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Table 1 The scoring system for evaluating

diarrhea in piglets
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Table 2 Basic information of 640 diarrheal

suckling piglets

PR s
) i /k . 151E4
5iA His R kg R /C H’E‘Jq:}}“
. Body . Diarrhea
Item Age in days . Ambient
- weight score
temperature
STASE - b 2
q:ﬁ]ﬁfﬁ(ﬁgi 3.824+0.12 1.57+0.64 23.14+0.02 2.38%0.03
Mean=SD
SN RV 1 0.8 21.9 1
K Max 21 5.5 25 4

T S5 RERR R P E £ hRE2E (Meant SD) ,Min /R fi/IME
Max /R e K{H. Note: Results are expressed as Mean+ SD, Min

as minimum and Max as maximum.

2) AP 225, 640 I AEAS TR R K 484 3k (K
FIA% 114 Sk RURL 3 52 0 42 3k, 20 51 o HL o b A 4
[ 5.40% .8.48% M1 5.74% . KAMSK ABMIETE
P HA B 322 5 (P<<0.05) , K 1% 58 si 8 1Y
JE TS P53 TR FE A 25 22 55 (P<<0.05) o Ud B AN [R)
T ) A7 A VS & A R 22 57, K VI > FE 9 e >
KK AR T 2553, T AR & FE IR A i Rt
WS A R EEm ., KA RS AT, H
MGV e i, VR IR 3

IV 22 5 o XA UCRFEIC Sk B GE 53 B &
BB T ORR R Z RIAETE i 2 RS W 22 0,
P50 1] ) RS VP o A T 0 35 22 7, AR UCRFE S 1T
(1) 640 S35 H AN 136 3k, BEREA 504 Sk 47 57
FEAS e K g, R EA W3 25 7 (P<<0.05) o BESA Y
R T A AW PR R e A
] , EROR 2 1 R R A, (R TS R AR I, 4 1Y
JE S ™ S R R R T TR 4

4) Hig 22 5% o X ARYCRAE I AT H i B B -
RIER R, =1 368.71,P<<0.05,1~5 H &
(AW LA RS % AR e e 22, Bl H IS 15 n kA I
15 BB BCR D . ERRTEPE 5 T, 1~5 H IR ¥ Y
W B E LT 6~15 0 IETE 4, 16 H i LL_E 7L
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Table 3 Diarrhea scores sof piglets of different genders

o JETSHE REARSEC BRI/ Y% RIS
R - . . . .
. Total di-  Population Population Diarrhea
Variety . .
arrhea total incidence ratio score
PNEL 2.36+
484 8 966 5.40
Large white 0 0.69b
K% 2.56+
Landrace 1 134 848 0.61a
K% SER 2.21+
Duroc 42 73 074 0.75b

T AN A TR R AN R] R 2 ) 22 5 12 25 (P<<0.05) , A [ 513
ARANIR] iR 2 I 25 5 R 8.3 (P=>0.05) , T [ s BEPR &9 o LR %
Tl R A0S LSRR N Z i Al BB L9 . Note: Different letters
indicate significant differences among different varieties (P<<0.05) ,
and the same letter indicates no significant differences among different
varieties (P=>0.05) , the same as below; Population incidence ratio re-
fers to the proportion of the number of cases of this variety to the total

number of this variety in the observation population.

T4 AEMESFIENESIES
Table 4 Diarrhea scores of piglets of different genders
s B i % W4
Total diar- . . .
Sex Incidence ratio Diarrhea score
rhea
M Boar 136 21.25 2.524-0.58a
5% Sow 504 78.75 2.35+0.70b

TE - R o A R 0 5 R e B BB LE ). Note: The
incidence ratio was the proportion of the number of cases by gender to

the total number of cases in the population.

x5 ARBIRMRFERELS TS
Table 5 Diarrhoea scores of piglets at different age stages
H ity -RCE e R/ % NI
Ageindays  Total diarrhea Incidence ratio Diarrhea score
1~5 565 88.28 2.35+0.68b
6~10 32 5.00 2.63+0.61a
11~15 32 5.00 2.62+0.70a
=>16 11 1.72 2.5640.53ab

T SO o H A S B B R B A R BB EE . Note:
The incidence ratio was the proportion of the number of cases in day-

age stages to the total number of disease groups.

