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Abstract

Present study describes the phylogenetic reconstruction and evolutionary relations of seven local
pheasant species on the basis of cytochrome b and cytochrome ¢ oxidase | gene sequences. DNA was
isolated from blood samples, partial sequences of cytochrome ¢ oxidase (850 bp)and cytochrome b
gene (450 bp) were PCR amplified using bird specific universal primers. The nucleotide sequences
obtained were compared with that of several members of Phasianidae and other bird species having
above 70% homology and phylogenetic trees were constructed using Maximum Likelihood Analysis.
The gene sequences obtained from local species have shown multiple conserved regions indicating a
common ancestor of these species. The results have suggested a revised systematic position of local
pheasants and their phylogenetic distance with related species. The investigated species have been
placed in two clades and five sub-clades on the basis of COI gene sequence. The cytochrome b gene
sequence has differentiated the species into three clades. Our findings suggest that COl gene can
discriminate between similar bird species more efficiently than cytochrome b gene.

Keywords: Phylogenetics, Pheasants, Cytochrome b, Cytochrome ¢ oxidase gene |

Introduction

Phasianidae includes one of the most important groups of birds for both human society and
research purposes. More than 25% species of this family are threatened (vulnerable, critically
endangered) worldwide (IUCN red list, 2010). There is curiosity in the use of phylogenetic
information to update the conservation agencies (Moore et al., 2003) ?4, The group is also
being used as a model to establish conservation priorities from phylogenetic information,
making it more critical to have an established knowledge of its Phylogenetics (Khai and
Yabe, 2014) 1, However, the relationships among the members of Phasianidae are still very
unclear (Kimball et al., 1999; Dyke et al., 2003; Kimball et al., 2011) %7 221, Therefore; the
investigations about the phylogeny of pheasants are used to limit the gaps in the evolutionary
relationships and in making conservation strategies.

The cytochrome ¢ oxidase gene | and cytochrome b gene of mitochondrial DNA have been
extensively used for the phylogenetic and evolutionary analysis of species (Wink et al.,
2009; Pacheco et al., 2011; Xiang et al., 2014; Prum et al., 2015) [ 28.36.30]_ Cytochrome b
gene is a useful marker for the identification of species (Bensch et al., 2016) 2. However,
DNA bar-coding which makes the use of mitochondrial cytochrome ¢ oxidase gene 1 (COIl)
is considered as one of the most efficient and reliable method. Studies have shown that more
than 95% of species possess unique COI sequences (Hajibabaei et al., 2005; Hickerson et al.,
2006; Khan et al., 2010; Arif et al., 2011) [0 12 20. 11 Major objective of DNA bar-coding is
the identification of unknown specimens to improve the chances of discovery of new species
and to find out the specific lineages of organisms. After identification, the DNA barcodes
can use the available data to find out genetic variation at the global framework by using the
sequences available in the genbank (Hebert et al., 2003; Bilgin et al., 2016) 1% 31,
Mitochondrial DNA based documentation of birds has been limited to North America,
Korea, Argentina and Scandinavia in the past (Yoo et al., 2006; Kerr et al., 2009; Johnsen et
al., 2010) 3718 151, present study reveals the phylogeny of local pheasants of Northern areas
of Pakistan on the basis of cytochrome b and COI gene sequences. There are several
breeding centers of pheasants in the country, one of them located at Dodhial (Mansehra)
shelters about 4000 birds. Most of these birds include the declared endangered/threatened
Species.
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Materials and Methods

Materials

Molecule biology grade DNA isolation, PCR and
electrophoresis chemicals and reagents were obtained from
Sigma-Aldrich, Thermo Fischer and local biochemical
companies.

Blood samples were obtained from the Dodhial Pheasant
Centre established under World Wildlife Fund (WWF). A
small amount of blood was collected by an expert doctor
through the puncture of main wing or leg vain. The blood
samples were stored in EDTA tubes at -20 °C and processed
for DNA extraction. The blood sample (50uL) was mixed
with 3 volumes of dilution buffer (100mM sodium
phosphate buffer pH 7.3 containing 20mM NaCl and 5 ug
per micro liter proteinase K) and incubated at 56 °C for 30
min. Lysis solution (200uL containing 0.5% SDS, 2mM
DTT prepared in phosphate buffer pH 7.5) and incubated at
60 °C for 3 hours. Phenol-chloroform (400uL) was added to
the lysed sample, mixed by inverting the tubes, incubated at
room temperature for 2-3 min and centrifuged at 12000 g
and 4°C for 15 min. The upper aqueous layer was carefully
transferred in to a fresh Eppendorf tube, mixed with equal
volume of ice cold isopropanol, incubated at -20 °C for 10
min and centrifuged as above. The DNA pellet was washed
with 75% cold ethanol and air dried. The DNA was
dissolved in 50uL of double distilled autoclaved water.

