Veterinary World, EISSN: 2231-0916 RESEARCH ARTICLE
Available at www.veterinaryworld.org/Vol.11/April-2018/14.pdf Open Access

Genetic characterization of 11 microsatellite loci in Egyptian pigeons
(Columba livia domestica) and their cross-species amplification in other
Columbidae populations

Sherif Ramadan'?, Ahmed Dawod?, Osama El-Garhy*, Amira M. Nowier®, Marwa Eltanany® and Miho Inoue-Murayama'’

1. Wildlife Research Center, Kyoto University, Kyoto, Japan; 2. Department of Animal Wealth Development, Faculty of
Veterinary Medicine, Benha University, Toukh, Egypt; 3. Department of Husbandry and Animal Wealth Development,
Faculty of Veterinary Medicine, Sadat City University, Egypt; 4. Animal Production Department, Faculty of Agriculture,
Benha University, Toukh, Egypt; 5. Department of Biotechnology Research, Animal Production Research Institute, ARC,
Dokki, Egypt; 6. Department of Animal Wealth Development, Faculty of Veterinary Medicine, Benha University, Toukh,
Egypt; 7. Wildlife Genome Collaborative Research Group, National Institute for Environmental Studies, Tsukuba, Japan.
Corresponding author: Miho Inoue-Murayama, e-mail: mmurayama@wrc.kyoto-u.ac.jp
Co-authors: SR: sherif_ramadann@yahoo.com, AD: adawod@vet.usc.edu.eg, OE: osama.elsayed1977@yahoo.com,
AMN: mero_agri@yahoo.com, ME: marwaeltO1@gmail.com
Received: 11-02-2018, Accepted: 19-03-2018, Published online: 17-04-2018

doi: 10.14202/vetworld.2018.497-505 How to cite this article: Ramadan S, Dawod A, El-Garhy O, Nowier AM, Eltanany M,
Inoue-Murayama M (2018) Genetic characterization of 11 microsatellite loci in Egyptian pigeons (Columba livia domestica)
and their cross-species amplification in other Columbidae populations, Veterinary World, 11(4): 497-505.

Abstract

Aim: This study aimed to analyze the genetic diversity and relationships of 10 Egyptian pigeon populations belonging to
Columba livia domestica species using 11 microsatellite markers and to investigate the success of these markers amplification
across another eight pigeon species.

Methods: Genomic DNA was isolated from feather samples of 179 pigeon samples from 10 Egyptian breeds: Asfer Weraq
(n=14), Austoraly (n=20), Reehani (n=21), Messawed (n=17), Nemssawy (n=27), Otatti (n=12), Morasla (n=17), Tumbler
(n=22), Halaby Asfer (n=10), and Karakandy (n=19) in addition to Japanese feral pigeons (n=30). Genotyping was done
using 11 specific polymorphic microsatellite makers. Moreover, 37 samples not belonging to C. livia domestica but belonging
to another eight pigeon species were genotyped. The polymerase chain reaction (PCR) products were electrophoresed on
an ABI 3130x] DNA Sequencer. The basic measures of genetic diversity and phylogenetic trees were computed using
bioinformatics software.

Results: Across the 10 studied Egyptian populations, the number of alleles per locus ranged from 3 to 19 and the average
number of alleles observed was 9.091. The lowest value of expected heterozygosity (0.373) was obtained for the Reehani
breed, and the highest value (0.706) was found for Morasla breed. The overall expected heterozygosity of Egyptian pigeons
was 0.548. The F coefficient which indicates fixation coefficients of subpopulations within the total population for the 11
loci varied from 0.318 to 0.114 with a relatively high mean (0.226). In our study, the F',; showed a relatively high average
(0.037). The pairwise Reynolds’s genetic distance between the 11 studied pigeon populations recorded lower values between
Otatti and Austoraly (0.025) and between Morasla and Japanese feral pigeons (0.054). These results are supported by
clustering pattern either by the neighbor-joining phylogenetic tree or by a Bayesian clustering of STRUCTURE with the
admixture method.

Conclusion: We confirm the applicability of the CliuD17, CliuT17, CliuD16, CliuD32, CliuTI3, CliuD01, PG1, PG2,
PG4, PG6, and PG7 microsatellite markers among Egyptian domestic pigeons and across other pigeon species using
cross-species amplification method. The information from this study should be useful for genetic characterization and for
developing conservation programs of this important species.

