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Abstract: Polymerase chain reaction (PCR) as a scientifientien, has revolutionized molecular biology and te
real-time PCR and later, real-time reverse traption PCR (Real-Time RT-PCR). These two techniceregble scientists
to conduct PCR detection of amplified gene prodactd expression analysis of targeted genes. Qatwveitpolymerase
chain reaction (qPCR), also called real-time polsase chain reaction, is a recent modification taRP@at utilizes
fluorescent reporter molecular techniques to moriite production of amplified products during easfcle of the PCR
reaction, and enables both detection and quarntditaf specific sequences in complex mixtures. IGbe past decade,
real-time PCR applications have rapidly changed rihture of molecular science and become widely usets in
molecular genetics research. Real-time PCR pespisific, sensitive and reproducible manipulatibmacleic acids by
combining the nucleic acid amplification and detatssteps using gel electrophoresis. Hence, it atratiminates the need
for DNA sequencing or Southern blotting for amptiddentification. One of the many versions of PGRdal-time RT-
PCR which has become one of the most broadly used gmplification and expression methods in moschiology
research. Real-time RT-PCR is commonly employeddigscover RNA expression levels through the creatadn
complimentary DNA (cDNA) transcripts from RNA, ardis frequently confused with real-time PCR. Fodatbelling
provides very important information to help botlogucers and consumers to make informed choicest disaithier and
safer food. The process that information from aegsnused in the synthesis of a functional genelyebis called gene
expression. It enables scientists decipher thetifumg of genes. Food labelling and gene expresaienfundamental to
studying the relationships between the human genomgition and health in a relatively new speahliield called
nutritional genomics. Nutritional genomics is exigecto revolutionize the way health professionald dieticians treat
people in the future. Thus, it is anticipated ttte# focus of nutritional genomics research willthe future, shift to
determining the right type of food for an individieased on his or her genomic compatibility andefae aid in avoiding
foods that are an inappropriate match and couldrpiatly impact negatively on the individual’s hiémlThis paper reviews
the importance and power of real-time PCR applicath food labelling and nutritional genomics, tgpef fluorescent-
based chemistry procedures developed for real-f®@® detection, real-time RT-PCR application in gemeression
studies and the great potential of combining thesknologies for animal molecular genetics reseersheep and fish.
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1. Introduction

Kary Mullis in 1984 made a revolution in science byprimer creates a complimentary strand through aesstépl
inventing the polymerase chain reaction (PCR)[IERP addition of deoxynucleotides [2, 3]. This process i
utilizes a pair of primers, each hybridizing to steand of summarized in the following steps (i) at > 90°Ceg th
a double-stranded DNA target, with the pair spagrén double-stranded DNA is separated (ii) at 50-75°@ner
region that is exponentially reproduced. The hyibed annealing occurs, and (iii) at 72-78°C optimal egten is
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achieved as depicted in Fig. 1 [2-4]. 11], just as much as the addition of mixed milkdairy
products occurs in the dairy industry [12]. In arde
100 benaturstion ensure food safety for consumers who may haveifgpec

food allergies and to gain consumers’ trust as veall
minimize possible economic losses, several analytic
methods have been developed to verify food labeling
statements [10-12].
In the past few years, protein-based methods and DN
- analysis have been used to correctly label foodlymts.
4 R However, protein-based methods have had limitedessc
in cooked meat products due to protein denaturatioing
o \/\ processing heat and pressure [11, 12]. On the dthed,
7 due to the high stability and unique variability BNA
1 % \/\ molecules, they have been used as target compdonds
—t— cyidmim L species identification [10, 11]. Among DNA-basedtaoels,
PCR techniques are highly accurate and relativabt, f
Figure1. The PCRcycle. hence their successful applications in the meat daidy
industries [10-12]. However, conventional PCR mdtho
pear to lack quantitative capabilities.
In the recent past, the need for methods giving
) . .~ gquantitative results has grown following the intotion of
data with promising res.ults [1'.3].' However, eleptioresis labeling obligations made by Authorized Food Coantro
of th? nucle_lc acids using ethidium bfo”_"de andiaisor Agencies [10, 11]. Among PCR-based methods which
Qens_|tqmetr|c analysns .Of the resqltlng bar_@s afte|rnonitor the exponential amplification of target-sifie
|rrad|a_t|on by ultr.qwolet light are required foraditional DNA, Real-Time PCR has demonstrated the highest
detection of amplified DNA [3, 5, 6]. improvement in increased fluorescence signal [1013].
In c_ontrast to .convent|o.nal assays, the thgory_hasf Y A number of studies have successfully developett rea
detection of _amp_llcons by visualization as.the am?""” time PCR methods for the food and dairy industries:.
progresses, is highly regarded [2, 3]. This metibn to example, TagMan-based real-time PCR methods for the

