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We collected Chinese cobras (Naja atra) from one island (Dinghai) and four mainland (Huangshan,
Lishui, Quanzhou, and Baise) populations in southeastern China, and used sequence data derived
from the ND2 (1032 bp) and cytochrome b (1117 bp) genes and molecular variance estimates to
investigate the population genetic structure of the species. Our sequence data show that: (1) the
three eastern (Dinghai, Huangshan, and Lishui) populations are genetically segregated from the
two southern (Quanzhou and Baise) populations; (2) the Quanzhou and Baise populations consist
of two well-defined subclades, suggesting that the two populations have been well differentiated;
(3) N. atra from the Huangshan population do not differ from those from the Lishui population, and
lineage sorting in the northeastern part of the cobra’s distributional range has not yet been com-
pleted because of the young age of Zhoushan Islands. The three eastern populations, the Quan-
zhou population, and the Baise population should be regarded as different management units
(MUs). For these MUs, we suggest that in-situ protection measures should be taken because of
their genetic uniqueness. Re-introductions or translocations are required to protect or re-establish
natural populations of N. atra, but great care should be taken to enhance or retain local genetic vari-
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INTRODUCTION

Cobras of the genus Naja are among the most eye-
catching snakes in the world because of their unique defen-
sive behavior and their highly venomous nature. Of the 19
species of Naja cobras recognized worldwide, eleven can be
found in Asia, and two [N. atra (Chinese cobra) and N.
kaouthia (monocellate cobra)] in China (Wuster, 1996;
Waster et al., 1997). The Chinese cobra is mainly distributed
in the southeastern provinces of China, including Taiwan
and Hainan, northeastward to the mouth of the Yangtze
River and southward to northern Vietnam and northern Laos
(Huang, 1998). The cobra uses a variety of habitats in the
hilly countryside, and was one of the most commonly found
snakes in China some thirty years ago. Largely because
local people have overhunted the cobra for meat, skin, med-
icine, and handiwork, this species is currently regarded a
highly vulnerable, according to a recently published volume
of the China Red Data Book of Endangered Animals (Zhao,
1998). There are realistic threats of local extinction in some
southern provinces such as Guangdong and Hainan (Zhao,
1998). Therefore, measures should be taken immediately to
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protect the cobra.

The quantification of genetic variability and population
genetic structure is crucial for improved management and
conservation (Avise, 1989; Marmi et al., 2006). Because of
the nature of fast evolution and maternal inheritance, mito-
chondrial DNA has been widely used to investigate genetic
differences and evolutionary history among and within
species (Avise, 1989). Comparisons of control region, cyto-
chrome b (cyt b), ND2, ND4, or other mitochondrial gene
sequences have provided a powerful technique to resolve
intraspecific phylogenies for reptiles (e.g., Heulin et al,
1999; Brown et al., 2002; Poulakakis et al., 2003; Pinho et
al., 2007). Nonetheless, sequence data on Naja cobras are
scarce. Broadley and Wister (2004) analyzed the sys-
tematics of African Naja cobras by comparing partial cyt b
sequences. In a more recent study of N. atra from Taiwan,
Lin et al. (2008) provided data derived from mitochondrial
control region sequences. Until now, there have been no
comparable sequence data on N. atra from widely separated
populations, although such data are urgently needed to elu-
cidate whether among-population differences in life-history
traits found in N. atra correspond to genetic differences and
to develop an appropriate management and conservation
strategy for the species. Descriptions of life-history traits
have made some contributions to the biogeography of N.
atra (Ji and Wang, 2005), but population surveys of mito-
chondrial DNA markers may provide additional advantages
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by providing higher resolution to detect population differen-
tiation (Brown et al., 2002).

In the present study, we sequenced ND2 and cyt b to
examine the geographical pattern of genetic differences in
N. atra. The aims of this study were to: (1) describe the
genetic variation in N. atra across its distributional range in
China; (2) define phylogeographic groups; and (3) discuss
possible management and conservation strategies for N.
atra.