The purified DNA was used for the PCR amplification of
COl and cytochrome b genes. Universal bird specific
primers were used for PCR (Hebert et al., 2004) 1, The
sequences of primers used are as follows: Cyt-bF
ccatccaacatctcagcatgatgatc, Cyt-bR cctcagaatgatatttgtcctat
COIF cgcyttaacactctgccatcttagt, COIR
attcctatgtagccgaatggttctaca. The PCR amplification of both
genes was carried out in the reaction mixture containing 2
mM MgCl, , 0.8 mMdNTPs, 1X tagbuffer, 20-40ng of
template DNA, 40 picomoles forward and reverse primers,
2.5 U of Taq polymerase with final volume of 25pL.

The nucleotide sequence of Cyt-b and Cyt-c gene from
target species/varities were subjected to BLAST analysis in
NCBI and related sequences available in the gene bank were
used for the alignmant by different online softwares. After
detailed analysis of cytochrome c¢ oxidase | and cytochrome
b gene sequences the phylogenetic trees were constructed to
indicate the phylogenetic affinities of pheasants under
investigation with that of related bird species. Evolutionary
analyses were made by using MEGA6 (Tamura et al.,
2013). The nucleotides sequences coding for cytochrome b
and COI genes in the species investigated were aligned and
the conserved sequences were highlighted to indicate the
level of homology and to find out the chances of common
origin of these species.

Results

A good quality DNA obtained from blood samples was used
for the PCR amplification of partial cyt-b and COI gene
sequences. For COI 850 bp and for cytochrome b 450 bp
sequences were amplified. Purified PCR products were
commercially analyzed for the nucleotide sequences
(Macrogen Inc. South Korea).

Phylogenetic relationship of pheasants from Northern
Pakistan with 22 other related species and genera of family
Phasianidae were retrieved from Genbank and aligned using
MUSCLE alignment. The aligned data sheet has shown a
maximum 2834 genetic characters and after trimming, the
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extra and ambiguously aligned fragments from the both 5’
and 3’ ends of alignment data sheet remaining 753 genetic
characters were used for further analysis. Codon positions
included were 1st+2nd+3rd+Noncoding. Mean sequence
divergence of COI gene within each lowest level taxonomic
unit (species) was from 0.044% to 67.10%. A discrete
Gamma distribution was used to model evolutionary rate
differences among sites with two categories (+G+I). The
estimated value of the shape parameter for the discrete
Gamma distribution (+G) was observed 200.0000. The
proportion of sites (+1) was estimated 0.0000% to be
invariant. Substitution pattern and rates were estimated
under the (JC+G+l) model (Jukes-Cantor, 1969) 16, Mean
evolutionary rates in these categories were 0.94 and 1.06
substitutions per site. The nucleotide frequencies were A =
25.00%, T/U = 25.00%, C = 25.00%, and G = 25.00%.

The evolutionary history was inferred by using the
Maximum Likelihood (ML) method based on the Jukes-
Cantor model. The tree with the highest log likelihood (-
13254.1986) is shown (Figure I). Initial tree(s) for the
heuristic search were obtained automatically by applying the
Maximum  Parsimony method. There were 753
positions/characters were used for further analysis. Out of
analyzed trait, 1 was conserved, 752 were variable, 751
were parsimony informative and 2 were singletone sites.
Bootstrap supported values are presented above the
branches. Maximum Parsimony analysis was performed to
evaluate the evolutionary history. The most parsimonious
tree with length 4273 is shown (Figure 1). The
consistency index (CI) was 0.489352 (0.489352), the
retention index (RI) was 0.662751 (0.662751), and the
composite index is 0.324318 (0.324318) for all sites and
parsimony-informative sites (in parentheses). The MP tree
was obtained using the Tree-Bisection-Regrafting (TBR)
algorithm (Nei and Kumar, 2000) with heuristic search of
1000 replicates with random stepwise addition and the
bootstrap 50% majority-rule consensus.

