
Forensic biological identifications of mammal species
through DNA barcodes

ABSTRACT

One of the grand challenges of modern biology is to develop accurate and reliable technologies for a rapid screening
of DNA variations. This topic of research is of prime importance for the detection and identification of species in
numerous fields of investigation. Variety of DNA based approaches have been developed for the identification of
individuals in a myriad of taxonomic groups. In the present work, We extracted genomic DNA from whole blood
samples obtained from variant eukaryotic species and compared the results of the product obtained in terms of
quantity (concentration of DNA extracted and DNA obtained per ml of blood used) and quality (260/280 ratio of the
obtained yield. A series of random oligonucleotide primers were designed and used it with the genome DNA of
individuals� species of Human, Horse, Camel, Rabbit, Cow, Chicken, Sheep and goats to identify and evaluate these

species by utilizing polymerase chain reaction (PCR) based assays. The DNA was amplified and the migration pattern
of the amplified specific short and long amplified DNA elements was quantified by the aid of agarose gel electrophore-
sis. The species specificity of the PCR amplicons was demonstrated by the ability of the assays to accurately detect
and identify of species specific DNA from mixed sources. The PCR assay reported here will help facilitate the sensitive
detection of common domestic animal and bird species DNA from complex biomaterials. The dendogram of the
studied individuals� species was demonstrated. A critical evaluation of all methods is presented focusing on their

discriminatory power, reproducibility and user friendliness. The current trend was used to develop small scale de-
vices with a high throughput capacity.  2012 Trade Science Inc. - INDIA
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INTRODUCTION

The diversity of life underprops all biological stud-
ies, but it is also a punitive load. Whereas physicists
agreement with a cosmos accumulated a fundamental
subdivisions, biologists confront a planet populated by
millions of species. Their discrimination is no informal
assignment. In fact, subsequently insufficient taxono-
mists can censoriously identify more than 0.01% of the
predictable ten to fifteen million species[10], a commu-
nity of fifteen thousand taxonomists will be required, in

perpetuity, to identify life if our reliance on morphologi-
cal analysis is to be continuous. Genomic attitudes to
taxon analysis exploit variety among DNA sequences
to classify creatures[15,24]. The application of forensics
to wildlife crime investigation routinely includes genetic
species identification based on DNA sequence similar-
ity. A lack of authenticated reference DNA sequence
data can be resulting in weak matches between evi-
dence and reference samples[4]. The goal of DNA
barcoding is to develop a species specific sequence
library for eukaryotes. A 650 bp fragment of the cyto-
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chrome c oxidase 1 gene has been used fruitfully for
species level identification in several animal groups[19].
It may be difficult in practice, however, to retrieve a
650 bp fragment from archival specimens or from envi-
ronmental samples. The DNA analysis established the
potential of much smaller fragments, mini barcodes, for
identifying unknown specimens. Kitano et al.[14] estab-
lished a simple method using universal primers for spe-
cies identification based on direct PCR sequencing. Two
primer sets were designed based on the conserved re-
gions of the 12S and 16S rRNA loci detected by the
comprehensive sequence comparison among 30 mam-
malian whole mitochondrial genomes. In humans, the
expected sizes of PCR products of the 12S and 16S
rRNAs were 215 and 244 bp, respectively. Both primer
sets successfully amplified the expected PCR products
from various kinds of vertebrates including mammals,
birds, reptiles, amphibians, fish, and the sequenced seg-
ments contained sufficient nucleotide differences to iden-
tify each animal species[2]. A case example of the iden-
tification of a piece of buried bone of unknown species
is presented, and the species was identified as a pig by
this technique. Bellis et al.[3] investigated potential mark-
ers within chromosomal, mitochondrial DNA and ribo-
somal RNA with the aim of developing a DNA based
method to allow differentiation between animal species.
Such discrimination tests may have important applica-
tions in the forensic science, agriculture, quarantine and
customs fields.

