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Summary The genetic consequences of population differentiation and isolation have been the subject

of conservation biology. In this study, we analysed the genetic diversity and structure of

Mongolian sheep in China. These animals belong to a traditional local breed with high

production, extensive adaption, early maturity and roughage resistance. For this purpose,

26 microsatellites were genotyped for five Mongolian sheep populations. The Bayesian

clustering indicated five clusters as the most probable genetic structure of the populations

investigated. In addition, a clear genetic structure was revealed in three populations dis-

tributed at large geographical scales, while the other cluster encompassed UQ and HLBR

sheep that displayed no clear differentiation, probably due to their close and small geo-

graphical distributions. Overall, our results are helpful in understanding the interplay of

population dynamics in these close genetic lineages of Mongolian sheep.

Keywords Chinese Mongolian sheep, genetic differentiation, genetic structure, micro-

satellite.

According to the traditional classification, Chinese indige-

nous sheep are separated into three groups: Mongolian

group, Tibetan group and Kazakh group (Zheng 1988). In

China, the total population of Mongolian sheep is estimated

at around 20 million (National Consultative Committee

2004). Mongolian sheep are distributed in pastoral and

agricultural areas extensively in northern China. They are

fat-tailed, produce quality meat and carpet wool, and have

sound body conformation, strong walking ability and

admirable adaptation to very different ecological conditions.

With long-term natural and human selection, habitat

change and cross-breeding, some local varieties have been

formed and are distributed in Inner Mongolia, Gansu,

Ningxia, Shanxi, Shandong and Zhejiang provinces in

China. Under the impact of invasion of exotic breeds and

cross-breeding between these and traditional breeds, over

15% of Chinese local sheep breeds are classified as in danger

of extinction (Ma et al. 2002), including several Mongolian

sheep populations, such as Lanzhou Large-Tailed sheep,

Tong sheep and Hanzhong sheep (Ma et al. 2002).

Although these sheep breeds originated from the Mongolian

group, they display different phenotypes and genetic char-

acters. Recently, studies of Chinese sheep have indicated

that the majority of Chinese local sheep breeds have high

genetic diversity and population (sub)structure (Ma et al.

2006; Yuan et al. 2006; Sun et al. 2007, 2010; Zhong et al.

2010). However, these reports do not provide in-depth

information about the genetic differentiation of Mongolian

sheep populations.

To assess the potential (sub)structure of Chinese

Mongolian sheep, the current study investigated the genetic

differentiation of five Mongolian sheep populations, along

with one introduced breed as reference, using 26 micro-

satellites (Table S1), of which 19 were from the panel rec-

ommended by ISAG/FAO for sheep diversity studies

(Hoffmann et al. 2004) and seven were from ILRI datasets

(Luo et al. 2009). Unrelated sheep of both sexes were ran-

domly sampled from five local conservation farms, 48

individuals per population [Ujumqin sheep (UQ) and Hul-

unbeier sheep (HLBR) from Inner Mongolia, Tan sheep

(TAN) from Ningxia, Hu sheep (HU) from Zhejiang and

Small-tailed Han sheep (STH) from Shandong]; one exotic

population from Australia but sampled in China was also
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used [48 Poll Dorset (PD)]. The laboratory work was carried

out in the framework of a FAO/IAEA coordinated research

project, and the experiment was performed as described by

Zhong et al. (2010).

Genotypic linkage disequilibrium and deviations from

Hardy–Weinberg equilibrium for each locus in each pop-

ulation were performed using GENEPOP v.3.4 (Raymond &

Rousset 1995). Diversity analysis was implemented in The

Excel Microsatellite Toolkit version 3.1.1 (http://animalgen

omics.ucd.ie/sdepark/ms-toolkit/index.php) and GDA v1.1

(http://en.bio-soft.net/dna/gda.html), and the diversity

information is shown in Table 1. The mean number of

alleles (MNA) was more than 6.8 and the HO values

ranged from 0.661 (STH) to 0.698 (TAN) in the five local

Mongolian sheep populations, indicating their high diver-

sity.

