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ABSTRACT

Objectives: Advances in molecular techniques and the great information in the Genbank database offer
new approaches to study evolution and genetic relationships in different populations. In the present work a
small fragment of mtDNA was used for the differentiation between six animal groups representing four
species from family Bovidae.

Methodology and Results: Small fragment of mitochondrial DNA (12bp of CYTB + MT-TT + MT-TP) was
amplified and sequenced in 48 Egyptian river buffalo samples. Multiple sequence alignment with the
corresponding fragment sequences in other river buffalo counterparts, swamp buffalo, domestic cattle,
zebu cattle, sheep and goat in Genbank database indicated that the investigated fragment had a unique
sequence for each of the investigated species or subspecies. Two phylogenetic trees were constructed to
compare the performance of the investigated fragment in delineation of the six investigated groups with the
performance of the CO1 DNA barcode in delineation of the same groups.

Conclusions and application of findings: This study revealed that the investigated fragment (12bp of CYTB
+ MT-TT + MT-TP) has a unique sequence for each of the studied species or subspecies and could be
used for the identification of the investigated groups. The results of the two constructed phylogenetic trees
also indicated that CO1 barcode-based tree was not able to discriminate between river buffalo and swamp
buffalo subspecies, whereas, the phylogenetic tree constructed using the150 bp mitochondrial DNA
fragment showed 100% success in delineation of the investigated groups. These results suggest that the
investigated segment has a barcode character and could be used as a complementary locus to CO1
barcode in identifying and discriminating between the investigated groups and especially between the two
subspecies of water buffalo species.

Key words: Bovidae, Egyptian river buffalo, Mitochondrial DNA, CYTB gene, MT-TT gene, MT-TP gene,
CO1, Species identification, DNA bar-coding

INTRODUCTION

Advances in molecular techniques offer new
approaches to study evolution and genetic
relationships in different populations. DNA bar-
coding as a genetic tool focuses on delineation of
species rather than their relationships (Hajibabaei
et al., 2007). It provides efficient method for
species level identification through the use of a

short genetic marker in an organism's DNA to
identify it as belonging to a particular species. It
differs from molecular phylogeny in that the main
goal is not to determine classification but to identify
an unknown sample in terms of a known
classification (Kress et al., 2005). DNA bar-coding
seeks to assemble a standardized reference library
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for DNA-based identification of eukaryotic species
(Kerr et al., 2007). The utility and limitations of this
approach need to be tested on well-characterized
taxonomic assemblages. This approach will
contribute powerfully to taxonomic and biodiversity
research (Hajibabaei et al., 2007), life history,
ecological studies (Baker, 2008) and forensic
analysis (Kress et al., 2005).

DNA bar-coding is based on the premise that a
short standardized sequence can distinguish
individuals of a species because genetic variation
between species exceeds that within species
(Hebert et al., 2003a; 2004a). The 5' half (648-bp
region) of the mitochondrial cytochrome C oxidase
subunit 1 (CO1) gene was proposed as the
standard marker for DNA bar-coding in animal
species (BOLD, 2003). The use of CO1 bar-coding
in animals has proven to discriminate among
species in most groups tested. It has proven to
discriminate species of birds (Hebert et al., 2004a),
fish (Ward et al., 2005; Hubert et al., 2008)
lepidoptera (Hajibabaei et al., 2006) skipper
butterfly (Hebert et al., 2004b) and freshwater
Stingray (Toffoli et al., 2008).

Although CO1 has been accepted as the barcode
region in animal species, researchers have
suggested that other loci might also serve as a
basis for species identification. Mitochondrial
markers other than CO1 have been employed to
identify samples to the species level. Small
sequence (150 bp) of mtDNA cytochrome b gene
(CYTB) was used for species identification of
canned sardine (Jerome et al., 2003). Yan et al.
(2005) also used the cytochrome b gene (CYTB) to
identify Chinese alligators from fresh and partially
cooked meat found in Chinese markets. Also, a
nuclear gene 18S rDNA has been used for the
identification of soil nematodes and other small
organisms (Blaxter, 2004).

Other markers complementary to CO1 barcode
have been used where CO1 sequences are not
produced robustly or are found to be divergent
within species as was shown in amphibians
(Vences et al., 2005). They have also been used
as further molecular evidence in the discovery of
cryptic species as in case of some of parasitoid
flies (Smith et al., 2006).