The difficulties encountered in the segregation and
purification of DNA specially from eukaryotic species
include degradation of DNA due to endonucleases,
extremely viscous polysaccharides and other second-
ary metabolites which straight or circuitously interfere
with the enzymatic reactions. Furthermore, the con-
taminating RNA that precipitates along with DNA rea-
sons many difficulties including suppression of PCR
amplification[22], intrusion with DNA amplification in-
volving random primers, e.g. Random Amplification
Polymorphic DNA (RAPD) analysis[18], and indeco-
rous priming of DNA templates during thermal cycle
sequencing. Different eukaryotic species often may not
permit best DNA yields from one isolation procedure.
For example, some closely related species of the same
genus require different isolation protocols. Thus, an
effective procedure for isolation of DNA as well as

the optimization of the PCR circumstances is required.
Various procedures for DNA extraction have been
successfully applied to many eukaryotic species[7,26],
which were further modified to provide DNA suitable
for several kinds of analyses[23,25].

The integrated primate biomaterials and informa-
tion resource provides essential research reagents to
the scientific community by establishing, confirming,
maintaining, and distributing DNA and RNA derived
from primate cell cultures[16]. Characterization of spe-
cies specific molecular markers and development of a
method for identification of many species is necessary
to monitor illegal trade of parts and products for better
conservation and management of the endangered spe-
cies. Universal primers were used for the amplification
of the mitochondrial 12S rRNA gene from genomic
DNA variant species[8].

Karlsson and Holmlund[13] identified mammal spe-
cies by using species specific DNA pyrosequencing.
In forensic casework it is highly relevant to be able to
deduce the species origin of an unknown biological
sample. For such a purpose they designed and devel-
oped an assay for species identification based on DNA
sequencing of two short mitochondrial DNA
amplicons. In short, partial 12S rRNA and partial 16S
rRNA fragments are amplified by PCR followed by
direct sequencing using pyrosequencing technique[11].
With millions of species and their life stage transfor-
mations, the animal kingdom provides a challenging
target for taxonomy. Recent work has suggested that
a DNA based identification system, founded on the
mitochondrial gene, cytochrome c oxidase subunit 1,
can aid the resolution of this diversity[12].

In this study we address the important issue of mini-
mum amount of sequence information required for iden-
tifying species in DNA barcoding. The DNA samples
from eight eukaryotic different species male and female
individuals (including human) were analyzed. DNA ex-
traction and quantitation followed by RAPD- PCR
amplification and visualization formed the basis of the
experimental analysis. The RAPD PCR method can be
used an a novel approach based on a much shorter
barcode sequence and demonstrate its effectiveness in
archival specimens. This approach will significantly
broaden the application of DNA barcoding in
biodiversity studies.
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MATERIALS AND METHODS

Blood collection

The whole bloods were collected from the male
and female of the following eukaryotes rabbit, cow,
camel, chicken, horse, sheep, goats, and human. Blood
samples of cows, camels, horses, sheep, and goats
were taken through venipuncture of jugular veins. The
samples of rabbit and chickens were collected from
ear and wing veins, respectively. Blood sample of hu-
man was taken from the vein in the antecubital fossa.
Bloods were collected in a heparin containing
Vacutainer tubes and stored at 4 oC and extracted
within the same working day.

Extraction of DNA from whole blood

The DNA was extracted from the whole blood,
according to the method described by Sambrook et
al.[20].

In a 15-mL falcon tube 3 ml of the whole blood
were added to 11 mL of reagent A (10mM Tris- HCl
pH 7.4, 320mM sucrose, 5mM MgCl

