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a b s t r a c t

The eared pheasant consists of four species: white eared pheasant (Crossoptilon crossoptilon), Tibetan
eared pheasant (Crossoptilon harmani), blue eared pheasant (Crossoptilon auritum), and brown eared
pheasant (Crossoptilon mantchuricum). These species are found only in China, and are also on the list of
the world’s threatened species. In this paper, 74 individuals from the four eared pheasant species were
assessed for population genetic diversity by means of fluorescent-AFLP markers. A total of 429 AFLP peaks
were amplified by 11 pairs of fluorescent EcoRI/TaqI primer combinations. Out of all markers, 329 AFLPs
were polymorphic. Each primer combination produced in reactions from 19 to 72 fragments and the
polymorphic peaks percentage ranged from 53.33% to 86.11% with an average of 74.36% polymorphic
bands. Genetic distance between species and genetic diversity within species were evaluated using Jac-
card’s similarity coefficients (SC) and the corresponding dendrogram. It was found that there was a mod-
erate genetic distance between the four species (SC = 0.674–0.832). Brown eared pheasant was
genetically closely related to blue eared pheasant (SC = 0.832), while white eared pheasant was more clo-
sely related to Tibetan eared pheasant (SC = 0.812). Genetic diversity was lower in brown eared pheasant
(SC = 0.913) and Tibetan eared pheasant (SC = 0.903) than in white eared pheasant (SC = 0.832) and blue
eared pheasant (SC = 0.853).

� 2010 Elsevier Inc. All rights reserved.

1. Introduction

The eared pheasants (Galliformes: Phasianidae) consists of four
different ecological species: white eared pheasant (Crossoptilon
crossoptilon), Tibetan eared pheasant (Crossoptilon harmani), blue
eared pheasant (Crossoptilon auritum), brown eared pheasant
(Crossoptilon mantchuricum). These four species are endemic to
China and are distributed from Qinghai, Yunnan, Tibet, Sichuan,
Shanxi to Hebei and Beijing. Eared pheasants typically inhabit for-
ested areas where they feed on corn as well as roots, stems, leaves,
and buds of plants. They were once abundant, but since the begin-
ning of the 20th century, climatic change, habitat loss, and frag-
mentation from deforestation has markedly diminished the
population size (Bird Life International, 2006). Especially the
brown eared pheasant, it is classified as one of the endangered spe-
cies with higher priority for conservation in China (Zheng and
Wang, 1998; CITES, 2006).

Previous studies of brown eared pheasant focused on nest-site
selection (Yang et al., 2001), clutch size and its variations (Zhang
et al., 1997), breeding-habitat selection (Li et al., 2009), isolation
and characterization of microsatellite markers (Fu et al., 2009).
There are also studies of the reproductive ecology of Tibetan eared
pheasant (Lu and Zhang, 2003), habitat of Tibetan eared pheasant
(Lu and Zhang, 2002), Plasmodium (Bennettinia) juxtanucleare infec-
tion in captive white eared Pheasant (Murata et al., 2008), and
nest-site selection of the white eared pheasant (Wang et al.,
2006). To our knowledge we report the first study of blue eared
pheasant.

Little is known about genetic diversity and genetic relationship
among the four ecological species of eared pheasants. Estimates of
genetic diversity will be of potential use in studies of population
structure and reproductive strategy of these species. Knowledge
of intraspecific genetic variation may help to assess extinction risks
and evolutionary potential in a changing world (Hedrick, 2001).

Analysis of amplified fragment length polymorphism (AFLP) is a
popular approach to detect genetic diversity. AFLP is an application
of the DNA fingerprinting technique proposed by Vos et al. (1995)
that uses a combination of restriction fragment length polymor-
phism (RFLP) (Sreekumar et al., 2001) and random amplified poly-
morphic DNA (RAPD) (Horng and Huang, 2003; Horng et al., 2004;
Yen et al., 2001). In comparison to microsatellite markers, the
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advantage of AFLP is that a large number of markers can be gener-
ated with a smaller number of primer pairs and no prior knowl-
edge of sequence data is required. This is especially true when
working in a species for which only a few microsatellite markers
are available or when there is no sequence information (Agrama
et al., 2002; Guerra et al., 2002; Van Haeringen et al., 2002). More-
over, AFLP is reproducible and has a high throughput and good res-
olution. In addition, the analysis requires minimal amounts of DNA
and can resolve multiple polymorphic markers in each reaction
(Lazzaro et al., 2002). Because of these advantages, AFLP has been
used to investigate genetic variation in a wide variety of micro-
organisms, plants, and animals (Schmidt et al., 2004; Jones et al.,
2005; Mba and Tohme, 2005; Plastow et al., 2003).