PCR is called real-time or quantitative polymerabain detection and separation of chicken from turkev i@
reaction (qPCR) [2, 7], and was first introducedHbiguchi . and distinguishing between pork, chicken, beef,{mﬁinlj

and colleagues. in 1992 [Z]Z. Rqal—tlme PC.R. p?rm't%orse meat [11], have been published. Furthermore,
acpurqte detection an_d quantification of specmﬂclelc multiplex real-time PCRs for the quantification DNA
acids in a complex mixture [2, 8.]' !n real-time P’QRG from beef, pork, horse and sheep [10], and read-tim
procedure follows the general principles of PCR #nd quantitative PCR assays for the detection of gcilit in

achieved by monitoring the amplification of a targe sheep milk, have also been developed [12] (Table 1)
sequence using fluorescence [1, 2]. '

Over the past decade, real-time PCR has become aTable1. The application of real-time PCRin food labeling industry.
common and broadly used tool for detecting an<
quantifying expression profiles of selected genegs
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Some of the gold standards such as cell culture a
serological assays have been displaced by thedunttimn
of conventional PCR which is used to obtain quatitie

coupling it with reverse transcription [1, 2, 9]y Bhe  SU@ SR GELCIED
combination of these two technologies (revers
transcription polymerase chain reaction and reaétRT- Raw and

PCR), the quantitative measurement of RNA transiorip  Detection of chicken and turkey meat ) -\, [13]
levels is accomplished [1, 2, 8]
This paper’s objective is to review publlshgd titere ON  batection method for distinguishing por ____ o
the apphc_anons of real-time PQR and _rea_l—tlmeFR]_R i chicken, beef, mutton, and horse flesh
food labeling and gene expression studies in sapégish.
Multiplex real-time PCR for the detectio
Raw and

2. Real-Time PCR Appl ications and quantfication of DNA from beef, ) oy gqq [10]

pork, horse and sheep

2.1. The Food I ndustr
y Quantitative detection of goat milk in

In the modern diet, food labeling regulations regui Sheep milk by real-time PCR
accurate declaration of product ingredients. This h
become necessary because food adulteration is @moeom  The tremendous utility and diversity of possibleas of
problem in processed foods industry. Adulteratioouss in  application of real-time PCR techniques make ibraféble
the beef industry through the addition of mincecatad10, for most laboratories and industries to use inaegeand

Milk [12]
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food inspection programs. 3. Fluorescence-Based Chemistry
2.2. Nutritional Genomics Versus SYBR-Green
In line with increasing world population, meat anmdk One of the main problems of research within a cdihi

