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Abstract Although a growing number of both sequence-based and microsatellite nuclear loci have been
used to infer genetic structures, their relative efficiencies remain poorly understood. In our study, we used
the Green-backed Tit (Parus monticolus) to explore the resolving ability of these two types of markers. The
south-western and central mitochondrial DNA (mtDNA) phylogroups were divergent to some extent in
sequence-based nuclear data, while mixed together in microsatellites data. The FST values among clades
were about four times lower in microsatellite loci than those in sequence-based nuclear loci. We are of the
opinion that size homoplasy may have contributed to the inability of microsatellites to uncover differentiation. Our results suggest that sequence-based nuclear loci outperformed microsatellite loci in detecting
population structures, especially those focused on populations with large effective population sizes. There
was no significant correlation between FST values and allelic size variability, which suggested that the efficiency of microsatellite loci in detecting genetic structure may be independent of their polymorphism.
FST is better than RST in detecting intraspecific divergence due to the high variance of RST. In agreement
with sequence-based nuclear loci, microsatellite loci did resolve the genetic distinctness of the Taiwanese
phylogroup. The genetic differentiation between the Taiwanese and continental clades may involve allopatric divergence without gene flow.
Keywords genetic structure, microsatellite, Parus monticolus, sequence-based nuclear data, size homoplasy

Introduction
One of the primary goals of phylogeography is to discover genetic lineages within and among closely related
species (Avise et al., 1987). At the beginning of a phylogeographic study, investigators are typically faced
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with making a decision about which type of molecular
marker to use. The three most commonly used DNA
markers in phylogeography are mitochondrial DNA
(mtDNA), sequence-based nuclear markers and microsatellite markers. mtDNA has been widely used in
phylogeography for almost two decades (Avise, 2009). It
is a leading indicator of genetic structures, especially for
populations with relatively short periods of isolation
(Zink and Barrowclough, 2008). However, using mtDNA alone has been criticized recently because of some
shortcomings, such as evolutionary linkage and ma-
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ternal inheritance (Edwards and Bensch, 2009). It now
seems that multiple, unlinked nuclear loci are essential
for better understanding the complex evolutionary history of species (Ballard and Whitlock, 2004; Brito and
Edwards, 2008). Still, another question that needs to
be addressed is whether sequence-based nuclear markers or frequency-based microsatellite markers are more
suitable for detecting genetic structures.
Both sequence-based nuclear markers and microsatellite markers have their advantages and disadvantages.
Many microsatellite markers have high mutation rates
(between 10−2 and 10−5 mutations per locus per generation (Estoup and Angers, 1998)); this high mutation
rate improves the power of these markers to distinguish
populations (Schlötterer, 2000). It has been suggested
that fewer unlinked microsatellite markers than sequence-based nuclear markers are needed to achieve the
same precision (Haasl and Payseur, 2010). However, the
extremely high mutation rate of microsatellite markers
may lead to size homoplasy, which means allelic size is
identical in state but not identical by descent (Estoup et
al., 2002). Size homoplasy can underestimate population differentiation (Hedrick, 1999; Li et al., 2010b). Although a fraction of size homoplasy could be detected
by single-strand conformation polymorphism (SSCP)
and DNA sequencing, the detectable homoplasy could
improve only a slight underestimation of genetic differentiation (Adams et al., 2004). Most size homoplasy is
undetectable when two alleles are identical in sequence
but not identical by descent [i.e. they have different genealogical histories (Selkoe and Toonen, 2006)]. In addition, the complex mutation models of microsatellite
data further complicate the power to detect population
structures (Balloux and Lugon-Moulin, 2002; Haasl
and Payseur, 2010). The drawbacks of allele-frequency
based markers in recognizing historical grouping of
populations, calculating gene flow and estimating divergence times have led some researchers to suggest that
sequence-based markers are superior to microsatellites
in evolutionary studies (Brito and Edwards, 2008; Zink,
2010). Sequence-based nuclear markers have lower mutation rates (10−8 to 10−9, e.g. Axelsson et al., 2004) and
thus lower levels of homoplasy. Mutation models are
much simpler and the exploration of genealogical patterns is easier (Zhang and Hewitt, 2003). Moreover, it is
convenient to compare the parameters estimated using
sequence-based nuclear data with those estimated using
mtDNA data (Brito and Edwards, 2008). However, the
low mutation rate of sequence-based nuclear markers
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restricts the resolving power to discover shallower genetic structures.
In this study, we selected the Green-backed Tit (Parus
monticolus), an East Asian endemic bird species, to resolve which maker is more suitable for revealing genetic
structures within species. Our previous work (Wang et
al., 2013) revealed three mtDNA phylogroups in China
and adjacent areas: a south-western phylogroup including samples from the Himalayas, southwest China and
northeast India, a central phylogroup containing samples
from central China and a Taiwanese phylogroup, restricted to Taiwan Island (Fig. 1). A species tree analysis
including both mtDNA and sequence-based nuclear
loci, revealed that the ancestral population of the Greenbacked Tit, in first instance, splits into the Taiwanese
phylogroup and the ancestral population of the southwestern /central phylogroup, which further splits into the
south-western and the central phylogroups. The genetic
diversification within the Green-backed Tit is relatively
recent. All diversification probably occurred within the
last 0.9 million years. Haplotype networks based on
sequence-based nuclear loci revealed fixed base pair differences between the Taiwanese and other phylogroups.
However, the genetic divergence between the southwestern and central phylogroups was shallower, with
shared nuclear haplotypes. Given their higher mutation
rate, microsatellite markers might resolve divergence patterns within these more recently divergent phylogroups.
Besides, previous studies have successfully utilized microsatellite markers to reveal genetic divergence within
species when sequence-based nuclear markers failed
(Brunner et al., 1998; Tonione et al., 2010).
We used two Z-linked sequence loci and nine microsatellite loci in this study. We first describe the genetic
structure revealed by microsatellite data. Second, we
compare the genetic structures revealed by sequencebased nuclear loci and microsatellite loci and address
the resolving ability of these two types of markers.
Third, given the genetic distinctiveness of the Taiwanese
population, we also explored whether allopatric divergence without gene flow or isolation with migration
might result in this genetic pattern.

