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Abstract: This study aimed to reveal the conservation status of the 4 major local pig breeds in
Guangdong Province, evaluate the genetic structure for their conservation populations, and pro-
vide guidance for protection and utilization of local pig genetic resources. In 2023, a total of 488
pigs from 6 conservation farms representing the 4 major local pig breeds in Guangdong Province
were sampled (92 Xinfeng Large black-white pigs, 34 Xinfeng Lantang pigs, 68 Zijin Lantang
pigs, 77 Lejiazhuang Small-ear Spotted pigs, 109 Yihao Small-ear Spotted pigs, and 108 Beica
Yuedong Black pigs). Samples were genotyped using a 50K SNP chip and compared with 41 pig
breeds, including European wild boars, Western Commercial pigs, South China local pigs, and
other Chinese local pigs. in total 2 144 individuals. After quality control, 20 590 SNP loci were
retained. Genetic diversity, inbreeding status, ancestry composition and family structure analyses
were conducted. The results showed that the inbreeding coefficient (F) of Xinfeng Large black-
white pigs was 0. 409, observed heterozygosity (Ho) was 0. 181, expected heterozygosity (He)
was 0. 172, the total length of runs of homozygosity (ROH) was 475. 81 Mb, linkage disequilib-
rium (LD) length was 467. 88 kb, the average F gy was 0.212, and the population was divided
into 5 families. The inbreeding coefficient (F) of Xinfeng Lantang pigs was 0.316, Ho was
0.210, He was 0.189, ROH length was 441.76 Mb, LD length was 475.78 kb, Froy was
0. 201, and the population was divided into 4 families. The inbreeding coefficient (F) of Zijin
Lantang pigs was 0.239, Ho was 0.233, He was 0.218, ROH length was 224.13 Mb, LD
length was 463. 53 kb, F g,y was 0. 100, and the population was divided into 5 families. The in-
breeding coefficient (F) of Lejiazhuang Small-ear Spotted pigs was 0. 319, Ho was 0. 208, He
was 0. 221, ROH length was 262. 62 Mb, LD length was 460. 88 kb, Fyy was 0.117, and the
population was divided into 7 families. The inbreeding coefficient (F') of Yihao Small-ear Spotted
pigs was 0. 435, Ho was 0.173, He was 0.171, ROH length was 113. 41 Mb, LD length was
418.59 kb, Froy was 0. 051, and the population was divided into 6 families. The inbreeding coef-
ficient (F) of Beica Yuedong Black pigs was —0.028, Ho was 0.314, He was 0.300, ROH
length was 247. 47 Mb, LD length was 467. 88 kb, F g,y was 0. 110, and the population was di-
vided into 5 families. Ancestry composition analysis of each conservation population showed that,
except for the Yuedong Black pig population, which was still significantly genetically influenced
by Western commercial pig ancestry with an average Chinese pig ancestry proportion of 69. 37%,
the other 4 populations had less Western commercial pig ancestry, with an average Chinese pig
ancestry proportion greater than 90%. In summary, conservation farms for local pig breeds in
Guangdong Province should focus more on increasing the population size and improving breeding
scheme within captivity, aiming to reduce the degree of inbreeding while maintaining stable ge-
netic integrity.

Key words: South China local pigs; SNP chip; conservation population; genetic diversity; popu-
lation genetic structure
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(%5 BE B 1 000 kb 2= 1 4;3)ROH 1 7
VIR B KB e L DR AR A 2 5 F R A B S 40 0l ol 15
O HBEA 0.05, KR —4> SNP B2 & T4 F
AR T 5% :5) Bk ROH /M 1 Mb;6)
HELE SNPs Z 8] 1) fie KR BE S 1 Mb, 1513 2] 4%
REIA P BN A3 ROH G 7E B A FEA A
R

B JE AR 5 ROH B K Al 1 B I 41 35 52 R 4L
(F gop ) s AL T A R E BRI Fron ™
> Lo

L o

Ho, Lgon: B NP QA ROH A K
JE L 212 TR G € 1A PR 2H ) 3K B (R
WFFEH T Sus scrofall. 1 275 5L A 20 20 %¢ 5 W Qe (5
TR EEZ S, 2 265 774 kb) . FeJa . ffiH R(v4.3.3)
A2
1.4 HWABRMBEENEEEHXRSN

B 4% 5 BB 6 GCTA (vl 94. 1) 8 p
Cendron""™ {77 1 #E 47 3 W43 43 H (principal com-
ponent analysis, PCA), 18 £ 4 1 (PC1) Ml E

F =

Fron =

B4 2 (PC2) B FE or T i Bt fe 2 % . A R
(v4. 3. 3) Al M4k PCA 3 #r 4k

¥k B OPCA J5 M 3C fF ff A RStudio
(v2024. 04. DB I E S 1~10 #E47 UMAP
(uniform manifold approximation and projection)
R4, 7E UMAP B 4 i 72 v . 2 it UMAPL
i UMAP2 1E b B 4E )5 45 AE 45 L )5, i R
(v4. 3. 3) A1k .

