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FE: (6] TR EBMRGREARIT, L F &SR0 R LHE R ERERFRE. [riE] it
15 %514, & PCR-SSCP HL A Z2 8 %1k (progesterone receptor, PGR) FkE A 9 MR T EH T F
FoERLF ATFRLFREZFLFFNEL RS AN, ARARZERSLFEEIPH. [ER] R
AP PSS PO HABRAALEM. XTPITHAR, FTHFLFFRME 44, 48F0 BBA, HAp ¥ b
BB A4 Fo ABAL; WK BB A4 RARH — 4 RE (316-4), HFHAARE N HAR; BBIHEHA G
FEWLEFEREN ZFHMEL ABREERZL 0.52 B (P<0.05), th A43FEAZ 0.98 B (P<0.001), AB3H
RFTELET AN R EL MM REEAZ 0.46 R (P<0.05), xF P84 A B, HTHLEd RNz
COR, BRI F e cCFn DAL, HApFHRMNE . DFn DDR; F &Y DDA CORAR A — AR
F(2810C-G), REHAXBRAL. HXTFPITHAE, FTHELFMBERLFEFHNE FFfo FER, H4L¥*
FAYI B AR FCFn GORL; M RY 60 An FFRUAE A — AR L (60128T—A), R RHAXRKE; AFE
ERGFTHLFETEREN R EL FORERS 0.32 2 (P>0.05). [£#]) KRR F R, PRIEH
TR EHFTHLFZ 2NN EREERR G 2 FE BB @A EH 0 —MriL.
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Abstract: [Objective] The objectives of the present study were to search for genetic markers associated with high litter size
and to provide a scientific basis for marker-assisted selection for high proliferation in goats. [Method] Fifteen pairs of primers were
designed to detect single nucleotide polymorphisms of exon 1 to exon 9 of progesterone receptor (PGR) gene in Jining Grey, Boer,
Liaoning Cashmere and Angora goats by PCR-SSCP. [Result] Only the products amplified by primers P1, P8 and P9 displayed
polymorphisms. For primer P1, three genotypes (AA, AB and BB) were detected in Jining Grey goats, two genotypes (AA and AB) in
other goat breeds. Sequencing revealed one mutation (31G—A) of PGR gene in the genotype BB in comparison to the genotype AA,
and this mutation resulted in an amino acid change of Ala—Thr. The does with genotype BB had 0.52 (P<<0.05) or 0.98 (P<<0.001)
kids more than those with genotype AB or AA, and the does with genotype AB had 0.46 (P<<0.05) kids more than those with
genotype AA in Jining Grey goats. For primer P8, only one genotype (CC) was detected in Jining Grey goats, two genotypes (CC and
CD) were detected in Boer goats, and three genotypes (CC, CD and DD) were detected in other goat breeds. Sequencing revealed one
mutation (2810C—G) of PGR gene in the genotype DD in comparison to the genotype CC, and this mutation did not cause any
amino acid change. For primer P9, two genotypes (FF and FG) were detected in Jining Grey and Boer goats, and three genotypes

(FF, FG and GG) were detected in other goat breeds. Sequencing revealed one mutation (60128T—A) of PGR gene in the genotype
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GG in comparison to the genotype FF, and this mutation did not cause any amino acid change. The does with genotype FF had 0.32

(P>0.05) kids more than those with genotype FG in Jining Grey goats. [Conclusion] These results preliminarily indicated that the PGR

gene is either a major gene that influences the prolificacy in Jining Grey goats or a molecular marker in close linkage with such a gene.