Methods
Sample collection, DNA amplification and
microsatellite genotyping
We used 154 samples from 24 sites across most of
© 2013 Beijing Forestry University and China Ornithological Society
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the range of the Green-backed Tit (Fig. 1). Samples
included three of the four described subspecies (we
lacked samples of P. m. legendrei, which is restricted
to southern Vietnam on the Da Lat plateau). Gross
genomic DNA was extracted using the DNeasy Tissue
kit (QIAGEN) following the instructions of the manufacturer. Two Z-linked sequence loci and nine microsatellite loci were used in this study. The two Z-linked
sequence loci were MUSK (muscle-specific tyrosine
kinase) and Z-185 (similar to a transient receptor potential cation channel, subfamily M, member 3, ShouHsien Li, unpublished data). These sequences were
used in our previous work (Wang et al., 2013, GenBank
number JQ324378–JQ324420, JQ324466–JQ324472,
JQ324475, JQ324479, JQ324481–JQ324499, JQ324501,
JQ324506–JQ324513, JX849802–JX849862). Among
the nine microsatellite loci, four loci (Titgata02, Titgata67, Titgata87, Titgata89; Wang et al., 2005) were
developed specifically for the Green-backed Tit and
five additional loci (PmaGAn27, PmaTAGAn71, PmaTGAn45, Pma48m, Pma69u; Kawano, 2003; Saladin et
al., 2003) for its closest relative Parus major (Gill et al.,
2005; Dai et al., 2010). We started with the original PCR
conditions described in these three papers and then
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the adjusted MgCl2, template DNA concentrations and
annealing temperatures to amplify our target loci. Microsatellites were amplified with fluorescent labeled forward primers (FAM and HEX dyes). Fragment lengths
were analyzed with the internal size marker GENESCAN-500 ROX (Applied Biosystems) and scored with
GENEMARKER 3.7 (SoftGenetics).
Data analysis
For microsatellite data, a Hardy-Weinberg equilibrium
(HWE) and linkage disequilibrium (LD) were tested
using GENEPOP 4.0 (Raymond and Rousset, 1995),
with a sequential Bonferroni correction for assessing
statistical significance. Basic population genetic parameters (number of alleles, private alleles, observed and
expected heterozygosity per locus) were estimated with
MSTools (Park, 2001). To correct for sample size differences, we calculated allelic richness using FSTAT 2.9.3
(Goudet, 2001). Null alleles were examined with MicroChecker (Van Oosterhout et al., 2004).
We used three methods to identify genetically distinct
groups in microsatellites. First, PHYLIP 3.6 (Felsenstein, 1989) was utilized to construct a neighbor-joining