Keywords: Egyptian breed, genetic diversity, microsatellite, pigeon.

Introduction disease threats, human nutritional requirements, and
changing market needs [1,2]. Native livestock breeds
are a valuable source of genetic material because of
their adaptation to harsh conditions and their tolerance
to a range of diseases. Genetic and phenotypic char-
acterization of animal genetic resources helps us for
the development of more efficient production systems
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Assessment of farm animal genetic diversity is
important to identify native populations useful for food
security and rural development. It allows breeders to
identify, select, and develop new breeds in response
to the changeable conditions such as climatic change,
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study in the laboratory; it helped Darwin to understand
how evolution works in general [6]. Pigeon breeding
is a popular hobby worldwide, and over 350 differ-
ent breeds are currently recognized. Domestication
of pigeons involved intensive directional selection
for a particular trait, followed by stabilizing selection;
some pigeon breeds are under intensive selection for
flight characteristics such as racing homers and oth-
ers are bred for vocal and morphological traits differ-
ences [7]. Pigeons are bred for different purposes such
as meat in the form of squabs, ornamental and show,
and flying and racing competitions [8] and finally for
experiments of cognitive sciences [9]. The 10 Egyptian
native indigenous pigeon breeds used in this study do
not belong to feral pigeons. Eight of these breeds:
Asfer Weraq, Austoraly, Reehani, Messawed, Otatti,
Morasla, Halaby Asfer, and Karakandy are charac-
terized by strong homing and flying abilities and
mainly used for certain kind of a very popular flying
game in Egypt [10], whereas the last two (Nemssawy
and Tumbler) are used for ornamental and show pur-
poses. In Egypt, despite the importance of this species,
researches on the genetic variation and relationship of
local pigeon breeds are scanty [10].

The microsatellite is a marker of choice for
studying the genetic diversity and relationships
among closely related livestock breeds [11,12].
MtDNA of pigeon was used to construct a phylo-
genic tree for C. livia, Streptopelia, and other related
taxa [13]. The cross-species amplification of marker
sets previously developed for closely related spe-
cies is considered as an alternative way than de novo
marker development. Some early studies have shown
the applicability of microsatellite markers among
closely related species using cross-species amplifi-
cation [14,15].

This study aimed to analyze the genetic diver-
sity and relationships of 10 Egyptian pigeon popula-
tions (Asfer Weraq, Austoraly, Reehani, Messawed,
Nemssawy, Otatti, Morasla, Tumbler, Halaby Asfer,
and Karakandy) using 11 microsatellite markers. Also,
to investigate the success of these markers’ amplifica-
tion across other pigeon species such as Oriental turtle
dove, White-bellied green, Emerald dove, Whistling
green pigeon, Blue-crowned pigeon, Japanese wood
pigeon, Victoria crowned pigeon, and Pied imperial
pigeon. Such information can be useful to develop
a sustainable genetic improvement and conservation
programs for this valuable species.

Materials and Methods

Ethical approval

All aspects of the study were performed accord-
ing to the guidelines established by the Ministry of
Education, Culture, Sports, Science, and Technology
in Japan (Notice No. 71). The protocol was approved
by the Committee on the Ethics of Animal Experiments
of the Wildlife Research Center of Kyoto University
(Permit No. WRC-2017-002A).

Sample collection and DNA extraction

A total of 179 pigeon feather samples from 10
Egyptian local breeds: Asfer Weraq (n=14), Austoraly
(n=20), Reehani (n=21), Messawed (n=17), Nemssawy
(n=27), Otatti (n=12), Morasla (n=17), Tumbler (n=22),
Halaby Asfer (n=10), and Karakandy (n=19) in addi-
tion to Japanese feral pigeons (n=30) were obtained.
Moreover, 37 feather samples were collected from eight
wild pigeon species as shown in Table-1. Egyptian sam-
ples were collected from nine breeders in five provinces
(Giza, Cairo, Kaliobia, Menofia, and Zagazig) located
in the Nile river delta in the northern part of Egypt,
whereas samples of Japanese feral pigeons and other
wild species were collected from Osaka Museum of
Natural History, Osaka, Japan, and from Rescue Center
of Kyoto City Zoo, Kyoto, Japan. DNA was extracted
from feather samples using the QIAGEN DNeasy
Tissue Kit (QIAGEN, Valencia, CA, USA).
Mitochondrial cytochrome c oxidase subunit I gene
(COI) analysis

