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ACRONYMS

bp Base pair

cm Centimeter

Cythb Cytochrome b

dATP Dinucleotide adenosine tri phosphate
dCTP Dinucleotide cytocine tri phosphate
dGTP Dinucleotide guanine tri phosphate
DNA Deoxyribose nucleic acid

dNTP Dinucleotide tri phosphate

ds Double stranded

dTTP Dinucleotide thymine tri phosphate
°C Celsius

Pg Picogram

ul Microliter

M Molar

mg Milligram

min Minute(s)

mi Milliliter

mM Millimolar

mt Mitochondria

ug Microgram

ng Nanogram

fg Fantogram

oD Optical density

PCR Polymerase chain reaction

pMol Picomoles

RAPD Randomly amplified polymorphic DNA
RE Restriction Enzymes

RFLP Restriction fragment length polymorphism
rpm Rotation per Minute

sec Second(s)

SSCP Single strand length polymorphism
Tm Melting temperature

Ta Annealing temperature

TBE Tris borate EDTA buffer

TE Tris EDTA buffer

uv Ultra violet

V Volts
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PLATE-1

Lanes Templete Primer
Forward Reverse
1 Cattle meat | CONP-F-2 BOVP-R-2
DNA
2& Buffalo meat | CONP-F-2 BUFP-R-2
11 DNA
3 Cattle + CONP-F-2 BOVP-R-2 +BUFP-R-2
Buffalo meat
DNA
4 Cattle + BOVP-R-2 +BUFP-R-2
Buffalo meat | CONP-F-2
DNA
5 Buffalo meat | CONP-F-2 BOVP-R-2 +BUFP-R-2
DNA
6 Buffalo meat | CONP-F-2 BOVP-R-2
DNA
7 &8 | Cattle + CONP-F-2 BOVP-R-2
Buffalo meat
DNA
9 Cattle + CONP-F-2 BUFP-R-2
Buffalo meat
DNA
10 Cattle meat | CONP-F-2 BUFP-R-2
DNA
M 100 bp DNA molecular weight marker




PLATE-2

Lanes Templete Primer
Forward Reverse

1 Cattle + CONP-F-2 BUFP-R-2
Buffalo meat
DNA

2 Cattle + CONP-F-2 BOVP-R-2
Buffalo meat
DNA

3 Buffalo meat | CONP-F-2 BUFP-R-2
DNA

4 Cattle meat | CONP-F-2 BUFP-R-2
DNA

5 Cattle meat CONP-F-2 BOVP-R-2
DNA

6 Buffalo meat | CONP-F-2 BOVP-R-2
DNA

M 100 bp DNA molecular weight marker

PLATE-3
Lanes Templete Primer
Forward Reverse

1 Cattle + CONP-F-2 BUFP-R-2
Buffalo meat
DNA

2 Cattle meat | CONP-F-2 BUFP-R-2
DNA

3 Cattle meat | CONP-F-2 BOVP-R-2
DNA

4 Cattle + CONP-F-2 BOVP-R-2
Buffalo meat
DNA

5 and 6| Buffalo meat | CONP-F-2 BUFP-R-2
DNA

M 100 bp DNA molecular weight marker




PLATE-4

Lanes Templete Primer
Forward Reverse

1 Buffalo meat | CONP-F-2 BUFP-R-2
DNA

2 Buffalo meat | CONP-F-2 BOVP-R-2
DNA

3 Cattle meat | CONP-F-2 BUFP-R-2
DNA

4 Cattle meat | CONP-F-2 BOVP-R-2
DNA

5 Cattle + CONP-F-2 BUFP-R-2
Buffalo meat
DNA

6 Cattle + CONP-F-2 BOVP-R-2
Buffalo meat
DNA

M 100 bp DNA molecular weight marker

PLATE-5
Lanes Templete Primer
Forward Reverse

1 Buffalo meat | CONP-F-2 BUFP-R-2
DNA

2 Buffalo meat | CONP-F-2 BOVP-R-2
DNA

3 Cattle meat | CONP-F-2 BOVP-R-2
DNA

4 Cattle + CONP-F-2 BOVP-R-2
Buffalo meat
DNA

5 Cattle + CONP-F-2 BUFP-R-2
Buffalo meat
DNA

6 Cattle meat | CONP-F-2 BUFP-R-2
DNA

M 100 bp DNA molecular weight marker




PLATE-6

Lanes Templete Primer
Forward Reverse

1 Buffalo meat | CONP-F-2 BUFP-R-2
DNA

2 Buffalo meat | CONP-F-2 BOVP-R-2
DNA

3 Cattle meat | CONP-F-2 BUFP-R-2
DNA

4 Cattle meat | CONP-F-2 BOVP-R-2
DNA

5 Cattle + CONP-F-2 BUFP-R-2
Buffalo meat
DNA

6 Cattle + CONP-F-2 BOVP-R-2
Buffalo meat
DNA

M 100 bp DNA molecular weight marker

PLATE-7
Lanes Templete Primer
Forward Reverse

1 Cattle meat | CONP-F-2 BOVP-R-2
DNA

2 Buffalo meat | CONP-F-2 BUFP-R-2
DNA

3 Sheep meat | CONP-F-2 BUFP-R-2
DNA

4 Goat meat CONP-F-2 BUFP-R-2
DNA

5 Chicken meat| CONP-F-2 BUFP-R-2
DNA

M 100 bp DNA molecular weight marker




PLATE-8

Lanes Templete Primer
Forward Reverse
1 Cattle + CONP-F-2 BOVP-R-2 +BUFP-R-2
Buffalo meat
DNA
2 Cattle meat | CONP-F-2 BOVP-R-2 +BUFP-R-2
DNA
3 Buffalo meat | CONP-F-2 BOVP-R-2 +BUFP-R2
DNA
M 100 bp DNA molecular weight marker
PLATE-9
Lanes Templete Primer
Forward Reverse
1 Cattle + CONP-F-2 BOVP-R-2 +BUFP-R-2
Buffalo meat
DNA
2 Cattle meat | CONP-F-2 BOVP-R-2 +BUFP-R-2
DNA
3 Buffalo meat | CONP-F-2 BOVP-R-2 +BUFP-R2
DNA
M 100 bp DNA molecular weight marker




PLATE-10

Lanes Templete Primer
Forward Reverse

1 Cattle + CONP-F-2 BOVP-R-2 +BUFP-R-2
Buffalo meat
DNA

2 Cattle meat | CONP-F-2 BOVP-R-2 +BUFP-R-2
DNA

3 Buffalo meat | CONP-F-2 BOVP-R-2 +BUFP-R2
DNA

M 100 bp DNA molecular weight marker

PLATE-11
Lanes Templete Primer
Forward Reverse

1 Cattle + CONP-F-2 BOVP-R-2 +BUFP-R-2
Buffalo meat
DNA

2 Cattle meat | CONP-F-2 BOVP-R-2 +BUFP-R-2
DNA

3 Buffalo meat | CONP-F-2 BOVP-R-2 +BUFP-R2
DNA

M 100 bp DNA molecular weight marker
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ABSTRACT

A reliable and sensitive method for identificatiand differentiation of buffalo meat
from mixed meats, particularly containing cattleainis not currently available and is highly
warranted. Present study was carried out to develoReal Time PCR based test for
identification and differentiation particularly oéttle and buffalo meat.

DNA extraction from meat samples (ten each ) fratile , buffalo, sheep, goat and
chicken procured from slaughter house /market ¢dainbd through biopsy were utilized for
molecular study .

Mitochondrialcyt b gene was amplified by conventional PCR using prénmeported
by Reaet al. (2001) PCR was optimized with respect to annealing temperaand primer
concentration to give species specific amplificgatid. common forward and cattle specific
reverse primer amplified 113 bp fragment on cdMA while common forward with buffalo
specific reverse primer amplified 152 bp fragmdER did not produce any cross specific
amplification. Further, it did not produce any aifightion from other meat species studied.
When the primers were used in duplex PCR, it ameglibnly the target species DNA i.e.
either cattle or buffalo, while it amplified bothe species DNA on cattle buffalo mixed
meats.

The optimized PCR was converted to the Real TimR B€ing SYBR green Dye. In
Real Time PCR the common forward primer with ca#ifeecific reverse primer showed
melting peak at 76.2C on cattle DNA while the common forward primer vibuffalo
specific reverse primers showed melting peak a2 %8.on buffalo DNA. Even in duplex
PCR it showed only species specific melting peaksespective species DNA. But when
duplex PCR was evaluated on cattle- buffalo mixédADiemplate in equal proportion it
exhibited two peaks, a major buffalo specific anthiaor cattle specific, merging into one
broader peak at 78.Z coinciding with buffalo specific melting point. aever it was
possible to know presence of mixed DNA by Real TR@&R using duplex primers.

The duplex Real Time PCR showed only a single leppdak at 78.2C at 1: 10 and
all further ratios. Hence an independent cattleci§ippeReal Time PCR was run on mixed
DNA which produced cattle specific melting peak76t2 °C upto 1: 1000 ratios. At 1:
10,000 ratio it did not showed any cattle spedctiiglting peak. Thus, it was possible to detect
and differentiate cattle meat mixed in buffalo mepto 1: 1000 fraction i.e. 9 pg of cattle
DNA adulterated in buffalo DNA by running a duplBXCR followed by cattle specific Real
Time PCR.

Duplex Real Time PCR did not produce any amplifazatand melting peaks on
DNA templates from sheep, goat and chicken. Thusal Rime PCR was found to be
successful in differentiating cattle and buffaloced meat samples.

ConsequentlyReal Time PCR assay developed in the present stadyfound to be
very sensitive and specific to detect adulteratibnattle meat in buffalo meat such that it can
be adopted in an advanced lab like forensic lab.






CHAPTER -1
INTRODUCTION

Large proportion of the world population congsmnon-vegetarian diet.
Although, India is considered to be primarily a @&gian country, sizable population
consumes meat either regularly or occasionally. @atection of meat species is
needed to be performed for various reasons, whicludes illegal substitution of
food with cheaper meat, religious, health reasonkscmnservation regulations etc. In
India, it becomes especially important due to seelmious issues associated with
the preference. There is religious taboo on thesawmption of pork in Muslims and
cattle meat in Hindus. There is a ban on the sl@uglf cows and bullocks in many
states of India. Inspite of ban, cows and bulloeke occasionally slaughtered.
Frequently, meat samples are brought to laboratofier identification and
confirmation of meat species. Ultimately, the speddentification from mixed meat
is very critical. However, it is not always possittio differentiate the species by
currently available laboratory methods.

The conventionally available methods for speciesiiication from mixed
meat include various forms of electrophoresis asel of immune sera in agar gel
diffusion. Some of such methods of animal tissueniification are agar gel
diffusion, passive haemagglutination, immuno-elgoiioresis, counter immuno-
electrophoresis, enzyme-linked immunosorbent asday However, the greatest
disadvantage of immunological methods for specisntification is that the
available antisera show cross-reactions. Secondhngl cooking the solubility
properties and antigens competence of the protemsltered considerably. The use
of antisera to thermostable antigens has proveldetguperior in identification of
cooked meat. However, use of such antigens andeaatiagainst them are only
partially successful in identification of meats @bsely related species of animals
like cattle and buffalo from sheep and goats (Rfatnkaret al.,1989).

