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PR AR 2N AEEY X R O R K B g
PRLR JENBEAT 7RI, A8 AA BB 87 A1 KOR
PG R BB AL Z

F [ J7 B RS B 24 B IR A P e T
SR RS b M — IE S B R IR B O R
it AR B R AE KRB T o R . 19 5
PR IT HE 7 AP BE 2 — > i AL ) B Mok s R
TR Ch* =0.13) . B HA GEJ5 M CBR % 4 IR 45 o1 A
fegeitH . . ¥ ESR.FSHR.PRLR %A
R A AR ST i FR 0 B R A 18 B TR R AT R BBk 43 T
AT DL B AR T 2 G R 0 R A B M R A
ST VAR AT R 2 B, NN 55 B B B
PR A KT A AR B SR Y 28 T A A

1 #RlE7FE

1.1 KGR

F1 Fl F2 BEOR SR B T W A6 4 24 BH 7 i - 44
Yy Hoh F1 NP RE Sk R KA QAR
JRARIERE T FLACHEA T 193 SB35 B & .
B F1 AR h B 0 R E N MR F2
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AR T BT AT A 5 T AT R AR T SR 70 H i
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AT B HGAT A0 A A5 S T A A DT A 8 A
JREE L3I AT A S IR . R R /A
Dy 43R L R BOE [ 40 DNA L DNA B 5 8% 56 B ik 50
ng/pL &H.
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ARSI AR 4 B bR AL 5 1 DNA JF 31, 98 5 B =
Wy I TR 5 4% 5 AR 35 Tllumina SC A #8372 58 B
Paired-end (PE) | # SCHE RO EE ., () B REAR
45 DNA ##—A4> PE C#EFH7E HluminaHiseq
FRAL 4T PELSO M5, (3) X% F T ALY I 4R 41
P, B e AT RS R L 15 B LB WY cleandata, 48
JE i BWA ¥ cleandata 43 ff 2] 45 H bR 25,
5] SAM #5 X B9 bt 85 5t SR )5 68 A 8K 1 sam-
tools ¥ SAM ##% 2 (1 SCAF 5% 45 1l BAM #% , #2 55
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reads #E17 HE ¥ 75 B S K B9 BAM SO, B filf
F GATK #2845 H bR i 09 56 R LK P R B
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Table 1 Primer sequences and size of PCR production

FH 19741 (5'—>3") Py R B BE /bp FAR EEPEN

Gene Primer sequence (5'—3") Size Mutation sites Reference

. CCTGTTTTTACAGTGACTTTTACAGAG .

ESR 121 A54G rz]
CACTTCGAGGGTCAGTCCAATTAG

. CCTTTAAGACAGTCAATGGC . i

FSHp 500/220 134_135ins t7]
ACTGGTCTATTCATCCTCTC
CGTGGCTCCGGTTGAAGAACC .

PRLR 163 C87T f10]

CTGAAAGGAGTGCATAAAGCC

1.3 FSHB EEME#EZBKkE

FSHp W T4 A 278, v] LIk H] B 4 H vk 1y
D7k AT 5L 4 AL BU¥E FSHPB () PCR R 7= 9
B 100 W B IR M BE B FEL UK 30 min, #FAT 5L A 43
B, PCR P 35149 W 1, A ] 56 KRS e 3k 45417 0

AA:500 bp; AB: 220 bp + 500 bp; BB: 220 bp
(K D,
14 Zitah

FIHT Excel X5 128 5 P i#E 17 & PR A4 471 4 70 4]
AR AR AN (] e R 7R %o A AR A Y e /D 3
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Fig.1 The amplification of FSHB gene
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F ¢ A3 R AT 25 P 2 A o B E A R R TR R A R
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i 1 L PRI 11 35 R R 6 DR RO ST DL 3R 2, 3 2
A1 FSHPB BER Y 3 Fh ik BRI U A8 F1ORE4A o i 47 %
KN AB>BB> AA, B %5 o 5 [H 4 56 K4 R
(0.524 8)5 A SFAv I N Y FEPRIJIR (0,475 2) 0T
1 F2 BERH BB K/ BB<XTAA<TAB. A %§{if
FEH (0.516 0) H1 B %7 3 [F (0,484 0) By 491 R 22 5
BN, 5 FLRHAR /3 fi A —3, ESR I 3 F
JERAIAE F1 BR800 % K /N AB>BB> AA,
A S FE AT B A A G AR 43 51 O 0,375 8 Al
0.624 2; £ F2 BE4K b 19 45 & K /N8 BB> AB>
AA, A FFEAQL SR B ARk Y A 0 B ol
0.249 01 0.751 0, Z5{v 3 H B 78 FE K b ok 4 3L
M. PRLR %4 3 FpaL I AIFE F1 AR i 0005 K
/NR CC>CT>TT,C A HE IR T 45 5 ] Y 5E
PR3 3643 51K 0.733 6 F1 0.266 437 F2 FBEA b 4 450
RN NCT>CC>TT, C4 A 5 RN T 45 i A&

