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Summary 
 

Veritable identification and differentiation of avian species is a vital step in conservative, taxonomic, forensic, legal and other 
ornithological interventions. Therefore, this study involved the application of molecular approach to identify some avian species i.e. 
Chicken (Gallus gallus), Muskovy duck (Cairina moschata), Japanese quail (Coturnix japonica), Laughing dove (Streptopelia 
senegalensis), and Rock pigeon (Columba livia). Genomic DNA was extracted from blood samples and partial sequence of the 
mitochondrial cytochrome b gene (358 bp) was amplified and sequenced using universal primers. Sequences alignment and 
phylogenetic analyses were performed by CLC main workbench program. The obtained five sequences were deposited in GenBank 
and compared with those previously registered in GenBank. The similarity percentage was 88.60% between Gallus gallus and 
Coturnix japonica and 80.46% between Gallus gallus and Columba livia. The percentage of identity between the studied species and 
GenBank species ranged from 77.20% (Columba oenas and Anas platyrhynchos) to 100% (Gallus gallus and Gallus sonneratii, 
Coturnix coturnix and Coturnix japonica, Meleagris gallopavo and Columba livia). Amplification of the partial sequence of 
mitochondrial cytochrome b gene proved to be practical for identification of an avian species unambiguously. 
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Introduction 
 

Veterinary and forensic science laboratories 
frequently encounter samples lacking any morphological 
details that make it impossible to identify them as meat, 
leather, bones, blood stains on clothes. Therefore, there 
is a need to determine the origin of anonymous 
biological traces. In addition, species identification 
represents a key aspect of biodiversity studies (Ardura et 
al., 2011). 

The molecular markers and DNA sequencing have 
been taken as good markers to classify the taxonomy and 
phylogenetic relationships among species. The 
application of PCR technique has significantly improved 
the efficiency of laboratorial diagnostic procedures by 
allowing the in vitro amplification of a large number of 
DNA copies using a specific genomic region as template, 
followed by complementary techniques (Fajardo et al., 
2007a). Since it only requires a small amount of template 
DNA, the PCR method has been particularly useful for 
the identification of species in suboptimal DNA samples 
like forensic samples and blood stains, also in 
archaeological remains and museum specimens owing to 
the highly degraded and fragmented nature of ancient 
DNA (Pereira et al., 2008). 

Analysis of mitochondrial DNA (mtDNA) sequences 
is useful for phylogenetic studies. The mtDNA is 
independent, simpler than genomic DNA, and is of 

maternal inheritance and has no recombination in all 
vertebrates, so the sequence of mtDNA is more 
conservative (Rokas et al., 2003). The rate of base 
substitution on mtDNA is 5-10 times relative to nuclear 
gene which resulted in an accumulation of base 
substitutions over a long period of time, and enabled 
discrimination of a wide variety of birds, even closely 
related species belonging to the same families and genera 
(Russell et al., 2000). 

Among mitochondrial genes, cytochrome b (mt Cytb) 
gene has been proved as an efficient tool with high 
power of discrimination for species identification and 
characterization in both taxonomy and forensic science 
(Kuwayama and Ozawa, 2000; Saif et al., 2012), and is 
also used in studies of molecular evolution (Prusak et al., 
2004). The gene length is 1140 bp and has some stable 
sequences which were used for suggestion of universal 
primers for typical PCR-based methods (Parson et al., 
2000). 

The aim of this study was to unambiguously identify 
some avian species through amplifying and sequencing 
of a partial sequence of mt Cytb gene. 
 
Materials and Methods 
 
Animals and blood samples 

Five avian species (chicken -Gallus gallus, muscovy 
duck -Carinia moschata, Japanese quail -Coturnix 
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japonica, and rock pigeon -Columba livia) were obtained 
from retail markets while Laughing dove (Streopelia 
senegalensis) was captured by hunters. Whole blood 
samples were collected aseptically in sterilized 
vacutainer tubes containing EDTA as anticoagulant, 
stored at -20°C until DNA extraction. 
 