In a study conducted to evaluate the effectiveness
of CO1 bar-coding in 18 species of family bovidae,
Cai et al. (2010) showed that the only exception
was in the case of water buffalo (bulalus bubalis)
where intra-specific divergences were observed
within the species using CO1 sequence as DNA
bar-coding. These findings suggest the use of
other loci complementary to the CO1 barcode in
identifying the water buffalo and other members of
family bovidae.

The domestic water buffalo is a species of a great
economic potential, especially in the developing
countries. It is a major source of milk and meat.
Domestic water buffalo includes both river buffalo
subspecies (Bubalus bubalis bubalis) and swamp
buffalo subspecies (Bubalus bubalis carabanesis)
(Roth, and Myers. 2004). Buffalo in Egypt are of
the river type. According to Elbeltagy et al. (2008)
Egyptian river buffalo are divided into two
subpopulations the northern and the southern.
They have been in Egypt for hundreds of years
and have since become the most important
livestock (Galal and Elbeltagy, 2006).

In the present work, the study explored the use of
a fragment of mitochondrial DNA (150 bp),
consisting of a partial sequence of CYTB gene (1-
12 bp) and two successive transfer RNA genes;
MT-TT (17-85 bp) and MT-TP (85-150 bp) coding
for tRNA-Thr and tRNA-Pro respectively (12bp of
CYTB + MT-TT + MT-TP), for the identification of
four species from family Bovidae. Two of these
species, water buffalo {Bubalus bubalis} and cattle
{Bos primigenius} belong to subfamily Bovinae and
the other two species sheep {Ovis aries} and Goat
{Capra aegagrus} belong to subfamily Caprinae.
Water buffalo (Bubalus bubalis) in one hand
includes two subspecies; the river buffalo (Bubalus
bubalis bubalis) and swamp buffalo (Bubalus
bubalis carabenesis). Cattle (Bos primigenius) on
the other hand, has two subspecies which are the
domestic cattle (Bos primigenius taurus) and zebu
cattle (Bos primigenius indicus).

The performance of the investigated segment
(12bp of CYTB + MT-TT + MT-TP) in delineation of
the four bovidae species was compared with the
performance of CO1 barcode in delineation of the
same investigated species, since CO1 has been
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accepted as the DNA barcode in animals.
Therefore, two phylogenetic trees have been
constructed. One of these constructed trees based
on the sequence of Egyptian river buffalo fragment
(12bp of CYTB + MT-TT + MT-TP) which has been
determined in the present study and the

MATERIALS AND METHODS

Samples collection: A total of 48 samples were
collected from the two main subpopulations of Egyptian
river buffalo. Twenty-seven of these samples from
unrelated  buffaloes  represent the  Northern
subpopulation and the other 21 unrelated samples
represent the southern subpopulation. Blood samples
were collected from the jugular vein into vacuutainer
tubes containing ethylenediamine tetra-acetic acid
(EDTA). DNA was isolated from blood samples using
the extraction method of Sambrook and Russell (2001).
Sequencing of mitochondrial DNA: A mitochondrial
DNA segment consisting of: a partial sequence of
CYTB gene, two successive transfer RNA genes; MT-
TT and MT-TP, D-loop and partial sequence of transfer
RNA gene; MT-TF respectively was amplified in each
buffalo DNA sample. Nucleotide sequences of the
forward (5TAGTGCTAATACCAACGGCC-3') and the
reverse (5'AGGCATTTTCAGTGCCTTGC-3') primers
were designed based on a published water buffalo
mtDNA sequence (Parma et al., 2004).

Each PCR reaction was carried out in a total volume of
10 I using 50 ng of isolated DNA, 5 pmol of each
primer and 5 pl of 1x Ampli Taq Gold PCR Master Mix
(Applied Biosystems). The reaction mixture was cycled
in a thermocycler using the following reaction
conditions: 95 °C (5 min), 35 cycles of 95 °C (1 min),
59 °C (45 s), 72 °C (2 min), followed by a final step at
72 °C (10 min).

