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Abstract: The purpose of this study was to analyze the associations of the DRD2 gene with chick-
en egg laying traits and find important markers for these traits. Fourteen polymorphic sites of
this gene were selected, and the association analysis was performed in 644 chickens of Ningdu
Sanhuang female line by PCR-RFLP and sequencing methods. The results showed that 4 muta-
tion sites in the 5'regulatory region of the DRD2 gene, G-38560C, T-38326G, T-32751C and A-
16105G, were significantly associated with the age of first egg (AFE) (P<C0. 05 or P<C0.01). A-
16105G was also significantly associated with total egg number at 300 days (EN300) (P<C0. 05).
The haplotype block consisting of G-38560C, G-38544A, 1-38463D and T-38326G was signifi-
cantly associated with AFE (P<C0. 05). It was suggested that G-38560C, T-38326G, T-32751C
and A-16105G on the DRD2 gene and the haplotype block consisting of G-38560C, G-38544A, I-
38463D and T-38326G could be used as effective molecular markers in marker assisted selection
(MAS) for egg laying traits.
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RETT 7 H O 7 4 i 55 7 HE MR DR B XS i A
W R R B R R AR OE 7 B R R s A IR s
& B AE 0. 15~0. 56 Z [ 5 1 7= & 42 & T
i as A% 3 BRAVEPE AR WF 58 & B 300 H % 7= 8 & 5 T
7 H IR B R s L ARG L Bl 4y T AR
L R WF5E 1 2 R 43 38t 4% b 10l Bl e R 42
e s 4% 7 MR Y g5 A% R SR8 T — AT iR AR A
Tiidie PREEVEAR N 2 AL IR 45 ) 1 52 A MR L 3T AE R
R 25T e VT 22 Mo 1 ik DRRR 5 7 AR R A % U0 56
Z.NM AR Y 3 HD i F K (prolactin, PRL) 3
RO M4 TE M ik 1 B2k (Vasoactive intestinal
peptide receptor-1, VIPR-1) 3L P &4 | T £ M
(dopamine, DAY &3k — MR P i FHEH 7

DA & H X i 28 2 G Hh 32 200 bl 28588 5T X A
LB S 4 R G0 N 40 W A BBk A T
TERY™ . DA 8 1 H 32 (2 3F 7 Fr il if 5 7%
R 28 90 6 BT B B0 A8 3 1 A K (vasoactive in-
testinal peptide, VIP) , VIP i@ i It 3 K 40 I 15 |
Z AR T AR 43 3 PRL. /KB PRL (i £
B I ST Ay A [ B4 ) A 2 1 R 3R R O
03 £ (follicle-stimulating hormone, FSH) F1 #%
1A 4= 1 2 (luteinizing hormone, LH) {443 W , S 210
W LH KF R R T i GnRH 84 Bk 2, fiff
U UE i T R o 2 Y | o S B % [ AN
ZIREWER M DA W E 5 HZ KL 5 A Bk
PEH— RV A F R0 . WFIR R 2 E 52 (R 3k
A 5 Fh, ZE %K 2(dopamine receptor 2,DRD2)
R H P HEER—Fh, X DRD2 EAL T 24 S fk
b A 7SR F . Youngren SN BFSY 4R GE 5 2
DA jii id % # DRD2 i i & {4 b VIP f1 PRL ) 5
Wh s DT RS 155 26 1 B B P RS W54 . AR BF 52 LA
DRD2 K& Py 1101 77 2 P bR e 8 8 I L 77 #4
B RORE IR TIZEE Y 14 DAL S R
97 B VAR B A S S SR T AR 0 Bk 0 O
PR H SRR M E S FH R .

1 MRl5F%®
1.1 SIS E

SRR HER BT AR IR K& B LIL
VO T HE =B R ML E A N406 BEAC S & L 3k 644
A S PR IBEAL S 4% BR 28 ) o X0 1] 75 A o ) 5%
ERERTT AR BEBERE. 77T dEREFESE. &
Al R B R [ PR RS R (16, 590 KA . BT

TR ACBIAE 11. 723 M]D .77 d BRI 57 5 i 3 2
MR L EC R XS RL (15, 000 AL B (1, 5 T v Rk 1 AR i
E 12. 141 MJ), 300 H & AR A1 XS 38T #% ik
HEZY 1 mL I A4 DNA fli#2 .

