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Genetic diversity in goat breeds based on microsatellite analysis
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Abstract: Fluorescence PCR was applied to investigate the genetic diversities of 9 indigenous Chinese goat breeds and 1 exotic
breed with 10 microsatellite DNA markers recommended by the Food and Agriculture Organization of the United Nations and the
International Livestock Research Institute of Animal Genetics, which provide data for the preservation and utilization of indigenous
goat breeds genetic resource. We found that the 7 breeds were high polymorphic while 3 breeds were moderate polymorphic. We
also detected 119 alleles, and the effective allele number ranged from 1.4641 to 9.2911. The average heterozygosity of loci and
breeds respectively varied from 0.2618 to 0.7672 and from 0.5196 to 0.7024. As well as SRCRSP23 site and Hexi cashmere goat
had the highest average heterozygosity. Then we analyzed the phylogenetic trees (NJ and UPGMA), and found both of them were

generally in accordance with their original breeding history and localities.
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FRELYIFR I E B WA, A i B 5 — BH
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ARWEFE R 10 AR S, Z56 75656514 PCR £
A, FH ABI3130XL H hill 7 {17 B BUA5E
XF 10 AL AT A AT, RS R AL
ol ] () 5 A AR FEAE A0 OC 2R , BTE TR IE Ty
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1 57

1.1 REHA
10 1L SRR3R 447 NAMA, BES ELUARTS B
LF 1o ASEE IR AR 1l Al 3 4 [ & s 2
S AR R R R AR O B AL
1.2 XTI RS
pBR322/Msp [ Mg HIbL AL EY) TRRAR]; &
R WES 1Y) | rTaq B A K% E AV ARG RA A
4 0f P A1 B ORI & W [ TIANGEN 24 # 5
ABI3130XL MIFAX . #6590 A 56 = A=) &
iNEl (ABD), SIWEIEEE L 2,

x1 HRXERER
Table 1 Sample information
Breed Sample location Quantity Average heterozygousity/PIC

Xinjiang goat (XJ) Tacheng City, Xinjiang 51 0.6856/0.6506
Chaidamu goat (CDM) Delingha City, Qinghai 55 0.6797/0.6426
Shannan white goat (SNB) Shangluo City, Shanxi 44 0.6706/0.6324
Hexi cashmere goat (HXR) Yugur Autonomous County, Gansu 33 0.7024/0.6662
Fengqing hornless black goat (FQ) Fengqing County, Yunnan 36 0.5270/0.4730
Longling goat (LL) Longling County, Yunnan 42 0.5362/0.4946
Maguan hornless goat (MG) Maguan County, Yunnan 42 0.5665/0.5272
Jianchang black goat (JC) Dechang County, Sichuan 55 0.5954/0.5460
Banjiao goat (BJ) Wanyuan City, Sichuan 51 0.6709/0.6165
Boer goat (BE) Beijing and Tangshan City, Hebei 38 0.5196/0.4705

F2 10 MHIEEMER

Table 2 Information of 10 microsatellite loci

Locus Fluorescence Primer sequence (5'-3") Annealing temperature (°C) Fragments size (bp)
INRAOZ NED  TAACTACAGGGTGTTAGATGAACT 54 196-215
INRAOG3 VIC B AAACCACAGAAATGCTTGGAAG 5 164-186
INRABERNISS  VIC 5! 1 CTAAAACACTCCCACACTA 53 261-289
PIOYA) GFAM )] CATAGTAACAGATCTTCOTACA. 58 160-196
SRCRSP23 GFAM b TGTIITIAATGACTOAGTAG 58 B1-119
SRCRSP? NED ) GCACTCTITICAGCCCTAATG 58 99-135
TCRVBS PID ) CCAGGAATTGGATCACACCT 53 217-253
OarAES4 FAM by GGAACATTTATICTIATICCTCAGTG 59 15138
ETHI0 VIC by CCTEeAGECCACTTICTCTTCTC 59 200-210
SRCRSP3 VIC bl TGATTAGCTGACTGAATGTCC 58 S8-124

PET: red fluorescent marker; 6fam: blue fluorescent marker; NED: black fluorescent marker; VIC: green fluorescent marker.
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1.3 Mm##bE R EFLH DNA 25

