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ABSTRACT

Recently the need of further informatidoat the composition of food products,
in particular of meat products, is increased, smidlying the species of origin of meat
products and quantifying the amount of meat in mhgeocessed products represent a
substantial target for food inspection, underlingdthe enforcement of community
laws. Thus, specific, sensitive and easy analytizathods for the species detection and
quantitation of food are necessary in order tofyethhe compatible with labelling
requirements. For this necessity in this study, Db&Sed tecniques, CM-
PCR(conventional multiplex PCR, QRT-PCR(quantitiveal-time PCR), MRT-
PCR(multiplex real-time PCR) were developed andnuiped for the analysis of origin
and quantification of meats in complex food maténd also these tecniques were
used to evaluate the ratios and presence of frantlyladded meat.

CM-PCR assay was applied to precessedamdneats for the identification of
the most used species in foodstuffs such as rumipanltry, fish and pork meterials.
Specific-species primers designed in different nsgof mitocondrial DNA were used
after alignment of the available sequences in tlemBank database. The primers
generated specific fragment of 183, 224, 290 a8y length for poultry, fish, pork,
and ruminant, respectively. The optimised CM-PCRsagswas applied to 93
commercial meat products and it showed the presehpeultry meat in %50 of the
analyzed products contain raw or processed red,neesadenced the presence of
animals species not indicated on the label. And,alserall multiplex results showed
that 25 (35.1%) among 71 tested samples gave udexpeesults (Table 12) not
indicated in their labels. Clearly, we couldn’t dkcwhether they are contamination or
intentional admixture at the moment of the manufiact of these products. Because of
this drawback we developed QRT-PCR assay for poaltrd ruminant using SYBR
Green based-detection system.



The minimum effective quantification lesedf QRT-PCR were 0,00006 ng/ul,
0.000076 ng/ubD,000045 ng/uland0,000045 ng/ul for ruminant , poultry ,fish and
pork respectively. Also, processed 9 meat testedammercially purchesed 100 meat
products using this assay. The ruminant meat ptigpsr were predicted after
comparing with the standart dilution series. Theuls for proportion of ruminant
showed significantly ruminant meat defectived amete was DNA of poultry especially
instead of mammals DNA in the mixed-processed meatthe main component.
Because, the amount of poultry meat was more tharrdtios given on it's label in
processed-mixed meat products on the contrary rambimeat proportion was less than.

Also MRT-PCR was developed here was danémriprove an assay that can
combine the two advantages of real-time PCR andiple# PCR together for animal
gene detection and identification more quickly. Tigective of this part of study was
to design a rapid, specific and accurate MRT-PCBRaydy using SYBR Green
fluorescence dye cheaper than duble labeled prubéstect a group of mixed meat
simultaneously. Our results indicate that our rplétt real-time PCR assay can be used
to more quickly identify DNAs isolated from compléxods. We should tell that our
both QRT-PCR and MRT-PCR assays applied on the DAlse complex meat matrix
using SYBR Green florescence was first one in igeld bf molecular food analysis.

Keywords; PCR, Quantitative real-time PCR, Multiplex PCRaqtitative analysis of
meat, identification of origin of meats, SYBR Gmnee
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Son zamanlarda gida drtnlerinin 6zellddeet Grinlerinin kompozisyonuyla ilgili
cok daha 6tede bilgi ihtiyacinin olmasi kédislenmis gidalarin icinde bulunan etlerin
tur orijinlerinin  belirlenmesi ve miktarlarinin  dlgnesi, toplum yasalarinin
uygunlysuyla alti gizilen gida denetlemeleri icin 6nemii bedefi temsil etmektedir. Bu
yuzden gidanin etiketleme gereksinimiyle uyumgulou dgrulamak, tdrind
tanimlamak ve miktarini 6lgcmek icin sipesifik, hasse kolay analitik metotlara ihtiyac
vardir. Bu ¢cagmada bu gereklilikten dolayr compleks gida matekside bulunan
etlerin miktar1 ve orijinlerinin analizleri icin DN temelli teknikler olan konvensiyonel
¢oklu zincir ¢cgaltma reaksiyonu (CM-PCR), kantitatif gercek zamamicir ¢cgzaltma
reaksiyonu (QRT-PCR) ve coklu gercek zamanl zigogaltma reaksiyonu (MRT-
PCR), geltirildi ve optimize edildi. Ve ayni zamanda kaswuliarak eklenen etlerin
varhgini ve oranlarini elde etmek icin bu teknikler knlild!.

