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Abstract The genomes of seven native goat populations
were screened by using microsatellites as molecular markers;
the populations were Yichang white, Matou, Xiangdong
black, Fuqing, Daiyun, Huanghuai and Yangtse River Delta
white goats. A total of 23 microsatellite markers were used
and genetic diversities and genetic distances were also deter-
mined. The results showed that only 21 loci showed poly-
morphism in all populations. BM0203 was a homozygotic
locus in every population, but more than one allele was found
among all populations. Alleles of BM6444 were homozygotic
in Xiangdong Black and Yichang White goats, but more than
one allele was detected in other populations. Average hetero-
zygosity of all populations was 0.819 0, and the mean poly-
morphism information content (P/C) of all seven populations
was 0.630 5-0.691 9. An unweighted pair group method with
arithmetic mean (UPGMA) dendrogram was constructed on
Nei’s standard genetic distance. Matou and Xiangdong black
were grouped at first, then Fuqing, Daiyun, Yangtse River
Delta white and Huanghuai goats joined them respectively.
Finally, Yichang white goats clustered with all of the above.
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1 Introduction

Microsatellites as reliable molecular markers have been
used to study the genetic relationship of different populations.
As being codominant, highly polymorphic, highly abundant,
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inheritant, locus specific, and easily analyzed, they are widely
used in the analysis of population phylogenesis constitution.
Wide-ranging, but still meager efforts, especially in develo-
ping countries, are in progress to characterize livestock at
the phenotypic as well as molecular genetic level, and to
document their genetic relationships, population status and
production environments (Sodhi et al., 2006). Indigenous
livestock breeds are considered, for diverse reasons, as
treasured genetic resources that tend to disappear as a result
of new market demands, crossbreeding or breed replacement,
and mechanized agricultural operations. There is a terrible
risk that most breeds may perish before they have been
exclusively recognized and exploited (FAO, 2000).

There are about 40 indigenous goat breeds in China. Owing
to long-term natural and artificial selection, transmutation
of physical environment and hybridization, many illustrious
local varieties have been formed from original breeds.
More recently, with the generalization of modern livestock,
numerous goat populations have become extinct (Editorial
Group of Sheep and Goat Breeds in China, 1989). Faced with
this serious situation, we have to provide valuable evidences
to prioritize the breeds in terms of phylogenetic distinctness.
Six microsatellite primers were applied to screen the genomes
of 6 goat populations (Yang et al., 1999). The results from
the application of structure locus and microsatellite markers
in the analysis of genetic differentiation in sheep and goat
populations were compared (Yang et al., 2004). Allele
frequency, polymorphism information content, number of
effective alleles, heterozygosity, and genetic distances were
studied in Boer goat, Taihang goat and Hebei dairy goat using
four microsatellite markers (Zhang et al., 2003). Five micro-
satellite loci were used to screen the polymorphism of six
goat populations (Zhao et al., 2003). This study attempted to
analyze the diversity of seven goat populations in the Middle
and Lower Yangtse River Valley and Southeast Mainland near
the sea by using 23 microsatellites as molecular markers,
so as to help breeders to implement rational decisions for
conservation and improvement of valuable germplasm.



2 Materials and methods
2.1 Sampling methods and experiment materials

The tissue samples of seven goat populations were collected
using the method of “randomly sampling in typical colonies
of central area” (Chang, 1998). Forty Yichang white goats
(YB) were from Yichang city of Hubei Province, 60 Matou
goats (MT) and 55 Xiangdong black goats (XH) were from
Shimen countryside of Hunan province, 50 Fuqing goats (FQ)
and 50 Daiyun goats (DY) came from Fuqing and Dehua
countrysides of Fujian Province, respectively, 50 Huanghuai
goats (HH) and 40 Yangtse River Delta white goats (CB)
came from Xiangshui and Haimen of Jiangsu Province. The
genomic DNA was extracted from the tissues according to
the procedure outlined by Wang et al. (2001).

2.2 Microsatellite primers

The information of 23 microsatellite primers was obtained
from the following web sites: http:/locus.Jouy.inra.fr; http:/
bos.cvm.tamu.edu; http:/www.marc.usda.gov and http:/www.
roslin.ac.uk (The 23 primers were selected from 28 primers
recommended by FAO, and the denotations of primers were
seen in the table of statistical analysis). All of the primers
were synthesized by Shanghai Sangon Biological Engineering
Technology & Services CO., Ltd.