DNA extraction 

Genomic DNA was extracted using Gene JET whole 
blood genomic DNA purification mini kit (Fermentas, 
Thermo Fisher Scientific, USA) following the 
manufacturer’s protocol. The quality and quantity of 
DNA were analyzed using 1% agarose gel electro-
phoresis and spectrophotometric method, respectively. 
The intact DNA was selected for further analysis. 
 
PCR amplification and gel electrophoresis 

A pair of universal primers was used to amplify 
partial sequence of mt Cytb gene. Primers’ sequences 
were as follow: L14816 (5´-CCA TCC AAC ATC TCA 
GCA TGA TGA AA-3´), H15173 (5´-CCC CTC AGA 
ATG ATA TTT GTC CTC A-3´) (Kocher et al., 1989). 
PCR amplification reactions were performed in a total 
volume of 25 µL. Each reaction mixture contained: 12.5 
μL HotStar Taq® Master mix (Qiagen GmbH, Germany), 
1 μL of each primer (10 μM), 8.5 μL RNAse/DNase free 
water and 2 μL of DNA. PCR was carried out in a 
Tprofessional thermal cycler (Biometra, Germany). The 
cycling conditions included a single initial denaturation 
at 95°C for 11 min followed by 35 cycles of 94°C for 30 
s (denaturation), 50°C for 45 s (annealing), 72°C for 45 s 
(extension) and a final extension step at 72°C for 7 min. 
PCR products (10 µL) were separated by 2% agarose gel 
electrophoresis at 120 V for 20 min. A 100 bp plus DNA 
ladder (Fermentas, Thermo Fisher Scientific, USA) was 
used to estimate sizes of the products. The resulting 
DNA fragments were visualized by UV transillumination 
and analyzed using Gel Documentation System (Bio Doc 
Analyse, Biometra, Germany). 
 
DNA purification and DNA sequencing 

DNA fragment was excised from the gel using sterile, 
sharp cutter and purified using Gene JET PCR 
purification kit (Fermentas, Thermo Fisher Scientific, 
USA), according to the manufacturer’s instructions. 
Purified products were directly sequenced using both the 
forward and reverse primers of PCR amplification. The 
sequencing process was performed by European Custom 
Sequencing Centre (GATC Biotech AG, Germany). 
 
Sequence alignment and phylogenetic analysis 

Sequences were edited manually using Chromas Lite 
Ver. 2.1.1, (http://technelysium.com.au) and then 
imported into nucleotide BLAST (http://blast.ncbi.nlm. 
nih.gov/Blast.cgi) to retrieve similar sequences from 
NCBI GenBank (Table 1). Comparative alignment and 
phylogenetic analyses were performed by CLC main 
workbench program version. 6.9.1 (http://www.clcbio. 
com). The phylogenetic tree was generated by distance-
based neighbor-joining method (N-J) and the liability of 

internal branches was assessed by 100 bootstrap 
replicates. 
 
Table 1: Mitochondrial cytochrome b gene sequences of five 
studied avian species and sequences retrieved from GenBank 
for phylogenetic tree construction 

Latin name Common name Accession No. 

Gallus gallus  Chicken   KF964328 
Coturnix japonica  Japanese quail   KF964327 
Cairina moschata  Muscovy duck   KF964329 
Columba livia  Rock pigeon   KF964326 
Streptopelia senegalensis  Laughing dove   KF964325 
Gallus varius  Green jungle fowl   AP003324.1 
Gallus sonneratii  Grey jungle fowl   AB044989.1 
Francolinus erckelii  Sudanin frankoliini   FR691589.1 
Coturnix coturnix  Common quail   L08377.1 
Sarkidiornis melanotos  Knob-billed duck   AF059111.1 
Chloephaga melanoptera  Andean goose   AF173763.1 
Neochen jubatus  Orinoco goose   AF173762.1 
Aix galericulata  Mandarin duck   U46484.1 
Anas platyrhynchos  Mallard or wild duck   EU755252.1 
Streptopelia mayeri  Pink pigeon   AF483322.1 
Ectopistes migratorius  Passenger pigeon   AF483351.1 
Meleagris gallopavo  Wild turkey   FM205719.1 
Columba rupestris  Turkestan hill dove   AF353410.1 
Columba oenas  Stock dove   AF375961.1 
Columba palumbus  Common wood pigeon   AF483335.1 

 
Results 
 

The PCR amplification of partial mt Cytb gene using 
universal primers yielded a single amplification product, 
when separated on a 2% agarose gel, with the size being 
approximately 358 bp in the five avian species (Fig. 1). 
 