PCR products were purified using Exo SAP-IT PCR
Purification Kit (Applied Biosystems) following the
manufacturer's recommended protocol. Sequencing
reactions were performed using Big Dye TM terminator
Cycle Sequencing Kit (Applied Biosystems).
Sequences were determined using ABI3700 and 3730
automated DNA sequencers (Applied Biosystems).
Analysis of sequence data: The DNA sequences
were edited manually using an AUTOASSEMBLER
(Perkin Elmer). A fragment of mitochondrial DNA (150
bp), consisting of a partial sequence of CYTB gene (1-
12 bp) and two successive transfer RNA genes; MT-TT
(from 17-85 bp) and MT-TP (from 85-150 bp), was
selected from all of the tested Egyptian river buffalo

corresponding sequences from GenBank database
in each of the investigated species or subspecies.
The other tree based on the published sequences
in Genbank database for the 5' half of CO1 (650
bp) in the same investigated species or
subspecies.

sequences and was investigated in the present study.
The D-loop region has been studied elsewhere
(Hassan et al., 2009). The nucleotide sequences of the
investigated segment (12bp of CYTB + MT-TT + MT-
TP) in all samples were analyzed. They were then
compared with the corresponding sequences in the
whole mitochondrial genome, published in Genbank of
other river buffalo (accession numbers AY488491.1,
AF547270.1), swamp buffalo (accession numbers
NC_006295.1, AY702618.1), zebu cattle (accession
numbers AY126697.1, AF492350.1, NC_005971.1),
domestic cattle (accession numbers NC_006853.1,
HM045018.1),sheep (accession numbers
NC_001941.1, EF490456.1, EF490454.1, EF490452.1,
EF490451.1), and goat (accession numbers
AF533441.1, NC_005044.1, GU229280.1,
(GU229279.1, GU229278.1). The CLUSTAL-X program
(Thompson et al., 1997) was used for multiple
alignments.

A Bayesian phylogenetic tree was constructed using
the 48 Egyptian buffalo sequences of the selected
segment (12bp of CYTB + MT-TT + MT-TP) and the
corresponding segment sequences in other river
buffalo, swamp buffalo, zebu cattle, domestic cattle,
sheep, and goat taken from the above accession
numbers in GenBank. The corresponding segment
sequence was taken from the whole mitochondrial
genome (accession number: NC_001788.1) of Equus
asinus (donkey) and was used as the out group. The
tree was constructed by the Markov chain Monte Carlo
(MCMC) method as implemented in the MRBAYES 3.1
package (Ronquist and Huelsenbeck, 2003) using the
general time reversible substitution model with the
invariant site plus eight gamma categories. Initial runs
were performed to find out the fluctuating value of the
likelihoods of Bayesian trees and stationarity was
reached at 450,000 generations. The trees were
sampled every 100 generations. The first 1150 sampled
trees were discarded (burnin=1150) and the remaining
tree samples (whose log likelihoods converged to
stable values) were used to generate a 50% majority
rule consensus tree. Bayesian analyses were repeated
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four times. A second Bayesian barcode based-
phylogenetic tree was constructed using the 5' half of
CO1 gene sequence (650 bp) from the available
Genbank database for the same investigated species
or subspecies. The corresponding segment sequence
(5" half of CO1 gene sequence) in Equus asinus
(donkey) was used as the out group. Accession

RESULTS

The DNA sequences of 150 bp segment of the
mitochondrial DNA (12bp of CYTB + MT-TT + MT-TP),
which represents partial sequence of CYTB gene (1-12
bp) and two successive transfer RNA genes; MT-TT
(17-85 bp) and MT-TP (85-150 bp), were determined in
48 Egyptian river buffalo samples and were analyzed.
Multiple sequence alignment indicated that this
segment (12bp of CYTB + MT-TT + MT-TP) is 100%
conserved in all river buffalo samples from northern and
southern Egypt and other counterparts, from ltaly

Numbers of river buffalo, swamp buffalo, domestic
cattle, zebu cattle, sheep, goat and donkey whole
mitochondrial genome sequences were the same as
those used for the construction of the first Bayesian
phylogenetic tree. Stationary was reached at 140,000
generations and the first 375 sampled trees were
discarded (burnin=375).

(accession number: AY488491.1) and India (accession
number: AF547270.1). Sequences of the 48 Egyptian
river buffalo DNA segments were submitted to
Genbank with accession numbers from HM461918-
HM461965. Alignment of Egyptian river buffalo
sequence of the investigated segment (12bp of CYTB +
MT-TT + MT-TP) and the corresponding sequences in
the Genbank database for other river buffalo, swamp
buffalo, domestic cattle, zebu cattle, sheep and goat is
presented in table 1.

