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Abstract: Phylogenetic and genetic diversity of four local goat breeds were analyzed by mitochondrial
Hypervariable Region (HVR) in 89 individuals from Chinese tropical zone. A total of 36 haplotypes which
defined 64 polymorphic sites were found in the study. Comparing with the published mtDNA control region
sequernces, two mtDNA lineages (A and B) were 1dentified by the phylogenetic analysis in which lineage A was
57.30%, lineage B was 42.70%, haplotype A was 47.22%, haplotype B was 36.11%. The interest in the study was
that the proportion of lineage B was up to 80.95% in Hainan black goat, lineage A was only 19.05%. The genetic
diversity showed that Hainan black goat had the lowest variability. The average diversity and nucleotide
diversity were 0.957+0.007 and 0.02887+0.00256, respectively. A mantel test and the Analysis of Molecular
Variance (ANOVA) indicated that there was no significant geographical structuring in Chinese tropical zone
goat breeds. Mismatch analysis showed that haplogroup A and B had not experienced population expansion
events. According to the study and previous evidence, researchers speculated that lineage B of goat breed

might originate from Haman Island of China.
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INTRODUCTION

Mitochondrial DNA (mtDNA) 1s an excellent tool to
study the evolution and phylogenetic relationship of
biological species, especially the control region of mtDNA
was used for describing genetic diversity and origin of
domesticated species due to its constant rate. Tt has been
used widely to study goat domestication. In previous
studies, mtDNA analysis on modermn domestic goats
identified four main maternal lineages, termed as lineage
A-D. Lineage A 1s the most diverse and widely distributed
across all continents. Lineage B was detected maimly in
Eastern and Southern Asia meluding China, Mongolia,
Laos, Pakistan, India and Malaysia. Lineage C 1s
observed with a few samples from Mongolia,
Switzerland and Slovema. Lineage D is rare and was only
observed in Pakistan, India and China (Luikart et af., 2001,
Mannen et al., 2001; Chen et al., 2005; Fan et af., 2007,
Wang et al, 2008; Kang et al., 2011). There is a new
minority lineage E detected in India (JToshi et al., 2004).
Another new mtDNA lineage F was found in Sicilian
goats (Sardina ef al., 2006). Lineage G has been defined
and localized around the Fertile Crescent (Naderi ef al.,
2007). However, the origin and evolution of Chinese
domestic goats have not be defined entirely.

The history of goat feeding in China is very long and
the native domestic goat breeds are abundant. In recent
years, many studies on the origin, evolution and genetic
diversity of the majority of local goat breeds in China
have been camied out and those goat breeds are
distributed mainly over Northern, Central, West and
Southwest China. Most of the previous studies shows
that the genetic diversity of Chinese goat breeds is rich
and there are two main maternal origm (A and B).
Maternal C and D are only be detected m Tibet, Inner
Mongolia, Shandong, Shanxi and Hebe1 breeds (Fan ef af .,
2007, Wang et al., 2008, Wu ef al, 2009a, b) with low
frequency of haplotype. Hainan Province situates at the
Southernmost of China. Tt belongs to tropical monsoon
climate with very distinguishable rainy and dry seasons
each year. There are about 9 million Hainan black goats
raising in the sland. Up to now, few reports about the
mtDNA genetic diversity and evolutionary origins of the
Hainan black goats. To find some differences from other
Chinese goat breeds and to find meaningful and valuable
data for the origin of the goats, the research of the
mtDNA Hypervariable Region (HVR) of Chinese tropical
zone goat breeds was carried out. The results of this
study can provide some basic data in genetic resources
for the sustainable development of husbandry and the
preservation of biological diversities in China.
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MATERIALS AND METHODS

Samples collection: The ear tissues of 89 individuals were
sampled from four breeds in the study. The breeds were
Shizong black goat, 37 (Yunnan Province), Longlin black
goat, LI, (Guangxi Province), Leizhou black goat, LL
(Guangdong Province) and Hainan black goat, HN
(Hainan Province). There were no genetic correlation
among the individuals which provided by the owners and
local breeding records. Genomic DNA was extracted
according to a modified phenol and chloroform method.

