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Abstract | Animal identification is a very vital issue in both genetic and forensic fields. Mitochondrial DNA (mtD-
NA) analysis has been often used to explore haplotype variety among and within animal species. The mtDNA dis-
placement-loop (D-loop) region is highly variable than other DNA regions and it is regularly utilized to investigate
the phylogeny of highly correlated breeds within species. In this investigation, the mtDNA D-loop sequence was ana-
lyzed to evaluate the genetic diversity and origin of four Egyptian sheep breeds (Ossimi, Baladi, Rahmani, and Barki).
Additionally, phylogenetic analysis was performed through alignment of the obtained sequences with those available
in the GenBank database (goat, pig, buffalo, horse, donkey, and dog). Sequence analysis of the mtDNA D-loop re-
vealed a clustering of the Ossimi and Baladi sheep breeds (haplotype A), while the Rahmani and Barki sheep were
observed to cluster (haplotype B). The pairwise differences among the four Egyptian sheep breeds and other sequences
indicated a high genetic distance from the dog and the maximum identity was clearly established with goat and pig.
In conclusion, this information can help to authenticate sheep species from other taxa and identify the origin of meat
of commonly consumed species (cattle, buffalo, goat, and pig) and commonly banned species (dog, horse, and donkey)
for food control and forensic purposes.
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INTRODUCTION

he analysis of nonhuman DNA has received increased

consideration, particularly in the area of forensic sci-
ence, ecological investigations, and food control (Druml
& Cichna-Markl, 2014). In particular, veterinary and legal
science research laboratories frequently encounter samples
without any morphological details that make identifica-
tion difficult. Therefore, determining the source of animal
species or breeds from diverse types of samples is vital for
the forensic aims of discrimination and recognition of un-
identified samples, which represents a key aspect of biodi-
versity studies (Coyle, 2007).

Another important perspective for species identification is
the adulteration of meat which is one of the most impor-
tant challenges for meat producers, as most of the species
used in adulteration are anonymous and difficult to be de-
tected. Hence, more consideration must be paid to the safe-
ty and validity of meat products chiefly for public health,
legal, and economic worries. Also, religious consideration
is an important factor because meat adulteration can be
done by whole or partial replacement of high commercial
value meat with less expensive options like offal or pork
or by adding proteins of different sources (Kamruzzaman
et al., 2013). Therefore, the meat manufacturing critically
requests techniques that will monitor non-targeted food
samples for adulterants to afford evidence of the source
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and avoid intentional or accidental food samples admix-
ture.

Mitochondrial DNA (mtDNA) polymorphisms have
played significant roles in species identification (Moustafa
etal., 2017, Awad et al., 2015) together with tracing the or-
igin of specific breeds and the genetic diversity of domestic
sheep and other livestock species. The mtDNA has unique
properties including maternal inheritance, higher substitu-
tion rate, and very lower recombination rate (Ganbold et
al., 2019). The control region, also known as the displace-
ment-loop (D-loop) region, is the primary noncoding con-
trolling area for mtDNA replication and transcription. The
structure and variation of the mtDNA control region make
it conceivable to designate the genetic polymorphisms and
maternal source, chiefly since mtDNA shows slight mater-
nal inheritance without reconstruction and with a reason-
ably fast evolution rate (Hiendleder et al., 1998a). Genetic
diversity assessment within and among breeds offers vi-
sions into the population construction, relations essential
for founding priorities, conservation approaches, genetic
enhancement, and ecological use (Ajmone-Marsan et al.,

2014).

In Egypt, the total sheep populace is 4.2 million heads,
which accounts for 6% of the total meat production. Barki,
Ossimi, and Rahmani are the major breeds of sheep, with
populations of 470.000, 514.000, and 990.000 respective-
ly (Galal et al., 2005). As indicated by the World Watch
List for Domestic Animal Diversity report (FAO, 2003), 1
to 2 breeds disappear each week among the domesticated
populations. Here, this circumstance is chiefly disturbing
in the developing countries, where quick fluctuations in
production systems are prompting cross-breeding or the
substitutions of breeds. Hence, this triggers an urgent need
to record livestock genetic resources diversity and to plan
policies for their sustainable protection (Hanotte & Jian-

lin, 2006).

