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goats based on microsatellite DNA markers
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Abstract: Genetic diversity of nine indigenous Chinese cashmere goat populations and one West African
breed were investigated using 19 microsatellite DNA markers and fluorescence PCR. The aim was to inves-
tigate the status of the genetic resources of Chinese cashmere goats. Fourteen of the microsatellite loci were
highly polymorphic and effective markers for analysis of genetic diversity and relationship among goat
populations. Analysis of polymorphic information content and genetic heterozygosity showed that the Chi-
nese goat populations have high genetic diversity. Both UPGMA dendrogram and scatter plots of estimates
from principal component analyses showed that the Chinese and African goat populations belong to different
clades. Among the Chinese goat populations the Hegu and Hexi populations were genetically more distant
from the other goat populations. The remaining seven Chinese goat populations were clustered into two
clades. The first clade contained Liaoning, Xinjiang, Chaidamu and Shanbei goat populations, while the sec-
ond clade was made up of goat populations from Inner Mongolia. These results may provide a scientific basis
for the characteristization, conservation and utilization of Chinese cashmere goats.

Key words: cashmere goat, microsatellite, genetic diversity, phylogenetic relationship

DRl PR BT, P aker s dl. B B iR, $OE N gET AT, Sl

Wk : 2007-05-22; #2532 H J: 2007-08-05
FEEIH: KRR AT & @0 H (2005SDKA21101) 1+ TR S 44 31-£1(2006BAD 13B08)
*WINE#  Author for correspondence. E-mail: yuehui.ma@263.net



5 3] Bt A E SRR 2 FEPEELIRON R 8 A5G R I T A2 20 B 471

oAt L S, L BT E SRR, K
DL 00 e 2, R IR R H T =24 [ Br 2 9%
A L& I150% . FREME I, HRESFMEER
ZFE, RO SAMNE, FIEHER T EEA
[ AR R P 7 =gkl =E . o, 34l
F WEE LR ER . L) PEE L
ES ISR NP 73 U4 378/ I VSRR AL L

ULk, AR TIE SR TR 2K
FEN P REAT B ik £, M A HEA S HA
B, SO Sh W A T A% 25 R IR O, A s A%
ZREPE N, A& RER R, tk, HarRE
DR AUE A IR EA R R NS KO TN
PR b OR R HLs AL 2 060, SOk L =E & Mg i
P —. W)L, BN AE il ookl =F
s AP EEAT T G 2 FEE PR (Yang et al., 1999; Z54F
JESE, 2000; Li et al., 2002; FRiEARSE, 2002; Jin et
al., 2006), 1H i 250 1A = 9% 02 5 R
AL Z A )

AR i AL 53 Frad ok v [ 94 i 7 7 4k
W=EREARFNAS PR WL E R AT T it 2 R 5
AT, DU R o o B 0 1) A 205 P4 AR FH 4 R R A

Fz1 10N EBHRRIREFRKAE R R

Bt o
1 #MRFITTE

1.1 SRI#r

ASLIGREACSK B 10N 2 E AL TH417 ], &
MBI R LSO G AEALTI0H), K
b LREAREH WA BRCREEANMA LA R
SLAVERAE, JF HAE = AR AR A M R, 74
A Ll 2R M 0 35 ) g fEFTA LRI [ P P, g
JRIg Al Hofb 2R KR R ANZ10.5 cm (¥ HE41
2 BT T0% LI KB O
12 IWHZE
121 ERFZHDNAREE

226 % 1 K55 (2005) (1) 77 1% MFTA 4R 2 He
DNA, HAZUREUH B By HE L4 HDNA . BAk
ZH (PSR ) (GE3R). Mt
W FE R AT DNAB IR A EE, SR 5 R FE 32 R 50
ng/uLZc A o
1.2.2 PCRi/ i

BT 19565 51 9t SRR AR 40 2 (FAO) (http:
[Iwww.fao.org) FIE fr 2K & B 58 Ir (ILRDHERE, H