1.2 MRS

BRI E 90 H W BEXG A7 & MR E G 2
300 H i %t A3 HAG g FF 7= H kS L7 8 B R
AT . Bl SORHIBR T Hag sE T il s A 42 Sl sk
B AR IR XY

3BT A 1A 7 B R A S TT 7 H % L300 H iR
BR300 H O SLIE R R BOM 300 H i B E
BHOX 4 S8 TP H IR SRS — o= E
Hi%. 300 H i &5~ 85,300 H & 8 I F & 0
300 H I SR B0 A 2 48 BEY 90~300 H % 1]
[ B BN A 7 Y S B B B ks RO W TR B R
W T 6 456 U R L R B VD e R R e Y
.

1.3 5|45 PCR ¥ &

WH DRD2 3 I 14 4> 2 & 7 40 1R 4
GenBank (http://www. ncbi. nlm. nih. gov/) 3§
DRD2 R ¥ ) C& 35 . EU313425) , & i 7 %t 5]
PiRr XS DRD2 J& P 7E 7 #F — B X9 B & 644 A4
A Hb B S R B . R A 7 0, L 5 T A B K
JELL RN g 1, i sl Lk TAY
TARRF AR MR 5 R F A

PCR JZ RifA % :2.5 pL 10 X PCR Buffer,0. 5 pL
(10 mmol « L™ dNTPs, | R #5191 &8 (LT if
1Yk ¥R 50 pmoD 1 pll, MgCl, (25 mmol « L")
1.5 pL.Tag DNA 47 1 U, 5 H 4 DNA BT 1
pL(10~100 ng) N A B F/KE 25 pl. N T
H:94 CHIZAEE 3 min; 94 CASPE 30 s 45 2
(BB B KR L 1DIB k& 30~45 5,72 CIE
1 30~45 ;32 MEFF;72 CHEffI 5~7 min, PCR
PRI L0 B e W R F VR

75, C-38685T . A-38600G ,G-38560C ,G-38544 A . -
38463D., T-38326G HI C-38158A 3% Jf] PCR =47 14323
FPR) i A TR R R A 7 Hoflh 7 A 5 R T PCR-
RELP J5 k43 8 (25 A0 55 i FH o9 VDt O 2 1) 5 ) g
K%K :PCR =4 6.5 pl, WEIEE 1.5 pl.10 X
buffer ZZupi 1.0 pL, 37 C(BseG 15 BseM 11 [if§
55 C, Taqg 1 N 65 C) 16 ik #8 W& o %,
276~ 3 0% 1) Bt i A U5 JEC Hh YK A T ik 0 7 ) S R
1 ZR Ge AT IR AR AR TR ) g S R A
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Table 1 Details of primers for genotyping of chicken DRD2 gene

Gk Sl (5" —>3") PRKE/bp fE (= o 5k R AKGREE/C
Name Primer sequence Length Location Site! Method Annealing temperature
C-38685T
A-38600G
G-38560C

F: TGGGGGGACTAAACTTCAAATTG

S SR 5-38: ; i
BES R GCCCAGTGGAGGTGCTAAGCTTC 698 o TER G-38544A  sequencing 62.0
1-38463D
T-38326G
C-38158A
_ F: TGCACATAAAAGCCCACTCACTG . 5 . o
507 R GCCTCACCTOGTEOGGG0 223 5" JEEK T-32751C  BseG 1 60.0
F:CCCCCGGCAGGCAGAGCAC , e 7 . ‘
S0 R ACGCGATCTGGGAGCAAACCTTC 233 o REX  A16105G  BseMII 64.0
c0s  F:AAGGGGACACAAGAATGCAGCAG 1o o g AO93G BeG1 6.0