Table1: Alignment of Egyptian river buffalo sequence {150 bp: partial sequence of CYTB gene (from 1-12 pb), MT-
TT gene (from 17-85 pb) and MT-TP (from 85 to 150 pb)} and the corresponding sequences in the data base for river
buffalo, swamp buffalo, domestic cattle, zebu cattle, sheep and goat. The identical nucleotides between Egyptian

river buffalo sequence and other investigated sequences are presented by dots.
egv 1 TIARAATGARGACRAGICITIGTAGTATAT

TARRTACACTIGGICITGTARACCAGRARAGGAGRACARCCRAACCTCCCCA B0
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As seen from the table, individuals from each species
or subspecies have 100% identical sequences. Twenty
nine nucleotide variations are detected between the
tested sequences. The percentage of similarity
between water buffalo subspecies (river and swamp
buffaloes) is 99.33% (only one nucleotide variation),
whereas between cattle subspecies (domestic cattle
and zebu cattle) it is 98.66% (2 nucleotides variation). A

Bayesian phylogenetic tree, constructed based on the
DNA sequence of the investigated segment (12bp of
CYTB + MT-TT + MT-TP) of the 48 Egyptian river
buffalo and the available corresponding sequences in
Genbank for other river buffalo, swamp buffalo, zebu
cattle, domestic cattle, sheep, goat and donkey (as an
out group), is represented in figure 1.
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Figure 1: A phylogenetic tree constructed from the 150 bp segment sequences from 48 Egyptian river buffalo and
the available corresponding sequences in Genbank for river buffalo, swamp buffalo, zebu cattle, domestic cattle
(cattle), sheep, goat and donkey (an out group). Accession numbers are given to Genbank selected samples.
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The tree shows two distinct clades. The first clade
includes all river buffalo samples and it has an internal
branch for swamp buffalo. The second clade is re-
branched into three branches; one branch has two sub-
branches for cattle and zebu cattle whereas the other
two branches are for sheep and goat.

The Bayesian barcode based- phylogenetic tree,
constructed using the published 5' half of CO1
sequences in the same analyzed species or subspecies
and using corresponding sequence in donkey as a root,
and is presented in figure 2.

Donkey NC 001TBE.1
goat AF533441.1
goat GU2ZE2TE.A
goat HE 00S044.1
— goat GUZIAZTO.A
S goat GUIIOTE0.1
sheep NC 0019414
sheep EFA90456.1
sheep EFA90454.1,
sheep EF490452.1
sheep EFA80451.1
riverbuffalo AYABIAD1.1
riverbuffalo AFsaTZTON
— swampbuffalo NG _008Z95.1
swampbuffalo AYTOZE1R.1
zebucattle AYIZEE0T.1
zebucattle AFADZIS0T
zebucattle WE 0059791
cattle NG 0088531
— cattle HMO43018.1

Figure 2: A phylogenetic tree assembled using the 5' half of CO1 gene sequence (650 bp) published in Genbank
database for all the investigated species and donkey sequence as an out group. Accession numbers are given to all

samples.
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The tree shows two distinct clades. One clade includes
all goat samples with an internal branch. The second
clade has two sub-clades, one includes sheep samples
and the other one is re-branched into two branches.
One of these branches separates domestic cattle from
zebu cattle in two sub-branches. The other branch
includes river and swamp buffaloes. The tree illustrates

DISCUSSION

The use of short DNA sequences for the standardized
identification of organisms has recently gained attention
under the terms DNA bar-coding or DNA taxonomy
(Floyd et al., 2002; Hebert et al., 2003a; Tautz et al.,
2003). DNA bar-coding using the 5" half of cytochrome
C oxidase 1 (CO1) has triggered a great debate
between supporters who aim to identify all species
(Hebert et al., 2003a,b; Hebert & Gregory 2005;
Savolainen et al., 2005; Hajibabaei et al., 2007; Hibert
et al., 2008) and opponents who highlight the pitfalls of
the single-gene approach (Will & Rubinoff, 2004; Ebach
& Holdrege, 2005; Wheeler, 2005; Will et al., 2005;
Brower, 2006; Cameron et al., 2006; Rubinoff, 2006;
Elias et al., 2007). It has been claimed that CO1
barcode achieves accuracy close to 100% in delimiting
species in groups such as birds (Hebert et al., 2004a),
fish (Hubert et al., 2008), lepidoptera (Hajibabaei et al.,
2006) and skipper butterfly (Hebert et al., 2004b).
Although in other groups like diptera (Meier et al., 2006)
and amphibians (Vences et al., 2005), it has proved
less successful where CO1 sequences were found to
be divergent within their species.

