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ABSTRACT

One of the grand challenges of modern biology isto develop accurate and reliabl e technol ogiesfor arapid screening
of DNA variations. This topic of research is of prime importance for the detection and identification of speciesin
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
individual s’ 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 elementswas quantified by the aid of agarose gel electrophore-
sis. The species specificity of the PCR amplicons was demonstrated by the ability of the assaysto accurately detect
and identify of speciesspecific DNA frommixed sources. The PCR assay reported herewill 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 Sciencelnc. - INDIA

INTRODUCTION

Thediversity of lifeunderpropsdl biologica stud-
ies, but it isalso apunitiveload. Whereas physicists
agreement with acosmos accumulated afundamental
subdivisions, biologists confront aplanet popul ated by
millionsof species. Ther discriminationisnoinformal
assignment. Infact, subsequently insufficient taxono-
mists can censorioudly identify morethan 0.01% of the
predi ctableten to fifteen million species'®, acommu-
nity of fifteen thousand taxonomistswill berequired, in

perpetuity, toidentify lifeif our reliance on morphologi-
cal analysisisto be continuous. Genomic attitudesto
taxon analysisexploit variety among DNA sequences
to classify creatures®>?4. Theapplication of forensics
towildlifecrimeinvestigation routingly includesgenetic
gpeciesidentification based on DNA sequencesimilar-
ity. A lack of authenticated reference DNA sequence
datacan be resulting in weak matches between evi-
dence and reference samples®. The goal of DNA
barcoding isto devel op 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
specieslevd identificationin several anima groups?.
It may bedifficult in practice, however, toretrievea
650 bp fragment from archival specimensor from envi-
ronmenta samples. TheDNA analysisestablished the
potentia of much smaller fragments, mini barcodes, for
identifying unknown specimens. Kitano et al 14 estab-
lished asmple method using universa primersfor spe-
ciesidentification based on direct PCR sequencing. Two
primer setswere designed based on the conserved re-
gionsof the 12S and 16SrRNA loci detected by the
comprehens ve sequence compari son among 30 mam-
malian wholemitochondrial genomes. In humans, the
expected sizes of PCR products of the 12S and 16S
rRNAswere215 and 244 bp, respectively. Both primer
setssuccessfully amplified the expected PCR products
fromvariouskindsof vertebratesincluding mammals,
birds, reptiles, anphibians, fish, and the sequenced seg-
mentscontained sufficient nucleotidedifferencestoiden-
tify each animal specied?. A caseexampleof theiden-
tification of apiece of buried boneof unknown species
ispresented, and the specieswasidentified asapig by
thistechnique. Bdliset al.® investigated potentid mark-
erswithin chromosoma, mitochondriad DNA andribo-
somal RNA withtheam of developingaDNA based
method to alow differentiation between anima species.
Such discrimination testssmay haveimportant gpplica
tionsintheforens c science, agriculture, quarantineand
customsfidds.

Thedifficultiesencountered in the segregation and
purification of DNA specidly from eukaryotic species
include degradation of DNA due to endonucl eases,
extremely viscous polysaccharides and other second-
ary metaboliteswhich straight or circuitoudly interfere
with the enzymatic reactions. Furthermore, the con-
taminating RNA that preci pitatesa ong with DNA rea-
sonsmany difficultiesincluding suppression of PCR
amplification®, intruson with DNA amplificationin-
volving random primers, e.g. Random Amplification
Polymorphic DNA (RAPD) analysis*®, and indeco-
rouspriming of DNA templatesduring thermal cycle
sequencing. Different eukaryotic speci esoften may not
permit best DNA yieldsfrom oneisolation procedure.
For example, someclosdy related speciesof thesame
genusrequire different isolation protocols. Thus, an
effective procedurefor isolation of DNA aswell as
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the optimization of the PCR circumstancesisrequired.
Various procedures for DNA extraction have been
successfully applied to many eukaryotic species”?,
whichwerefurther modified to provide DNA suitable
for several kinds of analyses 2,

Theintegrated primate biomaterialsand informa-
tion resource provides essential research reagentsto
the scientific community by establishing, confirming,
maintai ning, and distributing DNA and RNA derived
from primate cell cultures®. Characterization of spe-
ciesspecific molecular markersand devel opment of a
method for identification of many speciesisnecessary
tomonitor illegd trade of partsand productsfor better
conservation and management of the endangered spe-
cies. Universa primerswereused for theamplification
of themitochondrial 12SrRNA genefrom genomic
DNA variant species®.