Information on the characteristics and genetic diversity of
most sheep breeds is limited. Thus, the goal of this study
was to apply mtDNA control region sequence (D-Loop)
analysis as a tool to evaluate the genetic diversity and phy-
logeography of four economically important Egyptian
sheep breeds. The resultant information can be adopted
to formulate national strategies for breeds conservation
and sustainable improvement all over the world. Also, this
study directed to authenticate sheep species from other
taxa to facilitate the determination of the origin of meat
from commonly consumed species (cattle, buftalo, goat and
pig) and commonly banned species (dog, horse and don-
key) for food control and forensic purposes through align-
ment of the obtained sequences with those existing in the

GenBank database.

MATERIALS AND METHODS

'This study was approved by the Ethics of Animal Use in
Research Committee of Zagazig University and experi-
mental procedures were conducted in accordance with the

NIH general guidelines for the Care and Use of Animals

in scientific investigations.

CoLLECTION OF SAMPLES AND DNA EXTRACTION
Blood samples were obtained from unrelated sheep of the
tollowing four main sheep breeds in Egypt: Rahmani, Os-
simi, Barki, and Baladi. A blood sample (5 ml) was drawn
aseptically from the jugular veins of each animal into steri-
lized vacutainer EDTA tubes. Genomic DNA was extract-
ed by the GeneJET whole blood genomic DNA purifica-
tion mini kit (Fermentas, Thermo Fisher Scientific, USA)
as indicated by the producer’s protocol. The extracted DNA
was examined for its quality and quantity using 1% aga-
rose gel electrophoresis and spectrophotometric methods,
respectively. Intact DNA that demonstrated no smearing
was chosen for further examination.

PCR AMPLIFICATION AND GEL ELECTROPHORESIS

A 572-bp fragment of the mtDNA control region from
15,984 bp to 16,556 bp of the sheep mitochondrial ge-
nome (access No. AF010406) was amplified by PCR with
the following primer sequences: F 5-ACT GCT TGA
CCG TAC ATA GTA C-3 and R 5-AGT ATT GAG
GAC GGG GTA A-3. PCR amplification reactions were
performed in a 20 pl total volume consisting of 10 pl of
HotStar Taq® Master mix (Qiagen GmbH, Germany), 1
pl forward primer (10 pM), 1 pl reverse primer (10 pM),
6 pl of RNAse/DNase-free water and 2 pl of DNA tem-
plate. PCR was done in a T professional thermal cycler
(Biometra, Germany). The conditions of cycling included
a single initial denaturation at 94°C for 3 min after that
35 cycles of 94°C for 30 sec (denaturation), 56°C for 30
sec (annealing), 72°C for 30 sec (extension) and a last ex-
tension step at 72°C for 7 min. The PCR products (10
pl) were separated using 1.5% agarose gel electrophoresis
for 20 min at 120 V. A 100-bp DNA ladder (Fermentas,
Thermo Fisher Scientific, USA) was used to determine the
sizes of the products. The resulting DNA fragments were
visualized using UV trans-illumination and analyzed using
the BioDoc Analyze gel documentation system (Biometra,

Germany).

DNA PURIFICATION AND SEQUENCING

DNA fragments were extracted from the gel using a ster-
ile sharp knife and purified via the GeneJET PCR puri-
fication kit (Fermentas, Thermo Fisher Scientific, USA),
following the manufacturer’s guidelines. Purified products
were immediately sequenced by both the forward and re-
verse primers used for PCR amplification. The sequenc-
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ing procedure was achieved by the European Custom Se-

quencing Centre (GATC Biotech AG, Germany).

SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSIS
'The sequences were manually amended by Chromas Lite
Ver. 2.1.1, (http://technelysium. com.au) and aligned via
MEGA 7 software (Kumar et al., 2016). The four analyzed
samples sequences were affiliated with reference sequenc-
es of diverse haplogroups to outline the haplogroups to
which the analyzed samples fitted. The reference sequences
were as follows: AF010407, AY829388, D(Q852286, and
DQ097452 for haplogroup A; DQ852282 and DQ852285
for haplogroup B; DQ097462, DQ097460, DQ852283,
and DQ852284 for haplogroup C; DQ852288 and
DQ852289 for haplogroup D; and DQ852280 and
DQ852281 for haplogroup E. To further establish the
evolutionary relationship of Egyptian sheep breeds with
other taxa groups, eight mtDNA control region sequences
were included for analysis as follows; domestic goat (Capra
hircus, KJ420477); desert goat (Capra nubiana, ¥]207527);
cattle (Bos taurus, AB065126); buffalo (Bubalus buba-
tis, AF197209); donkey (Equus asinus, KT182635); horse
(Equus caballus, A¥072975); dog (Canis lupus familiaris,
KF574016); and pig (Sus philippensis, DQ779371).