PCR amplification and sequencing: The Hypervariable
Region (HVR) of the mtDNA control region sequences
was amplified and sequenced. The primers F (5'-CAT
TACA CCG CTCGCC TAC-3%and -R (5-GGG CTG ATT
AGT CAT TAG TCC A-3") (Wuet al, 2009b) were used to
amplfy a 606 bp DNA fragment The PCR mixture
was 25 pl reaction volume, containing 0.4 pM of each
primer, 160 uM of each ANTP, 1.5 mM MgC1,, 1 unit Taq
DNA polymerase enzyme and 1.5 pL of 50 ng L™ DNA
templates. The PCR amplifications were conducted using
a PTC-100 Thermal Controller (MT Research Inc. TJSA) by
the following program, 2 min, 95°C; 35 cycles of 30 sec,
95°C, 30 sec, 50°C, 1 min, 72°C and a final extension
of 10 min, 72°C. PCR fragments were recovered m low
melting agarose gel and purified using Promega’s Wizard
PCR Preps DNA Purification kit (Promega, USA). The
purified PCR samples were sequenced commercially.

Statistical analysis: All  the 89  sequences
(TJQ717071-717159) of mtDNA HVT region were aligned
with the goat mtDNA D-loop (AF533441) using the
Clustal W program (Thompson ef al., 1994). Analysis of
the mtDNA Thaplotypes diversity and nucleotide
diversity were performed using MEGA software package
version 3.1 (http:/’www. megasoftware net/mega.html)
(Kumar et al, 2004). The neighbor-joming trees were
constructed from Kimura 2-parameter distance, assuming
¢ = 029 for gamma distribution. To compare the
phylogenetic analysis with other studies, 9 sequences
randomly chosen from lineage A (AJ37563, AJ317633 and
AJ317593), lineage B (AT317832, AT317833 and AJ317826),

lineage C (AT317834, AT317835 and AT317836), lineage D
(AB110587, AB110588 and AB110589) were combined
(Luikart et af., 2001, Sultana et al., 2003). Bootstraps of
1000 replicates were accounted to test the robustness of
phylogeny tree. Median-joimng network (Bandelt ef af .,
1999) and mismatch analysis were carried out using
the program Network 4.1 with weights = 10 and € = 0
(http:/fwww fluxus-engineering.com) to examine the
possible relationships among haplotypes the four goats
breeds. Haplotype diversity and its Standard Error (SE),
nucleotide diversity (Schneider and Excoffier, 1999) were
calculated using the software DnaSP version 4.0 with
mtDNA  model (http://www.ub.es/dnasp). AMOVA
procedure (Excoffier ef al., 1992) was performed using
ARLEQUIN v3.11 to test the partition of the genetic
variance within breeds, among regions and among
breeds within regions.

RESULTS AND DISCUSSION

Sequence polymorphism of HVR in Chinese tropical
zone goat breeds: About 64 polymorphic sites were
found m the 89 sequences (JQ717071-717159) which
defined as 36 haplotypes. The haplotype diversity
and nuclectide diversity of total individuals were
0.957+0.0070 and 0.02916+0.00256, respectively. The
detailed information about haplotype and nucleotide
diversity and nuclectide differences wvalue of each
population was summarized in Table 1. In addition, the
distribution of mtDNA haplotypes was heterogeneous
(Fig. 1). Hap 2 and Hap 30 were the most common
haplotypes which was presented i seven samples
respectively, showing a frequency of 0.0787, followed by
Hap 3, Hap 13, Hap 22, Hap 32 and Hap 33 (n = 5,
0.0562). And there were 14 haplotypes were each
represented in only one sample. Moreover, only Hap 2
and Hap 3 were shared by 1.7, LI and HN goat breeds;
Hap 6 and Hap 12 were shared by SZ and LL goat
breeds; Hap 8 was shared by LI, and HN goat breeds,
other haplotypes were not shared and there was no one
haplotype were shared by all four breeds. The
mumber of haplotypes detected in each goat breed
varies from 3-13. Haplotype A and B frequencies of
each breed was listed in Table 1.