Table 1 Names, sampling locations, and sample sizes of 10 goat populations

(NE T KA FEAEL
Code Population Collection location Sample size

lkg SR IES LTARmE. RN 44
Liaoning cashmere goat Kuandian County and Gaizhou City, Liaoning

hx IEEEZAlIES HlERIE., HEE 47
Hexi cashmere goat Tianzhu and Sunan County, Gansu

Xj HEE A R AR 40
Xinjiang goat Urumgqi City, Xinjiang

hg SIEARITES VBT A X 46
Hegu cashmere goat Gjance County, Tibet

als (EvEESqlIES PN S5 B 3 38
Alashan cashmere goat Alashan League, Inner Mongolia

els T2 AITES N5 B R 43
Erlangshan cashmere goat Bayannaor League, Inner Mongolia

wz L N RZAIIES WS AR B 35
Wuzhumugin cashmere goat Xilingol League, Inner Mongolia

cdm ESUwSIIES FFHES I 45
Cadamu goat Delingha City, Qinghai

sb CEIqIIED IR VG 44 R bk 1l 38
Shanbei goat Yulin City, Shaanxi

westafri [EEISES JUN IV LA [ T AT 41
West Africa goat Bafata and Gabu City, Guinea Bissau
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Table 2  Estimation of genetic variability of 10 goat populations at 19 microsatellite loci
JEAY T B4 Population
Locus Index als cdm els hg hx kg sb wz Xj westafri
BMS1494 He 0.6244  0.5810  0.6227  0.3683 04107  0.6120  0.6031 0.6372  0.7419  0.5670
PIC 0.5593 0.5249  0.5629  0.3267  0.3701 0.5444  0.5570  0.5591 0.6860  0.5253
E 2.60 2.35 2.59 1.57 1.68 2.53 2.47 2.70 3.73 2.27
FCB304 He 0.8738  0.8947  0.8323  0.7520  0.8417  0.8433 0.8526  0.8968  0.8579  0.7779
PIC 0.8470  0.8738  0.8004  0.7186  0.8137 0.8149  0.8219  0.8767  0.8289  0.7431
E 7.24 8.64 5.61 3.90 5.98 6.01 6.29 8.85 6.54 4.30
ILSTS029 He 0.7360 03929  0.5824  0.6110  0.3938  0.6432  0.5446  0.5214  0.7282  0.8375
PIC 0.6830 03710 0.5567  0.5245 03623  0.5657 0.4974  0.4970  0.6971 0.8066
E 3.65 1.64 2.35 2.53 1.64 2.75 2.16 2.06 3.56 5.76
INRA132 He 0.3506  0.4353 0.5381 0.5863 0.5843  0.3795 0.4832  0.3950  0.6025  0.6667
PIC 0.3223 0.3781 0.4832  0.4896 04906 03047 03630  0.3563 0.5284  0.5918
E 1.53 1.76 2.13 2.38 2.37 1.60 1.91 1.64 2.47 2.92
SRCRSP7 He 0.2696  0.4511 0.5417  0.2644  0.5054  0.5660  0.4851 0.5748  0.5207  0.6201
PIC 0.2423 0.4030  0.5075  0.2519 03749  0.4900  0.4239  0.5433 04812  0.5471
E 1.36 1.81 2.15 1.35 2.00 2.27 1.92 2.32 2.06 2.57
CSRD247 He 0.6723 0.8092 0.8238 0.6364 0.7648 0.8783 0.8404 0.8421 0.8563 0.7506
PIC 0.6223 0.7776 ~ 0.7895  0.5835 0.7195  0.8540  0.8090  0.8123 0.8274  0.7119
E 2.97 5.01 5.38 2.70 4.10 7.59 5.86 5.99 6.48 3.86
FCB20 He 0.7222  0.7913 0.7691 0.5397  0.7378  0.6722  0.6964  0.7977  0.8174  0.6194
PIC 0.6597  0.7492  0.7213  0.4686  0.6846  0.6280  0.6470  0.7602  0.7808  0.5726
E 3.47 4.59 4.17 2.15 3.70 2.98 3.19 4.74 5.19 2.57
ILSTS005 He 0.3849  0.5960  0.5616  0.3213 0.3837  0.4898 04358  0.5815 0.6137  0.2066
PIC 0.3586  0.5351 0.4977  0.2943 0.3585 04242 03894 05066  0.5546  0.1910
E 1.61 2.44 2.25 1.47 1.61 1.94 1.75 2.35 2.54 1.26
MCMS527 He 0.6335 0.7800  0.7335  0.7762  0.7320  0.7481 0.8016  0.7242  0.7766  0.5338
PIC 0.5988  0.7424  0.6962  0.7318  0.6748  0.6992  0.7619  0.6835 0.7325  0.4871
E 2.67 437 3.63 4.30 3.62 3.83 4.76 3.52 4.28 2.11
SPS113 He 0.7090  0.8180  0.8095  0.7398  0.7333  0.8076 ~ 0.7530  0.8380  0.7822  0.6829
PIC 0.6431 0.7817 0.7706 0.6842 0.6816 0.7699 0.7080 0.8072 0.7390 0.6390
E 3.32 5.23 5.00 3.72 3.64 4.94 3.89 5.82 4.39 3.07
ETHI0 He 0.4943 0.2529  0.2137  0.2759  0.2016  0.1133 0.0775  0.2417  0.3440  0.5187
PIC 0.4353 0.2239 0.1989 0.2357 0.1897 0.1057 0.0749 0.2241 0.3135 0.4451
E 1.95 1.33 1.27 1.38 1.25 1.13 1.08 1.31 1.51 2.05
FCB48 He 0.7883 0.8655  0.8777  0.6280  0.5852  0.8115 0.8630  0.8693 0.8775  0.7112
PIC 0.7412  0.8397  0.8535  0.5968  0.5476  0.7791 0.8356  0.8436  0.8523  0.6574
E 4.47 6.93 7.55 2.64 2.38 5.05 6.73 7.14 7.49 3.36
ILSTSO11 He 0.6284 0.6505 0.7415 0.6183 0.7300 0.6162 0.6491 0.7790 0.6320 0.5763
PIC 0.5430  0.6061 0.6878  0.5720  0.6718  0.5403 0.5991 0.7375 0.5770  0.5083
E 2.63 2.80 3.74 2.57 3.60 2.56 2.78 4.35 2.66 2.32
MAF70 He 0.8093 0.8224  0.8687  0.5530  0.7863  0.8231 0.7750  0.8223 0.6301 0.7541
PIC 0.7734  0.7897  0.8432  0.4834  0.7468  0.7882  0.7318  0.7903 0.5900  0.7256
E 4.96 5.35 7.07 2.21 4.50 5.37 4.24 5.36 2.65 3.92