In recent past, DNA as a source of informatias been used for speciation
of meats. DNA based technology for such psepohas several advantages.
DNA is more thermostable than many proteins and thucleic acids are less liable to
be disrupted by processing of foods. It is predantnajority of the cells of an
organism and therefore, identical information candbtained from any appropriate
sample from the same source, regardless of theetisEorigin. DNA can potentially
provide more information than proteins.

Two major approaches to identify species of mesgtONA techniques are
DNA hybridization and PCR based methods. DNA hyikatlon was the first genetic
approach for determination of species identitytHis method, labeled DNA probes
were hybridized to samples of genomic DNA covaleattached to nylon membranes
in a slot or dot blot form (Bawet al, 1989 Winteroet al.,1990). It was observed that
the probes comprising labeled total genomic DNAmfra given species would
hybridize to DNA from the same species with litl®ss reactivity. The technique of
DNA hybridization has been successfully appliedifientification and differentiation
of meats of chicken and pork from cooked meats@mmercial products (Chikuni
et al., 1990 and Ebbehoj and Thomsen, 1991). However, nwatéosely related
species of animals, like sheep and goats showess$ caactivityby this method. In
spite of several advantages of DNA hybridizationthrods for identification and



differentiation of meats of different species ofinaals, these are complicated and
generally inadequate.

PCR is a promising approach to species identificatiThis method is easy,
fast and more sensitive. A number of strategasslieen employed in PCR including
use of repetitive sequences (Caétal.,2001b), multigene family (Fairbrothet al.,
1998) and use of mitochondrial gene (Matsunagaal, 1999) for species
identification.

PCR analysis of species-specific mt DNA sequencéhés most common
method currently being used for species identitica{Cannet al, 1987; Parodet
al., 2002). Detection method based on mt DNA can awprthe sensitivity further
because each cell has around &6pies of mt DNA as against just one genomic
DNA. Since mt DNA expressed in different speciesgenera have their evolution
specificities, we can identify individual specieg $tudying mt DNA (Chengt al,
2003). Therefore, mt DNA is efficiently used to@gtspecies —specific DNA.

Recently, PCR assay of mitochondrigyt b gene has been reported for
detection and differentiation of several meat spe¢Matsunagat al, 1999; Hirdet
al., 2003; Rajapakshet al.,2003 and Chengt al, 2003). However, differentiation of
cattle and buffalo meats has remained a priorignde, there is need to develop a
highly sensitive and specific test for differentat of cattle and buffalo meats
suitable for forensic application.

Although, PCR based methods are highly sensitivd apecific, these
traditional PCR based methods require post- PCRdymto separation by gel
electrophoresis, which is time consuming and alg semi- quantitative. With the
advent of Real Time PCR, the limitation is overcoiReal Time PCR detects PCR
products using fluorescent probes or a DNA bindigg, such as SYBR Green. Real
Time PCR assays can be automated and are sensépid, and quantitative. This
eliminates the need for post-PCR processing, thegepts carry over contamination
(Fukushimaet al, 2003). Hence, the present study was undertagenifgally to
develop a diagnostic test useful for an advancédréory to differentiate meat
species. The study was carried out with the follmndbjectives.

(A) To standardize individual and cattle —buffaloxed meat species identification by
Real Time PCR amplification of cytochrome b gene.

(B) To identify and assess the level of adulteratbcattle in buffalo meat by Real Time
PCR.






CHAPTER I
REVIEW OF LITERATURE

A range of analytical approaches has been taken ni@at species
identification broadly based on detecting eithest@in or DNA. However, Proteins
are denatured during heat and pressure processaigng the detection of species
present in processed sample more difficult. DNA hdgantage of being a relatively
stable molecule, and is more able to withstand pemtessingTwo major approaches
to identify species of meats by DNA techniques BI¢A hybridization and PCR
based methods. The technique of DNA hybridizatias been successfully applied
for the identification and differentiation of meai$ chicken and pork from cooked
meats and commercial products (Chikenial., 1990). However, meats of closely
related species of animals, like sheep and goatsvesth cross reactivity by this
method. Further, the method is time consuming aamhtdous. PCR is a promising
approach to species identification. This methocasy, fast and more sensitive.
Number of strategies has been employed in PCR dimgdu use of repetitive
sequences, multigene family and use of cytochromene. But these traditional PCR
based methods suffer from some limitations. Ma@eently published reports have
focused on the use of Real Time PCR for meat spedentification. Real-time PCR
uses a fluorescence detection system that canctdlleorescence measurements
during the amplification cycles, thus monitoring tspecific product’s accumulation,
and, unlike conventional PCR, relate them to tetefganitial quantity

2.1 DNA Hybridization

The species of raw meat as well as heat-processatdcan be determined by
DNA dot-blot hybridization-techniques. Degraded DNAuld also react according
to the species. The shorter the DNA fragment, tkereter the reaction when high
molecular weight DNA is used as a probe (Betual.,1989). Dot-blots hybridization
technique had been applied to the detection ofiespapecific DNA fragments in the
cooked meats of chicken, pig, goat, sheep, laaef (Chikuni et al., 1990). The
samples were obtained from the meats that wereettdat 30 min at 80, 100 or
120°C The probes, biotin-labeled chromosomal DNA fragreentere hybridized to
the sample DNA on nylon membranes. Tégecies of the meats cooked at 100 or
120 °C were identified at 100 ng /dot of the saniplA. The probes for chicken
and pig did not show cross-reactivity, but thoserwhinants reacteavith other
ruminant DNA. Using this method, chicken, pig arekbwere detected from 50 mg
of the commercial canned products. Using DNA-hyizetion at least 0.86, raw
pork admixtured to beef could be detected using enomic pig DNA as well as a
cloned pig specific DNA fragment as a DNA probethdugh signal intensity
increased with increasing amounts of pig-DNA, acig® quantitation of pork in
samples was not possible. Compared to this thetséygsfor detecting raw pork in
beef found by countercurrent immunoelectrophoresims 0.4 %, by
immunodiffusion,1.1 %, and by isoelectric focusing, 5.0 % (Winterbal., 1990.
DNA hybridization technique applyingP-labelled probes was used for quantitative
determination and quality control of pork in heaated meat products. The
detection limit was determined to be approximately % pork in beef whereas for
heat- treated samples the detection limit was oeterd to be approximately 0%



pork in beef (Ebbeh@ndThomsen, 1991).

Buntzeret al (1995) developed a fast procedure for rapid spedetification
in heated meat by using satellite DNA probes. DN#swybridized to a conjugate of a
specific oligonucleotide and alkaline phosphatal®e oligonucleotide probes were
based on satellite DNA tandem repeated sequencbkihwvere highly species
specific. Probes were developed for the identiiicabf meat from cattle, sheep/goat,
horse, deer, pig, chicken, and turkey. Differermdratfrom closely related species like
turkey and chicken was possible. Admixture of %9f meat of one species in another
could be detected.

Hunt et al (1996) developed a simple and nonradioactive slat b
hybridization assay using species-specific oligbeoide probes for the species
identification of rabbit, sheep, pork, beef andatggomeats. Clear species
discrimination was demonstrated even between theeby related ruminants goat and
sheep. The probes were shown to identify speciesept in both raw and
commercially cooked and canned products (e.g.fged). The potential for semi-
guantitation of species in admixture was demoretir&d a detection limit of less than
2.5% adulteration.

Jansseset al.(1998) developed a DNA based identification sysfentesting
the species origin of meat samples. Probes wererged byPCR with primers
binding to species-specific satellite DNA and hgliméd to DNA purified from meat.
With the exception of a slight cross - reactionnuitton and beef, each probe only
recognized the species from which it was derivdayTopined that, the method could
be adapted to detect any eukaryotic species forctwisipecies- specific DNA
sequences are available.

Jaapet al (1999) evaluated the influence of meat processimghe results
obtained with a species identification test by DMAgonucleotide hybridization.
Freezing and thawing of meat did not cause a swotstareduction in the
hybridization signal. Heating of meat at 100°C @09IC, however, led to signal
reduction caused by DNA degradation, but identifama was still possible.
Admixtures could be detected in three products mwthybridization signal was
observed with corned beef. So, the quantificatibadmixtures by hybridization was
not better than with most alternative methods efcggs identification, as the strength
of the signal depends on factors such as tissgemand sample processing.

2.2 PCRbased methods

DNA testing by hybridization is relatively cumberse and so other DNA
based approaches to species identification have fiedeeyed on the use of the PCR.
2.2.1 Single strand conformation polymorphism (SSCP

A method of DNA analysis have been developed tafweuthenticity of
labeled raw material of canned fish or in produoten closely related fish species
(tuna, eel, salmon, trout and sturgeon). Short segsn(123-358 bp) of the mt cyt
gene were amplified by the PCR and analyzed byctrelghoresis to get species-
specific patterns of ssDNA. DNA strands were safgat by polyacrylamide gel
electrophoresis and visualized by silver stainiRgh{beiret al, 1999).

SSCP of an amplicon (148 bp) obtained by PCR ofntitechondrial cytb
gene was used to identify tuna species from ofisérdnd animal species. Primers
originally designed for identification of tunas abdnitos by SSCP analysis could be
used to differentiate between a large numbers oh fspecies and also for
discrimination of several warm blooded animals. Bl from animal other than
fish resulted in strong ssDNA bands differing frahose of tuna and from each
other. Cattle showed six bands (one stronger)epstand goat three bands (one



stronger), horse two bands (one more pronounegeld)boar and domestic pig three
bands, chicken duck revealed only weak band (Juzgah,2001).

Asensioet al. (2001) developed a method of DNA analysis to vetlig
authenticity of groupefEpinephelus guazayyreck fish(Polyprion americanus)nd
Nile perch(Lates niloticus)illets. A short fragment (208 bp) of the mt 12SNR
gene was amplified by the PCR and analyzed by S8@PEt species-specific patterns
of ssDNA.

2.2.2 Random amplified polymorphic DNA

The RAPD was used to generate fingerprint pattenngen meat species viz,
wild boar, pig, horse, buffalo, beef, venison, dcat, rabbit and kangaroo. A total of
29, 10 - nucleotide primers, with GC contents raggrom 50 - 80% were evaluated
for their specificity and efficiency. The fingerptipatterns that were generated were
found in some cases to be species - specific @datt, 1998.

RAPD fingerprinting was used on several meat productsdemtify the
species used in their manufacture. The tested epaeid products were: beef, horse
(six breeds), mule, donkey, buffalo, elk, reindgark, lamb, goat, kangaroo, and
ostrich. RAPD analysis produced clear fingerprintsn the products analyzed from
which the species could be easily identified (Maaa and Man, 1998).

Calvo et al. (2001a) developed a new procedure to detect pateiesp
composition by RAPD using two primers. The RAPD hoet was used to generate
fingerprint patterns for pork, chicken, turkey, geo and duck meats. No
amplification was obtained from goose samples. Beitg of this method was
studied by DNA dilution in each species, detectawylittle as 250 pg of DNA
(1/2000 dilution of DNA).

Origin of meats from cattle, sheep, goat and wikine was determined
accurately by PCR-based RAPD technique using aase-tprimer with a PCR
procedure of 45 cycles, each of which was prograthagel min at 94°C, 1 min at
37°C, and 2 min at 72°C (llhak and Arsgl&003)

PCR-based methods involving arbitrary primers waggeloped to generate
characteristic patterns for 5 meat species (pa&f tamb, chicken and turkey meats).
RAPD-PCR generated discrete and reproducible bantigch allowed discrimination
using visual inspection, whilst more complex patsewere generated with AP-PCR
which included some bands of low intensity (Saéal., 2004).

