %
B, HAR RN LT FRINE F7 0 45 B B 51 160 240 ifd
O AR Fe k0 EXT A PR AT B T A
(ER =N SN SRR A OBt c S ER= I L L &
APC2, PTBP1, KISSIR 3 [H ¥ 32 2| s $£12  AQP
BRI EE D REE H, ik AQP HE A% IR AE L
A Y 7Kz B3 n Al fe S EOUL A ik, DT DG P AR T
T ] B[] 5 RIS . AR DR T AQPY R
(I8 52 AN TV B R iR 0 RE ), 76 BERE &1 1R 56
2~d R 18~20 FIEHN | KT 4R 41 Bk 4
Mr, B PAPPA2 JEPH 5 K FUAE S FE 7 A 50k
B0 ARIS BT 6 B APC2 . AQPY S5 ELPH L 7E
HIABIESE i 2 0E S5 X6 K 1 A B 1 i B AT B 5 ),
{H 54K T A D BE FVE AL 75 2 — 2P B0

4 #Hi

A5 J T 35 DR 2 o 0 B AR T R R T
WINEP s R 5 S, IR T ERE S a0, &
FFR R VAR TP 134 A FER 4 X857 3
TR, Hrp s 103 NEHE L S5 G TIREERE KL
BRKG R 450 ik s APC2. AQP9 %5 5 NS PFER K
P BAEPEREAR DG D R R B R, it — 248 1t
FRK R o B0 00 Rk st A SRl R A T A MY
2%,

SEW

[1] GROENEN M A M, ARCHIBALD A L, UENISH H, et al. Analyses

(2]

[3]

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

of pig genomes provide insight into porcine demography and evolution
[J]. Nature, 2012, 491 (7424). 393-398.

FRANTZ L. A ¥, SCHRAIBE J G, MADSEN O, et al. Genome se-
quencing reveals fine scale diversification and reticulation history
during speciation in Sus [ J]. Genome Biol, 2013, 14 (9):
R107.

YANG B, CUI L L, PEREZ-ENCISO M, TRASPO A, et al. Ge-
nome—wide SNP data unveils the globalization of domesticated pigs
[J]. Genet Sel Evol, 2017, 49 (1). 71.

A REERGE [J]. 54, 2011 (1): 61-64.

RO, BRI 5 FERAKATFHERBIR IR [J]. P
B A i, 2023, 59 (8): 1-6.

LIU C X, HUANG R H, SU G S, et al. Introgression of pigs in
Taihu Lake region possibly contributed to the improvement of fertility
in Danish Large White pigs [J]. BMC Genomics, 2023, 24 (1)
733.

YIN C, WANG Y W, ZHOU P, et al. Genomic scan for runs of ho-
mozygosity and selective signature analysis to identify candidate
genes in Large White pigs [J]. Int J Mol Sci, 2023, 24 (16):
12914.

ATRIAN-AFIANI F, BERGER B, DRAXL C, et al. Selective sweeps
in the Austrian Turopolje and other commercial pig populations [J].
Animals (Basel), 2023, 13 (24). 3749.

YANG W J, LIU Z, ZHAO Q Q, et al. Population genetic structure
and selection signature analysis of Beijing Black pig [ J]. Front
Genet, 2022, 13 860669.

XIONG X W, LIU J, X RAO Y S. Whole genome resequencing
helps study important traits in chickens [J]. Genes (Basel) , 2023,
14 (6): 1198.

AHAE, BITal, MK, . E AR A R AR R R
SO (1], PEFHEEE, 2024, 51 (1) 160-171.
ZHANG W, LIU L Q, ZHOU M, et al. Assessing population struc-
ture and signatures of selection in Wanbei pigs using whole genome
resequencing data [J]. Animals (Basel), 2022, 13 (1). 13.
YU J, ZHAO P, ZHENG X R, et al. Genome—wide detection of se-
lection signatures in Duroc revealed candidate genes relating to
growth and meat quality [J]. G3 ( Bethesda), 2020, 10 (10) .
3765-3773.

BOELY, FRiE, B, . KREFRR A SR L 2
HAfit [1]. PEEHRIRE, 2021, 57 (S1): 84-88.

JAE, EEE, TR, A5 IR R R A B R 5 5 —
REFERELLEE [J]). BRILHFRHELE, 2018 (16): 86-88.
RASHID F, AWAN H M, SHAH A, et al. Induction of miR-3648
Upon ER stress and its regulatory role in cell proliferation [J]. IntJ
Mol Sci, 2017, 18 (7). 1375.

MOHAME N E, HAY T, REED K R, et al. APC2 is critical for o-
varian WNT signalling control , fertility and tumour suppression [J].
BMC Cancer, 2019, 19 (1) 677.

LIUH L, LUX M, WANG H Y, et al. The role of RNA splicing
factor PTBP1 in neuronal development [ J]. Biochim Biophys Acta
Mol Cell Res, 2023, 1870 (7). 119506.