474 4 ¥ £ F . Biodiversity Science o515 %

2 (4 Table 2 (continued)

7 Fo ¥ TEAA Population
Locus Index als cdm els hg hx kg sb wz Xj westafri
SRCRSP3 He 0.6448 07723  0.6824  0.6871  0.6669  0.7445  0.6842  0.6881  0.6737  0.6116
PIC 0.5857  0.7287  0.6237  0.6114  0.6154  0.6878  0.6220  0.6245  0.6125  0.5286
E 2.75 423 3.07 3.12 2.94 3.79 3.08 3.13 2.99 2.53
SRCRS5 He 0.8074  0.7958  0.8471  0.7203  0.8110  0.8245  0.8149  0.8245  0.8365  0.7648
PIC 0.7682  0.7588  0.8226  0.6594  0.7808  0.7926  0.7770  0.7943  0.8029  0.7197
E 4.92 4.69 6.14 3.48 5.06 5.41 5.10 5.41 5.74 4.09
MAF209 He 02509  0.1061  0.0949  0.0000  0.0000 0.1586  0.1326  0.1039  0.3725  0.4733
PIC 02169  0.0994  0.0910  0.0000  0.0000 0.1517  0.1251  0.0975  0.3087  0.3696
E 133 1.12 1.10 1.00 1.00 1.19 1.15 1.11 1.58 1.88
SRCRS9 He 0.6957  0.8315 0.8389 0.7112  0.7879  0.6862  0.7582  0.7882  0.7804  0.4962
PIC 0.6475  0.8025 0.8078  0.6620  0.7468  0.6394  0.7158  0.7452  0.7357  0.4641
E 3.19 5.63 5.85 3.37 4.54 3.11 3.96 453 435 1.96
BM1818 He 0.7456  0.8424 08516  0.8147 0.8199 0.8041  0.7068  0.8691  0.8851  0.7699
PIC 0.6958  0.8133  0.8231  0.7769  0.7864  0.7731  0.6627  0.8430  0.8613  0.7248
E 3.78 5.99 6.30 5.15 5.30 4.87 3.29 7.10 7.94 4.17
B REYI{E Mean of He 0.6232  0.6617  0.6767  0.5609  0.6052  0.6447  0.6309  0.6790  0.7049  0.6284