FIH PLINK (v1. 90) 5 { #8) # AR 25 ] P (iden-
tity by state, IBS) Ff 25 i [, 78 R Ff fof JH 45 42 i
(neighbor-joining. NJ) 14 # 5¢ & 25 #4 %, I ffi H
Figtree v1. 4. 4 BT AAL AT 45 0 . R0 K &

fdi i ADMIXTURE (v1. 3. 0) % 1 3 17 B 14 i
REML G AL G R A B0 L O T R S R i 22 L AR
TIF 2T It 2 I 5t 2 1) B A B AR BE AL IR 10 A
A XL E 1) 510 DREARER K=2~7 #17 AD-
MIXTURE 43 #7, Jf i+ 848 — A4 KAE T #9538 Xk
(cross-validation, CV) T IIME . i 85 CV {E 7 & fid
FEARMECE R, B Ja i R(va. 3. ) AT AL,

2 &% B
2.1 EFEZH DNA B SNP H 8 5 {E

X FTA ASE SRR 41 A @ A dt 2 144 Sk
SNP s i 8 s #4716 JF - 7 2 5L K 40 SNPs &l
A 2 71 172 A SNPs 7 5, 52 7 5 15 2
20 590 4~ SNPs i (£ 1),

R1 SNPREEFFITER
Table 1 SNP quality control statistics results

oAk 4 il A 7 SNPs #ric % H
Quality control standard Number of SNPs
Fric g 71 172
Total number

PR e @A R H 68 637
Retained autosomal number

P R bR S I B2k %6 <<0. 1 20 598
geno<<0. 1

R B 5 /NS A0 B R A< >0, 01 20 590
MAF>0. 01

2.2 THRARMMAERMMBNERESHEESFT

AR TR 4 207 B8 A0 N B B 5 AR R 2R
A Ju L AR AR vp R T R R DA R R P R AR 2 A
PR AR AL R A MR B AL ZAEPE S B AR LR 2,
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B Rk 55 &

R 25 6 A5 ZEPPAG Y PR 37 B 1A LA B FEXT i R4 R
SERE SBCHE A1 A2 B T M T R R AR Y 0 22 R ECE)
{EAF 0. 188~0. 471 [a], - F WL 2% & B (Ho) {H
£ F 0.162~0. 296 [A], F- ¥ W B 42 &5 B (He) {H i
T 0.160~0. 244 [i], 7 ¥ % 2L 4 f1 fr Be (ROHD H
fiF 87.59~275. 63 Mb [A],r" =0. 3 Bf Y LD K &
7 T 441.25 ~ 479.96 kb [8], Froy 1H 7 T
0.042~0.0.126 [H]; 5 N B E R F HA T
—0.118~0. 301 [0, Ho i F 0. 214~0. 342 [4] , He
£ F 0.233~0.333 [d], ROH K & i F 315.03 ~
349.58 Mb [, r* = 0.3 W & LD K B fii T
412.33~ 448.97 kb 8], Froy fH 7 F 0.146 ~
0. 159 [a] ,

XF 2023 AEKH 6 ANRFV AR 4 KT
FERAR 8 T ACFRJE 2roh 3 RT3 0T, 38 — Kbl
AR 3 A X i 9 1) KA F1 86 -2023 A8 3= F K 35 -
2023 AFHF L 55 T2 O I A0 R BE A /N B AR R -
2023 4EARFE L WE PEIE-2023 AR 42 4 D K /NEAE HS-
2023 FFEF T a2 R A TR B A G SR IR Y L AR
HRE-2023 AEALRE . XTRL 1 3 JSast AL 2 R I 45 4
Bran™ X 75 — 2 KA HR-2023 4F 3 =F F ik
2023 AE T FE.MA BRI R FLOF Y
Fron JROH KL K " =0. 3 B LD KB 8 # &
98 A B R AR S HoAth 2 R BE AR, Ho 3K T
He, H Ho . He 3% Z A8 T W BBHA, 456 X174
BT 2002 AE BBF TS . BEESE L KAE B REIR I
W SRR T O R N RVEEAR . A SR
2023 AR FEERE L KAL VR E R 1 358 % 70 S R B L ik
T 5| 9% A RLRE AR, U] 2023 4F 35 54 M KAk
I3 B 38t % 22 RR PRI B0 48 2002 4R AR 22 ZE AN
BH DA W A B AR 1 30 A8 AR B W o AL 2 R PR
T