The objective of the current study was to investigate genetic
distance between the four ecological species of eared pheasants,
and assessed genetic diversity within species using fluorescent-
AFLP markers.

2. Materials and methods

2.1. Sample collection

A total of 74 birds (17 brown eared pheasant, 19 white eared
pheasant, 20 blue eared pheasant, 18 Tibetan eared pheasant) were
sampled from Qinghai, Yunnan, Tibet, Sichuan, Shanxi to Hebei and
Beijing. All of them were 2 years old and from Wildlife Refuge and
Zoo. The experiment and AFLP analysis were carried out at the
Clinical Laboratory College of Veterinary Medicine, China Agricul-
tural University, during the period from January 2007 to December
2008. Venous blood samples were taken from the each individual’s
wing vein and mixed with anticoagulant (EDTA) and then kept at
�20 �C for subsequent DNA extraction.

2.2. DNA extraction

Genomic DNA of eared pheasants was extracted using EasyPure
Blood Genomic DNA Extraction Kit (Beijing TransGen Biotech Co.,
Ltd., China). The procedure was carried out following the instruc-
tions of the manufacturer.

2.3. AFLP analysis

Genomic DNA digestion and adapter ligation procedures were
performed according to the method described by Huang et al.
(2007). The sequences of TaqI, EcoRI-adapters and primers used
in this study were shown in Table 1.

Samples of 300 ng of eared pheasant genomic DNA were di-
gested for 2 h at 65 �C with 10 units of TaqI (New England Biolabs),
1 lL 10 � NEBuffer 3 (1000 mM NaCl, 500 mM Tris–HCl, pH 7.9,
100 mM MgCl2, 10 mM DTT), 0.1 lL 100 � BSA (500 lg/ml BSA,
50% glycerol), and then sterile water to obtain a final volume of
10 lL. Subsequently, the DNA was further digested with 10 units
of EcoRI (New England Biolabs), 1.5 lL 10 � NE Buffer (500 mM
NaCl, 1000 mM Tris–HCl, pH 7.5, 100 mM MgCl2, 0.25% Triton X-
100), and sterile water were added into the tube for a final volume
of 15 lL, and then incubated at 37 �C for 3 h.

DNA ligations were performed in a final volume of 10 lL. The
samples contained 5 lL of restricted materials, 5 pmol of the Eco-
RI-adapter, 50 pmol of the TaqI-adapter, 1 lL 10 � DNA ligase buf-
fer (500 mM Tris–HCl, pH 7.6, 100 mM MgCl2, 10 mM ATP, 100 mM
DTT, 50% polyethylene glycol-8000), 10 unit of T4 DNA ligase, and
sterile water. The ligation reactions were incubated for 12 h at
37 �C. After ligation of adapters, DNA fragments were diluted 10-
fold in sterile water.