K2 3NMEZEEERMNSNERMERBME

Table 2 Allele and genotype frequencies of three candidate genes

BEIE It SR 7 K % 3[R g5 4 7 3L A I R R
Population Gene Genotype Detection number Frequency Allele Frequency
AA 33 0.205 0 A 0.475 2
FSHp AB 87 0.540 4 B 0.524 8
BB 11 0.254 6
AA 7 0.044 8 A 0.375 8
Fl ESR AB 103 0.660 3 B 0.624 2
BB 16 0.294 9
cC 78 0.513 2 C 0.733 6
PRLR CT 67 0.440 8 T 0.266 4
TT 7 0.046 1
AA 115 0.283 3 A 0.516 0
FSHp AB 189 0.465 5 B 0.484 0
BB 102 0.251 2
AA 23 0.046 0 A 0.249 0
k2 ESR AB 203 0.406 0 B 0.751 0
BB 274 0.548 0
cC 171 0.337 9 C 0.563 2
PRLR CT 228 0.450 6 T 0.436 8
TT 107 0.211 5

BR A9 32 BRI A3 %249 51 R 0.563 2 il 0.436 8; ZEfr 3L A
C1E F1 BEAR P R 8 IL A L 18 F2 AR o B R R
H T REAR .

22 FSHB EESZHEM R XBEES
FSHp a3 B F1OREAR b 0 5G4
gEWRANER 3 iR . FSHR FERXT T 77 16 4500 52 i
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Bt 4. ESR FSHpB Ml PRLR J£[F 53 3% X K H I A 3R AR E A IERE A G & 69

FI A AB>AA>BB, AB BN £ BB A A £
0.96 3k, 2253 3% (P<0.05), FSHp 3 4 5 iy
SRR ) A AR BT WA R ORI 70 IR R T
WEMHRZES AR E AR EI B AA BIARAL
F AB BAI BB A, FSHB A [A] 3 K 8 76 F2 ff K
R SCHR M A BT 25 SRk 4 iR, FSHpB JE A
BB KB A R e AA FE RS R B TE E
1.613%, = FZRBE(P<C0.05), IPERY K 0.81
3. FSHp HEPRGEF 7= 16 A7 550 W0 03 47 3% 8055 7= AT
PRt A BB>AB>AA By#a%, FSHP 3 H AR
[7) 256 D] 250 6] A7) A AR T o L T 5 A AR T o R 3 )
A A VIR B i B 3 (P<<0.05) , H ¥l BB AU
T AB B AA B, X $E25 R KT FSHR S 1Y
BB J R 78 i . 2 4 v S AT A AT R L TR
PR 2 G AR 1E B N IR A R R B AF
A7 PUTE R AR rh B A%
23 ESREREZEMRMKEIES

ESR AR JERRIAE F1EEA 1 S 40 A 4%
BN 5 Fron . AR RIS F1ORE IR A9 5 i
ZRAWE B TERHA AB<AA<BB ¥
M4 % . ESR R[N EIAE F2 #5258 Pk

) SCBRME I MT 25 AN 3 6 T/ . 3 3k PR AU S 4 Uk
WY R 2 0 AB<<AA<BB, BB # > {& & 1 ]
Fe AB B34 0.68 d, 3 22 5% @ 3 (P<0.05) , Jnt&L
Wi 0.09 do kA IORN KT 73 4 K ) 52 ) 4 1
i AA>AB>BB, RUIEMFER A & EFHMR A
FIER, H AA B L BB BUANR A AR T3 8 £ 0.46
Sk, X F2 BER 0 52w 5k 3] I8 K (P<<0.05),
R A G B AT REE AR T DA ECH .
24 PRLR ERSZE MR CEES