 
 

Fig. 1: Electrophoretic analysis of PCR product amplified with 
mt Cytb universal primer. Lane M: 100 bp plus DNA marker, 
Lane 1: Chicken (Gallus gallus), Lane 2: Japanese quail 
(Coturnix japonica), Lane 3: Muskovy duck (Cairina 
moschata), Lane 4: Laughing dove (Streptopelia senegalensis), 
and Lane 5: Rock pigeon (Columba livia) 
 

The mt Cytb gene sequences of chicken (G. gallus), 
Japanese quail (C. japonica), muskovy duck (C. 
moschata), laughing dove (S. senegalensis) and rock 
pigeon (C. livia) were deposited in GenBank with 
accession numbers KF964328, KF964327, KF964329, 
KF964325, KF964326, respectively and were aligned 
and compared with other species using CLC main 
workbench program Ver. 6.9.1 (Table 1). Excluding the 
primer region, the partial sequence analysis of the mt 
Cytb gene is based on a total of 307 bp Fig. 2. 

Pair wise comparison of the mt Cytb gene sequences 
of five avian species revealed that, the nucleotide
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Fig. 2: Alignment of the partial sequence of mitochondrial cytochrome b (mt Cytb) gene from chicken (Gallus gallus), Japanese quail 
(Coturnix japonica), muskovy duck (Cairina moschata), laughing dove (Streptopelia senegalensis) and rock pigeon (Columba livia). 
Sequences were aligned using CLC Main Workbench program. Dots indicate sequence identity 
 