Mitochondrial COI sequence was analyzed
for one sample of the 10 Egyptian breeds and of
Japanese feral pigeons. Moreover, one sample
was sequenced from the four wild pigeon species:
Emerald dove (Chalcophaps indica), Oriental turtle
dove (Streptopelia orientalis), Whistling green pigeon
(Treron formosae), and white-bellied green pigeon
(Treron sieboldii) for comparison. The primers and
polymerase chain reaction (PCR) condition are the
same as described by Ramadan et al. [10].

The amplified products were purified using PCR
Purification Kit (Roche, Mannheim, Germany), and
the resultant products were sequenced using the same
primers and the Big Dye Terminator ver. 3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City,
CA, USA) according to the standard protocol and
electrophoresed on an ABI PRISM 3130xI sequencer
(Applied Biosystems). The MEGA 6 Software (https://
www.megasoftware.net) [16] was used for sequences
alignment and to infer the phylogenetic relationships
based on neighbor-joining [17] methods [18].

Microsatellite analysis

Eleven labeled microsatellite markers (CliuD17,
CliuT17, CliuD16, CliuD32, CliuTI3, and CliuD01
from the study of Traxler et al. [19] and PG, PG?2,
PG4, PG6, and PG7 from the study of Lee et al. [20])
were used in two multiplex PCR reactions employ-
ing the QIAGEN Multiplex PCR Kit (QIAGEN,
Valencia, CA, USA). PCR conditions are the same
as described by Ramadan et al. [10]. The PCR prod-
ucts were electrophoresed on an ABI 3130x] DNA
Sequencer (Applied Biosystems), and the sizes of the
fragments were estimated based on 400 HD Rox size
marker using the GENEMAPPER software (Applied
Biosystems, Foster City, CA, USA).

Data analysis
Genetic diversity was assessed by calculating the
observed and effective number of alleles (N, and N)
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Table-1: Number of samples for domestic and wild pigeon species.

Domestic pigeon breed (Columba livia domestica) n Wild pigeon species n
Asfer Weraq 14 Oriental turtle dove (Streptopelia orientalis) 15
Austoraly 20 White-bellied green (Treron sieboldii) 9
Reehani 21 Emerald dove (Chalcophaps indica) 4
Messawed 17 Whistling green pigeon (Treron formosae) 3
Nemssawy Asfer 27 Blue crowned pigeon (Goura cristata) 2
Otatti 12 Japanese wood pigeon (Columba janthina janthina) 2
Morasla 17 Victoria crowned pigeon (Goura victoria) 1
Egyptian Tumbler 22 Pied imperial pigeon (Ducula bicolor) 1
Halaby Asfer 10

Karakandy 19

Japanese feral pigeon 30

Total 209 Total 37

and observed and expected heterozygosity (H,, H,)
using GENALEX version 6.0 [21]. Polymorphic
information content (P/C) was calculated using
CERVUS version 3 software [22]. F-statistics (£,
F,, and F) in addition to pairwise F', [17] across
the 11 studied populations were calculated using the
GENEPOP version 3.4 [23]. Genetic distances among
the 11 populations were evaluated by Reynolds’
genetic distance [24]. A phylogenetic tree was con-
structed based on the Reynolds’ genetic distance using
the neighbor-joining [17] method [18]. The robustness
of tree topologies was evaluated with a bootstrap test
of 1000 resampling across loci. These processes were
conducted using POPULATIONS version 1.2.30 soft-
ware [25]. We investigated the clustering, and genetic
structure of the 11 studied pigeon populations using
STRUCTURE software [26]. We did 20 runs for each
different value of K with 50,000 iterations following a
burn-in period of 50,000. Pairwise comparisons of the
20 solutions of each K value were run along with 20
permutations using CLUMPP software [27]. CLUMPP
software also outputs a mean of the permuted matrices
across replicates after aligning the cluster membership
coefficients of these replicate. Finally, the clustering
pattern with the highest H value was graphically dis-
played for the selected K value using DISTRUCT
software [28].