MEGA 7 software was used to evaluate Kimura’s two-pa-
rameter genetic distance and create the neighbour-joining
(NJ) tree. Bootstrapping with 1000 replicates was used to
examine the robustness of the tree.

RESULTS

Pcr Propuct oF THE MTDNA D-Loop REGION
OBTAINED BY GEL ELECTROPHORESIS

A 572-bp fragment of the mtDNA D-loop region was
amplified in the four sheep breeds via a specific primer se-
quence (Figure 1). This sequence ranged from 15,984 to
16,557 bp of the complete mitochondrial genome (NCBI
GenBank Accession No. GU229278). The obtained se-
quences were sent to the NCBI GenBank and are pre-
sented under accession numbers MF521828-MF521831.
Generally, 14 polymorphic sites were noted, of which
10 were parsimony-informative sites, while the lasting 4
were singletons. The average A+T nucleotide composition
(56.8%) was higher than that of G+C (43.2%). The nu-
cleotide diversity value was 0.015. Tajima’s neutrality test

yielded a value of 1.368.

PAIRWISE DISTANCE AND PHYLOGENETIC ANALYSIS

The genetic distances among the four sheep breeds
(Rahmani, Barki, Baladi, and Ossimi) were estimated. The
smallest distance was observed between the Baladi and
Ossimi breeds (0.000) followed by the distance between
the Rahmani and Barki breeds (0.004). Additionally, the

analysis revealed a close relationship between sheep and
goat breeds. The greatest distance was observed between
domestic goat and dog (0.288), followed by the distance
between the desert goat and dog (0.270). Small distances
were found between the Rahmani, Barki, Baladi, and Os-
simi sheep breeds and pig (0.077, 0.081, 0.068, and 0.068,
respectively) and buffalo (0.095, 0.099, 0.081, and 0.081,
respectively). Additionally, the greatest distance was ob-
served between the sheep breeds and dog (0.258, 0.264,
0.258, and 0.258, respectively). But, the sheep breeds
showed less identity with other aligned species (horse and
donkey) (Table 1, Figure 2).

Rahmani  Ossimi Barki Baladi

Marker

372 bp

Figure 1: Electrophoretic analysis of PCR product
amplified with mtDNA D-loop primer, showing a 572 bp
PCR product of four Egyptian sheep breeds mitochondrial

og | @ MF521828(Rahmani sheep)
g @ MF521830(Barki sheep)
@ WF521531 (Baladi sheep)
L 97| @ MF521829(0ssimi sheep)

5 KJ420477 (Capra hircus)
_QBEFJJDFSZY(Capra nubiana)
L DQ779371(Sus philippensis pig)

ABOB5126(Bos taurus)
69 AF197209(Bubalus bubalis

KT182635(Equus asinus)
99 ]:AFU?ZJJ’E(Equus caballus)

KFS74016(Canis lupus familiaris)

genome.

0oz

Figure 2: Phylogenetic analysis based on the mtDNA
D-loop gene sequences of four Egyptian sheep breeds and
other species, showing the evolutionary distance between
sheep breeds and other species. The tree was analyzed by
neighbor-joining (N-J) analysis.

An NJ phylogenetic tree was plotted by the MEGA 7.0
software (Figure 3). The obtained sequences were aligned
with reference sequences of diverse haplogroups to identify
the haplogroups to which the analyzed samples fitted. The
Ossimi and Baladi breeds clustered with haplogroup A,
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Table 1: Genetic distance between four studied Egyptian sheep breeds and its comparison with other species

Breeds and Species 1 2 3 4
1 MF521828 (Rahma- 1.000
ni_sheep)
2  MF521830 (Bar- 0.004 1.000
ki_sheep)
3  MF521831 0.016 0.021 1.000
(Baladi_sheep)
4 MF521829 0.016 0.021 0.000 1.000
(Ossimi_sheep)
5  KJ420477 (Capra_ 0.068 0.073 0.059 0.059
hircus)
6  FJ207527 (Capra_nu- 0.064 0.068 0.064 0.064
biana)
7  AB065126 (Bos_tau- 0.090 0.095 0.086 0.086
ruS)
8 AF197209 (Bubal- 0.095 0.099 0.081 0.081
us_bubalis)
9 KT182635 (Equus_ ~ 0.177 0.182 0.188 0.188
asinus)
10 AF072975 (Equus_ 0.162 0.167 0.172 0.172
caballus)
11 KF574016 (Canis_/u- 0258 0.264 0.258 0.258
pus_familiaris)
12 DQ779371 (Sus_ 0.077 0.081 0.068 0.068
philippensis_pig)
DQB522683(haplagroup C)
0 pass2zB4(haplogroup C)
94 DQA0g97462(haplogroup C)
84 DQ097460(haplogroup C)
DQE52280(haplagroup E)
Be 98'00852281(ha:\ugmu: E)

| DaBs2288(haplogroup D)
99 | DEB52289¢haplogroup D)