Table 2: Genetic distance (below diagonal) and percentage of identity (above diagonal) between five studied avian species and its 
comparison with other related species 
 Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 Gallus gallus  88.60 81.76 80.46 81.76 100.00 99.35 88.60 88.93 84.04 84.36 85.99 83.39 81.43 80.46 80.46 80.13 80.46 81.11 80.46 
2 Coturnix japonica 0.12  83.71 82.41 83.71 88.60 88.93 100.00 90.55 82.74 83.06 85.99 83.71 82.41 82.41 82.41 82.41 80.78 81.11 82.08 
3 Cairina moschata 0.21 0.18  80.78 82.08 81.76 81.76 83.71 83.06 90.23 89.90 91.86 88.27 89.90 80.78 81.43 79.80 80.13 80.78 79.48 
4 Columba livia 0.23 0.20 0.22  86.64 80.46 80.46 82.41 80.78 79.48 79.48 80.78 78.83 80.78 100.00 98.05 92.18 87.95 89.25 87.30 
5 Streptopelia senegalensis 0.21 0.18 0.20 0.15  81.76 82.08 83.71 81.43 83.06 83.06 82.74 81.76 80.46 86.64 86.64 87.95 88.93 88.93 88.60 
6 Gallus sonneratii 0.00 0.12 0.21 0.23 0.21  99.35 88.60 88.93 84.04 84.36 85.99 83.39 81.43 80.46 80.46 80.13 80.46 81.11 80.46 
7 Gallus varius 0.01 0.12 0.21 0.23 0.20 0.01  88.93 88.93 83.39 83.71 85.34 83.71 81.43 80.46 80.46 80.13 80.46 81.11 81.11 
8 Coturnix coturnix 0.12 0.00 0.18 0.20 0.18 0.12 0.12  90.55 82.74 83.06 85.99 83.71 82.41 82.41 82.41 82.41 80.78 81.11 82.08 
9 Francolinus erckelii 0.10 0.08 0.17 0.20 0.19 0.10 0.10 0.08  81.76 82.08 84.36 83.39 82.74 80.78 80.78 79.80 82.84 79.15 80.53 
10 Neochen jubatus 0.18 0.19 0.10 0.24 0.19 0.18 0.18 0.19 0.18  99.02 92.51 89.25 89.87 79.48 79.15 78.18 80.13 81.11 80.46 
11 Chloephaga melanoptera 0.17 0.19 0.11 0.24 0.19 0.17 0.18 0.19 0.18 0.01  92.18 82.87 90.85 79.48 79.15 78.18 80.13 80.46 79.80 
12 Sarkidiornis melanotos 0.16 0.16 0.09 0.22 0.20 0.16 0.16 0.16 0.15 0.08 0.08  90.23 90.23 80.78 80.78 79.80 80.78 81.11 80.78 
13 Anas platyrhynchos 0.19 0.18 0.13 0.25 0.21 0.19 0.18 0.18 0.17 0.11 0.12 0.10  88.60 80.78 78.50 77.20 79.15 79.15 79.80 
14 Aix galericulata 0.21 0.20 0.11 0.22 0.22 0.21 0.21 0.20 0.17 0.11 0.10 0.10 0.12  78.83 79.48 77.85 79.48 77.85 77.52 
15 Meleagris gallopavo 0.23 0.20 0.22 0.00 0.15 0.23 0.23 0.20 0.20 0.24 0.24 0.22 0.25 0.22  98.05 92.18 87.95 89.25 87.30 
16 Columba rupestris 0.23 0.20 0.21 0.02 0.15 0.23 0.23 0.20 0.20 0.24 0.24 0.22 0.25 0.24 0.02  92.83 87.95 90.55 87.30 
17 Columba oenas 0.23 0.20 0.24 0.08 0.13 0.23 0.23 0.20 0.21 0.25 0.25 0.24 0.27 0.26 0.08 0.08  86.97 88.60 85.67 
18 Streptopelia mayeri 0.21 0.21 0.22 0.12 0.11 0.21 0.21 0.21 0.19 0.21 0.21 0.21 0.23 0.22 0.12 0.12 0.13  89.90 90.43 
19 Columba palumbus 0.22 0.22 0.22 0.12 0.12 0.22 0.22 0.22 0.22 0.21 0.22 0.22 0.24 0.26 0.12 0.10 0.12 0.09  87.30 
20 Ectopistes migratorius 0.21 0.19 0.23 0.13 0.11 0.21 0.20 0.19 0.22 0.21 0.22 0.21 0.22 0.25 0.13 0.13 0.15 0.10 0.13  

 
similarities percentage was 88.60% between chicken (G. 
gallus) and Japanese quail (C. japonica) and 86.64% 
between laughing dove (S. senegalensis) and rock pigeon 
(C. livia), while muskovy duck (C. moschata) sequences 
showed less identity with those of other studied avian 
species (Table 2). 

The comparison of the obtained mt Cytb gene 
sequences with those available in GenBank revealed 
nucleotide similarities percentage ranged from 77.20% 
(Columba oenas and Anas platyrhynchos) to 100% 
(Gallus gallus and Gallus sonneratii, Coturnix coturnix 
and Coturnix japonica, Meleagris gallopavo and 
Columba livia). The derived sequence of chicken (G. 
gallus) of this study was highly matched (100%) with G. 
sonneratii, while less similarity was seen with Columba 
oenas (80.13%). Moreover, the sequence of Japanese 
quail (C. japonica) was closely related to that of C. 
coturnix (100%), whichshowed less identity (80.78%) 
compared with that of Columba palumbus. 

Also, muskovy duck (C. moschata) sequence 
displayed high similarity (91.86%) with that of 
Sarkidiornis melanotos but showed less similarity 
(79.48%) with Ectopistes migratorius. The sequence of 
rock pigeon (Columba livia) was closely related to those 
of Meleagris gallopavo (99.48%) but less identity 
(78.83%) with Aix galericulata. The sequence of 
laughing dove (Streptopelia senegalensis) showed 
slightly high similarity (88.93%) with those of 
Streptopelia mayeri and Columba palumbus, but showed 
less similarity (80.46%) with Anas platyrhynchos. 