AFLP analysis was carried out according to the procedures de-
scribed by Vos et al. (1995) who recommended that the PCR ampli-
fications of DNA fragments be performed in two consecutive
reactions. In the preamplification reaction, DNA fragments were
amplified with a pair of AFLP primers completely complementary
to the adapters and the restriction site sequences except for one
selective nucleotide A at their 30 end (Table 1). Preamplifications
were performed in a final volume of 20 lL with 5 lL of the 10-fold
dilution of restricted-ligated DNA, 1 lL of TaqI + A primer (50 ng/
lL), 1 lL of EcoRI + A primer (50 ng/lL), 10 lL Premix Taq� (TaAa-
Ka Taq™ version), and then 3 lL sterile water. Preamplification cy-
cles started with 5 min denaturation at 94 �C, followed by reaction
for 30 s at 94 �C, 60 s at 56 �C, and 60 s at 72 �C. Reactions were
performed for 30 cycles with a final extension step at 72 �C for
10 min. The pre-amplified products were detected by electropho-
resis in 1% agarose gel. The PCR products of preamplification were
diluted 20-fold and used as a template for the next reaction, called
selective amplification.Eleven pairs of FAM-EcoRI /TaqI primer
combinations with two (tAN) and three (tANN) selective nucleo-
tides at the 30 end were used in this study. The 50 end of the EcoR
tAN or EcoR tANN primer was labelled with FAM fluorescences (Ta-
ble 1). The reactions of selective PCR were performed with 2 lL of
diluted preamplification reaction products, 1 lL of each pair selec-
tive amplification primer (50 ng/lL) (Table 2), 10 lL Premix Taq�

(TaAaKa Taq™ version). Sterile water was then added to yield a to-
tal volume of 20 lL.

In the selective amplification reaction, a touch-down thermal
cycling was used. The first cycle was 30 s at 94 �C, 30 s at 65 �C,
and 80 s at 72 �C, followed by 13 cycles of 0.7 �C lower annealing
temperature each cycle, and then 30 cycles of 30 s at 94 �C, 30 s
at 56 �C, and 60 s at 72 �C.

2.4. Statistical analyses

Fluorescent peak signals for each primer combination were col-
lected with the ABI 3730XL automatic DNA sequencer data collec-
tion 3.0 (Applied Biosystems, USA). The electropherograms were
scanned and analyzed by the Genemaper 3.0 software package
(Applied Biosystems, USA), which displayed the AFLP fingerprints
and quantified the polymorphic peaks.

Peaks representing AFLP fragments were scored as binary for-
mat with ‘‘1” for the presence of a band and ‘‘0” for its absence.
The percentage of polymorphism (PP) was calculated by using for-
mula PP = total number of polymorphic bands/total number of

Table 1
Sequences of the adapters and primers used in the AFLP analysis.

Name Sequence

EcoRI-adapter EcoRIEco top strand 5-CTCGTAGACTGCGTACC
EcoRIEco bottom strand 5-AATTGGTACGCAGTCTAC

TaqIadapter TaqITaq top strand 5-GACGATGAGTCCTGAC
TaqITaq bottom strand 5-CGGTCAGGACTCAT

EcoRIPrimer EcoRI + A 5-GACTGCGTACCGTACC A
FAM-EcoRI + AC 5-FAM GACTGCGTACCGTACC AC
FAM-EcoRI + AAA 5-FAM GACTGCGTACCGTACC AAA
FAM-EcoRI + AAC 5-FAM GACTGCGTACCGTACC AAC
FAM-EcoRI + ACA 5-FAM GACTGCGTACCGTACC ACA
FAM-EcoRI + ATA 5-FAM GACTGCGTACCGTACC ATA
FAM-EcoRI + ACC 5-FAM GACTGCGTACCGTACC ACC
FAM-EcoRI + ACT 5-FAM GACTGCGTACCGTACC ACT

TaqIPrimer TaqI + A 5-GATGAGTCCTGACCGA A
TaqI + AC 5-GATGAGTCCTGACCGA AC
TaqI + AAC 5-GATGAGTCCTGACCGA AAC
TaqI + AAG 5-GATGAGTCCTGACCGA AAG
TaqI + ATG 5-GATGAGTCCTGACCGA ATG
TaqI + ACT 5-GATGAGTCCTGACCGA ACT
TaqI + ACC 5-GATGAGTCCTGACCGA ACC
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bands multiplied with 100. Data analysis was performed using
NTSYSpc-2.10 to obtain the Jaccard’s similarity coefficients (Jac-
card, 1908), applying the formula Sab = Nab/(Naa + Nab + Nbb), where
Sab is the similarity index between ath and bth genotype, Nab the
number of bands present in both genotypes, Naa the number of
bands present in ath genotype but absent in bth genotype, and
Nbb is the number of bands present in bth genotype but absent in
ath genotype. Cluster analysis based on the similarity coefficient
matrix was performed applying unweighted pair-group method
of arithmetic analysis (UPGMA), using the NTSYSpc program (ver-
sion 2.10). The goodness of fit in the UPGMA cluster analysis was
evaluated by the Mantel’s correlation test (Mantel, 1967).