MATERIALS AND METHODS

Samples and DNA extraction

We collected 15 adults (snout-vent length >90 cm; Ji and Wang,
2005) in June 2004 from each of five localities (populations) in two
eastern (Zhejiang and Anhui) and one southern (Guangxi) prov-
inces of China (Fig. 1). Efforts were made to avoid collecting more
than one cobra from the outskirts of the same village in each
locality. One locality is in Dinghai (the Zhoushan population),
Zhoushan Islands, eastern Zhejiang, which is approximately 25 km
away from the nearest coastline. The other four localities are situ-
ated on the mainland: Huangshan (the Anhui population), southern
Anhui; Lishui (the Lishui population), central Zhejiang; Quanzhou
(the Quanzhou population), northern Guangxi; Baise (the Baise
population), southwestern Guangxi. The five localities cover almost
all of the cobra’s distributional range in mainland China (Fig. 1).

All cobras were transported to our laboratory in Hangzhou,
where the tail tip of each was clipped off, and DNA was extracted
from fresh tail muscle using the standard phenol-chloroform extrac-
tion method (Sambrook et al., 1989) with some modifications (Rao
et al., 2001). All samples used in the present study were deposited
at Hangzhou Normal University under voucher numbers identified
by locality-haplotype numbers.

DNA sequencing of the mitochondrial ND2 and cyt b genes
We used primers L4437b (5-CAG CTA AAA AAG CTA TCG

GGC CCA TAC C-3’) (Kumazawa et al. 1996) and Trna-trpR (5'-
GGC TTT GAA GGC TAC TAG TTT-3’) to amplify the entire ND2
gene (1032 bp) (Ashton and de Queiroz, 2001). Amplification
conditions were 1 min at 95°C; 30 cycles of 1 min at 95°C, 1 min
at 55°C, and 1 min at 72°C; and 3 min at 72°C. After removal of
primers and unincorporated nucleotides with spin columns contain-
ing Sepacry S-400 (Amersham Bioscience AB, Uppsala, Sweden),
the purified amplified products were sequenced using both forward
and reverse primers on an ABI-PRISM™ 310 Genetic Analyzer
(Applied Biosystems, USA).

We used primers L14910 (5'-GAC CTG TGA TMT GAA AAA
CCA YCG TTG T-3) and H16064 (5-CTT TGG TTT ACA AGA
ACA ATG CTT TA-3’) to amplify the entire cyt b gene (1117 bp)
(Burbrink et al., 2000; de Queiroz et al., 2002). PCR reactions were
performed in 100-ul volumes, using a hot start method; PCR condi-
tions were 7 min at 94°C; 40 cycles of 40 sec at 94°C, 30 sec at
46°C, and 1 min at 72°C; and 7 min at 72°C. For cycle sequencing,
we used primers L14761 (5'-MTC HAA CAA CCC AAY MGG-3)),
H14892 (5-TGC NGG KGT RAA KTT TTC-3’), and H15149 (5'-
CCC TCA GAA TGA TAT TTG TCC TCA-3') (Busack et al., 2005).

Data analysis

Sequences were compiled and aligned by using MeGA version
3.1 (Kumar et al., 2004). Measures of population genetic parame-
ters, including haplotype diversity and nucleotide diversity (Jukes
and Cantor, 1969), were estimated from mitochondrial DNA
sequence data by using pnasp version 4.0.6 (Rozas et al., 2003). To
reconstruct phylogeny, we performed maximum-likelihood (ML)
analysis implemented in paup* 4.0 (Swofford, 2002). We used
MRMODELTEST version 2.2 (Nylander, 2004) to test several partitioning
strategies for analysis: (1) each gene separately; (2) the combined
dataset by codon position; and (3) each gene separately by codon
position. We used N. kaouthia as the outgroup. Bootstrap analyses
were performed with 100 full heuristic replicates for maximum like-
lihood. Bayesian posterior probabilities were estimated in mMreaYEs
3.1 (Ronquist and Huelsenbeck, 2003). Two independent runs
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Fig. 1. Sample localities for the Chinese cobra (N. atra) in different regions of mainland China. Open dots indicate where cobras were col-
lected. Z, Dinghai, Zhoushan Islands, eastern Zhejiang; L, Lishui, central Zhejiang; A, Huangshan, southern Anhui; Q, Quanzhou, northern

Guangxi; B, Baise, southwestern Guangxi.
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Table 1.
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Polymorphic sites, geographic distribution, and frequency of the four ND2 and cyt b haplotypes found in the Chinese cobra. Dots

indicate identity with the base in haplotype ALZ. See Fig. 1 for explanations of Z, L, A, Q, and B.

