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Abstract;: This study intended to understand the genetic status of Shanghai White pig population
through detection and annotation analysis of genome-wide genetic variation in order to better purify,
rejuvenate and exploit the resource. In this study, genome sequencing was performed on 99
Shanghai White pigs using the genotype by genome simplifying and sequencing platform-GGRS.
A total of 447 sequencing data including Taihu local pig breeds and western introduced breeds

were collected for SNP and InDel genetic variation detection and functional annotation analysis.
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The results showed that the average coverage of Shanghai White pig genome was 2. 87 % and the
average sequencing depth was 3. 9 times. A total of 328 586 SNPs and 693 220 InDels were
detected. Further analysis showed that the distribution of SNP and Indel on chromosomes were
relatively uniform, but the distributions of number and density on different chromosomes were
different. Structural annotation showed that the corresponding gene number of SNP and InDel
were 11 496 and 13 216, respectively. According to the structural region classification of the
genes, the distribution characteristics of SNP and InDel were consistent in all kinds of functional
gene regions. The most of SNP and InDel variation distributed in the intergenic region, with the
ratio of 74. 61% and 83. 38%, respectively, followed by intron, with 22. 76% and 14. 98%,
respectively. Gene enrichment analysis showed that SNPs were mainly related to protein metabo-
lism and macromolecule metabolism. InDel mostly enriched in tissues, organ development and
disease-related pathways. In addition, we also found that the QTLs containing high-density SNP
and InDel mainly focused on meat quality, carcass and healthy traits. The whole genome genetic
variation of Shanghai White pig was investigated by advanced simplified genomic sequencing. The
comparative analysis between Shanghai White pig, Taihu pig breeds and western pig breeds
explained the chromosomal distribution characteristics, gene distribution and functional annota-

tion information of these genetic variations, which laid a solid foundation for subsequent exploita-

49 %

tion and utilization.
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Table 1 Distribution of high quality reads number, coverage and depth across population

e b5 FYE % -2 0 R reads BHE (A1)
Broed Sample size Average coverage Average sequencing Number of
(percent) depth reads (million)

¥ F1 %% Shanghai White 99 2. 87 3.90 4. 30
1l Meishan 50 1. 87 4,26 3.90
8% Erhualian 31 1. 66 7.99 2.83
K¥E Mi 36 2. 66 2.80 3.85
% Fengjing 15 1. 20 7.68 4,04

b 15 3¢ Shawutou 31 1.76 8. 37 4.77

¥ 24 Jiaxing Hei 29 2.17 5.21 3.88
#t:7#% 3€ Duroc 48 3.19 3.49 4,18

K H% Landrace 37 3.98 3.50 5.10
KEH Large White 35 3.47 2.82 3.81

[ 72 & Berkshire 16 2. 80 4.74 6.16

J2 45 2% Pietrain 20 1. 89 2.65 2.00
A1/ Total /Mean 447 2. 46 4,78 4.09

&2 SNPsHl InDels EETRERBEIHHBEREEENH

Table 2 The number and density distribution of SNPs and InDels detected on each chromosome

SNP #(&5  SNP %3 /100 kb SNP #t: [X % InDel $§&#  InDel %% /100 kb InDel 3 K%k

iijfosome Number of Density of Number of Number of Density of Number of
SNP SNP genes for SNP InDel InDel genes for InDel

1 29 857 9.47 1078 68 997 21.88 1238
2 20 757 12.77 1 040 47 393 29.15 1203
3 22 463 15.51 772 47 818 33.03 901
4 18 282 12.74 655 37 015 25. 80 735
5 14 487 12.99 562 29 170 26. 16 686
6 28 165 17. 85 1118 55 253 35.02 1 269
7 19 612 14. 55 749 41 818 31.03 821
8 13 498 9.09 418 30 866 20.79 487
9 19 906 12.95 645 38 927 25.33 720
10 13 866 17. 53 291 24 005 30. 35 324
11 9679 11. 04 213 20 358 23.22 249
12 15 275 24.02 618 27 098 42.61 697
13 20 190 9.23 773 50 301 23.01 933
14 25 460 16. 55 816 49 864 32.41 908
15 15 534 9. 85 469 34 877 22.12 543
16 10 904 12.55 234 20 133 23.17 257
17 11 499 16. 50 374 22 920 32.88 424
18 8 837 14.43 275 18 371 30.01 328
X 10 276 7.12 392 27 936 19. 36 489
Y 39 2.38 4 100 6.11 4

A1/ Total /Mean 328 586 12. 96 11 496 693 220 26. 67 13 216
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Fig. 1 The location distribution of SNPs across genomes
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(GO:0019538) . TR R (GO 0043170) 55, Fol e HE A O D LR (ssc05412) %, 45 |,
I InDel Z 78441 48 B & & A5 9% AH 5% (1) 3 % h AN 5T 45 R 2 L AN R 28 A0 19 48 7 ] B8 52 ) AN
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% 3 SNPs # InDels ERRMWER X B =5

Table 3 The number distribution of SNPs and InDels across genome region

e SNP #& (43 1L/ %)
Classification Number of SNP (percent)

InDel %t (H 40 L/ %60
Number of InDel (percent)

FL A E] X Intergenic region 245 169 (74.61)

578 027 (83.38)

