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Summary The purpose of this study was to assess the genetic characteristics of six breeds of Chinese

local sheep using 19 microsatellite loci and to effectively validate statistical methods for

individual assignment based on informative microsatellites. All the six breeds deviated from

Hardy–Weinberg equilibrium expectations, while the majority of markers complied. The

polymorphism information content (PIC) of overall loci for the six populations ranged from

0.283 (SRCRSP5) to 0.852 (OarVH72). Tibetan sheep were the most diverse population

with the highest mean allelic richness (6.895), while Ujmuqin (UQ) harboured the lowest

allelic richness (6.000). The F-statistics for the six populations were FIS = )0.172,

FIT = )0.082 and FST = 0.077, respectively. Furthermore, the pair-wise FIS revealed a

moderate genetic differentiation among populations (P < 0.01), indicating that all breeds

can be considered genetically independent entities. The lowest genetic differentiation was

between Tengchong (TC) and UQ (FST = 0.041), and the highest one was between TC and

Fat-tailed Han (FST = 0.111). In comparing the three statistical models, we note that the

seven microsatellite loci (MAF65, OarJMP58, SRCRSP9, MCM140, OarAE129, BM8125

and SRCRSP5) commonly used for individual assignment will ensure a powerful detection of

individual origin, with accuracy up to 91.87%, when the likelihood-based method is used.

Overall, these findings shed light onto the genetic characteristics of Chinese indigenous

sheep and offer a set of microsatellite loci that is simple, economic and highly informative for

individual assignment of Chinese sheep.

Keywords Chinese local sheep, genetic characteristics, individual assignment, microsat-

ellite.

As one of the earliest livestock species to be domesticated,

sheep (Ovis aries) are distributed in broad areas, especially in

China. Because of complicated topography, great gaps in

altitude, and long distances between hinterland and ocean,

China has diversified ecological conditions and climate types

(North Temperate Zone and Subtropical Zone), which have

profoundly influenced the formation and distribution of

domestic animal diversity (National Consultative Committee

2004). It has been reported that there are 79 sheep breeds

(31 indigenous, 9 cross, 10 introduced and some undocu-

mented breeds) in China (Ma et al. 2002). During long-term

adaptation to local environments, many specific merits have

accumulated in local sheep populations, such as high

reproductive rates, high productivity, and resistance to

disease. However, many breeds have been identified as being

in danger of extinction because of blind crossbreeding that is

being carried out without enough attention being given to

conservation. For effective and accurate management of

livestock breeds and assurance of food safety in both

domestic and global trade, the traceability of individuals to

their source breed is also becoming more and more impor-

tant (McKean 2001). Microsatellite markers (MS) were

identified as an effective tool in individual assignment and

genetic variation surveys several decades ago (Tadano et al.

2008; Boitard et al. 2010; Spencer et al. 2010). Here, we

describe the genetic variation of Chinese local sheep and

identify an optimized set of microsatellite loci that may be

used for individual assignment of Chinese sheep.

Unrelated sheep of both sexes were randomly collected

from in situ preserved farms located in six geographically

separated provinces in China (Fig. S1). A total of 237

Address for correspondence

L. X. Du, National Centre for Molecular Genetics and Breeding of

Animal, Institute of Animal Science, Chinese Academy of Agricultural

Sciences, Beijing 100193, China.

E-mail: lxdu@263.net

Accepted for publication 2 February 2011

� 2011 The Authors, Animal Genetics � 2011 Stichting International Foundation for Animal Genetics, 43, 108–111108



samples were collected from six local sheep populations:

Fat-tailed Han (FTH), Tibetan (TB), Kazakh (HZK), Hu

(HU), Ujmuqin (UQ) and TengChong (TC) (Table 1). Sam-

ples were selected according to tail phenotype, which was

the main basis of breed classification in China (Zheng

1988) and trended to be less affected by artificial selection.

FTH is a breed famous for lambskin and meat quality,

especially with their long fat tails: the weight of the fat tail

is around 10.5 kg. HZK has a long domestic history (Zheng

1988) and adapts well to pasture areas, resulting in its

high meat production. TB and TC originate from Tibetan

breeds and were domesticated separately by geographical

isolation. HU is distributed south of the Yangtze River, is

well adapted to the local damp climate, and is famous for

the quality of its wool and strong ability to reproduce.

Lastly, UQ is located in the north of China (Inner Mongo-

lia) and is a breed raised for mutton. Ear tissue was

collected and stored at )70 �C in 75% ethanol. Genomic

DNA was extracted following the phenol–chloroform

method (Sambrook et al. 1989).

