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F1 40 B3, 42 B e A P 4H DNA, Gl i PCR 738 20 3 SRY B [H . B £ L& DNA D-loop X7 81 33l )57, IF ] 1
DNAman, DNAsp #l MEGA X B xf Hift 47t A2 Ak a0 Br . K45 R Y T8 1 X A 11328 3 SRY L R 4 15 X 4L 2
B 92 AR RAG A AT R BN 10.50% L AR 19 M fiF B, BRI 2R (Hd) S 1. 000, B IR 2 B (PO R
0.018 68, K125 B8 (kK 15. 152; 53 mtDNA D-loop X 22 47 986 A48 B fir i, A% 1 2 2810 69. 24 % .
EH 32 PSR RS T Z M (Hd) 2 0. 986 B B MR ZFEME (P 2 0,127 13, P H R 22 R4 (k)2 12, 915,
4l e 1L b DX L 5 R A 20 A ISR SRR R B R G R B R S5 R R, Bl X E Il R A S R LR
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Genetic evolution analysis on mitochondrial DNA D-loop region and
SRY gene of Maanshan white goat
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2 Maanshan Jinnong Animal Husbandry Co. ,Ltd, Hanshan,Anhui 238191, China)

Abstract: [Objective] This study explored the genetic diversity of Maanshan white goat to provide ref-
erence for its protection,development and genetic breeding. [Method] A total of 19 rams and 40 ewes unre-
lated individuals with significant breeding characteristics were selected in Maanshan. Genomic DNA was
extracted from blood, and SRY gene of ram and mtDNA D-loop region of ewes were amplified and se-
quenced using PCR. The sequences were used to analyze genetic evolution by DNAman,DNAsp and MEGA
X. [Result] A total of 92 variable sites were obtained in coding region of SRY gene in ram of Maanshan
white goat,which accounted for 10. 50% of total nucleotides including 19 haplotypes. The haplotype diver-
sity (Hd) was 1. 000, nucleotide diversity (Pi) was 0. 018 68,and average nucleotide difference (k) was
15.152. A total of 986 variable sites were obtained in mtDNA D-loop region of ewes. They accounted for
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69. 24 % of total nucleotides including 32 haplotypes with haplotype diversity (Hd) of 0. 986 ,nucleotide di-

versity (Pi) of 0.127 13 and mean nucleotide difference number (&) of 12. 915. The phylogenetic tree be-

tween Maanshan white goat and 20 other goat breeds in China showed that Maanshan white goat firstly

clustered with Huanghuai goat and Tibetan goat. They also grouped with Liaoning cashmere goat,Guizhou

white goat,as well as Angora goat and Boer goat sequentially. [ Conclusion] Maanshan white goats had

abundant genetic diversity and were affected by other breeds in evolution.

Key words: white goat; mtDNA ; D-loop region; SRY gene;genetic diversity; Maanshan region

INEFEIRE A T2, &1 2480 B R EHEM
N THEHE B A b B T 8T B A R [ 388 15 R 05
PRS0 A = PR R 0 LD 2 A Bl . RS — R Bk R
gL/ R E Y 2 N R R iR B s 2
RE 2 B I ) HERS & AE — R B AR A6 . T B
FRIUXE AN ] A A B4 38 1 AN (] LU = R 1) 45 ) 1 ¢ 38
a3 AR L B kiR DNA (mtDNA) % [H 41
A D-loop X, fE Jy JE R4 rp b R A 238
PR B 1 X80, mtDNA 32 1 AR S FE 5 i B KL 78 7
PR HE KD, mtDNA AR 550 f ol GE i £
FEVE) 12 N AE 5 7 4k R G2 RE RS AE 0 AT
AR e D R R E S e Y . SRY B AE
VL SRR Y G pk b i R S O e
Yl A7 AE TIRAL S Y Ye ik b, Hod iy HMG-
box FEMWFFE ) Fh b 51 i AR <P 2R AR 1
KFHFEY YRR 5051 P & SNPs [ i 1 i 52
HOIEW T 6 ANERE Y Rk B R B S A4l A
A BB mp R RN, Ui Y Yk Ik B
—EMEESFPE . Cinar 257 XF 4 B H A Hb 1L 26 5 Fh
(IWFFE M T SRY KL PR X 4y b 2 Y8 19 Wi, Chen
SO S [ P RO 0 B Y e £ A £ A 1 1 F O
WIh T HACREBERMAG AT WA, UIEMPEEER
B, SRY JLHTESh W) (R IR . R 58 & B R 1L 2%
7 T o JE R B LR ST M RN A% R A AR B 0 SR R
VE R B R g% mtDNA 35 4% 45 10 (9 31 240 78, 7] LUK
N TR F st L 2 REE R BRI AR IS 4