W MF521829 (Ossimi sheep)
@ MF521831 (Baladi sheep)

AYE29333(hapl p A)
AFD10407 (haplagroup A)
DQE52286(haplagroup A)

DQ0S7452haplogroup A)

64 @ MF521828 (Rahmani sheep)
|_|:. MF521830 (Barki sheep)
100 DEB52282 (haplogroup B)
67 | DOB52285 (haplogroup B)

—
0.002

Figure 3: Alignment of the obtained four Egyptian sheep
breeds sequences with reference sequences of different
haplogroups, showing the haplogroups to which the
analyzed samples belonged.

whereas the Rahmani and Barki breeds clustered with
haplogroup B. The other haplogroups, i.e., C, D, and E,
described in the literature were not found. Additionally,
the comparative analysis of the mtDNA control region se-
quences of the Egyptian sheep breeds with those of the
domestic goat, desert goat, cattle, buffalo, donkey, horse,
dog, and pig revealed that the Egyptian sheep breeds clus-

5 6 7 8 9 10 11 12
1.000

0.029  1.000

0.086 0.086 1.000

0.085 0.085 0.068 1.000

0.204 0.198 0.187 0.182 1.000

0.182 0.177 0.172 0.182 0.042 1.000

0.288 0.270 0.264 0.263 0.220 0.214 1.000
0.067 0.067 0.081 0.094 0.177 0.157 0.264 1.000

tered most closely with goat followed by pig because of
their relatedness.

DISCUSSION

Mitochondrial sequencing has been widely utilized by ge-
neticists to elucidate many domestic livestock species ori-
gins comprising cattle, swine, goats, and buftalo (Giuftra et
al., 2000, Sultana et al., 2003, Tanaka et al., 1996, Zhang et
al., 2004). Identification of the species of food animals is
viewed as imperative for social, forensic, and public health
reasons. Sheep data are starting to coordinate with the pat-
tern detected in other native species (Othman et al., 2015).
Two (Hiendleder et al., 2002, Hiendleder et al., 1998b,
Wood & Phua, 1996), three (Guo et al., 2005, Pedrosa et
al., 2005) and then five (Meadows et al., 2007) ancestries
were distinguished in sheep. The chief haplotypes (A and
B) are both present in Asia, while B predominates in Eu-
rope. Haplotype C has been present in Turkey, Portugal,
China, and the Caucasus (Tapio et al., 2006). Haplotype
D, which is found in Caucasian animals, and Rumanian
Karachai is conceivably identified by the A haplotype.
Haplotype E was detected in the Middle East. Five ma-
ternal lineages (haplogroups A-E) have been defined in
sheep. Haplogroup A and B are of Asian and European
sources, respectively. Haplogroups C, D, and E originat-
ed in the Near East (IMeadows et al., 2007). The mtDNA
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nucleotide diversity and haplotype are two important tools
used to evaluate genetic polymorphisms and distinction

(Pereira et al., 2006).

In the current investigation, aside from the A and B hap-
logroups, no other described haplogroups were noted in
the investigated Egyptian sheep population. The Baladi
and Ossimi breeds express mainly the A haplotype, while
the Rahmani and Barki sheep breeds belong to the B hap-
logroup, reflecting the close relationship of each pair. Ad-
ditionally, Gornas et al. (2011) reported the presence of
Sudanese sheep in the A and B haplotypes, suggesting a
contact zone between Sudanese and Egyptian sheep an-
cestors. Also, Haplogroup B is dominant Algerian sheep
breeds (Ghernouti et al., 2017). This result is consistent
with Hiendleder et al. (1998a) who suggested the B hap-
lotype domination in African sheep. Two sheep breeds in
the current study were found to belong to the A haplotype.
This haplotype is predominantly present in Asian sheep
(Hiendleder et al., 1998b). The A haplotype that was de-
tected in populations in Egypt could be owed to partial
heritage from an older Asian ancestor presented with the
Arabian tribes during their early arrival to Egypt. In con-
trast to these findings, Chinese and Turkish sheep were
detected in 3 haplogroups (Chen et al., 2006, Pedrosa et
al., 2005) and sheep from Central Asia were found in five
haplogroups (Meadows et al., 2007). Also, in a recent phy-
logenetic analysis by Ganbold et al. (2019) in Mongolian
native sheep, three haplogroups (A, B and C) were iden-
tified. In addition, Othman et al. (2015) demonstrated
that the most dominant haplogroup recorded in Egyptian
breeds was B; however, a few Egyptian animals clustered
with the A or C haplogroup. The outcomes of the current
study provide basic understanding of the probable source
and development of the Egyptian ovine genetic resources.