Table 1: Genetic diversity parameter and haplotype frequencies of four goat breeds

Genetic diversity parameter
Abbreviation

Haplotype frequencies

of breed No. S H HdSE PitSE K A B

HN 21 31 12 0.938+£0.0300 0.01612+0.00255 9771 16.67% (2/12) 83.3396(10/12)
LZ 20 31 5 0.747+£0.0570 0.0249+0. 00260 15.068 60%% (3/5) 4095 (2/5)

LL 18 46 13 0.961+0.0300 0.02624+0.00325 15.902 61.54% (8/13) 38.46% (5/13)
SZ 30 A7 9 0.880+0.0280 0.025110.00287 15.168 88.89%% (8/9) 11.11%6(1/9)
Total 89 &4 36 0.957+0.0007 0.02916£0.00256 17.642 47.22% (17/36) 36.11%(13/36)

No. = Number of individuals; S = Number of polymorphic sites; H = Number of Haplotypes; Hd = Haplotype diversity; Pi = Nucleotide diversity; K =

Average number of nucleotide differences
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Fig. 1: Haplotype definition, relative frequencies and haplotype sharing sequences

Phylogenetic analysis: A neighbour-joining phylogeny
was comstructed for the four goat breeds with 10
sequences from GenBank (Fig. 2). In the phylogeny tree,
all sequences of the samples divided into two distinct
lineage (A and B), lineage A was predommant including
51 mdividuals and accounting for 57.30% of all samples
and lineage B including 38 individuals, accounted for
42.7% of all samples. Lineage A and B were presented in
all breeds, the frequencies of mdividual in lineage were
shown in Table 2. The result showed that the proportion
of lineage B was up to 80.95% in Hainan black goat and
lineage A was only 19.05%. However, the proportion of
lineage A accounted for 76.67% and lineage B accounted
for 23.33% in YN. The proportion of lineage A and lineage
B inLL and 1.7 were equilibrium relatively. Furthermore,
the median-joining network shown that 36 haplotypes
divided two clusters named haplogroup A and B which
was shown m Fig. 3.

Population genetic structure and expansion: The
hierarchical analysis of molecular variance revealed that
there was a large percentage (95.75%, p<0.0001) of total
mtDNA variation existed within populations and a smaller
percentage (4.25%, p = 0.02346) was among populations
as shown m Table 3. This result showed that there was no
significant geographical structuring in Chinese tropical
zone goat breeds. In addition, the Fu’s Fs neural test were
used to detect the population expansion for all goat
breeds n Chinese tropical zone at lineage level because of
the small sample size in our sampling (<30 individuals).
The mismatch distribution analysis of complete dataset,
haplogroups A and B of mtDNA D-loop were as
shown in Fig. 4. The complete dataset of all goat
breeds in Chinese tropical zone had a positive Fu’s
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Fs and p-value (1.820, p = 0.85800) and Fu’s Fs and
p-value of haplogroups A and B (1.08352, p = 0.71500 and
-0.57600, p = 0.45800, respectively). These results
suggested that might one population expansion event
happened in Chinese tropical zone goat breeds with
small departure from neutrality but not sigmficant,
haplogroup A and B showed no population expansion
and relatively stable population sizes because of no
significant difference from neutrality and these
populations were relatively stable.

Polymorphism of HVR in Chinese tropical zone goat
breeds: Haplotype diversity and nucleotide diversity of
mtDNA  are two 1important indices for assessing
population polymorphism and genetic differentiation
(Pereira et al., 2005). The average haplotype diversity and
nucleotide diversity of the study were 0.957+0.0070 and
0.02916+0.00256, respectively. Its worth to note that the
haplotype diversity, nucleotide diversity and average
number of nucleotide differences in LI, was higher than
other groups, the nucleotide diversity and average
number of nucleotide differences i HN was very low, this
result was not consistent with Wu ez al. (2009a). The
results showed that HN was the lowest variability breed
and its genetic diversity was lower than other goat breeds
(Wang et al., 2008, Wu et al., 2009b; Zhao et al., 2011).
The results of present study indicated that the Hainan
black goat breed was a purebred and it should be
protected suitably. In addition, all the 89 sequences
defined as 36 haplotypes but there was no 1 haplotype
was shared by all of the four breeds. The most common
haplotypes (Hap 2 and Hap 3) were shared by 1.7, LL
and HN goat breeds. The number of detected
haplotypes m each goat breed was varied from 3-13. The
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Fig. 2: The phylogenetic tree of all four goat breeds

Lineage C

haplotype frequency of LZ was very low (25.00%), n LL

and B of each breed was differences. Its special to note
was very high (72.22%). The frequency of haplotype A

that haplotype A and B m HN group was 16.67 and
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Table 2: Individual frequencies of lineage in each goat breed

Tndividual frequencies of lineage

Table 3: Anatysis of Molecular Variance (AMOVA) of the four goat breeds
based on mtDNA genetic variance