Z 55 B EI(E Mean of PIC 0.5760  0.6210  0.6388  0.5090  0.5587  0.5975  0.5854  0.6370  0.6584  0.5768

S AT A A AR i 14
PR N EIY 3.18 3.99 4.07 2.68 321 3.63 345 4.18 4.11 3.00
Mean of E

He: MIBZvA 1, PIC: ZRFEEEE; B PRABEAIER L. M IEEL
He, Expected heterozygosity; PIC, Polymorphic information content; E, Mean number of effective alleles. Population codes see Table 1.
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Fig. 1 UPGMA dendrogram of 10 goat populations based on Nei’s genetic distances (D,). Population codes see Table 1.
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Table 3 F-statistics for 10 goat populations at 19 microsatellite loci

S PR FrATEER All population FIS
e S = .

Locus FIT FST FIS als cdm els hg hx Ikg sb wz Xj westafri
BMS1494 0.199** 0.136%** 0.073* 0.271* 0.010 -0.130 -0.087 -0.221% 0.089 0.014 0.129 0.311** 0.166
FCB304 0.120** 0.091*** 0.032 0.104 0.012 -0.022 -0.100 -0.139* 0.085 0.018 0.129* 0.127* 0.133
ILSTS029 0.174** 0.103*** 0.080** 0.231* 0.192* 0.079 -0.042 -0.188*  —0.049 0.229* 0.042 0.143* 0.122
INRA132 0.439** 0.078*** 0.392** 0.464** 0.469*** 0.479*** 0.320** 0.165 0.564***  0.500** 0.461***  0.827***  -0.067
SRCRSP7 0.319** 0.068*** 0.273** 0.074 0.800*** 0.553*** 0.240*%*  —0594%*  0.708***  0.143 0.539***  0.040 0.015
CSRD247 0.031 0.072*** -0.043 -0.097 -0.016 -0.045 -0.145 -0.076 -0.036 0.061 0.045 -0.052 -0.129
FCB20 0.079** 0.087*** -0.008 -0.069 0.140 0.094 —-0.048 -0.302"*  _0.049 0.069 -0.008 0.022 0.090
ILST005 -0.025 0.047*** -0.075 0.250*  -0.234 0.045 -0.152 0.058 -0.209 0.008 -0.047 -0.215* -0.090
MCM527 0.074** 0.063*** 0.012 -0.024 0.107 0.036 -0.110 -0.010 0.031 0.047 0.037 -0.091 0.137
SPS113 0.069** 0.050*** 0.021 0.130 0.132 0.059 -0.128 -0.092 -0.027 0.128 0.029 -0.050 0.049
ETH10 0.198** 0.247%** -0.065 -0.206 -0.144 -0.089 -0.184 -0.079 -0.051 -0.018 0.267 0.056 -0.061
FCB48 0.081** 0.100*** -0.020 0.040 0.108 -0.007 -0.179* -0.092 -0.032 0.061 -0.051 0.061 -0.168*
ILSTS011 0.111** 0.139*** -0.032 0.080 0.057 -0.035 -0.091 -0.050 -0.145 0.016 0.030 -0.029 -0.174
MAF70 0.068** 0.076*** -0.008 0.066 0.005 0.010 -0.142 -0.166" 0.146* -0.076 0.075 -0.032 -0.028
SRCRSP3 0.038 0.051*** -0.014 0.096 0.022 0.184* -0.205* -0.118 -0.095 -0.027 0.157 -0.153 0.043
SRCRSP5 0.065** 0.049%*** 0.017 0.121 -0.090 0.067 -0.241%  -0.076 0.008 0.240** 0.036 0.050 0.108
MAF209 0.194** 0.152%** 0.053 -0.156 0.374 0.231 - - 0.252 0.375 -0.047 0.061 -0.057
SRCRSP9 0.110** 0.110*** -0.003 -0.050 0.011 0.086 -0.195* -0.136*  -0.086 0.048 -0.033 0.022 0.512**
BM1818 0.055** 0.058*** -0.004 0.022 0.051 0.026 -0.092 -0.144* 0.163* 0.043 -0.020 -0.074 0.035
ALL 0.110** 0.085*** 0.028** 0.068** 0.076*** 0.070***  -0.099 -0.124 0.049**  0.083***  0.075***  0.049** 0.034