Fig. 1 Topological map of East Asia showing sampling sites and the three phylogroups revealed by mitochondrial DNA (mtDNA,
data from Wang et al., 2013). Circles represent sampling sites where the size of the circles is proportional to the sample size. Dashed
lines show the three mtDNA phylogroups: the south-western, central and Taiwanese phylogroups. Elevation is represented by shading:
lower elevations are shown lighter and higher elevations are shown darker. The Green-backed Tit is distributed from approximately
1000 to 3000 m in elevation. See Table 1 for details of population codes.
www.chinesebirds.net
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tree using Cavalli-Sforza’s chord distance (Dc), with
1000 bootstrap replicates. A Dc distance based tree was
utilized because this has been suggested to be robust
to null alleles (Chapuis and Estoup, 2007) and is suitable for allele frequency data (Takezaki and Nei, 1996).
Second, we used a Bayesian approach implemented in
STRUCTURE 2.3.3 (Falush et al., 2007) to assign individuals to clusters without prior information. Analyses
were run using an admixture and correlated allele frequency model. The number of groups (K) was varied
from 1 to 10, with 5 runs for each K value. The burning
length and MCMC iterations were set to 500000 and
5000000, respectively. We used the Evanno et al. (2005)
method implemented in the program STRUCTURE
HARVESTER (Earl, 2012) in order to determine the
most likely value of K and DISTRUCT 1.1 (Rosenberg,
2004) to display the results. Third, pairwise FST (Wright,
1965) and RST (Slatkin, 1995) values among clades were
calculated for individual microsatellite loci as well as all
loci combined using FSTAT. We also calculated pairwise
G ST (Nei, 1978) and D (Jost, 2008) values among
clades for all loci combined using GENODIVE 2.0b20
(Meirmans, 2009), because combined utilization of FST
with GST and D has been recommended (Jost, 2009;
Leng and Zhang, 2011; Meirmans and Hedrick, 2011).
For the two sequence-based nuclear loci, the Ewens-Watterson (Ewens, 1972; Watterson, 1974) and
Chakraborty’s Amalgamation (Chakraborty, 1990) tests
implemented in ARLEQUIN 3.5 (Excoffier et al., 2005),
were used to test for selective neutrality. Haplotype networks were reconstructed using TCS 1.21 (Clement et
al., 2000). In order to compare the genetic differentiation between microsatellite and sequence-based nuclear
data, we also calculated FST values among clades at each
locus.
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population. However, NT and HL, the two Taiwanese
populations, exhibited high levels of private alleles, with
five and 14 alleles in each population, respectively. For
sequence-based nuclear data, Chakraborty’s amalgamation test and the Ewens-Watterson test were not significant for any locus.
The neighbor-joining tree constructed with microsatellite data (Fig. 2a) identified two genetic clades:
a continental clade (south-western + central mtDNA
phylogroups) containing samples from the Asian continent and a Taiwanese clade was restricted to Taiwan.
This was consistent with the STRUCTURE result (Fig.
2b). The Evanno et al. (2005) method indicated the
optimal number of clusters as K = 2. STRUCTURE
analyses did not resolve any genetic structure within the
Asian continent. Allelic size frequencies were similar between the south-western and central phylogroups, but
significantly different between the Taiwanese and continental clades (Fig. 3). The weighted RST values were 0.01
between the south-western and central phylogroups,
0.25 between the central and Taiwanese phylogroups,
and 0.22 between the south-western and Taiwanese
phylogroups. GST values were 0.00 between the south-