ND2 Cytochrome b
1 Population
3 355 6 6 8 9 9 1 4 4 4 455556 7 7 89 920
Haplotype
2 36 715 91 3 9 9 257 8 457 8 02 97 07 8 Eastern Southern
1 31 3 7 4 4 2 3 356 04030110326 7 8 3 A L Z Q B
ALZ T CAATT CCTCA TACTGTTC CTACGGCTTC CC 15 15 6
4 OO0 GC O 00000 90000000 T 00000 O0C O OO 9
Q CTGGOATO® CGTCAOOCCCGTAOOTCTT 15
B CTGGCATTG CGTCACC@O@CGTAA@CTT 15

using four Markov chains and temperature profiles at the default
setting of 0.2 were conducted for ten million generations, sampling
every 1000 generations. Random trees were used to begin each
Markov chain. The initial 10% of trees were discarded as ‘burn-in’
to ensure stationarity after examination of the posterior probability.
We confirmed that we had a sufficient sample from the posterior
probability distribution by examining the potential scale-reduction
factors (Gelman and Rubin, 1992) produced by mrsaves for all
parameters, and these were very close to one (to the second
decimal), indicating that the runs had adequately converged. We
used the program Tcs version 1.13 (Clement et al., 2000) to con-
struct a haplotype network. To estimate gene flow between popula-
tions, the fixation index (Fst) and number of female migrants per
generation (Nm) were calculated in pnasp version 4.0.6 (Rozas et al.,
2003), according to Hudson et al. (1992). To assess whether there
was significant geographical differentiation, the partitioning of total
genetic variation was hierarchically examined by an analysis of
molecular variance (amova) in ARLEQUIN version 3.0 (Excoffier et al.,
2005).

RESULTS

Sequence variation and haplotype frequency

ND2 gene sequences (1032 bp) from the 75 individuals
yielded four distinct haplotypes (Table 1). One haplotype
(ALZ; GenBank, DQ302759) is shared by the Anhui, Lishui,
and Zhoushan populations. The Zhoushan population has
two haplotypes (ALZ and Z), whereas the other four popula-
tions all have only one hapolotype (Table 1). There were
nine polymorphic sites, five of which were parsimony infor-
mative (Table 1). The mean base frequencies for A, C, G,
and T were 38.1%, 29.7%, 9.0%, and 23.3%, respectively.
There were eight transitions and one transversion. No inser-
tions or deletions were observed.

Cyt b gene sequences (1117 bp) from the 75 individuals
yielded four distinct haplotypes (Table 1). One haplotype
(ALZ; GenBank, EF206656) is shared by the Anhui, Lishui,
and Zhoushan populations. The Zhoushan population has
two haplotypes (ALZ and Z), whereas the other four popula-
tions all have only one hapolotype (Table 1). There were 17
polymorphic sites, 13 of which were parsimony informative
(Table 1). The mean base frequencies for A, C, G, and T
were 30.3%, 29.7%, 11.3%, and 28.6%, respectively. There
were 17 transitions but no transversion. No insertions or
deletions were observed.

Analysis of genetic structure within and among regions

Under all partitioning strategies, HKY was identified by
using MRMODELTEST as the best-fitting substitution model, with
the parameter values differing to some extent. All phylo-

genetic analyses resulted in almost identical tree topologies
(Fig. 2), identifying two main haplogroups: (1) an Eastern
clade (including the three populations in Anhui and
Zhejiang), and (2) a Southern clade (including the two pop-
ulations in Guangxi). The partition homogeneity test (PHT),
implemented in paur* version 4.0b10, was used to test the
incongruence between the ND2 and cyt b datasets. The test
is based on the incongruence-length difference test of Farris
et al. (1995). The null hypothesis is that the two loci are no
more incongruent than two randomly generated partitions of
equal size. One hundred replicates were generated and the
P value obtained was 1.0, which indicates congruence
between the data sets. Therefore, the two gene sequences
were combined for all subsequent analyses.