For the phylogenetic analysis through cytochrome b gene
sequence, 25 sequences including 7 sequences from present
study were used for the construction of phylogenetic tree.
Mean evolutionary rates in these categories were 0.94, 1.06
substitutions per site. The nucleotide frequencies are A =
25.00%, T/U = 25.00%, C = 25.00%, and G = 25.00%. The
evolutionary history was inferred by using the Maximum
Likelihood (ML) method based on the Jukes-Cantor model
(Jukes-Cantor, 1969) 161, The tree with the highest log
likelihood (-7044.4538) is shown (Figure 2). Initial tree(s)
for the heuristic search were obtained automatically by
applying the Maximum Parsimony method. There were 414
positions/characters were used for further analysis. Out of
analyzed traits, 1 was conserved, 413 were variable, 413
were parsimony informative and 1was single tone sites. The
most parsimonious tree with length = 2311 is shown (Fig.2).
The consistency index (CI) was 0.396365 (0.396365), the
retention index (RI) was 0.582960 (0.582960), and the
composite index is 0.231065 (0.231065) for all sites and
parsimony-informative sites (in parentheses). The MP tree
was obtained using the Tree-Bisection-Regrafting (TBR)
algorithm (Nei and Kumar, 2000) with heuristic search of
1000 replicates with random stepwise addition and the
bootstrap 50% majority-rule consensus. Bootstrap supported
values are presented above the branches. Phylogenetic tree
consisted of three major clades. The clade | was comprised
of twelve species of pheasant group, our local species lady
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Ambherst pheasant, golden pheasant and black shoulder
peacock. These species were clustered and formed sub
group and  showed  genetic  similarity  with
Scleroptilastreptophorus  and  Syrmaticuselioti ~ with
supported parsimony bootstrap values (MPB=88 and
MPB=85 whereas branch length 0.00000 and 1.14353)
respectively. Clade Il included seven sequences, our local
species cheer pheasant, and golden pheasant from Pakistan
were clustered into this clade and showed close genetic
relationship with Chrysolophus group with maximum
parsimony bootstrap supported value(MPB=87 and branch
length=0.22268). Clade 111 comprised of six sequences, pied
peacock and local hen sequences from Pakistan fell into this
clade showing highest homology with sequences of this
clade along with supported bootstrap value (MPB=84,
branch length=0.29300).

The alignment of nucleotide sequences has revealed the
presence of several conserved patches in the cytochrome b
and COI gene sequences of species under investigation
(Figure 3 and 4) indicating the chances of common ancestor
of these species.

Discussion

Short nucleotide sequences have been successfully used to
make standard identification of organisms under the terms
of DNA bar-coding or DNA taxonomy (Floyd et al., 2002;
Tautz et al., 2003) B3, The most promising application of
this technology are the assignment of unknown life-history
stages to adult organisms, the large scale identification of
organisms in ecological investigation of phylogeny and
potential description of unidentified “candidate” species
from the ecosystem. It is new and technically growing
procedure in modern Phylogenetics and systematic (Moritz
and Cicero, 2004) 261, The use of mitochondrial DNA as a
genetic marker for recognition and identification and
evaluation of genetic diversity and phylogeny to reveal
evolutionary status of birds has a crucial importance
(Kimball et al., 1999; Hackett et al. 2008; Czyzowski et al.,
2008; Wang et al., 2013; Shen et al., 2014; Huang and Ke,
2014a) [21. 9. 6.34,32.13] "|n past, many traditional markers i.e.
morphological, cytological and biochemical have used to
classify and authenticate birds but we are reporting
utilization of modern molecular technique to determine
phylogenetic and evolutionary status of pheasants from
Northern Pakistan for the first time. In this study,
mitochondrial segments of genes (cytochrome-b and COI)
were utilized to estimate genetic diversity and phylogeny of
local pheasants, which are considered to threatened or
endangered in this area, for conserving and improving the
stock of the species. For phylogenetic analysis of birds, the
nucleotide sequences of cytochrome b (cyt-b) gene have
been extensively used more than any other mitochondrial
gene (Kimbell et al., 1999; Czyzowski et al., 2008) 2% 81,
Keeping in view, the partial nucleotide sequence of
mitochondrial cyt-b gene was obtained from the genome of
selected 07 pheasant collected during 2013 and 2014 from
the Dodhial Pheasant Centre established under World
Wildlife Fund (WWF). After successful PCR amplification
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and nucleotide sequence analysis of partial cyt-b gene, the
BLAST analysis was performed to obtain closely related
already reported sequences from GenBank. Total 28 partial
sequences along with the investigated were aligned together
and the phylogenetic tree was constructed using Maximum
Parsiomy (MP). Based on the figure of the MP phylogenetic
tree (Figure 2), three clades with mixed grouping of already
reported and our 7 pheasants were observed. Previously,
partial sequence of cyt-b gene was utilized to establish
molecular phylogeny and lineage of pheasants (Kimbell et
al., 1999; Czyzowski et al., 2008) 121 61,

Recently, because of simplicity and robustness of
cytochrome C oxidase | (COl), it has gained great attention
by researchers for species authentication and molecular
phylogeny of birds (Khan et al., 2010; Huang et al., 2014;
Huang and Ke, 2014b; Schneider et al., 2016) [0 13 31, For
further analysis at molecular, another mitochondrial gene
COI was sequenced to investigate phylogeny and lineage of
selected species of pheasants from Northern Pakistan. The
isolated partial nucleotide sequences of COI were compared
with reported sequences in GenBank by doing BLAST
analysis at NCBI and all the sequences were aligned and
compared by Maximum Parsiomy (MP) method.
Furthermore, all aligned sequences were subjected to draw
phelogram/tree using Maximum Likelihood (ML) method.
The phylogenetic analysis of COI isolated from local
pheasants and other 22 other species and genera of family
Pheasianidae data from GenBank were performed and two
clades with subclades were observed in the ML based tree
(Figure 1). Similar findings were reported in Chinese
Phasianidae species and it has been concluded by various
studies that COI could be very useful for DNA bar-coding
to identify species and phylogenetic inference (Huang and
Ke, 2014b; Schneider et al., 2016) B,