Results and Discussion

Mitochondrial COI analysis

We amplified and sequenced 693 bp for one sam-
ple of the 10 Egyptian breeds and of Japanese feral
pigeons in addition to the four species of wild pigeons
for confirmation of the species of Egyptian pigeon.
After alignment, there were only one substitution sites
among the 10 Egyptian and the Japanese feral pigeons.
From the NJ phylogenetic tree (Figure-1), these 11
populations clustered into the same clade with C. livia
sequence retrieved from GenBank (accession number
GQ481605). The branching pattern of other wild spe-
cies reflected their phylogeny. The low sequence diver-
gence among Egyptian and Japanese feral pigeons
together with GenBank sequence of C. /ivia confirms
that all of these breeds belong to the same species (C.

livia) and the mtDNA COI sequence divergence is
more suited for the analysis of among species diver-
gence than within species divergence [13].

Microsatellite marker polymorphisms and population
diversity

Across the 10 studied Egyptian populations,
the number of alleles per locus ranged from 3 (PG6)
to 19 (CliuD01I), and the average number of alleles
observed was 9.091. Locus PG6 had the lowest val-
ues for both of H, (0.371) and PIC (0.364), whereas
locus CliuD01 had the highest values for H, (0.731)
and PIC (0.806), and locus PG2 recorded the highest
H, (0.727) as shown in Table-2. Locus PG6 showed
lower polymorphism not only in our study but also
in previous studies [10,20]. Across the 11 loci, the
average numbers of alleles expected and observed
heterozygosity in addition to F; for each population
are shown in Table-3. The lowest value of expected
heterozygosity (0.373) was obtained for the Reehani
breed, and the highest value (0.706) was found for
Morasla breed. The overall expected heterozygosity of
Egyptian native pigeons was 0.548. Genetic diversity
among studied pigeon breeds showed comparable val-
ues with those described by Ramadan et al. [10], Bigi
et al. [11] and Biala et al. [12] who studied Egyptian,
Polish, and Italian pigeon populations, respectively.

As a measure of deviation from Hardy-Weinberg
equilibrium, the F ¢ value was calculated and found
to range from —0.216 (Asfer Weraq) to 0.194
(Messawed) with a mean 0.031. The inbreeding coef-
ficients (F,) were positive for all investigated popu-
lation except Asfer Weraq and Halaby Asfer which
showed negative F values. The higher values for
inbreeding coefficient might indicate a departure from
random mating, which could be expected for breeding
flocks due to artificial selection of mating pairs. There
were 16 breeds specific alleles observed among the
11 populations. The number of breed-specific alleles
ranged from 0 (Asfer Weraq, Reehani, and Otatti) to 5
(Morasla) as shown in Table-3.

Genetic differentiation across the 11 studied
populations was examined by fixation indices (<, F,
and F,) for each locus (Table-2). The F, coefficient
which indicates fixation coefficients of subpopulations
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Figure-1: Neighbor-joining tree of mitochondrial COI gene sequence of 10 Egyptian breeds, Japanese feral pigeons and
four wild pigeon species. The sequence for Columba livia with an asterisk was retrieved from GenBank (accession humber

GQ481605). The four wild pigeon species act as outgroup.

within the total population for the 11 loci varied from
0.318 (PG4) to 0.114 (Cliud16), with a relatively high
mean 0.226, which indicate that there is a genetic dif-
ferentiation among the 10 populations. This means
that about 22.6% of the total genetic variation is due to
population’s differences, while the remaining 77.4%
is due to differences among individuals. This F,
value is comparable with those of Ramadan et a/. [10]
who reported the value of 0.203 for Egyptian pigeons
and Bigi et al. [11] who reported the value of 0.214
for Italian pigeons. However, the F . of our study
was higher than the value of 0.147 reported by Biata
et al. [12] among Polish pigeons.

The F,, coefficient which indicates global defi-
cit of heterozygote across populations amounted to
25.3% (Table-2). For the F¢ coefficient, positive val-
ues of F indicate deficit of observed heterozygosity;
however, negative values might indicate an excess of
heterozygous genotypes comparing to the expected
value. In our study, the relatively high average of F g
(0.037) in addition to seven loci (CliuD16, CliuD32,
CliuT13, CliuD01, PG, PG4, and PG7) recorded a
deficiency of heterozygosity; this might indicate that
these six loci are under selection for some favorable
morphological or productive characteristics.