The haplotype distribution (Table 1) and haplotype net-

N. kaouthia
N. atra (A1-15; L1-15; Z1-6)

N. atra (27-15)
N. atra (B1-15)

100

100

0.01 N. atra (Q1-15)

Fig. 2. Phylogenetic tree of N. atra based on the combined ND2
and cyt b data set, with N. kaouthia as the outgroup. Numbers
above/below the branches represent bootstrap values for the maxi-
mum likelihood (ML) analysis and posterior probability for the Baye-
sian inference (BI) analysis, respectively. Letters after the species
name in parenthesis denote individuals from different sampling
localities. Scale bar indicates substitutions per site. See Fig. 1 for
explanation of Z, L, A, Q, and B.

()

Fig. 3. Haplotype network for the mitochondrial DNA sequences,
constructed with TCS version 1.13 (Clement et al. 2000). Refer to
Table 1 for information on haplotype names. Circles represent hap-
lotypes, and their size is proportional to the frequency observed.
Lines connecting circles are proportional to the number of muta-
tions, indicated by black dots.
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Table 2. Intrapopulation variability in the mitochondrial DNA phylogroups of N. atra in China. Standard deviations are in parentheses.
Region Sample size Number ofhaplotypes  Number of polymorphic sites Haplotype diversity Nucleotide diversity (%)
Eastern 45 2 2 0.327 (0.072) 0.030 (0.007)
Southern 30 2 6 0.517 (0.024) 0.144 (0.007)
Total 75 4 26 0.684 (0.036) 0.532 (0.030)

Table 3. Analysis of molecular variance (amova) among N. atra populations from the two major groups.

Source of variation

Degrees of freedom

Variance components  Percentage of variation

Among groups 1
Among populations within group 3
Among individuals within population 70
Total 74

9.607 88.44

1.153 10.62

0.103 0.95
10.863 100

work (Fig. 3) show clearly differentiated sequences from two
geographic regions: eastern China and southern China. This
geographic pattern was also supported by a major phyloge-
netic tree based on the combined ND2 and cyt b gene data
and inferred from ML (maximum-likelihood) and Bl (Bayesian
approach) analyses (Fig. 2).

The haplotype diversity and the nucleotide diversity
within the Zhoushan population were 0.514+0.069 and
0.00048+0.00006, respectively, whereas the two diversities
within the other four populations were all zero. Pairwise dif-
ferences between haplotypes, based on the ND2 and cyt b
sequences, ranged from 0.1 to 1.1% (average 0.8%). The
number of polymorphic sites within the eastern (two sites in
Zhejiang and Anhui) and southern regions (six sites in
Guangxi) was smaller than that within the whole region sam-
pled (26 sites), as was also the case for haplotype diversity
and nucleotide diversity (Table 2). The Fst value between
the eastern and southern phylogroups and the N, value cal-
culated from this Fst were 0.915 and 0.02, respectively.
Except for the Anhui and Lishui populations, which accord-
ing to our sequence data could be regarded as the same
population, Ny values were very low between populations,
ranging from 0 to 0.19. The amova partitioned 88.44% of the
total genetic variation between the two geographic regions
and 10.62% of the total within the regions (Table 3), indicat-
ing that most of the variation occurred between the two
regions.

DISCUSSION

Overexploitation and illegal trade of N. atra are currently
so serious in China that it is always not easy to collect
cobras from the field in many places of the country. It is
likely that the five localities involved in the present study
were the last opportunity to collect a sufficient number of
cobras native to their own populations with relatively little
effort. The five localities cover almost all of the cobra’s dis-
tributional range in mainland China, and thus our data can
provide a relatively accurate overview of genetic variability
within the species.