So, we have successfully analyzed and compared the
selected species of Northern Pakistan and other reported
data to understand phylogenetic interference of pheasants.
The species of this family (Phasianidae) have close relation
with human society and that’s why facing various issues of
phylogeny, geographic origin of lineage and evolution
(Crowe et al., 2006; Kimball et al., 2011) > 22, According
to red list of IUCN, more 25% of them are threatened
(IUCN, 2013) 4. To address and resolve these issues of
local pheasants, this study is helpful for conservation of
these species by redraw of phylogenetic lineage using
modern and reliable molecular technique (Kimball et al.,
2001; Mooers et al., 2005; Wang et al., 2014; Schneider et
al., 2016) B, In the past, many reports have been published
to assess and reveal phylogeny of species/genera of family
Phasianidae distributed various parts of world except our
studied area using mitochondrial and other DNA based
markers (Bush and Strobeck, 2003; Czyzowski et al., 2008;
Shen et al., 2014; Wnag et al., 2014; Huang and Ke, 2014a;
Huang and Ke, 2014b) ™ 6 32 13 \While some of these
species have been investigated by using ISSR (Mehmood et
al., 2014) but this study is based on widely used molecular
technique with elaborated sample size.
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© Alectoris chukar(gb|F1752426.1)
o “ Bambusicola fytchii(gh|FI752423.1)
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“birds |2 leaves
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Fig 1: Phylogenetic tree resulting from the Maximum likelihood analysis of CO1 gene sequence, Parsimony bootstrap 50% majority-rule
consensus values were given above the branches and branch length were presented below the branches. Scale bar presented 5 changes per
100 characters. (Sequences of pheasants from Northern Pakistan)
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Fig 2: Phylogenetic tree resulting from the Maximum likelihood analysis of cytochrome b gene sequence, Parsimony bootstrap 50%
majority-rule consensus values were given above the branches and branch lengths were presented below the branches. Scale bar presented 5

changes per 100 characters. (Sequences of the current study from Pakistan).
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_________________ TETTTTGTT T GT AR AGTTT TARAC TEGT GATGEAC TANCACTR
_________________________________________________ TACTAGCAGTA
____________________________________ TETTCGGECATCCTAT TAGCAGTR
____________________________________ TTTTICGGGCTCGTAT TAGCAGTR
___________________________________ CCTACTCGGTCTCTAGC TAGCATAT
_____________________________________ GTCCTGEGEATCGTATTAGCAGTC
_____________________________________ TETTCGGCATCGTAT TAGCAGTC
_______________________________________ GTCGTCGCGTCGTCTGCGTCT

GACCTCCCCGCTCCATCTARCATC TCCGC TTGAT GRAARCTTCGGCTCCCT GCTAGCAGTA
LW

ITGCCTTGCCACTCRARL TCATCACTGG CCTACTACTATCARTACACTACACCG- CARAC
ITGCCTTGCCACTCRARL TCATCACTGG——CCTACTACTAGCARTACACTACAC OG- CAGAC
ITGCCTCATAACTCRARLTCCTCACCGG CCTCCTACTAGCCATACATTACACCG- CAGAT
TGCCTCATAARCTCRARL TCCTCACCGG——CCTCCTACTAGCCATACATTACAC OG- CAGAT
GGCCICGCCACTCRRL TCCTCACCGGGCCTCCCTACAGGCCATACACTRACACTGECAGAT
ITGCCTCATGACCCRARL TCCTCACCGG——CCTACTACTAGCCATGCACTACACAG-CAGAC
TGCCTCATGAC-CRALRTCCTCACCGG——CCTACTACTAGCCATGCACTAC ACAG-CAGAC
G-——CICGRACCTCRAARLTCCTCACCGG CCITCCTACTAGCCATGCACTACACCG- CAGAC