The genetic distance among different species ranged 
from 0.00 (Gallus gallus with Gallus sonneratii, 
Coturnix japonica with Coturnix coturnix and Columba 
livia with Meleagris gallopavo) to 0.27 (Aix galericulata 
and Columba oenas) as shown in Table 2 below the 
diagonal. 

The phylogenetic tree revealed three major clusters 
referred to as A, B, and C. Each cluster was divided into 
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branches with highly supported relationships. Cluster A 
includes Cairina moschata, Aix galericulata, 
Chloephaga melanoptera, Neochen jubatus, Sarkidiornis 
melanotos and Anas platyrhynchos. Cluster B contains 
Gallus gallus, Gallus varius, Gallus sonneratii, Coturnix 
japonica, Coturnix coturnix and Francolinus erckelii. 
Cluster C contains Columba livia, Meleagris gallopavo, 
Columba rupestris, Columba oenas, Ectopistes 
migratorius, Streptopelia senegalensis, Columba 
palumbus and Streptopelia mayeri as shown in Table 2 
and illustrated in Fig. 3. 
 

 
 

Fig. 3: Phylogenetic analysis based on the cytochrome b gene 
sequences of five avian species and other related species. The 
tree was analyzed by neighbor-joining (N-J) analysis 
 
Discussion 
 

Identification of avian species is a vital step in 
conservative, taxonomic, forensic, legal and other 
ornithological interferences. The obtained result is not 
only useful for taxonomic purposes and evolutionary 
analysis, but also has important inclusions for species 
conservation (Baling and Brunton, 2005). 

DNA-based molecular techniques developed over the 
last two decades have increased the possibility of 
developing authentic and reliable methods for species 
identification, due to the stability of DNA at high 
temperatures and the fact that its structure is conserved 
within all tissues of an individual (Saini et al., 2007). 
Many authors applied various DNA based methods to 
identify different animals and avian species, (Calvo et 
al., 2001; Sasazaki et al., 2004; Tanabe et al., 2007; 
Asensio et al., 2008; Gruszczyńska and Michalska, 
2013). 

Identification of some avian species based on direct 
sequencing of mt Cytb gene was applied. Although, 
sequencing is more expensive than the other PCR-based 
methods, it provides information for all positions of a 
target sequence. For this reason direct sequencing can be 
successfully used for differentiation between taxono-
mically close species or determining the origin of 
anonymous samples that is of particular interest in 
veterinary control and animal (Budowle et al., 2003). 

The short length fragment of the mt Cytb gene was 
used because of its widest taxonomic representation in 
nucleotide databases. Despite the relatively short size of 
the fragment, it provides enough sequence divergence, 
which fulfills the objectives of the study. Furthermore, 
only one pair of primers was used in this study to 
amplify a 358 bp of the mt Cytb gene for all samples. 
This is in agreement with studies that reported the use of 
universal primers as complements to conserved region of 
mt Cytb gene in vertebrates (Kocher et al., 1989). 

In current study the obtained DNA sequence had 
been deposited in GenBank. Therefore, there is a high 
chance that the unknown sample will match a DNA 
sequence from a reference sample deposited on the 
database. Hence, these results will contribute to 
developing the GenBank database and can be applied for 
further phylogenetic and forensic studies on other avian 
and animal species. 

Phylogenetic tree was constructed by N-J method 
which is based on distances between sequences revealing 
a variation between different avian species, even closely 
related ones. Such tree could identify the ancestors and 
closest relatives of the group and also have great 
practical value, where trees have helped solve criminal 
cases, and epidemiology. The phylogenetic analysis 
reflects the historical agreement on the point (Prager and 
Wilson, 1976) that the studied birds belong to different 
orders and families [chicken and Japanese quail; 
Galliformes (Phasianidae), rock pigeon and laughing 
dove; Columbiformes (Columbidae) and muskovy duck; 
Anseriformes (Anatidae)]. 