R:GCCAGTGCTGCTCAAATTTCAAA

F.TGGTCATGCCCTGGGTGGTCTAT .
Bl R GCAAAGGTTCCCAGCCAGATATAA b 490 Intron 1 T+619C Taq1 60.0
F.: TCCCCCTGTCCTTGGCTGG o .
26 A GCCCOTOTOACATCAGCAGGTT 234 Intron I T+1259C  BsiE 1 63.0
, F.CGCCGTGGTCTGGGTGCTCT , .
13 R CGOTTTCGGGOTCGOTGE 206 Intron 3 A+2794G  Eaml104 1 64.0

frgit. DUER B ATG BIRA A9 +1 3, KL ATG Bf%E 1R — 14t

Site'. The first nucleotide of the translation start codon was designated as +1 with the next upstream nucleotide being -1

C-6539T Mva 1

1.4 BEETDREFEHENINSHE FRI PR Cadditive effect,a) = (AA—BB)/2, i 1%
% Haploview V 3. 32 Chttp://www. broad. %% (dominant effect,d) =AB— (AA+BB)/2,

mit. edu/mpg/haploview/) 8 A4 53 #r 15 3] 1) B A Y

PN B S . A PHASE V 2. 1(http://www. stat. 2 g B

washington. edu/stephens/software. html, 2006 4 12 2.1 BEFEURRNRUESR

I BRAT: 53 A AN T) Bl PN 57 5 7 T 75 77 40 = 3 0 B & FA R E R R SR E 2. T H B
644 A4~ (1) S R DL S RHBON 7. 86265 IR EA (R FIR B Tk 2 )
1.5 H\EITHH EI’\J?EFEI%M‘H%?( R FE 7 H Ry 94 d ﬁ%i&'ﬂ’a

HY T TR VR ELAT A O A 1 50 3R AR g A 170 d 300 H I 27 28 M % 3 IF
HEAR ] . ELA R AR % L DM RRIC 5 2 PR AT B0 ST 0 ok 7 S e e, 7 55 2 M40 Wi o 23. 914ﬂ|
BRI SAS 8.1 GLM BFFIEAFHETH MM BN 24 1290, USRI & 201 HF 7 H i I B BHPEAR

Yy =pt Gt Hidrey o HAn. Yy RPORERI. 0 0 el e i 26 30708 5 L 8 T ok e 4R 1) 388 14725 52 A
ARG BRI E L G Oy S R SRR RO AR bk, I RERE £ P TR T 5 AR 1 I 4T
H R 00 (1 0 e o % 2 25007 . 3 PRI 3807 43

R2 TH-HELFEERNRESH

Table 2 Parameters of phenotype on egg laying traits in Ningdu Sanhuang chickens

Pedk Trait FEAEL /M b NIE R i 22 A SERE Y
Number Min Max Average Std. C.V

J = H % AFE 644 94 170 136. 34 10. 71 7.86%)

300 H #4547 % 5 EN300 644 18 240 113.92 27. 24 23.91

300 H #4 5 1F % B % QEN300 644 9 223 110.18 26.58 24.12

300 H % 5 WHE 5 OEN300 644 0 37 3. 74 5. 31 142. 05

AFE. 717 H # ;EN300. 300 H#& 8 7 E %0 QEN300. 300 H 8 i iE % E ¥ 0EN300. 300 HiR BWIEER. TR
AFE. Age of first egg; EN300. Total egg number from 90 to 300 d of age; QEN300. Total number of qualified eggs from 90
to 300 d of age; OEN300. Total number of abnormal eggs from 90 to 300 d of age. The same as below
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2.2 WANMIRETHZEXFEHRMBEXE
XX DRD2 F: b 14 AR (S TH =%
RGREZR B A A EPER JT 7 H % 300 HR 8™

®3 DRD2EERTEMASFEHRKIBEXE(PHE)

B BRSNS P SR AT ORI 45 R AR
] G-38560C. T-38326G. T-32751C Fl A-16105G ix 4
LR TR H AT A S B AR (R 3D

Table 3  Association of the DRD2 gene mutations with the chicken egg laying traits (P value)

{37 5 Site 7= Hi% AFE R R EN300 MIEH B QEN300 MR B OEN300
C-38685T NS NS NS NS
A-38600G NS NS NS NS
G-38560C 0.013 5 NS NS NS
G-38544A 0.078 0 NS NS NS
1-38463D NS NS NS NS
T-38326G 0.014 4 NS NS NS
C-38158A 0.097 9 NS NS NS
T-32751C 0.004 6 NS NS NS
A-16105G 0.0210 0.043 1 0.056 6 NS
A-6543G 0.067 2 NS NS NS
C-6539T NS NS NS NS
T+619C NS NS NS NS
T+1259C 0.090 5 NS NS NS
A+2794G NS 0.084 3 0.074 1 NS