2.3 Reagent

10 x buffer, Taq, Mg" and dNTPs were provided by Shanghai
Sangon Biological Engineering Technology & Services CO.,
Ltd.

2.4 Polymerase chain reaction (PCR) protocol and
electrophoresis

Polymerase chain reaction amplification was performed on a
HBPX220 (Hybaid company). Each 20 uLL PCR reaction con-
tained 100 ng template DNA, 1-2 pL 8 pmol/pL each primer
(GTand CA), 0.4 pL 10 mmol/pL dNTP, 1.0-1.8 pL. 25 mmol
MgCl,,0.2-0.4 uL.5 UTaqDNApolymerase,2 puL 10 x buffer.
An initial denaturizing at 94°C for 5 min was followed by
30 cycles of 60 s at 94°C denaturizing, 60 s of 53°C —63.5°C
annealing, 60s of 72°C extension. The final cycle was
followed by an extension at 72°C for 10 min; then it was
stored at 4°C.

The amplified fragments were electrophoresed on 8%
polyacrylamide gels in 1 x TBE with 20 mA of running
voltage. Then the gels were detected by ethidium bromide
staining. The fragment sizes were calculated by using the
Kodak Digital Science ID Image Analysis Software.

2.5 Statistical analysis

Twenty three microsatellite allele frequencies (P) were
determined by direct counting. Genetic variability measures
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such as average heterozygosity (H) (Nei, 1978), information
content of polymorphism (P/C) (Bostein et al., 1982), and
number of effective allele (Ne) (Kimura and Crow, 1974)
were calculated for each population. The standard genetic
distances of Nei (Ds) (Nei, 1972) were calculated from the
allele frequencies. All data were analyzed using FSTAT and
POPGENE Software.

3 Results

3.1 Results of amplification and polymorphism of 23
microsatellite loci

The results showed that only 21 loci showed polymorphism
in all populations in 23 loci. The locus of BM0203 was
homozygotic in each population, but being polymorphic
among populations. BM6444 was homozygotic in Xiangdong
Black goats and Yichang White goats, but more than one
allele was detected in other populations. Fig. 1 shows
the electrophoresis patterns of PAGE in locus BM067 and
MAF70.
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Fig. 1 The electrophoresis patterns of PAGE

3.2 Allele frequencies

According to the statistics, when comparing the allele
frequencies of all the loci, the number of alleles (28) in
BM1818 was the highest, in BMS1290 there were 24 alleles,
and in MAF70 there were 21 alleles. BM0203, BM315 and
MBO023 had the least number of the alleles, in which there
were 2, 3 and 6 alleles, respectively. Table 4 shows the number
of effective alleles for each population. Except for homozy-
gote loci, the number of effective alleles (Ne) in the seven
populations (CB, HH, FQ, MT, XH, YB and DY) ranged from
1.867 8 t0 8.3252,1.651 2 t0 12.880 5,2 t09.639 9, 1.374 1
to 11.687 1, 2 to 10.2400, 2 to 7.191 5 and 2 to 8.680 6,
respectively. The average Nes were 4.323 9,4.849 1,5.111 2,
4.867 7, 5.211 0, 4.139 2 and 4.635 0, respectively. Among
the seven populations, the XH goat had the most number of
alleles, while the YB goat had the least.
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3.3 Heterozygosity (H) and information content of
polymorphism (PIC)

The heterozygosity (H) and information content of P/C of
the seven populations are shown in Tables 1-3. Table 1 shows
that the loci with the highest H value of the seven goat popu-
lations (CB, HH, FQ, MT, XH, YB and DY) were OarFCB193
(0.892), BMS1290 (0.940), BMS1678 (0.904), BM1818
(0.933), BMS1678 (0.911), OarFCB48 (0.870) and MAF70
(0.896), respectively. In all of the seven populations, the H
value in BM0203 was 0, which showed that this locus was
the highest homozygous. H values of BM6444 were 0.00 in
Xiangdong black goat and Yichang white goat, and were
also low in other populations (0.276-0.650); therefore, the
diversity deduced from the loci was lower. The H values of
MBO023, BM315 and TGLA13 were 0.5 in all populations. In
BMC1206, the H values were 0.5 in 6 populations except
MT goat. The mean heterozygosity in seven populations
was 0.705, 0.717, 0.737, 0.711, 0.709, 0.677 and 0.717,
respectively. Table 2 shows that the highest H value was

