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Summary

The genetic diversity and phylogenetic survey of native sheep breeds in
the eastern and southern Central Asia were assessed in the present
study. The clustering, principal components, structure and F statistics all
demonstrate that the native sheep breeds in these regions be classified
into two genetic groups: Mongolia-Tibetan sheep group and South-
Southeast Asia sheep group. The Mongolia sheep group and the Tibetan
sheep group had a certain degree of gene communication from the
ancient times. In the present study we demonstrated that the Chinese
native sheep populations belonged to Mongolia-Tibetan sheep group.
However, the relationships among the sheep populations in Mongolia
sheep group in China were not closely related to the geographical dis-
tance among sheep populations.
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Introduction

The maintenance of domestic animal diversity has
been emphasized in several reports (Hall & Bradley
1995; Kantanen et al. 1999). Domestic animal diver-
sity is critical for food security and essential to meet
unpredictable future requirements. To evaluate
genetic diversity of domestic animal breeds, statistical
measures derived from Wright's F statistics (Wright
1951) or phylogenetic techniques based on genetic
distances estimated from polymorphic markers (Hall
& Bradley 1995) have been the methods of choice.
Recently, Bayesian model-based clustering methods
have been proposed, which allow for the inference
of population structure and the assignment of
individuals to populations (Pritchard et al. 2000;
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Corander et al. 2003). Domestic sheep (Ovis aries)
have played important roles in diverse human socie-
ties as a source of food, hide and wool, and are one
of the major components of agro-pastoral societies
since the Neolithic. The phylogenetic study of sheep
breeds provides useful information on the evolution
of breeds, gene pool development and magnitude of
genetic differentiation (Kantanen et al. 2000).

The definition of a breed, as applied by the Food
and Agriculture Organization of the United Nations
(FAO), is based on the homogeneity of external
characteristics, or on a generally accepted identity of
animals of a geographically or culturally separated
group (FAO 1998). China has a centuries-old history
of breeding sheep, with more than 40 local sheep
breeds, which serve as important genetic resources
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for the sustainable development of animal produc-
tion and the preservation of biological diversity
(Wang et al. 2006). These breeds are distributed from
the high Qinghai-Tibet Plateau to the lowland of
East China (Tu et al. 1989). Based on the morphol-
ogy and the distribution of wild sheep populations
of 0. ammon, it was hypothesized that Chinese
domestic sheep derived from wild sheep populations
of O. orientalis and 0. ammon (Tu 1989). However,
molecular phylogenetic analyses have excluded
0. ammon as the maternal ancestor of domestic sheep
(Hiendleder et al. 1998, 2002; Wu et al. 2003). The
polymorphic analysis of sheep populations in East-
and South- Asia was done based on morphology and
blood protein, and this provided important data to
elucidate the phylogenetic group of sheep popula-
tions from these regions (Tsunoda et al. 1988, 1992,
1993, 1995, 1998a,b, 1999, 2004).

This study is important for decisions concerning
breed conservation; breeds with a unique evolution-
ary history could potentially have a value in the
maintenance of genetic diversity at the species level
(Hall & Bradley 1995). We used Hu sheep, Tong
sheep, Tan sheep, small-tailed Han sheep and Wadi
sheep as subjects to explore the genetic structure
and relationships within the Mongolia sheep group
and put forward further rational information for the
utilization and protection of these breeds. And this
study may also put forward some information for
the sustainable development of sheep production
and the preservation of biological diversities of
native sheep breeds in the eastern and southern
Central Asia.

Materials and methods
Materials

Blood samples from 337 domestic sheep representing
five sheep populations were collected from different
location throughout China according to the simple
random sampling method. These breeds were
(Hu sheep, n = 63; Tong sheep, n = 65; Small-tailed
Han sheep, n = 60; Tan sheep, n =73 and Wadi
sheep, n = 76). Blood samples were transferred to
the Animal Genetics Laboratory, College of Animal
Science and Technology, Yangzhou University,
China, and stored at —20°C. In addition, 10 Asian
native sheep populations detected by foreign scholars
were used as a reference; the origin of population is
illustrated in Table 1. Geographical distribution of 15
native sheep breeds in the Eastern and Southern
Central Asia is shown in Figure 1.
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Blood protein and non-protein typing

