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Genetic Differentiation among Four Chinese Sheep Breeds
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Abstract: Gene flow was analyzed among 4 Chinese sheep breeds of Mongolian group by structural loei and
microsatellite markers. The results showed that genetic differentiation coefficient obtamned from structural loci
was 0.0164-0.0455, while, obtammed from microsatellite loci was 0.0107-0.0239, indicating that genetic
differentiation level was very low among 4 sheep breeds. Analysis of Molecular Variance (AMOVA) test
indicated that most variations existed within breeds. Gene flow was fluent among breeds reflected from
structural loct (Nm = 7.971) and microsatellite loci (Nm = 15.732). No obvious relevance existed between genetic
difference and geographical distance. The findings demonstrated that genetic differentiation of sheep

breeds of Mongolian group in China was
environmental conditions).

mainly

the impaction of natural selection (different
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INTRODUCTION

Native sheep breeds m China can be divided mto
three groups, that is, Mongolian group, Hazake group and
Tibetan group (Zhou et ai., 1994). The Mongolian group
15 the dommant one, meluding several local breeds with
special advantages as a result of selection, hybrid,
natural environments and other factors. The timing of
separation for the local breeds within the Mongolian
group was about 1100 years ago, that was from Iin
dynasty to Tang dynasty approximately (Geng, 2002).
These local breeds were widely distributed in pasturing
region, agricultural regionand interlaced region. They
were domesticated in different way. Owing to wide
geographical distribution and compatibility, these breeds
hold some differentiation among them in morphological
characters, ecological characters and genetic features
(Sun et al., 2003; Yang et al, 2003; Lu ef al, 2004,
2005). In this study, 2 genetic markers of structural loci
and microsatellite loci were used to analyze gene flow
among 4 sheep breeds of Mongolian group, revealing
genetic relationship  between
geographical distribution and genetic distance. Tt also
provided evidences for phylogeny status of Mongolian
sheep group.

differentiation and

MATERIALS AND METHODS

Applying simple random sampling methods n typical
colony in the central area of habitat, 63 Hu sheep (Hu), 65
Tong sheep (Tong), 60 Small-tailed Han sheep (Han) and
73 Tan sheep (Tan) were selected from Huzhou of
Zhejiang province, Baishui of Shanxi province, Liangshan
of Shandong province and Yanchi of Ningxia province,
respectively. Blood samples were collected and treated
according to references (Geng et al., 2003). The genome
DNA was extracted by common method described by
Sun et al. (2004).

Experimentation: Starch gel electrophoresis was used to
determine varations of 13 structural loci encoding
Albumin (Al), Transferrin (Tf), Alkaline phosphatase
(Alp), Arylesterase (Ary-Es), Leucine ammopeptidase
(Lap), Hemoglobin-|p(Hb-|p), X-protein (X-p), Malate
dehydrogenase (MDH), Catalase (Cat), Lysine (Ly),
Esterase D (Es-D), Carbonic Anhydrase (CA) and
Posassium (Ke) described by Tsunoda et al. (1990). Seven
paurs of microsatellite primers were 1solated from domestic
sheep (Ovis aries) (Crawford er al., 1995). Primer
synthesis and PCR amplification was performed according
toreference (Sun et al., 2004). Amplified DNA fragments
were subjected to electrophoresis on 8% polyacrylamide
gel and visualized by silver stamn.
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Statistical analysis: Gene diversity within population
(Hy), total gene diversity (Hp), coefficient of genetic
differentiation (Gg), gene flow (Nm) and Nei's genetic
distances were calculated by software of POPGENE32
(Raymond and Rousset, 1995) and TFPGA (Tajima, 1589).
Analysis of Molecular Variance (AMOVA) test was also
done by Arlequn 3.1 package (Excoffier er al, 2005).
Mantel test model (Mantel, 1967) was used to detect the
relativity between genetic distances and geographical
distances.

RESULTS

Degree of genetic differentiation among breeds: As was
shown in Table 1, Gene diversity within population (Hy)
was between 0.3188-0.3650, on average of 0.3419,
while, total gene diversity (H;) was between 0.3332-0.3711,
on average of 0.3540 according to structural loci.
Gene diversity within population (Hg) was between
0.9106-0.9257, on average of 0.9181, while total gene
diversity (Hy) was between 0.9236-0.9405, on average of
0.9340 according to microsatellite loct.

Coefficients of genetic differentiation were showed in
Table 2. Coefficients of genetic differentiation from
struchural loci were between 0.01 64-0.0455 and the average
was 0.0343, while coefficients of genetic differentiation
from microsatellite loci were between 0.0107-0.0239 and
the average was 0.0169.

The results of AMOVA showed that 95.19%
variations existed within breeds and only 4.81% variations
existed among breeds according to structural loci. In
addition, 97.43% variations existed within breeds and only
2.57% varlations existed among breeds according to
microsatellite loci.

The above mentioned results all revealed that genetic
variations were very little and most variations existed
within breeds. The degree of genetic differentiation was
very low among 4 breeds estimated by both structural loci
and microsatellite loci.