The number of polymorphic sites within the eastern and
southern regions was smaller than that within the whole
region sampled (26 sites), as was also the case with haplo-
type diversity and nucleotide diversity (Table 2). There has
been on average one female migrant between the two
regions about every 50 generations (Nm=0.02). Moreover,

the amova partitioned 88.44% of total genetic variation
between the two geographic regions and 10.62% of the total
within the regions (Table 3), indicating that most of the vari-
ation occurred between the two regions. Therefore, taken
together, our data show that N. atra in the eastern region are
genetically segregated from those in the southern region.
This genetic divergence primarily resulted from the lack of
gene flow between the two regions, partly because they are
far from each other and partly because a series of moun-
tains, the Nanling and Luoxiao Mountains, have served as
barriers to animal dispersal between the northern and
southern parts of southeastern China since the Pleistocene
(Zhou, 1984; Zhang, 2002).

Our sequence data show that N. atra from the Anhui
population do not differ at all from those from the Lishui pop-
ulation. This observation is not so surprising because
dispersal, and thus gene flow, may be facilitated by the sim-
ilarities in vegetation and climate, and the lack of dispersal
barriers, between the two localities (ca. 300 km apart). The
Baise and Quanzhou populations (ca. 500 km apart), how-
ever, consist of two well-defined subclades (Fig. 2). This
spatial pattern is also supported by the haplotype network
showing that the two populations have their own haplotypes
and are separated by five mutational steps (Fig. 3). The
population differentiation occurring in Guangxi presumably
resulted from limited animal dispersal due to the existence
of the west-to-east trending Nanling Mountains between
Baise and Quanzhou (Fig. 1). Of the 15 cobras from the
Zhoushan population, six shared haplotype ALZ with those
from the Anhui and Lishui populations. Moreover, haplotype
Z (only found in the Zhoushan population) and haplotype
ALZ differ by only two base pairs, one in cyt b and the other
ND2 (Table 1). These observations suggest that lineage
sorting has not yet been completed in the northeastern part
of the cobra’s distributional range, because of the young age
of Zhoushan Islands, which were separated from the
mainland for the last time some 10,000 years ago (Wang
and Wang, 1980).

Results from life-history studies show that N. atra from
geographically separated populations differ in morphology
and female reproductive traits. For example, females from
the Zhoushan population have longer tails and produce
more and larger eggs than females from the Lishui popula-
tion (Ji and Wang, 2005), and females from the Baise pop-
ulation have larger body size (SVLs) and produce more but
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smaller eggs than females from the Quanzhou population
(Lin, 2005). However, the spatial pattern of female morpho-
logical and reproductive traits is not consistent with the pat-
tern revealed by our sequence data. For example, females
from the Lishui and Quanzhou populations, although sepa-
rated by a distance of approximately 1600 km, are similar to
each other in all traits examined (Ji and Wang, 2005). What
can be inferred from this inconsistence is that biogeography
revealed by life-history data may not necessarily correspond
to that revealed by sequence data.

Management units (MUs) are identified by significant
differences in allele frequency distributions and significant
divergence in mitochondrial or nuclear loci (Moritz, 1994).
Accordingly, populations with genotypes that are closely
related to, but not shared with, other populations, should be
considered as separate MUs. Results from amova suggest
that [Anhui, Lishui, Zhoushan], [Quanzhou] and [Baise] is
the most parsimonious geographical subdivision, and no
haplotype is shared between among these three units
(Table 3). We therefore suggest that the three eastern pop-
ulations, the Quanzhou population, and the Baise population
should be regarded as three different MUs. The design of an
integrated conservation program for a species should take
into account the genetic isolation of populations so that local
genetic variability can be enhanced or retained (Castilla et
al., 1998). Therefore, for the three MUs, we suggest that in-
situ protection measures should be taken because of their
genetic uniqueness.

Because we found geographic genetic differentiation,
current practices of translocated release and artificial breed-
ing in commercial farms will likely cause serious problems
due to unnatural homogenization. We recommend that
animals should not be released into the wild unless their ori-
gin can be determined with confidence. Re-introductions
and translocations have been considered for many organ-
isms to be effective measures to raise populations to mini-
mum viable size or to facilitate gene flow. Such measures
are, of course, required to protect or re-establish natural
populations of N. atra, but great care should be taken to
ensure that individuals are re-introduced to or translocated
between appropriate populations or localities.