Eighteen blood protein and two non-protein loci
include: albumin (Alb), gc-protein (Gc), transferrin
(Tf), alkaline phosphatase (Alp), leucine aminopepti-
dase (Lap), arylesterase (Ary-Es), haemoglobin-o
(Hb-2) and haemoglobin-f (Hb-f), x-protein (X-p),
carbonic anhydrase (CA), catalase (Cat), malate
dehydrogenase (MDH), slow-a2-macroglobulin
(x2-M), ceruloplasmin (Cp), nadh-diaphorase I (Dia-
I) and nadh-diaphorase-II (Dia-II), glucosephosphate
isomerase (GPI), and esterase D (EsD), lysine (Ly)
and potassium (Ke) were determined electrophoreti-
cally and ion-densitometrically. The starch-gel, poly-
acrylamide-gel, cellulose acetate film electrophoresis
and polyacrylamide-gel isoelectric focusing were
used. The staining procedures for separating and
detecting the blood protein and non-protein compo-
nents were conducted according to the standards
universally accepted in the neighbouring countries
of China (Tsunoda ef al. 1988, 1990, 1992, 1995,
1998a, 1999, 2004; Seiki ef al. 1989; Gahne et al.
1977).

Statistical analysis

Gene frequencies of polymorphic loci were com-
puted by two methods, the square root method for
dominant locus: Ary-Es, Alp, Lap, Ly, X-p and Ke
loci, and gene counting method for co-dominant
locus: Alb, Tf, Hb-f, MDH, Cat, EsD, Gc, CA, Dia-I,
Dia-II, Hb-o, Cp, a,-M loci (Tsunoda et al. 1990). The
reliability was calculated using the following for-
mula, which ensures that the estimate does not
deviate from the true value more than 0.5 times (f),
and the relative deviation when the reliability
reaches 0.9545(n) (Chang 1995).

B = /OQe_\/Z_ZM n=2[v(p)|p!

In this formula, P and V(p) represents gene fre-
quency and its gene variance, respectively; 4 is the
standard error of deviation of the estimate, calcu-

lated based on the following formula.
J=05=[V(p)F
Genetic differentiation analysis was carried out by
four methods:

First, Nei genetic distance (Nei 1978) was calcu-
lated among 15 sheep populations, and consensus
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Table 1 Summary of 15 native sheep populations in the region of East and South of central Asia

Number of
Population Abbreviation Number Sampling location individuals Reference
Kharkhorin sheep Kh 1 The suburbs of Kharkhorin 99 Tsunoda et al. 1999
in Central Mongolia
Ulaanbaatar sheep Ub 2 The suburbs of Ulaanbaatar 97 Tsunoda et al. 1999
in Central Mongolia
Small-tailed Han 3 Liangshan, Shandong Province 60 This study, 2008
Han sheep of China
Hu sheep Hu 4 Huzhou, Zhejiang Province of China 63 This study, 2008
Tong sheep Tong 5 Baishui, Shanxi Province of China 65 This study, 2008
Tan sheep Tan 6 Yanchi, Ningxia Province of China 73 This study, 2008
Wadi sheep WD 7 Dongying, Shandong Province of China 76 This study, 2008
Yunnan sheep Yunnan 8 Lufeng and Lunan,Yunnan 35 Tsunoda et al. 1995
Province of China
Viethnamese Cham 9 The Ninh Son district in Ninh Thuan 34 Tsunoda et al. 1998b
Cham sheep Province of Vietnam
Bangladeshi sheep Ban 10 Jessore, Khulna, Mymensingh and 76 Tsunoda et al. 1988
Noakhali area of Bangladesh
Bhyanglung sheep Bhy 1" Kathmandu city and Ghara area of Nepal 11 Tsunoda et al. 1992, 1993, 1995
Baruwal sheep Bar 12 Solu area, Kathmandu city 43 Tsunoda et al. 1992, 1993, 1995
and Ghara are of Nepal
Kagi sheep Kag 13 Kathmandu city and Chitlang farm of Nepal 41 Tsunoda et al. 1992, 1993, 1995
Lampuchre sheep Lam 14 Narayangath, Somnath-parasi and 22 Tsunoda et al. 1992, 1993, 1995
Lumbini area of Nepal
Myanmar sheep c-Mya 15 Bagan, Marway and Mandalay of Myanmar 124 Tsunoda et al. 2004

tree UPGMA based on Bayesian clustering model
was reconstructed and was implemented in NTSYS-
pc software package version 2.1 (Exter Software,
Setauket, NY, USA) (Rohlf 2000). Second, a princi-
pal component analysis (PCA) based on the covari-

ance matrix of gene frequencies was performed
using sas statistical package version 6.12 (SAS Insti-
tute Inc., Cary, NC, USA). This analysis absorbs the
information of allele frequencies into small number
of synthetic variables; it was performed because
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Figure 1 Geographical distribution of 15
native sheep breeds in the eastern and
southern Central Asia.

o Hrumci

w

*lpy

Harbin
.