Level of gene flow: Gene flow between breeds were shown
in Table 2, which was calculated according to Wright
(1931).

Gene flow between Hu sheep and Tong sheep was
the biggest both in structural loci and microsatellite loci.
Gene flow between Hu sheep and Small-tailed Han sheep
was the least in structural loci (Nm = 5.239), while gene
flow between Hu sheep and Tan sheep was the least in
microsatellite loci (Nm = 10.209). Although, gene flow
estimated by 2 kinds of genetic markers was not totally in

Table 1: Gene diversity within populations (above diagonal) and total gene
diversity (below diagonal)

Population  Hu Tong Han Tan
Hu - 0.3650 0.3353 0.3507
Tong 0.3711 - 0.3331 0.3485
Han 0.3513 0.3442 - 0.3188
Tan 0.3654 0.3586 0.3332 -

Hu - 0.9137 0.9216 0.9106
Tong 0.9236 - 0.9257 0.9147
Han 0.9385 0.9405 - 0.9226
Tan 0.9329 0.9344 0.9340 -

*The left represents data from structural loci,while the right represents data
from microsatellite loci

Table 2: Coefficients of genetic differentiation (above diagonal) and gene
flow (below diagonal)

Population Hu Tong Han Tan
Hu - 0.0164 0.0455 0.0402
Tong 14.959 - 0.0322 0.0282
Han 5.239 7.502 - 0.0432
Tan 5.964 8.626 5.535 -

Hu - 0.0107 0.0180 0.0239
Tong 23.073 - 0.0157 0.0211
Han 13.633 15.637 - 0.0122
Tan 10.209 11.608 20.233 -

*The left represents data from structural loci and the right represents data
from microsatellite loci
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Fig. 1: Results of mantel test between matrixes of genetic
distance and geographical distance, a). Represents
result from structural loci and b): Represents result
from microsatellite loci)

coincidence, gene flow between breeds was all =1. The
average values of gene flow estimated by structural loci
and microsatellite loct were 7.971 and 15.732, respectively,
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Fig. 2: Relevance between logarithm of gene flow and
logarithm of geographical distance, a): Represents
result from structural loci and b): Represents result
from microsatellite loci)

which demonstrated that gene flow was very big between
breeds. Big value of gene flow also showed that there was
no high level of genetic differentiation between breeds.

Relativity between genetic distances and geographical
distances: Mantel test results based on genetic distance
and geographical distance were shown in Fig. 1. There
was only faint positive relativity (r = 0.2161) between
genetic distances and geographical distances among
sheep breeds derived from structural loci. There was also
famnt negative relativity (r = -0.033) between genetic
distances and geographical distances among sheep
breeds derived from microsatellite loci.

A method indicating the relativity between genetic
distances and geographical structure was developed by
Slatlkin (1987) that was, the ratio of logarithm between
gene flow and geographical distance. There was no
apparent relativity between genetic distances and
geographical distances according to structural loci and
microsatellite loci as was shown mn Fig. 2.

The findings demonstrated that there was no direct
relativity between genetic variations and geographical
distances that was, geographical distances could not
explain genetic distances among breeds.

DISCUSSION

Genetic variations within populations were very high
among four sheep breeds of Mongolian group in China
according to structural loci and microsatellite loci markers,
while genetic variations among populations only
possessed little proportion. Genetic variations within
populations were over 19 times (data from structural loci)
or 37 times (data from microsatellite loci) than those
among populatons according to AMOVA test
Coefficients of genetic differentiation were also quite
small, revealing that most variations existed within breeds
and the degree of genetic differentiation was very low.

Geographical 1solation was a natural barrier to gene
flow among populations which was easy to become
an important factor affecting genetic differentiation
(Tian et al, 2005). There was no obvious relativity
between genetic distance and geographical distance
among 4 sheep breeds of Mongolian group in China.
Although, gene flow derived from 2 genetic markers was
different, it was far >1. That was to say, gene flow among
populations was not very low because of geographical
1solation. On the contrary, wide gene flow was observed
among populations. Genetic structure of Mongolian
Group in China did not accord with the model of
geographical 1solation

Genetic drift and natural selection were 2 main factors
to give rise to genetic differentiation among populations
(Zheng et al., 1997). Wright (1931) thought if gene flow
was >1, it could play a uniform action, namely resisting
the action of genetic drift and preventing the
differentiation between populations. This study showed
gene flow was far >1 among breeds. Hence, big gene flow
was a main reason leading to low degree of genetic
differentiation of Mongolian Group in China. There were
great differences mn environmental conditions for four
sheep breeds, which indicated that each breed had

different reactions to envirommental pressure.
CONCLUSION

While, degree of genetic differentiation was very low
for sheep breeds of Mongolian Group in China. Therefore,
we could infer primarily that genetic differentiation among
sheep breeds of Mongolian Group in China was mainly
caused by the impaction of natural selection (different
environmental conditions).
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