IGCCTITGCCACTCARATCATCACTGG— - CCTACTACTAGCAATACACTACRACCG- CAGAC
LR L T JEREE Lk kR Rk RRR AR W Wk W

ACATCCCTAGCCTTICTCCTCAATAGCCCACACATGTCGRAARCETACARTACEEGCTGACTC
ARCATCCCTRAGCCTTCTCCTCAGTRAGCCCACACATGTCGRARCGTRACARTACGGCTGRACTC
ACTTCCCTAGCCTTICTCCTCCGTAGCCCACACATGCCGRAARCEGTACARTACGGTTGACTT
ACTTCCCTAGCCTITCTCCTCCGTAGCCCACACATGCCGRAARCGETACARATACGGTTGACTT
ACCTCCCTAGCCTTICTCCTCCGTAGCCCACACARGTCGRAARCETACARTACEGCTGACTC
ACATCCCTAGCCTITCTCCTCCGTAGCCCACACTT GCCGEARCGTACARATACEGCT GACTC
ACATCCCTAGCCTTCTCCTCCGTAGCCCACACTTGCCGEARACGTACARTACEGCT GACTC
GCCTCCCTAGCCTTCTCCTCCGTAGCCCACACAT GCCGRAARCGETACAATACGEGCTGACTC

ACATCCCTAGCCTITCTICCT CAGTAGCCCACACATGTCGRAARCGTACALATACGGCT GACTC
L R R R ER AR R AR AR R E R R ERE R R RER s W Wk REERRERR ERE AR R R Wk R

ATCCGEALRTCTTCATGCALACGGAGCTTCATTCTTCTTCATTTGCATCTTCCTCCACATT
ATCCEARARTCTTCATGCRAARCGGAGCT TCATTCT TCTTCATTTGCATCTTCCTCCACATT
ATCCEALRCCTTCATGCALACGGCGCCTCATTCTTTTTCATTTGCATTTTCCTTCACATC
ATCCGAARRCCTTCATGCAARCGGCGCCTCATTCTTTTTCATTTGCATTTTCCTTCACATC
ATCCEALRTCTACATGCALRCEGCGCCTCATTICTTTTTTATCTGCATCTTCCTICACATT
ATCCGEARTCTCCACGCRARACGGCGCCTCATTCTTCTTCATCTGTATCTTCCTTCACATC
ARTCCGEARTCTCCRACGCRARCGGCGCCTCATTCT TCTTCATCTGTATCTTCCTTCACATC
ATCCEALRCCTTCACGCCARCGGCGCCTCATTCTTCTTCATCTGCCTCTTCCTTICACATC

ATCCGGARTCTTCATGCALATGGAGCTTCATTCTTCTTCATCTGCATCTTCCTCCACATC
e L T A A

GEACGCGECCTATACTACGGCTCCTACTTATACARRGAR ACCTERAARCACACGAGTARTC
GEACGECGEECCTATACTACGGCTCC TACTTATACARRGRR ACCTEGRRRCACACEGRAGETARATC
GEACGCGETCICTACTATGGCTCCTACTTGTACARRGAR ACATGRARCACTEGAGTCGETIC
GEACGCGGTCTCTACTATGGCTCCTACTTGTACARRGRAR ACATERARCACTEGAGTCGETC
GEARCGECGEECCITIATTACGGCTCCTACTTATACARRGRR ACATGRRRCACCEGAGTCATC
GEACEAGGCCTATACTRACGGCTCCTRACCTCTRACARGERAR ACCTERARCACACGRAETARTC
GEARCEAGGCCTATACTACGGCTCCTACCTCTACARGEAR ACCTGRARCACAGGAGTARTC
GEACGAGGCCTCTACTACGGAT CCTACCTCTACARRGAR ACCTERAARCACCEGAGTCATC

GERCGCGECCTATACTACGGCTCCTACTTATACALAGAL ACCTGRARCACAGGAGTAGTT
EoREE R AR R RR R Wk R REREE W R AR R R EARR  RERERRRRE RERE R W

CTCCTCCTCACGCTCATRAGCRARCCGCCTTCGTRAGGCTRCGTACTCCCATGRAGGRCAD AT
CTCCICCICACGCTCATAGCRAACCGCCTTCGTAGGCTACGTACTCCCATGAGGACAD AT
CTACTCCICACACTCATAGCAACCGCCTT IGTAGGEGTACGTCCTCCCATGACGGRACARATR
CTACTCCICACACTCATAGCALMCCGCCTT TGTAGGGTACGTCCTCCCATGAGGACAD AT
ITACTCCITACACTCATAGCALCCGCCTTCGTAGGAT ACGTCCTTCCATGACGACARTAC
CTCCICCICACACTCATALCCACCGCCTTIGTGGGCTATGTTCTCCCATGACGGRACABATT
CTCCICCICACACTCATAGCCACCGCCTTTIGTI GO GCTATGTTCTCCCATGAGGACAD AT
CTCCTGCTCGCRCTCATRAGCRALRCCGCCTTCGTRAGGGTRCGTCCTCCCATGRAGGRCAD AT

CTCCICCICAC AT CATAGCARCCGCCTTCGTAGGCTATGTACTCCCATGAGGTCARATG
W R E RR R RARERE R RAEAEAER RE  RR AR RE RE AR AERRR R LR AE .