Abbreviation Source of Degreeof Sumof Variance Percentage of
of breed A B variation freedom  squares components variation p-value
HN 19.05% (4/21) 80.95%(17/21) Among 3 29.765 0.21819 4.25 0.02346
1.7 5396 (11/20) 4596 (9/20) populations - - - -
LL 72.22% (13/18) 27.78%(5/18) Within 89 437439 491504 95,75 <0.0001
87 T6.67% (23/30) 23.33% (730 populations - - - -
All 573006 (51/89) 42.70% (38/89) Total 92 467.204  5.13324 - -
wi(D) 0.124 (2) Q —Exp
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Fig. 3: Median-joining network of haplotype for all four g .:
goat breeds P :
§0.04- Q
83.33%, respectively as haplotype A was very low, 3 . ;
haplotype B was very high. This finding was different 0021 : °
from the previous studies on other Chinese goat breeds e N ooy
0.001 bape™® 9 creonammn
(Wang et al., 2008; Zhao et al., 2011). In contrast, the B " 20 o 20 5

frequency of haplotype A and B in 37 was 88.89 and
11.11%, respectively. This result was similar with the
previous studies (Zhao et al., 2011).

Lineage: The neighbour-joining phylogeny tree and
the median-joimng network (Fig. 2 and 3) of these goat
breeds shown that there were two lineages (A and B) in
Chinese tropical zone, in which lineage A and B were
accounting for 57.30 and 42.7%, respectively not
found lineages (C-G) ((Nader et af., 2007). This finding
was consistent with the previous studies on other goats
breeds in China (Zhao et al, 2011; Liu et al., 2009).
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Pairwise differences

Fig. 4: Mismatch distributions of mtDNA haplogroup (A
and B) and complete dataset

However, Fan et al. (2007) found lineage C and D in Tibet
breeds. Wang et al. (2008) found hineage C m Hebe1 and
Inner Mongolia breeds, lineage D was found m Hebei,
Shandong and Tnner Mongolia breeds. Wu et al. (2009a)
found lineage C in Shanxi, Shandong and Tnner Mongolia
breeds, lineage D was found m Qinghai and Tibet breeds.
In addition, lineage C and D were not found m other
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M LineageB

Fig. 5. Geographic distribution of lineage (A and B) of
goat breeds in subtropical and tropical of China,
detail number showed in Table 4. The area of each
circle 1s proportional to sample size

provinces breeds in China and these results revealed
that the proportion for lineage C and D were very low.
Overall up to now, lineages (E-G) were not found in China
and lineages (C and D) were not found in Southwest
China and Chinese tropic zone. All the previous research
results showed that the proportion for lineage A was very
high in all other Chinese goat breeds (Wang et al., 2008,
Wu et al, 2009, Zhao et al., 2011). Nevertheless, the
interesting thing of the study was that the proportion of
lineage B was up to 80.95% in Hainan black goat and
lineage A was only 19.05%. This result was very different
from the previous studies of other goat breeds in China.
Tts not present in the previous research about other
Chinese goats breeds (Liu et al., 2009, Wang et al., 2008;
Zhao et al., 2011). Researchers also found another
mteresting phenomenorn, the climate gradually changed
(from temperate to subtropical to tropical) with the
geographical distribution (from Yunnan to Guangxi to
Guangdong to Hainan Island). While the lineage A of
goat breed gradually weakened, the lineage B gradually
increased with the change and lineage B was up to a
highly percentage in Hainan Tsland breed (Fig. 5).
Whether the origin of species evolution was related to
climate changes except the geographical distribution,
researchers can not give any conclusions, perhaps the
result was just a coincidence. Luikart et al. (2001 ) revealed
that lineage A existed in the all breeds but lineage B
occurred only in Eastern and Southern Asia breeds (India,
Pakistan, Mongolia and Malaysia). Wu et al. (2009a) and
Zhao et al (2011) speculated that lineage B might
originated from Southwestern Region of China. However,
researchers think that their evidence was insufficient to
prove the origin of lineage B. According to all the
previous evidence and the study, researchers speculated
that lineage B might originated from Hainan Tsland of
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China or other counties near Hainan Island or the
Southeast Asian and then they gradually pervade to the
Southwest and Northeast China, the number of which
gradually reduced or even disappeared as the
geographical distribution farther and farther. Tt was not
found in the Tnner Mongolia and Liacning Cashmere
breeds (Wang et al., 2008). Maybe the genetic information
gradually lost in spreading and evolution with the
geographical and breeding environment changes. In
order to fully prove the origin of lineage B of goat
breed, researchers will collect the samples of goat breeds
from near countries (Vietnam, Laos, Cambodia, Thailand
and Myanmar) to further study.