PRLR AN[R B BIZE F1ORER b iy 56 B€ v 20y
ZERANE 7 iR, PRLR %K% F 48 3R 30 1 5% i
KN TT<<CT<<CC, H CC #HI CT 2= W i
F (P <C0.01), %F S A7 80 7™ 6 A7 80 W 07341 4% 4L
70 Hg MR E Ly TT>CT>CC, A
(7] 2 R 7R 5% A, 77 A 00 DR 405 A1 0 B3 A e 3 S
(P<C0.05), %F 70 H #& K B &t At B 3 5%
(P<C0.01), CT BUWI AT & Lk CC BUFN TT & 43
5 0.43 kg M0.65 kg, H CC A CT #2557 8 3%
(P<C0.05), X551 RW] PRLR & PR X 4F i 19
BB SE L EEERNA
FIHE RO T %5 {7 3 N . PRLR K [R) 3& [H Y 7

K3 FSHEAREEBZEF BEPHXBEED

Table 3 Correlation analysis of different genotypes with FSHf in the F1 population
FLIH A Genotype 3 PR 00 1H
JERIN (FEA %5 5 Number of samples) Genetic effect value
Traits AA AB BB TP R LTRSS O
(n=31) (n=82) (n=41) Additive Dominance
IE PR /d Gestation period 113.0241.31 113.141.23 112.9441.46 —0.04 0.12
=y i
S . 12.29+3.23 13.334+2.56 12.804+2.35 0.26 0.79
Total number of litters
ks . 11.39+2.98ab 12.3342.49a 11.37%2.53b —0.01 0.95
Number of born alive
BE SR AL
0.772+0.97 0.88+1.44 1.224+1.4 0.2 —0.12
Number of stillbirth 88 6 3
ATFH . 0.13+0.55 0.12+0.61 0.227+0.84 0.05 —0.06
Number of mummies
. i/ k

B B ke 1.280.16 1.31+0.15 1.3240.20 0.02 0.01
Birth weight
ki . 9.53+3.2 10.4442.60 10.08+2.88 0.28 0.64
Number of piglets weaned
" K
li‘ﬁ‘ilﬁf?ﬁﬁkﬁga/ g, 5.41+1.41 5.46+1.32 5.41+1.09 0.00 0.05
Weight of weaned piglets
70 HER AR /K

PR PR /g 13.44+2.55 14.054+2.69 13.924+2.50 0.24 0.37

Weight of 70 days age

e BUE A £ bR 25 L 185 N I BT D 0 I R AR S i AN RNE FRER R 25 7 B3 (P<<0.05) , Rl K5 TR £ R 25 7 )
BEP<0.0D; MM ERAEEXES., F, Note:All the data are made up of mean =+ standard deviation, numbers in paren-

theses are the corresponding number of samples. Different lowercase superscripts indicate significant differences (P<C0.05), dif-

ferent capital letter superscripts indicate very significant differences (P<C0.01). Bold means there are significant differences. The

same as below.
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Table 4 Correlation analysis of different genotypes with FSHf in the F2(black pig) population

FEH L Genotype 3 PR 3% g {H
ek (BEA % # Number of samples) Genetic effect value
Traits AA AB BB TP RN, AR
(n=142) (n=61) (n=21) Additive Dominance
YR /d Gestation period 113.364+1.34 113.754+1.75 113.2441.50 —0.06 0.45
B A H X 9.66+2.57a 9.93+3.48ab 11.274+2.30b 0.81 —0.53
Total number of litters
ke . 8.93+2.78 9.31+3.23 10.234+2.58 0.65 —0.27
Number of born alive
FE IR AL
1.4340.73 1.5440.9: 2.50+1.12 0.54 —0.4
Number of stillbirth ’ s ’ ’ ¥
ATiGH . 3.0040.82 2.00+1.55 2.40+1.50 —0.30 —0.70
Number of mummies
B . 4,03+2.87 3.3442.52 4.55+2.68 0.26 —0.95
Number of weak litters
i /k
%}]étﬁiﬁﬁ:i/ & 1.3441.57ab 1.12£0.26a 0.981+0.26b —0.18 —0.04
Birth weight
ki . 6.49+2.52 7.12+3.10 7.38+3.73 0.45 0.18
Number of piglets weaned
y i /k
%%1}%ﬁiﬁﬂi/ g' 4.84+1.03ab 5.13%1.20a 4.31%1.32b —0.27 0.56
Weight of weaned piglets
3 R R /&
AR R/ ke 3.8640.87ab 4.11£0.99a 3.44£1.09b —0.21 0.46

Weight of 3 weeks age

x5 ESRABEEERE F1 B#EPEXBEESHT

Table 5 Correlation analysis of different genotypes with ESR in the F1 population

