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ABSTRACT. Chinese black-bone chickens are valued for the medicinal
properties of their meat in traditional Chinese medicine. We investigated
the genetic diversity and systematic evolution of Chinese black-bone
chicken breeds. We sequenced the DNA of 520 bp of the mitochondrial
cyt b gene of nine Chinese black-bone chicken breeds, including Silky
chicken, Jinhu black-bone chicken, Jiangshan black-bone chicken,
Yugan black-bone chicken, Wumeng black-bone chicken, Muchuan
black-bone chicken, Xingwen black-bone chicken, Dehua black-bone
chicken, and Yanjin black-bone chicken. We found 13 haplotypes.
Haplotype and nucleotide diversity of the nine black-bone chicken
breeds ranged from 0 to 0.78571 and 0.00081 to 0.00399, respectively.
Genetic diversity was the richest in Jinhu black-bone chickens and the
lowest in Yanjin black-bone chickens. Analysis of phylogenetic trees for
all birds constructed based on hyplotypes indicated that the maternal
origin of black-bone chickens is predominantly from three subspecies of
red jungle fowl. These results provide basic data useful for protection of
black-bone chickens and help determine the origin of domestic chickens.
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INTRODUCTION

Mitochondrial cytochrome b (cyt b) is one of the proteins composing the mitochondri-
al complex III of the oxidative phosphorylation system and the only protein coded by mtDNA.
With the characteristics of maternal inheritance and moderate rate of evolution in mtDNA, a
short segment of the cyt b sequence includes phylogenetic information from species to genera,
even to class. The cytochrome b gene has become the ideal marker molecule for studying the
evolution and genetic diversity of animals.

The black-bone chicken breed, belonging to Galliformes, juvenile Branch, has special
economic value in Chinese poultry breeds. To fully develop and utilize this valuable resource,
many studies have focused on the genetic characteristics of black-bone chicken and improve-
ment of their production performance (Zhou et al., 2006). A variety of different black-bone
breeds have been developed, because of a vast territory, diverse environment, different selection
targets and rearing conditions, and geographic proximity. It is, therefore, necessary to investigate
these genetic resources with the aim of protection and development (Li and Qiu, 2003).

RAPD (Zhang et al., 1998a,b) and microsatellite marker methods (Sun et al., 2003;
Zhu and Li, 2003; Tang et al., 2005; Li and Zhu, 2006) have been applied in most research
related to the genetic diversity and population structure of black-bone chicken in the past.
With the development of DNA sequencing techniques and extensive use of mtDNA molecular
marker in studies on animal population genetic structure and systematic evolution, more and
more studies have recently been reported on the genetic diversity, genetic differentiation and
origin of chickens (Liu et al., 2006; Song et al., 2007; Zhu et al., 2009), ducks (He et al.,
2008; Li et al., 2010) and geese (Wang et al., 2005; Li and Wang, 2007; Zhu et al., 2010), as
well as other poultry by using mtDNA markers. However, there has been no systematic and
precise report on genetic diversity and maternal origin of Chinese black-bone chicken using
mtDNA molecular markers. Few studies on the genetic diversity and systematic evolution of
Chinese black-bone chickens have been reported by Fu and Ruan (2002), Yang et al. (2004)
and Huang et al. (2010). In this study, we collected 73 chickens from nine Chinese native
black-bone chicken breeds, sequenced a 520-bp portion of the cyt b gene of these chickens,
combined with the sequences those of Gallus gallus gallus, Gallus gallus bankiva, Gallus
gallus spadiceus, Gallus lafayettei, Gallus sonneratti, and Gallus varius reported in GenBank,
and then constructed a phylogenetic tree for these birds. This research provides basic data for
protecting the genetic resources of black-bone chickens, and this information may be helpful
in solving the maternal origins of these special chickens.