Population genetic structure and expansion: Goat is a
portable food resource accompanying human migratory
movements from time immemorial. The commercial trade
and extensive transport of goats would account for
the observed pattern by having favored genetic
exchange (Azor et al., 2005; Liu et al., 2009, Amills et al.,
2009, Zhao et al., 2011). In previous studies, Naderi ef al.
(2007) reported that 77% of mitochondrial DNA variation
distributed within breeds. In Indian goats, Joshi et al.
(2004) found that 83% of the total molecular variance was
included in the within-breed component. In the study, the
mtDNA genetic variance component within breed was up
to 95.75 and only 4.25% of genetic variation was observed
among the four populations. This result showed that
there was no significant geographical structuring in
Chinese tropical zone goat breeds which was similar with
Zhao et al. (2011) but which was different from other
previous studies (Luikart et al., 2001; Chen et al., 2005,
Wang et al., 2008, Liu et al, 2009, Amills et al,
2009, Wu et al, 2009a). In this study, the mismatch
analysis results suggested that might one population
expansion event happened in Chinese tropical zone goat
breeds with small departure from neutrality but not
significant. But, haplogroup A had not experienced
population expansion events because of no significant
difference from neutrality. Tt was different from the
previously reports (Liu et al, 2006; Hou et al, 2008,
Zhao et al., 2011). There was no population expansion
event happened in haplogroup B too. And these
populations also were relatively stable which was
same to the previously reports (Liu et al, 2009;
Zhao et al, 2011) but it was different from Chen et al.
(2005) and Wu et al. (2009h).

CONCLUSION

There were two lineages (A and B) mn Chinese tropical
zone goat breeds. The proportion of lineage B was up to
80.95% i Haman black goat, lineage A was only 19.05%.
Researchers speculated that lineage B of goat breed might
originate from Hainan Tsland of China or other counties
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near Hainan Tsland. Hainan black goat had the lowest
genetic variability. Tt was a purebred and it should be
protected suitably. There were no significant geographical
structure and population expansion events m these
populations.

ACKNOWLEDGEMENTS

This research was supported by National
Nonprofit Institute Research Grant of CATAS-TCGRI of
China (No. 1630032012006). Researchers thank all the
persons helped us sampling
Researchers also thank associate editor of this journal and

who n collection.
the anonymous reviewers for their constructive and

professional comments.
REFERENCES

Amills, M., O. Ramirez A. Tomas, B. Badaow
and J. Marmi ef al., 2009. Mitochondrial DNA
diversity and origins of South and Central American
goats. Anim. Genet., 40: 315-322.

Azor, P.I, L.V. Monteagudo, M. Luque, M.T. Tejedor and
E. Rodero et al, 2005. Phylogenetic relationships
among Sperush goats breeds. Anim. Genet.,
36: 423-425,

Bandelt, H.J., P. Forster and A. Rohl, 1999. Median-joining
networks for mferring intraspecific phylogenies. Mol.
Biol. Evol,, 1: 37-48.

Chen, 8.Y., Y.H. Su, S.F. Wu, T. Shaand Y .P. Zhang, 2005.
Mitochondrial ~ diversity and phylogeographic
sttucture of Chinese domestic Mol.
Phylogenet. Evol., 37: 804-814.

Excoffier, L., P.E. Smouse and J.M. Quattro, 1992.
Analysis of molecular variance inferred from metric

goats.

distances among DNA haplotypes: Application to
human mitochondrial DINA restriction data. Genetics,
131: 479-491.

Fan, B., 5.1.. Chen, . H. Kijas, B. Liuand M. Yu et al., 2007.
Phylogenetic  relationships  among  Chinese
mndigenous goat breeds mferred from mitochondrial
control region sequence. Small Ruminant Res.,
73: 262-2606.

Hou, L., IM. Wang, P.P Li, J. L1 and F. Xing, 2008.
MtDNA D-loop polymorphism and phylogeny of
sympatric goat populations in lower valley of Yellow
river. Chin. J. Vet. Sci., 28: 1474-1479.