Chickens (Gallus gallus) and Japanese quail 
(Coturnix japonica) are species of considerable 
economic importance in a number of countries including 
Egypt. Moreover they are frequently used as a model 
laboratory animal (Kayang et al., 2004). Our findings are 
consistent with the earlier results reported by Pang et al. 
(1999), Inoue-Murayama et al. (2001) and Kayang et al. 
(2006). 

In cluster C, it is shown that pigeons and doves 
belong to a typical group within this group, Streptopelia 
(turtledoves including laughing dove) and Columba (old 
world pigeons including rock pigeon) are supported in a 
well-supported sister Streptopelia-Columba clade 
(Fulton et al., 2012). To conclude, PCR amplification of 
the mt Cytb gene, amplicon sequencing and sequence 
analysis would help to solve the problem of 
identification of an avian species unambiguously. 
 
References 
 
Ardura, A; Planes, S and Garcia Vazquez, E (2011). Beyond 

biodiversity: fish metagenomes. PLoS One. 6(8): e22592. 
doi: 10.1371/journal.pone.0022592. 

Asensio, L; Gonzalez, I; Pavon, MA; Garcia, T and Martin, 
R (2008). An indirect ELISA and a PCR technique for the 
detection of grouper (Epinephelus marginatus) mislabeling. 
Food Addit. Contam. Part A Chem. Anal. Control. Expo. 
Risk Assess., 25: 677-683. 

Baling, M and Brunton, D (2005). Conservation genetics of 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2015, Vol. 16, No. 2, Ser. No. 51, Pages 218-222 

222 

the New Zealand fairy tern. 32. Auckland, New Zealand: 
Department of Conservation (New Zealand). 

Budowle, B; Allard, MW; Wilson, RM and Chakraborty, R 
(2003). Forensics and mitochondrial DNA: applications, 
debates, and foundations. Annu. Rev. Genomics Hum. 
Genet. 4: 119-141. 

Calvo, JH; Zaragoza, P and Osta, R (2001). Random 
amplified polymorphic DNA fingerprints for identification 
of special in poultry pate. Poult. Sci., 80: 522-524. 

Fajardo, V; González, I; López-Calleja, I; Martín, I; Rojas, 
M; Pavón, MA; Hernández, PE; García, T and Martín, 
R (2007a). Analysis of mitochondrial DNA for authen-
tication of meats from chamois (Rupicapra rupicapra), 
pyrenean ibex (Capra pyrenaica), and mouflon (Ovis 
ammon) by polymerase chain reaction restriction fragment 
length polymorphism. J. AOAC Int., 90: 179-186. 

Fulton, TL; Wagnera, SM; Fisher, C and Shapiro, B (2012). 
Nuclear DNA from the extinct Passenger Pigeon 
(Ectopistes migratorius) confirms a single origin of New 
World pigeons. Ann. Anat., 194: 52-57. 

Gruszczyńska, J and Michalska, E (2013). Application of 
chicken microsatellite markers to molecular monitoring of 
the experimental population of Japanese quail (Coturnix 
japonica). Anim. Sci. Pap. Rep., 31: 73-84. 

Inoue-Murayama, M; Kayang, BB; Kimura, K; Ide, H; 
Takahasi, H; Nagamine, Y; Takeda, T; Hanada, H; 
Tatsuda, K; Tsudzuki, M; Matsuda, Y; Mizutani, M; 
Murayama, Y and Ito, S (2001). Chicken microsatellite 
primers are not efficient markers for Japanese quail. Anim. 
Genet. 32: 7-11. 

Kayang, BB; Fillon, V; Inoue-Murayama, M; Miwa, M; 
Leroux, S; Fčve, K; Monvoisin, JL; Pitel, F; Vignoles, 
M; Mouilhayrat, C; Beaumont, C; Ito, S; Minvielle, F 
and Vignal, A (2006). Integrated maps in quail (Coturnix 
japonica) confirm the high degree of synteny conservation 
with chicken (Gallus gallus) despite 35 million years of 
divergence. BMC Genomics. 7: 101-119. 