MATERIAL AND METHODS

Blood was sampled from chicken wing veins and collected in test tube containing anti-
coagulant solution. Abbreviated breed names of Yanjin black-bone chicken, Silky black-bone
chicken, Yugan black-bone chicken, Jinhu black-bone chicken, Jiangshan black-bone chicken,
Muchuan black-bone chicken, Wumeng black-bone chicken, Xingwen black-bone chicken
and Dehua black-bone chicken were YJ, SM, YG, JH, JS, MC, WM, XW, and DH respective-
ly. More details about the nine black-bone chicken breeds are shown in Table 1. The sex ratio
of each breed was ranged from 3 males to 4 females to 1 male to 1 male. The genetic relation-
ship between chickens should be avoided as much as possible. Twelve homologous mtDNA
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cyt b sequences of red jungle fowl were also collected including: G. g. gallus [AP003322,
AB0044986] in Indochina, Thailand, and Sumtara; G. g. bankiva [AP003323, AB0044985] in
Indonesia and Java; G. g. spadiceus [AB044987, AP003321] in west and southwest Yunnan
of China, Indochina, Burma, and northern Malaysia; G. lafayettei [AB044990, AP003325]; G.
sonneratti [AB044989, AP006741]; G. varius [AB044988, AP003324].

Table 1. Conservation status of 9 black-bone chicken breeds.

Breed Size Conservation type Location

Y] 7 Conservation zone Yanjin country in Yunnan Province
SM 8 Conservation zone Taihe country in Jiangxi Province

YG 8 Conservation zone Yugan country in Jiangxi Province

JH 8 Conservation zone Taining country in Fujian Province

IS 9 Conservation zone Jiangshan city in Zhejiang Province
MC 8 Conservation zone Muchuan country in Sichuan Province
WM 7 Conservation zone Bijie in Guizhou Province

XwW 9 Conservation zone Xingwen country in Sichuan Province
DH 7 Conservation zone Dehua country in Fujian Province

YJ, SM, YG, JH, JS, MC, WM, XW, DH represented Yanjin black-bone chicken, Silky black-bone chicken, Yugan
black-bone chicken, Jinhu black-bone chicken, Jiangshan black-bone chicken, Muchuan black-bone chicken,
Wumeng black-bone chicken, Xingwen black-bone chicken and Dehua black-bone chicken respectively.

DNA was isolated from blood and extracted by the phenol/chloroform method (Sam-
brook et al., 1989). Polymerase chain reaction (PCR) was performed to amplify part of the
mtDNA cyt b. The primers reported by Xiang et al. (2000) were used to amplify the target
region. The corresponding sequences were (L15218) CCTATACTATGGCTCCTACCT and
(H15754) GCTAGTACGCCTCCGAGTTT. PCR was carried out on an Eppendorf Master-
cycle. The reaction mixture contained 2.5 pL 10X Buffer, 2.5 pL dNTPs (2.5 mM), 2.5 uL
Mg?* (25 mM), 1 pL each primer (25 pmol/uL), 3.0 pL genomic DNA (50 ng/uL), and 0.2
uLTaq polymerase (5 U/uL). The thermal cycling profile for mtDNA was preheating for 5 min
at 95°C, followed by 35 cycles of 45 s at 94°C, 45 s at 51 to 53°C, and 1 min at 72°C, a final
extension of 10 min at 72°C, and storage at 4°C. PCR products were purified on an agarose
gel and sequenced on an ABI Prism 3730 DNA Analyzer in both directions by primer walking
using the BigDye Terminator V. 3.1 Cycle Sequencing kit (ABI, Foster City, CA, USA).

Electropherograms were obtained using the program “Chromas 1.45” and manually
checked, insuring the veracity of the DNA sequences. Sequence alignments were performed
using DNAman (version 6.0.40). Haplotype numbers, nucleotide variable sites, haplotype di-
versity and nucleotide diversity (Nei, 1982) were calculated using DnaSP version 4.10.7 (Ro-
zas et al., 2003). Ignoring insertion/deletion mutations, the same sequences were considered
to be one haplotype. Kimura 2-parameter distances between breeds were estimated in Mega
version 3.1 (Kumar et al., 2004) and a neighbor-joining tree was then constructed. A median-
joining network of the mtDNA cyt b sequence haplotypes was constructed according to Ban-
delt et al. (1999) using the program Network 4.5.0.1.