ACKNOWLEDGMENTS

This study complied with the current laws on animal welfare
and research in China, and was conducted under the authority of
the Provincial Forestry Bureaus of Zhejiang, Anhui, and Guangxi.
We thank Hui-Li Chen, Zhi-Hua Lin, Hong-Liang Lu, Qing-Bo Qiu,
Yan Sun, and Xiao-Biao Zeng for their assistance in collecting
animals. We also thank Lixing Sun for his useful comments. Com-
ments by two anonymous reviewers substantially improved an
earlier version of this paper. This work was supported by grants
from the National Science Foundation of China (Research Project
Grant 30370229 and 30770378) to XJ.

REFERENCES

Ashton KG, de Queiroz A (2001) Molecular systematics of the
western rattlesnake, Crotalus viridis (Viperidae), with com-
ments on the utility of the D-Loop in phylogenetic studies of
snakes. Mol Phylogenet Evol 21: 176—-189

Avise JC (1989) Role of molecular genetics in recognition and con-
servation of endangered species. Trends Ecol Evol 4: 279-281

Broadley DG, Wuster W (2004) A review of the southern African

‘non-spitting’ cobras (Serpentes: Elapidae: Naja). Afr J Herpetol
53:101-122

Brown RP, Sudrez NM, Pestano J (2002) The Atlas mountains as a
biogeographical divide in North-West Africa: evidence from
mtDNA evolution in the Agamid lizard Agama impalearis. Mol
Phylogenet Evol 24: 324-332

Burbrink FT, Lawson R, Slowinski JB (2000) MtDNA phylogeo-
graphy of the North American rat snake (Elaphe obsoleta): a
critique of the subspecies concept. Evolution 54: 2107-2118

Busack SD, Lawson R, Arjo WM (2005) Mitochondrial DNA, alloz-
ymes, morphology and historical biogeography in the Podarcis
vaucheri (Lacertidae) species complex. Amphibia-Reptilia 26:
239-256

Castilla AM, Fernadez-Pedrosa V, Backeljau T, Gonzalez A, Latorre
A, Moya A (1998) Conservation genetics of insular Podarcis liz-
ards using partial cytochromo b sequences. Mol Ecol 7: 1407—
1411

Clement M, Posada D, Crandall KA (2000) TCS: a computer pro-
gram to estimate gene genealogies. Mol Ecol 9: 1657-1659

de Queiroz A, Lawson R, Lemos-Espinal JA (2002) Phylogenetic
relationships of North American garter snakes (Thamnophis)
based on four mitochondrial genes: how much DNA sequence
is enough? Mol Phylogenet Evol 22: 315-329

Excoffier L, Laval G, Schneider S (2005) ARLEQUIN (version 3.0):
an integrated software package for population genetics data
analysis. Evol Bioinform Online 1: 47-50

Farris JS, Kallersjo M, Kluge AG, Bult C (1995) Testing significance
of incongruence. Cladistics 10: 315-319

Gelman A, Rubin DB (1992) Inference from iterative simulation
using multiple sequences. Stat Sci 7: 457-472

Heulin B, Surget-Groba Y, Guiller A, Guillaume P, Deumff J (1999)
Comparisons of mitochondrial DNA (mtDNA) sequences (16S
rRNA gene) between oviparous and viviparous strains of
Lacerta vivipara: a preliminary study. Mol Ecol 8: 1627-1631

Huang MH (1998) Elapidae. In “Fauna Sinica, Vol 3 (Squamata:
Serpentes)” Ed by EM Zhao, MH Huang, Y Zong, Science
Press, Beijing, pp 334-356

Hudson RR, Slatkin M, Maddison WP (1992) Estimation of levels of
gene flow from DNA sequence data. Genetics 132: 583-589

Ji X, Wang ZW (2005) Geographic variation in reproductive traits
and trade-offs between size and number of eggs of the Chinese
cobra (Naja atra). Biol J Linn Soc 85: 27-40