b i 1L b DX P L T R Sl 5

T H L BOZOGRRIE B B A K B R P AR
AR LA RESE VE R TR IR Y A TR 2
43 BV 0 M AR TR L (H B ETOC TR L A
Foft J5 19 A S BIF 58 38 55 ok 20 UL, X2 1 L 3 R R IR
MR AE AT &R+ A F . e, A5 R H
PCR ¥ (9 77 5 0 5 By 8 11 M X Py L =F SRY
PH 4 5 X T mtDNA D-loop [X % [H 4> 1) , 5 1 il
JF 53 R AE 23 AT s % 2 B D 8 L Ml DX P Ll S 5 R
A R RE AR 35 A% 22 FE P D R 5 ] PR 0 L 2 o i) 35t
A BB AT 4 s LAIBT Ry B B L DX LS BT
U5 09 BRAT TF R s e el R 4R L2 5 1R85 .

I i RS R

.1 # M

A2 B B 1) b DXR R B REAE B I L TG il 2%
KRB FEARMAE 19 643 s B EARIMAE 40 4y, F]
FH & T R A HTEE R i 7R I A S0 Dk R I 8 mL
T =20 CUKFARAFA I
.2 /A &
1.2.1 s DNA #9323 R H M5 K 4 DNA
PRI AR S BT Ly M DX Ll 2 i 3 A
DNA 2R FH 176 B0 A 068 e v 1K 4G 0 4 B DNA
FE
1.2.2 SRY % B4 mtDNA D-loop X 5 3| # 3 3%
S A4S GenBank il 3 SRY K T 31 Al 4k
AR S PR 2 56 R B it S L s BT R S LA B
1.

F1 SELBWLFE SRY ZEEFFIF muDNA D-loop REFEFFERFASIMREER

Table 1  Primers used for amplification of Maanshan white goat SRY gene sequence and mtDNA D-loop region
P14 H AR 755 19 F ) (5'—>3") o1 =P B/ bp B JGRE/C
Amplification target Access number Primer sequence(5'—3") Length of PCR product Tm
. p F.GGAGGTATTGAGGGGAGGTATT -
SRY D82963 R:AAGCGTGCCTTTGTTAGCGAGA 842 o8
mtDNA D-loop AF533441 F.CCCTAAGACTCAAGGAAGAAGCC 1211 60

R:GTGTGCTTGATACCTGCTCCTCT

A2 3 0l 7 H B DNA i# 47 SRY % A
PCR ¥4 ,PCR b SR R 15 pL, H I FiE5|
M4 0.6 pL,DNA kR 1 pls2X Taq PCR Master

Mix 7.5 pL,ddH,O #M & % 15 pL, PCR &M 41
7:94 °C 3 min;94 °C 30 s,iB &k 30 5,72 °C 60 s,3t
32 NMER i J5 72 CHEMP 10 min, 4 CHRAF,
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FIH BE 2 1 9 2 B DNA 347 mtDNA D-
loop [X PCR 44 ,PCR JZ I M Ak & g 15 pL, Hoof
E FUBI 4 0.4 uL.DNA Ktk 1 pL.2X Taq
PCR Master Mix 7.5 pl,ddH,O # & & 15 pl,
PCR [ W 444F:94 °C 3 min;94 °C 30 s,iB & 30 s,
72 °C 90 s, 32 MEF; H 5 72 CLEAH 10 min, 4
CORAE . BB B I FL Uk A I PCR 74 1 K/
afi B e s B Y B AR B4 B R Ak AR
RHE A 28 w) AT T R AL
1.3 #HiEAE

fdt 1] DNAman /4, %5 PCR §" 8 Br #4109 19 2%

SRY 3[4 751K 40 % miDNA D-loop X 4§
9l 15 . GenBank 1 F 4415 20§ 5 34 36 4 1l 2
i mtDNA D-loop X 4 ¥ %] (3% 2) ¥EAT 4 45 25 $1,
H Clustalx 2. 0 # {4 17 Fy 51 b Xt 5 ] DNAsp
5.0V ARG T S 1 b X [ L 2E SRY 3[R 4
Al mtDNA D-loop X ¥ 41 ) 2 25 03 a5 50 4% 1 R 2R
AR H A A Z MR T IR 2 R AT
T2 2% 80, H 4T Tajima’s Hvk i 25 PR K 06 T
Kimura2-parameter f2 %, #| F§ MEGA X #4345
B AR B Ly b DX Ll R L R ] A s
e IR R R R G L EW .

