BB ESR 2014,45(11) :1775-1783

Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/]. issn. 0366-6964. 2014. 11. 006

EERAXET T (GWAS) £ 5% i iz 78 /A

BER W L #&'.m FHLRIR HEBELVBEETXEKR G OR'.
5(]3 ﬁila%iﬂils/‘%%éll/f% ?%Tﬁ‘éﬂ(” 9%?1‘?@‘&1
QUITVE AL K2 Sh A E R F R E AL S5 E 5, 7 B 3300455 2. A& a4l Bl £ R 24 Be . 8 350119
3. L K2 A i Bl 2E 22 BE . 3 % 343009)

W OE: BTEEIE R /BB 0 S SR R IR R R AL AR B SR R T AR BRI R B 2 A PY TR
220 A8 B v / B 2600 = IR AZ O K R BE (L& 237 SR AN RO 1 734 A FEA, AT Tllumina % 60K SNP ik i
PEAT A 0 S R 4 T80 5 s 3 SNP 9 0 f51] % B 4 5 PR 20 S I BT A5 R R B, 7E SSCL | 19.31~19. 59 Mb [X
BN 4 A4~ SNPs #Ric A& SSC7 I+ 17. 05 Mb 4b4 1 4~ SNP #ric 55 16 %k 4 / B 280 5 B F A OC. H,SSC1 I
1) G B DX 3B N FEAE 1 A A7 B8 A0 55 i IR 4 50 0 T8 k- 2- T R A% Wl CUS T 3% T8 BT 9 455 19 0 TR B Bk 300N 22 i, LA 3l
FEALFI G AN R A BN SR 2 BEAE 5 T SSCT b 55 B o5 A5 T 2t 15 248 it J) 199 28 10 A0 A5 8 T 5 81 4 S0 B0 7 AH
REM 1MUY 1 CDKALL JEH P, #0032 Sk PR AT e ik 0 4 40 I g8 T i UK . e KB IR E 1 134
A L E 367 AN TE RV / B 30 R A 7RO J5 AU T CDKALL 3£ i) MARC0077275 fv g5 /£ TDT 4347 45
FIEEWF ., A E T 4 S B 4 G A B F R FUE R R B AR T i) TDT B84 43 B 90 28 % 5 7 4 8 IRV / 1 38
B 5 L S 2 AN B I RBAE e 5 K . UST M CDKALL % 25 5 g E — A5 e A WL e 3 /199 98 il 1) 20 1 gt A5 L Al 4
BET R B

KRR M E R /B FN  4 Ak B A DGR A3 AT 5 B Sk ik TR 7

th[E 4y 32 :59828;5813. 3 XERFREARD A XEHS: 0366-6964(2014)11-1775-09

Genome-wide Association Study on Identifying Susceptibility

Loci for Pig Inguinal/scrotal Hernia

RUAN Guo-rong”, LONG Yi', SU Ying', ZHANG Zhi-yan', XIAO Shi-jun',
LIAO Xin-jun'*, Al Hua-shui', YANG Bin', DENG Zheng', XIN Wen-shui',
TANG Jian-hong', REN Jun', DING Neng-shui'*, HUANG Lu-sheng'
(1. Candidate of National Key Laboratory for Animal Biotechnology . Jiangxi Agricultural University
Nanchang 330045, China; 2. Fujian Vocational College of Agriculture, Fuzhou 350119, China;
3. College of Life Science of Jinggangshan University, Ji’an 343009, China)

Abstract: To identify susceptibility genes susceptible for pig inguinal/scrotal hernia and further
reveal the pathogenesis mechanisms of the disorder, 734 commercial purebred pigs(237 cases in
220 trio families) containing Landrace and Large White breeds were collected and genotyped with
Illumina Porcine 60k SNP chips. The genome-wide association studies (GWAS) based on the sin-

gle-marker case-control model was used to identy SNPs related to pig inguinal/scrotal hernia.
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Four significant SNPs in a region of 19. 31-19. 59 Mb on SSC1 and a SNP at 17. 05 Mb on SSC7

which showed significant association with pig inguinal/scrotal hernia. The UST gene within the

susceptible region on SSC1 was responsible for biosynthesis of dermatan sulfate glycosaminogly-

can that had been shown to be associated with human mucopolysaccharidosis accompanying sever-

al type of hernia. CDKAL1 corresponding to the SSC7 locus might affect the occurrence of hernia
through the function on cell death. Only MARC0077275 in CDKAL1 was verified using transmis-

sion disequilibrium test (TDT) in an expanded population including 1 134 individuals containing

367 individuals with inguinal/scrotal hernia. In summary, this study identified 5 susceptible loci

and 2 candidate genes for pig inguinal/scrotal hernia by GWAS,one of which was also verified in

a larger population by TDT analysis. These findings provide novel insight into the molecular and

genetic basis of inguinal/scrotal hernia in pigs.
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Table 1 The number of affected and unaffected pigs in Landrace and Large White pigs

vt o ISE VS A B Sk ACBE % T e K/ 3k
Breed Total number Affected number Parents and sibs number
K H Landrace 240 81 159