Karlsson and Holmlund™ identified mammal spe-
cies by using species specific DNA pyrosegquencing.
Inforensic casework it ishighly relevant to beableto
deducethe species origin of an unknown biol ogical
sample. For such apurposethey designed and devel -
oped an assay for speciesidentification based on DNA
sequencing of two short mitochondrial DNA
amplicons. Inshort, partial 12SrRNA and partia 16S
rRNA fragmentsareamplified by PCR followed by
direct sequencing using pyrosequencing techniqueY,
With millionsof speciesand their life stagetransfor-
mations, theanimal kingdom providesachallenging
target for taxonomy. Recent work has suggested that
aDNA based identification system, founded on the
mitochondrial gene, cytochrome c oxidase subunit 1,
can aid theresolution of thisdiversity*2,

Inthisstudy we addresstheimportant issueof mini-
mum amount of sequenceinformation requiredfor iden-
tifying speciesin DNA barcoding. The DNA samples
from eight eukaryotic different speciesmadeandfemde
individuas (incdluding human) wereanayzed. DNA ex-
traction and quantitation followed by RAPD- PCR
amplification and visualization formed the basisof the
experimentd analysis. TheRAPD PCR method can be
used an anovel approach based on a much shorter
barcode sequence and demonstrateits effectivenessin
archival specimens. Thisapproach will significantly
broaden the application of DNA barcoding in
biodiversty sudies.
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MATERIALSAND METHODS

Blood collection

Thewholebloodswere collected from themale
and femal e of thefollowing eukaryotesrabbit, cow,
camel, chicken, horse, sheep, goats, and human. Blood
samples of cows, camels, horses, sheep, and goats
weretaken through venipunctureof jugular veins. The
samples of rabbit and chickenswere collected from
ear andwing veins, respectively. Blood sample of hu-
man wastaken fromtheveininthe antecubital fossa
Bloods were collected in a heparin containing
Vacutainer tubes and stored at 4 °C and extracted
withinthesameworking day.

Extraction of DNA from wholeblood

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

In a15-mL falcon tube 3 ml of the whole blood
were added to 11 mL of reagent A (10mM Tris- HCI
pH 7.4, 320mM sucrose, 5mM MgCl,, 1% Triton X
100) and mixed onarallingfor 4 mina 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 remai ning moisture were
removed by inverting the tube and bl otting onto tissue
paper. Oneml 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 ul of SM sodium perchlorate were
add and mixed by inverting tubes several times. The
extract incubated in awater 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 arotating mixer for 60 min. Thetubeswere centri-
fuged at 2400g for 2 min and upper phaselayer were
transferred into acleanfal con tubeusing asterilepipet.
3 mL of ice cold ethanol were added and the DNA
dlowedto precipitateby inverting thetubesgently. Using
afreshly prepared flamed Pasteur pipet the DNA were
spooled onto the hooked. The DNA samples were
transferredinto al.5-mL Eppendorf tube,alowed to
air dry and resuspended in 200 pL of TE buffer (10
mM Tris-HCl pH 7.6, 1mM EDTA).

= Regulor Paper
Amount and purity of DNA

Theyield of DNA per ml of blood extracted was
measured utilizingaUV Spectrophotometer a 260 nm.
The purity of DNA wasdetermined by ca culating the
ratio of absorbance at 260 nm to that of 280 nm. Any
protei n contamination of theDNA samplescausesgreet
problems during the subsequent handling. The DNA
concentration and purity was al so determined by run-
ningthesampleson 0.7 % agarose gdl e ectrophoresis.
Thenucleic acid concentration was cal cul ated fol low-
ing Sambrook et al 1%,