NS %7/~ P>0.05 NS. P>0.05

2.2.1 Aigi G-38560C 55 7 A5 MR A9 AH OGP i MEBEE - HIRHEIR T 3. 20 d, 2 Rtk B 3% (P

& G-38560C 5™ H i 1t i # AH E (P=0. 013 5<<
0.05),CC FEREAIAA L GC F1 GG 3 [H A AN K Ay
SEFIF R H R 4 BIER T 5. 09 Al 4. 58 d. 22 AR
35 (P<< 0. 01) s IPERLCN By 2. 29, 5P R0 B
H—2.80(FK 4, ZA AT 300 H L7 HE A
TE B BB S T BT AN AH O

2.2.2 gt T-38326G 577 J PR A AH G M 1
R T-38326G 577 H ity &2 i % AH G (P=0. 014 4<C
0.05), TT EEHBAELL TG Fl GG EE H RIS A 1)
SETF S H R BIER T 4. 88 Ml 4.34 d, 2 R 3%
(P<C0. 05) v iZ AL s B INPERC N AH Ry 2. 07 5 b PERL
Hoh—1. 14K O, %055 300 H il B 7= H 4L
S IE B B AR I R TR SR AR AS A OC

2.2.3 Aigi T-32751C 5= B VER 09 AH OGP i
R T-32751C 5577 H % AR 8 2% A & (P=0. 004 6
<0.0D) , HEHFABHF > HEE N :CC>TC>TT, £
HH M4 R BR  CC LB A B TC 3 P A

<20. 01) AZAL S IMPE RN AE Ry 2. 07, 8 1 Ak i i
g —1. 14, C S AL B R A R T3 o+ 7™ H g (R O,
A T-32751C 5 300 H % 877 8 50, B0 E
T S5 W T BT AN G

2.2.4 LR A-16105G 5P EAER A
FOA-16105G 5IF7 H i 5 i # A5G (P=0. 021 0<<
0.05),AG FER B GG 3 R BIAS A 1 SF- 2 JF
FEHIGBHETT T 3,32 d, 2 R R #E (P<C0.01), i
HOA-16105G 5 300 HIR B = E M W EH L (P=
0.043 1<20.05),5 300 H & & 1E % & B K (P
=0. 056 6>0.05), 5 & W JE & A M & (P>
0.05), ZH KT £ AG FEH AN K H GG
SERBAMR I BB L 5. 71 A MIEH EHE
5.52 4, 5 (P<C0.05), ML 5 % 5L 5 7
AR ER I F AL X 4 APtk 2
DB REN, A RABEHIE &6
AFIFIX 4 MR GRE D,
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Table 4 Association of genotypes with egg laying traits in Ningdu Sanhuang chickens under cage condition

{7 45 Site 3[R 7Y JFr=H % /d R R RLIE R BB/ M S TR BB/ L
™ Genotype AFE EN300 QEN300 OEN300
CC'(42) 140.66+1.61* 115. 25+3. 16° 110.54+3. 14* 4.71£0. 84*
GC'(236) 135.57+0. 71" 114.38+1. 38" 110. 64+1. 38" 3.7440.37"
G-38560C GG'(343) 136.08+0.57" 112.30+1.13* 108.61+1.12° 3.6940. 30"
a’ 2.29 1.48 0.97 0.51
d —2.80 0.61 1.07 —0.46
TT'(45) 140. 4541, 554 116.08=+3. 05° 111. 76 3. 04* 4.3240. 81"
TG'(251) 135.57+0. 68" 113.24+1. 34* 109. 38+1. 33" 3.8640. 35"
T-38326G GG'(322) 136.11+0.59" 112. 89+1. 16° 109. 25+1. 15° 3.64+0. 31"
a’ 2.17 1. 60 1.26 0. 34
& —2.71 —1.25 —1.13 —0.12
CC'(480) 136.97+0. 50" 112.91+0.99° 109.11+0. 98* 3.80+0. 26°
TC'(136) 133.77+0. 90" 114. 201, 77° 110. 38=+1. 76° 3.81+0.47°
T-32751C TT'(8) 132. 84+3. 82°¢ 117.44+7.51° 115,567, 47° 1.88+1.99°
a’ 2.07 —2.27 —3.23 0.96
& —1.14 —0.98 —1.96 0.97
AA'(201) 136.38+0. 75" 112.8241.47" 109.01+1. 46 3.81+0. 39
AG'(341) 135.31+0.61* 114.87+1.18° 111.04+1. 18 3.83+£0. 32"
A-16105G GG'(102) 138.63+1.06" 109. 062, 06" 105.52+2. 05" 3.544+0. 55"
a’ —1.13 1. 88 1.75 0.14
d? —2.20 3.93 3.78 0.16