2.2.3 Restriction fragment length polymorphism

PCR was applied to a qualitative differentiationwesen sheep, goat and
bovine meats by amplification of sheep satellii@NA. The PCR amplified 374 bp
fragments from sheep and goat DNA, but no fragnfiemh bovine, water buffalo,
sika deer, pig, horse, rabbit and chicken DNA. éithh cooking of the samples
reduced the PCR products, sheep DNA was detectix@ imeat heated at 120°C. The
sequence of PCR products showed @#%omology between sheep and goat. They
were differentiated byApa I digestion of the PCR products because sheep had one
Apa Isite and goat had no site in the PCR products (@it al, 2004)

The PCR - RFLP technigue was applied for the ifieation of pig, cattle,
wild boar, buffalo, sheep, goat, horse, chickend awmrkey by amplification of
conserved areas of the vertebrate mt cydebe and yielded a 359 bp fragment,
including a variable 307 bp region. RFLPs were det when amplicons were cut
with Alu I, Rsa | Taqg | and Hinf I. The PCR -RFLP analytical method detected pork
in heated meat mixtures with beef at levels bel&a(Meyeret al, 1995)

Fairbrotheret al. (1998) studied meat speciation by RFLP analysisguana
actin cDNA probe. Classical DNA fingerprinting whased on separation of DNA



restriction fragments by electrophoresis and hymaiion to nucleic acid probes
containing repetitive nucleotide sequences. Gen@hiéd was extracted from muscle
and digested witlBam H | before electrophoresis and hybridization to a neugn
actin cDNA probe. Beef, pork, lamb, horse, chickemd fish DNA restriction
fragments formed characteristic “fingerprints”, wihiwere reproducible and varied
sufficiently to allow discrimination even betwedosely related species.

Nakakiet al. (1999) studied PCR - RFLP pattern of cyt b andewsympared
to identify eight species of mammal (baboon, covg, plog, cat, bear, deer and
raccoon dog) and two species of bird (chicken aid @duck). The PCR products of
700 bp were digested with two Riae 11l or Hinf |, and the difference was observed
among mammals and birds as PCR — RFLP.

Partiset al. (2000) described a DNA fingerprinting method bg tise of PCR
- RFLP technique by amplifying a 359 bp region witthe cyt b gene and digesting
the amplified product usinglae Il andHinf I. All species could be discriminated
using the two RE with the exception of kangaroo haffalo. Cooking the tissue did
not affect the profiles generated. When mixturesrewévestigated, pig was
preferentially amplified and dominated over all gps tested, even at levels of 1 %.
Another set of cyt b primers, which amplified 464, lwas also tested for the analysis
of these mixtures. Beef was found to be favoralphplied over the other species.
Anomalous results where the digested products eecke359 bp were also
investigated. Co-amplification was found to ocauthe species investigated. Results
of this study suggested that the cyt b PCR-RFLFhaotetvas a promising one for the
identification of both cooked and uncooked tissuakhough the method was
unsuitable for analyzing meat mixtures.

Bellagambeet al (2001) studied that restriction site of PCR piidwf cyt b
mt DNA to identify species in meat and foodstuffCR was used to amplify a
variable region of cyt b mt DNA gene. PCR produofs359 bp amplicon was
digested with RE, which generate species-specifect®phoresis pattern. The
sequencing of PCR products was used as confirnmalysis.

Identification of nine commercial flatfish specias carried out on the basis
of the amplification of a 486-bp segment of thegahome (tRNA (Glu)/ cyt b) by
using the PCR and universal primers. Seven spegmgs could be identified by
application of the single RBdel and six species groups by usidge IlI, Hinf |, Mae
I, or Mbo I Different combinations of only a couple of the&Es could
unambiguously identify the nine flatfish speciear{ffsian and Comesariz002).

A method of fluorescent PCR-RF'LP was applied asaaalytical and
guantitative tool for meat identification. An oligacleotide primer pair was designed
to amplify the partial sequences within the 12S ARgene of mt DNA from porcine,
caprine, and bovine meats. No fragment could bdifietbfrom dog, cat, fish, duck,
goose, turkey, and chicken DNA with the primer paising fluorescence sensor
capillary electrophoresis, the species-specific Dfil#gerprints of pork, goat, and
beef were generated by restriction enzyme digestibowing a fluorescence-labeling
PCR amplification. The reliably semi quantitatiwvels were below 1% for binary
mixtures of pork, goat and beef. Cooking and datacg of meats did not influence
the generation or the PCR-RFLP profiles or the i@l accuracy (Sun and Lin
2003).

2.2.4 Species specific PCR primers
Detailed sequence information has become availdslenany species and
consequently phylogenically information on singlasé polymorphism may be



identified that enable species-specific primerbdalesigned. Such primers generate a
product only in the presence of DNA from a giveraps (Meyeet al, 1994).

By pairing species-specific primers with a non sie counterpart, it is
possible to test for the presence of more thanspeeies simultaneously. Using such
regime, multiplex reactions have been describedddin meat animal and fish species
(Lockley and Bardsley, 2000).

Fei et al (1996) designed multiplex PCR primers based onDINA loop
DNA sequences and identified cattle, pig, and amickeats.

Buntzer and Lenstra, (1998) demonstrated that PERfluorescently labeled
mammalian- wide interspersed repeat primers gendiagerprints that are suitable
for rapid identification of known and unknown spEgion an automatic sequencing
apparatus and with computer assisted data proges$ime method allowed the
analysis of processed meat samples and offers\eo@mt alternative to sequencing
of mt DNA.

A simple and reliable method had been developeddourate identification
of male and female raw meats in cattle, buffalegeghand goat using the PCR
technique. The PCR assay was conducted on genoii& &xtracted from raw
muscle tissue of male and female animals (&aad., 1998).

Tartagliaet al. (1998) developed a PCR based assay for the id@titin and
detection of bovine specific mt DNA sequences fréemadstuffs. The amplified
product codes for the whole ATPase subunit 8 ardathino terminal portion of the
ATPase subunit 6 proteins. This method can det¢dNA in feedstuffs containing
less than 0.125 % or bovine derived meat and boealsiDnp Il and Ssp IRE
digestions confirm the bovine origin of amplifiegigsience.

A PCR based method for the identification of begfimplification of bovine
1.709 satellite DNA was established by Guwilal. L999). The sequence selected for
amplification consisted of a 218 bp DNA fragmennéyin the 1.709 satellite DNA of
bovine. This method was positive for bovine, budfalnd yak meat DNA, but
negative for equine, sheep, goat, camel, swiner, de¢é mouse meat DNA, etc. At
least 33.6 fg of DNA from raw beef samples and (@§2of DNA from cooked or
autoclaved beef samples were detected, respecineBCR.

Calvoet al. (2001b) developed and evaluated a PCR procedutetézt pork
in heated and unheated meat, sausages, cannectwed,products, and pates using a
DNA-specific porcine repetitive element by nonsfied?CR amplification. Degree of
contamination could be partially quantified by daitey up to 0.005 % pork in beef
and 1 % pork in duck pate.

Quantitative estimates are important to establibktiher pork adulteration in
ground beef and pate is accidental or intentioalPCR procedure has been
developed to quantify pork in heated and non-heatedt and pates by densitometry
using a specific and sensitive repetitive DNA elah{€alvoet al, 2002a)

Specific PCR amplification of a repetitive DNA elerm seems to be a powerful
technique for the identification of beef in proassand unprocessed food. Cabto
al. (2002b) developed and evaluated a PCR procedudetext beef in heated and
unheated meat, sausages, and canned food usimgificsand sensitive method. The
degree of contamination up to 0.01% raw beef ik jpan be detected.

Wolf and Luthy, (2002) used competitive polymerasein reaction for
detection and quantification of porcine DNA usingnaw porcine specific PCR
system based on the growth hormone genesusf suscrofaA DNA competitor
differing by 30 bp in length from the porcine targequence was used for PCR
together with the target DNA. The competitor corcation was adjusted to porcine



DNA contents of 2 or 20% by co amplification of mires containing porcine and
corresponding amounts of bovine DNA in definedagtiNone of the animals yielded
a positive PCR reaction except the porcine DNA.s8eiity of the new porcine
system was determined to be 100 pg purified DNA.

Botteroet al.(2003) used vertebrate primers, designed in ther FISA gene
of mt DNA for detecting animal tissues in feedstufhese primers were able to
amplify fragments that contained between 234 an8l Bf. The fragments were
specific for bovine, porcine, goat, sheep, horabbit, chicken, trout, and European
pilchard and were confirmed by sequence analysieoms. The assay proved to be
rapid and sensitive (detection limit 0.0625%).

Bellagambaet al. (2003) described a DNA monitoring method to examine
fishmeal for contamination with mammalian and pgujtroducts. A PCR method
based on the nucleotide sequence variation inl#%ribosomal RNA gene of mt
DNA was developed and evaluated. Three speciesfispgmimer pairs were
designed for the identification of ruminant, pigdapoultry DNA. The specificity of
the primers used in the PCR was tested by compavgh DNA samples for several
vertebrate species and confirmed. The PCR spébfficetected mammalian and
poultry adulteration in fishmeals containing 0.1%5beef, 0.125 % sheep, 0.125 %
pig, 0.125 % chicken and 0.5 % goat. A multiplexRP&ssay for ruminant and pig
adulteration was optimized and had a detectiort lrh0.25 %.

Chapmaret al (2003) developed a multiplex PCR assay utilizioth nuclear
and mt cyt b gene loci simultaneously for accurdémntification of white shark body
parts, including dried fins.

Chenget al (2003) developed a PCR assay to identify boyioecine, ovine,
and chicken meat and bone meal in animal dietsr pairs of primers that targeted
highly conserved regions of mt DNA were used. Thgsee fragments at the
targeting region for the four species were 271 BRS, bps, 212 bps and 266 bps in
size. The PCR products were digested with restricinzymediph I, Mn II, Ssp |
andHind Ill, and different length polymorphisms were observed.

A rapid and highly specific assay suitable for thatine detection of turkey
and chicken in processed meat products has beerioped by Hirdet al. (2003).
Based on PCR amplification or species-specific @opk for cyt b gene with rapid
visualization using vista green, the amplicons detected after the end of the PCR in
less than 5 minutes using vista green and a floaeresplate reader. The presence of
fluorescence denoted the presence of the targeiespa the samples.

Kusamaet al. (2004) designed primers to detect little amountseét and bone meal
in ruminant feed. mt subunit 8 of the ATP synthagene was used as a target
sequence. PCR-based assays revealed amplificaio®NA from mammals,
ruminants, and individual species using these psmiEhe method allowed detection
of the presence of meat and bone meal in rumirggat from 0.1 to 0.0 %.

Walker et al (2003) designed and evaluated four assays based RE®R
amplification of short interspersed elements (SINfs species-specific detection
and quantitation of bovine, porcine, chicken, amdhinant DNA. Using SYBR
Green-based detection, the minimum effective qtetign levels were 0.1, 0.01, 5,
and 1 pg of starting DNA template using our bovipercine, chicken, and ruminant
species-specific SINE- based PCR assays, respgctd@ine DNA was detected at
0.005% (0.5 pg); porcine DNA at 0.0005 % (0.05 pg), anttlobn DNA at 0.05 %
(5 pg) in a 10-ng mixture of bovine, porcine, ahitken DNA templates.