Key words: goat; prolificacy; progesterone receptor gene; PCR-SSCP
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7 Y PR GED B E &k gimE B
KIATAME 6 L= 77 SR 52 BRI A48
IR, i Bl 2= e 8oe — M ) 0.1 A
PECRMER, PG, BRI & R AR AR M 25 R 2
BEIR . ARic R B RS T S M PR IS TR) L 3k
PRI L LA R HERPE 1T B K b3 X AR IS A% ) PR
PIEFEDI AL 3 51X SO PR S5k DR e AH S 8 1)
THEAERRC, AR IR R gt LT
ANWFFTHERE Y 22 E 500 N 0 i RS e R S8, (0%
ZMYERF IR UR TR OBV E ], [ 45 RO .
HRMILMRE G M EZER RN Z A i 5k
(progesterone receptor, PGR) fr5:*%,  Zufii 52 {kff
75 2 PRI AL by A WAL (PGR-A) i B WA
(PGR-B) , & N[ K4ift, 2 MR
B F A6 AN A A7 F 1 B0 P 6 4R B 1 23 ) A s R
BECL 2 BT AR () S5 76 K 2 BOE HE S h R AR
(1, LG AR e AL 87 PGR & T2 A1
BARRE MR, RS N T,
Aet) DNA FFE)valgdit, Humaimfiipgik, M
iy YRR R A R AR E R [ 1987 4F
Misrahic 2615 i A PGR 2K ) cDNA LISK, X A
PGR BRI 70K 2 , PGR K 2 A& MEIHFFT K
TR B P IZIE I 5 NS R 1) G BT, K
FSFUS PGR 3 [Nk 402 iy S5 7 ok e 6 R e 2
4T 4 BEAT T PCR-SSCP Al H AR WL PGR %A
TUES:S Y WIPAIPS TS Ei S CI G TIF187IPN
Y ¥ ChEER R Phegk, SrrdlcEt
SO e (R LR S A, SIS SR AT IA 2.94 H
TGN AE TR G O 118 Ko BURIIAETE)™
TEHCh 2.10 PO, gz afpr L2 P8 i A A0 1.31
HPN ARG ABF i 25, 9K (Boer) 11125, 1L
T2 B (Angora) 2R NIFFUN %, 00T
PGR AR Z &M S IFEETH G HR . LI K
1) )R FH PR . 2 25 (single strand conformation
polymorphism, SSCP) J5i%Adill PGR JE[H 9 ANk g
TR P R R 2 &P (single nucleotide

polymorphism, SNP) , XJHA SSCP £ &1k DNA
JBCHATIN R LU AT, 4 5 7 SR O DG IR g A b
0, AL T ) AR B PR R A

1R TS

1.1 iRk

1.1.1 DNA %% FEARNEG 7  LLE LR (i
KA FAEBOBIHLIE SR 2006 4E77 7511 140 LTl
FREE ol 5 AAFEMEAD , dsHak. ™~
S AR ES, FERAEMAE . 40 JUL o LCEREE
MAER AL T TSI TE KL 40 BRI SRR
40 FLz Rl AR R R R B LS A I K OR S
Mg GLPERIKEIBERD o iR 10 ml/
W, MR, —20°CUR . YA ik
PEHUEKZH DNA, %+ TE buffer[10 mmol- L™ Tris-
HCI (pH 8.0) , 1 mmol-L" EDTA (pH 8.0) ], 4C1{4
fEo

GrrE ERR R g SRR 1R 5 2 iGN
553 MR BIE R 3 AR ARYE 2 M L2 A S kil
OYPENEZE PR ANAE 3—5 AIIVE AT 15,
£ 6—8 HIMENZTT 2 () , f£9—11 HIWEN
3 (KF) , 122 ANENET 4 (X5 .
1.1.2 EE KA Tag DNA R AHF. dNTPs.
pGEM-T Easy #44&. DNA H Bt nlcaifbif & . ok
PRI AL AR S A 3 A R ARG R A
Cie
1.2 RWHE
1.2.1 5|43 it PCR 3738 MR4E/F PGR FEA 9 A
HM 741 (GenBank ¥ 535 NC_007313) 5475 PGR
SR 4> mRNA 741 (GenBank 3% 5 U_Z66555)
Wit 15 5514, HFilE PGR JEK 9 MM & T3 T
e 51Wh il R E AR AR ARG, 5197
T 1,

PCR ¥ #8 & NAAZR N 25 pl, A45: 10 umol-L’
514 2 ul; 10X PCR ZE# 2.5 ul; 2 mmol-L™ ANTPs
2.5 ul; Tag DNA 24/ 1 U; 50 ng-ul”' DNA 54K 3 ul;
20 mmol-L" Mg*" 1.5 ul, #B4li/K 12.5 pl.