VN IR BR R 5 O PR s R B A ORI A 3 el TR B [ A [ R R R 25 5 OR L E (P>>0. 05) , AN [R] S AE
FRERBFH KRG FHFERZE W F (P<0.05 5 P<<0.0D;". JMERN = (AA—BB)/2;°. BN = AB—(AA+BB)/2
'. Least-square Means = SE. Number in brackets means the numbers of tested individuals of each genotype. Values within a
row with no common superscript differ significantly (P<C0. 05 or P<C 0.01); *. Additive effect = (AA—BB)/2; *. Dominant

effect = AB—(AA+BB)/2

2.3 BEIMNSFEERHOEXHE

A R 4y BT % BL. G-38560C, G-38544A, I ¢ 52 2 ¢ & o 4 e
38463D 15 T-38326G 3 4 i di fE F A = g 5P 0F 10§ ¢ &%
GUR—AD AR (D R T LSy D OOOOOO
5%, 4% % H1 (GGIG. 43. 2%) . H2 (CGDT, SO OO
25.4%) H3(GGDG,18. 2%) . H4(GGDT, 2. 0%) = = X
il H5(GAIG,10. 7%) Ky i i) A5 L4145 4 14 Fi S

(616 A 119 4~ HIH1.100 4~ H1IH3,15 4~
H1H4.48 4~ H1H5,134 4~ H1H2.18 4~ H3H3.1

A~ H3H4.29 4~ H3H5.60 4~ H3H2.4 4~ HAH5.5
A~ H4H2, 8 4~ H5H5, 35 4 H5H2 K& 40 4
H2H2) . 5K 8RR 0 A OGP 43 A & B« i i
4 AL A BRSO R AR S A
F(P=0.006 5<< 0.01), H3H4 BAKIF 7 H #4 H
Fow B A ARt 3 R 5 i AR A 5 300 H
W 7 AR B IE R R B B T AR BOAN A G (P (H
Ay Bk 0,357 8.,0. 225 7 F1 0. 843 7) {HTE 300 H i
S EE300 HIEEOE R EEOX 2 MER B
HAERE 2 F W (R D),

TR BB FE B 2 X100 B 18 5 AR 45 U TE 7 IR 0], 43
Bk B R 3.4.5 5 6 (X B T G-38560C, G-38544A. T-
38463D 5 T-38326G iX 4 A7 ) 7 F [F] — A B A% B B Py
Number in each square indicated r* X 100 value. Based on
four gamete test, G-38560C, G-38544A, 1-38463D, T-
38326G were found in a haplotype block

1 DRD2EFEE UWAREMASETH_EGHHAEF

BREEM

Fig. 1 Haplotype block structure within the 14 polymorphic
sites of DRD2 gene in Ningdu Sanhuang chicken popu-

lation
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Table S Association of haplotypes with egg laying traits in Ningdu Sanhuang chickens