FLH A Genotype F PR30 {E
[ERTN (FEA %S H Number of samples) Genetic effect value
Traits AA AB BB PR O VRO
(n=17) (n=92) (n=46) Additive Dominance

IR /d Gestation period 113.0140.80 112.97+1.37 113.214+1.13 0.10 —0.14
B A H X 12.29+2.25 13.1242.54 12.7242.98 0.22 0.62
Total number of litters
L . 11.71+£1.98 11.8442.56 12.004+2.99 0.15 —0.02
Number of born alive

.
FEH A A 0.43£0.49 1.05+1.51 0.70£1.02 0.14 0.49
Number of stillbirth
AR . 0.147+0.35 0.23+0.85 0.027+0.15 —0.06 0.15
Number of mummies

7 /k

%U’Eliﬁiﬁﬁm/ € 1.2240.23 1.3040.16 1.33+0.17 0.06 0.03
Birth weight
RARGE . 9.71+2.81 10.314+2.50 10.05+3.32 0.17 0.43
Number of piglets weaned
I E=N k
l&ﬁ%’f{‘ﬁﬁiﬁﬁi/ gA 5.34+1.49 5.41+1.17 5.58+3.32 0.12 —0.05
Weight of weaned piglets
70 H i/ k

H IR/ kg 14.994+2.79 14.154+2.63 13.50+2.47 —0.75 —0.10

Weight of 70 days age
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Table 6 Correlation analysis of different genotypes with ESR in the F2(black pig) population

FEH L Genotype 3 PR 3% g {H
JiTN (BEA % # Number of samples) Genetic effect value
Traits AA AB BB TP RN, AR
(n=9) (n=752) (n=283) Additive Dominance
IR /d Gestation period 113.5441.40ab 113.03+1.29b 113.71+1.70a 0.09 —0.60
B A H X 10.61+£2.16 10.194+2.74 9.87+3.06 —0.37 —0.05
Total number of litters
ke . 9.28+2.48 9.34+2.70 9.28+3.07 0.00 0.06
Number of born alive
FE IR AL
0.78+£0.7 0.38+0.79 0.310.69 —0.23 —0.1
Number of stillbirth 8 8 3 6 6
T g
ATiGH . 0.56+1.57a 0.3341.01ab 0.100.43b —0.23 0.00
Number of mummies
B . 2.67+2.71 2.5542.96 2.85+2.90 0.09 —0.21
Number of weak litters
k
WAL ke 1.1140.11 1.0740.24 1.0940.26 —0.01 —0.02
Birth weight
ki . 7.28+1.90 7.14+2.66 6.80+3.38 —0.24 0.10
Number of piglets weaned
k
Wl 7 3 Ve B i/ e 4.97+0.67 4.96+1.16 4.80+1.23 —0.08 0.08
Weight of weaned piglets
k
WKL/ g 4.094+0.58 3.9740.96 3.8441.00 —0.13 0.01

Welght of 3 weeks age

K7 PRIRAREEBREFI BHE P pXEESH

Table 7 Correlation analysis of different genotypes with PRLR in the F1 population

FEH A Genotype i PR 3300 {E
Mtk (KA %55 Number of samples) Genetic effect value
Traits cc CT TT Tin 8
(n=79) (n=67) (n=17) Additive Dominance

U Y/ d Gestation period 113.33+1.27A 112.73+1.30B 112.70£1.10AB —0.32 —0.30
- ik . 12.681+2.49a 13.01%2.83b 14.71+£3.10ab 1.01 0.17
Total number of litters
RS . 11.73+2.55 11.91+2.84 12.57+2.13 0.42 0.09
Number of born alive

o
ik o 0.7741.19 1.0141.54 1.71+0.88 0.47 0.12
Number of stillbirth
AT . 0.18+0.83 0.09+0.33 0.43+1.05 0.125 —0.04
Number of mummies

k

B PRBUR /e 1.3140.19 1.3040.14 1.2640.08 —0.03 0.00
Birth weight
WS 1 . 9.641+2.93a 10.73£2.66b 11.00+£2.27ab 0.68 0.54
Number of piglets weaned
i JF 4/ k
Eﬁﬁwﬂ?%ﬁgj i/ g' 5.28+1.33a 5.71%x1.16b 5.06+1.33ab —0.11 0.21
Weight of weaned piglets
70 /k