Results
For microsatellite data, no evidence emerged for linkage
disequilibrium between any pair of loci across all populations. Locus Titgata67 significantly deviated from
the Hardy-Weinberg equilibrium (p < 0.05) and was
excluded from all further analyses. There were null alleles for populations BS and KKS at locus Pma69u, with
frequencies of 0.25 and 0.18 respectively. The number
of alleles per locus ranged from seven in Pma48m to
22 in Titgata87. Allelic richness ranged from 1.56 to
1.79 (Table 1). All the continental populations had
limited private alleles, with less than two alleles in each

Fig. 2 Neighbor-joining tree and population structure based on
allelic frequencies of microsatellite data. (a) Neighbor-joining
tree based on Cavalli-Sforza’s chord distance (Dc). Numbers
above branches are percentage bootstrap support values from
1000 replicates (only values > 75% shown). (b) Bayesian-based
cluster analysis implemented in STRUCTURE. Each vertical bar
represents one individual and its probability of being assigned to
clusters (K = 2).
© 2013 Beijing Forestry University and China Ornithological Society
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Table 1 Summary of genetic diversity in the Green-backed Tit (Parus monticolus)
Population code

Location

South-western
ZM

Zhangmu

Longitude (°)

Latitude (°)

n

A

PA

AR

HO

HE

85.988

27.989

42
4

3.33
3.75

4
1

7.75
1.67

0.62
0.66

0.66
0.67

MY

Miyi

101.899

27.127

5

4.13

0

1.67

0.55

0.67

YB

Yanbian

101.535

27.106

13

6.00

1

1.68

0.70

0.68

YL

Yulong

100.261

27.097

2

2.63

0

1.67

0.69

0.67

BS

Baoshan

98.783

24.820

11

5.38

1

1.64

0.57

0.64

BM

Bomi

95.759

29.873

2

2.25

0

1.58

0.56

0.58

CY

Chayu

97.084

28.562

Central

5

4.00

0

1.64

0.53

0.64

88

3.27

12

9.88

0.67

0.72

2

2.38

1

1.56

0.56

0.56

ZQ

Zhouqu

104.171

33.697

ZZ

Zhouzhi

108.221

34.160

9

5.38

0

1.71

0.66

0.71

FP

Foping

107.768

33.596

10

5.75

0

1.72

0.67

0.72

NS

Ningshan

108.318

33.313

3

3.50

0

1.76

0.71

0.76

HP

Haoping

107.711

34.088

12

6.50

1

1.68

0.66

0.68

MG

Meigu

103.308

28.518

7

5.63

2

1.72

0.73

0.72

DX

Dingxi

110.195

31.566

8

5.00

0

1.69

0.73

0.69

BQ

Banqiao

108.638

29.933

4

3.63

0

1.66

0.70

0.66

LJS

Laojunshan

110.918

31.880

4

4.50

0

1.76

0.66

0.76

LD

Luding

102.277

29.920

6

4.50

0

1.70

0.63

0.70

SM

Shimian

102.338

29.100

4

3.63

1

1.69

0.59

0.69

LL

Longlin

104.871

24.666

1

1.63

0

1.63

0.63

0.63

GD

Guiding

107.135

26.582

3

3.63

0

1.76

0.67

0.76

KKS

Kuankuoshui

107.190

27.947

13

6.50

1

1.74

0.66

0.74

LS

Leishan

108.078

26.384

2

2.88

0

1.79

0.81

0.79

24

2.90

18

6.88

0.60

0.64

14
10

5.13
5.50

5
14

1.56
1.61

0.53
0.71

0.58
0.61

Taiwanese
NT
HL

Nantou
Hualian

121.182
121.388

23.977
24.192

Note: n, sample size; A, average number of alleles per locus; PA, private allele; AR, allelic richness; HO, observed heterozygosity; and HE,
expected heterozygosity.