A Controversy is found concerning the origin of sheep.
Using mtDNA PCR-RFLP and sequence analysis meth-
ods, previous reports on the origin of domestic sheep from
Europe, Africa, New Zealand, and Central Asia found that
the urial (O. vignei bochariensis) and argli (O. ammon nigri-
montana) species were the main origin species (Hiendled-

er et al., 1991, Hiendleder et al., 2002, Hiendleder et al.,
1998b, Wood & Phua, 1996).

Lately, in several countries, commercially available food
products comprising mutton and beef have been found
to contain undeclared horse, donkey, and dog meat in
addition to other undeclared species. Additionally, near-
ly whole the meat amount in a few cases was undeclared
meat (Brown, 2013, OZPINAR et al., 2013). Religious
beliefs are another serious factor that should be considered
in meat adulteration. The canine meat-eating is illegal in
Buddhism and Islam (Rahman et al., 2014). But, pork con-
sumption is prohibited in Judaism and Islam (Nakyinsige

etal.,,2012). Pork DNA was distinguished in various Halal
meats even though it was marked as Halal-certified. Con-
sequently, Muslims and Jews have religious worries about
pork consumption and any deviance might lead to reduced
consumption together with religious concepts’ violation.

In this study, the close relationship of sheep breeds with
pig and the reduced identity with the dog were recorded
through comparison of the obtained sequences with oth-
er available sequences using NCBI BLAST. In contrast,
Rahman et al. (2014) targeted the cytochrome b gene for
the recognition of meat adulteration and found that the
pair-wise distance was obtained by the maximum complex
likelihood method. Tamura et al. (2011) showed a close
association between dog and sheep (0.256). A compara-
ble result was noted after phylogenetic tree created by the
NJ way (Saitou & Nei, 1987). Thus, the findings of the
current investigation are concordant with those of Girish
et al. (2005), who employed PCR-RFLP of the mt 12s
rRNA gene and established the technique to be valua-
ble for the meat recognition of goat meat, buffalo meat,
beef, and sheep. Also, in a recent study of Vaithiyanathan
et al. (2018), using DNA based molecular techniques like
mt 125 rRNA PCR assay and mt D loop/cyt b duplex
species-specific PCR gave definite results of meat species
identification. Consequently, the former studies have re-
vealed the effectiveness of DNA-based techniques in de-
tailed animal species identification (Ali et al., 2015, Rasto-
gi et al., 2007).

CONCLUSION

Overall, the genetic diversity of Egyptian sheep breeds is
low, and evolutionary analysis together with the sequenc-
es from GenBank further proposed that Egyptian sheep
breeds are originated from two diverse maternal resources.
Additionally, distinguishing sheep species from other taxa
facilitates identification of the origin of meat from com-
monly consumed species (cattle, buffalo, goat, and pig) and
commonly banned species (dog, horse, and donkey) for
food control and forensic purposes.

CONFLICT OF INTEREST

'The authors declare that they have no competing interests.

AUTHORS CONTRIBUTION

Yasmina M. Abd- Elhakim designed the study, collect-
ed the samples, and drafted the manuscript. Amir H.
Abd-Elfatah performed the genetic analysis and revised
the manuscript. Walaa M. Elhady designed the study and
revised the manuscript. Mayada R. Farag designed the

study and revised the manuscript.

November 2019 | Volume 7 | Issue 11 | Page 22

=SS



OPENaACCESS

Advances in Animal and Veterinary Sciences

REFRENCES

* Ajmone-Marsan P, Colli L, Han JL, Achilli A, Lancioni H,
Joost S, Crepaldi P, Pilla F, Stella A ,Taberlet P (2014).
The characterization of goat genetic diversity: Towards a
genomic approach. Small Ruminant Research 121: 58-72.
https://doi.org/10.1016/j.smallrumres.2014.06.010

*Ali ME, Razzak MA, Hamid SBA, Rahman MM, Al Amin
M ,Rashid NRA (2015). Multiplex PCR assay for the
detection of five meat species forbidden in Islamic foods.
Food Chem. 177: 214-224. https://doi.org/10.1016/j.
foodchem.2014.12.098

* Awad A, Khalil S ,Abd-Elhakim Y (2015). Molecular phylogeny
of some avian species using Cytochrome b gene sequence
analysis. Iranian journal of veterinary research 16: 218.