2
, 1% Triton X

100) and mixed on a rolling for 4 min at room tempera-
ture. Then, centrifuged at 3000 g for 5 min at room
temperature. Without disturbing cell pellet the superna-
tant was discarded and the remaining moisture were
removed by inverting the tube and blotting onto tissue
paper. One ml of reagent B (40mM Tris-HCl, 150 mM
NaCl, 60mM EDTA, 1% sodium dodecyl sulphate, pH
8.0) were added and mixed briefly to resuspend the
cell pellet. Then, 250 µl of 5M sodium perchlorate were

add and mixed by inverting tubes several times. The
extract incubated in a water bath for 20 min at 65°C

and allowed to cool to room temperature. 2 ml of ice
cold chloroform were added to the extract and mixed
on a rotating mixer for 60 min. The tubes were centri-
fuged at 2400g for 2 min and upper phase layer were
transferred into a clean falcon tube using a sterile pipet.
3 mL of ice cold ethanol were added and the DNA
allowed to precipitate by inverting the tubes gently. Using
a freshly prepared flamed Pasteur pipet the DNA were
spooled onto the hooked. The DNA samples were
transferred into a 1.5-mL Eppendorf tube,allowed to
air dry and resuspended in 200 µL of TE buffer (10

mM Tris-HCl pH 7.6, 1mM EDTA).

Amount and purity of DNA

The yield of DNA per ml of blood extracted was
measured utilizing a UV Spectrophotometer at 260 nm.
The purity of DNA was determined by calculating the
ratio of absorbance at 260 nm to that of 280 nm. Any
protein contamination of the DNA samples causes great
problems during the subsequent handling. The DNA
concentration and purity was also determined by run-
ning the samples on 0.7 % agarose gel electrophoresis.
The nucleic acid concentration was calculated follow-
ing Sambrook et al.[20].

Optimization of RAPD reaction

The RAPD-PCR was carried out using three uni-
versal oligonucleotide primers; the first was BOXA1R
primer (5�-CTACGGCAAGGCGACGCTGACG-�3),

the second was ERIC1R primer (5�-
ATGTAAGCTCCTGGGGATTCAC-3�) and the third

was ERIC2 primer (5�-
AAGTAAGTGACTGGGGTGAGCG-3�) (metabion

international AG, Lena-Christ-Strassa 44/I, D-82152
Martinsried/ Deutschland). The reactions were carried
out in a DNA Thermocycler (9700 thermal cycler PCR,
Eppendorf, Germany). Reactions without DNA were
used as negative controls. The PCR reaction mixtures
were prepared with 1µl of eukaryotic genomic DNA, 5

µl of Taq buffer 10x, 200 µmol of each deoxynucleoside

triphosphate, 20 pmol each primer, 2.5 U Taq DNA
polymerase (Promega, Germany) and sterile filtered mille
water to a final volume of 50 µl. The PCR program was

as follows: Primary denaturation at 95ºC for 4min, 38

cycles was applied as follow: 95ºC for one min., 45 ºC

for one min. and 72ºC for 2min in Final extension step

at 72ºC for 10 min and PCR reaction kept on 4ºC until

removing the PCR tubes.

Agarose gels

DNA was analyzed by using horizontal agarose gel
electrophoresis. The DNA mixed with 1/6 volume of
loading dye (10% w/v ficol 400, 0.06% w/v bromophe-
nol blue and 0.5% w/v SDS) and loaded onto the 0.8%
agarose gel in TAE buffer (40mM Tris-HCl pH 7.9,
5mM sodium acetate, 1mM EDTA). The electrophore-
sis was performed in TAE buffer and stained with
ethidium bromide (0.5 µg/ml).
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RESULTS AND DISCUSSION

Genomic DNA is a significant component in order
to achieve molecular applications involving genomic
studies. Whole blood is the primary source for DNA
isolation[1]. The strategy of RAPD PCR is started with
isolation the total chromosomal DNA from the variant
eukaryotic species. Therefore, the chromosomal DNA
of the male and female of rabbit, cow, camel, chicken,
horse, sheep, goats and human were isolated and puri-
fied. It is problematic to extract high superiority DNA
from eukaryotic species as rabbit, cow, camel, chicken,
horse, sheep, goats and human because of the high sub-
stances of polysaccharides[17]. Moreover, it has been
reported that the reproducibility of RAPD band pat-
terns in eukaryotic species was affected by the method
of DNA extraction and purification[18]. The quality of
the isolated chromosomal DNA of variant eukaryotic