ST 2 /NHAEHE-2023 AF IR R E L 1 S -
2023 458 4 L R /NEEAE S -2023 AR S, 3 SRR
I 28 R AECF) 2 i T8 BB s 3 F ron 1B 2
ROH K B 34 i 21K 5 1R 78 B 44 LA B[R] 28 B Ak 1Y
U SRAE RO s % 2 =0, 3 IFAY LD KL R/ E
H-2023 AEF 5, AL SRR LD KEH & T
985 PR B AR A R HE At o [ b % S s BR /N B AE
W-2023 4R 58 R Ab, HoAh W AN B R Ho ¥ KT
He,H Ho.He fH3L T WA REIK. 256 U
BT DL b 3 A B R 1 O A2 B B 0 v . 8t A5 2 FE MR

B ERONEAR B-2023 AR L BEIR F (Y
T TR SR RE B AR BB -2015 AR LR DL K AR B
2020 AR, UL BH LR AC PR T O &  HOE JLAR A
JREG I ROH K BE V¥ Froy (638 2% & T4 1
SR P 7 R R R D 3 4 b ) b O g AL IR
T A RIBE A s r° =0, 3 BHAY LD K& K0
H R A 1Y T R SR A L Al 4 g bt A R A DA B 4
W A B RER s Ho KT He, H Ho } He ¥ 3575
A v FE] A R (ERE AR F R — R R 3
2015 4FF1 2020 4R REAR, 256 00T, 1% B R B
2023 AL FE 1A I A2 PR B AH A T H: At 42 R Ml 0
FEAEAR , AE 2 [m] — R 3 S 40 R AR B8 A BT L T
1858t 22 B 1 R O 35 g o AR ) — £ ol 3 30 SR A 4
EED N
2.3 BEXRERESWH

XA 6 MR E 2023 4R ZR 4 2 H O %
fn R Frop #EF7 08T (R 2, B 1) . RAEH$-2023 4
B LA B JE A -2023 4E 58 FREAR B Fron (B9340
BT B A A R TSR AR 1Y ) BE AR 7E P B K o 2
R UL A A R B s W 2023 A
& VL BONEAE 2023 IR R Fron B0 1 3
A3 HIC B AL A8 T SR ()R A LA B 4 R IR TR R R
AR, 100 BH 35 30 58 8 B AR 6 3¢ v, He b /N B AR 8 -
2023 IR F LB /NE AL -2021 SR KL A BT R
K s /NEHAEHE-2023 45 5 1Y Fron 18 53 1 B 2
AR AR T 2010 4R /N H B8 B A4 DL R g8
PR B A, 3 A8 R B AH X AR s B8 AR R -2023 4L
W) Fron B 43 A0 %88 53 #0, %598 PR 80 3 1R A%, 2
Fron “FEIECLL Kb i 803 5 T W — - Fh b 2015
AR AR RO REAR L2020 AF B 2R BB RE AR X RN
2015 5] 2023 4F , JL B8 B AR B 1) SRR E A
B BTt
24 TTHRAXMAHEERMBFENEEENXR

K E WA 3B (PCA) J7 36, 4 2 144 ASREAR
BEATREAR B AL 254 20 Fr (I 2) . PCA Zp b &b SR %
I 4 AN HER 16 23 B3O B 35 4, PCL K 8 A 28U %
[ R B R XY, RO 2, PC2 O 45 b XY R
T B0+ HR H & b 20 A M BE 07 B IX 50 0T, PC1
PC2 5 MG A8 54y 3k 20.51% .2.79% . Hr,
RAE G CE A0 L5 380 G () 8 B b 22 1 A X 38
R Un K A RO 2% TT BE AR B, O L A
R 7E PCL - Al 3 B 3 R G b . /N EEZE RS (2
RETE DA T M, L /NEIE%-2023 45 5 A
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Table 2 Genetic diversity of representative breeds in various ecotypes