Fig. 3 Allelic size distributions of the eight microsatellite loci
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western and central phylogroups, 0.01 between the
central and Taiwanese phylogroups, and 0.10 between
the south-western and Taiwanese phylogroups. In
general, estimated D values were higher than the
estimated GST values. D values were 0.02 between the
south-western and central phylogroups, 0.42 between
the central and Taiwanese phylogroups, and 0.44
between the south-western and Taiwanese phylogroups.
F ST between the south-western and central clades
for the eight microsatellite loci combined was 0.01
(ranging from 0.00 to 0.01). In contrast, FST was much
higher for individual sequence-based loci (MUSK: FST =
0.03, Z185: FST = 0.04). FST between the south-western
and Taiwanese clades for the eight microsatellite loci
combined (average: 0.17, ranging from 0.01 to 0.24) was
much lower than that for the two nuclear loci (MUSK:
FST = 0.61, Z185: FST = 0.89), so was FST between the
central and Taiwanese clades [microsatellite: FST = 0.15
(ranging from 0.03 to 0.22), MUSK: FST = 0.54, Z185:
FST = 0.77]. The single-locus estimates of FST among
clades were similar across the eight microsatellite loci,
while R ST showed high variance (Fig. 4). Haplotype
networks revealed fixed base pair differences between
the Taiwanese and south-western/central mtDNA
phylogroups, while haplotypes were shared between
the south-western and central phylogroups (Fig. 5).
Both south-western and central phylogroups contained
private haplotypes, suggesting that the two mtDNA
phylogroups also diverged to some extent in sequencebased nuclear loci.

Discussion
Suitability of microsatellite markers in resolving
genetic structures
The mutation rates of microsatellite markers are several orders of magnitude higher than sequence-based
nuclear markers and are expected therefore to have
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higher resolving power of genetic structures (Estoup
and Angers, 1998). However, inconsistent with the expectation, the estimates of genetic divergence among
mtDNA phylogroups of Green-backed Tit were much
lower in microsatellites than in sequence-based nuclear
data. Specifically, the south-western and central mtDNA
phylogroups each contained private nuclear haplotypes,
which suggested that the two phylogroups were also
divergent to some extent in sequence-based nuclear loci
(Fig. 5). Nevertheless, the microsatellite data failed to
detect any genetic divergence across the Asian continent
(Fig. 2). The allelic size distributions between the southwestern and central phylogroups were similar across
the eight microsatellite loci, and limited private alleles
were found in continental populations (Fig. 3, Table 1).
The RST, GST and D values between the south-western
and central phylogroups were small. FST values among
clades were about four times lower in microsatellite loci
than that in sequence-based loci.
Two possible reasons may explain the lower genetic
structure in the microsatellite data: size homoplasy
of microsatellites and strong selection pressure on
sequence-based loci (Epperson, 2005; Li et al., 2010b;
Storchová et al., 2010). The Chakraborty’s amalgamation and Ewens-Watterson tests did not show significant
differences for any sequence-based nuclear loci, which
suggests that neutral selection may not be the cause.
Therefore, we think that reduced genetic differentiation
in microsatellite loci may result from size homoplasy.
In agreement with this explanation, we found that observed heterozygosity per locus was lower than expected
for most sampling sites (Table 1).
Size homoplasy is closely related to effective population size (Nauta and Weissing, 1996). Populations
with a large effective population tend to have higher
size homoplasy than populations with a small effective
population (Estoup et al., 2002). The effective population size of the continental clade was larger than that
of the Taiwanese clade. Therefore, it is likely that the

Fig. 4 Single-locus estimates of FST/RST vs. allelic richness
© 2013 Beijing Forestry University and China Ornithological Society
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Fig. 5 Haplotype networks of the two sequence-based nuclear
loci. Each circle represents a haplotype; the size of the circle is
proportional to the frequency of the haplotype. Dots represent
unsampled haplotypes and dashes their corresponding mutation
steps.