£ 2 ERHEBHWLESZRFH mtDNA D-loop R £ F 5l

Table 2 Sequences of mtDNA D-loop sequences of some Chinese goat varieties

st e ¥ %5
Variety Abbreviation Access number
#7113 Huanghuai goat HHG DQ121557
PR F = . . -
Yangcheng white goat Yew GQI41Z56
#E 1L 2F Xuhuai goat XHG GU223561
#1712 Haimen goat HMG GU223571
LAl LNG GQI41245
Liaoning cashmere goat
25 e gh N
PSR NMG DQ188883
Inner Monggolia cashmere goat
“IZF\ 1l . CDW AY860882
Chuandong white goat
3111 7 Matou goat MTG DQ121584
M 1L 2E Banjiao goat BIG DQ121494
e g 1 o
g L NSHIIES . -
Guizhou white goat GZW DQ121536
LI FrL BCW AY860873

Beichuan white goat

i 4 ¥ 5145
Variety Abbreviation Access number

BeRIFILLSE SNW DQ121609
Shaannan white goat
W% /R 1L 2F Boer goat BOER GQ141235
a3l 3 Angora goat AGL GQ141232
P4 5% 111 2F Tibetan goat TBG AY860934
%&qu,: LLYG KM464522
Longling yellow goat
FE#K 1L 2E Longlin goat LLG KM586111
=W 112 Yunling goat YLG KM464553
PAJLFR 7 Qianbei brown goat QBMG DQ121595
SR RR 2 Chengdu brown goat CDMG DQ121518
AR ESTTES SYY x

Maanshan white goat

TE R« 7 AR B S B 5

Note:* * ”sequences in this study.
2 HER5r

2.1 BEUMXAFEMME DNA ZE

IR i 3 3 PR 2 DNA $2 Bt 0] 6 32 Bl 3 i
WL 41 DNAL 1% 3505 45 e e e vk A6 0, A6z i
5B BN U DNA it B 4F, ol L4 F — 2
2.2 Sl AWLE SRY EEFEHM mtDNA D-

loop X FE %y PCR ¥ 1&

FILFH & B 22 BE 2 1 9% L 40 DNAL, PCR 7
AN SRY A 4 65 X R £ 3£ mtDNA D-loop X
JEA AR L FE 2 R . B LRI 2 W
PCR ¥ 1 7= 28 1246 35N W5 6 Jie r vk 4 D0 /s 2 2
PHGH H AR A BOK B 800 bp A AT BEEYHY

MEER B E RN 1200 bp 4, 5 W H
BR/N—2,
2.3 SBELUMXRABWLEAFE SRY ERRBEXME
TER
X 19 Sk FHIIEAFER TR EZ S L SRY 27
B0 6l 5L 20 LA AT 43 BT L 45 R R WIAE SRY J: X & > G
XA SH 92 N RAA HEHEREHED
10.50% » Ho p ¥ — £ 25 i 45 (singleton variable
sites) 34 4>, 8 2915 B 37 55 (parsimony informative
sites)58 4, ALG.C HI T 4 Fho L2 & 809 5 1
I3 30.4%,23.2%.,23. T% M 22. 7% . A+ T F
BWaHEaE NN 53, 1%.G+CEFHEE LR
46. 9% A+T P ERM N K G+C /6.2%.,
FIH DNAsp 5. 0 #A4xF F 1L F SRY 6 [ 1) 5
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R oA 25 R (36 DRI 19 Sk RN ENMKREH 1. 000, B AF R Z FEE (P 2h 0. 018 68, I 4% 1 iR
HI1~H19 3t 19 Fp o5 81, AE RS ZHEE (Hd) O 25580k 15,152,
1 2 3 4 5 7 8 9 10 M
2000 bp
1000 bp
800 bp 750 bp
500 bp
250 bp
100 bp
M. DNA Marker 2000;1~10. SRY £ [K PCR ¥ #4 7= 4
M. DNA Marker 2000;1—10. PCR products of SRY gene
B 1 Sl X 13 SRY HEP ) PCR 374479
Fig.1 PCR products of SRY in Maanshan white goat
1 2 3 4 5 7 8 9 10 M
2000 bp
12000 TR A A A Aol A
1000 bp
750 bp
500 bp
250 bp
100 bp
M. DNA Marker 2000;1~10. D-loop [X. PCR §" 1% =4
M. DNA Marker 200031 —10. PCR products of D-loop region
B2 Sl X F ¥ mtDNA D-loop X % PCR 44 74
Fig. 2 PCR products of mtDNA D-loop region in Maanshan white goat
3 DRUMXRALE SRYEFRMNREEESH
Table 3 SRY haplotypes of Maanshan white goat
o A% *F RS oL f AR B FHGS
Haplotype Number Goat number Haplotype Number Goat number
H1 1 47 H11 1 58
H2 1 48 H12 1 59
H3 1 49 H13 1 60
H4 1 50 H14 1 61
H5 1 51 H15 1 62
Hé6 1 52 H16 1 63
H7 1 54 H17 1 64
HS 1 55 H18 1 65
H9 1 56 H19 1 66
H10 1 57
2.4 GELMEKXELFEFFE mtDNA D-loop XK A+TFPFHERERM AR 59%.GHC B E R
BETR R 4170 AT T P &M 5 i G+C P