Genetic relationship and population structure

The pairwise Reynolds’s genetic distance
between the 11 studied pigeon populations recorded
lower values between Otatti and Austoraly (0.025) and
between Morasla and Japanese feral pigeons (0.054).
Similarly, the genetic differentiation indicated by pair-
wise F, values was the lowest in Otatti-Austoraly
(0.029) and in Morasla—Japanese feral pigeons (0.039)

as shown in Table-4. These results are supported by
clustering pattern either by the neighbor-joining phy-
logenetic tree (Figure-2) or by a Bayesian clustering of
STRUCTURE with the admixture method (Figure-3).
The tree topology showed close relationship between
Otatti and Austoraly and also between Morasla and
Japanese feral pigeon populations. At K= 5 where the
11 studied pigeon populations showed the most prob-
able structure clustering, Otatti and Austoraly popu-
lations were clustered together, and also Morasla and
Japanese feral pigeon populations were also clustered
together forming admixed mosaic clusters (Figure-3).
Nemssawy was assigned independently into its
respective clusters; moreover, it showed the highest
values for both of Reynolds’s genetic distance and
pairwise F with other breeds such as Asfer Weragq,
Reehani, and Messawed indicating the uniqueness of
Nemssawy breed. Nemssawy is considered as orna-
mental breed characterized by long and soft feath-
ers around the head and neck. This selective interest
for morphological characteristics might explain the
uniqueness of Nemssawy breed. The clustering pat-
tern of remaining breeds might be explained by their
history and origin.

The close relationship between Otatti and
Austoraly might be attributed to that Austoraly is a
synthetic breed originated from crossing between
Safi with Zagel and Otatti breeds [29]. The close
relationship between Morasla and Japanese feral
population could be attributed to that Morasla breed
might be developed from free-living feral popula-
tions, or Morasla might contribute to the genetic pro-
file of feral populations. Morasla is an Arabic name
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Figure-2: Neighbor-joining tree of 10 Egyptian pigeon breeds and Japanese feral pigeons by 11 microsatellite markers.
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Figure-3: Structure clustering of the 10 Egyptian breeds and Japanese feral pigeons obtained for K=5.

means messenger or carrier pigeons. The messenger
and racing pigeons had been established by Belgians
through the crossing of free-living pigeons with sev-
eral types of domestic pigeons for the improvement
of fitness and homing ability. Previously, Stringham
et al. [30] found little genetic differentiation between
racing homer and feral pigeons indicated by lower
values for both of genetic distance and pairwise F,.
Moreover, they found a close relationship between
European free-living populations with a former rac-
ing breed called Modena. Modena pigeon breed was
developed in Italy since 2000 years ago [31]. They
suggested that either Modena racing breed was devel-
oped from European free-living populations or racing
populations contributed to the genetic constitution of
local feral populations, especially some pigeon breed-
ers report that up to 20% of their racing birds that start
racing competitions do not return again and become
feral. In the same way, Ramadan et al. [10] found a
close relationship between Egyptian Zagel breed and
Japanese racing pigeons and attributed this close rela-
tionship to that they might have a common ances-
tor. Genetic studies including many feral and racing

populations from different localities all over the world
might help us to solve this controversial finding and
to understand whether this close genetic relationship
between racing and feral populations is occurred spo-
radically or as we expect to be everywhere.

Cross-species amplification by microsatellite markers

We investigated the applicability of 11 micro-
satellite markers of C. /ivia species across eight wild
pigeon species by means of cross-species amplifica-
tion(Table-5). We obtained 170 alleles by cross-am-
plification of 11 markers among eight wild species.
CliuD32 and PG6 showed successful cross-species
amplification among all the studied wild pigeon spe-
cies. On the contrary, PG/ could be amplified only
across oriental turtle dove. 10 of 11 studied loci were
successfully amplified in the oriental turtle dove,
and all of these loci were polymorphic. Loci showed
that monomorphism across our wild pigeon species
might show polymorphism if a larger sample size was
assessed. Pruett et al. [32] found that eight microsat-
ellite markers of common raven (Corvus corax) were
amplified and showed polymorphism across six of the
seven studied Corvidae species.
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Conclusion

We confirm the applicability of microsatellite
markers among Egyptian domestic pigeons and across
wild pigeon species by means of cross-species ampli-
fication. Relatively reliable diversity results could be
obtained even with a small number of polymorphic
microsatellites, as shown in our study and confirmed
by other similar studies [12]. The information from
this study should be useful for genetic characteriza-
tion and for developing conservation programs of this
agriculturally and commercially important species.