S)MREEIR 255 . X AL TE A [A] R85 T Y FE AR
FEASHEATAHT , IR 22.6~23.0 “CIX ] {4 15 15 38 ¥ &
%, Hop 23.0~23.5 ‘CIX ] i) B V5 PE 40 i 5K T H:

fth 5 FE X ], 23.5~24.0 “CIX [ 9 J5 V5 E 4 R A
MR AT 22.5 Cali T 24.0 CH, I8 T 53
WETE . HEATIREGIL L - AR R TR, =
466.86,P<<0.05, R Gt = R TR 6.
* 6 ARMERETFENESIES
Table 6 Diarrhea scores of piglets at different environ-

mental temperatures

[LREE

SREGRIE/C 0T RN/ B
Ambient temperature thea Incidence ratio  Diarrhea score
<225 36 5.63 2.58+0.50a
22.6~23.0 308 48.13 2.52+0.63a
23.0~23.5 193 30.16 2.15+0.73b
23.5~24.0 90 14.06 2.3340.69ab
>24.0 13 2.03 2.54+0.52a

T 2 o LG O PR 858 0 BE R e 5o e R S B Ll
Note: The incidence ratio is the proportion of the number of cases in

the total number of cases at ambient temperature.

22 £ERAXBEDWN
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F14 550 017 4~ SNPs, 2K ] Bonferroni #4 1F %15 51 3
A b B S A B, 43900 6.72< 107 7.51 X
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23 BEEEREBEKRINGESH

FIH GWAS 345 5758 I8 5 PR OCHR I A7 50T
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I AL R R B 82 N FE A, KUK ST AR AR
ED TOA SR B 2 I

W 3 86 3L K 3E AT GO FTKEGG 7308 . GO 20 Bt
FLIPNEY A RCE QS SN B O NS R N
il D T 5 Ml S LT RMAS IO | 5 kA% 3 L 4 L
BT A0 LA VR TEORE S B A S A OC A H T E
o KM GO & 8401 s 75 K 4l i % 1Y)
P . CAMP A3 EAC T AR 7 s i A LA
Pl EE AR A AR R R AN A% A
4 HPEHE. GOMKEGG &% E WK 2.,

KK KEGG i # & 8 45 R R | CHK 5L KA
CAMP {5538 fH K A AR 400 1 368 12 245 400 e O I A7
. KAMAREERAGHE . & ESHr
P& IR L K A] 8 5 85 ) o i AN L 2 fi
&3 .c AMP A AEAHOC T REA G .
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Manhattan map; F:Duroc pig Q-Q chart.
1

{F35HE875 GWAS £ R EMTHEEF1 Q-Q

>

o

2 3 4 5 6

3 4 5 6

TUAE Expected-lgP
A RAELEIE B KA Q-QEC: R A2 MWD K M Q- QI E AL r % S i F - A3 5% Q-QIEl . A:Manhat-
tan chart of large white pigs; B: Q-Q chart of large white pig; C: Manhatton chart for landrace pigs; D:Landrace pig Q-Q chart; E: Duroc pig

Fig. 1 Manhattan chart and Q-Q chart of GWAS results of piglet diarrhea
IR -5 LA T TR OC Y B e e SR I,
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Table 7 Candidate genes for diarrhea traits in white pigs

Ensembl 5 X 45 HEHFFS Pk AR AT LR A P e

Ensembl gene 1D Gene symbol Chr Start position End position P value Function
ENSSSCG00000023351 PLA2G4A 9 127 853 581 128 164 825 3.81E-11 #8717 Apoptosis
ENSSSCG00000033913 CIRL 5 63 623 398 63 640 065 6.70E-10 H P Immune
ENSSSCG00000025537 PTPNG 5 63762 109 63 779 086 2.18E-11 H P Immune
ENSSSCG00000060530 CIR 5 63 644 097 63 655 149 6.70E-10 #J% Immune
ENSSSCG00000038973 PPPIRIZA 5 101 490 282 101 639 456 3.89E-09 BB Barrier
ENSSSCG00000009197 GRID2 8 125821 195 127130 617 6.81E-11 Bz