continental clade was more affected by size homoplasy
and the Taiwanese clade to a lesser extent. In agreement
with this expectation, the genetic distinctiveness of the
Taiwanese phylogroup was resolved, while no genetic
distinct group was uncovered in the Asian continent.
The ranges of allele sizes largely overlapped between the
south-western and central phylogroups, with only partial overlapping between the Taiwanese and continental
clades. As well, it should be noted that the two Taiwanese populations (NT and HL) have a much higher
level of private alleles than the continental populations.
Based on these results, we suggest that our microsatellite markers are less suitable than sequence-based nuclear markers in resolving genetic divergence, especially
for populations with large effective population sizes.
However, when effective population size is small, differences among marker types are less pronounced.
Besides effective population size, size homoplasy also
depends on the mutation rates of microsatellite loci
(Estoup et al., 2002). The large variation in the number
of alleles, detected across the eight microsatellite loci
(from seven in Pma48m to 22 in Titgata87), represents
www.chinesebirds.net
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large differences in rates of mutation. The relationship
between locus variability (typically represented as allele
diversity) and the magnitude of population differentiation is under debate. Some suggest that highly variable
loci could increase the power for estimating genetic
structures (Epperson, 2004), while others argue that
high levels of locus polymorphism may underestimate
population differentiation because of size homoplasy
(Estoup et al., 2002; O’Reilly et al., 2004). Previous
studies revealed a negative relationship between allele
diversity and estimated FST values (O’Reilly et al., 2004;
Olsen et al., 2004). However, our study did not find a
significant correlation between FST values and allelic size
variability (Fig. 4), which indicates that the efficiency of
microsatellite loci in detecting genetic structure may be
independent of their polymorphism.
RST is an FST-analogue, but this statistic takes into account the difference in repeat numbers and assumes a
stepwise mutation model. It has been suggested that RST
provides less biased estimates of population divergence
than FST under the stepwise mutation model (Slatkin,
1995). However, this feature no longer holds when the
stepwise model is violated (Slatkin, 1995). This is likely
the case of microsatellite loci with rather complex mutation models (Angers and Bernatchez, 1997). It has
also been suggested that even under the strict stepwise
mutation model, FST is better than RST when sample
sizes are moderate and small and the number of loci
scored is low due to the high variance of RST (Gaggiotti et al., 1999; Balloux and Lugon-Moulin, 2002). In
contrast to the stable FST, our results revealed that the
variance of RST across microsatellite loci was high (Fig.
4). Therefore, in agreement with previous studies, our
study shows that high variance restricts the suitability
of RST.
Role of geographical isolation in genetic
diversification
Although genetic diversification within the Asian continent has not been resolved, our microsatellite data did
recover the genetic distinctness of the Taiwanese clade.
In agreement with the microsatellite results, the Taiwanese clade had fixed base pair differences in mtDNA
as well as in sequence-based nuclear loci (Wang et al.,
2013). The genetic distinctiveness of the Taiwanese
population has been found in other studies of birds
(Song et al., 2009; Liu et al., 2012), plants (Gao et al.,
2007; Chou et al., 2011) and insects (Lee and Lin, 2012).