A PCRassay has been developed for the specific andtaizdi detection of
pork (Sus suscrofa domestieud)eef (Bos taurus),sheep(Ovis aries),and goat



(Capra hircus)in raw and heat-treated meat mixtures. A forwanthiwmn primer was
designed on a conserved DNA sequence in the mitabtad 12S ribosomal RNA
gene (rRNA), and reverse primers were designedyhwidize on species-specific
DNA sequences of each species considered. Analyggperimental meat mixtures
demonstrated that the detection limit of the ass&y for pork, beef, sheep and goat
species (Rodriguezt al.,2004).

Walker et al (2004) designed and evaluated a series of clasifisp@ves),
order-specific (Rodentia), and species-specifiaifeg; canine, feline, rat, hamster,
guinea pig and rabbit) PCR based assays for thsifidation and quantification of
DNA using amplification of genome specific shortdalong interspersed elements
using SYBR Green based detection, the minimum &¥iequantification levels of
the assays ranged from 0.1 ng to 0.1 pg of staRiNg templates
2.2.5 Actin gendamily

The unique features of the actin multigene familyriammals, namely high
gene copy number, high conservation of coding sexpiget variable intron position
and size (Weber and Kabsch, 1994), suggestedhisaditersity could be utilized for
species identification and meat authentication. RP@Rers based on a region of the
protein coding sequence known to be highly conskrie actin isoforms, but
interrupted by an intron in most members of theegamily.

Hopwoodet al. (1999) described a procedure in which primers dgmpli a
single actin gene locus, giving a positive banchvidtNA extracted from chicken and
turkey, but no reaction with duck, pheasant, pa&cimovine, ovine or equine DNA.
The chicken signal was clearly detectable with DNdm meat admixtures
containing 1% chicken / 996 lamb and from meat heat-treated at 120~or further
discrimination, the chicken PCR product could Héedentiated from turkey bRRE.

Lockley and Ronald, (2002) described a novel oee-snethod for the
differentiation of chicken and turkey DNA. The teaue used the PCR and primers
that exploited intron variability im-cardiac actin to generate single products of a
characteristic size for each species. No crosdivégionith porcine, ovine or bovine
DNA templates was apparent and analysis of chickiemkey admixtures indicated
that it was possible to detecd turkey in 99% chicken and vice versa.

Diversity in actin gene family was utilized for gpes identification of meat
using PCR. Actin genes were amplified from meat&seriz cattle, buffalo, sheep,
goat, pig and chicken using a pair of primers desigfrom conserved region. The
single pair of primers amplified introns of varialdize from different actin genes in
the same species producing species-specific battelpan most species. Number of
scorable bands ranged from one in cattle and sihioken. The band pattern was
identical among the members of the same speciesnatiee both sexes. The PCR
profile remained unchanged even after cooking amdefaction of meat (Thumbar,
2000).

PCR amplification of a conserved region of ghactin gene has been used for
specific identification of chicken and poddulteration in goose and mule dudke
design of species-specific forward primers, togethi¢h a reverse universal primer,
allowed the generation of amplicons of differemigths in each species. The different
sizes of the species-specific amplicons, separbyedgarose gel-. electrophoresis,
allowed clear identification of the presence ofc&en and pork in goose and mule
duckwith a detection limit of 0.1 % (Rodriguezt al., 2003.

The authentication of five different tuna speciesf commercial canned tuna by
nested primer PCR-RFLP was developed by (Pardo Rev@z-Villareal, 2004).
Species identification of commercial canned tunatdghniques based on PCR is



rather difficult due to the presence of additivesaeell as to the fact that the DNA is
usually severely degraded. The nested primer P@wed obtaining an amplicon of
276 bp from commercial canned tuna in spite of firesence of additives.
Consequently, a very useful tool to authenticatened tuna in brine, oil, pickled,
sauced and spiced was developed.
2.2.4 Cytochrome b gene family

mt DNA sequences have been widely used in evolatiomenetic studies
because they are easily accessible, have a higlofravolution, and generally follow
a clonal pattern of inheritance highly suited tglphgenetic reconstruction. Molecular
phylogenetic studies of recently evolved animal ugo have been based
overwhelmingly on mt DNA (Browet al.,1982; Miyataet al.,1982)

Animal mtDNA is a small (15-20 kb) circular moleeulcomposed of about
37 genes coding for 22 tRNAs, two rRNAs and 13 mRNte latter coding for
proteins mainly involved in the electron transpanid oxidative phosphorylation of
the mitochondria. The mt genome is arranged vefigiefitly. It lacks introns, has
small intergenic spacers where the reading frames esometimes overlap. The
control region is the primary no coding region, adesponsible for the regulation of
heavy (H) and light (L) strand transcription and-bstrand replication.
As a molecular marker, mt DNA possess several ddgas over nuclear DNA for
studies of speciation in meat products (Lockley Baddsley 2000). There are many
mt DNA molecules within each mitochondrion, makimgt DNA a naturally
amplified source of genetic variation. It evolvester than nuclear DNA (Browet
al., 1982). Different regions of the mitochondrial gerem®volve at different rates
(Sacconeet al, 1991) allowing suitable regions to be chosen fer glaestion under
study. mt DNA tends to be maternally inherited Isat tindividual normally possess
only one allele and thus sequence ambiguities freterozygous genotypes are
generally avoided. (exceptions with paternal leakagluding mice, (Gyllesteet al.,
1991); biparental inheritance in marine musselsudset al, 1992). mt DNA does
not recombine (Hayaslet al., 1985), though some evidence of recombination events
has recently been reported (Hagelbet@l 1999). The relatively high mutation rate
compared to nuclear genes has tended to resuieimd¢cumulation of enough point
mutations to allow the discrimination of closelyated species. It should be noted
that mt DNA also exhibits a degree of intraspecifaiability and so care has to be
taken when studying differences between organisamsed on single polymorphisms.
(Chow and Inogue, 1993).

cyt b sequences are good tools for studying phylogenefiadosely related
species. Within species, control region sequensaally are a better choice, because
more relaxed structural and functional constrdiedsl to a faster average substitution
rate. The variable regions of thgt® gene (Kocheeet al., 1989; Matsunagat al,
1999 and Verkaaet al.,2002) offer two main advantages:(a) mt DNA is prése
thousands of copies per cell (as many as 2,50@sphmspecially in the case of post -
mitotic tissues such as skeletal muscle (GreenvesmtPaboo, 1999). This increase
the probability of achieving a positive result evienthe case of samples suffering
severe DNA fragmentation due to intense processiglitions (Bellagambeat al.,
2001) and (b) the large variability of mt DNA tatgeas compared with nuclear
sequences facilitates the discrimination of clogelated animal species even in the
case of mixture of species. (Hopwoeidal.,1999 and Pradet al., 2002).
The cyt b-genesequence for red deer was used for identificatioder meat in
meat and meat products. Red deer showed a siyit#r24.1, 84.0, 81.1, 85.5 and
85.6% to sika deer, bovine, pigs, sheep and goats, riagelyc The PCR amplified



194 bp fragments from red and sika deer, butragnients from bovine, pig,
chicken, sheep, goat, horse and rabbit DNA. Borthinate between red and sika
deer, these PCR products were digested by actestrenzymeEcoRI, BamH |
Scal) and analyzed by 4% agarose gel electrophoresis. fesualt, the red deer
fragment was digested HycoR 1to 67/127 bp fragments but not BamH | and
Scal The sika deer fragment was digested to 48/14@rgp49/145 bp fragments
with the two other enzymes, and thus it is posdibldifferentiate between the two
kinds of deer from the digestion pattern of resisit enzymes (Matsunagzt al.,
1998.

The PCR was applied to identify six meats (cafilg, chicken, sheep, goat
and horse) as raw materials for products. By mi@egen primers in appropriate
ratios, species-specific DNA fragments could benidfied by only one multiplex
PCR. A forward primer was designed on a conservidéd Bequence in the mt cyt b
gene, and reverse primers on species-specific DBfuences for each species
(Andersonet al.,1982;Desjardins and Morais, 1991 and Irwehal.,1991). PCR
primers were designed to give different length finagts from the six meats. The
products showed species specific DNA fragments 5f, 227, 274, 331, 398 and
439 bp from goat, chicken, cattle, sheep, pig awodsén meats, respectively.
Identification is possible by electrophoresis ofRP@roducts. Cattle, pig, chicken,
sheep and goat fragments were amplified from cookedt heated at 100 or 120°C
for 30 min, but horse DNA fragments could not bé&eded from the 120°C sample.
Detection limits of the DNA samples were 0.25 ngdb meats. (Matsunagat al,
1999.

A method for identification of fish species has mekeveloped based on the
amplification of a specific part of the mt genomi@NA®" / cyt b) using thePCR.
To distinguish between several fish species thaiobtl 464 bp long PCR-products
were cut with different RE resulting in speciescfie RFLP (Wolfet al., 2000).
Chenget al. (2001) determined the amount of genetic variationai 376 --
nucleotide region of the nyt bgene in fresh, frozen and steam sterilized meats of
Puffer Takifugu rubripesand no diversity was found. RBstZ |cut the amplified
region ofcyt bwhile Aatll did not.

Reaet al. (2001) developed the duplex-PCR to identify bevand water
buffalo DNA in a single PCR assay in milk and moefia cheese (a typical Italian
cheese, originally made from pure water buffalokjnil' he results of this experiment
indicate the applicability of this method, whichosred an absolute specificity for the
two species and a high sensitivity even down to MA concentrations (1 pg). In
bovine and water buffalo mixtures of milk and maoetla cheese, the minimum
concentration tested was 1% of bovine in water dafimilk and water buffalo in
bovine milk.

Verkaaret al (2002) described two complementary methods for aiete
and differentiation of bovine species, which aredzthon mutations in mt DNA and
centromeric satellite DNA, respectively.

Jairet al (2007) studied the use of cytochrome b gene biditiain detecting
meat species by multiplex PCR. Mitochondrial cytoche b gene was amplified by
conventional and multiplex PCR using a common fedvarimer and species-
specific reverse primer. Multiplex PCR was carriggl mixing of primer in the
different ratio viz., 1:0.2:3:0.6:0.6:3:0.6:2 foorfvard: goat: chicken: cattle: cattle:
sheep: pig: horse specific reverse primers. The PRucts showed species-specific
DNA fragments of 157, 227, 274, 274, 331, 398, BRS from goat, chicken, cattle,



buffalo, sheep, pig and horse respectively. Thetiplek PCR could detect upto 0.9
ng of DNA of meat species.

Rajapaksha et al,,(2003) developed a PCR assay to differentiatiéalou
meat from the meat of Ceylon spotted d@etis axis ceylonensisfeylon sambhur
(cervus unicolor unicolor)cattle (Bovine), goatCaprine),pig (Porcine),and sheep
(Ovine). A set of primers was designed according to #wgusence of the mtyc b
gene ofbubalus bubalisnd by PCR amplification a band of 242 bp d wasioetl
with buffalo DNA. A band of 649 bp was observed &ranimal species tested. It
could identify rotten (10 days post slaughter)edrand cooked buffalo meat.

PCR was applied to meat species identification nom-heat-processed; heat
processed and sterilized products by the ampliinavf mtcyt b gene. By mixing
five primers in appropriate ratios, species-specilNA fragments could be
identified by only one multiplex PCR. The PCR protdu were subsequently
evaluated using electrophoresis. PCR also madessgilple to identify pork, beef,
chicken and horse meat species in meat product®ySkaet al.,2002).