Changchun

Kh »

Shenyang
.

Biijing m &
_ * o
é i Tiamin-c,l
I ! A
Tan inehuan | {0 dinan g
\ | Tabyuan
Tong Lanzhou, > ) .

HIN

MONGOLIA

Bactou
e

| .y
wan |~ " Zhengzhou
.

Wuhan !

- [
.Chengduj'- L "~ Hangzhou Han
4 Changsha -
- N . Manchang
_—" Chongging
! . Guiyang Q Hu
.I,L."P_"T,n-g; A Guangzhou Tatwan
< et

-Na,l?gfr) Furnan

© 2010 Blackwell Verlag GmbH e J. Anim. Breed. Genet. (2010) 1-10



Phylogeographic system survey of native sheep breeds

genetic distances do not take into account the effect
of reticulation between branches. The principal com-
ponent values were used to draw two dimensions
(2D) and three dimension (3D) scatter plot charts
implemented in NTSYS-prc software package version
2.1 (Rohlf 2000).

Third, sTRUCTURE version 2.0 (Department of
Human Genetics, University of Chicago, Chicago, IL,
USA) (Pritchard et al. 2000) was implemented to
determine the most likely number of partitions in
the dataset and independence of breed assignment.
To estimate the number of clusters (K), two inde-
pendent runs of K=2 to 15 were carried out at
10 000 MCMC repetitions and 1 000 000 burn-in
period with the admixture model. The most likely
number of K was estimated by comparing the log-
likelihood of each K-value. Populations were then
assigned to a subpopulation based on a membership
probability q = 50%. The output of STRUCTURE was
visualized by the DISTRUCT program (http://
rosenberglab.bioinformatics.med.umich.edu/distruct.
html).

Fourth, for dominant locus, total heterozygosity
(Ht), genetic diversity within populations (Hg), and
genetic differentiation among populations (Ggr) were
estimated according to Nei (1973), all the assessed
genetic parameters (Hy, Hg and Ggr) were computed
using pisPAN software packages (Institute of Molecular
Evolutionary Genetics, The Pennsylvania State Uni-
versity, PA , USA) (Ota 1993). For co-dominant locus,
population subdivision was examined using Weir and
Cockerhams unbiased estimator of Wright's fixation
index (Weir & Cockerham 1984), all F-statistics (Fis,
Fir and Fgr) were computed using POPGENE version
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1.31 software packages (Department of Renewable
Resources, University of Alberta, Edmonton, Canada)
(Yeh et al. 1999).

Results
Gene frequencies and their reliability and precision

The estimates of gene frequencies, reliability and
precision for the five sheep populations are pre-
sented in (Supplementary Tables S1-S5). Among the
20 loci tested, Al, Cp, Ca, EsD, «2M, Hb-a, Dia-II
and GPI loci were found non-polymorphic.The most
polymorphic loci were detected in Hu sheep (13 loci)
and Tong sheep (12 loci). Gene frequency was sig-
nificantly variable among the five sheep populations
studied as indicated in supplementary tables
(Tables S1-S5).Generally, using simple random sam-
pling methods in typical sheep colony, the estimates
of gene frequencies had a good reliability; hence the
samples could be used to evaluate the breed fea-
tures.

Genetic distance and phylogenetic reconstruction

The UPGMA consensus tree was constructed among
15 sheep populations based on Nei genetic distance
(Figure 2). It could be seen from the results that Ub
and Kh sheep were clustered first, and Tong sheep
was clustered with Tan sheep followed by Hu sheep,
while Han sheep showed a close relationship with
WD sheep. The clustering of five main sheep breeds
in China with Ub and Kh sheep, demonstrated that
they had a close relationship with Mongolia sheep.
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Figure 2 The dendrogram showing the
genetic relationships among 15 native sheep
populations in the eastern and southern
Central Asia. Numbers at the nodes are the
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Our results proved that the 15 sheep populations in
the eastern and southern Central Asia could be clas-
sified into two groups: Mongolia-Tibetan sheep
group (Ub, Kh, Hu, Han, Tong, Tan, WD, Bhy and
Bar sheep), and South-Southeast Asia sheep group
(Yunnan, Ban, Kagi, C-Mya, Cham and Lam). The
Mongolia sheep group had a closer relationship with
Tibetan sheep group, because they belong to the
same ancestor compared with South -and Southeast
Asia sheep.

