
F. R. A.. Sleem; ot Bl ... ISSN IIIO-7219 41 

ANIMAL SPECIES IDENTIFICATION USING MITOCHONDRIAL 
CYTOCHROME B GENE 

F. R. A.. Sleem·; M. M .• Abouelmaged·; S .• Edr1s •• and H .. EI-Desouky" 
'Department of Forensic and ToxiCOlogy. faculty of Veterinary Medklne, Mansoura Unl~r8Ity . 

"Department of GenaUcl. Faculty of Agriculture. A1n Sham9 University. 

ABSTRACT 

The polymerase chaJn reaction PCR (Conventional and real lime) were appUed to 

JdenUfy seven animals speCJes {goat. callie, sheep, pig. donkey, cal and doglSpecJes­
specJfJc prJmers were used from IDltochondrtaJ cytochrome b gene. IdenUflcaUon was 

posslble for fresh, heat treated (at 12CPC for 30 mm) and putreOed (for 7 days) meat. 

Multiplex peR helped for rapId detection and Jdent1i1catJon of meat specJes. PCR 

products showed specJes-specJi1c DNA fragments of 157, 274, 331. 398, 493, 672 

and 808 bp and Ct vaJuo {IS. 79. /7.55. 17.09. 15.94. 17.28. 19.54 and 15.79} when 

used real time PCR from goat. eatile, sheep. pig. donkey. cat and dog lDeats respec­

Uvely. 

INTRODUCTION 

The stability of DNA and peR techniques 

have many potential advanges over protein 

based techn1ques such as ELISA which de­

pend prlmartly on protem detection of the an­

tibodies (Mena1o .t aL. 2.(08). PCR analysIs 

of specles-spectflc mtDNA sequences is the 
most common method currently used for spe­

des ldent1ftcation (Cann et al., 1987 and Pa­

rodi et aI. 2002). Furthermore, the applica­

tion of DNA method based on mtDNA 
facUttates the PCR ampUflcation In cases 

where the avaiJabUJty of DNA template after 

11s extraction from cells 18 insufficIent for de­

tection , as mtDNA Is several fold more abun­
dant that of the nuclear genome; each mito­

chondria Is estimated to contain 2-10 mtDNA 
copies and each cell carr1es multiple num­
bers of mitochondria, depending on the tissue 

and speCIes (Wleane:r et aI .• 1992). Mttochon-
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cirla1 DNA evolves much faster than nuclear 
DNA and presents mare sequence diverSity, 

thus facilitating the ldentlfication of closely 

related species (Wolf et Bl .• 1999). The char­

acteristic high copy number, material inheri· 

tance and high degree of sequence variability 

make mtDNA a powerful tool for forensic Iden· 

Uficatlon (RutDgI et aI.. 2007). PCR based 
techniques have proved to be relJable. sensl· 

tive and fast (FaJardo ct al.. 2007. Keamsn 

.t aL. 2007 and MartIn.t aI .• 2.007). 

ConvenUonal peR detected meat specles 

prepClIed at high temperature from DNAs of 

heat trealed meat at 120vC temperature. Heat 

treated did not affect the DNA extracUon or 
the promes generated (Ouol1 et al., 1999 and 

Hopwood et aI •• 1999) DNA has the advan· 
tage of being a relatively stable molecule un· 

der heat (Chen .t aI .. 2.004 and Lansllao .t 
al, 2005). Protein are often less senslUve or 
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even may fail in the analysis of heat treated 

materials (Real et al., 2008). 

The analytical methods employed in spe· 

cies ident1f1cation in mixture should be rapid 

and easy to perform, without being cost p IO­

hibitive so multiplex PCR improved that 

(Mackie et al .. 1999; MaWmp et aI •• 10n9; 

Bottero et al .• 2003 and Dalmaaao et oJ., 
2(04). 

Real-time peR used for the Identiflcatlon of 

antmal ampllfytng mtDNA genes as cyto­

chIome b gene (Dooley et aI., 2004: H!rd et 

al .. 2004 and Chtaholm et al .. 2005). The 
main advantages of real-time PCR technology 

are the capacity to discr1mlnate the DNA of 

origin wtthout the need for any additional 

time consunung and laboriOUS steps (post 

peR process), and the possibility to perform 

quantitative measurements through the use 
of a fluorometer built into the thermal cycler 

that generates a thermal denaturation curve 

of the ampllfied product. ThIs Is very useful in 

confirmlng the Identity of an ari:lpl1con. Unllke 

gel electrophoresis . melting curve analysIs 

can dJstlnguIsh products of the same length 

but clifferent Gel AT raUo (Rtrte et aI., 1997 

and Wellerd al, 2000). This research a1med 

to the ldentlfication of animal speCies from 

fresh. heat treated, putrefied and even 111 ml.x· 

ture. 

MATERIAL AND METHODS 
Sampl .. : 
Thirty nve meat samples (musculoskeletal 

Ussue). Five samples [rom each species were 

coUected. goat (Capra hlrcus), cattle (Bas tau­
ros). sheep lDv1s aries) were collected from 

slaughterhouse. Pig (Sus scrofal samples were 

collected from meat markets. Donkey (Equus 

asinus) samples were collected from Mansou­

ra Zoo. cat (Felis cat us) and dog (Canis famU­

Jarts) samples were collected from Faculty of 

Veterinary MediCIne, Mansoura University. 