Transmembrane transport
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A
Zymogen activation
Ventricular system development
Synaptic transmission, glutamatergic
Response to ethanol {+
Post-embryonic development {+ g
Positive regulation of insulin secretion involved in cellular response to glucose stimulus
Positive regulation of exocytosis{* L
Excitatory postsynaptic potential Iﬁ
Complement activation 1.75
Cytoplasm Py 1.50
. 1.25
Cytosol ° =
) ) Nucleolus FEPECRE Count
Postsynaptic density membrane .2
Photoreceptor inner segment 8 : ‘6‘
Perikaryon o5
Nuclear matrix @0
Condensed chromosome outer kinetochore |«
Blood microparticle
Caleium ion binding °
Transmitter-gated ion channel activity involved in regulation of postsynaptic membrane potential &
PDZ domain binding "
Tonotropic glutamate receptor activity
10 20 30
B
Golgi apparatus
Ton transmembrane transport{ *©
Regulation of endothelial cell migrationi* C
Response to auditory stimulus
Neuromuscular process controlling posture| k]
Negative regulation of peptidyl-serine phosphorylatio -lgP CAMP signaling pathway )
Mechanically-gated ion channel activity; - iz; op
) L -lg
CAMP catabolic process|* 1.25 ' 13
3',5"-Cyclic-AMP phosphodiesterase activity] N Long-term depression 1.2
SEFBEE Count 1.1
Nuclear membrane . : -
°
Determination of adult lifespan g @12 HEHEL Count
e i ) = ® 5 Grasing sl 2,00
3',5'-Cyclic-nucleotide phosphodiesterase activity ocaine aceletion ® 225
® 2.50
3
Nucleus : %»00
Protein catabolic process|+ . -
. P 5 Amphetamine addiction{-
Neuromuscular process controlling balance| -
Dioxygenase activity
70 50 78 0 10

A KA GO EHESN; B KA GO B EMI;C: R KEGG EH40HT. A: GO enrichment analysis of large white pigs; B: GO en-
richment analysis of landrace pigs; C:KEGG enrichment analysis of large white pigs.
2 EFHBEEWEEKESNPs FENREEREESTSEE
Fig.2 The bubble diagram of GO and KEGG analysis of candidate genes based on significant SNPs
achieve suggestive threshold

®8 KBABESHEREEERFR

Table 8 Information table of candidate genes for diarrhea traits in landrace pigs

Ensembl 3 45 B FFS ARGREN CE GRS LA P s
Ensembl gene ID Gene symbol Chr Start position End position P value Function
ENSSSCG00000010949 DAPK]I 10 27 724 644 27954 708 3.00E-10 JHT- Apoptosis
ENSSSCG00000033592 TMCS 12 3802 344 3837413 5.44E-09 JHT Apoptosis
ENSSSCG00000016267 ITM2C 15 131 614 887 131627 428 7.14E-09 4T Apoptosis
ENSSSCG00000007272 CHMP4B 17 37 285 422 37334 103 7.65E-10 4T Apoptosis
ENSSSCG00000014170 CAST 2 103 255 738 103 378 623 5.03E-09 4T Apoptosis
ENSSSCG00000016929 PDE4D 16 37897 300 39 406 534 7.21E-09 49% Immune
ENSSSCG00000014292 HSPA4 2 135345724 135391 112 1.11E-10 429% Immune

ENSSSCG00000009197 GRID2 8 125821 195 127 130 617 6.81E-10 R

Transmembrane transport
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GWAS-based screening of candidate genes and pathways
for anti-diarrhea in suckling piglets

HUANG Rui', CHEN Dong',ZHAO Zhenjian', SHEN Qi', CUT Shengdi',
WANG Junge', CHEN Ziyang', WU Pingxian®’, TANG Guoqing'

1.National Key Laboratory of Swine and Poultry Seed Industry/College of Animal Science and
Technology,Sichuan Agricultural University/ Ministry of Agriculture and Rural Affairs Key
Laboratory of Animal Bioomics/Sichuan Provincial Key Laboratory of Livestock and Poultry
Genetic Resources Exploration and Innovative Utilization , Chengdu 611130, China;
2.National Pig Technology Innovation Center ,Chongging 402460, China

Abstract 640 piglets with diarrhea were sampled and statistically analyzed to study the genetic fac-
tors and pathways for anti-diarrhea in suckling piglets.600 samples including 453 large white pigs, 105 land-
race pigs and 42 Duroc pigs were selected for the low depth resequencing (1X ).Genome-wide association
study (GWAS) was conducted after the quality control of the results of sequencing.42 and 107 significant
SNPs were screened in large white pigs and landrace and pigs, respectively , with 32 and 82 genes involved
at the upstream and downstream 20 kb regions of these loci. GO and KEGG enrichment analysis was per-
formed on these genes. The results showed that 6 important candidate genes including PLA2G4A , CIRL ,
PTPNG, CIR, PPPIRIZ2A, and GRIDZ and 8 important candidate genes including DAPKI, TMCS,
ITM2C, CHMP4B, CAST, PDE4D , HSPA4, and GRIDZ that may be associated with diarrhea traits in
suckling piglets were identified , with GRIDZ being screened simultaneously in both large white pigs and
landrace pigs.It is indicated that candidate genes for diarrhea in piglets are associated with functions related
to cell apoptosis , immunity , cell barrier, and transmembrane transport of substances.

Keywords suckling piglets; genome-wide association study (GWAS) ; diarrhea; anti-diarrhea;
gene ; pathway
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