AR a1 sty il Bk ROH/ ,
F Ho He ro.s /kb Fron
Ecotype Province Breed Number Mb
1Em /Y South China 'R NIASE 86 0.255  0.228 0.222 259.22 465.587 0.116
45 South China TR KAEHE-2023 4EHTF 92 0.409  0.181 0.172 475.81 467.88 0.212
4615 % South China IR [ 117 0.398  0.184 0.201 270.48 441.28 0.120
1EFF# South China TR HIEN-2023 SEF 34 0.316  0.210 0.189 441.76 475.78 0.201
4 E % South China R W 2023 AR 4 68 0.239  0.233 0.218 224.13 463.53 0.100
4Em 7 South China IR INEEAESE 29 0.032  0.296 0.244 275.63 479.96 0.126
4EH5 1 South China TR NEAER-2021 SEARFEE 225 0.295  0.216 0.207 299.18 471.14 0.133
1 A South China &R NEIEH-2023 4EIREIE 77 0.319  0.208 0.221 262.62 460.88 0.117
1Em # South China TR NEARR-2023 SEE S 109 0.435  0.173  0.171 113.41 418.59 0.051
45 H5 1 South China i Bl 11 %% 112 0.471  0.162 0.160 164.71 441.82 0.073
£ [ M South China TR BARBHE-2015 ARG 20 —0.111 0.335 0.308 81.84 469.85 0.038
£/ South China SR BRBHE-2020 ARG 18 —0.134 0.341 0.327 140.64 463.93 0.066
1Em 7 South China JTAR S BREE-2023 FI0RE 108 —0.028 0.314 0.300 247.47 467.88 0.110
4E[ M South China TR BRBHE-2019 AR 20 —0.263 0.379 0.344 72.92 458.24 0.034
1EF & South China IR WARME-2020 FEZR A 20 —0.111 0.335 0.308 81.84 469.85 0.038
#Em 7 South China b=z Y H B 20 0.324  0.207 0.197 236.11 470.16 0.109
455 South China 55 BB 35 0.188  0.249 0.222 87.59 463.18 0.042
48 h# Central China 1k ek % 16 0.320  0.208 0.199 92.01 458.64 0.041
18 # Central China ) U i) 11 0.340  0.202 0.176 135.62 477.25 0.065
454 East China B i T SRR 18 0.372  0.192 0.184 401.83 468.85 0.187
427! East China .95 iR 32 0.404  0.182 0.182 171.56 450.36 0.078
4£JL & North China SE IIESPNER 7 16 0.088  0.279 0.251 84.53 471.03 0.040
484t % North China g LR 20 0.523  0.146 0.172 642.14 464.76 0.298
PiF§ % Southwest China = Fj LRGN 15 0.432  0.174 0.197 509.55 471.94 0.240
PiF§ % Southwest China P4 JI| W E 18 0.384  0.188 0.182 83.71 432.29 0.039
R European — FEI% 3 35 0.090  0.278 0.294 349.58 421.99 0.159
k¥ % European — WU 07 4% 20 0.301  0.214 0.233 331.72 412.33 0.154
RN H European — S 20 —0.118 0.342 0.333 315.03 448.97 0.146
0.8
0.6
204
S TSI T )4
R P § A .L ) A8 L A
T EE E E E E E R E EE T T T R Y T
= R E ooz F £ 5 % % 05 = /i 8 & K3 3 3 £ K
2ol £ < K B ool ¥+ & R # 8 F %Kk E o EE
g e =2 88 K & KL 238 2 29 =
gt = S 8 & & U a8 8 8 8 8
o & s § & 3 o3& oo g
o a & o8 e EE o8 e E
= ] pey i S T - SRR
K % oD o 2 & & o8
SRS A O YW R Gk

The white dots represent the median, and the black dots represent the mean
1 o m F rou BH/MREHR
Fig. 1 Violin plot of F,, for selected breeds
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NHAEHE-2023 4R 5 DL RCER 4 /N HEAE R -2023 4F
SRFE S Bl VA I 2% 56 F AR G 5 K 43 /N B A6 5 -
2023 AR IE 5/ANEAERE-2021 4P SR R R AR L Uk
W1 5 AT JLARE AR G, SR 58 0 OR A 3 00 /N B AR 4 1l 2% 75
SORRRUE WAL Ay BRI AR R ORGE

) 1E PC1/PC2 25 5 i A T 98 I B8 C ) e =
Hi 7 o (22D 2Z (8] 156 B G i 2% v B T b AR A+
T3 K M Zk A T R I VR 4 A 3 A BRI I 2% 5 FLIS 7R
FEORE 1 SR SRR A X B S 43 B A T L 35 A R AT
(ORI