Nineteen MS from the panel recommended by FAO were

used in this study (Table S1). Deviations from Hardy–

Weinberg equilibrium (HWE) for each locus in each

population were performed using GENEPOP v.3.4 (Raymond &

Rousset 1995). The polymorphism statistics were imple-

mented in the EXCEL MICROSATELLITE TOOLKIT version 3.1.1

(Park 2001) and CERVUS 3.0 program (Kalinowski et al.

2007). Wright�s F-statistics were calculated using FSTAT

v.2.9.3 (Goudet 1995). A hierarchical analysis of variance

was carried out using the molecular variance (AMOVA)

implemented in the ARLEQUIN 3.5.1.2 package (Excoffier et al.

2005). Genetic distances were estimated by Dispan (Ota

1993) and MICROSAT v1.5d (Minch 1997). Individual

assignment was estimated by STRUCTURE v2.2 (Pritchard

et al. 2000), GENECLASS2 (Piry et al. 2004) and WHICHLOCI

(Banks & Eichert 2000), respectively.

In general, the six breeds have a high genetic variation,

which is consistent with previous studies (Sun et al. 2007;

Zhong et al. 2010). All other loci displayed high-level

polymorphisms, except SRCRSP5 and ILSTS11, and the

polymorphism information content (PIC) ranged from

0.283 (SRCRSP5) to 0.852 (OarVH72). Detailed informa-

tion is listed in Tables 1 & S1. The majority of the markers

did not show deviation from HWE, while the populations

were a departure from HWE (suggesting unnatural mating

among those populations; data were omitted).

F-statistics of overall loci are FIS = )0.172,

FIT = )0.082, FST = 0.077 (Table S1), which indicate an

excess of heterozygotes likely reflecting household-based

management and moderate genetic differentiations. Both

F-statistics and AMOVA analysis revealed a significant genetic

differentiation among populations (Tables S1 and S2). In

addition, distances data also indicate that the six sheep

breeds can be considered to be genetically independent

entities. The highest genetic differentiation was revealed T
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between TC and FTH, while the lowest was between TC and

UQ (Table 2). TC and FTH had different tail types and were

separated by geography, which was consistent with the

clustering results of Zhao et al. (2006). The most likely

number of groups identified by STRUCTURE was K = 5. In view

of breed phenotype (tail type), these results clearly presented

the following groups: (i) FTH, long fat-tailed, (ii) HZK, fat

rumped, (iii) TB, short thin-tailed, (iv) HU, short fat-tailed,

and (v) TC and UQ. However, a discrepancy was revealed in

the last group. TC (short thin-tailed) is a breed of Yunnan

sheep without explicit domestic histories. Based on mtDNA

analyses, three lineages have been detected in Yunnan

sheep, as in Mongolian sheep (Guo et al. 2005; Chen et al.

2006). These studies indicated that the TC shares some

genetic ancestry with UQ, which should also be revealed in

Fig. S3. Furthermore, Zhong et al. (2010) also found obvi-

ous genetic differentiation between HU and UQ populations

(representing fat-tailed type), which was consistent with our

findings.

Seven loci (MAF65, OarJMP58, SRCRSP9, MCM140,

OarAE129, BM8125 and SRCRSP5) were identified by

WHICHLOCI with 95.5% accuracy in assignment testing

(Banks et al. 2003). The results of assignment testing are

shown in Table 1. Maximum likelihood in WHICHRUN,

Bayesian in GENECLASS, and frequency showed the same

mean assignment correct percentage (91.87%). Three dis-

tance methods (DS, DA and DAS) obtained a mean 91.82%

accuracy, and DA was slightly better than the others.

Although STRUCTURE has been used to identify and assign

subgroups in many other studies, the accuracy was only a

maximum of 88.35% in our study. This may be explained

by high genetic diversity included in the population data

sets (Leroy et al. 2009). For assignment testing in Chinese

local sheep, at least seven MS loci were confirmed effectively

and powerfully. The six breeds represented the main mor-

phology characteristics of the three indigenous sheep

groups in China (Mongolian sheep, HZK sheep and TB

sheep) (Zheng 1988). In general, our study was similar to

previous work in goats (Fan et al. 2008) and beef cattle

(Mukesh et al. 2009). Our study also reiterated the resolu-

tion of the Bayesian approach for correct assignment in

comparison to genetic distance-based methods. Substan-

tially high assignment accuracies for the FTH and HZK

breeds indicate the relative isolation of genetic structure,

while lower assignment rates for the TB, TC, HU and UQ

breeds highlight the existence of some admixtures (Figs 1 &

S2).

At present, the genetic diversity of livestock is facing a

global �livestock meltdown�, as suggested by ILRI experts. In

addition to genetic variation assessment, individual assign-

ment testing is also an important part of the future con-

servation management of livestock breeds.
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