15 XF51401% PCR 43482 /7: 95 CTiAYE 5 min;
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Table 1 Primer sequences of goat PGR gene

19 5IFHI(5'—3) PRI R
Primer Primer sequence(5'—3’) Amplified Product

region size

Pl F: ATGACTGAGCTGAAGGCGA SRET 1 247bp

R: CGTCTGCCAGCGACTCTG Exon 1

P2 F: GCCGGACCCAGAGTCGCT 269 bp
R: GGCTCATGAGTGGGAGTAGGAC

P3 F: CCAGCCGCCCAGGGGGTC 289 bp
R: GAGCGCTGATCGCGTCTCCTC

P4 F: CGGGAGGAGACGCGATCAG 246 bp
R: CGCCGTCATAGCTGTCACCCT

P5 F: CTGCTGGAGGGTGACAGCTATG 284 bp
R: GGGAAGTCGGCGAAGACG

P6 F: GCCGTCTTCGCCGACTTC 283 bp

R: GGCTGTTAGAGCTCAGGGGT

P7 F: CTGCCGCAGGTCTACCAGC SEF 2 180bp
R: GAAGAGGTGAGGAAAAGGAAGC  Exon 2

P8 F: TAAATTGAGTACTTTGTTTTGCAT 4hi 13 184 bp
R: ACCTTCCATTGCCCTTTTA Exon 3

P9 F: TGTTTGTTTTTTAGGACAGCATA  4MET 4  148bp
R: GAAAACATCATCATTACCTCCA  Exon4

PI0  F: TCTGTAGGCCGAAAGTTTAA SMET 5 238 bp
R: CTGGAGGTATCAGGTTTGCT Exon 5

P11 F: ACAGCAAACCTGATACCTCC 135 bp
R: TTTTATTACATGCTATTATATACAA

P12  F: ACAGCAAACCTGATACCTCC SMET 6 169 bp
R: TTTTATTACATGCTATTATATACAA Exon 6

P13 F: GTTTGTTTGCAGCGTTTACT SMETT 140 bp
R: AGAATATGTTCTTTTATCTTTCTAA Exon 7

P14  F: TTATCTTCTTACAGTTCCTT ShET 8 192 bp
R: CTAAAAACCAAAATACTTAT Exon 8

P15 F:GTTAAAACAACAGCTTGTCAA SMET 9 169 bp
R: TCACTTTTTATGAAAGAGAAGAG  Exon 9

95CAME 30 s, 1K 30 s (P1~P15 [¥IIE KR 53 5
9 65.0 49.0. 59.0~ 63.0. 63.0~ 57.0. 48.0. 56.0.
63.0~ 58.0~ 58.0~ 53.0~ 51.0, 48.0 f143.0°C) , 72°C
HEAT 20 s, 32 AMIEFR: B 72°CHEM 10 min, 4 CLRAF
1.2.2 SSCP 4# 2 pl PCR 4RI 7 pl INEEGE nhif
(98% T EfZ . 0.025%IRENIE . 0.025% — IR, 10
mmol-L" EDTA (pH 8.0) . 10%H ) %), 98°CAr
P 10 min, ZRS5UKH# 7 min. A81E S5 PCR P=# RS 1k
J& (Acr = Bis) 24 39 : 1 (ARSI LG A 130
V Rk, WY E M. ] Alphalmager™ 2200 and
1220 Documentation and Analysis Systems ( Alpha
Innotech Corporation, San Leandro, CA, USA) #1i
Mo

1.2.3 mBENF XA ZERAREERAE PCR
S a7/l L e g Bl L em Wil A C L e R S EIT g i)

DNA HBUH pGEM-T Easy #4A1%E Rz, IFEAL KT
# (Escherichia coli) TOP 10 Wk, BRI EGR7]
EARBOTCRLAE A P B AT P, A — S R 2 o
Bk 2 AN SE RS> BN W0 B . R AE 5T FREE R 41
WFFE LA BRA B 58