RESULTS AND DISCUSSION

The average nucleotide composition was 24.6% thymine (T), 36.5% cytosine(C),
26.2 % adenosine (A) and 12.7% guanine (G) in the 520-bp fragment of mtDNA cyt b of 71
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black-bone chickens. The average percentage of A+T content (50.8%) was higher than G+C
(49.2%). There were 17 polymorphic sites, 8 singleton polymorphic sites at 96, 143, 249, 291,
428, 429,457, and 467 sites and 9 parsimony informative polymorphic sites at 77, 137, 146,
155, 191, 276, 399, and 452 sites, respectively. The variable types were transitions and trans-
versions, and no insertions or deletions were found.

Thirteen haplotypes were identified in nine black-bone chicken breeds. Ratio of
haplotypes, haplotype diversity and nucleotide diversity of the nine black-bone chicken
breeds ranged from 14 to 50%, 0 to 0.78571 and 0 to 0.00399, respectively (Table 2). This
indicated that the genetic diversity between nine Chinese black-bone chicken breeds was
significantly different and was not rich. Jinhu black-bone chicken had the highest values of
ratio of haplotypes (50%), haplotype diversity (0.78571) and nucleotide diversity (0.00399),
and Yanjin black-bone chicken the lowest values of ratio of haplotypes (14%), haplotype
diversity (0) and nucleotide diversity (0), where these breeds had the richest and lowest
genetic diversity, respectively. The phylogenetic tree results (Figures 1 and 2) showed that
most haplotypes were close to red jungle fowl (H14-H19). The haplotypes H4 (YG3, JH3),
HS5 (JH1) and H8 (MC1) were first clustered with H21 into a clade, and then clustered with
other domestic chickens and red jungle fowl. Our results suggested that the maternal origin of
black-bone chicken may overwhelmingly originate from three subspecies of red jungle and a
few black-bone chickens may be a mix of a few greylag lineage chickens.

Table 2. Haplotype diversity (Hd) and nucleotide diversity (Pi) in nine black-bone chicken breeds.

Breed Sample size No. of Haplotypes Ratio of haplotypes (%) Haplotype diversity (Hd) Nucleotide diversity (Pi)

DH 7 2 0.28571 0.28571 0.00275
SY 8 3 0.37500 0.46429 0.00145
YG 8 2 0.25000 0.53571 0.00103
JH 8 4 0.50000 0.78571 0.00399
JS 9 4 0.44444 0.58333 0.00332
MC 8 3 0.37500 0.46429 0.00145
WM 7 3 0.42857 0.52381 0.00165
XwW 9 3 0.33333 0.41667 0.00128
YJ 7 1 0.14286 0.00000 0.00000

Abbreviations of black-bone chicken breed name were the same as Table 1 stated.

Genetic diversity of Chinese black-bone chicken breeds

Generally speaking, genetic diversity means the sum of genetic information carried by
all living creatures on earth. However, genetic diversity means genetic variation of different
individuals between different colonies in intraspecies or within the same group. The richer the
genetic diversity of a breed is, the stronger its adaptive capability to a changing environment
will be. Haplotype diversity (Hd) and nucleotide diversity (Pi) of populations are the main
indices for evaluating mtDNA variation and genetic diversity of a breed or a population. The
greater the values of Hd and Pi are, the richer the genetic diversity will be. Pi of nine black-
bone chicken breeds (0.188%) was significantly less than for Chinese native chicken (1.8%)
(Bao et al., 2008), and compared to other animals, Pi was higher than for domestic duck
(0.115%) (Li et al., 2010) and swine (0.122%) (Lan et al., 1995) and significantly lower than
for yak (1.231%) (Lai et al., 2005) and scalper (2.16%) (Liu et al., 2006).
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Figure 1. Phylogenetic tree of the cyt b sequences constructed with NJ method using Kimura’s two parameter
model. Key: H = haplotype. Abbreviations of black-bone chicken breed name were the same as Table 1. The
numbers after chicken breed name individuals sharing the same haplotype.
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Figure 2. Reduced median-joining networks of mtDNA cyt b haplotypes. For haplotype codes see Figure 1. The
red disk (mv1) represented the median vector which formed automatically in the Network software procedure. The
detailed information of open, filled and yellow circles was the same with corresponding haplotype in Figure 1.
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Maternal origins of Chinese black-bone chicken breeds