CM-PCR tekr@ gida maddelerinde en ¢ok kullanilan ruminant,atanbalik ve
domuz gibi turlerin identifikasyonu icin give slenmis etlere mitokondrial DNA’nIn
farkli bolgelerine dizaynedilrgitire 6zgu primerler GenBank veri tabanlarinda elde
edilebilir sekanslarin siraya konulmasindan sondgkildi. Bu primerler kanath igin
183, balik icin 224, domuz i¢in 290 ve ruminanni@74 baz uzunigunda spesifik
frakmantlar dretti. Optimize edilen CM-PCR piyasadsatin alinan 93 et drintne
uygulandi ve analiz edilengive islenmis kirmizi etlerin %50 sinde tavuk eti olglu
bdylece igerisinde etiketindgaret edilmeyen hayvan turlerinin valikanitlandi. Ve
aynl zamanda butin multiplex reaksiyonlal testesdifl numunenin 25 (%35.1) inin
beklenmeyen sonuclar vegthi gosterdi. Ancak bu vaglin Uretim esnasindaki rasgele
bir kontaminasyon mu yoksa kasten katginet mi old@guna karar verilemedi. Bu
dezavantajdan dolayr SYBR Green temelli bir algdasrstemi kullanilarak QRT-PCR
gelistirildi.
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QRT-PCR’In minimum etkili kantitatif dizesuminant igin 0,00006 ng/ul kanatl
icin 0.000076 ng/ul, balk icin 0,000045 ng/pl ventuz icin 0,000075 ng/ul idi. Bu
teknik kullanilarak ticari olarak satin aligr®3 et 6rngi icerisinde ki glenmis 9 et
arint  test edildi. Ruminant et oranlarn dilisyonanstart @ri serileriyle
karsilastirildiktan sonra tahmin edildi. Ruminant et oranl&in sonuclar kasik-
ana komponent olarak kanatl etlerinin ikame egtdi gosterdi. Cunki test edilen
karisik-islenmis et Urlnlerininde ki kanath etlerinin oranlari ketilerinde verilen
oranlarindan daha fazlaydi bunun aksine rumind@atiein orani ise daha azdi.

Burda ayni zaman da SYBR Green florasarasiokullanarak hayvan genlerinin
daha hizli algilanmasi ve tanimlanmasi icin CM-P@RQRT-PCR’In avantajlarini
kombine eden MRT-PCR ggifirildi. Calismanin bu kisminin amaci kgk etlerin bir
gurubunu gzamanh olarak tespit etmek icin cift etiketli ptalwlan daha ucuz olan
SYBR Green florasan boyasi kullanarak hizli, sjgest#® dgsru MRT-PCR vyi dizayn
etmekti. MRT-PCR sonuclarimiz ksik gida maddelerinden izole edilen 2 tire ait
DNA’nin hizl bir sekilde tespit edilegeni gosterdi.Sunuda sodylemeliyiz ki; SYBR
Green florasan boyasi kullanarak kdei etlerden izole edilen DNA Uzerine
uyguladgimiz hem QRT-PCR hemde MRT-PCR tekniklerimiz molekigida analizi
alaninda tekti.

Anahtar Kelimeler; PZR, kantitatif gercek zamanli PZR, ¢oklu PZRleret kantitatif
analizi, etlerin orjinlerinin tayini, SYBR Green
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CHAPTER 1

INTRODUCTION

Meat and meat products include nutrients that humeguires for growing up,
physiological function, body and soul healthy. Bomsumption and production of food
in convenient conditions is a vital phenomenon haman life. It is accepted by
outstanding authorities in food sector that diethewt meat and meat products is

unhealthy nourishment for consumers.

There has been a very great in numbers growth alitgyyproduct consumption
and a change position in this respect. Currendgisamers want to buy quality products
which are good-labeled. However, false or accidentslabeling still exits and may not
be detected, resulting in poor-quality producto@e with allergy against special meat
and its products do not demand combined meat ptechaving allergen materials
owing to the fact that their health will be in dangy].