1.3 Sitsth

BeA N AR AT e /N — ey 2253 T, i T
T I2E7 S5 HE PGR LR 2 | () 2 5% O6f P
P9 514 (1L IR B A T 3 M) -

Yijim = U+ Si+ KS;+ P+ G+ €ijum

Fod: Yipam AP REEUCSRAE s o TR T M
Si hH i KA RMMEE RN KS A ] AT 1)
e N s P A E K ANIRIRII I E Y Gy i PGR
FEDRES | P DR B PR [ 2 2808 5 ijiam AT ML 22 R0
H SAS (V8.12) ) GLM (general linear model) i F#
SEH
2 ZHREHH
2.1 PCR ¥ &

BRIt 15 555149 H T PCR T BI#RIRA T 4% 5+
M=, B ST —3, B AR
PEYHA 4T, T ELEEAT SSCP 43 #T. 514 P1. P8,
PO [ 85 R LK 1

1. 2: 514 P1L I PCR“4; 3. 4: 514 P8 I PCR P4 5. 6: 51
P9 [) PCR /=#J; M: SD002 marker

1, 2: PCR products of P1; 3, 4: PCR products of P8; 5, 6: PCR products of
P9; M: SD002 marker

1 3 %F5|48Y PCR =4
Fig. 1 PCR products of three pairs of primers

2.2 SSCP #&:

15 XF 514904 41 PCR =453 il 1E4T SSCP 4347,
RIG1H P1. P8, PO ¥ 3 v Bt A 24k, HAx 12
XIS 18 v BRI AR 2 A . PLY I Bty 3
FhILRAS, 23505 SCh AAL. AB Al BB (K 2) ; P8
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YR Bt Ay 3 RPEEI, Ayl X4 CC. CD Al
DD (K 3) ; PO ¥l Beth Ay 3 P&, 3l X
N FF. FGHIGG (EF4) .

2, 8: AA; 3, 4, 6, 7: AB #; 1, 5: BB
2, 8: AA genotype; 3, 4, 6, 7: AB genotype; 1, 5: BB genotype

Bl 2 FEILWESRMSIH P13 18 R E R SSCP 4547
Fig. 2 SSCP analysis of PCR amplification using P1 in
different goat breeds

1, 3, 7: CC#!; 2, 5, 6: CD#Y; 4. DD #!
1,3, 7: CC genotype; 2, 5, 6: CD genotype; 4: DD genotype

B3 AREILFEMITI4) P8 31 Fr ER Y SSCP 7477
Fig. 3 SSCP analysis of PCR amplification using P8 in

different goat breeds

31 bp

AA

1, 3, 5~T:FF&; 2: FG%; 4: GG &
1, 3, 5-7: FF genotype; 2: FG genotype; 4: GG genotype

4 FEWLFHFG4 PO 318 F ExAY SSCP 73 4f
Fig. 4 SSCP analysis of PCR amplification using P9 in
different goat breeds

2.3 F5lathr

I AA 1 BB PHFPEERIZE ) PCR 724l BEbAT i
BE. WP, LLA4 PGR [ (GenBank % 35
NC 007313) AZH, BB 5 AA BUAHLLAE 31 bp 4b
KA GoA RIIERAL, JF 7B AR H N 2R
BRI ER (B 5 .

Il CC 1 DD P FPEEPRIZL ¥ PCR 724 i Beidk AT i
B il . DD B 5 CC AUAH LEAE 2 810 bp 4b & E C—G
PIRRERESRAE (K 6) , RRARA 5 EE R R,

I FF F1 GG WAL R ALY PCR 724l BeidkAT i
B il P . GG 4 L5 FF ARYUAHELAE 60 128 bp &b K 2E T—A
PIRREIETRAE (B 7) , RRARA 5 R SR R,
2.4 PGREREARRLFRMPENEELS S