Kayang, BB; Vignal, A; Inoue-Murayama, M; Miwa, M; 
Monvoisin, L and Ito, S (2004). A first-generation 
microsatellite linkage map of the Japanese quail. Anim. 
Genet. 35: 195-200. 

Kocher, TD; Thomas, WK; Meyer, A; Edwards, SV; 
Pääbo, S; Villablanca, FX and Wilson, AC (1989). 
Dynamics of mitochondrial DNA evolution in animals: 
amplification and sequencing with conserved primers. Proc. 
Natl. Acad. Sci. USA. 86: 6196-6200. 

Kuwayama, R and Ozawa, T (2000). Phylogenetic relation-

ships among European red deer, wapiti, and sika deer 
inferred from mitochondrial DNA sequences. Mol. 
Phylogenet. Evol., 15: 115-123. 

Pang, SWY; Ritland, C; Carlson, JE and Cheng, KM 
(1999). Japanese quail microsatellite loci amplified with 
chicken-specific primers. Anim. Genet. 30: 195-199. 

Parson, W; Pegoraro, K; Niederstatter, H; Foger, M and 
Steinlechner, M (2000). Species identification by means of 
the cytochrome b gene. Int. J. Legal Med., 114: 23-28. 

Pereira, F; Carneiro, J and Amorim, A (2008). Identification 
of species with DNA-based technology: current progress 
and challenges. Recent Pat. DNA Gene. Seq., 2: 187-200. 

Prager, EM and Wilson, AC (1976). Congruency of phylo-
genies derived from different proteins: a molecular analysis 
of the phylogenetic position of cracid birds. J. Mol. Evol., 
9: 45-57. 

Prusak, B; Grzybowski, G and Zięba, G (2004). Taxonomic 
position of Bison bison (Linnaeus, 1758) and Bison 
bonasus (Linnaeus, 1758) based on analysis of cytb gene. 
Anim. Sci. Pap. Rep., 22: 27-35. 

Rokas, A; Ladoukakis, E and Zouros, E (2003). Animal 
mitochondrial DNA recombination revisited. Trend Ecol. 
Evol., 18: 411-417. 

Russell, VJ; Hold, GL; Pryde, SE; Rehbein, H; Quinteiro, 
J; Rey-Mendez, M; Sotelo, CG; Pérez-Martin, RI; 
Santos, AT and Rosa, C (2000). Use of restriction 
fragment length polymorphism to distinguish between 
salmon species. J. Agric. Food Chem., 48: 2184-2188. 

Saif, R; Babar, ME; Awan, AR; Nadeem, A; Hashmi, AS 
and Hussain, T (2012). DNA fingerprinting of Pakistani 
buffalo breeds (Nili-Ravi, Kundi) using microsatellite and 
cytochrome b gene markers. Mol. Biol. Rep., 39: 851-856. 

Saini, M; Das, DK; Dhara, A; Swarup, D; Yadav, MP and 
Gupta, PK (2007). Characterisation of peacock (Pavo 
cristatus) mitochondrial 12S rRNA sequence and its use in 
differentiation from closely related poultry species. Bri. 
Poult. Sci., 48: 162-166. 

Sasazaki, S; Itoh, K; Arimitsu, S; Imada, T; Takasuga, A; 
Nagaishi, H; Takano, S; Mannen, H and Tsuji, S (2004). 
Development of breed identification markers derived from 
AFLP in beef cattle. Meat Sci., 67: 275-280. 

Tanabe, S; Miyauchi, E; Muneshige, A; Mio, K; Sato, C 
and Sato, M (2007). PCR method of detecting pork in 
foods for verifying allergen labeling and for identifying 
hidden pork ingredients in processed foods. Biosci. 
Biotechnol. Biochem., 71: 1663-1667. 