The identity of the ingredients in processed or jgosite mixtures is not always
readily apparent and verified that the componemés authentic and from sources
acceptable to the consumers may be required. Irt omstries, food manufacturers
choose to use some products in stead of anothersocke as lard, as a substitute
ingredient for oil, chicken meat as a substitutgédient for red meat because they are
cheaper and easily available. Biological complmadi and health risks may be
associated with daily intakélence, it is an important task for food controldediories
to be able to carry out species differentiatiomasf materials to be used for industrial

food preparation and the detection of animal spece food products [2]



Legislative authority in Turkey reportdtht the companies must accurately label
their processed or raw meat products regardingiep@ontent. The possible aims of
this law are; (i) to prohibit the unfair competititbetween food companies due to the
fraudulent substitution or adulteration, (ii) toduee medical problems of consumers
who have specific meat allergies and (iii) religgaules in who are Muslims and Jewish
peoples are not allowed to consume pork meat amy tHandu do not consume beef.

There is a potential possibility that samalicious companies have not obeyed the
rule above. That is why scientists have developaeral quantitative and qualitative
analytical methods to identify meat species usetbau stuffs. The methods can be
classified into three groups: morphology-based wuti{MBM), protein-based methods
(PBM) such as electrophoretical, chromatographid iammunological techniques and
DNA-based methods (DBM). Although electrophoretigatl chromatographic methods
are very popular, they have many disadvantages sschdifficult optimization
procedures, time consuming, high cost and low §ipdggiand sensitivity. On the other
hand, different cells in an organism can have wbfié protein profile and in addition,
proteins start to denature and alter their epitopégch are essential for immunological

techniques after an animal’s death, cooking ana@hhpeocessing.

On the other hand, DBMs are two major attwges over PBMs. DNA is more
stable in extreme conditions and that is why sampkated to as high as 1200C can
still be analyzed. Next, DBMs are very species-ggeto discriminate between even

much related species such as chicken and turkey.

Many DBMs such as hybridization, PCR-RFBRalysis, PCR assay, SSCP
analysis are used for qualitative or semi-quamigaanalysis of meat products. PCR, as
one of the most popular detection techniques, @s 9pecific that minute traces of
material could produce a positive result. In foasthinology, there is always a
possibility for products to be contaminated with nggligible amount of any
contaminants. It results in a requirement to dgvejaantitative DBMs that exactly
distinguish samples containing negligible level cointamination from ones that are
deliberately mis-described or adulterated.



In contrast to conventional PCR, quantigaPCR techniques (QPT) such as non-
real-time QPTs and real-time QPTs, are able toridigtcate and measure even minute
traces of different animal species in foodstuffnNeal-time QPTs are often described
as ‘semi-quantitative PCR techniques’. They havaestmitations to be solved during
the quantitative measurements of DNA samples. @méation is that they analyze end-
point amplification products which may cause intaby effects to the reaction. That is

why it can be difficult to interpret their results.

On the other hand, real-time PCR allonersi$o real-time monitor the production
of amplification products and quantify samples at early stage. Because of the
inhibitory effects of PCR products, the quantifioatat an early stage in PCR process is
intrinsically more accurate than at the end poimalgsis naturally associated with
agarose or polyacrylamide gel electrophoresis.

Real-time data collection is accomplishwdfluorescent molecules providing a
strong correlation between fluorescence intengity BCR product concentration. The
fluorescent based methods used in real time PCRbeariassified in two categorizes:
probe-based such as TagMan and DNA intercalatires dyich as the SYBR Green.
Although probe-based ones are more accurate antioadily sequence- specific, they
are more expensive, time and labor-intensive argdntuch more difficult to design and

optimize them.

Alternatively, SYBR Green |, DNA bindingye, binds in the minor groove of
double-stranded DNA in a sequence-independent walyits fluorescence increases
over 100-fold. That is why it is used to detect P@Rducts during real-time PCR
without the need for any probes. Optimizationasyebecause the protocols in use for
classic PCR can be used with only slight modifmagi Economically, it is almost
seven folds cheaper than probe-based methods.

Fajardo et al. [3] optimized a real-tilRCR technique with SYBR Green
detection system for quantification of red, falland roe deer in meat mixtures. Sawyer
also developed a similar method to quantify totaatmcontent and beef content in
mixed samples by using species specific and ural/pramers.