The samples were kept at -20°C till extrac­

tion. 

DNA alracl1on: 

Total genOmiC DNA lsolated by uSing Axy­

Prep Multlsource Genomic DNA Ml.nlprep KJt 
(cat. no. AP-MN-GDNA-50, Axygen Bioscience, 

CA. USA) accordlng to the manufacture's In­

structions. 

8ped ..... pedfIc prlmer. : 
Based on the mJtochond.r1al cytochIome b 

gene as it was summa.rtzed in Table 1. 

T.bJe 1: Species-spcc:ific primerS 

Primer Primer sequcD.cc (5' to J') R,cCUClIct 

IV' c.c c. ~. cC' A .c. 

TeAM MlUUIliS 
eo_I It ere CAC AAA TCTGAG ITA CAG AGG GA 
Canll R 

, .. I.. 
etA GMAAG TGT MGACC CCT MT ATA AC 

Sheep R etA TGAATGCTGTGG CTA TIGTCG CA 
1999 

PI, R Gcr GAT ACT AGA TTTGTGATGACC GTA 
DoOlk..oyR CTC AGA TIC AcrCGA CGA GGG TAG TA 

I""" CTCAlTCATCGA TCTACCCA AbduJllIa 
C.IR GTG AGT CIT AAA ACT ACT ACT AGA AGA wJood ct 
~. A .... '''A~" 

aL, 1003 0,,_ ACAAGTGGA ATGAATGCC 
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Polymeru. chaln reaction (PCR): 
peR ampUflcaUon was camed out in 25 ~ 

of 2 fIl prlmer(F and R) II 0 prool! fIl) and 1 fIl 
DNA template (5 ng I~). 

The peR was carried out In thermal cycler 
(Gen Amp 2400 Appled Blosystem. USA for 

tradlUonal PCR and stratagene Mx3000p 

QPCR for real-Ume PCR) With the folloWing 

program : initial denaturation at 95 0e for 5 

min 30 cycles consisted of (denaturation at 

950e for 30 sec. annealing at 480e for 30 sec 

and extension at 720 C for 1 min) with Dna] 

extension at 720C for 7 mln. Followmg ampU­
fication 10 jJ.l peR products were electrophor­

esed on 1 % agarose gel contaJn1ng ethtd.lum 

bromide solution (2~!100 mI) at constant 

voltage 80 V for 30 minutes In lX TBE buffer. 

RESULTS 

PCR prom •• of freah meat oampl .. : 
DNA extracted from 20 mg of fresh meat 

samples of seven species and were used as a 

template for peR. The PCR products are 

shown In Fig (I). 

PCR prom .. of Iwo1 treated meat oam­
pi .. : 

Meat samples of seven species were sub­

Jected to heat treatment to stmulate cooking 

at 1200 C for 30 minutes. DNA extracted from 
20 mg of muscle samples was used as a tem­

plate for PCR The peR products are shown to 
Fig (2). 

PCR prom .. of putrelled meat oampl .. : 
PCR profile of cyt b gene generated from 

DNA extracted from putrefied meat the same 

as DNA of fresh meat samples. PCR using rot 
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yt b gene species-specific primers success­

fuUy gave amplificaUon from meat samples 

that were putrefied for 7 days indicating that 

pur1flcaUon did not 1nh1bit efficiency of ampli­

fication of cyt b gene of different speCIes in 

PCR products are shown in Fig (3). 

Multlplt:l< PCR : 
A multiplex PCR was designed by m1x1ng 

all prtmers to a single reaction and due to 

having confirmed speCies speclflclty of each 

primer independently. lnJUally. aU the primers 

were mIXed m equal proportion (1: 1: I: l: 1: 

1: I: 1: 1: 1) for S1M: goat: cattle: sheep: pig; 

donkey: cat F: cat R: dog r: dog R and. DNA 
mixed in equal proportion (1; 1; 1: 1: 1: 1: 1) 

for goat : cattle: sheep: pig: donkey: cat: dog 

then d.Iluted to 50 t1mes. This multiplex peR 

was tested on DNA sample from. each species 

one by one and DNA miXtures of seven ani­

mals species. 
The mulUplex PCR ampl1fled fragments 

specific to each species producmg character­

Istic band pattern on agarose gel electropho­

resis when run on stogIe speCies and a multi­

ple band pattern when run on DNA mixture 
due to the primers retained the same spectflc­

Ity and absence of cross reaction. PeR amplJ­

cons that shown in Fig (4). 

Real TIm. PCR: 
The mttochondrtal cytochrome b gene was 

used with SYBR Green. Comparative between 
the seven animal DNA indlcated that the 

present of specillc amplification curve for 
each one with dilIerent Ct value (15.79. 