Of 12 primers tested in the present work, only 3
were finally selected for analysis; these yielded strong
and reproducible bands with all studied eukaryotic spe-
cies. A total of 276 bands, ranging from 200 to 2500
base pair (bp). The representative RAPD PCR of the
rabbit, cow, camel, chicken, horse, sheep, goats and

Lane 1 : Chromosomal DNA of male rabbit
Lane 2 : Chromosomal DNA of female rabbit
Lane 3 : Chromosomal DNA of male cow
Lane 4 : Chromosomal DNA of female cow.
Lane 5 : Chromosomal DNA of male camel.
Lane 6 : Chromosomal DNA of female camel.
Lane 7 : Chromosomal DNA of male chicken.
Lane 8 : Chromosomal DNA of female chicken.
Lane 9 : Chromosomal DNA of male horse.
Lane 10 : Chromosomal DNA of female horse.
Lane 11 : Chromosomal DNA of male sheep.
Lane 12 : Chromosomal DNA of female sheep.
Lane 13 : Chromosomal DNA of male goats.
Lane 14 : Chromosomal DNA of female goats.
Lane 15 : Chromosomal DNA of male human.
Lane 16 : Chromosomal DNA of female human

Figure 1 : 0.7% agarose gel electrophoresis showing the
chromosomal DNA isolated from male and female of rabbit,
cow, camel, chicken, horse, sheep, goats and human as an
eukaryotic species.

species was evaluated by migrating the DNA in 0.7%
agarose gel electrophoresis as represented in Figure 1.
The procedure utilized in the DNA extraction gave a
good yield of DNA ranging from 5.9 to 8.7 ìg ml-1

blood (TABLE 1) across all eight eukaryotic species
(rabbit, cow, camel, chicken, horse, sheep, goats and
human). This yield was comparatively high to that of
Pereira et al.[21] where the DNA yield ranged from 2.3
to 5.0 ìg ml-1. The procedure utilized in the DNA ex-
traction revealed A260/280 ratio ranging from 1.5 to
1.9 (TABLE 1) indicating the absence of proteins and
polyphenol contaminants and proved that the DNA
extracted has a good quality and pure enough to be
utilized with RAPD PCR technique. The purity of DNA
was further confirmed by restriction digestion analysis
using the restriction endonucleases Eco RI and Hind
III (data not shown).

TABLE 1 : DNA yield and purity, isolated from different male
and female of eukaryotic species (rabbit, cow, camel, chicken,
horse, sheep, goats and human) using protocol of Sambrook
et al.,[20].

Eukaryotic 
Species A260 A280 A260/ 

A280 

DNA 
Concentration 
(g/ml-1) blood 

Rabbit (M) 0.148 0.093 1. 591 7.4 

Rabbit (F) 0.132 0.089 1.483 6.6 

Cow (M) 0.127 0.074 1.716 6.4 

Cow (F) 0.134 0.068 1.970 6.7 

Camel (M) 0.151 0.082 1.841 7.6 

Camel (F) 0.133 0.091 1.681 6.6 

Chicken (M) 0.141 0.079 1.784 7.1 

Chicken (F) 0.126 0.083 1.518 6.3 

Horse (M) 0.119 0.065 1.830 5.9 

Horse (F) 0.127 0.078 1.628 6.4 

Sheep (M) 0.144 0.083 1.734 7.2 

Sheep (F) 0.174 0.094 1.851 8.7 

Goats (M) 0.166 0.098 1.693 8.3 

Goats (F) 0.172 0.097 1.773 8.6 

Human (M) 0.148 0.089 1.662 7.4 

Human (F) 0.136 0.096 1.416 6.8 
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human male and female DNA electrophoresis patterns
with BOXA1R, ERIC1R and ERIC2 primers are
shown in Figures 2, 3 and 4, respectively. The sequences
and G+C contents of the primers, together with the
number of bands they produced, are listed in TABLE
2. The DNA of all eukaryotic species in the present
study were subjected to RAPD PCR using three uni-
versal primers, BOXA1R, ERIC-1R and ERIC-2. The
RAPD band patterns resulting from the three primers
were analyzed using UPGMA method to construct a
similarity matrix and to generate a dendrogram indicat-
ing the relationship between the eight tested eukaryotic
species of male and female of rabbit, cow, camel,
chicken, horse, sheep, goats and human. The genetic
relationships among rabbit, cow, camel, chicken, horse,
sheep, goats and human are illustrated in the UPGMA
dendrogram (Figure 5). The presence or absence of