Ha V8 VR I ILRE A 20°CoK I i, F 4 1 S A
L HGAF &I B DNA, B2 ik &l
5
14 PCRUKFEREH

PCR 2 MifAZ K : 10xbuffer 1.5 pL, Mg 1.2~
1.5uL, 514 0.2~0.5 uL, dNTPs 1.2~1.5 uL, rTaq fi§
0.3 uL, ddH,0 #MEZE 15 uL, RN & 95 CHis i
S min; 94°CZ5M: 1 min, 50°C~61°CiE kK 1 min, 72°C%ZE
i1 1 min, 30~36 MEH; 72°CHEMH 60 min; 4CIEAF .
1.5 PCR =49

PCR §"#)5, Joll 7 uL =P ikAT 8% A28 1 5
PN M R i BE R R UK, R PR kAN . AR S T
ABI3130XL P47 507 o

% 3 Hardy-Weinberg T 16 % FEL P {H
Table 3 The P value of every locus in Hardy-Weinberg

1.6 it oif

F| F Microsatellite Toolkitve version 3.1 #E17%k
Pars X F 1k ; M GENEPOP {447 Hardy-
Weinberg ik %0 ; FF POPGENE #4115 454
FEA . AN B s B DISPAN 4444
# NJ Fl UPGMA RGEAR AR FIH MVSP #f4:
HEATREAR A L5 73 AT

2 &

2.1 Hardy-Weinberg &35

il TR DNA A B Rk B k1, A2t 80
71, PCAE — A BRAR R v 45 A5 07 3k DR ZE B A o )
Iy AN SRR E T, FIF Hardy-Weinberg -
Bk s R &R 3. 4.

Locus P value
XJ CDM SNB HXR FQ LL MG JC BJ BE
OarAE54 0.0305* 0.4013  0.8943 0.2168 0.5519 0.0724 0.8991 0.6401  0.0878 0.9372
SRCRSP3 0.0179* 0.3676  0.3014 0.3290 0.0071**  0.0002* 0.0828 0.3953  0.0214* 0.1306
ETHI10 0.0000*** 0.1046  1.0000 0.1897 - 0.0000%** - 1.0000 0.0734 0.8164
INRA023 0.0146 * 0.1454  0.6761 0.0111*  0.1876 0.0984 0.0129* 0.9889  0.3389 1.0000
INRA063 0.0007***  0.8766  0.0000***  0.2447 0.01230*  0.0000*** 0.0000%** 0.2921  0.0000***  0.0000***
INRABERN185 0.3486 0.4420  0.0229 0.2783 0.6852 0.0274* 0.8831 0.6731  0.0000*** 1.0000
P19(DYA) 0.0984 0.0207*  0.3443 0.0065**  0.0030*%* 0.0011**  0.0067**  0.1105 0.0046**  0.0014**
SRCRSP23 0.9833 0.4230  0.7852 0.6599 0.5226 0.0671 0.0002***  0.4650  0.0000*** 0.0260*
SRCRSP9 0.4734 0.8377  0.5100 0.3918 0.1702 0.5987 0.2457 0.9242  0.0681 0.2663
TCRVB6 0.1110 0.9526  0.0255 0.0617 0.2494 0.1400 0.4766 0.3650  0.0688 0.0418*
*P<0.05; **P<0.01; ***P<0.001
% 4 Hardy-Weinberg FE110Z 8K P&
Table 4 The P value of every population in Hardy-Weinberg
P value
Breeds INRABERN
OarAE54 SRCRSP3 ETHI0O  INRA023 INRAO063 185 P19 (DYA) SRCRSP23 SRCRSP9 TCRVB6
XJ 0.0305*  0.0179* 0.0000***  0.0146*  0.0007***  0.3486 0.0984 0.9833 0.4734 0.1110
CDM 0.4013 0.3676 0.1046 0.1454 0.8766 0.4420 0.0207* 0.4230 0.8377 0.9526
SNB  0.8943 0.3014 1.0000 0.6761 0.0000***  0.0229* 0.3443 0.7852 0.5100 0.0255*
HXR 0.2168 0.3290 0.1897 0.0111*  0.2474 0.2783 0.0065** 0.6599 0.3918 0.0617
FQ 0.5519 0.0071** - 0.1876 0.0123* 0.6852 0.0030** 0.5226 0.1702 0.2494
LL 0.0724 0.0002***  0.0000***  0.0984 0.0000***  0.0274* 0.0011** 0.0671 0.5987 0.1400
MG 0.8991 0.0828 - 0.0129*  0.0000***  0.8831%** 0.0067** 0.0002***  (0.2457 0.4766**
JC 0.6401 0.3953 1.0000 0.9889 0.2921 0.6731 0.1105 0.4650 0.9242 0.3650
BJ 0.0878 0.0214 0.0734 0.3389 0.0000***  0.0000%** 0.0046** 0.0000***  0.0681 0.0688
BE 0.9372 0.1306 0.8164 1.0000 0.0000***  1.0000 0.0014** 0.0260* 0.2663 0.0418*