XF 40 Sk I A B E TR 2 8 M & mtDNA
D-loop X J3 %1 B, H 41 Bl i 47 43 #7 » &5 5 3R W) &) 5%
mtDNA D-loop X & H 986 NAS 77 i, 5 4% F
iR AL 69.21%,,\43% Z AL 150 4, [/ 24
5B 836 4. ALG.C I T 4 Flig 5 (4 F- 35 &
it e 31, 1%,15. 9%,25. 1% M1 27. 9%,

Fra s R 18% . Al DNAsp 5.0 Xf (4 11 3¢
mt-DNA D-loop X FJ BAE RIYEAT 431, G5 SR (£ O
FW],40 L BEE S A H1~H32 3 32 Fp s £ 51,
R LRV (Hd) 2 0. 986, 1 IR Z AL M (P Ny
0.127 13, FIH% H IR 22 5 8L (k) 2y 12,915,
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F4 SELMEKALFE mDNA D-loop R BEFR S
Table 4 mtDNA D-loop haplotypes of Maanshan white goat

g AR F R4S g LN F RS
Haplotype Number Goat number Haplotype Number Goat number
H1 2 1,26 H17 1 18
H2 1 2 H18 1 19
H3 1 3 H19 1 21
H4 4 4.20,23,36 H20 2 22,30
H5 1 5 H21 1 24
H6 2 6,39 H22 1 25
H7 1 7 H23 1 27
H8 1 8 H24 1 28
H9 1 9 H25 2 31,38
H10 1 10 H26 1 35
HI11 1 11 H27 1 37
H12 1 12 H28 1 40
H13 1 13 H29 2 41,45
H14 1 14 H30 1 43
HI15 1 15 H31 1 44
H16 1 16 H32 1 46

2.5 BRUMRALFEEANERS WLFEmFhEE

R o

3T Kimura2-parameter £ A, f| F§ MEGA X
AR5 22 B e L DX Ll S A L
TRl i AL PR g, 25 R R DRI X Il E 5 5
Sl 2 AL RS fe K, 0. 034 1 50T 4010
AL R B B T, K 0. 000 1, R FHAB4EE: (N4
Aty e 1 b DX LS PR A 20 A4S LA G Rl )
P RGE KRB W 2558 (K 3) KB, D1 X il =
R R FIESNUT JIIES SRS g o L B R
B HR S 7900 F ROy — 3 A% 7 MR R
HERMALER L5 5 FREERES
- EORITE SN FNITE S SRS 3R Sl UiF: K il
0 B 5 8 1Lyt DX 1 S 7 R I D 32 B 8 2 H At o i
RERY 5K 1952

3 1 B

PSR Z R (Hd) FA% R 2 #E 1 (P 20T
IR RN TR I A = e o N T OB QU (< e -
K, R BEZEEBEFT" . RXRFH
Hd F1 P i3580 m . UL B i X (1 1L SR 248
PR m e Z R E . X5 BRI X A E Ay
11 A B AR 8 1 2 22 2505 8000 SR A% AL R A% 1 IR 2 4%
JEE 0 R ) 00 2 SR — B, 1 B D L M X L 2
A A 38 RV O DA R AR Z R T
R 1 82 1L B Bl T AR bR A AN FE A