consumption is predicted to increase globally. Tis& of diagnostic setting, is the detection and quantificeof gene
cardiovascular disease, some cancers and diabetebelen re-arrangement, amplification, translocation oetenh [2, 6].
shown to be related to dietary intake of unsatdréty acids However, real-time PCR has become a well-estaldishe
(UFA) [14, 15]. In addition, animal products haveeh procedure for quantifying the levels of gene exgites
criticized for their high content of saturated yfacids (SFA). There are several fluorescent-based chemistry
Therefore, the nutritional modification of animaletd to procedures developed for real-time PCR detectidmchw
increase the proportion of UFA at the expense &f & been are classified into four main types [4]
the subject of continuous research interest in ,nm#it and +  Hydrolysis probe (e.g. TagMan)
eggs [14, 15]. *  Hairpin probes (e.g. Molecular beacons)
Nutrients can interact and modulate molecula®  Fluorescent labeled hybridization probes (e.g. FRET
mechanisms of physiological functions in an organis ¢« DNA intercalating dyes
Erroneous scientific conclusions and misinformettithonal Hydrolysis Probes
recommendations have resulted from performing Hydrolysis probes are designed to increase the
population—scale epidemiological studies in theeabs of specificity of real-time PCR assays and are repteseby
genetic knowledge [14]. To overcome such issues anthgMan chemistry principles. The principle reliestbe 5'-
understand more about the relationship betweensgané 3' exonuclease activity of fluorescence upon probe
diets, the field of nutrition has begun to introduc hydrolysis to detect PCR product accumulation [Z]. 1
technologies and supporting analytical softwareltwidate TagMan probe is labeled with fluorophore and covéye
the interactions between diets and genes [14, 15]. attached to the 5' end, and a quencher dye on e 317].
Nutritional genomics is divided into two disciplgie Similar to other PCR methods, the resulting fluoesge
Nutrigenomics and Nutrigenetics. Nutrigenomics examines  signal allows the quantitative measurement of pcodu
the effect of nutrients and dietary ingredientshealth by accumulation during the exponential stages of PCR.
altering the genome, proteome and metabolome. iB1 thHowever, the specificity of detection is signifitign
regard, there are scientific attempts to link tleuiting increased by the TagMan probe [2, 17].
phenotypic variation to differences in the genegisponse Hairpin Probes
of the whole biological system. On the other hand, The presence of specific nucleic acids in homogenou
nutrigenetics analyses the effect of genetic variations orsolutions is often reported by oligonucleotide lhgization
the interaction between diet and health. It aims t@robes also known asolecular beacons[2, 17]. Molecular
investigate how the genetic constitution of an widlial beacons are the simplest among hairpin probes amsist
coordinates their response to diet, hence studies tof a loop-shaped region of sequence-specific psmer
underlying genetic polymorphisms [14, 16]. flanked by two inverted repeats [2, 17]. Molecul@acons
As an example, a nutrigenetics study related toepresent a non-radioactive method for detectirgcifip
cardiovascular disease and cancer was conducted sequences of nucleic acids [2, 17].
Singapore [16]. Singapore’s population includesgéar  Fluorescent Labeled Hybridization Probes
segments of diverse ethnic backgrounds; comprising Hybridization probes are fragments of DNA or RNA
Malays, Chinese and Indians, and it has undergoverya used to detect the presence of nucleotide sequémaicare
rapid socio-economic development [16]. Due to thisid complementary to the sequence in the probe [17].
development, life expectancy has risen, and moytali Hybridization probes can be used in either a thoedeur-
figures have changed from malnutrition and infagdio oligonucleotide assay. In the four-oligonucleotidethod,
diseases, to cardiovascular disease and cancechwhiPCR primers and two sequence—specific probes béxd n
represent the top two causes of death in Singafi@e to each other in a head-to-tail arrangement [2, 19|
Living in this ethnic heterogeneity as an integdate ensure hybridization of the probe to its targetusege, the
community within a homogenous environment, providad probe is tagged as a radioactive or fluorescentoutdr
interesting opportunity to study the impact of étitg on  marker [2, 17]. Hybridization probes are used mfikld of
cardiovascular and cancer disease throughout tpha& ra microbial ecology in order to determine the presené

economic transition [16]. microbial species, genera, or microorganisms [2, 17
The results revealed that in relation to metabaind DNA Intercalating Dyes
cardiovascular diseases, the epidemiological tianshad DNA intercalating dyes start emitting fluorescendsen

not affected all ethnic groups equally. The stunjidgated bound to double-stranded DNA (dsDNA). During PCR
that Singaporeans of Indian origin appeared to tbth@ cycling, the double-stranded PCR product accumsilate
highest risk of susceptibility to cardiovascularsedise, more dye, binds and emits fluorescence [2, 17].cdethe
followed by the intermediate rate in Malays and ltheest  fluorescence intensity increases proportionallyds®NA
risk in Chinese [16]. concentration. In this technique, one dye can lesl der
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different gene assays, which makes it very flexjBlel7]. upon endpoint RT-PCR by measuring target amplificat
In probe-based chemistry, real-time PCR assaysvalloearly in the reaction while amplification is conting most
the use of very small amplicons and internal prabbgh  efficiently [1, 2, 18].
bind to the desired specific sequence within thelemn.
As a result, specific and efficient amplificatiors i
accomplished [4]. However, the possible limitatiook
these assays include the design and availability of
appropriate primers and probes that must adaptxed f
PCR conditions. The most direct, simple and inespen
fluorescent system developed for real-time PCRY8B

3.2. Comparison of Gene Expression Analysis between
Real-Time RT-PCR and Northern Blot Analysisand
RNase Protection Assays

There are major advantages of using real-time PCR
compared to conventional semi-quantitative PCR. eGen
e & expression analysis using northern blot technique a
Green |, and it is based on the binding of theriSoent pNase protection assays is time consuming, and also
dye unto the PCR product [4, 6]. difficult to reliably generate accurate measuremefigene
SYBR Green | expression levels [1, 2, 18]. The application ddil4ttme