Optimization of RAPD reaction

The RAPD-PCR was carried out using three uni-
versd oligonucleotide primers; thefirss wasBOXA1R
primer (5°-CTACGGCAAGGCGACGCTGACG-‘3),
the second was ERIC1IR primer (5’-
ATGTAAGCTCCTGGGGATTCAC-3’) and the third
was ERIC2 primer (5°-
AAGTAAGTGACTGGGGTGAGCG-3) (metabion
international AG, Lena-Christ-Strassa44/1, D-82152
Martinsried/ Deutschland). Thereactionswere carried
outinaDNA Thermocycler (9700thermd cycler PCR,
Eppendorf, Germany). Reactionswithout DNA were
used ashegative controls. The PCR reaction mixtures
were prepared with 1ul of eukaryotic genomic DNA, 5
ul of Tag buffer 10x, 200 umol of each deoxynucleoside
triphosphate, 20 pmol each primer, 2.5 U Tag DNA
polymerase(Promega, Germany) and Serilefiltered mille
water toafina volumeof 50 ul. The PCR program was
asfollows: Primary denaturation at 95°C for 4min, 38
cycleswasapplied asfollow: 95°C for one min., 45 °C
for onemin. and 72°C for 2min in Final extension step
at 72°C for 10 min and PCR reaction kept on 4°C until
removing the PCR tubes.

Agarose gels

DNA wasandyzed by using horizontal agarosegel
electrophoresis. The DNA mixed with 1/6 volume of
loading dye (10% wi/v ficol 400, 0.06% w/v bromophe-
nol blueand 0.5% w/v SDS) and |oaded onto the 0.8%
agarose gel in TAE buffer (40mM Tris-HCI pH 7.9,
5mM sodium acetate, ImM EDTA). Theéeectrophore-
sis was performed in TAE buffer and stained with
ethidium bromide (0.5 ug/ml).

e, BIOCHEMISTRY

A udéan Journal



74 Forensic biological identifications of mammal species through DNA barcodes

BCAIJ, 6(3), 2012

Regulor Poper ===
RESULTSAND DISCUSSION

Genomic DNA isasignificant component in order
to achieve molecular applicationsinvolving genomic
studies. Wholeblood isthe primary sourcefor DNA
isolation¥). The strategy of RAPD PCRisstarted with
isolation thetotal chromosomal DNA fromthevariant
eukaryotic species. Therefore, the chromosoma DNA
of themaleand female of rabbit, cow, camel, chicken,
horse, sheep, goats and human wereisolated and puri-
fied. Itisproblematicto extract high superiority DNA
from eukaryotic speciesasrabbit, cow, camel, chicken,
horse, sheep, goatsand human because of the high sub-
stances of polysaccharides'. Moreover, it hasbeen
reported that the reproducibility of RAPD band pat-
ternsin eukaryotic specieswas affected by the method
of DNA extraction and purification®. Thequality of
theisolated chromosoma DNA of variant eukaryotic
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Lanel : Chromosomal DNA of male rabbit
Lane2 : Chromosomal DNA of female rabbit
Lane3 : Chromosomal DNA of male cow
Lane4 : Chromosomal DNA of female cow.
Lane5 : Chromosomal DNA of male camel.
Lane6 : Chromosomal DNA of female camel.
Lane7 : Chromosomal DNA of male chicken.
Lane8 : Chromosomal DNA of female chicken.
Lane9 : Chromosomal DNA of male horse.

Lane 10 : Chromosomal DNA of female horse.
Lane 1l : 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

Figure1: 0.7% agarose gel electrophoresis showing the
chromosomal DNA isolated from maleand femaleof rabbit,
cow, camel, chicken, hor se, sheep, goats and human asan
eukaryotic species.

specieswaseva uated by migratingthe DNA in 0.7%
agarosegel eectrophoresisasrepresented in Figure 1.
Theprocedure utilized inthe DNA extraction gavea
good yield of DNA ranging from 5.9 t0 8.7 ug ml*
blood (TABLE 1) acrossall eight eukaryotic species
(rabbit, cow, camel, chicken, horse, sheep, goatsand
human). Thisyield was comparatively highto that of
Pereiraet al.?! wherethe DNA yidd ranged from 2.3
t0 5.0 ug ml%. The procedure utilized in the DNA ex-
traction revealed A260/280 ratio ranging from 1.5 to
1.9 (TABLE1) indicating the absence of proteinsand
polyphenol contaminants and proved that the DNA
extracted has agood quality and pure enough to be
utilizedwith RAPD PCR technique. Thepurity of DNA
wasfurther confirmed by restriction digestion analysis
using therestriction endonucleases Eco Rl and Hind
[l (datanot shown).