Meyerset al., (2003) developed a PCR primer set capable of #ymadian mt DNA
segment of multiple species (cattle, sheep, goats;, and elk). The primer set also
amplified DNA derived from the rendered remainspajs and horses, which were
exempt from the feed ban. PCR amplicons derivethfpig DNA have a RE site
recognized by Hinf 1 while the horse DNA-derived amplicon has a unique
restriction endonuclease site recognizedHgpCH4 111. This "universal" PCR primer
produced an amplicon with DNA extracted from dd@gd containing either bovine
meat and bone meal or pig blood meal. This desgribsimplified approach for the
detection of the prohibited species of concermenfeed ban.

PCR amplification of the nuclear 5S rDNA gene has bemsed for the
identification of goose and mule duck by multipl®XCR using common forward
primer and species-specific reverse primers (Radazgt al.,2001).

A sensitive method for the identification of bovjrmvine, swine and chicken-
specific mtDNA sequences based on PCR has been developed. Thedraditiws
the detection in concentrate mixtures of 0Df the target species derived material
(Kremar and Rencova, 2003)

PCR amplified a variable region of the mytd gene of vertebrate using
universal primers CYTbI/CYTb2, initially designedy bKocher et al. (1989)
complemented by RFLP analyses with endonucleBaéls Mbol, Hinf landAlul, to
achieve species identification % raw or processed food products containing one or
more meat species (Pascethl, 2004).

2.2.5 Real Time PCR

Thetraditional PCR based methods suffer from someditins. The methods
require post-PCR product separation by gel elebtiogsis, which is time-consuming.
With the advent of Real Time PCR, the techniquesimplified. Real Time PCR
detects PCR products using fluorescent probesDi¥A binding dye, such as SYBR
Green. Real-time PCR assays can be automated a&ndeasitive and rapid. It
eliminates the need for post-PCR processing, thusvemting carryover
contamination. More recently published reports haeeised on the use of Real Time
PCR for meat species identification.

Lahiff et al. (2002) described a Real Time PCR assay for thecteh of
bovine DNA extracted from meat and bone meal (MBl&linples. PCR primers were
used to amplify a 271-bp region of the mitochornldii@aPase 8—ATPase 6 gene, and a
fluorogenic probe (BOV1) labeled with aRAM reporter and a 3'AMRA quencher
was designed to specifically detect bovine PCR ycbodrhe specificity of the BOV1



probe for the detection of the bovine PCR produas wonfirmed by Southern blot
hybridization analysis of the probe with PCR pradugenerated from ovine, porcine,
and bovine genomic DNA extracted from blood andhwCR products generated
from genomic DNA extracted from single-species labary scale rendered MBM
samples. The specificity of the BOV1 probe was asaluated in real-time PCR
reactions including these genomic targets. Botthoas demonstrated that the BOV1
probe was specific for the detection of bovine R@8duct. The BOV1 probe had a
detection limit of 0.0001% bovine material by Sarthblot DNA probe hybridization
analysis and a detection limit of 0.001% bovineanat in the real-time PCR assay.

Sawyeret al. (2003) developed the method for quantitative meatistion,
which combined the use of Real Time PCR with sgeapecific and universal
primers to measure individual species content atal meat content respectively. A
comparison of the cycle number at which universal species specific PCR products
were first detected, in combination with the udereference standards of known
species content, was used as the basis for detagmine percentage of a given
species in a mixed sample.

Mendoza-Romeret al (2004) developed a semi quantitative method based
on real-timePCRfor detection of ruminant DNA, targeting an 88-lggmsent of the
ruminant short interspersed nuclear element Bov-Rils method was specific for
ruminants and was able to detect as little as 18 fwppvine DNA.

Andrecet al. (2005) developed six TagMan Real-Time PCR systasisg
minor groove binding (MGB) probes for the detectiprantitation of bovine, porcine,
lamb, chicken, turkey, and ostrich DNA in compleanmgples. Species-specific
amplification was achieved by combining only twadtogenic probes and 10
oligonucleotide primers targeting mitochondrial seaces, decreasing the cost of the
assay significantly. The limits of detection randgeain 0.03 to 0.80 pg of template
DNA. Analysis of experimental mixtures containingot to four different species
showed the suitability of the assay for detectibmore than 1% of pork, chicken, or
turkey and of more than 5% of cattle or lamb. Thargitation accuracy in samples
containing 10-100% of beef or pork DNA was clos@@é6.

Chisholnet al. (2005) developed Real Time PCR assays specifihidose
and donkey, applicable to the detection of low levef horse or donkey meat in
commercial products. Primers designed to the cytook b gene were 3' mismatched
to closely related and other species. The assays highly sensitive and detected
the presence of 1 pg of donkey template DNA or @%fohorse template DNA.

Renseet al. (2006) developed a novel real-time fluorescenttiplex PCR
assay for detecting and discriminating between nmviovine, and caprine
contaminates in cattle feed in a single PCR rure d$say used a single set of primers
and two sets of FRET probes targeting the rumispetific mitochondrial
cytochrome b gene. An internal control PCR reactiargeting a region of the
chloroplast RNA polymerase-subunit (rppgene, which is conserved among plants,
was incorporated into the ruminant multiplex PCRct@n in order to both monitor
the DNA extraction method and to test for the pmeseof PCR inhibitors. The
detection limit for bovine and ovine contaminatessvevaluated over a period of two
sets of six trials on 15 different types of catted and feed ingredients spiked with
known concentrations of bovine meat and bone nig8&IBM) and lamb meat and
bone meal (LMBM). The assay was able to detect%.08w BMBM contamination
and 0.1% w/w LMBM contamination in all samples aftte feed and feed ingredients
tested.

Andreo et al. (2006) evaluated Real-time uniplex and duplex RGBRays



with a SYBR Green | post-PCR melting curve analysis the identification and
guantification of bovine, porcine, horse, and walta DNA in food products.
Quantitative values were derived from thresholdke)(€t) data obtained from serial
dilutions of purified DNA. The limits of detectiom uniplex reactions were 0.04 pg
for porcine and wallaroo DNA and 0.4 pg for catded horse DNA. Species
specificity of the PCR products was tested by theniification of peaks in DNA
melting curves, measured as the decrease of SYB#NGl fluorescence at the
dissociation temperature. The peaks could be disished above the background
even at the lowest amount of template DNA detebiethe Ct method. The system
was also tested in duplex reactions, by use okeifiingle-species DNA or DNA
admixtures containing different shares of two spgcirhe minimum proportions of
each DNA species allowing the resolution of Tm eekthe duplex reactions were
5% (cattle or wallaroo) in cattle/wallaroo mixtures% porcine and 1% horse in
porcine/horse mixtures, 60% porcine and 1% wallaroporcine/wallaroo mixtures,
and 1% cattle and 5% horse in cattle/horse mixtukel®ss in the sensitivity of the
method was observed for some DNA combinations endtiplex assay. In contrast,
the results obtained from SYBR Green | uniplex auglex reactions with single-
species DNA were largely comparable to those obthipreviously with species-
specific TagMan probes, showing the suitability thiat simpler experimental
approach for large-scale analytical applications.

Feliginiet al. (2007) developed a Real-Time PCR assay to detéclvee-
specific mitochondrial DNA sequence in “buffalo” Mrzarella cheese by using
primers targeting the cytochrome oxidase subuniCOIl) gene. Hot-start PCR,
primer design, annealing and signal acquisitionpematures were exploited to obtain
reliable analytical conditions, which yielded a 32 amplicon from cow’s DNA
only. Water buffalo’s DNA didn’t originate any anmptation product. DNA isolated
from blood was used to test primers’ specificityl do construct a calibration curve in
order to quantify bovine DNA concentration in gavieg liquid. The method was
capable to detect low amounts, even down to 0.5vhgf cow’s DNA in governing
liquid.






CHAPTER-III
MATERIALS AND METHOD

3.1 Experimental Materials

Experimental materials for the present study cosegatiof randomly collected
meat samples from cattle, buffalo, sheep, and godtpoultry species. Ten samples
were collected from each species. The muscle safrpte cattle was collected from
biopsy at Department of Veterinary Surgery and Radiold@ygllege of Veterinary
Science and A.H., Anand. The meat samples of &pecies (viz., buffalo, sheep,
goat etc.) were collected from slaughter house,ndndhe Poultry muscle tissue
samples were collected from Department of VeteyinRathology, College of
Veterinary Science and A. H., Anand. The samplesewstored at —20C until
processing.

3.2.1 DNA Extraction from muscle tissue sample.

DNA from meat samples was extracted as per thelatdrprotocol described
by Ausubelet al.,(1987) with some modifications.

Muscle tissue (0.25 g) was taken and cut into srpetes with a sterile
scalpel and separated out for any adherent adifigsmee from it. The tissue pieces
were transferred into an autoclaved porcelain maental pastel. Liquid nitrogen was
poured into the mortar and the tissue pieces wioered to freeze. The tissue was
ground thoroughly with the frequent additions ofuid nitrogen. Liquid nitrogen was
poured in sufficient quantity into the mortar wheleirling.

The tissue homogenate was transferred into aestésilml tube and allowed
the liquid nitrogen to evaporate. 0.5 ml Lysis leuff ST (50mM Tris-HCI ,20MmM
EDTA, 100mM NaCl) was added the tube along witmg8d'/ml proteinase K and
SDS (10%) to make final concentration to 2%. Thembgenate was incubated for 12-
16 hours or overnight at 5. The incubated lysate was transferred to an fved
15 ml tube and equal volume 0.5 ml of Tris satwtaibenol (pH-8.0) was added and
mixed gently for 10 minutes. The lysate was therntrdeiged for 10 minutes at 10,000
rpm at 18 C. The supernatant was collected into the 2 mé tabd added half the
volume of Tris saturated phenol : chloroform: isgaicohol (25:24:1) and mixed
gently for 10 minutes and centrifuged for 10 minl&t000 rpm at 1%. Again, the
supernatant was collected into 2ml centrifuge tabd equal volume of chloroform:
isoamylalcohol (24:1) was added and mixed gentlylfbminutes and centrifuged for
10 minutes at 10,000 rpm at°5 The supernatant was collected into a fresh 2ml
centrifuge tube and 1/f0volume of 3M sodium acetate (pH 5.5) and equalma of
isopropyl alcohol was added. The DNA was precipdaby slowly swirling the tube.
Precipitated DNA was washed thrice with 70% ethdaaalemove excess salt and air
dried and dissolved in 208 volume of 0.3 x TE.

3. 2.2 Quantitation and quality assessment of DNA

Quality and purity of DNA were checked by submariagarose gel
electrophoresis on 0.8% agarose in 0.5X TBE (pH Buifer containing Ethidium
bromide (1%) @ 5ul/ 100 ml (Sambroek al, 1989). The wells were charged with
5ul of DNA preparations mixed with 1ul of 6X gel ading buffer dye.



Electrophoresis was carried out at 80V for 45 miroam temperature and DNA was
visualized under UV transilluminator gel documeittat{SynGene).

Quantity of DNA was estimated by spectrophotometnethod using
nanodrop. OD at 260 and 280 nm was taken usinglelistvater as reference. Purity
of DNA was judged on the basis of optical densdtjar at 260:280 nm. The samples
with acceptable purityi.€. ratio 1.7-2.0) were used for PCR.
3.2.3PCR

In the present study, the mitochondagt bgene was used for amplification.
(a) Template DNA

The DNA concentration was determined and sampleg wiuted up to the
final concentration of 30 ng/ul with MiliQ water @rstored at - 2. DNA was used
for PCR @ 1-3 pl. family
(b) Primers Used

A set of primers specific tayt b gene (Reaet al, 2001) was custom
synthesized at MWG-Biotech AG, Germany. The primeguences were derived
from thecyt bgene sequences from cattle and buffalo species.