Joshi, M.B., PK. Rout, AK. Mandal, C. Tyler-Smith,
L.1. Singh and K. Thangaraj, 2004. Phylogeography
and origin of Indian domestic goats. Mol. Biol. Bvol.,
21: 454-462.

129

Kang, I.F., XL. Li, RY. Zhou, I.H. Li, G.R. Zheng and
H.Y. Zhao, 2011. Genetic diversity and differentiation
of four goat lineages based on analysis of complete
mtDNA d-loop. Fron. Agric. China, 5: 87-93.

Kumar, S., K. Tamura and M. Nei, 2004. MEGA3:
Integrated software for molecular evolutionary
genetics analysis and sequence alignment. Brief
Biomform., 5: 150-163.

Liu, RY., G.8. Yang and C.Z. Lei, 2006. The genetic
diversity of mtDNA D-loop and the origin of chinese
goats. Acta Genet. Sin, 33: 420-422.

L, Y.P,3X Cao,8.Y. Chen, Y.G. Yacand T.Z. L, 2009.
Genetic diversity of Chinese domestic goat based on
the mitochondrial DNA sequence variation. J. Anim.
Breed. Genet., 126: 80-89.

Luikart, G, L. Gielly, L. Excoffier, I.D. Vigne, I. Bouvet and
P. Taberlet, 2001. Multiple maternal origins and weak
phylogeographic structure in domestic goats. Proc.
Natl. Acad. Sci. USA, 98: 5927-5932.

Mannen, H., Y. Nagata and S. Tsuj1, 2001. Mitochondrial
DNA reveal that domestic Goat (Capra hircus) are
genetically affected by two subspecies of bezoar
(Capra aegagrus). Biochem. Genet., 39: 145-154.

Naderi, S, HR. Rezaer, P. Taberlet, 3. Zundel and
S.A. Rafat et al., 2007. Large-scale mitochondrial
DNA analysis of the domestic goat reveals six
haplogroups with lugh diversity. Plos One, Vol. 2.
10.1371/journal pone.0001012

Pereira, F., I.. Pereira, B. Van Asch, D.G. Bradley and
A, Amorim, 2005. The mtDNA catalogue of all
Portuguese autochthonous goat (Capra hircus)
breeds: High diversity of female lineages at the
western fringe of Furopean distribution. Mol. Ecol,,
14: 2313-2318.

Sardina, M.T., M. Ballester, J. Marmi, R. Finocchiaro,
J.B. van Kaam, B. Portolanc and J.M. Folch, 2006.
Phylogenetic analysis of Sicilian goats reveals a new
mtDNA lineage. Anim. Genet., 37: 376-378.

Schneider, 3. and L. Excoffier, 1999. Estimation of past
demographic parameters from the distribution of
pairwise differences when the mutation rates vary
among sites: Application to human mitochondrial
DNA. Genetics, 152: 1079-1089.

Sultana, 5., H. Mannen and 3. Tsuj1, 2003. Mitochondrial
DNA diversity of Pakistanmi goats. Anim. Genet.,
34: 417-421.

Thompson, ID., D.G. Higgins and T.J. Gibson, 1994
CLUSTAL W: Improving the sensitivity of
progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids Res.,
22: 4673-4680.



Agric. J., 8 (3): 123-130, 2013

Wang, I, Y.I.. Chen, X.1.. Wang and 7.X. Yang, 2008. The Wu, YP, WI Guan, QJ Zhao, XH He and
genetic diversity of seven jlldigenous Chinese goat Y.B. Puet al., 2009b. A fine map for maternal lil’leage
breeds. Small Ruminant Res.. 74 231-237. analysis by mitochondrial hypervariable region in 12

. Chinese goat breeds. Amm. Sci. J., 80: 372-380.
Wu YP, JH Huo, JF. X, WJI Guan and Zhao, Y. | Zheng B. Zhao, X. Zhang, X. Liu

QJ. Zhao et .al., 2_0093' Ge.netlc relgtlonshlps _Of and N. Zhang, 2011. Mitochondrial DNA diversity
goat breeds using micro satellite and mitochondrial and origins of domestic goats in Southwest China
DNA markers. Chin. Agric. Sci. Bull,, 25: 7-12. (excluding Tibet). Small Ruminant Res., 95 40-47.

130