Because these five local populations belong to the Mon-

golian sheep group, sharing a common genetic background,

the tree-based hierarchical clustering of individuals to define

clusters of genetically similar populations was constructed

with a distance matrix derived from either Dps or Dkf using

MICROSAT v1.5d (http://hpgl.stanford.edu/projects/micro-

sat/). The PHYLIP program package version 3.5 (http://

cmgm.stanford.edu/phylip/#1) was used to construct the

neighbour-joining tree from the distance matrix. The

result file was entered into TreeView (http://taxonomy.

zoology.gla.ac.uk/rod/treeview.html) to find a suitable gra-

phic display. However, there were no obvious (sub)clusters

present in these Chinese Mongolian sheep populations based

on either the Dps or the Dkf distance matrix (Fig. S1).

The Bayesian model clustering was carried out using

STRUCTURE program version 2.0 (Pritchard et al. 2000).

STRUCTURE�s posterior probabilities of K, a log-likelihood of the

microsatellite data on 288 individuals given K clusters and

the corresponding DK statistic (Evanno et al. 2005), all

showed a peak at K = 5, indicating that five genetic clusters

were the best solution for the dataset. The estimated indi-

vidual membership coefficients were graphically visualized

using a computer program DISTRUCT version 1.1 (Rosenberg

2004). The potential structure was displayed in Fig. 1. In

the first round of STRUCTURE at K = 2, the defined clusters

appeared along plausible lineage origins. A clear distinction

was identified between the Mongolian group and the exotic

breed (PD). At K = 3, the TAN population was separated

first from the other four populations. Subsequently, the HU

and STH populations were identified as independent clusters

at K = 4 and 5, respectively, corresponding very well to

their different geographical distributions. It was noted that

no further cluster was detected at K = 6. The clustering

pattern at K = 5 elucidated a clear genetic structure among

the Mongolian sheep group, which was consistent with the

geographical partitioning of these populations, and there-

fore, we believe that the results at K = 5 give the solution

that captures most of the underlying genetic differentiation

among these five Mongolian sheep populations. T
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Ĥ
,

N
ei

�s
u
n
b
ia

se
d

g
en

e
d
iv

er
si

ty
;

N
P
A

,
n
u
m

b
er

o
f

p
ri
va

te
al

le
le

s;
ST

H
,

sm
al

l-
ta

ile
d

h
an

.

B
o
ld

le
tt

er
s

al
o
n
g

th
e

ri
g
h
t

d
ia

g
o
n
al

ar
e

p
ro

p
o
rt

io
n
s

o
f

n
o
n
-m

ig
ra

n
ts

.
St

an
d
ar

d
d
ev

ia
ti
o
n

is
g
iv

en
in

p
ar

en
th

es
es

.
Em

p
ty

ce
lls

re
p
re

se
n
t

m
ea

n
p
ro

p
o
rt

io
n
s

o
f

lo
w

er
th

an
0
.0

5
0
.

� 2011 The Authors, Animal Genetics � 2011 Stichting International Foundation for Animal Genetics, 42, 563–565

Zhong et al.564



To investigate whether immigration rates were consistent

with measures of population structure, we used a genetic

assignment method implemented in BAYESASS+ v1.3

(Wilson & Rannala 2003). As shown in Table 1, high

homogeneities were revealed in the TAN and HU popula-

tions, while the other three populations (UQ, HLBR and

STH) contained some level of unique Mongolian sheep ge-

netic background. This was in agreement with a previous

study (Zheng 1988), which reported that these populations

shared the same genetic origin despite their different mor-

phological characteristics.

Our study has demonstrated that natural and human

selection have contributed to the present high genetic

diversity and differentiation among the dispersed Mongolian

sheep populations in China. To conserve the current genetic

pool of these unique genetic resources, introgression and

cross-breeding must be prohibited on the conservation

farms.
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Supporting information

Additional supporting information may be found in the

online version of this article.

Figure S1 Neighbour-joining (NJ) trees of 288 individuals

based on Dps and Dkf distance matrixes. (a) NJ tree based on

Dps; (b) NJ tree based on Dkf.

Table S1 Information of 26 microsatellite loci used in this

study.

As a service to our authors and readers, this journal

provides supporting information supplied by the authors.

Such materials are peer-reviewed and may be re-organized

for online delivery, but are not copy-edited or typeset.

Technical support issues arising from supporting informa-

tion (other than missing files) should be addressed to the

authors.

Figure 1 Population structure of six sheep populations displayed with

individual Q-matrix.
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