The primer sequences are given below:

Table 3.1 Primer sequences used for duplex PCR

No.
S. | Primerlid Sequences (& 34t of
No. Bases

1. CONP -F-2| CTT CTT ATT CGC ATA CGC AAT CTT ACGTC 30

2. BOVP-R-2 | TGG AGG TGT GTA GTA GGG GGA TTA GAG CA| 29

3. BUFP-R-2 | GGC ATT GGC TGA ATG GCC GGAACATCATA | 29

The primers supplied in freeze-dried form were aligsd in miliQ water to
obtain desirable concentration (1pg/pl) and weréhér diluted in autoclaved MiliQ
water to obtain a final concentration of 10 pmole/u

The primers were mixed in different ratios for centional PCR, duplex
PCR and Real Time PCR. In conventional PCR, thegns were mixed in the ratio
of 1:1i.e. CONP-F-2: BOVP-R-2 for bovine and CONP-F-2: BUFR-Ror water
buffalo respectively. In duplex PCR the ratio ofnper mixing was 1: 0.5: 0.5 for
CONP-F-2: BOVP-R-2: BUFP-R-2. In uniplex Real TilrRER, the ratio 1: 1 and 1:
0.4 for CONP-F-2: BOVP-R-2 and CONP-F-2: BUFP-R-2swsed respectively. In
duplex Real Time PCR, ratio of 1: 1: 0.4 for CONR:BOVP-R-2: BUFP-R-2 was
used.
3.2.4.1 PCR Reaction

PCR was carried out in final reaction volume of 26in thermal cycler
(MyCycler, Bio-Rad, USA). Quantity and concentratiof various components used
for simple and duplex PCR were as per Table 3.8psSand conditions of thermal
cycling PCR were as per Table 3.4.

Table 3.3 Quantity and concentration of various comonents used in PCR

Sr. No. Components Quantity
1 PCR Master Mix (2X) 12,5l
' Catalog N0.K0710, MBI Fermentas) '

Forward Primer (10 pmat) 1yl
3. Reverse Primer (10 pmotj* 1l




Template DNA (30 ng/ul) 3 ul
Mili Q water 7.5 ul

For duplex PCR the reverse primers BOVP-R-2 and BBF2 were mixed in
0.5: 0.5 ratios.
Table 3.4 Thermal cycling protocol for conventionaknd duplex PCR

Cycling conditions

N Final
Initial . Denaturation | Annealing | Extension| extension
denaturation
95°C 95°C 56- 64°C* | 72°C f2°c
9 min 30 sec 30 sec 30 sec 3min

Repeated for 35 cycles

* PCR reactions were optimized with respect to anmgatmperatures at 85, 57C,
59°C, 62°C and 64cC.
Master Mix was prepared for one additional sanpleover pipetting error.
All reactions were carried out in 0.2 ml thin wRICR tubes. PCR tubes containing
mixture were tapped gently and briefly spinned @0Q0 rpm for few seconds .The
tubes were placed in a thermal cydiyCycler, Bio-Rad, USA) and cycling reaction
was performed as per the programme set.
3.2.4.2 PCR amplification
To confirm the targeted PCR amplification, fivkeof the PCR products from each
tube was mixed with on@ of 6X gel loading buffer and electrophoresed glon
with DNA molecular weight marker (Gene Ruler, MBirfmentas) on 2.0%
agarose gel containing ethidium bromide (at the o&t0.5mg/ml of gel solution)
at constant 80V for 30 min in 0.5 X TBE buffer. Tamplified product was
visualized as a single compact band of expectedwider UV light and
documented by gel documentation system (SynGenge Genius Biolmaging
System,UK).

3.2.5RealTime PCR

To detect PCR amplification in Real Time and toed®ine the level of
adulteration of cattle meat in buffalo meat Reah@&iPCR based on SYBR Green |
fluorescent dye was employed.

Extracted DNA of cattle and buffalo meat samplesenmixed in following
ratios: 1:1, 1:10, 1:100, 1:1000 and 1:10000 retspyg and were subjected to real-
time PCR based on SYBR Green | using same prinies (gable 3.1).

3.2.5.1 Real-Time PCR based on SYBR Green | dye

Real-Time PCR based on SYBR Green | was carriedirodinal reaction
volume of 25 pl in 7500 Real-Time sequence-detactsgystem from Applied
Biosystems. Quantity and concentration of variausgonents used for assay were as
per Table 3.5. Steps and conditions of thermal iogclere as per Table 3.6.
Fluorescence was measured once every cycle alexxiension step using filters for
SYBR Green (excitation at 492 nm and emission & B3). Upon completion of



Real-Time PCR run, data were automatically analyeednelt curve by 7500 system
Sequence Detection Software (SDS)

Table 3.5 Quantity and concentration of various comonents used in
Real-Time PCR based on SYBR Green |

Real-time
Sr. No. Components PCR based on
SYBR Green |
1. QuantiTect" SYBR Green PCR 12.5 pl
master mix (2X)
2. Forward Primer (10 pmati) 1.0 ul
3. Reverse Primer (10 pmoi)* 1.0 pul
4. Template DNA 3 ul
5. QuantiTect DNAse Free water 7.5 ul

* In buffalo specific uniplex reaction 4pm of regerprimer (BUFP-R-2) was
used. In duplex reaction the ratio of 1: 0.4 for\BBR-2: BUFP-R-2 was used.

Table 3.6 Steps and conditions of thermal cyclingf real-time PCR based on
SYBR Green | dye.

Cycling conditions

N Final
Initial . Denaturation | Annealing | Extension extension
denaturation
95°C 95°C 64°C 72°C 72°-C
9 min 30 sec 30 sec 33 sec 3min

Repeated for 35 cycles

3.2.6 Real-Time PCR detection
DNA detection was performed by amplification bge of the real-time

sequence-detection system 7500 from Applied Biesyst Readings were taken
every cycle, and the logarithm of the incremenrftunrescence was plotted versus the
cycle number. The threshold level was fixed atgame mid exponential position for
all runs. The dissociation curves of the PCR prtglueere monitored on the same
instrument, and the derivatives of fluorescenceeshere plotted.

Targeted amplification on Real Time PCR was corgdmby agar gel
electrophoresis of PCR products.






CHAPTER IV
RESULTS AND DISCUSSION

Development of simple and authentic method for ctatg the species origin
of a wide variety of meat continues to be a majailenge before the meat analysists.
Differentiation of meat species from mixed meatmsgortant for various reasons viz.,
consumer choice, health reasons and religious meadturther, there is fraudulent
practice of mixing costlier meat with the cheapéeraative. In India, the prime
concern remains with adulteration of cattle medhwhe buffalo meat. Inspite of ban,
cattle is slaughtered and illegally adulteratechviatiffalo meat for economic reasons.
Hence, proper meat identification methods are reduiespecially for cattle and
buffalo for preventing the illegal practice. Untibw, a vast array of techniques has
been developed for this purpose, each beset vétbviin limitations. These can be
broadly divided into protein-based methods andeiaacid based techniques.

Nucleic acid based techniques; popularly known adeoular techniques
involve the DNA analysis. Analysis of DNA, rathdran protein has been exploited
for species identification due to its stability lagh temperatures and its conserved
structure within all tissues of an individual. DNbased techniques have been further
simplified and benefited from introduction of PCR.

Various strategies have been adopted in attemptingse PCR for genome
analysis and speciation purposes. Fairbroghet. (1998) used conserved region from
actin multigene family as a target for PCR to d#f&iate various livestock species.
This produced multi-band patterns for each speditesvever, DNA hybridization
was required for confirmation which is labour akdl ®riented and time consuming.

Primers containing arbitrary nucleotide sequenee® been used in RAPD to
generate numerous amplified products from anonynsdas throughout the genome,
which can give characteristic band patterns on ajettrophoresis. Calvet al
(2001a) used RAPD- PCR for qualitative pate spegiatThe method was found
successful in detecting the pate species compositBut, the method was not
quantitative. Further, RAPD suffers from its inh@raature of non reproducibility.

The other PCR based methods include RFLP analysiBGR amplified
genomic regions. Chikumt al. (1994) used\pa | enzyme for PCR analysis targeting
sheep satellite DNA for the successful differemtiatof sheep and goat meat from
bovine meat. Guolet al (1999) usedHae Il enzyme for PCR RFLP analysis for
identification of beef by targeting bovine satellDNA. Chenget al (2003) detected
bovine, chicken, porcine and ovine meat bone meahimal diets usingiph I, Mn
[I, Ssp landHind Il enzymes for PCR RFLP analysis. PCR-PFLP basedaoaeth
required restriction by multiple endonucleases iftentiate common food animal
species.

Certain methods used mitochondrial region as eetday PCR. Rodrigueet
al. (2003) developed PCR assay for the detection ¥, fieeef, sheep and goat in raw
and heat treated meat mixtures using mt 12S rRN#e gBut, again, the length of
amplicons needed confirmation by sequencing. Defigation of closely related
species of turkey and chicken based on PCR anwgtiific of cytochrome b region
was attempted by Hirdt al (2003) but was found qualitative and not quatitiéa

PCR based method involving species specific rapetdequences have also
been developed. Based on this method Catwl (2001b) successfully attempted for



the identification of pork in processed and unpsseel food. However, the method
was found to be only partially quantitative.

Although these methods were successful in detectirdjfferentiating related
meat species, none of these methods focused @ratiffation of buffalo meat from
cattle meat. This might probably be due to theardbat buffalo is not an animal of
prime importance in European countries. In Indimmtext mixing of cattle meat
among buffalo meat is not uncommon. In severakstdkegal slaughter of cow and
cow family and adulteration of their meat in buffaheat is a sensitive issue as there
is ban on cattle slaughter. Hence, it is imperatiee develop a method for
differentiation of cattle and buffalo meats.

Only a few studies addressed differentiation ofleaheat from buffalo meat.
Rajapakshaet al. (2003) usedcyt b gene amplification for the differentiation of
buffalo meat from other meats. A 242 bp band wasdoonly in case of buffalo meat
and none other meat. Earlier studies carried oubun lab include actin gene
(Thumbar, 2000) and cytochrome b (Jainal, 2007) based approach. Both these
studies although could give different band pattdonscommon meat species but not
cattle and buffalo. Probably, there is a singlerafit wherein species of origin (cattle
and buffalo) is delineated from mixed milk. Re& al. (2001) usedcyt b gene
amplification for differentiation of cattle and hafo milk. Hence, in the present study
an attempt is made to develop a method suitabladeanced laboratory like, forensic
lab.