Table 1 Gene heterozygosity per locus and population

BM1818 (0.941) and the lowest was BM0203 (0.245) with an
average value of 0.819. Table 3 shows that the locus of the
highest PIC value of the seven goat populations (CB, HH,
FQ, MT, XH, YB and DY) were OarFCB193, BMS1290,
BMS1678, BM1818, BMS1678, OarFCB48, and MAF70,
respectively; the values of P/C respectively were 0.868 4,
0.9199, 0.8872, 0.9210, 0.8935, 0.8460, and 0.874 2.
The average values of PIC in all loci in every population
were 0.650 8, 0.670 4, 0.691 9, 0.684 8, 0.666 0, 0.630 5 and
0.663 7, respectively. From the PIC data, it was found that
this result corresponded to analysis in H.

3.4 Standard genetic distances

Table 5 shows Nei’s standard genetic distances of the seven
goat populations. The calculated observed genetic distances
for the whole population were between 0.207 2 and 0.888 0.
A UPGMA dendrogram was constructed based on Nei’s
standard genetic distance. Matou goat and Xiangdong black
goat were grouped at first, then Fuqing goat, Daiyun goat,
Yangtse River Delta white goat and Huanghuai goat joined
them, respectively. Finally, Yichang white goats clustered

Locus CB HH  FQ MT XH YB DY  with all the above (Fig. 2).

MBO023 0.500 0.500 0.500 0.500 0.500 0.500 0.500

MAF70 0.817 0.873 0877 0.874 0906 0.856 0.896 + | CB

BM1818 0.760 0.908 0.871 0933 0.882 0.848 0.798 +_4' 4 FQ

BMS1290 0.719 0940 0.851 0.889 0.826 0.825 0.734 [ + 2

INRAO063 0.653 0.850 0.830 0.706 0.822 0.835 0.780 [ ! I+ MT

BM0203  0.000 0.000 0.000 0.000 0.000 0.000 0.000 . s LT3, 1 i

MAF65 0.884 0.815 0.730 0.744 0.716 0.699 0.757 ! | 0

BMS1678 0.870 0.802 0904 0.790 00911 0.770 0.814 ! | + DY

BMo6444 0.606 0.401 0.650 0.276 0.000 0.000 0.610 -6 !

BMS1943 0871 0829 0.858 0734 0.830 0770 0.869 ! + HH

BM6404 0.771 0.811 0.827 0.795 0862 0.860 0.858 T YB

BMS875 0.758 0.766 0.769 0.771 0.776  0.783  0.831

BMC3224 0724 0776 0.841 0850 0.845 0.825 0.748 Fig.2 Dendrogram of relationships among seven goat

BMS1248 0.867 0.835 0.832 0.853 0.843 0.810 0.790 populations by using Nei’s Ds and the UPGMA method of

OarFCB193  0.892 0.887 0.860 0.647 0.862 0.798 0.810 clustering

MBO067 0.776  0.750 0.867 0.875 0.879 0.773 0.766

BMS1724 0.768 0.795 0.837 0.822 0.854 0.754 0.880

OarFCB48  0.849 0.856 0.861 0.783 0.756 0.870 0.888 . . .

BM315 0.500 0.500 0.500 0.500 0.500 0.500 0.500 4 DISCUSSIO“ and conclusmns

BMS812 0.843 0.845 0.842 0.860 0.854 0.772 0.846

BM1236 0.790 0.760 0.844 0875 0892 0.728 0818 4.1 Genetic variation

BMC1206 0.500 0.500 0.500 0.500 0.500 0.500 0.500

TGLAL3 0.500 0500 0.500 0500 0500 0500 0500  Gene heterozygosity is gene variability. The average of

Average 0.705 0.717 0.737 0.711 0.709 0.677 0.717 . . P
heterozygosity could reflect the level of genetic variation.

Table 2 Gene heterozygosity at each locus

Locus Hs Ht Locus Hs Ht Locus Hs Ht

MBO023 0.500 0.816 BM6444 0.364 0.430 BMS1724 0.816 0.879

MAF70 0.872 0.921 BMS1943 0.823 0.858 OarFCB48 0.838 0.901

BM1818 0.857 0.941 BM6404 0.826 0.898 BM315 0.500 0.561

BMS1290 0.827 0.924 BMS875 0.779 0.831 BMS812 0.838 0.930

INRAO063 0.783 0.852 BMC(C3224 0.801 0.865 BM1236 0.815 0.901

BMO0203 0.000 0.245 BMS1248 0.833 0.851 BMC1206 0.540 0.870

MAF65 0.763 0.815 OarFCB193 0.822 0.901 TGLAI13 0.500 0.806

BMS1678 0.837 0.902 MB067 0.815 0916 Average 0.711 0.819

Note: Hs represents heterozygosity for each group; Ht represents heterozygosity for the whole group.