In this work, we focused on quantificatiand identification of mixed meat such
as sausage, salami and raw meat by combinationutifptex and the real-time PCR
techniques. We describe the development of a meal-PCR technique with SYBR
Green detection system to quantify the percentdd®NA in processed meat samples.
Another aim of the present study was to improvetiple real-time (MRT-PCR) in
order to analysis food products containing mixe@ted and raw meat by combination
of multiplex PCR and real-time PCR for the rapiéntfication and quantification of

ruminant, poultry, fish and pork materials.

1.2. REVIWE OF LITERATURE

1.2.1. Potential Problems of Meat Usage from the pAsct of Health, Economical
and Religious

Bovine spongiform encephalopathy (BSE), commonfgrred to as “mad cow
disease,” has a human form termed vCJD that igrent of Creutzfeldt—Jakob disease,

a fatal neurodegenerative disease that has caarggdih number deaths. [4]

CJD in humans, BSE in cattle and scrapie in sheep, all transmissible
spongiform encephalopathies (TSE). The BSE epidemas first recognized in the
England in 1986 and it was diagnosed in Ireland 989, with a total of 474 cases
reporteduntil the present time. The epidemic is thoughihdwe occurred as a result of
feeding scrapie infected substances to cattleadtldeen reported that the incidence of
scrapie cases in sheep with similar protein feattwethose of BSE are possibly more
frequent than originally believed. In 1996, thentiigcation of new (vCJD) lead to the
proposal that this new disease was caused by dmenrission of BSE to the human
population.1988 saw the introduction of a ban | BU and the US on the inclusion of

ruminant derived protein in animal feed. [5, 6]

Incorrect labeling of animal foods represents mdy @ commercial fraud but also
a potential health problem in the case of consunvene exhibit sensitivity to

undeclared allergens [3]. It is now clear that bedérgy is not an infrequent



occurrence, with an incidence between 3.28% an#%.&8mong children with atopic
dermatitis, its incidence may be as much as 0.3#emeneral population [7].

The risk associated with infectious traissible BSE in humans has discouraged
many individuals around the world from consumingefbeHindu populations also
choose not to eat beef, while Jewish and Muslimufaapns choose to avoid
consumption of pork, even in minute quantities, dueheir religious beliefs. Many
consumers prefer to include more chicken in thit idhstead of beef, sheep or pork. In
addition to infectious disease and religious congemany individuals are altering their
eating behavior to include more chicken simply tduce dietary fat intake in
accordance with health trends. Any conceivable gaityi in the labeling practices of
commercial suppliers or grocery stores is unactdptep these populations. The need
for sensitive detection and quantification of bayircthicken, porcine, and species in
food and mixed foods products is critical in respwto this consumer demand [4].

Meat adulterations have been increasedldsir twenty years. Researches on
identification of meat have shown that there isusésin the meat industry worldwide.
For example; in Australia it had been reported setep, horse and kangaroo meats had
interspersed in the exported ruminant meats. Inidddt had been detected that 22.5%
of processed meats, 15.9% of ground meats inclbdenteat of different animal.
Kang’ethe reported that beef products of two défgrenterprises include 78.6% and
6.3% of pig meat after his analyze. In Mexico, aesgch shows that horse meat is
detected in 9 of 23 hamburgers and mixture of hargkpork meat in 5 of 17 Mexico
sausages. In Turkey, in last years it were detexchthat smuggled buffalo meats were
bought in domestic market illegally. According famir Veterinary Presidency’s
analyses of in a dish made of minced meat Kgifte) which must be prepared with cow
meat other meats (pork, horse and donkey meat) detected [8]. Cattle meat was
detected in 410 samples, chicken meat and horseweea detected in 85 (20.7 %) and
14 (4.3 %) samples, respectively. According togtadistics in ref 8, 67 of 410 (16.3 %)
samples were not in line with their labels and 79410 (19.2 %) samples were found

incorrectly [9].



1.2.2. Legislative about Meat

In response to the BSE epidemic in Eurdpe, United States Food and Drug
Administration (FDA) imposed strict guidelines im@97, prohibiting the use of
ruminant-derived protein in the manufacture of alifeed intended for cows or other
ruminants. The need for sensitive detection of nant species remains causing disease

in foodstuffs is a crucial issue [4].