PCR based methods are very sensitive but they reequast-PCR product
separation by gel electrophoresis and more imptlytahey are not quantitative,
although several studies have described detecfimery low amount of DNA from
one species in another successfully but are niotlgtquantitative.Real-Time PCR
does not only depicts amplification in real timen(bne or live), but is also a
guantitative one. Hence, the present study focaseslifferentiation of cattle and
buffalo meats using Real-Time PCR
4.1 Amplification of cyt bgene by PCR

Use of cyt b gene amplification for meat species identificatioffers a
promising strategy asyt b sequences are good tools for studying phylogenefics
closely related species. The variable regions & &yt b gene offer two main
advantages:(a) mt DNA is present in thousands piesoper cell (as many as 2,500
copies), especially in the case of post - mitotgsues such as skeletal muscle
(Greenwood and Paboo, 1999). This increase theapility of achieving a positive
result even in the case of samples suffering sebda fragmentation due to intense
processing conditions (Bellagambkea al., 2001) and (b) the large variability of mt
DNA targets as compared with nuclear sequenceétddes the discrimination of
closely related animal species even in the caseixilire of species (Hopwocet al.,
1999 and Pradet al.,2002)

To develop a DNA based test it requires nucleosielguence information for
the species of interest. Unfortunately, buffalgpisbably the least explored livestock
species with respect to its genomic studies andcéhecomparatively very fewer
sequences have been deposited i.e 17 in the Gerddao&mpared to other domestic
animals. There are only a couple of studies desgilyene sequences of the
homologous regions agyt bin cattle and buffalo. One by Res al., (2001) was
specifically selected, as the primers describethbyn yielded PCR fragments of less
than 200 bp which could be suitable target for Reale PCR.

So, thecyt b gene fragments were amplified from DNAs of meat glas
using species-specific primers by conventional doglex PCR to identify meat



species (either cattle or buffalo).

4.1.1 Uniplex PCR

Initially a forward primer SIM designed by Matsumaget al, (1999 was
used with the cattle and buffalo specific revepseners designed by Rest al.
(2001) in the PCR amplification. This resulted mification of 890 bp and 930 bp
fragments from bovine and buffalo DNA respectivatyexpected from the alignment
of primer sequences with that reported by Andesesoal. (1982) (Plate 1).This was
replicated on ten different meat samples from eattld buffalo. But, the results were
not consistent. Many a times, it failed to giveidss amplification. Moreover, due to
large amplicon size, it could not be converted Re&al Time PCR.

To verify theapplicability of theprimers used byrReaet al. (2001) on Indian
cattle and buffalo meat, the same set of primergwsed in the present study with a
view to reveal any cross-reactivity. When the prisneere used in species specific
pair on cattle and buffalo DNA separately, the P@Rwplified the targetyt b gene
sequences very prominently in a species specificnerai.e. 113 bp in cattle and 152
in buffalo. This however, gave cross- species amplificationasd resulted into non-
specific amplification. Buffalo specific amplicorl52 bp) was amplified, when
buffalo specific reverse primer was used with eaINA and cattle specific amplicon
(113 bp) was amplified when cattle specific revenses used with buffalo DNA
(Plate 2). Surprisingly, this was the result obtained difféarlom Reaet al. (2001)
who obtained the fragments of the expected lengpiecific for each of the two
species, with no cross-reactions among primersaamoing all the tested species. To
rule out cross-species amplification, the PCR dimas were optimized with respect
to annealing temperature. The experiment was refdeaith increasing annealing
temperature gradually from %8 onward till the melting temperature of the prirer
64°C. Cross species amplification and non- specifipliivation could successfully
be ruled out at 6€ and only species-specific amplicons were obtaine@spective
speciegPlates 3- 6) As the primers were intended to be used for dieteof specific
meat from the mixed meats, the primers were tested-by -one on cattle -buffalo
mixed DNA. At optimized conditions the primers gawmly species specific
amplification even from mixed meats proving thefubeess of this set of primers.
The cattle specific primers amplified only cattim@icon (113 bp) on mixed meats
and the buffalo specific primers amplified only fald amplicon (152 bp) on mixed
meatg(Plate 6).

This primer set was used to ampldyt b gene from other meat species viz.,
sheep, goat and chicken. No, amplification was feskin any of the specié€Plate
7).

Matsunageet al, (1999 used multiplex PCR to identify six meats (cattleg, pi
chicken, sheep, goat and horse). A common forwardep SIM was designed on a
conserved DNA sequence in the oyt b gene, and reverse primers on species-
specific DNA sequences for each species. By mis@gen primers in appropriate
ratios, species-specific DNA fragments could benidfied by only one multiplex
PCR. PCR primers were designed to give differengtle fragments from the six
meats. Semi quantitative analysis was found passibl beef and pork mixture.
However, quantitative amplification was found ur=essful for other species.
Moreover, the study did not include buffalo species

Reaet al. (2001) developed the duplex-PCR to identify bovarel water
buffalo DNA in a single PCR assay in milk and mae#ia cheese (a typical Italian
cheese, originally made from pure water buffalokinilThis set was designed for



amplifying 113 bp and 152 bp fragments from bovered water buffalo DNA
respectively by PCR. The detection limit of the hoet was also tested by PCR on the
mixture of cattle and water buffalo milk DNA. Theethod was found effective in
evaluation of the mixture of cattle and water bilaffanilk DNA showing the
possibility of detecting down to 1% of DNA from Ihospecies. But, this study was
based on DNA extracted from milk and not meat.

So, Reeet al. (2001) method was verified on Indian cattle andddafmeat and
then converted into Real Time PCR.

Primers used by Rest al. (2001) were designed within the cytochrome b gene
region of the mitochondrial DNA.  The common fordiaprimer included the
sequence which was common in both cattle and lmuffpécies. The forward primer
(CONPF- 2) designed in part from the bovine andgamt from the water buffalo
sequence, was chosen as the common primer. Theessgecific reverse primers,
BOVP-R-2 for bovine and BUFP-R-2 for water buffalwere designed from the
sequences which differed in cattle and buffalo.is®et was designed for amplifying
113 bp and 152 bp fragments from bovine and watéfalo DNA respectively by
PCR.
4.1.2Duplex PCR

Having confirmed species specificity of each primedependently by
conventional PCR, a duplex PCR was designed byngmiihe primers in a single
reaction. In the duplex PCR, a primer cocktail eamihg the common forward primer
along with cattle and buffalo specific reverse mimmwas used on cattle and buffalo
DNA separately. This gave species-specific amplifan on cattle and buffalo meats
independently at 6€. Further sheep, goat and chicken DNA did not give any
amplification with primer cocktail. Finally, the dlex PCR containing primer
cocktail was evaluated on mixed meats. The rebolived simultaneous amplification
from both the meat speciéBlates 8-11) However, the buffalo specific band (152 bp)
consistently being more intense than that of céttl& bp).

4.2 Real Time PCR

This is a closed tube method, which enables prodaohation to be
monitored during the course of reaction, in “reale’. Real Time PCR either uses
non-specific dye like SYBR —Green or sequence $ipeprobe chemistries, viz.,
Tagman probe, Scorpian probe, Hybridization prddelecular beacons etc. In the
present study, Real Time PCR based on SYBR- Grgerclemistry was used. The
advantages of using SYBR-Green | chemistry overMay probes chemistry is its
relative simplicity and reduced cost of SYBR-Grédezsompared to TagMan probes.
Detection is based on the binding of the SYBR-Griegye into double stranded PCR
products, which is a sequence independent process.

4.2.1 Uniplex Real Time PCR

Once optimized the detection of either cattle offdda meat in the mixed
meat usingcytochrome kgene, the PCR was converted to Real Time PCR img us
SYBR Green dye. Real Time PCR was run to test geeiss specificity of these
primers. Thus, two such PCRs one for each speaitle and buffalo was formulated
and were run on respective species. At lower amgaémperature (@6:), Cross
species amplification was observed as expected fin@mesults of conventional PCR.
Hence, to make the detection more specific andule put the cross species
amplification, the reactions were optimized wittspect to annealing temperatures
starting from 58C onwards. At 6%C no cross-species amplification was observed.
Thus, cattle reverse primer produced only cattlecsie amplification and melting
peak at 76.0 to 76°@ and no buffalo specific amplification and meltipgak when



cattle DNA was used as template. Similarly, buffedwerse primer produced only
buffalo specific amplification and melting peak 28.0 to 78.4°C and no cattle

specific amplification and melting peak when buffadNA was used as template.
Further, buffalo specific primers did not producs amplification on cattle DNA and

vice versashowing species specificity and no cross-specrgdification (Graph 1).

Buffalo specific amplicon however, was found to mere fluorescent than
cattle specific amplicon at equal concentrationo, ® improve the detection, the
reaction was optimized with respect to primer comieion. The concentration of
buffalo reverse primer was reduced to 4 pm as agaih pm of cattle reverse primer
along with 10 pm of common forward primer in theRRT his resulted in satisfactory
fluorescence of amplicons

Further, when primers tested on sheep, goat amtteimeat DNA, it did not
give any amplification even at lower annealing tenapure(Graph 2).

Amplification was confirmed by melt curve analysihie melt curve profiles
obtained from the real time PCR products of catid buffalo DNA are shown in
Graph 3. Peak was observed at the melting temperaturd$.é!C and 78.2C in
case of cattle and buffalo DNA respectively. No lpaas observed in other species
DNA (Graph 4).

A Real —Time PCR for the identification of cattldlknin buffalo milk has
recently been reported. Feligiet al. (2007) developed a Real-Time PCR assay to
detect a bovine-specific mitochondrial DNA sequerioe “buffalo” Mozzarella
cheese. The reaction was carried out using BT3/Bdvine-specific primer pair.
SYBR Green | fluorescent dye was used to moniter dmplification of a 134-bp
fragment in CO1 gene from mitochondrial bovine DNHot-start PCR, primer
design, annealing and signal acquisition tempeeatuere exploited to obtain reliable
analytical conditions, which yielded a 134-bp amat from cow’s DNA only. Water
buffalo’s DNA didn’t originate any amplification pduct. This method could detect
bovine DNA from governing liquid samples low dowmnthe limit of 0.5 ng /.
4.2.2Duplex Real Time PCR

Assuming that 7, differences of 2 may allow discrimination of the PCR
products, it was possible to arrange for duplextiea. A Im of common forward
primer along with il of cattle and buffalo reverse primers in 1:0.4icavere
incorporated in 251 volume Real-Time PCR. The duplex Real-Time PCBwsd
cattle specific melting peak at 76.0 to P&4and buffalo specific peak at 78.0 to
78.£C when cattle or buffalo DNA respectively was usedtemplate making the
identification of a particular species unambiguous.

The duplex Real-Time PCR when used on cattle arithlbumixed DNA it
exhibited cattle and buffalo specific two partiatherged peaks in the same reaction
exhibiting a broader peatGraph 5). These peaks were observed at the melting
temperatures of 76.2 and 78.2 in case of cattlebarfihilo DNA respectively which
were confirmed by agarose gel electrophoresis.

Andreo et al. (2006) evaluated Real-Time uniplex and duplex magase
chain reaction assays with a SYBR Green | post-R@Ring curve analysis for the
identification and quantification of bovine, porejrhorse, and wallaroo DNA in food
products. Species specificity of the PCR produds tested by the identification of
peaks in DNA melting curves, measured as the dsere#f SYBR Green |
fluorescence at the dissociation temperature. Mpgaks were observed for each
uniplex reaction at 40 ng of template DNA at thdtmg temperatures 74.0 (cattle),
72.8 (pork), 76.0 (wallaroo), and 79@ (horse).



The specificity of the melting curve analysis wasessed .The melting curve
results indicated that the position and specifioitythe peaks are not affected by the
presence of non-target DNA. when a mixture of DNAni different species was
present in the PCR. They ran duplex Real Time PGiRguas template the four-
species (bovine, porcine, horse, and wallaroo) =tlme containing 20 ng of each
DNA.