*P<0.05; **P<0.01; *** P<0.001
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Table 5 Na/Ne/Exp-He/Average He of all loci

Locus Na Ne Exp-He Nei’sexp-He Average He
INRA023 12 6.2705 0.8415 0.8405 0.6811
INRAO063 9 52703 0.8113 0.8103 0.6953
INRABERNI185 11 2.8413 0.6488 0.6481 0.4247
P19(DYA) 12 5.1027 0.8049 0.8040 0.6749
SRCRSP23 18 9.2911 0.8934 0.8924 0.7672
SRCRSP9 11 6.4391 0.8457 0.8447 0.7296
TCRVB6 19 5.4407 0.8171 0.8162 0.7087
OarAES54 14 2.7471 0.6367 0.6360 0.5781
SRCRSP3 7 3.7435 0.7338 0.7329 0.5580
ETH10 6 14641 0.3174 0.3170 0.2618

Na, number of alleles; Ne, number of effective alleles; Exp-He,
expected heterozygosity; Nei’s exp-He, Nei’s expected
heterozygosity; Ave-He, average heterozygosity.

23 BHKERYIEMEIES

FH Dispan #1153 1 4% SR ] st i R S, L
%6,
24 10 MLFERMEIBESH

FIH Dispan 4 Nj fil UPGMA R4 k4
B, S5RIE 2A . 2B fin. KK 2A iR, XJ Al
HXR 3| —#2, HH CDM %3|—i; SNB fil FQ
JeRF|—if, RIGHM CDM, HXR, XJ B H—3%;
LL il JC e 3| —ie, AR5 MG RE|—&, #HH
BJ BN —3; e XTI R BE. KIE 2B iR,
XJ Fl HXR B3| —i, FA CDM R —i, K5k

Fig. 1 Detection of loci INRA023 He (A) and loci

INRABERN185 Ho (B) on ABI3130XL. WA SNB., BJ., FQ R N—2; LL Al MG

R 6 10 NLFEmiE R IEEES

Table 6 Genetic distance between ten goat breeds
Breeds XJ CDM SNB HXR FQ LL MG \[@ BJ BE
XJ K 0.0457 0.1242 0.0297 0.2390 0.4969 0.4889 0.5753 03112 0.5186
CDM 0.0814 HkEH 0.1043 0.0513 0.2003 0.5144 0.4642 0.5489 0.3236 0.5259
SNB 0.1342 0.1273 HEHE 0.1308 0.2416 0.5278 0.4482 0.5771 0.2478 0.7162
HXR 0.0750 0.0761 0.1387 HAAE 0.2594 0.4647 0.4561 0.5285 0.3134 0.4008
FQ 0.2490 0.2326 0.2265 0.2561 Ak 0.5401 0.4447 0.5118 0.4238 1.0219
LL 0.3089 0.3306 0.3223 0.3288 0.3823 oAk 0.0707 0.0806 0.3886 1.1549
MG 0.3386 0.3313 0.3016 0.3447 0.3743 0.1032 o 0.1175 0.3031 1.1329
JC 0.3665 0.3741 0.3699 0.3748 0.3972 0.1137 0.1154 HHEE 0.4674 1.1373
BJ 0.2286 0.2271 0.1689 0.2292 0.3074 0.2335 0.2146 0.2292 HokEK 0.7796
BE 0.4058 0.3797 0.4215 0.3458 0.6340 0.5167 0.5219 0.3458 0.6340 oAk

Dg distances (above diagonal) and D, distances (below diagonal).
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Fig. 2 Da/NJ tree (A) and DA/UPGMA tree (B) among 10 goat
breeds.
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Fig. 3 Scatter plot of showing the first, the second and the
third principal components of genetic differentiation among 10
goat breeds.
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(P=0.2161) #ll SRCRSPY (P=0.4196) L AbFFHpik
AT LA R AV EBAS [ R B b AR 25T 5 BR CDM
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