Fig 3: The conserved areas of cytochrome ¢ oxidase gene | in different pheasants included in the present study.
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TGCCTCATRARCTCRRR TCCTCACCGGCCCCTCCTACTAGCCATACATTACACCGECRAGAT
IGCCTCATAACTCRARL TCCTCACCGGCCCCTCCTACTAGCCATACATTACACCGECAGAT
GGCCTCGCCACTCRARL TCCTCACCGGC TCTCCCTACAGGCCATACACTACACTGECAGAT
TGCCTCATCACCCA R TCCTCACCGGT CCCTACTACTAGCCATGCACTACACAGECAGAC
TGCCTCATGAC - CRARTCCTCACCGGCCCCTACTACTRGCCATGCRACTRCAC AGECRGAT
G- CICGRARCCTCRARLTCCTCACCGGCCCCTCCTACTAGCCATGCACTACACCGECAGAC

IGCCTITGCCACTCA R TCATCACTGGCCCCTACTACTAGCAATACACTACACCGGCAGAC
R LR RREERE | CRERE AR R JEEEE L R RR R RARRE W RR K

GICGARACGTACARTACGGCTGACTC
GICGRARLCGTRCARTACEGCTGRCTC
GCCGRRACGTRCARTACGETTGRCTT
GCCGARRACGTACARTACGGETTGACTT
LA GCTCGARACGTACAATACGECTEACTC
TTGCCEGRACGTACAATRACGECTEACTC
TTGCCGGRACGTRCRALTROGEGCTEGACTC
GCCTCCCTAGCCTTCTCCTCOCG GCCGRARLCGTACARTACEGGCTGACTC

ACATCCCTAGCCTTCT CCT CAGHTES R A TGTCGAARCGTACAATACGGCTGACTC
LR RRERER RR A ARE AR REE A | R EAE AR REE W RE | RAEARER AR RAE AR R R AR AW
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ATCCEARRTCTTCATGCARRCGGAGCTTCATTCTICTTCATTTGCAT
ATCCGARRTCTTCATGCARRCGGAGCTTCATTCTICTTCATTTGCAT
ATCCEARRCCTTCATGCARARCGGCGCCTCATTCTITTTCATTTGCATT
ARTCCGRAARRCCTTCATGCARRCGGCGCCTCATTCTTITTTCATTTGCATT
ATCCEALRTCTACATGCALRCGGCGCCTCATTCTITTTTATCTGCAT
ATCCGEAATCTCCACGCARRCGGCGCCTCATTCTICTTCATCTGTAT
ATCCGEARATCTCCACGCARRCGEGCGCCTCATTCTICTTCATCTGTAT
ARTCCGRAARRCCTTCRCGCCARCGECGCCTCATTCTTCTTCATCTGCCT TCACATC

ATCCGGALTCTTCATGCAAATGGAGCTTCATTCTICTTCATCTGCAT CCRCATC
EoRkE R kR R RR R Rk kR RE R RARRER R Rk RE W RREA R W R AR

CCACATT
TCACATC
TCACATC
TCACATT
TCACATC
TCACATC

GEACGCGGCCTATACTACGGCTCCTACTTATACAARAGAR ACCTGRAALCACACGAGTAATC
GEACGCGECCTATACTACGGCTCCTACTTATRACARRG R ACCTGRARCACACGRETRAATC
GEARCGCGETCTCTACTATGGCTCCTRACTTGTRACRARRGRR ACATGRARCRACTEGRETCETC
GEACGCGEICICTACTATGGCTCCTACTTGTACALRGR R ACARTEGRAL CACTEERAGTCGETC
GEACGCGGCCTITIATTACGGCTCCTACTTATACAARGRAR ACATGRALCACCEGRAGTCATC
GEACEAGGCCTATACTACGGCTCCTACCTCTRACARAGEAR ACCTGRAR CACACGGRETRAATC
GEARCGAGGCCTATACTRCGGCTCCTRCCTCTRCRARGERR RCCTGRARCRACAGGRETRATC
GEACGAGGCCTICTACTACGGAT CCTACCTCTACARRGRR ACCTGRALCACCEGAGTCATC

GERCGCGGCCTATACTACGGCTCCTACTTATACALAGALACCTGRARCACAGGAGTAGTT
WEEE R AR RE RR R Rk R R RER R RERER R EA AR REWE AR ARA REAER W