4 AL SR PGR BERIAR G 1. 34 4 Rk A Y
RO AT HE R L 2.

G0 AR, BE T E LEAE PLA T R

31 bp

BB

5 W Per EEZIYP1 R AA. BBEIEYFTILLEL
Fig. 5 Sequence comparison of AA and BB genotypes of primer P1 of goat PGR gene



1772 th A 42 %
2810 bp 2810 bp
G G C C G G G C C G
PANLVZNT 2 7=
DD
6 ¥ PREMESIMIPS F cC. DDEHYFFILLER
Fig. 6 Sequence comparison of CC and DD genotypes of primer P8 of goat PGR gene
60128 bp 60128 bp
'8, C T A
GG
7 WZE PGRERTZIHIPI h FF. GEEIBIFTIELER
Fig. 7 Sequence comparison of FF and GG genotypes of primer P9 of goat PGR gene
£2 AMNLUFERM PRERIEF 1. 3. 4 MEFEBFRMEMEFERE
Table 2 Genotype and allele frequencies of exons 1, 3, 4 of PGR gene in four goat breeds
=alIES U7 AIIES ZMIES EHEAIES
Jining Grey goat Liaoning Cashmere goat Boer goat Angora goat
K Number 132 40 37 40
Pl FEF R AA 0.21(28) 0.98(39) 0.54(20) 0.02(1)
Genotype frequency AB 0.64(84) 0.02(1) 0.46(17) 0.98(39)
BB 0.15(20) 0.00(0) 0.00(0) 0.00(0)
ERTR ISpIE S A 0.53 0.99 0.77 0.51
Allele frequency 047 0.01 023 0.49
K Number 140 40 40 40
P8 FEF R cc 1.00(140) 0.13(5) 0.50(20) 0.55(22)
Genotype frequency cD 0.00(0) 0.83(33) 0.50(20) 0.38(15)
DD 0.00(0) 0.04(2) 0.00(0) 0.07(3)
ERTR ISpIE S c 1.00 0.54 0.75 0.74
Allele frequency D 0.00 0.46 0.25 0.26
P9 FEF BT FF 0.96(135) 0.43(17) 0.85(34) 0.40(16)
Genotype frequency FG 0.04(5) 0.55(22) 0.15(6) 0.55(22)
GG 0.00(0) 0.02(1) 0.00(0) 0.05(2)
EXVE TSETES F 0.98 0.70 0.93 0.68
Allele frequency G 0.02 0.30 0.07 0.32

Fi5 A2 ANMA The numbers in the brackets are the individuals that belong to the respective genotypes
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B - P AR A (=10.16, P=0.006) , W]
DETE I P AL LN R 2 8] T IEFR . 5840
BOT B SRR R MM . 5F 1 W2ETE PO Al BAb T
W - A RSP ATIRES (%=0.05, P=0.977) , EWF
TH W PO N7 MSE R RAR AT 2 B FE . R
BT R R R
2.5 BEEMMIFTEWLUFEFERZM

T PL B, TESMERERH A, -
TR YOS B T LSRR SRR A R (B P
<0.05) , PGR FERIB6G 71 2= 6 B A 5
(P<<0.01) o XJT P9 § ¥4 B, J520rirai R
AL PERESTRIIR YO 7 L 26 7= S AT s
(¥ P<<0.05) , PGR JERIAS5F 72 12 7= 2 4
BATRM (P>0.05) o A[A PGR JEHAL 5535 1L
REEF= R BN eI SR UE R LR 3,

%£3 AFE PREEEFT
RAREIR
Table 3 Least squares mean and standard error for litter size
of different PGR genotypes in Jining Grey goats

FlFFZHR &N ZRSE

514 LY FEALL i
Primer Genotype No. Litter size
P1 AA 28 2.06+0.15 ¢
AB 84 2.5240.12 b
BB 20 3.04+0.17 a
P9 FF 135 2.40+0.18 a
FG 5 2.08£0.21 a

[F—X5 51 BA MR A B R AR P EE N 2R A B2 (P>0.05), [F—
X RA A - REE BRI T ) 22 57 W2 (P<<0.05)

Least squares means with the same superscript for the same pair of primer
have no significant difference (P>0.05). Least squares means with the

different superscripts for the same pair of primer differ significantly (P<<
0.05)

& 3 [, XHF514 Pl, BB HNAG &L
PSRRI N T IRI{EEE AB BN Z 0.52 HL (P
<0.05) , b AA BRI 2 0.98 H (P<<0.001) ,
AB JE R % 7 5 1L 3 2 B D IR L AA JE
% 0.46 2 (P<<0.05) . X754 P9, FF e[k
GrrE A R SR N AR BIME L FG AR 2
0.32 2 (P>0.05) .