TABLE 1: DNAYyield and purity, isolated from different male
and femaleof eukar yotic species(rabbit, cow, camel, chicken,
hor se, sheep, goatsand human) using protocol of Sambr ook
etal. 9.

. DNA
Eukaryotic  r»55 280 izzg%/ Concentration
Species (g/mi™) blood
Rabbit (M)  0.148 0093 1.501 7.4
Rabbit (F) 0132 0089 1.483 6.6
Cow(M) 0127 0074 1.716 6.4
Cow (F) 0134 0068 1.970 6.7
Camd (M) 0151 0082 1.841 7.6
Camd (F) 0133 0091 1.681 6.6
Chicken(M) 0.141 0079 1.784 7.1
Chicken(F) 0.126 0083 1518 6.3
Horss(M) 0119 0065 1.830 5.9
Horse(F) 0127 0078 1.628 6.4
Shep (M) 0144 0083 1.734 7.2
Shep () 0174 0094 1.851 8.7
Goats(M)  0.166 0098 1.693 8.3
Goats(F) 0172 0097 1.773 8.6
Human (M) 0148 0089 1.662 7.4
Human(F) 0136 009 1416 6.8

Of 12 primerstested in the present work, only 3
werefinaly selected for andys's; theseyiel ded strong
and reproduciblebandswith al studied eukaryotic spe-
cies. A total of 276 bands, ranging from 200 to 2500
basepair (bp). Therepresentative RAPD PCR of the
rabbit, cow, camel, chicken, horse, sheep, goats and
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human maleand female DNA el ectrophoresispatterns
with BOXAI1R, ERICIR and ERIC2 primers are
shownin Fgures2, 3and 4, respectively. The sequences
and G+C contents of the primers, together with the
number of bandsthey produced, arelistedin TABLE
2. The DNA of all eukaryotic speciesin the present
study were subjected to RAPD PCR using three uni-
versa primers, BOXA1R, ERIC-1Rand ERIC-2. The
RAPD band patternsresulting from thethree primers
were analyzed using UPGMA method to construct a
smilarity matrix and to generate adendrogram indi cat-
ing there ationship between the e ght tested eukaryotic
species of male and female of rabbit, cow, camel,
chicken, horse, sheep, goats and human. The genetic
rel ationshipsamong rabhbit, cow, came, chicken, horse,
sheep, goatsand human areillustrated in the UPGMA
dendrogram (Figure 5). The presence or absence of

1 23

4 5 6 7 8 9 10 11 12 13 14 15 1617

bp

4500

3000

2000

1200

800

o

200
Lanel : Gelpiolt DNA molecular weight marker (QIAGEN)

Wide Range L adder (100)

Lane2 : Chromosomal DNA of male rabbit
Lane3 : Chromosomal DNA of female rabbit
Lane4 : Chromosomal DNA of male cow
Lane5 : Chromosomal DNA of female cow.
Lane6 : Chromosomal DNA of male camel.
Lane7 : Chromosomal DNA of female camel.
Lane8 : Chromosomal DNA of male chicken.
Lane9 : Chromosomal DNA of female chicken.
Lane 10 : Chromosomal DNA of male horse
Lane 1l : 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.

Figure2: Showing 2% agar osegel electrophoresiscontain-
ing the RAPD PCR product of the BOXA1R nucleotide
primer ewith thegenomic DNA of variant eukaryotic species.
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any particular DNA bandswastheonly parameter con-
sSderedinthecomputer analysis. Thedendrogram gen-
erated to show linkage distance (Figure 5) indicated
that theeukaryotic specieswereclassfiedintotwomain
clusters(cluster | and cluster I1) from one ancestor at
75% linkage distance. Cluster | washuman, sheepand
goats. Cluster | was subdivide at 64% linkage distance
into cluster la of human and cluster Ib of sheep and
goats. Also, thecluster 1b was subdivided at 55% link-
agedistanceinto cluster Ic of shegp and Id of goats. All
theeukaryotic speciesat cluster |1 weredivided at link-
agedistance 70%into two clusters, cluster Ilawas of
horse and cluster 11b was of rabbit, cow, camel and
chicken. At linkage distance 67% cluster 11b was sub-
divided into cluster Il1c of camel, chicken and cluster
I1d was of rabbit and cow. The cluster Ilc at linkage
distance 55% was subdivided into cluster |1f of chicken