CTCCTCCTCACGCTCATRAGCRAR CCGCCTTCGTRAGGCTRCGTACTCCCATGRAGGRC AR RTE
CICCICCICACGCTCATAGCRAAMCCGCCTTCGTAGGCTACGTACTCCCATGAGGACARBTR
CrACTCCTCACACTCATAGCAACCGCCTTIGTAGGGTACGTCCTCCCATGAGGRAC AR ATR
CACTCCICACACTCATAGCALMCCGCCTT IGTAGGGTACGTCCTCCCATGRACGRACAR AT
TTACTCCTTACARCTCA TRAGCRA CCGCCTTCGTRAGGAT RCGTCCTTCCATGRAGGRCARTRC
CTICCICCICACACTCATARCCACCGCCTTTIGTGEGCTATGTTCTCCCATGACGGACARATT
CICCICCICACACTCATAGCCACCGCCTTIGTIGEGCTATGTTICTCCCATGAGGRACARBTR
CTICCIGCICGCACTCATAGCAACCGCCTTCGTAGGGTACGTCCTCCCATGAGGAC AR ATR

CTCCTCCTICACACTCATAGCAACCGCCTTCGTAGGCTATGTACTCCCATGRAGGTCARATG
R R R R kR R R R Wk Rk R R kR kR kR kR R Rk R R s R R R .

Fig 4: The conserved areas of cytochrome b gene of different pheasants included in the present study.

~23~


http://www.actajournal.com/

Acta Entomology and Zoology

Acknowledgements

The authors are thankful to the staff of WWF peasantry
Mansehra Pakistan for providing samples. We are also
grateful to HEC Pakistan and DSR at KAU for supporting
this research.

References

1.

10.

11.

12.

13.

14,

Arifa IAH, Khana A, Bahkalib AH, Al-Homaidana A,
Al-Farhana MH, Al-Sadoona M et al. DNA marker
technology for wildlife conservation. Saudi Journal of
Biological Sciences. 2011; 18:219-225.

Bensch SB, Canbéack JD, DeBarry T, Johansson O,
Hellgren JC, Kissinger V et al. The Genome of
Haemoproteustartakovskyi and Its Relationship to
Human Malaria Parasites. Genome Biology and
Evolution. 2016; 8:1361-1373.

Bilgin RN, Beoglu SE, Inak MA, Kirpik JJ, Horns CH.
DNA Barcoding of Birds at a Migratory Hotspot in
Eastern Turkey Highlights Continental
Phylogeographic  Relationships. Plos One. 2016;
11(6):e0154454.

Bush KL, Strobeck C. Phylogenetic relationships of the
Phasianidae reveals possible non-pheasant taxa. Journal
of Heredity. 2003; 94:472-489.

Crowe TM, Bowie RCK, Bloomer P, Mandiwana TG,
Hedderson TAJ. Phylogenetics, biogeography and
classification of, and character evolution in, game birds
(Aves: Galliformes): effects of character exclusion, data
partitioning and missing data. Cladistics. 2006; 22:495-
532.

Czyzowski P, Mirostaw K, Leszek D. Molecular
investigation of phylogenetic relationships and
phylogeography of polish pheasants using the
mitochondrial cytochrome b gene sequence. EJPAU.
2008; 11:4.

Dyke GJ, Gulas BE, Crowe TM. Suprageneric
relationships of Galliformes birds (Aves, Galliformes):
a cladistics analysis of morphological characters.
Zoology Journal Linn Society. 2003; 137:227-244.
Floyd R, Eyualem A, Papert A, Blaxter ML. Molecular
barcodes for soil nematode identification. Journal
Molecular Ecology. 2002; 11:839-850.

Hackett SJ, Kimball RT, Reddy S, Bowie RC, Braun
EL, Braun MJ et al. A phylogenomic study of birds
reveals their evolutionary history. Science. 2008;
320:1763-1768.

Hajibabaei M, deWaard JR, |Ivanova NV,
Ratnasingham S, Dooh RT, Kirk SL. Critical factors for
assembling a high volume of DNA barcodes.
Philosophical Transactions of the Royal Society. 2005;
360:1959-1967.

Hebert PD, Cywinska A, Ball SL, deWaard JR.
Biological identifications through DNA barcodes.
Proceedings Biological Sciences. 2003; 270:313-321.
Hickerson MJ, Meyer CP, Moritz C. DNA barcoding
will often fail to discover new animal species over
broad parameter space. Systematic Biology. 2006;
55:729-739.

Huang ZH, Ke DH. DNA barcoding and evolutionary
relationships of the Phasianidae family in China.
Genetics Molecular Research. 2014; 13:7411-7419.
IUCN Red list of Threatened species Version 2012.1.
Available. http://www.iucnredlist.org. Accessed 17
April, 2013.

~24 ~

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

http://www.actajournal.com

Johnsen A, Rindal E, Ericson PGP, Zuccon D. DNA
barcoding of Scandinavian birds reveals divergent
lineages in trans-Atlantic species. Journal of
Ornithology. 2010; 151:565-578.

Jukes T, Cantor C. Evolution of protein molecules.
Mammalian Protein Metabolism. mnet. abolism, III.
New York: Academic Press. 1969, 21-132.