Wenjuan Wang et al. Green-backed Tit diversification

Taiwan has also been regarded as an important zoogeographic region (Zheng and Zhang, 1959; Zhang, 1999)
and an area of endemism (Lei et al., 2007; López-Pujol
et al., 2011). All these observations suggest the evolutionary peculiarity of Taiwanese taxa.
It has been suggested that most Taiwanese taxa colonized the island from the Asian continent during land
bridge connections when the climate was cooler (Kano,
1940). Geographical isolation has been emphasized as
the most important factor for intraspecific and interspecific diversification between Taiwan and continental
taxa (Grant and Grant, 1998; Lei et al., 2007). However,
the land bridge between Taiwan and the adjacent Asian
continent formed and submerged intermittently during
Pleistocene glacial cycles (Voris, 2000). Therefore, the
geographical barrier was restricted largely to interglacial
periods. When the land bridge formed during glacial
periods, gene exchange between Taiwan and continental taxa was possible. Recent studies, using coalescentbased methods [e.g. isolation with migration (IM; Hey,
2005) and approximate Bayesian computation (ABC;
Pritchard et al., 1999)], have revealed that bidirectional gene flow existed in the sibling hwamei species
(Li et al., 2010a) and Euphaea damselflies species (Lee
and Lin, 2012) during land bridge connections. These
studies suggest that the role of geographical barriers
in genetic differentiation may not be as important as
previously suggested. Other factors which can counter
the homogenizing effect of gene flows, such as natural
selection and sexual selection, may be important drivers
of genetic diversification (Li et al., 2010a; Lee and Lin,
2012). The interconnected area between Taiwanese and
continental taxa is much larger in the Green-backed Tit
than that in the hwameis and Euphaea damselflies species. The disjunct area in both the hwameis and Euphaea damselflies species is restricted to the Taiwan land
bridge. There is no unsuitable habitat on the Asian continent. Nevertheless, there is a large area in southeastern
China without Green-backed Tits. Therefore, it is less
likely that the Taiwanese and the continental populations of the Green-backed Tit would experience gene
exchange during glacial periods. In addition, the ecological niche of the Green-backed Tit is different from
that of the hwameis and Euphaea damselflies species.
The Green-backed Tit is a montane species that generally occupies higher elevations, with an approximate
range of 1000 to 3000 m (Li et al., 1982). Palaeovegetation maps of the Last Glacial Maximum indicate the
interconnected land bridge area was covered by steppes,
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semi-arid temperate woodland or scrub habitats (Harrison et al., 2001; Ray and Adams, 2001), currently
not suitable for the Green-backed Tit. Moreover, the
results of ecological niche modeling have suggested
that there was no habitat suitable for the Green-backed
Tit on the interconnected area during the Last Glacial
Maximum (Wang et al., 2013). Therefore, in contrast
to the divergence with our gene flow scenario, genetic
differentiation in the Green-backed Tit may involve allopatric divergence without gene flows. Nevertheless, to
resolve the history of divergence between the Taiwanese
and continental populations properly, coalescent-based
analyses are required in further investigations.
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基于微卫星标记的绿背山雀遗传结构分析
王文娟1,6，戴传银1,2，Bailey D. MCKAY3，赵娜4，李寿先5，雷富民1
（1 动物进化与系统学院重点实验室，中国科学院动物研究所，北京，100101；2 贵州师范学院化学与生命科学
学院，贵阳，550018；3 美国自然历史博物馆；4 水利部水工程生态效应与生态修复重点实验室，水利部中国科
学院水工程生态研究所，武汉，430079；5 台湾师范大学生命科学学院；6 中国科学院大学，北京，100049）
摘要：近些年来，核序列基因和微卫星标记被广泛地应用于物种遗传结构分析，然而，对于两者的有效性我们
却知之甚少。本文以绿背山雀（Parus monticolus）为研究对象，探讨核序列基因和微卫星标记在解析物种遗传
结构方面的有效性。绿背山雀中部和西南线粒体谱系分支在核序列基因上存在相应的遗传分化，而在微卫星数
据上却不存在分化。两个谱系分支在核序列基因上的 FST 值是微卫星的 4 倍。我们认为等位基因大小异源同形（size
homoplasy）可能是导致微卫星标记无法区分两个谱系分支的主要原因。我们的研究结果表明在探讨物种遗传结
构，且当目标种群具有较大的有效种群数量时，核序列基因比微卫星标记具有更强的适用性。绿背山雀各线粒
体谱系分支间的 FST 值与等位基因数量不存在显著的相关性，该结果表明微卫星标记的有效性与等位基因的数
量无关。RST 值的变化范围比 FST 值大，因此更不利于探讨种群间的遗传分化。与核序列基因相符，微卫星标记
同样揭示了台湾支系的遗传独立性。台湾支系与大陆支系间的遗传分化可能属于严格的异域分化过程。
关键词：遗传结构，微卫星，绿背山雀，核序列基因，等位基因大小异源同形
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