The European Union has implemented a Seteoy strict procedures for the
labeling of food. Throughout the whole legislatipeocedure, the EU ensures the
European consumers’ right to be fully informed. $lamalytical methods for the species
detection of food are essential in order to vecidynpliance with labeling requirements
[10].

In Turkey, according to 1% article of food law, the species’ names of meatsiu
to prepare the meat products have to be presemtedeolabel of product. Moreover,
selling the other species’ meats with differentelabto get more profit is held as
imitation and prohibition according to the Foodstdws [11].

1.2.3. Methods for Meat Origin Analysis

Methods to analysis meat products can be dividetrae categories according to

the type of the target they focused on.

* Organoleptic Methods
* Protein-based Methods
« DNA-based Methods

1.2.3.1 Organoleptic Methods

In these methods meat products are exahhbgenaked-eye or microscopy. The
methods used for determining meat species in theéumei food have changed from
organoleptic examinations based on sensory chaisicie and anatomical differences,
to histological differences of hair and physicadperties of fat tissue [12].



Some of disadvantages of the methods kgdigeye (organoleptic), for example a
microscopic method based on the analysis of anboak fragments.This method has
been recognized as the ‘official’ method in the dp@an strategy against the BSE.
However, the need to long time, specialized stafbrider to apply this technique and
only enables the detection of zoological classeanfmalian, avian and fish), while the
species origin of bone fragments remains undetexthifhis technique is limited
because it has no widely area of application. Altio DNA undergoes thermal
denaturation like proteins, it has been observad EINA can be still detected by short
fragment amplification [13].

1.2.3.2. Protein-Based Methods

Many analytical methods that rely on pirotanalysis have been developed for
identification of species such as liquid chromaapipy [14], electrophoresis techniques
[15] immunological methods such as the enzyme-tinkemunosorbent assay (ELISA)
test [16,17] Isoelectric focusing (IEF) [18], ghgen levels in the muscle tissue,
electrophoretical profiles of sarcoplasmic proteififese methods differ greatly in
sensitivity and specifity. Also, some of the methaate labor demanding requiring
expertise and sophisticated and necessary itenath@nfactor limiting the use of some
advanced methods is processing factor. For exang#atification of origin of meats
by ELISA can fail due to denaturation of proteirhigh temperature. Hence, number of
researchers has been emphasized that there isdafaresimpler, accurate and rapid
techniques in order to determine the species oft imeaneat products, especially in

cooked-meat products.

1.2.3.3. DNA-Based Methods

PCR, anethod for amplification of DNA in an artificial gmonment, has been
successfullyused for species identification of animals, plamd &dacteria [12]. The dot-
blot technique was the first genetic approach &tednination of species identity [19,
20]. At present; however, polymerase chain react@R) is an important technique
for species identification [21]. Some PCR approaclae RAPD-PCR (random
amplified polymorphic DNA fingerprints) [22], DNA itochondrial D-loop analysis
and RFLP analysis of different PCR fragments [23, 2



DNA hybridization methods are complicated and galheinadequate, but PCR easily
amplies target regions of template DNA in a mucbrtr time and thus is suitable for
meat identification [24]. All PCR techniques hawetlb advantages and disadvantages

according to application areas.

Matsunaga et al. [24] developed a simplethod using multiplex PCR for

simultaneous identification of six meats.

Polymerase Chain Reaction (PCR) has bpptied for the detection of bovine

tissue in animal feedstuffs [25, 26].

Lahiff et al. [27] developed a PCR to itignovine, porcine and poultry DNA in

feedstuffs.

Myers et al. [28] identified different spes in feedstuffs by using universal
primers coupled with restriction endonucleases.

More recently, Bottero et al. [29] deveddpa method which involved the ability
of primers to amplify wider target sequences. RIZR based assay demonstrated to be
highly sensitive and useful in routine feedstuffalgsis for the detection of all

vertebrates.

A.Di Pinto et al. [10] optimized a dupl®CR in order to identify pork meat in

horse meat fresh sausages from lItalian retail gsurc

Dalmasso et al. [13] developed sensitiwdtiplex PCR. The detection limit was

0,004% for fish primer and 0,002% for ruminantsylpy and pork primers.