RT-PCR extends several advantages over the other

SYBR Green | is an asymmetrical cyanine dye. Iltmethods, including requiring small amounts of samjol
involves the incorporation of the SYBR Green | dghpse  start, its power to reproduce rapid and accurat®, @ad its
fluorescence under ultraviolet rays, greatly insesawhen capacity for analyzing multiplex genes at a time7R
it is bound to the minor groove of the double heliDNA. To work with extremely low amounts of mRNA, real-
It is used as a nucleic acid stain in moleculatdgp [4]. time RT-PCR is the technique of choice. By using an
The advantage of using SYBR Green | dye is thalisws  internal control, Real-time RT-PCR ensures norraiim
the interpretation of DNA melting curves in ordey t of differences in the kinetics of the reverse tcaiption
distinguish the specific amplicon of the PCR pradoom  process, and adequately replaces other conventional
false positive signals resulting from non-specificmethods [2, 8]. In addition, multiplex real-time RCR is
amplification or primer dimers [2, 4, 18]. desirable to examine multiple gene identificatiasdd on
the utilization of fluorochomes and analysis of ting
curves of the amplified products [1].

Real-time RT-PCR technology is now available fomgna

During the last century, advancements in bioscidrane livestock species, and animal researchers are tiegirio
assisted in our comprehensive understanding of tHéS€ the technology to address issues of importaace
molecular mechanisms of phenotypic expression ofnimal agriculture (Table 2).
genotypes [1, 9]. However, knowledge of the funuiiof a

3.1. Real-Time RT-PCR Method for Quantifying Gene
Expression

a1
major part of the genome is still limited or unkmgvand . Sampling |
the relationship between enzymes, small molecules a 7 I 7
signaling substances is quite limited [1, 8]. Gene (R ottt )
expression analysis can yield valuable clues alysuie
function, thus it has been widely used to identifg type ( Reverse Transerption )
of cells or tissues where a gene is expressedif2gcting \—ﬂ—/
the relationship between ecologically influenced ar (DA Tramster 0 PR
defined biological state (e.g., development, déffeiation , \j“l—/
disease), cellular expression patterns [1], andodlisring a "“"“”“"’“< PR
change in gene expression level in response toeeifgp v e
biological stimulus (e.g., pharmacological agengowth aplfction

factor) [2].

Conventional RT-PCR was widely used for gene-specif
MRNA quantification during the early days of the
introduction of real-time RT-PCR[8]. This methodcilled

guantitative endpoint RT-PCR analysis. It is noteato JN——— Gl dectrophoresis
determine the initial quantity of template molecufer a

gene-specific PCR, due to reliance on measuringettte

point of a PCR reaction by ethidium bromide viszatiion P seanencng ﬂ S
of the DNA product separated by gel electrophorfsis, T Xe 1
9]. The amount of amplicon at the end of amplifimat |
cycles depends on the input amount, variable kigedf the ﬂ

PCR reaction and technical variations occurringrauthe b Amabssoraata

reaction time frame [9, 18]. This variability isatn in
“Fig.2” compared to real-time RT-PCR which improves Figure2. Comparison of end-point RT-PCRand real-time RT-PCR.
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4. Discussion sheep [22], Lymphocyte-specific protein tyrosinease

. , , , (LCK) and Cyclin-dependent kinase 2 (CDK2) genesnfr
Since the invention of PCR in 1984, there has beefhe plack-boned sheep [23], and Sideroflexin 1 if$fx

modification to the process of amplifying DNA and a g5; homolog 2 (Snai2) and Protein cappuccino hogol

evolution in the field of gene expression studi€s. our (Cno) genes from black-boned sheep (Table 2) [24].
knowledge, documentation and systematic reviewa h

the PCR process has evolved remains scanty, hémce ;5 C lus
need for this review to provide the scientific coomity -Lonclusion

with the current applications of PCR and RT-PCR paatime RT-PCR is a unique and powerful tool tfee
techniques. In the past, real-time RT-PCR technio@s  jeection of mRNA and gene expression levels iriovar

largely ~used for ~gene expression analysis iRggearch fields. Despite its advantages, the eetrem

microorganisms, but it is now being increasinglplagd in
nutritional genomics to study ruminants, porcinad éish
[2, 13]. For example, in a study of Euryhaline figlates

calcarifer), gene expression analysis revealed that dieta

oils lacking long-chain polyunsaturated fatty acidsC-

the muscle and liver tissues [19]. In a similardgtureal-

sensitivity of this technique can be a drawbackslight
DNA combination can lead to undesirable resultssoAl
planning and designing of quantification studies dze

'®chnically challenging. Furthermore, the applwatiof

- ¢ .Real-time RT-PCR in nutritional studies includingi@ga-3
PUFA) up-regulated key LC-PUFA biosynthesis genes i

and omega-6 fatty acid syntheses, is still limited.
Nevertheless, it is predicted that real-time RT-P&Ra

time RT-PCR was employed to examine the gengchnique for investigating gene expression in itiotal

expression of n-3 LC-PUFA biosynthesis in the whit

muscle and liver of Atlantic salmon [20]. In thisudy,
real-time RT-PCR analysis demonstrated that Echiilm
fed fish had higher n-3 LC-PUFA levels in both livend

white muscle tissues compared to rapeseed oil-fg f

(Table 2) [20].