any particular DNA bands was the only parameter con-
sidered in the computer analysis. The dendrogram gen-
erated to show linkage distance (Figure 5) indicated
that the eukaryotic species were classified into two main
clusters (cluster I and cluster II) from one ancestor at
75% linkage distance. Cluster I was human, sheep and
goats. Cluster I was subdivide at 64% linkage distance
into cluster Ia of human and cluster Ib of sheep and
goats. Also, the cluster Ib was subdivided at 55% link-
age distance into cluster Ic of sheep and Id of goats. All
the eukaryotic species at cluster II were divided at link-
age distance 70% into two clusters, cluster IIa was of
horse and cluster IIb was of rabbit, cow, camel and
chicken. At linkage distance 67% cluster IIb was sub-
divided into cluster IIc of camel, chicken and cluster
IId was of rabbit and cow. The cluster IIc at linkage
distance 55% was subdivided into cluster IIf of chicken

Lane 1 : Gelpiolt DNA molecular weight marker (QIAGEN)
Wide Range Ladder (100)

Lane 2 : Chromosomal DNA of male rabbit
Lane 3 : Chromosomal DNA of female rabbit
Lane 4 : Chromosomal DNA of male cow
Lane 5 : Chromosomal DNA of female cow.
Lane 6 : Chromosomal DNA of male camel.
Lane 7 : Chromosomal DNA of female camel.
Lane 8 : Chromosomal DNA of male chicken.
Lane 9 : Chromosomal DNA of female chicken.
Lane 10 : Chromosomal DNA of male horse
Lane 11 : Chromosomal DNA of female horse.
Lane 12 : Chromosomal DNA of male sheep.
Lane 13 : Chromosomal DNA of female sheep.
Lane 14 : Chromosomal DNA of male goats.
Lane 15 : Chromosomal DNA of female goats.
Lane 16 : Chromosomal DNA of male human.
Lane 17 : Chromosomal DNA of female human.

Figure 2 : Showing 2% agarose gel electrophoresis contain-
ing the RAPD PCR product of the BOXA1R nucleotide
primere with the genomic DNA of variant eukaryotic species.

Lane 1 : Gelpiolt DNA molecular weight marker (QIAGEN)
Wide Range Ladder (100)

Lane 2 : Chromosomal DNA of male rabbit
Lane 3 : Chromosomal DNA of female rabbit
Lane 4 : Chromosomal DNA of male cow
Lane 5 : Chromosomal DNA of female cow.
Lane 6 : Chromosomal DNA of male camel.
Lane 7 : Chromosomal DNA of female camel.
Lane 8 : Chromosomal DNA of male chicken.
Lane 9 : Chromosomal DNA of female chicken.
Lane 10 : Chromosomal DNA of male horse
Lane 11 : Chromosomal DNA of female horse.
Lane 12 : Chromosomal DNA of male sheep.
Lane 13 : Chromosomal DNA of female sheep.
Lane 14 : Chromosomal DNA of male goats.
Lane 15 : Chromosomal DNA of female goats.
Lane 16 : Chromosomal DNA of male human.
Lane 17 : Chromosomal DNA of female human.

Figure 3 : Showing 2% agarose gel electrophoresis contain-
ing the RAPD PCR product of the ERIC IR nucleotide primere
with the genomic DNA of variant eukaryotic species.
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reported that the G+C content of the primer would af-
fect the amplification results. We did not find any differ-
ence between primers with different G+C contents.

In conclusion, the present study suggests that RAPD
analyses could be used to identify, to assess and to dis-
tinguish between Rabbit, Cow, Camel, Chicken, Horse,
Sheep, Goats, Human eukaryotic species.
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