gzl X A 12 mtDNA D-loop X 4% %1 th
A+T &R & T G+HC.£F4 mt DNA D-
loop X 14 i 3t 41 B ML . 5 8K A AR 2T I
SR EIRR I AR LA B Liu AEUT B g 45 R — 3K
UiH mtDNA D-loop X &)@ 5 ¥ & & A/T g3, n]
fig 2 A/T BE & 74 3 5 mtDNA D-loop X 45 &
Rt . ARRFSE L 40 A EEEA R mt DNA
D-loop XA 150 M —Z 80 m, AR E N £
Bk E—ERE LR TR R E T 4 48]
HE LA AP mtDNA 2 4 X7 51 48 5 R 40 kA
RIIFFE . ABFGE A SRY 3 H AR 547 5 H b
A R 1 10, 50 %0, 5 Hh A A>T 4 Fh s A =
WRBAAR 19 MAFEFEASH 19 Mypfial, x|
s 400 56 F 2 EE4E 4 SRY %W ¥ 41 (14 2 Hr
FAHEE GHC ERNAT. 6%, HEG LR 54 F
AL S AR 3 . o ) S50 A B 28 26 R 4 °F SRY
ST AT R G X RZH R P B AR AT &
BIEHME T GHCLH AG.C.T 4 Fhig 3k & & K3
—HF, 7 SRY B [K 75 1, g 1L X S S Al
an AL B R G R T O RIE T i — 20T

AR5 ) FH 42 B0 e L X L 2 9
WM NI Rk B W45 R Ko B # i
DX A 52T 500 R O — 3, HAR R 4 4 il
LE RSN AITESN el NS HIE SN S-E DA TE 9
WoR I RN —S T H D X 2 A
SOl R AR B oA BMEERRIE: S
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LNG. iZ 740113 s HHG. B0 103 YCW. B3R F 3 s AGL. 2 H il 3 s BOER. 3K 13 s GZW. 52 M A 1L 2 SNW. BEg 1 115 BIG. iR
12 s BCW. JE )1 125 CDWL IR H 13 s MTG. D3k 102 s HMG. #1710 2 s XHG. @ 25 s NMG. N8 2003 LLYG. B il
LLG. BEM L2 s TBG. P 5 YLG. =08 113 s CDMG. BRI ; QBMG. B LR . B BT 3R s L I 8
Pl S 7 2 7R B 3 1L b DX 1L R S R S
LNG. Liaoning cashmere goat; HHG. Huanghuai goat; YCW. Yangcheng white goat; AGL. Angora goat; BOER. Boer goat;

GZW. Guizhou white goat; SNW. Shaannan white goat; BJG. Banjiao goat; BCW. Beichuan white goat; CDW. Chuandong
white goat; MTG. Matou goat; HMG. Haimen goat; XHG. Xuhuai goat; NMG. Inner Monggolia cashmere goat; LLYG.

Longling yellow goat; LLG. Longlin goat; TBG. Tibetan goat; YLG. Yunling goat; CDMG. Chendu brown goat;

QBMG. Qianbei brown goat. Numbers in circle indicate genetic distance. Numbers outside circle indicate number of Maanshan white goats
B3 il X Pl 3 5 AR 43 Ll = G AR I R AL R

Fig. 3 Phylogenetic relationship between Maanshan white goats and other goat breeds in China

mtDNA D-loop [X )4 e 43 B & I T4 DU 3 14
Pk FHE W AR 9K B 8], Tyotsana 25 ) A T
SRS T 33 AN B EE L S RE AR 0 M 5K, R T B
L SERE R 0 B i B Y A B AT AL R R AR Sk
T b [ R PG AL H X 1L 3E mtDNA D-loop X 5t %
Z R BRI 2 AL 9 BF 5% S 7 . v R R RS
FB AR 3 WBFARY K. Guang 7 X KT
R R L 2R AR 2 AR PR RO AT R L KT R
16 NI E R R B 1 Z R R 28 S
173 s A% AL, FOAH B ) A7 A 5L W A 3 4k
Liu %7 XF 15 AR L 2 09 45 id 43 A 26 B, o
(3 AR REE A 1 IRFERDY 5K, Chen 257
RELA A A Fu’s Fs G5t %t of 5 (L 2 3847 50 07, 45
TR E LA R A SR ARY sk S, AT
) NI RS & B WA LUE Y B i X

B — o 5 PR L A TR 5L R
Z[6) 72 3 o b AT BE AT A 08 L W R S e, S
RV Fus Fsorbod 6 56 %8 b 7% 5010 = i
SRS E N R R S (WS i A e D
w5 0L S R AL g S b T R A AR Tk
F.

25 bl Syl i X E L S AL T g g
e R R il » LR B LU P R L 5 DL e BN
A 553kl R A BB e . AR NT &
WA S X E A E 2 A AR A
RAETE— &, UHT 5 # 1L i IX L E 7E R R b 32 5
B 22 HA SR BRI 5K 12T
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