They also detected and discriminated DNA from hawse wallaroo in mixed-
template duplex reactions by comparing the meltngves obtained from the PCR
products. The total amount of DNA in the mixtureaswd0 ng. The melting curves
displayed peaks at tHem expected for each species. The higfA@estdeviation from
the uniplex reaction was observed in wallaroo- paiktures, with an averagém
downshift of 0.65:0.07 °C for wallaroo
4.3 Detection limits of DNA samples

There is fraudulent practice of mixing cattle meabuffalo meat. So, once
species-specific amplifications were optimized iixed meats, Real Time PCR was
used to assess the level of adulteration of cai#lat in buffalo meat. DNA samples of
cattle and buffalo meat were mixed in ratios of, 110, 1:100, 1:1000, and 1:10,000
respectively. When cattle and buffalo meat was ohike the ratio of 1:1, cattle
(76.2C) and buffalo (78°C) specific peaks merged to give a broader peaknei
curve analysis. But on all further ratios (i.el@to 1:1000) cattle specific amplicon
peaked much lower and hence shadowed under mdfatdapecific peak at 78°C.
(Graph 6). This posed a limit in detecting mixed meats belyd:10 ratios. To
overcome this problem, another Real-Time PCR usiilg cattle specific reverse was
required to amplify cattle genome in these ratids cattle specific Real-Time PCR
successfully amplified cattle sequences at alr#ties except 1:10,000 in quantitative
mannerGraph 7a).

At 1:10,000 ratio only buffalo specific peak wagabed when duplex Real-
Time PCR was attempted. To verify presence of eafplecific template, the mixed
template was amplified with cattle specific primetdowever, this yielded no
amplification (Graph. 7b). This confirmed that both of the species continteedive
amplification up to 1:1000 ratios of admixture. Hower, at 1:10000 ratios, only
buffalo species gave amplification. Thus, duplexalR&ime PCR was found
successful in detecting upto 1:1000 ratio of caittke buffalo DNA admixture. In
absolute quantity this comes to detection of 9 fogattle DNA adulterated in buffalo
DNA.

Andreo et al. (2006) assessed the level of adulteration in &sef DNA
mixtures, containing (in percentage) 1/99, 5/95, 4@, 40/60, 50/50, 60/40, 90/10,
95/5, and 99/1 ratios of cattle/ horse, cattle/aralb, pork/horse, and pork/wallaroo
by using duplex Real Time PCR. The smaller perggntlowing identification of
the peaks in double-species duplex reactions waebkshed as follows: 5% (cattle
or wallaroo) in cattle/ wallaroo mixtures, 5% paskd 1% horse in porcine/horse
mixtures, 60% pork and 1% wallaroo in porcine/waémixtures, and 1% cattle and
5% horse in cattle/horse mixtures. In all cases,cb¥tesponded to 0.4 ng of DNA.
This study did not include DNA from buffalo meathus, the current method is much
more sensitive than one reported by an Aneteal. (2006).

4.4 Validation Method

The results obtained from the Real Time PCR westetk on atleast 10
different meat samples purchased randomly from meaket and cattle —buffalo
meat mix prepared in the lab. The test was fouraktoeproducibly specific on all the
samples.






CHAPTER-V
SUMMARY AND CONCLUSIONS

Identification of meat species particularly catiled buffalo is imperative for
number of reasons. There are several publishedesta@scribing identification and
differentiation of animal species in raw meat anelaimproducts through PCR based
methods. However, information on differentiationaatttle and buffalo meats is very
limited. Hence, the present study was carried toutlevelop a method to distinguish
cattle and buffalo meat species by Real Time PGRyusyt b gene variability.

Meat samples (ten each) from cattle, buffalo, sheeat and chicken were
procured from slaughter house /market or obtaihesligh biopsy.

Genomic DNA was extracted using the method desdriine Ausubelet al.
(1987) with some modifications. The quality and mfitg was checked by nanodrop
and by running on 0.8% agarose gel.

Initially, PCR based amplification of cyt b gene fdifferentiation of cattle
and buffalo DNA reported by Reat al. (2001) was attempted on cattle, buffalo,
sheep, goat and chicken meat DNA using the PCRIitonsl described by them. This
amplified the target cyt b gene prominently in leatind buffalo species. However,
cross species amplification was observed. To ehminthis cross species
amplification, PCR reaction was optimized with resfpto annealing temperature. At
64°C annealing temperature, no cross species ampiificavas observed. 113 and
152 bp fragments were amplified from cattle andddafmeat DNA respectively. The
above primer pair was used to amplify cygdne from other species viz., sheep, goat
and chicken. No amplification was observed in ahthe species. After the species
specificity of each primer was confirmed indeperijeiy conventional PCR, a
duplex PCR was designed by mixing the primers single reaction but targeting
DNA of single species. The ratio of primer mixingasv10: 5: 5 (pg) for forward:
cattle: buffalo specific reverse primers permR®f PCR reaction mixture. PCR
cycling protocol included initial denaturation a8°C for 9 minutes, then followed by
35 cycles of 9% for 30 seconds, 86 for 30 seconds, 7€ for 30 seconds and final
extension at 7Z for 3 minutes. The duplex PCR amplified fragmespecific to
cattle (113 bp) and buffalo (152 bp) when eithetlear buffalo DNA was used as
template. The duplex PCR amplified both fragmentsukaneously when cattle and
buffalo DNA mix (in 1: 1 ratio) was used as templaDther species i.e. sheep, goat
and chicken did not give any amplification.

As the amplicon size of cyteene based PCR was within 100- 200 bp range,
it was a good target to convert into Real Time PERnce, a Real Time PCR was
formulated using SYBR Green dye. A Real Time PCRafoplification of cattle and
buffalo specific cyt b fragment included: QuantT® SYBR Green PCR master mix
(2X), forward Primer CONP-F-2, reverse Primers (BOR-2 BUFP-R-2), template
DNA, and QuantiTect DNAse Free water. Amplificatiowas detected by
amplification curve and confirmed on melting cuarelysis.

In uniplex Real Time PCR, ratio of primer mixing svd0: 10 (in pg) for
common forward: cattle specific reverse primer auwmmon forward: buffalo
specific reverse primer for cattle and buffalo sfieaeactions respectivelyPCR
cycling protocol was kept same as described abbwis. resulted in species-specific
melting peaks at 76°Z and 78.2C for cattle and buffalo respectively. But, the
buffalo specific amplicons were found more fluoersc So, the primer concentration



of buffalo reverse primer was reduced to 4 pm 3ei 8f PCR reaction mixture. This
resulted in satisfactory fluorescence of buffaleafic amplicons.

Assuming that 7, differences of 2C may allow discrimination of the PCR
products, a duplex PCR was devised. The primerg weked in the ratio of 1: 1:
0.4(inm, eachni containing 10 prpfor CONP- F- 2: BOVP- R-2: BUFP- R-Zhis
amplified fragments specific to each species producharacteristic peak pattern.
When cattle and buffalo mixed DNA was amplifiedngsimixed reverse, cattle and
buffalo specific peaks were observed in the saraetian, which merged to give a
broader peak. However, it was possible to diffeed@tboth the peaks.

Real Time PCR was used to assess the level ofeadtitin of cattle meat in
buffalo meat. DNA samples of cattle and buffalcatneere mixed in ratios of 1:1, 1:
10, 1: 100 and 1: 1000. Two peaks that mergedv® ane broad peak were observed
in 1: 1 ratio of admixture. In other ratios, onlyffalo specific peak at 78Z was
observed. To confirm, whether cattle DNA was anmadifor not, these ratios were
amplified using cattle specific primers. This reéedl in cattle specific amplicons
confirming that cattle DNA was being amplified tdgut, due to low concentration of
cattle DNA the cattle specific peak was shadowetkumajor peak of buffalo.

Further, 1: 10,000 ratio was amplified using a cannfiorward primer and
mixed reverse primers. Again a buffalo specific tinglpeak at 78°2C was observed.
On cattle specific Real Time PCR of mixed DNA, rattle specific amplification was
observed putting the detection limit of cattle Diddulterated in buffalo DNA up to
1: 1000 ratio. In absolute quantity duplex PCRIdaletect up to 9 pg of cattle DNA
adulterated in buffalo DNA.

CONCLUSIONS

Following conclusion could be drawn from presentgt

1. Using previously described primers a duplex PCRjeing acyt b gene at
optimized condition could detect unambiguously leatbr buffalo meat
individually and in mixed form.

2. A Real-Time PCR using SYBR green dye could be fdated from the results of
conventional PCR which also detected cattle andalmiDNA individually and
when in mixed form.

3. Real-Time PCR could detect cattle DNA 1 in 1000t pabuffalo DNA. Thus, it
is possible to detect up to @ of cattle DNA mixed in buffalo DNA. However it
required duplex PCR followed by a cattle specif@aRTime amplification.
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Plate-1: Agarose gel electrophoresis of cyt b gene fragment amplified in
cattle and buffalo.
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Platc-3: Agarose gel electrophoresis of cyt b gene fragment amplified in cattle and
buffalo. Ta- 57°C. Cross specics amplification visible in lanes 1, 2 and 4- 6.



Plate-4: Agarose gel electrophoresis of cyt b gene fragment amplified in cattle
and buffalo. Ta- 59°C. Cross species amplification visible in lanes 2 and 3.

Plate- 5: Agarose gel electrophoresis of cyt b gene fragment amplified in cattle
and buffalo. Ta- 61°C. Cross species amplification visible in lanes 1 and 2.



Plate-4: Agarose gel electrophoresis of cyt b gene fragment amplified in cattle
and buffalo. Ta- 59°C. Cross species amplification visible in lanes 2 and 3.

Plate- 5: Agarose gel electrophoresis of cyt b gene fragment amplified in cattle
and buffalo. Ta- 61°C. Cross species amplification visible in lanes 1 and 2.



Plate- 8: Agarose gel electrophoresis of cyt b gene fragment amplified by
duplex PCR in cattle and buffalo. Ta- 55°C. Cross species amplification
visible in lanes 2 and 3.

Plate 9: Agarose gel electrophoresis of cyt b gene fragment amplified by
duplex PCR in cattle and buffalo. Ta- 57°C. Cross species amplification
visible in lanes 2 and 3.



Plate- 11: Agarose gel electrophoresis of cyt b gene fragment amplified by duplex
PCR in cattle and buffalo. Ta- 64°C. No cross species amplification is visible in
lanes 2 and 3.
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Graph. 1 Real Time PCR amplification graph of cytb gene fragment
showing no cross species amplification in cattlend buffalo meat DNA

Buffalo
/ 78.2

Graph. 2 Melt curve analysis of cyt b gene in catl and buffalo meat DNA
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Graph 3. Real Time PCR amplification graph of cytb gene fragment
from sheep, goat and chicken meat DNA

Negative
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Graph. 4 Melt curve analysis of cyt b gene in sheegoat and chicken
meat DNA
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Graph. 5 Melt curve analysis of cyt b gene in ca#l, buffalo and mixed
meat DNA
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Graph. 6 Melt curve analysis of cyt b gene in 1: 1Q.: 100, 1: 1000 and
1: 10000 ratios of cattle and buffalo meat DNA adimture
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Graph 7a. Real Time PCR amplification graph of cyb gene fragment
from mixed meat DNA (1:1, 1: 10, 1: 100) with cat# specific reverse primer
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Graph. 7b Real Time PCR amplification graph of cytb gene fragment
from mixed meat DNA (1:100, 1: 1000, 1: 10000) witbattle specific reverse
primer