AR R Fr=H R /d B /M BVIE R /R NP S
Haplotype AFE EN300 QEN300 OEN300
Py 0.006 5°* 0.357 8 0.2257 0.843 7
HI1H1(119) 136. 07+ 0.95" 111.24+1. 82 106. 86 4+ 1.81" 4,38+ 0.49°
H1H3(100) 135.14 +1.03% 113.81+1.98" 110.43 + 1.97° 4.39 4+ 0.54®
H1H4(15) 136.89+ 2.62° 101. 80£5. 05° 96. 90+ 5.03" 4,90 £ 1.37%
H1H5(48) 136. 44 4+1.47" 111. 2142, 84* 108.61 + 2.83° 2.60+ 0.77"
H1H2(134) 136. 44 40. 90" 112.51£1.73" 108.59 +1.72° 3.92 + 0.47®
H3H3(18) 135.34 +2. 39" 112.63+4. 61 109. 20 =+ 4.59® 3.42+1. 25%
H3H4(1) 106. 04=+10. 2* 122.21+19. 6* 121. 94419, 49 0.27 + 5.32®
H3H5(29) 139.31+1. 89" 117.17 +3.64° 113.22 +3.62° 3.95 4+ 0.99*
H3H2(60) 134.84 +1. 328 115.57+ 2. 54" 111.75 4+ 2.53% 3.82 4+ 0.69®
H4H5(4) 139.00=£ 5.07" 110. 75+9. 78 106. 00+ 9. 73 4.75 4 2.65%
H4H2(5) 137.20+4. 55" 126.41+8.76" 121.95+8. 72" 4.47+2.38%
H5H5(8) 129.56+3. 59" 118. 46+6. 92 117. 04+6. 88" 1.41+1. 88"
H5H2(35) 132.17+ 1.73" 117.54+3. 33" 113.76£3. 31° 3.78 4+ 0.90"
H2H2(40) 140.27 +1.62° 114. 95+ 3.12° 110. 65 + 3.10° 4.30 + 0.85"

bR/ AR AR LR 5 O PRCT R B G A PR R A% B TR ()R [ R R 22 R B3 (P>0. 05) AR A TR ROR 22

583 (P<<0.05) K5 PR 22 SR B (P<0.0D); " 7.

FER R AR (P<C0.01D)

!. Least-square Means = SE. Number in brackets means the numbers of tested individuals of each haplotype. Values within a

column with no common superscript differ significantly (P<Z0. 05 or P<0.01); *

3 3 i

A GERZYHR N DRD2 S HE L 8 ok i
TR T AN E AR AN F 2 [ v ) 4 I 1R
WAy, N EF 1 RKREMD 50 kb, @5 AH
DRD2 K& [H )7 51t 45 43 4 & B H i A5 2 94 DRD2
R FH A& 7 A8 F %R F A DRD2 3 [H
AN F 2 B T 8, LA XS ) DRD2 SE AR A
AR EH S MM EF AS SRS MINE T 1 K
BRI, A ST 25 & B 7 MR A AR A [R) 7
FH 2 10 137 15 G-38560C, T-38326G . T-32751C I A-
16105G Al REAR. TN & F 1 L. Mo E AN
SR RO RN e o b o S R a7/ N B i e S
WERVF 2R B . NE& T &AL AT
1, BB A% R 21 2 L 58 - B LB X R 4% oo AR Y )
Al AT X 36 R ) Rk A EE R AR,
AT FE X 4 A A5 Y 978 AT B8 S R 2 4 DRD2
BEDRI R I R T 5 ) S0 1 7 AR L (H X
AR RIS UE . AL A-16105G B 5 H ik 2
FR RSN R S E RSB AN R A G, AG JE
AL AR e GG BUAS R 1 7 24 JF 7= B s #2011
3.32d ML 5. T AN BMIERERZL 5. 52
Ao HRIEEUBEIE K BLL A 5 R R R A O

* . Indicated P<C0. 01

(P<<0.05) , AG FEFBIAMKLE GG BIA K mf 5 11T
3.91% . SARWESE 45 AR H - 3 Al 3L AL Y 45 IR
FRUE AL FBAALE B AG LR B RTF 7= ] 5
RS ARG, 300 H 8 B 7 B B B IE H AR B
%, GG HE R B R TF 77 5 W ot 326 B ey H 300
Hs S 8 BB W S8R D, B AL A-
16105G I AT VE 2 3% i Ffr 500 7 2 R AR Y — > H 2
()45 36 73 i T T AR ic il B 5 . LR i & Ak
o AFK — 25 B T A 5 R R R R AT TR A
ik .

B T A R 20 N Ak T 3 B AR A Y — 4
R ERREA AR ARG Z EA W, MEE R
—A RS AT RS EZA
RARNL R AL AE B PR R T 2 RBPERIF A
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