Table 3 Polymorphism information content (P/C) per locus in seven
populations
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Table 5 Nei’s original measures of genetic identity and genetic
distance

Locus CB HH FQ MT XH YB DY CB HH FQ MT XH YB DY
MB023  0.3750 03750 03750 0.3750 03750 03750 03750 CB  *** 04587 05361 05874 05031 04708 05481
MAF70  0.7831 0.8496 0.8560 0.8523 0.8885 0.8284 0.8742 HH 0.7794 *** 05469 05608 05768 03048 0.4480
BMI8I8  0.7126 0.8916 0.8504 0.9210 0.8614 08183 0.7591 FQ 0.6234 0.6035 *** 07153 07734 04433 0.5823
BMSI1290 0.6649 0.9199 0.8270 0.8706 0.7863 0.7914 0.6907 MT 05320 05785 03351 *# 08129 04635 06125
INRAO63  0.589 1 0.8238 0.7987 0.6482 0.7884 0.7985 0.7360 XH 0.6869 05502 02570 02072 *F%% 08477 0.6435
BM0203  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 YB 07532 0.8880 0.8136 0.7688 0.7681  **** (5438
MAF65  0.8582 0.7801 0.6756 0.7021 0.6627 0.6402 0.7071 DY 06013 0.8030 05407 04902 04408 06093  *#wx
BMS1678 0.8422 0.7651 0.8872 0.7538 0.8935 0.7219 0.7793 - — : —

BM6444 05319 03642 05904 02432 0.0000 0.0000 0.5350 Note: Nei’s genetic identity (above diagonal) and genetic distance (below
BMS1943 0.8424 0.7948 0.8328 0.6906 0.8009 0.7264 0.8370 diagonal).

BM6404  0.7266 0.7766 0.799 1 0.7608 0.8366 0.8328 0.834 8

BMS875 07119 0.7219 0.7257 0.7299 0.7341 0.7388 0.8009 it iS highlypolymorphic;when 0.25 <PIC<O.50,itis medium
BM(C3224 0.6683 0.7315 0.8136 0.8245 0.8169 0.7897 0.700 9 | hic: when PIC <0.25. it is Towl I hic. 1
BMSI248 0.8384 0.8075 0.8033 0.8276 0.8154 0.7718 07529 POYMOIpAIC; when <0.29, 1t 1s lowly polymorphic. In
OarFCB193 0.8684 0.8652 0.8340 0.5813 0.8360 0.7585 0.7757 this study, the calculated observed mean Ht for 23 microsatel-
MB067  0.7290 0.7102 0.8446 0.8543 0.8572 0.7252 0.7207 lite loci in the seven populations was 0.819 9 (0.245-0.941),
BMSI1724 0.723 1 0.7574 0.808 1 0.790 1 0.8270 0.7062 0.8577  the average value of Hs for the whole population was 0.711,
OuFCBAS 08167 08306 08380 0.7459 07139 08460 08683 e highest mean PIC value was 0.691 9 and the lowest mean
BMSS812 08118 0.8172 0.8144 08348 0.828 1 0.7272 08176 £2C Vvalue was 0.630 5, which showed the high genetic poly-
BMI236 07500 0.7131 0.8167 0.8689 0.8722 0.7822 07188 morphism in the seven populations. The BMO0203 and
BMCI1206 03750 0.3750 0.7523 0.3750 03750 0.3750 0.3750 BM6444 had the lowest PIC value (PIC <0.25), in all popu-
TGLAL3 03750 03750 03750 03750 03750 03750 03750  [ations the PIC value of BM0203 was 0.00. The PIC value of
Average  0.6508 0.6704 0.6919 0.6848 0.6660 0.6305 0.663 7

Table 4 Effective number of alleles (Ne) of 23 microsatellite loci in
seven goat populations