3. Results

3.1. AFLP profile

The PCR products amplified by 11 pairs of FAM-EcoRI/TaqI pri-
mer combinations yielded a total of 429 AFLP peaks, corresponding
to 429 DNA fragments (Table 2). Among these fragments, 329 were
polymorphic. It was observed that various primer pairs produced
clearly different numbers of bands with an average of 39 per pri-
mer pair. A maximum of 72 fragments was amplified with the E-
AC/T-AC primer pair, and a minimum of 19 fragments with the
E-AC/T-ATG primer pair. The percentages of polymorphic frag-
ments ranged from 53.33% to 86.11% with an average of 76.69%
per primer pair. The sizes of the amplified fragments were between
35 and 488 bp with the narrowest range for the E-ACA/T-ATG frag-
ments (35–360) and the widest range for the E-AC/T-ATG frag-
ments (40–488).

3.2. Genetic diversity of eared pheasants

Each of the 429 AFLP fragments were used to calculate Jaccard’s
similarity coefficients. The genetic similarities are shown in Table 3.
The individuals in the brown eared pheasant population had high-
est similarity (0.913 in average), followed by Tibetan eared pheas-
ant (0.903), then blue eared pheasant population (0.853). The

lowest similarity was observed in the white eared pheasant
(0.832). Across species, similarity was highest between brown
eared pheasant and blue eared pheasant (0.832), and between
white eared pheasant and Tibetan eared pheasant (0.812). The
lowest similarity was observed between brown eared pheasant
and Tibetan eared pheasant (0.674), and the similarity between
other pairs ranged from 0.713 to 0.723.

3.3. Cluster analysis

A dendrogram constructed based on the similarity matrix is
shown in Fig. 1. The dendrogram was strongly supported by high
value of correlation coefficient in the Mantel’s test of goodness of
fit (r = 0.931). The dendrogram of 74 individuals was divided into
four groups. All individuals in the same species belonged to the
same cluster group. The brown eared pheasants and the blue eared
pheasants were clustered together, and the white eared pheasant
and the Tibetan eared pheasant were clustered together.

4. Discussion

In this study, we used AFLP analysis to detect genetic differ-
ences among 74 individuals from among four eared pheasant spe-
cies. The AFLP technique combines the reliability of restriction
enzyme digestion with the ability of PCR to successfully amplify
small amounts of genomic DNA without prior knowledge of the
target DNA sequence (Masiga and Turner, 2004). Similar to random
amplified polymorphic DNA (RAPD) (Welsh and Mc Clelland, 1990;
Williams et al., 1990), the AFLP technique generates individual spe-
cific profiles from template DNA by amplifying anonymous frag-
ments from sites scattered through the genome (Borowsky,
2001). However, AFLP differs from the RAPD method in technical
details and has several advantages, such as higher temperature
stringency, resulting in more reliable, reproducible data (Majer
et al., 1996; Maugham et al., 1996; Sanchez et al., 1999; Reineke
et al., 1999). In our experiments, we fixed on 300 ng eared pheas-
ant genomic DNA as the amount of starting template for the AFLP
reaction. In addition, fluorescent labelling and automated sequence

Table 2
Primer combinations and number of detected polymorphisms.

Primer combinations No. of fragments No. of polymorphic
fragments

Proportion of
polymorphic
fragments (%)

Size of fragment (bp)

FAM-EcoRI + AAA/TaqI + AAC 41 28 68.29 46–448
FAM-EcoRI + AAA/TaqI + AAG 39 30 76.92 40–464
FAM-EcoRI + AAC/TaqI + AAC 34 29 85.29 40–483
FAM-EcoRI + AC/TaqI + AC 72 62 86.11 46–448
FAM-EcoRI + AC/TaqI + ATG 49 40 81.63 40–488
FAM-EcoRI + ATA/TaqI + AAC 36 25 69.44 58–420
FAM-EcoRI + ACT/TaqI + AAC 32 20 62.50 40–380
FAM-EcoRI + ACA/TaqI + AAC 30 16 53.33 38–415
FAM-EcoRI + ACC/TaqI + ACT 44 30 68.18 51–450
FAM-EcoRI + ACA/TaqI + ATG 19 11 57.89 35–360
FAM-EcoRI + ACT/TaqI + ACC 33 28 84.85 40–420
Mean 39 29 74.36

Total 429 329 76.69

Table 3
Average and range (within brackets) of Jaccard’s similarity coefficients for interspecific and intraspecific comparisons, calculated from AFLP data.