*Brown B (2013). Findus beef lasagne contained up to 100%
horsemeat, FSA says. BBC News.[Downloaded on 2015
Jun 10. Available from: http://www. bbc. com/news/uk-
21375594.

*Chen S-Y, Duan Z-Y, Sha T, Xiangyu J, Wu S-F ,Zhang Y-P
(2006). Origin, genetic diversity, and population structure of
Chinese domestic sheep. Gene. 376: 216-223. https://doi.
org/10.1016/j.gene.2006.03.009

*Coyle HM (2007). Nonhuman DNA typing: theory and
casework applications, CRC Press.

*Druml B ,Cichna-Markl M (2014). High resolution melting
(HRM) analysis of DNA-Its role and potential in
tood analysis. Food Chem. 158: 245-254. https://doi.
org/10.1016/j.foodchem.2014.02.111

*FAO (2003). World Watch List for Domestic Animal Diversity,
third ed. Food and Agriculture Organisation, Rome.

*Galal S, Abdel-Rasoul F, Anous M ,Shaat I (2005). On-
station characterization of small ruminant breeds in Egypt.
Characterization of small ruminant breeds in West Asia
and North Africa. 2: 141-193. https://doi.org/10.1016/j.
livsci.2006.07.012

*Ganbold O, Lee S-H, Seo D, Pack WK, Manjula P, Munkhbayar
M ,Lee JH (2019). Genetic diversity and the origin of
Mongolian native sheep. Livest. Sci. 220: 17-25. https://doi.
org/10.1016/j.1ivsci.2018.12.007

*Ghernouti N, Bodinier M, Ranebi D, Maftah A, Petit D
,Gaouar SBS (2017). Control Region of mtDNA identifies
three migration events of sheep breeds in Algeria. Small
Rumin. Res. 155: 66-71. https://doi.org/10.1016/j.
smallrumres.2017.09.003

*Girish P, Anjaneyulu A, Viswas K, Shivakumar B, Anand M,
Patel M ,Sharma B (2005). Meat species identification
by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) of mitochondrial 12S rRNA
gene. Meat science 70: 107-112. https://doi.org/10.1016/j.
meatsci.2004.12.004

*Giuffra E, Kijas J, Amarger V, Carlborg 0, Jeon J-T' ,Andersson
L (2000). The origin of the domestic pig: independent
domestication and subsequent introgression. Genetics. 154:
1785-1791.

*Gornas N, Weimann C, El Hussien A ,Erhardt G (2011).
Genetic characterization of local Sudanese sheep breeds
using DNA markers. Small Rumin. Res. 95: 27-33. https://
doi.org/10.1016/j.smallrumres.2010.08.009

*Guo J, Du LX, Ma YH, Guan W], Li HB, Zhao Q]J, Li X ,Rao
SQ(2005). A novel maternal lineage revealed in sheep (Ovis
aries). Anim. Genet. 36: 331-336. https://doi.org/10.1111/
j.1365-2052.2005.01310.x

*Hanotte O ,Jianlin H (2006). Genetic characterization of
livestock populations and its use in conservation decision-
making. The Role of Biotechnology in Exploring and
Protecting Agricultural Genetic Resources. Food and
Agriculture Organization of the United Nations, Rome: 89-
96.

*Hiendleder S, Hecht W, Wassmuth R (1991). Restriction
enzyme analysis of cytoplasmic genetic variation in
sheep. J. Anim. Breed. Genet. 108: 290-298. https://doi.
org/10.1111/5.1439-0388.1991.tb00187 x

*Hiendleder S, Kaupe B, Wassmuth R ,Janke A (2002). Molecular
analysis of wild and domestic sheep questions current
nomenclature and provides evidence for domestication
from two different subspecies. Proceedings of the Royal
Society of London B: Biolog. Sci. 269: 893-904. https://doi.
org/10.1098/rspb.2002.1975

*Hiendleder S, Lewalski H, Wassmuth R ,Janke A (1998a). The
complete mitochondrial DNA sequence of the domestic
sheep (Ovis aries) and comparison with the other major
ovine haplotype. J. Molecu. Evol. 47: 441-448. https://doi.
org/10.1007/PL00006401