TR SR
Nt Mgk
55 [
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X6 B 3
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KTE 15202345 £ 1T A
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il Wry
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Fig. 2 Principal component analysis(PCA) plot
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Yo 2k

NJ-Tree #i#h 45 B (B 4) , [6]— & Fh 55 [5] —
Hb DX A Bl SR S AE — R, 98 PR R R v [ | s 8 TR
BT WA B IR KL A L N E

AEHE 3 A TEAR Y I g 8 PN RS . Hovh i R OE I
T A FEER Py 3 A TN 35 HoAt [
ARG s RIEA B RE T — A FE R 5L T8
933 BB T PIAS /NGy 3 ANEAERIE T 3 A4
O3 3 A — T /NHAE S 5 RN R A T IRl — 4352
X458 5 PCA Bl UMAP K R /NB A3 5 i
I SRS R — B0 R BG4y SO S
RURE s FLA T o [ oy 78 098 Y 76 R =2 ), 15 B
7R PR I 2% 0] REAZ 98 A T S RS R AR . 5 PCA 45
R,

Xof B A B R BE ML A0 B 10 A AR AR HE AT AD-
MIXTURE Z3#1 ( 5) 45 R R 24 K=2(E R
FEAE 2 DAAE SO B, 98 PRV 5 v [ 5 5 4 o3
T 3 P A AN R A9 388 1% 8 S s 78 ) AR 4 2R LT O
Fifrepr, B ZR RRORE R R gt A% 8 Y R A R I 2% 43
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UMAP plot
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Fig.3 UMAP plot
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B4 ETFAMKEEEESR NJ-tree

Fig. 4 NJ-tree based on genetic distance among individuals
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Table 3 Statistical analysis of ancestral composition dynamics in Guangdong local pig breeds

i oo BRI/ % BOME/Y% PHME/Y% b2/ %
Breed Maxmun Minmun Average Deviation
KAEFH M Large Black-White pig 100. 00 57.90 94. 33 7.18
KAEFARE-2023 4EH F Large Black-White pig-2023 Xinfeng 100. 00 91. 94 99. 12 1.19
W% Lantang pig 100. 00 77.53 98. 64 3. 14
W IEH-2023 4EF £ Lantang pig-2023 Xinfeng 97. 88 82.01 92.18 3. 30
W IERE-2023 424 Lantang pig-2023 Zijin 100. 00 80. 22 90. 70 4. 84
/NEAERE Small-Ear Spotted pig 99. 65 68. 75 80. 35 6.62
INEAEIE-2021 45 ZZFE Small-Ear Spotted pig-2021 Lejiazhuang 100. 00 73.87 97.77 4.22
INEAERE-2023 A Z)F Small-Ear Spotted pig-2023 Lejiazhuang 100. 00 71.50 96. 36 6. 83
INEAEH-2023 4E75 5 Small-Ear Spotted pig-2023 Yihao 100. 00 97. 62 99. 81 0.42
A HRE-2015 LT Yuedong Black pig-2015 Beica 88.72 47. 34 68.92 10. 72
A BRE-2020 L% Yuedong Black pig-2020 Beica 94. 67 43. 88 65. 34 11. 66
AR BAE-2023 4L Yuedong Black pig-2023 Beica 91.70 46.12 69. 37 8.95

WEREEIERRTE 6O N 5 MHERIREED (B GE) N 5 MK R T 5 /NE LM R (E 6F)
HACE R (B 6D 20 8 DR AR VCES WK N6 PRE,

Y
%"‘ : gy 9 k -%tf

¥ 1.0 o

A, BIREANE-2023 ARACHERE (K NJ-Tree B ; B, W Y5 5-2023 4F 51 FHEAR NJ-Tree & ;C. KAE A 35-2023 4F 37 E B 1A NJ-Tree;
D. /NEAER-2023 4F AR K JE NJ-Tree; E. B P #-2023 4F £ 4 NJ-Tree; F. /INEAERG-2023 4FF 5 NJ-Tree

A. NJ-tree of the Yuedong Black pig-2023 Beica population; B. NJ-tree of the Lantang pig-2023 Xinfeng population; C. NJ-
tree of the Large Black-White pig-2023 Xinfeng population; D. NJ-tree of the Small-Ear Spotted pig-2023 Lejiazhuang popu-
lation; E. NJ-tree of the Lantang pig-2023 Zijin population; F. NJ-tree of the Small-Ear Spotted pig-2023 Yihao population
6 6 NEEETFTANKEESH NJ-tree

Fig. 6 NJ-tree based on individuals distance among 6 conservation farms
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