Kerr KC, Stoeckle MY, Dove CJ, Weigt LA.
Comprehensive  DNA barcode coverage of North
American birds. Molecular Ecology Notes. 2007;
7:535-543.

Kerr K, Birks SM, Kalyakin MVY, Redkin A, Koblik
EA, Hebert PDN. Filling the gap - COIl barcode
resolution in eastern Palearctic birds. Frontiers in
Zoology. 2009; 6:10.

Khai HV, Yabe M. The demand of urban residents for
the biodiversity conservation in U Minh Thuong
National Park, Vietnam. Agricultural and Food
Economics. 2014; 2:10.

Khan TA, Rue CA, Rehmani SF, Ahmed A, Wasilenko
JL, Miller PJ et al. Phylogenetic and biological
characterization of Newcastle disease virus isolates
from Pakistan. Journal of Clinical Microbiology. 2010;
48:1892-1894.

Kimball RT, Braun EL, Zwartjes PW, Crowe TM,
Ligon JD. A molecular phylogeny of the pheasants and
partridges suggests that these lineages are not mono-
phyletic. Molecular Phylogenetics and Evolution. 1999;
11:38-54.

Kimball RT, Mary CMSt, Braun EL. A
Macroevolutionary Perspective on Multiple Sexual
Traits in the Phasianidae (Galliformes). International
Journal of Evolutionary Biology. 2011, 16.

Mehmood SA, Ahmad H, Khan IA, Nadeem S, Dilber
S, Syed HH et al. SSR Based Analyses of the Genetic
Diversity of Pheasant Species of Pakistan.
Pakhtunkhwa Journal of Life Sciences. 2:16-27.

Moore JL, Balmford A, Brooks T, Burgess ND, Hansen
LA, Rahbek C et al. Performance of sub-Saharan
vertebrates as indicator groups for identifying priority
areas for conservation. Conservation Biology. 2003;
17:207-218.

Moore WS. Inferring phylogenies from mtDNA
variation: Mitochondrial-gene trees versus nuclear-gene
trees. Evolution. 2005; 49:718-726.

Moritz C, Cicero C. DNA Barcoding: Promise and
Pitfalls. PLoS Biology. 2004; 2:e354.

Nei M, Kumar S, Takahashi K. The optimization
principle in phylogenetic analysis tends to give
incorrect topologies when the number of nucleotides or
amino acids used is small. Proceedings of National
Academy of Sciences USA. 1998; 95:12390-12397.
Pacheco MA, Battistuzzi FU, Junge RE, Cornejo OE,
Williams CV, Landau | et al. Timing the origin of
human malarias: the lemur puzzle. BMC Evolutionary
Biology. 2011; 11:299.

Paul D, Hebert N, Stoeckle MY, Zemlak TS, Francis
CM. Identification of Birds through DNA Barcodes.
PLoS Biology. 2004; 2:e312.

Prum RO, Berv JS, Dornburg A, Field DJ, Townsend
JP, Lemmon EM, Lemmon AR et al. A comprehensive
phylogeny of birds (Aves) using targeted next-
generation DNA sequencing. Nature. 2015; 526:569-
573.


http://www.actajournal.com/

Acta Entomology and Zoology http://www.actajournal.com

31. Schneider C, Porco D, Deharveng L. Two new
Megalothorax species of the minimus group
(Collembola, Neelidae). ZooKeys. 2016; 554:37-87.

32. Shen YY, Dai K, Cao X, Murphy RW, Shen XJ. The
Updated Phylogenies of the Phasianidae Based on
Combined Data of Nuclear and Mitochondrial DNA.
PLoS ONE. 2014; 9:e95786.

33. Tautz DP, Arctander A, Minelli RH, Thomas AP. A
plea for DNA taxonomy. Trends. Ecology and
Evolution. 2003; 18:70-74.

34. Wang N, Kimball RT, Braun EL, Liang B, Zhang Z.
Assessing  Phylogenetic  Relationships ~ among
Galliformes: A Multigene Phylogeny with Expanded
Taxon Sampling in Phasianidae. PLoS ONE. 2013;
8:e64312.

35. Wink M, El-Sayed AA, Sauer-Giirth H, Gonzalez J.
Molecular Phylogeny of Owls (Strigiformes) Inferred
from DNA Sequences of the Mitochondrial
Cytochrome b and the Nuclear RAG-1 gene. Ardea.
2009; 97:581-591.

36. Xiang XG, Jin WT, Li DZ, Schuiteman A, Huang WC,
Li JW et al. Phylogenetics of tribe Collabieae
(Orchidaceae, Epidendroideae) based on four
chloroplast genes with morphological appraisal. PL0S
One. 2014; 31:e87625.

37. Yoo HS, Eah JY, Kim JS, Kim YJ. DNA barcoding
Korean birds. Molecules and Cells. 2006; 22:323-327

~ 25~


http://www.actajournal.com/