3'-UTR 1756 (0.53) 2 739 (0.39)
5'-UTR 592 (0.18) 977 (0.14)
4h i 7 Exon 5492 (1.67) 6 592 (0.95)
M & F Intron 74 783 (22.76) 103 869 (14.98)
5 4% X Splice area 84 (0.03) 152 (0.02)
Hh 4T neRNA Exon ncRNA 173 (0.05) 189 (0.03)
M & F ncRNA Intron ncRNA 537 (0.16) 675 (0.97)
%t Total 328 586 693 220
T4 BEXYNTREZESEHN GO 71 Pathway
Table 4 Significant GO and Pathway enriched by the large-effect variants
5 S 2 By ERE o B % P (&
Variant type Functional annotation Number of genes P-value
SNP G0:0019538: protein metabolic process 42 2.46E-3
GO:0043170 : macromolecule metabolic process 64 2.63E-03
GO:0044238 ; primary metabolic process 68 1. 21E-02
GO:0071704 :organic substance metabolic process 70 2.33E-02
GO:1901576 :organic substance biosynthetic process 42 2.34E-02
GO:0009059 : macromolecule biosynthetic process 36 2.38E-02
GO:0044249: cellular biosynthetic process 41 2. 81E-02
G0:0034645 ; cellular macromolecule biosynthetic process 35 2. 83E-02
GO:0080090: regulation of primary metabolic process 39 2. 87E-02
GO:0060255 : regulation of macromolecule metabolic process 39 3.00E-02
GO:0009058 ; biosynthetic process 42 3.37E-02
GO:0008152: metabolic process 71 4.62E-02
G0O:0019222 :regulation of metabolic process 40 4.91E-02
InDel GO:0044707 : single-multicellular organism process 729 3.40E-13
GO:0044767 ; single-organism developmental process 689 4. 12E-13
G0O:0048856 :anatomical structure development 688 1. 17E-12
G0:0032502:developmental process 701 2.63E-12
GO:0007275 : multicellular organism development 601 5.30E-12
GO:0048518: positive regulation of biological process 665 7.34E-12

(%% Carried forward)
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(8% 4 Continued)
A S A DIBe e’ 5P %K P
Variant type Functional annotation Number of genes P-value
GO:0048731 :system development 550 2.43E-11
GO:0009653:anatomical structure morphogenesis 376 2.86E-11
GO:0009888: tissue development 263 4. 87E-11
GO:0030154 : cell differentiation 481 3. 30E-10
G0O:0048869: cellular developmental process 522 4. 95E-10
GO:0016043:cellular component organization 752 2. 7T7E-09
GO:0007399 :nervous system development 280 5. 98E-09
GO:0048522 ; positive regulation of cellular process 587 1. 12E-08
GO:0048513 :animal organ development 407 2. 16E-08
GO:0071840: cellular component organization or biogenesis 771 2. 44E-08
GO:0048468: cell development 281 7.12E-08
GO:0051128:regulation of cellular component organization 318 1. 43E-07
G0O:0022008 : neurogenesis 205 2. 23E-07
GO:0048583: regulation of response to stimulus 440 4. 13E-07
ssc04512; ECM-receptor interaction 30 4, 78E-06
$5c04360 ; Axon guidance 36 7.10E-05
$s¢04510: Focal adhesion 50 1. 86 E-04
ssc04974 ; Protein digestion and absorption 25 6. 87E-04
ssc04151: PI3K-Akt signaling pathway 70 2.87E-03
$sc04910 ; Insulin signaling pathway 33 4, 43E-03
$5c05222: Small cell lung cancer 24 4. 60E-03
ssc05100; Bacterial invasion of epithelial cells 21 9.55E-03
ssc04921:Oxytocin signaling pathway 37 9.64E-03
$5c04024 ; cAMP signaling pathway 44 1. 06E-02
ssc05205 : Proteoglycans in cancer 41 2. 19E-02
ssc05412; Arrhythmogenic right ventricular cardiomyopathy (ARVC) 18 2.29E-02
s5c04810: Regulation of actin cytoskeleton 42 2.45E-02
ssc05414 ; Dilated cardiomyopathy 21 2. 49E-02
ssc05410: Hypertrophic cardiomyopathy (HCM) 20 2.54E-02
ssc04015:Rap] signaling pathway 43 3. 16E-02
ssc04931 : Insulin resistance 26 3. 26E-02
s5¢04919 : Thyroid hormone signaling pathway 26 3. 60E-02
ssc04014 : Ras signaling pathway 45 3. 79E-02
ssc05166 : HTLV-I infection 50 4. 11E-02
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Table 5 The number distribution of variants located in both QTLs and gene regions

SNP InDel

PR

Trait B! Hi® R B! B R

Number! Number’  Number of genes’ Number! Number’  Number of genes®

42 7% Production 234 436 72 860 10 162 260 889 83 262 11 701
54 Reproduction 222 973 67 919 9 456 248 295 77 291 10 885
il Health 246 230 76 051 10 428 273 659 86 455 12 003
4h 5 Exterior 205 204 63 315 9120 233 299 73 741 10 554
W B FRAE Meat &. Carcass 256 573 79 563 10 898 283 936 90 234 12 505

" ALT QTLs iy As e diodd 57 A0 T A b 09 A8 S e 50 5 7 S5 0 O 19 e PR i

!, The number of variants located in QTLs;?.

sponding to the variants

3 W i

SNP J& —Fi B 2 8% 5 Fhrid . R T 4
TFIRAG AW G N R )2 W FhRid . AR
K B (1 328 586 4~ SNPs A 2T 600 S H
RILE) SNPs, X RUITE LA AE A C R %
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