HI R/ ke 13.26£2.7A 14.51£2.4B 14.58+2.46 AB 1.24 0.62

Weight of 70 days age
F2 BER AP A OCHE M 73 BT 45 R 3R 8 FiR . MGEit A W5 ma (X5 2 Ik 01 A 52 ma e 5y TT<<CT<<
SIRTEE IR RE L PRLR 3 FIXHE U 3 AR = A7 500% CC L X B = A7 By 2 i k345 CC/ CT<<TT. PRLR
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Table 8 Correlation analysis of different genotypes with PRLR in the F2(black pig) population
FLK T Genotype F PR30 (.
[ERN (FEA 2 5 Number of samples) Genetic effect value
Traits cC CT TT TP R PR
(n=155) (n=166) (n=24) Additive Dominance
IR W /d Gestation period 113.7141.30 113.33+1.65 113.24+1.23 —0.23 —0.14
=y ¥
‘L: ks R 9.99+3.44 9.99+2.90 10.08+2.64 0.05 —0.04
Total number of litters
AT R 9.21+3.32 9.42+2.95 9.00+2.08 —0.10 0.31
Number of born alive
S

S A R 0.38+1.09 0.29+0.69 0.54=+1.00 0.08 —0.17
Number of stillbirth
AT . 0.227+0.93 0.2040.87 0.21£0.71 0.00 —0.02
Number of mummies
ks . 3.08%2.16Aa 4.40£2.72ABb 5.18+3.29Bab 1.05 0.28
Number of weak litters

EX NG A
%Hiﬁgji g 1.14%0.15a 1.084+0.26ab 1.00£0.32b —0.07 0.01
Birth weight
W 5 3 2 . 7.11+3.30 6.92+2.95 6.58+3.08 —0.26 0.07
Number of piglets weaned

5 w/k
M%’f}ﬁﬁﬁgﬁm g- 4.961+0.69a 4.94+1.36ab 4.4911.28b —0.24 0.21
Weight of weaned piglets
3 S R 5 =/ k

A PR B e 3.981+0.61a 3.98+1.11ab 3.541+0.99b —0.22 0.22

Weight of 3 weeks age

B DX AT 8 400 A A I i DB % A AR B R R 3 R R
KA B EE W, B CCRMAMRE TT A K
Fo W0 A AR R 22 0.14 kg (P <0.05) , Wi 541 3% 44 5
2 0.47 kg(P<C0.05),3 AR IAF# £ 0.44 kg
(P<C0.05), PRLR & K X} 85 47 R b A W 35 52
i, H CC M AR CT #5547 % 1,32 3k
(P<C0.05), tb TT B A~k 55 /7 £ > 2.1 3k
(P<0.01) , IntEsoni g 1.05 3k, # B PRLR A
() T S5 3 0] fe 5 AT MR IE AR G .

3 it
FSHE ER S B FRHEMERMERXR
B KB FSHB 1) BB B 55 7= F 1 fig
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Relationship between ESR, FSH , and PRLR genes
and reproductive performance in Qingping < Landrace hybrid population
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Abstract In order to explore the genetic background of short gestation period and high litter size of
Qingping pigs, correlation analysis between ESR, FSHp and PRLR genes and the reproductive per-
formance in F1 population and F2 black pigs of Qingping pigs X Landrace hybrid was carried out. The
results showed that: (1) The gene frequency of A and B allele of FSHf was similar in both F1 and F2
populations, while the predominant allele of ESR in both populations were B allele. The predominant al-
lele of PRLR in F1 populations was C allele, and gene frequency of C and T allele in F2 population was
similar. (2) Different genotypes of FSHf had significant effects on the number of live piglets in F1 pop-
ulation, and on the total number of litters, birth weight, weaned piglet, and weight at 3 weeks of age in
F2 population (P<C0.05). (3) Effects of different ESR genotypes on gestation period in F2 were in the
order of AB<CAA<BB. The AB type of ESR had shorter gestation period, but AA genotype had more
mummy pigs (0.46) than that of BB genotype. (4) Different PRLR genotypes had significant influence
on gestation period (P <C 0.01), total number of litters, number of piglets weaned, and weight at 70
days of age (P <C 0.05) in F1 population, and had significant influence on the number of weak litters,
birth weight, weight of weaned piglets, and weight at 3 weeks of age in F2 population (P<C0.05). The
above result indicated that during selection of Qingping pigs, AA type individuals of FSH could be e-
liminated, and frequency of B allele should be increased. The AB type of ESR gene could shorten the
gestation period and the AA type individuals could be eliminated. The T allele of PRLR gene is favorable
for reproductive traits, but it may be positively correlated with traits of weak litters, therefore this
choice strategy demands careful consideration.

Keywords Qingping pigs; candidate genes; reproductive traits; association analysis
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