Principal components analysis of sheep populations

Eigenvalue and accumulative contribution rate were
calculated by principal components analysis based
on the Nei genetic distance among 15 populations.
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Figure 3 2D Scatter plot showing the first two principal components
(PRINT and PRIN2) of 15 sheep populations in the eastern and south-
ern Central Asia.
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Figure 4 3D Scatter plot showing the first three principal compo-
nents (PRINT, 2 and 3) of 15 sheep populations in the eastern and
southern Central Asia.
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The accumulative contribution rate of the first eight
principal components was up to 86%, among which
the first three principal components were 50%. The
first, the second and the third explained 23, 14 and
12% of total variation, respectively. The principal
components of 15 sheep populations were calcu-
lated, and then the 2D and 3D scatter plot charts
were drawn based on the principal component val-
ues (Figures 3 and 4).

The analysed 15 sheep populations were classified
into two groups: South-Southeast Asia sheep group
(Yunnan, Ban, Kagi, C-Mya, Cham and Lam) and
Mongolia-Tibetan sheep group (Ub, Kh, Hu, Han,
Tong, WD, Bhy and Bar sheep) (Figure 2). From the
2D chart, we could not differentiate Mongolia sheep
from Tibetan sheep, which indicated that Mongolia
sheep was closer to Tibetan sheep compared with
South-Southeast Asia sheep. While from 3D chart in
Figure 4 we could find that the first principal com-
ponent separated Ban, Kagi, C-Mya, Cham and Lam
from other sheep populations, and also separated
Ub, Kh, Han, Tong, WD, Bhy and Tan sheep from
other sheep populations, while Bar and Yunnan
sheep were in the middle of both groups but closer
to the latter. The second principal component sepa-
rated Bar, Han, Tong, WD, Bhy and Tan sheep from
other sheep populations. The third one separated
Hu, Han, Tong and Ban sheep from other sheep pop-
ulations and also separated Ub, Bhy and Yunnan
sheep from other sheep populations and cluster the

Table 2 The estimated membership probabilities of 15 sheep popula-
tions to different clusters

Inferred Inferred clusters
clusters
Number of

Give pop 1 2 1 2 3 individuals
Hu 0.254 0.746 0.727 0.170 0.103 63
Tong 0.339 0.661 0.601 0.239 0.160 65
Han 0322 0678 0395 0452 0.154 60
Tan 0.217 0.783 0.472 0.435 0.093 73
WD 0.287 0713 0239 0632 0.129 76
C-Mya 0.855 0.145 0.121 0.082 0.798 116
Ub 0.257 0743 0557 0322 0.120 100
Kh 0300 0.700 0454 0387 0.159 100
Cham 0.773 0.227 0.069 0.325 0.606 34
Yunnan 0.493 0507 0286 0438 0.276 35
Ban 0.838 0.162 0.143 0.081 0.776 76
Bar 0.311 0.689 0.267 0.578 0.155 43
Bhy 0.248 0.752 0.067 0.878 0.055 41
Kagi 0.807 0.193 0.084 0.196 0.720 41
Lamp 0.867 0.133  0.046 0.149  0.805 22

Numbers in bolds indicated the maximum values.
For the abbreviations of sheep populations refer to Table 1.
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others in the middle. The 2D and 3D scatter plot
charts reflect the genetic diversity and relationships
among sheep populations. In the present study the
relationships among sheep populations was not con-
sistent with cluster results in Figure 1, because the
first three principal components contributed only
50.172% of the total variations.

Breed assignment

The results of the estimated membership probabili-
ties of 15 sheep populations to different clusters
were calculated. The genetic composition of the 15
populations was studied using STRUCTURE package
with K =2, 3,..., 15. The results of the estimated
membership probabilities of 15 sheep populations to
two clusters and three clusters are shown in Table 2
and Figure 5. The 15 populations were classified into
two group when K = 2: Mongolia-Tibetan sheep
group (Yunnan, Ub, Kh, Hu, Han, Tong, WD, Bhy
and Bar sheep) and South-Southeast Asia sheep
group (Ban, Kagi, C-Mya, Cham and Lam), the clas-
sification is same as in Figure 2. Based on STRUCTURE
analysis, Yunnan sheep was classified to Mongolia-
Tibetan sheep when the probability was 0.5107 and
to South-Southeast Asia sheep when the probability
was 0.493. However, when K = 3, the 15 popula-