Jukes TH, Cantor CR (1969) Evolution of protein molecules. In
“Mammalian Protein Metabolism” Ed by HN Munro, JB Allison,
Academic Press, New York, pp 31-132

Kumar S, Tamura K, Nei M (2004) MEGAS: integrated software for
molecular evolutionary genetics analysis and sequence align-
ment. Brief Bioinform 5: 150-163

Kumazawa Y, Ota H, Nishida M, Ozawa T (1996) Gene rearrange-
ments in snake mitochondrial genomes: highly concerted evolu-
tion of control-region—like sequences duplicated and inserted
into a tRNA gene cluster. Mol Biol Evol 13: 1242—-1254

Lin HC, Li SH, Fong J, Lin SM (2008) Ventral coloration differentia-
tion and mitochondrial sequences of the Chinese Cobra (Naja
atra) in Taiwan. Conserv Genet 9: 1089—-1097

Lin LH (2005) A phylogenetic analysis of Intra-specific variation in
life-history traits of the Chinese cobra, Naja atra. MS Thesis,
Hangzhou Normal University, Hangzhou

Marmi J, Lopez-Giraldez F, Macdonald DW, Calafell F,
Zholnerovskaya E, Domingo-Roura X (2006) Mitochondrial
DNA reveals a strong phylogeographic structure in the badger
across Eurasia. Mol Ecol 15: 1007-1020

Moritz C (1994) Applications of mitochondrial DNA analysis in con-
servation: a critical review. Mol Ecol 3: 401-411

Nylander JAA (2004) MrModeltest v2. Program distributed by the
author. Evolutionary Biology Centre, Uppsala University

Pinho C, Harris DJ, Ferrand N (2007) Contrasting patterns of popu-



Conservation Genetics of Chinese Cobra 893

lation subdivision and historical demography in three western
Mediterranean lizard species inferred from mitochondrial DNA
variation. Mol Ecol 16: 1191-1205

Poulakakis N, Lymberakis P, Antoniou A, Chalkia D, Zouros E,
Mylonas M, Valakosc E (2003) Molecular phylogeny and bioge-
ography of the wall-lizard Podarcis erhardii (Squamata:
Lacertidae). Mol Phylogenet Evol 28: 38—-46

Rao G, Li M, Niu YD, Wang J, Wei FW (2001) A new method of
DNA extraction from old skin samples. Chin J Zool 36: 53-57

Ronquist F, Huelsenbeck JP (2003) MrBayes 3: Bayesian phyloge-
netic inference under mixed models. Bioinformatics 19: 1572—
1574

Rozas J, Sanchez-Delbarrio JC, Messeguer X, Rozas R (2003)
DnaSP, DNA polymorphism analyses by the coalescent and
other methods. Bioinformatics 19: 2496-2497

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular Cloning. 2nd
ed, Cold Spring Harbor Laboratory Press, Cold Spring Harbor

Swofford DL (2002) PAUP*: Phylogenetic Analysis Using Parsimony
(*and Other Methods). Sinauer Associates, Sunderland

Wang JT, Wang PS (1980) Relationship between sea-level changes
and climatic fluctuations in east China since late Pleistocene.
Acta Geogr Sin 35: 299-313

Woister W (1996) Taxonomic changes toxinology: systematic
revisions of the Asiatic cobras (Naja naja species complex).
Toxicon 34: 399-406

Woister W, Golay P, Warrell DA (1997) Synopsis of recent develop-
ments in venomous snake systematics. Toxicon 35: 319-340

Zhang RZ (2002) Geological events and mammalian distribution in
China. Acta Zool Sin 48: 141-153

Zhao EM (1998) Naja atra Cantor. In “China Red Data Book of
Endangered Animals (Amphibia and Reptilia)” Ed by EM Zhao,
Science Press, Beijing, pp 274-276

Zhou TR (1984) Physico-geography of China, Vol. 1: Palaeogeo-
graphy. Science Press, Beijing

Scale bar indicates substitutions per site

(Received January 8, 2008 / Accepted July 21, 2008)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.000 795.000]
>> setpagedevice