Brown eared pheasant Blue eared pheasant White eared pheasant Tibetan eared pheasant

Brown eared pheasant 0.913 (0.872–0.938)
Blue eared pheasant 0.832 (0.797–0.886) 0.853 (0.825–0.880)
White eared pheasant 0.713 (0.681–0.743) 0.723 (0.688–0.763) 0.832 (0.792–0.885)
Tibetan eared pheasant 0.674 (0.646–0.708) 0.714 (0.664–0.754) 0.812 (0.740–0.852) 0.903 (0.835–0.929)
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analysis, instead of the previous techniques of radioactive tagging,
was used to monitor the outcome of the AFLP analysis (Knorr et al.,
1999; Wong et al., 2004; Papa et al., 2005). A total of 429 AFLP
peaks were amplified using 11 pairs FAM-fluorescent EcoRI/TaqI
primer combinations. The polymorphic peaks percentage ranged
from 53.33% to 86.11%, and on average 76.69%, thus 329 fragments
were polymorphic. The results indicate that it is feasible to use
AFLP for the study on genetic diversity of eared pheasants.

Genetic similarity coefficients between the four species ranged
from 0.674 to 0.832, indicating a moderate genetic distance among
the four species of eared pheasants. The blue eared pheasants, the
white eared pheasants and the Tibetan eared pheasants are mainly
distributed in north-western China, while the brown eared pheas-
ants only exist in Shanxi, Hebei, and Beijing. According to the Jac-
card similarity coefficients and the dendrogram in the current
study, Tibetan eared pheasant had a higher genetic similarity with
white eared pheasants than others, which was consistent with the

geographical distance between the two species. However, blue
eared pheasant had a higher genetic similarity with brown eared
pheasants than with white eared pheasants, suggesting the genetic
similarity is not necessary to be associated with geographical
distance.

It was found that genetic similarity between individuals within
species was higher in brown bared pheasant (0.913) and Tibetan
eared pheasant (0.903) than those in blue eared pheasant (0.853)
and white eared pheasant (0.832). The estimated genetic similari-
ties appear to be a strong association with the population sizes of
the four ecological species, and in line with the rank of the IUCN
Red List of Threatened Species. It is known that the number of
brown eared pheasants was smallest among four eared pheasant
species, and also classified as one of the endangered species with
high priority for conservation in China (Zheng and Wang, 1998;
CITES, 2006). Small population size of brown eared pheasants
could lead to an increase of consanguineous mating and conse-
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Fig. 1. Dendrogram of 74 individuals resulting from UPGMA analysis based on Jaccard’s similarity coefficient: (H) brown eared pheasant; (L) blue eared pheasant; (B) white
eared pheasant and (Z) Tibetan eared pheasant.
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quently a reduction of genetic diversity. Tibetan eared pheasant is
classified ‘‘near threatened” in the IUCN Red List. This is the only
species to inhabit relatively poor shrub vegetation as well as pri-
mary forest in eastern Tibet. Therefore this species might encoun-
ter more dangers than the others. The low genetic diversity of this
species is an indicator that the population size might have been re-
duced during recent years and that the species is at risk of becom-
ing extinct.

The present study is the first investigation on genetic distance
between four species of eared pheasants and genetic diversity
within the species. The results indicate moderate genetic distance
between the four eared pheasant species, and moderate genetic
diversity within blue eared pheasant and white eared pheasant
but low genetic diversity within brown eared pheasant and Tibetan
eared pheasant. Such information provides a foundation for the
conservation of these endangered birds and the understanding of
the evolution and genetic improvement of eared pheasants.
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