3 itig

3.1 PGREREMZ M
f7F PGR LK _E ) SNP A7 55+ F & « Johnatty
SIS T T N PGREE KA 51 4 1 — AN 2 A 1

V660L (rs1042838) , VLRSI T E8hIX . 4+
5 FAMNET 8 HIFA 3 NE/+H44C/T (1s518162)
H770H (rs1042839) F1 Q886Q (rs500760) , 45H#
W, 24075 V660L (rs1042838) LUt & A4
LR OCHE, LA 3 N2 AL AU TR 1)k
AW B CIBE . Ehn Z5PWE5Y T 415 A LK BE
A, BEARLLEGHT A )L PGR JE[K 8 ME T L 17
A SNP 7 SR BHN ST G H 306 MgEEXT Alu (1)
IEMEZIALGRMZES, R 92 ANF 7= JLBEE 1)
PGR JERPHAT T /047, WFFCE N, BEAREE R )L
{E7E—77 PGR 3 L2 &#A v GE5 | R H 7=, (HIf
H R I RESE WA S SO P 1 AR 741 o KA % 53
HUNRIES. 25 HEMZIRFF M 35 HEEm
PGR-exon 4 %7 PCR-SSCP #ill, &I/ EIEFH
AA. AB. BB MM k. fE5 NCBI B A
453 mRNA JPHILL0 R, RIN BB BUAFAE 4 A5 AT
R S RAR S AEY 1 PGR-exon 4 FRAEIYEFBE (270
bp) 1 70 bp b, Z8AFT C—T; 5 A5 LE 115 bp
Ab, TR CoTs B =5AL RIAE 226 bp &b, TEAZ AT
C—T; HVUSEAR SAE 246 bp Ak, AN T—-C, %R
A AT PR AL T 24 PR

ARIGE XS 1L AE PGR KL T 15 X514, &
L3 A SNP A7 L, Al AT 1. RS 3 Filgh
W 4. HpAh e 3, m BT T AR
AN D, LR RESIETT.
3.2 PGREREEZEMENXR

LR, Z G4 FlHE AR E R, i
TERUNEARHRSE . HEOR B 22« BRI R0k 4 i
B RISAR R R Ay P 2 AR DR A (e il
N ATE RGN E LR I AR D R T R AR
FEIEMEM. T PGR-A 1 PGR-B J&: i [i]l— AN [A]
Gt 2 AR ATG {5 S UhFE sk, TURTERN
PGR A FAT—A ATG 58484 23— AL (3%
Ptk LR, FIFIERBRBA, XF/N R PGR 3
DAEAT R ER , BT 9T R B PGR i A8 P ME YR L5304
HEI R 2 R e = 2 AT, Lydon P8R0
ik PGR DA 5L /N UK IR IR I & & 1E % I fig &
BRI, M R AR T RE, (RS, AR
RERISTH, WHARHOY. JLUREEZME. ¥
HWE . BR. ERERT AT . HF TR,
{F PGR-exon 4 FER A I, 2 26 TUZE5E i Fl) 2
T HAEZ RWFEIH ML MA 2 PR AR 2 £
B AN SE L E AR e (P<<0.01) , TG
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LRGP 2 M ERFALE (P>0.05) , £
NRBIEETARFEN B SRRy, FRARFER B n] LIE N
LSRRG, (B DU AR B A e

4 g

ARG AE 12 PGREE R BL3 AN A IR L &
PEAT AT, WP R W] PGR LM n] B 2N T i LR 2
S A F IR BUE 5 2 A7 AE BB B E B —
AFRIC e BT SR ECRIRE AR D, B3R If 45
WIUEYEE ), (HAR N ILE SRR B KR A%
HHTARIC 577 25 B ORI E IR AF I
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