€enomics research, will continue to grow.

In our Animal Science and Genetics Research
Laboratory at the University of Tasmania, Australee
employ real-time RT-PCR technique to identify exgsien
profiles of genes affecting fat and protein biosgsis and
metabolism in the liver, heart, muscle, kidney alibose

Gene expression analysis using real-time RT-PCR ha&q es in genetically divergent purebred and Gress

been employed for studying the differences in isecies
relationships in veterinary medicine, hence thednéor
conducting research in specific animal species litaio
accurate information of the constitutive expressioh
multi-drug transporters [21]. Another example is tene
expression and transport efflux activity of P-glgoatein in
sheep liver and small intestines (Table 2) [21].

Australian sheep supplemented with unconventioiedid/
protein sources like the microalga callggrulina. We are
aiming to trace the expression profiles of fattedagenes
in different sheep tissues. This would allow usiébermine
a balanced level of dietary protein from gene esgimn
data to increase the omega-3 and omega-6 conténésl 0
meat among Australian crossbred sheep. It is htpsdhe

Real-time RT-PCR is a powerful tool for analyzingcrent paper's objective to review published dtere on

MRNA expression of a gene(s) in different speaiesrder

to investigate the existence of homology or furtheg,,

phylogenetic relationships (e.g., Rab-related pnofab-
2A (Rab2A),
Rab-related protein Rab-7A (Rab7A) genes in blagked

Rab-related protein Rab-3A (Rab3A) a

the applications of real-time PCR and real-time FROR
give the scientific community a systematic and
updated information on the evolution and applicatif

NbCR in gene expression and food labelling studies.

Table 2. Applications of Real-time RT-PCR Technology in Animal Research.

Purpose Species Tissue Gene Reference
P-glycoprotein in shgep liver and small intestiragexpression anc Sheep Liver ABCBL 21]
transport efflux activity
Analysis on cDNA sgquence, mRNA expression andiimipg Sheep Various parts DIk1 25]
status of DIk1 gene in goats
neocortex, cerebellum,
The quantification of prion gene expression in ghesing real-time Sheep thalamus, qbex, ' PP [26]
RT-PCR hippocampi, conarium and
spinal cord
Molecular cloning, sequence characterization ssglié transcription Spleen. skin. kidnev. lun
profile analyses of two genes: LCK and CDK2; frotad¢k-boned Sheep >P ; ’ YN8 | ok & cDK2 [23]
liver & heart
sheep
Molecular cloning, sequence identification anduessxpression Leg muscle, kidney, skin, Stxnl. Snai2 &
profile of three novel genei1, Snai2 andCno from Black-boned  Sheep Longissmus dors muscle, ’ [24]

sheep

spleen, heart & liver Cno
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Purpose Species Tissue Gene Reference
Isolation, sequence identification and expressiaifilp of three Shee tig rlnsg‘:'riz dlgrd;%t:(;:’ Rab2A, Rab3A & [22]
novel gene&ab2A, Rab3A andRab7A from black-boned sheep P 9 . ' Rab7A
spleen, heart & liver
An extended feeding history with a stearidonic agidched diet
. . . A6 desaturase\5

from parr to smolt increase n-3 long-chain polydassed fatty Atlantic .

. . . . . Muscle & liver desaturase, [20]
acids biosynthesis in white muscle and liver obAtic salmon salmon clongase
(Salmo salar L) 9
Up-regulated desaturase and elongase gene expr@seinoted Ubg, EFle, -
accumulation of polyunsaturated fatty acid (PUFA}) hot long- . . 4 =L

. . . . L Fish Liver & skeletal muscle actin, FAE & [19]
chain PUFA inLates calcarifer, a tropical euryhaline fish fed a FAD6
stearidonic acid-angtlinoleic acid-enriched diet
[10] Koppel, R., J. Ruf, and J. Rentsch, Multiplex realetiRCR
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