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A Study of the Population Genetics Parameters and Selection Signatures in Enshi Black Pig
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Abstract: This study was designed to investigate the population genetics parameters and selection
signatures of Enshi Black pig. Using the Porcine 80K SNP chip, a series of population genetics
parameters, including the relationship coefficient, the inbreeding coefficient, the linkage disequi-
librium and the effective population size, were calculated to evaluate the population structure re-
lationship of Enshi Black pig. In addition, the CLR and iHS methods were used to identify the
potential selection signatures and then the corresponding selected genes were revealed by bioinfor-
matics analysis. The results indicated that the mean value of relationship coefficient was 0. 12 for
all individual-pairs in Xianfeng county, the inbreeding coefficient of 16% of all individuals was

higher than 0. 125. In addition, this study presented a linkage disequilibrium map for the whole
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genome of Enshi Black pig. Analysis of the past effective population size based on the information
of linkage disequilibrium suggested a decline in effective population size, and up to Ne=25 before
5th generation. Based on CLR method, a total of 126 significant potential selection signature
regions were detected, which were approximately 51. 6 Mb in length, accounting for approxi-
mately 2. 1% of the total length of the genome. Similarly, a total of 248 significant potential
selection signature regions were detected using iHS method, which spanned approximately 78. 78 Mb
and accounted for approximately 3. 2% of the total genome length. Enrichment analysis showed
that genes such as LPAR2, NDUFA13, MEF2B and AHR overlapping with the selection signa-
tures region were associated with carcass length (drip loss), sperm formation, skeletal muscle
differentiation and total litter size. This study suggests that the genetic basis of Enshi black pig is
narrow and inbreeding is obvious, and the effective population size is limited, and it continues to
shrink. The candidate genes revealed by sweep analysis can provide some references for the future
genetic improvement of Enshi Black pig.

Key words: Enshi Black pig; relationship coefficient; inbreeding coefficient; linkage disequilibrium;

the effective population size; selection signatures
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Table 1 The summary of relationship coefficients and inbreed-

ing coefficients in Enshi Black pig

i H Ttem Relationship Inbreeding
coefficient coefficient
PIE £ FRUEX Meantsd  0.12£0. 11 0.06940. 06
X E Mode 0 0. 009
H 2% Median 0.11 0. 062
>0.5 0.53€0.63%) 0
0.25~0.5 0.30(13.99%) 0
0.125~0. 25 0.18(32.94%) 0.17(16.67%)
0.062 5~0.125 0.10(16.92%) 0.10(33.33%)
<0.062 5 0.01(34.34%) 0.016(50.00%)
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The x-axis indicates the different categories of SNP interval distance up to 10 Mb in each chromosome and the whole genome, inclu-
ding <0. 025, 0. 025-0. 05, 0.05-0.1, 0.1-0.2, 0.2-0.4, 0.4- 0.8, 0.8-1.6, 1.6-3.2, 3.2-6.4, 6.4-10 Mb; the y-axis indi-

cates the proportion of different r* categories
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Fig. 1 The tedency of linkage disequilibrium decay as the increasing distance between SNPs pairs ranged 10 Mb for the whole

genome of Enshi Black pig
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8 54
61 4
.
. 3_
54- o 5 s .
1 24 ° ¢
< ] [ °
24 " .l g o
---------------------------------- il | 0L
04 n “ n i 0- Eds s
I T T T I I I | I
1 10 1112 16 1718 01 02 03 04 05
QééﬂiChromosome B /N B B R MAF
6 54
54 44
(%2} a3_
jas) jan
= Y ’ =24 l

1

4+ --=e

-+ - - - 4o

= + [ - - ~ssmecwo

-+ ] - - “e=mo

A Spp—

A+ O - - — o
- O - - bowes 0 o
O - - o o

;