*Hiendleder S, Mainz K, Plante Y ,Lewalski H (1998b).
Analysis of mitochondrial DNA indicates that domestic
sheep are derived from two different ancestral maternal
sources: no evidence for contributions from urial and argali
sheep. J. Hered. 89: 113-120. https://doi.org/10.1093/
jhered/89.2.113

*Kamruzzaman M, Sun D-W, ElMasry G ,Allen P (2013). Fast
detection and visualization of minced lamb meat adulteration
using NIR hyperspectral imaging and multivariate image
analysis. Talanta 103: 130-136. https://doi.org/10.1016/j.
talanta.2012.10.020

*Kumar S, Stecher G ,Tamura K (2016). MEGA7: Molecular
Evolutionary Genetics Analysis version 7.0 for bigger
datasets. Molecul. Biol. Evol. 33: 1870-1874. https://doi.
org/10.1093/molbev/msw054

*Meadows JR, Cemal I, Karaca O, Gootwine E ,Kijas JW (2007).
Five ovine mitochondrial lineages identified from sheep
breeds of the near East. Genetics. 175: 1371-1379. https://
doi.org/10.1534/genetics.106.068353

*Moustafa GG, Abd-Elhakim YM ,El Sharkawy NI (2017).
Genetic Profiling of Equid Hybrids Using PCR-RFLP and
Partial Sequence Analysis of Cytochrome b Gene: Forensic
Implication. J. Equine Vet. Sci. 54: 37-41. https://doi.
01g/10.1016/}.jevs.2017.02.014

* Nakyinsige K, Man YBC ,Sazili AQ (2012). Halal authenticity
issues in meat and meat products. Meat Science 91: 207-
214. https://doi.org/10.1016/j.meatsci.2012.02.015

*Othman OE, Pariset L, Balabel EA Marioti M (2015). Genetic
characterization of Egyptian and Italian sheep breeds using
mitochondrial DNA. J. Genet. Eng. Biotechnol. 13: 79-86.
https://doi.org/10.1016/j.jgeb.2014.12.005

°Ozpinar H, Tezmen G, Gékee 1 ,Tekiner 1h(2013). Detection
of animal species in some meat and meat products by
comparatively using DNA microarray and real time PCR
methods. https://doi.org/10.9775/kvtd.2012.7616

*Pedrosa S, Uzun M, Arranz J-J, Gutiérrez-Gil B, San Primitivo
F ,Bayén Y (2005). Evidence of three maternal lineages
in Near Eastern sheep supporting multiple domestication
events. Proceedings of the Royal Society of London B:
Biolog. Sci. 272: 2211-2217. https://doi.org/10.1098/
rspb.2005.3204

* Pereira F, Davis SJ, Pereira L, McEvoy B, Bradley DG ,Amorim

November 2019 | Volume 7 | Issue 11 | Page 23

=SS


https://doi.org/10.1016/j.smallrumres.2014.06.010 
https://doi.org/10.1016/j.foodchem.2014.12.098 
https://doi.org/10.1016/j.foodchem.2014.12.098 
http://www. bbc. com/news/uk-21375594
http://www. bbc. com/news/uk-21375594
 https://doi.org/10.1016/j.gene.2006.03.009 
 https://doi.org/10.1016/j.gene.2006.03.009 
https://doi.org/10.1016/j.foodchem.2014.02.111 
https://doi.org/10.1016/j.foodchem.2014.02.111 
https://doi.org/10.1016/j.livsci.2006.07.012 
https://doi.org/10.1016/j.livsci.2006.07.012 
https://doi.org/10.1016/j.livsci.2018.12.007 
https://doi.org/10.1016/j.livsci.2018.12.007 
https://doi.org/10.1016/j.smallrumres.2017.09.003 
https://doi.org/10.1016/j.smallrumres.2017.09.003 
https://doi.org/10.1016/j.meatsci.2004.12.004 
https://doi.org/10.1016/j.meatsci.2004.12.004 
https://doi.org/10.1016/j.smallrumres.2010.08.009
https://doi.org/10.1016/j.smallrumres.2010.08.009
https://doi.org/10.1111/j.1365-2052.2005.01310.x 
https://doi.org/10.1111/j.1365-2052.2005.01310.x 
https://doi.org/10.1111/j.1439-0388.1991.tb00187.x 
https://doi.org/10.1111/j.1439-0388.1991.tb00187.x 
https://doi.org/10.1098/rspb.2002.1975 
https://doi.org/10.1098/rspb.2002.1975 
https://doi.org/10.1007/PL00006401 
https://doi.org/10.1007/PL00006401 
https://doi.org/10.1093/jhered/89.2.113 
https://doi.org/10.1093/jhered/89.2.113 
https://doi.org/10.1016/j.talanta.2012.10.020 
https://doi.org/10.1016/j.talanta.2012.10.020 
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.1534/genetics.106.068353 
https://doi.org/10.1534/genetics.106.068353 
https://doi.org/10.1016/j.jevs.2017.02.014.
https://doi.org/10.1016/j.jevs.2017.02.014.
https://doi.org/10.1016/j.meatsci.2012.02.015 
https://doi.org/10.1016/j.jgeb.2014.12.005 
https://doi.org/10.9775/kvfd.2012.7616 
https://doi.org/10.1098/rspb.2005.3204 
https://doi.org/10.1098/rspb.2005.3204 