SUCKAL J, WENDLIN O, MASIKU J, et al. PTBP1 is required for
embryonic development before gastrulation [ J]. PLoS One, 2011,
6 (2): el6992.

SRI B D, LEKHA S H, REDDY K N G, et al. Kisspeptin stimulates



BHEEE 202544 $H57FH H4 - 19 -

sheep ovarian follicular development in vitro through homologous re- aquaporin 1, 5, and 9 expression in the pig oviduct during the es-

ceptors [ J]. Zygote, 2024, 32 (1). 49-57. trous cycle and early pregnancy [ J]. J Histochem Cytochem,
[21] ZHANG Y, LAIJ H, WANG X Y, et al. Genome—wide single nu- 2011, 59 (4). 419-427.

cleotide polymorphism ( SNP) data reveal potential candidate genes [23] ZHAO Y X, GAO G X, ZHOU Y, et al. Genome—wide association

for litter traits in a Yorkshire pig population [ J]. Arch Anim Breed studies uncover genes associated with litter traits in the pig [J]. An-

2023, 66 (4): 357-368. imal, 2022, 16 (12). 100672.

[22] SKOWRONSK M T, SKOWRONSKA A, NIELSE S. Fluctuation of

* 1?! e °

21 hirést . Ef’l:ﬂ FIPIEFH OB (S HBE)
ser P R HE RS LD
(2024 EBUPEBHEMTISHERS (B0 ARBIEEE) L ChIBEE S 3ISCRIRE)  (CSTPCD) 3k, R
BRI WA ISE Pt S VP75, St 0I5 L ONRRA SR 7R 40K TS P A B . 2004 SRS REA A5 S c % T

FEP R (AFURRA M) EHRRAY 1998 Feh ST IR 167 M SCHI T, Hrh & H, BERR R R SE 21 F, 245 19
ACHSCHITIRN 2 ARSI, (BHEEE) Satr B U0, 21 Rl T E2EER R UL AR

Mz 2023 £EH. BEEMFXRBAEERER

o1z i Wl k5 IR AN AL AT s FRT FRBE 4
- B HER B2 HE H2 EER B HEB BdshE wadskE 154%
1 ANIMAL NUTRITION 951 15 -0.49  1.612 2 0. 65 51.9 2 6.52 0.81 0.25

JOURNAL OF ANIMAL SCIENCE
2 1123 13 -0. 40 1. 403 4 0. 44 46.8 4 6.48 0.81 0.08
AND BIOTECHNOLOGY

30 wllAbE 627 19 -0.66  0.660 16 -0.32 34.3 13 7.19  0.43  0.25
4 Bk 1522 9 -0.19  0.670 15 -0.31 41.7 8 16.05 0.90  0.52
5 ErEFAm 7671 1 3.11 1.990 1 1.04 78.4 1 16.33  1.00  0.82
6  HEETFM 1158 12 -0.38  0.643 17 -0.34 34.6 12 8.90 0.95 0.54
7 GEEIYA 215 21 -0.88  0.510 20 -0.48 26.6 19 3.71 0.71 0.53
8 A SEE T 807 16 -0.57  0.618 19 -0.37 28.3 18 7.81  0.57  0.22
9 kTl 2 549 6 0.36 1.529 3 0.57 45.6 5 11.00  0.90  0.73
10 fapRHTSE 3 500 3 0.87 1.202 6 0.23 32.2 16 13.43  0.95 0.70
11 FHRCE AR 2563 5 0.37 1. 060 8 0.09 44.1 7 12.14  0.95 0.59
12 BH5EE 1 484 11 -0.21 0.730 14 -0.25 39.1 9 9.48 0.8  0.57
13 FHPCHEE 797 17 -0.57  0.620 18 -0.37 36.8 11 8.14 0.8  0.47
14 rhEZYIE LR 648 18 -0.65  0.821 11 -0.16 24.7 20 533  0.76  0.56
15 HEEE 1 966 7 0.05 0.911 10 -0.07 33.6 15 7.71  0.95  0.56
16 hEE & 572 20 -0.69  0.462 21 -0.53 23.6 21 7.95  0.76  0.25
17 hEEERY 1102 14 -0.41  0.772 12 -0.21 33.8 14 8.05 0.8  0.57
18 HEEEYR 1 808 8 -0.03  0.761 13 -0.22 37.4 10 11.38  0.95  0.56
19 rhEEHE R 3121 4 0. 67 1. 004 9 0.03 45.3 6 15.29 0.95  0.65
20 PEEBHGGE 3 551 2 0.90 1. 189 7 0.22 47.4 3 12295  1.00  0.63
21 P E T B 1484 10 -0.21 1.338 5 0.37 31.0 17 6.52 0.81  0.47
21 T PS4 1 1 868 0.976

T Bk A P ERSAERF RO (2024 4FRP ERHSSN RIS HER S (B0 ARBLEE) .