Locus CB HH FQ MT XH YB DY

MB023 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
MAF70 51806 7.3855 7.6492 7.5155 9.6000 6.5339 8.680 6
BMI1818  4.0294 7.7226 6.022311.6871 6.564 1 6.1955 4.449 1
BMS1290 1.867812.8805 6.4304 7.6627 5.2603 5.4433 3.693 6
INRAO63 28432 4.1504 5.2893 33616 5.3832 5.6627 4.3788
BM0203 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
MAF65 7.7814 5.2038 3.6491 3.8364 3.4699 3.2634 4.0152
BMS1678 7.0865 4.8972 9.6399 4.643110.2400 4.2161 5.2050
BM6444 25006 1.6512 27848 1.3741 1.0000 1.0000 2.497 1
BMS1943  7.0403 54948 6.6519 3.6980 5.6280 4.2024 6.823 0
BM6404 42053 5.1115 55638 4.7600 6.8479 6.6852 6.7500
BMS875  4.0000 4.1691 4.2349 42756 4.3595 4.4539 5.6819
BMC3224 3.5310 43441 6.0492 6.4021 6.1604 5.4419 3.890 6
BMSI1248 69189 5.8465 57410 6.5264 6.0872 5.0532 4.6425
OarFCB193 83252 8.1653 6.7431 28140 6.8368 4.760 6 5.097 7
MBO067 42935 39130 7.1346 7.5910 7.7576 42785 4.1654
BMS1724 4.1602 4.7103 58911 54260 6.5177 3.9661 7.736 4
OarFCB48 6.1603 6.6275 6.8542 4.5015 4.0070 7.1915 8.3726
BM315 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
BMSS812 59535 6.1687 6.0832 6.8054 6.5362 4.2545 6.2053
BM1236  4.5714 4.0877 6.1455 9.5910 8.5970 3.6000 5.320 1
BMC1206 2.0000 2.0000 2.0000 4.4848 2.0000 2.0000 2.000 0
TGLA13  2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
Mean 43239 48491 51112 4.8677 52110 4.1392 4.6350
St.Dev 2.1489 2.6705 22337 2.5830 2.6706 1.8084 2.1478

Information content of polymorphism (PIC) is a diversity
index. The higher the PIC value is, the greater the rate of
heterozygote, the more genetic information the locus provides
(Nyamsambaand Nozawa,2003). Generally, when PIC > 0.50,

locus BM6444 was 0.50 in Xiangdong black goat (XH) and
Yichang white goat (YB), but 0.243 2 in Matou goat (MT).
The medium PIC values (0.25-0.50) were BMO023 and
BM315, with an average of 0.375, so were BMC1206 and
TGLA13 except in Matou goat (MT). Except for the above
information, P/C values in all loci were more than 0.50. The
higher variability of microsatellite DNA, the higher was the
PIC value in each population. From this study, all loci were
polymorphic, which could provide a foundation for QTL
research (Wang et al., 2004), except BM0203 and BM6444.
However, even though BM0203 was homozygotic in each
population, it was variable among the seven populations.
BMo6444 displayed homozygosis in 2 populations, but was
heterozygotic in the other five populations, which is seldom
seen in microsatellite DNA research. Therefore, although
it had lower polymorphism in the two loci, it is still very
important for the researches on genetic relationship.

The number of effective alleles (NVe) was also an important
index to reflect the level of genetic variation. If the allele was
well-distributed in the population, the Ne would approach the
observed. In this study, the number of effective alleles (Ve) in
5 loci (MB023, BM0203, BM315, BMC1206 and TGLA13)
was equal to the observed. In BM6444, the number of
effective alleles (NVe) was equal to the observed in XH and
YB, and were close to the observed in other populations. In
BMS875 and BMS812, the number of effective alleles (Ne)
was very close to the observed, and the difference was less
than two alleles. Except for those mentioned above, the
number of effective alleles (Ve) on other loci was different
from the observed. Thus, we could conclude that these alleles
were not well-distributed in the goat population. This unbal-
ance could result from region isolation, artificial selection
and natural selection.
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4.2  Genetic dendrogram

Generally, different populations, which distribute in a similar
area, may have a coincided genetic foundation, because
ecological environments and artificial selection orientation
of populations are similar, resulting in similar gene migrating
efficiency. Our study encountered this result. Matou goat
(MT) and Xiangdong black goat (XH) were grouped at first
(D =0.207 2), then Fuqing goat (FQ), Daiyun goat (DY),
Yangtse River Delta white goat (CB), Huanghuai goat
(HH) joined them, respectively. Finally, Yichang White goat
(YB) clustered with all the above. Because YB came from a
mountain area (Yichang City of Hubei Province), which was
isolated from outsiders, the genetic relationships with the
other six populations were far.
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