OPENaACCESS

Advances in Animal and Veterinary Sciences

A (2006). Genetic signatures of a Mediterranean influence
in Iberian Peninsula sheep husbandry. Molecul. Biolog. Evol.
23:1420-1426. https://doi.org/10.1093/molbev/msl007

*Rahman MM, Ali ME, Hamid SBA, Mustafa S, Hashim
U, Hanapi UK (2014). Polymerase chain reaction assay
targeting cytochrome b gene for the detection of dog meat
adulteration in meatball formulation. Meat Sci. 97: 404-409.
https://doi.org/10.1016/j.meatsci.2014.03.011

*Rastogi G, Dharne MS, Walujkar S, Kumar A, Patole MS,
Shouche YS (2007). Species identification and authentication
of tissues of animal origin using mitochondrial and nuclear
markers. Meat Sci. 76: 666-674. https://doi.org/10.1016/j.
meatsci.2007.02.006

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

*Sultana S, Mannen H ,Tsuji S (2003). Mitochondrial DNA
diversity of Pakistani goats. Anim. Genet. 34: 417-421.
https://doi.org/10.1046/j.0268-9146.2003.01040.x

*Tamura K, Peterson D, Peterson N, Stecher G, Nei M ,Kumar
S (2011). MEGAS: molecular evolutionary genetics analysis
using maximum likelihood, evolutionary distance, and
maximum parsimony methods. Molecul. Biolog. Evol. 28:
2731-2739. https://doi.org/10.1093/molbev/msr121

*Tanaka K, Solis CD, Masangkay JS, Maeda K-i, Kawamoto Y,
Namikawa T (1996). Phylogenetic relationship among all
living species of the genusBubalus based on DNA sequences
of the cytochromeb gene. Biochem. Genet. 34: 443-452.
https://doi.org/10.1007/BF00570125

*Tapio M, Marzanov N, Ozerov M, Cinkulov M, Gonzarenko
G, Kiselyova T, Murawski M, Viinalass H, Kantanen ]
(2006). Sheep mitochondrial DNA variation in European,
Caucasian, and Central Asian areas. Molecul. Biolog. Evol.
23:1776-1783. https://doi.org/10.1093/molbev/msl043

*Vaithiyanathan S, Vishnuraj MR, Reddy GN, Kulkarni
VV (2018). Application of DNA technology to check
misrepresentation of animal species in illegally sold meat.
Biocatal. Agric. Biotechnol. 16: 564-568. https://doi.
org/10.1016/j.bcab.2018.10.012

*Wood N ,Phua S (1996). Variation in the control region sequence
of the sheep mitochondrial genome. Anim. Genet. 27: 25-
33. https://doi.org/10.1111/j.1365-2052.1996.tb01173.x

*Zhang C, Geng L, Wan H, Li J (2004). Study on sequence
variation of mitochondrial cytochrome {\sl b} gene and
phylogenetic relationships of four native sheep breeds. Acta
veterinaria et zootechnica Sinica/[Zhongguo xu mu shou yi
xue hui] 36: 313-317.

November 2019 | Volume 7 | Issue 11 | Page 24


https://doi.org/10.1093/molbev/msl007 
https://doi.org/10.1016/j.meatsci.2014.03.011 
https://doi.org/10.1016/j.meatsci.2007.02.006 
https://doi.org/10.1016/j.meatsci.2007.02.006 
https://doi.org/10.1046/j.0268-9146.2003.01040.x 
 https://doi.org/10.1093/molbev/msr121 
https://doi.org/10.1007/BF00570125 
https://doi.org/10.1093/molbev/msl043 
https://doi.org/10.1016/j.bcab.2018.10.012 
https://doi.org/10.1016/j.bcab.2018.10.012 