K Large White 494 156 338

43 Total number 734 237 497
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Table 2 Probes and primers used for Tagman SNP genotyping
. C D BIRE/C PR B
tiic SR (5'-3") TREF RS (5'-31) e )
Annealing KN/ bp
Marker Primer sequence Probe sequence
temperature Size
FP.CACTAGCAGCTCTGCCTTGA P1. TTAACCAGCCCCCTGAGA
ASGA0001418 60 159
RP.GTCCCATTGATATGTTTCCACA P2. TTAACCAGTCCCCTGA
FP.CCTGGATGTTCTCTCTGGAATGT  P1.AATCCTTGAAGGGCT
ASGA0001422 ) ) ) 60 86
RP:CTTGCATGAACAGCTGCTTCA P2.CCTTGAAGGACTTTG
FP. AACTTGCCTTCTTGAACGCC P1. TTCAGGCAGACTCA
H3GA0001012 60 130
RP.GCCCAGCAAATACAAAACCC P2. TTCAGGCGGACTCA
FP.: AAGCCCAGAAACAGGCAGTG P1.CCTTACGATTCAAGGTA
ASGA0097745 60 169
RP: AGCCTGGAACATAAACATAA P2.:ACCTTACGATTCAAGATA
FP. TTAAGGAGATCATCTGACGCAGTG P1.AAGTGGCAGAATCA
MARCO0077275 60 21

RP:CTGGGCTAGAAGCCAGGGAT

P2: AAGTGGCAGAACCA
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Fig. 1 Manhattan plot (Q-+ K model, GenABEL program)

4 // .
~
3
=
(2]
5 2
2
o
1
0 T
0 1 2 3 4
Expected

T A B3 S BIUBT P B A B0 AR BB AR AR S TR PR Y
B AR RBG REL N RIE R T BEEM B E L

Abscissa axis means the expected value of the opposite of
exponential P values, ordinate axis means the calculated
value of the opposite of exponential P values; The dashed
line indicates corrected expected confidence line

B2 QQ

Fig.2 Q-Q plot

®3 RO-NREeERAXBKS LN IEERE /RS R SNPs #RI2 =
Table 3  Significant SNPs identified by SNP-based case-control GWAS on pig inguinal/scrotal hernia

AR GRES Fric s Y B E / bp b= 3ing- 7| P{H

Chromosome SNP ID Position Nearest gene P value
1 ASGA0097745(C/T) 19585039 121.85 DUST 0.000 57
1 ASGA0001418(A/G) 19345101 UST 0.000 89
1 ASGA0001422(T/C) 19312605 UST 0.000 89
1 H3GA0001012(C/T) 19460835 UST 0.001 68
7 MARCO0077275(C/T) 17049497 CDKAL1 0.001 55

D. RFXAFric £ H 1) T iiF (downstream)

D. Means downstream of the gene
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Table 4 Verification result of TDT based on single SNP marker in verification populations

e 8,14 EZI A L8 /bp SRR MR Ll RfeiE R P{H
Chromosome SNP Location Allele Allele frequency T U Chisq P value
C 0.421 60 93
7 MARC0077275(C>T) 17049497 7.118 0.007 6™
T 0.579 93 60
A 0. 827 30 34
1 ASGA0097745(A>G) 19585039 0.25 0.617 1
G 0.173 34 30
T 0. 826 36 40
1 ASGA0001422(T>C) 19312605 0.2105  0.646 4
C 0.174 40 36
A 0.823 37 40
1 ASGA0001418(A>G) 19345101 0.116 9 0.732 4
G 0.177 40 37
C 0. 806 42 42
1 H3GA0001012(C>T) 19460835 0 1
T 0.194 42 42
LR TDT 4347 b 55 18 B / B 29 1 S 3 Mk TR AR 10 35 7K F- (P<C0. 01D
“ . Means extreme significance in TDT analysis(P<C0. 01)
F5 MARCOOT27T5 L R EREBRERE RN SHIHERL
TableS The genotype distribution of MARC(0077275 in Landrace and Large White pigs
i At e PR Y BH /K BECE /K i/ %
Breed Genotype Number Case number Ratio
TT 371 131 35
K Large White TC 302 92 30
CcC 65 13 20
TT 75 28 37
K H Landrace TC 147 48 33
CC 144 46 32

it i

M Sy — i 52 2% 9 38 A% B B B - AT I B9 /
BHAEAN TR 28 105 1 MRS 56 4 8 P B DR 31 3
B IR PR A e 2 R R SR R ROk TR 1Y
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T IURE VL1 22 TF BT 98 45 SR 2 i AR S AR iC 1
ST AR A ABE TR % Tlumina 5% 60K SNP
BB R S AR R BT/ I T A
O R RBERIETT GWAS 431 % 551 BT 50 AL A4
R B IR/ BRI TR S A A R

I8

3
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A 5E R FH L 20 AR R K I R /B
M0 R BEARIL 734 DASKRCE 237 A B 4O
) Tllumina % 60K SNP ;s F 43 B 54 » 38 5 3 T
il BT 4 R IR 4 56 W6 43 B 4y il 4E SSCL | 1
19.31~19.59 Mb X F1 SSC7 F 17.05 Mb 4b %
S 3] 582 5 e A I RE T/ BR B K AR 1 B IR A X
5, Wit &L E. Grindflek 2517 7E SSC1 |28
PLFN Y 2 A 235 52 ) B 1 BT / B 8900 kAR 1) B IR
7 5 SW1515~SW1332 {7 F 14.88~21. 06 Mb [X
.5 AW 58 #E SSCL b r %6 51 09 5 & X 35
(19.31~19. 59 Mb) A & [A] A & & . I X 5 AT 1E
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