Authors’ Contributions

SR and MI planned and designed the study. AD,
OE, and AMN collected the feather samples and pro-
vided the help for statistical analysis. SR performed
microsatellite genotyping and drafted the manuscript
under the guidance of MI. ME and AMN provided the
help for the data analyzed and interpretation of labora-
tory results. All authors participated in draft and revi-
sion of the manuscript. All authors read and approved
the final manuscript.

Acknowledgments

We would like to express our thanks to the
Egyptian Ministry of Higher Education for funding
Sherif Ramadan during his stay at Kyoto University.
We thank Dr. Takeshi Wada in Osaka Museum of
Natural History and the Egyptian pigeon breeders
for providing pigeon samples. This study was finan-
cially supported by JSPS KAKENHI Grant Number
25290082 to MI and Kyoto University Supporting
program for interaction-based initiative team studies
(SPIRITS) to MI.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Neeteson-van  Nieuwenhoven, A.M., Knap, P. and
Avendafio, S. (2013) The role of sustainable commercial
pig and poultry breeding for food security. Anim. Front.,
3:52-57.

2. Boettcher, P.J., Hoffmann, 1., Baumung, R., Drucker, A.G.,
McManus, C., Berg, P., Stella, A., Nilsen, L.B., Moran, D.
and Naves, M. (2015) Genetic resources and genomics for
adaptation of livestock to climate change. Front. Genet.,
5:461.

3. Kristensen, T.N., Hoffmann, A.A., Pertoldi, C. and
Stronen, A.V. (2015) What can livestock breeders learn
from conservation genetics and vice versa? Front. Genet.,
6: 38.

4. Laxuman, L., Patil, S., Salimath, P. and Dharmatti, P. (2012)
Study on genetic diversity and its relation to heterosis in
bitter gourd (Momordica charantia L.). KJAS, 25: 14-17.

5. Coulson, T., Pemberton, J., Albon, S., Beaumont, M.,
Marshall, T., Slate, J., Guinness, F. and Clutton-Brock, T.
(1998) Microsatellites reveal heterosis in red deer. Proc. R.
Soc. Lond. B Biol. Sci., 265: 489-495.

6. Darwin, C. (1859) On the Origin of Species by Means of
Natural Selection. John Murray, London.

7. Shapiro, M.D., Kronenberg, Z., Li, C., Domyan, E.T,,

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Pan, H., Campbell, M., Tan, H., Huff, C.D., Hu, H. and
Vickrey, A.I. (2013) Genomic diversity and evolution of the
head crest in the rock-pigeon. Science, 339: 1063-1067.
Jerolmack, C. (2007) Animal archeology: Domestic pigeons
and the nature-culture dialectic. OSR, 3, 1733-8077.
Wright, A.A. (2013) Functional relationships for investigat-
ing cognitive processes. Behav. Proc., 93: 4-24.

Ramadan, S., Abe, H., Hayano, A., Yamaura, J., Onoda, T.,
Miyake, T. and Inoue-Murayama, M. (2011) Analysis of
genetic diversity of Egyptian pigeon breeds. J. Poult. Sci.,
48: 79-84.

Bigi, D., Mucci, N., Mengoni, C., Baldaccini, E. and
Randi, E. (2016) Genetic investigation of Italian domes-
tic pigeons increases knowledge about the long-bred his-
tory of Columba livia (Aves: Columbidae). Ital. J. Zool.,
83:173-182.

Biata, A., Dybus, A., Pawlina, E. and Proskura, W. (2015)
Genetic diversity in eight pure breeds and urban form of
domestic pigeon (Columba livia var. domestica) based on
seven microsatellite loci. J. Anim. Plant. Sci.,25: 1741-1745.
Hebert, P.D., Stoeckle, M.Y., Zemlak, T.S. and Francis, C.M.
(2004) Identification of birds through DNA barcodes. PLoS
Biol., 2: e312.