The problem of the origin of domestic chickens has been the lack of a final conclusion
at home and abroad. Darwin (1868) suggests that the red jungle fowl is the only ancestor of all
domestic chicken, and pluralism scholars suggest that the red jungle fowl is the main ancestor
and G. lafayettei, G. sonneratti, and G. varius are the secondary. In the last few years, although
several authors have analyzed the origin of domestic fowl via mtDNA markers, there are still
some differences according to the results. Fumihito et al. (1994, 1996) suggested that red
jungle fowl, which was divided into island and mainland types because of its domestication
in Thailand and surrounding areas, was ancestral and that the mainland type was the common
ancestor of all domestic chickens.

However, recently Chinese researchers indicate that native domestic chickens origi-
nate from several subspecies of red jungle fowl. Niu et al. (2002) sequenced 539 bp of the
mtDNA D-loop region of six Chinese native chicken breeds (G. g. domesticus), and suggested
that the Chinese domestic fowl probably originated from the red jungle fowl of Thailand
and its adjacent regions, and indicated the egg breeds and general purpose chicken breeds
may have originated from different maternal origins. Liu et al. (2006) reported that the do-
mestic chicken across Eurasia may originate from different regions, such as Yunnan, South
and Southwest China and/or surrounding areas (i.e., Vietnam, Burma, and Thailand), and the
Indian subcontinent, which supports the theory 4 of multiple origins in South and Southeast
Asia. Song et al. (2007) reported that six Chinese indigenous chicken breeds were clustered
in three clades, of which clade A was dominant. Clade A included 17 haplotypes which were
shared by ten Shouguang, nine Luxi game, five Wenchang, six Laiwu Black, six JiningBairi
and two Langya individuals, accounting for 100, 90, 84, 75, 60, and 20% of the total number
of each breed, respectively. These indigenous chickens showed a close relationship with G. g.
gallus, G. g. jabouile and G. g. spadiceus distributed in Laos and Yunnan Province in China.
It indicated that the six Chinese indigenous chicken breeds may originate from the continental
subspecies of G. gallus of Yunnan, Laos, and Vietnam or its surrounding areas. Gong et al.
(2011) reported that Piao chickens had five maternal bloodlines. Zhu et al. (2009) suggested
that Chinese game chickens originated from several subspecies of red jungle fowl and with-
stood a number of independent domestications. Jonas et al. (2008) reported that according to
the skin color of domestic chicken and red jungle fowl and the evolution analysis of BCDO2
gene related to yellow skin, the yellow skin trait of most domestic chickens likely came from
G. sonneratti. In other words, the domestic chickens were a mix of a few of the G. sonneratti
lineage. In our study, the analysis of systematic evolution suggested that the maternal origin of
black-bone chicken may overwhelmingly originate from three subspecies of red jungle fowl
and that a few black-bone chickens may be a mix of greylag lineage chickens.

CONCLUSION

In conclusion, the genetic diversity of Chinese black-bone chicken is not rich and
the special chickens may overwhelmingly originate from three subspecies of red jungle fowl,
and a few black-bone chickens may be a mix of a few greylag lineage chickens. The results
will provide reliable basic information for protecting genetic resources of Chinese black-bone
chicken and for studying the origin of domestic chickens.
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