W. Sun et al.

tions were classified into three groups, Mongolia
sheep group, Tibetan sheep group South-Southeast
Asia sheep group. Among the Mongolia sheep group,
the probabilities of Tong and Hu (0.73 and 0.60,
respectively) were higher than Tan (0.47), indicating
the close relationship between Tong and Hu. Yun-
nan sheep was classified to Mongolia-Tibetan sheep
when the probability was 0.51 and to South-South-
east Asia sheep when the probability was 0.49, and
the similarity of both wvalues inferred a complex
bloodline of Yunnan sheep. When K = 3, Ban, Kagi,
C-Mya, Cham and Lam were grouped together, but
the Mongolia-Tibetan sheep diverged: Bar, Bhy and
Yunnan sheep were grouped together, while Hu,
Tong, Tan sheep were clustered together, Kh with
Ub sheep were clustered, and Han with WD sheep
were clustered, then the three clusters were grouped
together. Yunnan sheep was grouped together with
Bar and Bhy sheep when K = 3, indicating that the
bloodline of Yunnan sheep was influenced by Tibe-
tan sheep.

F-Statistics of co-dominant and dominant locus in
sheep population

The F-statistics of the eight co-dominant loci across
populations showed that the 18% of the variations

Figure 5 structure analysis of five Chinese indigenous sheep populations in the eastern and southern Central Asia, with K = 2 and 3.

Table 3 The estimated F-Statistics of co-dominant and dominant locus of sheep populations

Loci
Co-dominant locus Dominant locus
Group Sample size Mean Fis Mean Fit Mean Fst Sample size Mean Hy Mean Hg Mean Gst
Mongolia sheep group 1062 0.0895 0.1414 0.0571 529 0.3227 0.3044 0.0568
Tibetan sheep group 168 0.1914 0.3807 0.2341 84 0.2167 0.1960 0.0957
South-Southeast 648 0.0779 0.2052 0.1381 324 0.3261 0.2882 0.1162
Asia sheep group
Multiple population 1878 0.0937 0.2600 0.1834 937 0.3334 0.3099 0.0703

Fis, inbreeding coefficient at the population level; Fit, inbreeding coefficient at the total sample level; Fst, proportion of differentiation among popu-

lations.

Hr, total genetic diversity; Hs, mean diversity within populations; Gst, amount of gene diversity within the populations and between populations.
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was inter-population, while 82% of the all variations
were due to intra-population genetic variations.
Among the three groups the highest (Fst = 0.23)
gene divergence coefficient was found in Tibetan
sheep group, while the lowest (Fst=0.06) was
found in Mongolia sheep group (Table 3). The gene
divergence level of the 15 sheep populations was
generally low (Ggr = 0.07) when F-statistics for six
dominant loci across populations are estimated. The
highest inter-population variation was (Ggt = 0.12)
among South-Southeast Asia sheep group, while the
lowest was (Gsr = 0.06) among Mongolia sheep
group (Table 3). Combining the data from both loci,
we found that the inter-population variation of
Mongolia sheep group was smaller, while the inter-
population variation was higher among South-
Southeast Asia sheep and Tibetan sheep group.

Discussion

The phylogeny of sheep populations in the East and
South Asia

In the present study sheep populations in Eastern
and Southern Central Asia were grouped into Mon-
golia-Tibetan sheep group and South-Southeast Asia
sheep group. Tsunoda et al (1990) grouped the
sheep of these regions into Mongolian group, Tibe-
tan group and Indo-Pakistan group. Later they
detected four sheep breeds including Bhy, Bar, Lam,
and Kagi, in which Bhy and Bar were described as
‘Tibetan Sheep group’, while Lam and Kagi were
described as ‘Indo-Pakistan sheep group’(Tsunoda
et al. 1993). In the present study we described Lam
and Kagi as a member of ‘South-Southeast Asia
sheep group’, because the Indo-Pakistan sheep group
proposed by Tsunoda ef al. (1993) did not include
Myanmar and Vietnam sheep. Moreover, the further
investigation also revealed that their population data
lacked the Mongolia sheep group of China. Further,
they suggested that at least two large and phyloge-
netically different groups existed in East Asia, located
in the boundary of Himalayas (Tsunoda et al. 2006).
In previous study we showed that South Asia group
contained both Tibetan sheep and South-Southeast
Asia sheep group (Sun efal. 2002), while in the
present study we found that the Mongolia sheep
group and Tibetan sheep group had a certain degree
of gene communication. F-statistic analysis also
showed that there were higher inter-population vari-
ation between South-Southeast Asia sheep and Tibe-
tan sheep. Therefore, it is more reasonable to classify
the sheep populations in the eastern and southern

© 2010 Blackwell Verlag GmbH e J. Anim. Breed. Genet. (2010) 1-10
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region of Asia into Mongolia -Tibetan sheep group
and South-Southeast Asia sheep group.