Mitrus, J., Mitrus, C., Rutkowski, R., Sikora, M. and
Suchecka, E. (2013) Characterisation of cross-ampli-
fied microsatellite markers in the red-breasted flycatcher
Ficedula parva. Ann. Zool, 63: 517-523.

Parine, N., Kumar, D., Pathan, A., Elrobh, M., Khan, W.
and Alanazi, M. (2013) Characterization and cross-species
amplification of microsatellite markers in African Silverbill
(Lonchura cantans). Genet. Mol. Res., 12: 5634-5639.
Kumar, S., Stecher, G. and Tamura, K. (2016) MEGAT:
Molecular evolutionary genetics analysis version 7.0 for
bigger datasets. Mol. Biol. Evol., 33: 1870-1874.

Peter, B.M. (2016) Admixture, population structure, and
F-statistics. Genetics, 202: 1485-1501.

Saitou, N. and Nei, M. (1987) The neighbor-joining method:
A new method for reconstructing phylogenetic trees. Mol.
Biol. Evol., 4: 406-425.

Traxler, B., Brem, G., Miiller, M. and Achmann, R. (2000)
Polymorphic DNA microsatellites in the domestic pigeon,
Columba livia var. domestica. Mol. Ecol., 9: 366-368.
Lee,J.C.1,, Tsai, L.C., Kuan, Y.Y., Chien, W.H., Chang, K.T.,
Wu, C.H., Linacre, A. and Hsieh, H.M. (2007) Racing
pigeon identification using STR and chromo-helicase DNA
binding gene markers. Electrophoresis, 28: 4274-4281.
Peakall, R. and Smouse, P. (2012) GenAIEx 6.5: Genetic
analysis in excel. Population genetic software for teaching
and research-an update. Bioinformatics (Oxford, England),
28:2537-2539.

Kalinowski, S.T., Taper, M.L. and Marshall, T.C. (2007)
Revising how the computer program CERVUS accommo-
dates genotyping error increases success in paternity assign-
ment. Mol. Ecol., 16: 1099-1106.

Rousset, F. (1995) GENEPOP (Version 1.2): Population
genetics software for exact tests and ecumenicalism. J.
Hered., 83: 239.

Reynolds, J., Weir, B.S. and Cockerham, C.C. (1983)
Estimation of the coancestry coefficient: Basis for a short-
term genetic distance. Genetics, 105: 767-779.

Langella, O. (1999) Populations, 1.2.30 Copyright (C).
CNRS UPR9034.

Pritchard, J.K., Stephens, M. and Donnelly, P. (2000)
Inference of population structure using multilocus genotype
data. Genetics, 155: 945-959.

Jakobsson, M. and Rosenberg, N.A. (2007) CLUMPP:
A cluster matching and permutation program for dealing
with label switching and multimodality in analysis of popu-
lation structure. Bioinformatics, 23: 1801-1806.
Rosenberg, N.A. (2004) DISTRUCT: A program for the
graphical display of population structure. Mol. Ecol.
Resour., 4: 137-138.

Veterinary World, EISSN: 2231-0916

504



Available at www.veterinaryworld.org/Vol.11/April-2018/14.pdf

29.  Gab-Allah, M. (1996) Standards of Egyptian swifts. Eastern 31.  Levi, W.M. (1996) Encyclopedia of Pigeon Breeds. 2™ ed.

Advertisement Press, Cairo (in Arabic). Levi Publishing, Sumter SC.

30. Stringham, S.A., Mulroy, E.E., Xing, J., Record, D., 32.  Pruett, C.L., Wan, L., Li, T., Spern, C., Lance, S.L.,
Guernsey, M.W., Aldenhoven, J.T., Osborne, E.J. and Glenn, T., Faircloth, B. and Winker, K. (2015) Development
Shapiro, M.D. (2012) Divergence, convergence, and the and characterization of microsatellite loci for common
ancestry of feral populations in the domestic rock pigeon. raven (Corvus corax) and cross-species amplification in
Curr. Biol., 22: 302-308. other corvidae. BMC Res. Notes, 8: 655.

skskeoskoskoskskoskosk

Veterinary World, EISSN: 2231-0916 505