Intra-specific divergences were also observed within
water buffalo species from family bovidae using CO1
sequence as DNA bar-coding (Cai et al., 2010). In the
present study we explored the use of a mitochondrial
locus other than the 5' half of the mitochondrial gene
CO1 for identifying water buffalo and three other
species from family bovidae. A 150 bp mitochondrial
DNA fragment covering a partial sequence of CYTB
gene and two successive transfer RNA genes; MT-TT
and MT-TP (12bp of CYTB + MT-TT + MT-TP) has
been investigated in water buffalo (river buffalo and
swamp buffalo), cattle (domestic cattle and zebu cattle),
sheep and goat. The DNA sequence of the 150 bp
fragment investigated in the present study was
determined in 48 Egyptian river buffalo samples
representing buffalo  population in Egypt. The
corresponding fragment sequences in other river
buffalo counterparts, swamp buffalo, domestic cattle,
zebu cattle, sheep and goat were retrieved from
Genbank database. Sequence analysis indicated that

that one of the two river buffalo samples (accession
number: AF547270.1) clusters with swamp buffalo
samples  (accession  numbers;  NC_006295.1,
AY702618.1) in one sub-branch whereas the second
river buffalo sample (accession number: AY488491.1)
clusters separately in the second sub-branch.

the sequence of the fragment was 100% conserved in
the river buffalo whether Egyptian or others. It was also
100% conserved within the other species or subspecies
investigated (domestic and zebo cattle, sheep and
goat). Twenty nine variable sites were detected
between the fragment sequences in river buffalo,
swamp buffalo, domestic cattle, zebu cattle, sheep and
goat. However this fragment has a unique sequence for
each of the investigated species or subspecies
suggesting that it has a barcode character and could be
used for identification of the investigated groups. A
genetic marker suitable for DNA bar-coding needs to be
sufficiently variable to discriminate among most
species, but sufficiently conserved to be less variable
within than between species (Hebert et al., 2003a, b;
Hajibabaei et al., 2007).

The performance of the investigated segment (12bp of
CYTB + MT-TT + MT-TP) in delineation of the four
bovidae species was compared with the performance of
CO1 barcode in delineation of the same investigated
species by constructing two phylogenetic trees; one of
them based on the sequence of the 150 bp fragment
(12bp of CYTB + MT-TT + MT-TP) sequence whereas
the other tree based on the 5' half sequence of CO1
(650 bp). The results obtained from the phylogenetic
tree constructed using the150 bp mitochondrial DNA
fragment (12bp of CYTB + MT-TT + MT-TP) sequence
showed 100% success in delineating all the
investigated species. Moreover it was able to
discriminate between the two subspecies of water
buffalo (river and swamp buffaloes) as it gathered the
swamp buffalo sequences in one separate internal
branch of the clade which includes river and swamp
buffaloes sequence samples. It also was able to
discriminate between the two subspecies of cattle
(domestic cattle and zebu cattle) as they were
separated in two separate sub-branches.

The barcode-based phylogenetic tree assembled using
the 5' half of CO1 gene sequence (650 bp) in the
investigated species successfully delineated the
investigated species and discriminated between the two
subspecies of cattle (domestic cattle and zebu cattle).
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The only exception in the present study was in the case
of water buffalo species were the CO1 barcode-based
tree was not able to discriminate between river buffalo
and swamp buffalo subspecies. These results
supported the results previously reported by Cai et al.
(2010). Results obtained from the CO1-based tree
indicated that the only two available sequences in
Genbank database for river buffalo CO1 are divergent
as one of these sequences clustered with swamp
buffalo samples and the other one clustered separately.
This finding suggests the necessity of submitting more
sequence data for the 5' half of CO1 gene of the two

CONCLUSION

This study revealed that a short fragment (150 bp) of
the mitochondrial DNA consisting of: a partial sequence
of CYTB gene and the two successive transfer RNA
genes; MT-TT and MT-TP showed 100% success in
the identification and delineation of the investigated
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