Geng et al. (2007) demonstrated that the 15 native
sheep populations in East and South Asia can be
divided into two groups using 13 blood protein and
non-protein loci. Lu et al. (2005) indicated that
small-tailed Han sheep and Hu sheep were from
Mongolian sheep. Hu sheep, small-tailed Han sheep,
and Cham Tribe sheep were decreasingly affected by
Mongolian sheep bloodline (Lu et al. 2005), he
detected only Han sheep with 12 blood protein and
non-protein loci, and other sheep populations from
coastal areas in East Asia were regarded as refer-
enced population. In the previous study we found
that Mongolia sheep was the origin of Tong sheep
(Sun et al. 2007).

All sheep breeds in China except those from
Qingzang plateau and its adjacent region originated
from ancient Mongolian sheep (Xie 1985). The pre-
vious studies (Sun 2006; Zou et al. 1994; Lei 1999;
Animal Bureau of Shandong Province 1999; Li 1993;
Animal Bureau of Ningxia Province 1984; Animal
Bureau of Gansu Province 1986; Animal Bureau of
Shandong Province 1999; Ran efal. 1998; Shan
1983) support our findings that the five sheep popu-
lations (Hu sheep, Tong sheep, Tan sheep, small-
tailed Han sheep and Wadi sheep) were separated
and originated on different stages. Thereafter, in the
process of natural and artificial selection in different
ecological environments and through genetic differ-
entiation, the relationships among five sheep popu-
lations were not closely linearly correlated with their
geographical distribution. In agreement to our results
Chen et al. (2006) used mtDNA of 19 populations
from 13 geographical regions, they found that the
multidimensional scaling of population pairwise Fst
genetic distances among populations were not in
harmony with their geographical locations, and
there was no significant geographical structuring of
mtDNA variation among Chinese sheep populations
(Chen et al. 2006). The five sheep populations used
in the present study are genetically importance com-
pared to the other sheep breeds, and our findings
could be extended to all local sheep breeds in the
Mongolian sheep group.

Cluster and principal component scatter plot analysis

STRUCTURE software is regarded as an ideal analytical
tool for studying population genetic structure with
many successes (Collins-Schramm et al. 2004; Heidi
et al. 2004; Ibeagha-Awemu & Erhardt 2005; Schel-
ling et al. 2005). The analysis presumes that every
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individual in any group has the same ancestor and
estimates the probability of individuals in the group.
If a probability exceeds 80% the individual is
assigned to the group (Pritchard et al. 2000; Falush
et al. 2003). The cluster analysis based on genetic
distance combines all genetic data into one value
and may lose some useful information. The blood-
line grouping of populations within species is
dynamic and fuzzy and inter-population multidirec-
tional gene flow still continues. Therefore, the dis-
tance clustering could not reflect well population
breeding process. Principal component scatter plot
analysis is an effective complement for phylogenic
tree and it tends to support the phylogenic results.
Cavalli-Sforza et al. (1994) indicated that the princi-
pal component scatter plot analysis would be better
than phylogenic tree, because it provided genetic
communication among geographically close popula-
tions. 2D and 3D principal component scatter plot
charts would reveal the actual relationship among
populations to a certain degree.

Conclusions

In the present study the native sheep breeds in the
eastern and southern Central Asia were classified into
two genetic groups: Mongolia-Tibetan sheep group
and South Asia-Southeast Asia sheep group. Mongo-
lia sheep group and the Tibetan sheep group had a
certain degree of gene communication.We found that
the relationships among the sheep populations in
Mongolia sheep group in China were not closely
related to the geographical distance among sheep
populations. This study may put forward some infor-
mation for the sustainable development of sheep pro-
duction and the preservation of biological diversities
of native sheep breeds in the east and south region of
Central Asia and the Mongolia sheep group of China.
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