FIT: SEADREARAMR E REG FST: DT REA N &S MEREAR [ 2 R A FIS: WREA N IMAR € 28 REAARIEIERL. 2B EZ i) MK * P <0.05; ** P <0.01; *** P <0.001; 7%
A RN i 5 KA # P < 0,05 ; ## P <0.01; ## P <0.001.

FIT, Fixation indices of total population; FST, Fixation index resulting from comparing subpopulations to the total population; FIS,Fixation indices of subpopulation. Significant levels of deficit in
heterozygotes: * P < 0. 05; ** P < 0. 01; *** P < 0. 001; Significant levels of excess in heterozygotes: # P < 0. 05; ## P < 0. 01; ### P < 0. 001. Population codes see Table 1.
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F4 10 CEBEORIE] BYNei shREIRIERE B (Ds, * 4% 75)FANei siRERE B (D, WAL TH)

Table 4 Nei’s standard genetic distance (Ds, above the diagonal) and Nei’s genetic distance (D, below the diagonal) among 10 goat

populations

als cdm els hg hx lkg sb wz Xj westafri
als 0.1032 0.0922 0.1960 0.2226 0.1380 0.1059 0.1264 0.1412 0.4495
cdm 0.1103 0.0495 0.1678 0.1399 0.0913 0.0521 0.0741 0.0888 0.4856
els 0.1006 0.0679 0.1830 0.1434 0.1063 0.0653 0.0424 0.1036 0.4382
hg 0.1927 0.1730 0.1884 0.2754 0.2303 0.1749 0.2293 0.2293 0.5463
hx 0.1638 0.1165 0.1362 0.2222 0.1843 0.1591 0.1766 0.1968 0.4120
lkg 0.1538 0.0941 0.1061 0.2242 0.1478 0.0539 0.1745 0.0959 0.4999
sb 0.1156 0.0637 0.0844 0.1973 0.1512 0.0702 0.1341 0.0965 0.4753
wz 0.1215 0.0843 0.0677 0.2100 0.1418 0.1510 0.1266 0.1228 0.4561
Xj 0.1422 0.0980 0.1061 0.2224 0.1509 0.0781 0.0995 0.1190 0.4889
westafri  0.2908 0.2879 0.2713 0.3439 0.2875 0.3195 0.2885 0.2614 0.2944

FERACAY [H) 22 1 Population codes see Table 1
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Fig. 2 Three-dimensional scatter plot of the first three principal factors for 10 goat populations. Axis 1, Axis 2, and Axis 3 repre-
sent the first three principal factors, respectively. hg, Hegu cashmere goat; hx, Hexi cashmere goat; westafri, West Africa goat.
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Fig.3 Two-dimensional scatter plot of the first and fourth factors for 10 goat populations. Axis 1 and Axis 4 represent the first and
the fourth principal factor, respectively. Population codes see Table 1.
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