T T T T T T T
9 10 1112 13 14 15 16 1718
Yufa A& Chromosome

0.1 02 03 04 05
B/ NERLIE B MAF

2N g 3 4 A 5 A I L A I R S ] i /NS5 o 3R PR (MATF) F CLR 5 iHS S8 & 1943 A &

The left Manhattan plots shows the significant selection signatures. The right plots are the distribution of CLR statistics and

iHS statistics at different minimum allele frequencies
E3 EHEREEESRNERTEE

Fig. 3 The visualization of selection signatures identification in Enshi Black pig
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Table 2 The result of terms revealed by enrichment analyses

2 %*H P H P 1A
Type Term Gene number P value
AWl 1 GO:0060338 . T 8 T4 £ A F 15 538 B 5 16 <<0. 001
Biological process Regulation of type I interferon-mediated 51gnaling pathway

GO:0002323 . % 5 G758 W 21 EH AR 55105 40 I B0HE 14 <0. 001

Natural killer cell activation involved in immune response

(%% Carried forward)
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eyl %H FHHH P1{H
Type Term Gene number P value
GO:0002286: T AU JLWLTE 2 5 H e I 2 14 <<0. 001
T cell activation involved in immune response
GO:0051607 : 7 4955 7 B2 hif 24 <0. 001
Defense response to virus
GO:0007608 ; < KB 21 <£0. 001
Sensory perception of smell
GO:0045926 4 K 1y 1 [o] I8 4% 5 0.015
Negative regulation of growth
GO:0002250 ; 3& W 4 H 28 f 15 0.022
Adaptive immune response
A W) 2 i hsa04140 . P& 75 F 1 14 <20. 001
Biological Regulation of autophagy
pathway hsa04650: [ 2R 25 15 40 i A 5 40 jf 75 1 21 <0. 001
Natural killer cell mediated cytotoxicity
hsa04740 . "85 S 45 <0. 001
Olfactory transduction
hsa04660 ;T 41 il 57 fA< {5 5 3 14 0. 007
Cytokine-cytokine receptor interaction
hsa00071 : Jig iy % I A 8 0.013
Fatty acid degradation
R3 MAEREEENERESEKEEEEEREER
Table 3 Some candidate genes overlapping with the selection signature regions in Enshi Black pig
PARERYS HEEE 5 X/ Mb PECTE A FE H 1 g
Chromosome  Selection signature region P value (method) Gene Function
1 183.275~184. 000 <0. 001 (iHS) BMP4 e =
Kidney development
2 57.725~59. 125 <0.001(CLR) LPAR? i e A< g e
(EDG4) Carcass lcngth
T KA R
Drip loss percentage
2 57.725~59. 125 <0.001(CLR)  NDUFAL3 RS AT
Sperm formation
2 57.725~59.125 <0. 001(CLR) TSSK6 R A
Spermatogenesis-related
2 57.725~59.125 <0.001(CLR)  NR2C2AP 0 TRA A S 103005
Suppress the TR4-mediated transactivation
2 57.725~59.125 <0. 001(CLR) MEF2B LR

Skeletal muscle differentiation

(TR

Carried forward)
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USRS HEREAE 5 X3/ Mb P{H ) BN HE K T g
Chromosome  Selection signature region P value (method) Gene Function
2 57.725~59. 125 <0.001(CLR) TMEMI61A E=RIANA. Ik Ak
Protection against oxidative stress
2 144.95~145. 225 0. 009(1HS) NR3Cl1 H gD
(GR) Growth
9 86. 225~86. 800 0. 003(CLR) AHR gyl
Reproductivity
13 176. 075~176. 350 0. 004(iHS) ROBO1 BT R #2858 434k 2
Forebrain neuron differentiation
14 79.700~80. 125 0. 008(CLR) KCNMA1 M Wy 43 b L2
Saliva secretion
17 50. 075~50. 350 0. 008(iHS) CD40 % 17 241 44k 20
Adipocyte diffrentiation
14 32 PC TR WL, 5 0 3k 6 PR 4 30 52 R Ay kit mT R o B
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