7 8 9 10 11 12 13 14 15 1617

bp 1 % 4 8 8

Lanel : Gelpiolt DNA molecular weight marker (QIAGEN)
Wide Range L adder (100)
Lane2 : Chromosomal DNA of male rabbit
Lane3 : Chromosomal DNA of female rabbit
Lane4 : Chromosomal DNA of male cow
Lane5 : Chromosomal DNA of female cow.
Lane6 : Chromosomal DNA of male camel.
Lane7 : Chromosomal DNA of female camel.
Lane8 : Chromosomal DNA of male chicken.
Lane9 : Chromosomal DNA of female chicken.
Lane 10 : Chromosomal DNA of male horse
Lane 1l : 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.

Figure3: Showing 2% agar osegel electrophoresiscontain-
ingtheRAPD PCR product of theERIC IR nuclectideprimere
with thegenomic DNA of variant eukaryotic species.
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TABLE 2: DNA sequencesof the primer sused for random amplified polymor phic DNA (RAPD) analysis

Primer DNA sgqquence (5 —» 3) G+C content % No. bands Products
BOXA1R (5'-CTACGGCAAGGCGACGCTGACG-3) 68.2 86
ERICIR (5-ATGTAAGCT CCTGGGGATTCAC-'3) 50 98
ERICI (5-AAGTAAGTGACTGGGGTGAGCG-'3) 54.6 92
bp 1 23 45 6 7 8 9 101112 13 14 15 1617 Rabbit () lig
Rabbit (F) }7 lid
Cow (M) Ih
Cow (F) I lib
Camel (M) —||IE
4500 v Camel(f) — lic I
m_. 221;:((:;)ﬁ Iif
1200 —p g""g’ % lia
800 —» Sheep () |
Y Sheep (F) }Ci Ib
00 Gaoats (M) E— Id |
Goats (f) @ —
Human (M) . la
Human (F) )
200
1 2 4 5 6 7 8
Lanel : Gelpiolt DNA molecular weight marker (QIAGEN) , )
Wide Range L adder (100) Linkage Distance
Lane2 : Chromosomal DNA of male rabbit Figure5: Unweighted pair group method with arithmetic
Lane3 : Chromosomal DNA of female rabbit mean (UPGM A) dendr ogram of the studied eukaryotic spe-
Lane4 : Chromosomal DNA of male cow ciesbased on the smplematching coefficient for of random
Lane5 : Chromosomal DNA of female cow. amplified polymorphic DNA analysis using BOXAIR,
Lane6 : Chromosomal DNA of male camel. ERIC1R and ERIC2 primers (NB: M=Maleand F=Female).
Lane7 : Chromosomal DNA of female camel.
t""”eg : gﬂfomosomg gm 0; Talt; Chiﬁlf?:- reported that the G+C content of the primer would &f -
ane9 : Chromosom of female chicken. I . ; .
Lane 10 - Chromosomal DNA of male hor se fecttheanpllflcgtlon reﬂ_JIts Wedld not find any differ-
Lane11 : Chromosomal DNA of female horse. ence between primerswith different G+C contents.
Lane12 : Chromosomal DNA of male sheep. In conclusion, the present study suggeststhat RAPD
Lane 13 : Chromosomal DNA of female sheep. . . .
Lane 14 - Chromosomal DNA of male goats. a_naly_s&could beused_tmdentlfy, toasse;ssandtodlsr
Lane 15 : Chromosomal DNA of female goats. tinguish between Rabbit, Cow, Camel, Chicken, Horse,
Lane 16 : Chromosomal DNA of male human. Sheep, Goats, Human eukaryotic species.
Lane 17 : Chromosomal DNA of female human.
Figure4: Showing 2% agar osegel electrophoresiscontain- ACKNOWLEDGEMENTS

ingtheRAPD PCR product of theERIC |1 nuclectideprimere

with thegenomic DNA of variant eukaryotic species. _ _ _ o
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age 25 %thereisno similarity had been observed. The
RAPD procedure hasthe benefits of smplicity, quick-
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and biodiversity assessments. Basedonthegreatlevel  [5] 3 an, M.Y.Lee, M.SMin, M.H.Lee, H.Lee; Foren-
of polymorphismsin eukaryotic species, it wasproven sic Sci.Int., 167(1), 59-61 (2007).
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