17.55. 17.09. 15.94. 17.28. 19.54 and 15.79) 

from goat. cattle. sheep. pig. donkey. cat and 
dog meats respectively which speclflc for each 

anJmal DNA. 
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DISCUSSION 

The successful amplification of cyt b gene 

fragment in all fresh meat species to confirm 

the product Size in various specIes . All the in­

dependent (spectes wiSe) PCRs ampUfied the 

fragments of expected slze, 1.e. )57 bp for 

goat,274 bp (or cattle, 331 bp for sneep. 398 

bp for pig and 439 bp for donkey (MataunBjla 

et al., 1999, Obrawka et al., 2002, Jain et 
al., 2007) 762 bp for cat and 808 bp for dog 

(Abdulmawjood et at. 2008. Abdel-Rahman 

et al .• 2009). 

SpeCies Identification of cooked meat IS 

warranted. The processmg technology (salt­

lng. drying. smoking. and cooking) appUed 

during the manufacture of meat products 

may affect to d1fferent extents to the integrtty 

of the extractable DNA. Heat treatments are 

those steps, which tnainly affect the quality 

of DNA causing its degradation into small size 

fragments (Dlaa Nelo et at. 19114 and Marti­
nes and Y. Man. 1995) For thJs reason, meat 
samples were heat treated in the present 

study at 120°C 1n autoclave for 30 mLnutes to 

simulate cooking. Proper cooking was evtdent 

from discolored meat. These flndings con­

firmed the results obtained, by (Ma.tauna,ca et 
aJ. t 1999) who reported the simJlar result. 

In forensiC investigation carcasses putre­
fied or meat samples are brought for specla­

Uon after one or two days of slaughter under 
unpreserved condJt1ons. It was attempted to 

study the affect of putrefaction on PCR pat­
tern. peR successfully amplification of mito­

chondrial cyt b gene from meat samples that 

were putrefied even for seven days (MucUyan.~ 

aelage. 2009). 
MultJplex peR Is a good tool to Jdentify and 

~oura. Vet Mt:d.. J. 
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distinguish between antroal's meat speCies 

through the mitochondrial cytochrome b gene 

and become useful tool for animal speCies 

ldenUftcaUon [goat. cattle, sheep, pig, donkey, 

cat and dog) In forensic peR. As the new de­

velopment of molecular technology, Iden­

tification by the spectes-spec1fic dlagnosUc 

PCR only needs a s1ngle spectftc-reacUon step. 

AddlUonal. comblnlng the multlplex PCR tecn­
nology, by runrung a single peR step reacUon 

the fragments of positive control and the spe­

ctes-spec1flc fragments can be produced at a 

time, This avoIds the POSSible false negative 

results caused by some mistake from the ex­
perimenters. So the method of species Iden­

tlficaUon by Illultiplex PCR has been appJted 

successfully in many spectes(D1son et aI .• 
2000. Hare et at, 2000. Pank et aI .. 2001, 
Bottero et al.. 2002, 2003, Slmjl et al .. 
2002. Chapman et aI .• 2003). The primers 

mixture produced the respective pattern for 

each speCies with the DNA rolxture or with 

DNA of each a.n1mal species due to the prim­

ers spec1fictty and absence of cross reac­

tion. 

Meat samples were declared to contain 

speclflc DNA when analyzed in the specles­

specific PCR system produced speCific amp­

lification products from specifl.c primer and 

DNA sequence for that produced speclflc Ct 

value. This Is the maJ.n reason why Ct Ls a 
more rellable measure of starting DNA copy 

number than an end pOlnt measurement of 
the amount of accumuJated PCR product (La­

bIIfet at, 2002). 

It couId be concluded that: 
MJtochondrlal cytochrome b gene Jmproved 

to be a good tool for forensLc an1mal identifica­

tion and speciation. 
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Fig (1) : ElectrophoreUc analysis of PCR prod­
ucts from fresh meat samples of 7 ani­
mals species. 1M) marker 100 bp lad­
der. (1) goat, (2) cattle, (3) sheep. (4) 
pIg. 15) donkey. 16) cat. 17) dog. 

F1C (2) : Electrophoretic analysis of PCR prod­
ucts from heat treated meat samples 
of 7 anlmals species. 1M) marker 100 
bp ladder. (1 J cattle, (2) sheep. (3) 
goat, 14) pIg, 15)donkey, 16)dog, 17) cat. 

llan*,cua. Vet. Jlod. J . 
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P'1C (3) : Electrophoretic analysis of PCR prod­
ucts from putrened meat samples of 7 
animals spec1es. 1M) marker 100 bp 
ladder . 11) goat, 12) cattle. 13) sheep, 
14) pIg, 15) donkey, 16) cat, 17) dog. 

l'1I ''') : Electrophoretic analys Is of mui Uplex 
PCR products (rom meat samples of 7 
an1maIs speCies. 1M) marker 100 bp 
ladder. (1) goat. (2) catlle. (3) sheep. (4) 
pIg, 15) donkey. 16) cat. 17) dog, 18) 
DNA mtxture of sevea animal species. 
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F1& (5) : Real Time PCR amplificatJon curve of cyt b gene fragment of seven animals 

meat DNA.. 
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