Maria Lopez-Andreo et al. developed sigWan real-time polymerase chain
reaction (PCR) systems using minor groove bindiM@B) probes for the detection
quantitation of bovine, porcine, lamb, chicken kay, and ostrich DNA in complex

sampleg30].

Violeta Fajardo et al. [31] developed pidareal-time polymerase chain reaction
(PCR) technique using SYBR Green detection systerthe quantification of red deer,
fallow deer, and roe deer DNAs in meat mixtures.



When the conventional PCR techniques wepared with real-time PCR,
guantitative real-time PCR approaches allow disecration and measurement of even
minute traces of different animal species in foolsomplex composition. Specifically,
real-time PCR refers to the process where the ptamuof amplification products is
directly monitored during each amplification cycléhe assay allows to quantification
at an early stage in the PCR process which is gaBgmore accurate than at the end
point analysis typically associated with gel agargs! electrophoresis (SDS-AGE) or
polyacrylamide gel electrophoresis (SDS-PAGE) [31].

The need to support food-labeling legislation hesvided a motivation in the
development of methods for the analysis of foodedgents. PCR has been utilized for
animal species identification by several authorse Bmplification potential of PCR
means that the technique can be exceptionally tsengiving scope for the analysis of
samples which, because of their low levels of tafi§A, could not be tested using
other methods. This sensitivity is, however, patiytproblematic since a low level of
adventitious contamination is often permitted bgddabeling legislation. A common
argument against the use of PCR based techniquselsdam that they are too sensitive
and that minute traces of material would produ@®sitive result. Therefore there is a
requirement to improve quantitative PCR methodg Hra sufficiently accurate to
distinguish samples containing adventitious lewélsontamination from those that are

deliberately mis-described or adulterated.

The use of real-time PCR also offers athges by allowing measurement at an
early stage in the PCR process which is inheremibye accurate than the end point
analysis typically associated with gel based mesmsant. To illustrate the principles of
this approach, the development of a system fogtlantitative determination of beef in
mixed samples is described [32].

1.2.4. Mitochondrial DNA (MtDNA)

Mitochondria are small granular or filamentous actllular organelles, which

are referred to as ‘powerhouse of the cell'. Thenber of mitochondria in a cell
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depends upon its metabolic activity. On averageyradt 800—-1000 mitochondria have
been found per cell in animals. Each mitochonddontains two to six circular DNA
molecules with a size of about 16,500 bp. Each DiNdlecule contains 22 tRNAs, 2
rRNAs and 13 protein coding gene. (Figure 1) Cytoote b. and rRNA genes are the
commonly targeted mitochondrial (mt) gene for medntification. The species
differentiation of raw/ heat processed meats iestigated by use of sequence analysis
of mitochondrial 12S rRNA gene [33].

12s rRNA
N\

Figure 1. Mitochondrial DNA

MtDNA is inherited from both parents amdwhich genes are rearranged in the
process of recombination there is usually no chamgetDNA from parent to offspring.
Although mtDNA also recombines, it does so with iespof itself within the same
mitochondrion [34]. MtDNA is a powerful tool foracking ancestry through females
(matrilineage) and has been used in this roleatckithe ancestry of many species back

hundreds of generations [35].

Segments of mitochondrial genome have proved taseéul for authentication of
species origin of meat products. Mitochondrial gaeohas several advantages over
nuclear genome for diagnostic studies of animatsabse of a greater abundance in
sample extracts and a higher copy number. In adglitmitochondrial genome is
maternally inherited, and then sequence ambiguite®s heterozygous genotypes are
theoretically avoided [35].

thttp://images.google.com/images
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1.2.5. Primer

In recent years, methods for species detectiondbaseamplification of target
DNA regions through the use of species-specificnprs and universal primers have
been applied. The definition of mono-locus-spegificners is quite reliable. The results
from the use of universal primers can be affectgd the existing intraspecific
polymorphisms and, normally, the identification tfie amplicons requires the
application of additional and more complex anabfjtiechniques, such as sequencing,
hybridization and single-strand conformational pabyphism determination (SSCP-
PCR) [36].

Jason Sawyer et al. [32] improved a reabtPCR for quantitative meat species
testing with the combines the use of real-time RGR species-specific and universal

primers to measure individual species content atad ineat content respectively.

1.3. POLIMERASE CHAIN REACTION (PCR)

Polymerase Chain Reaction (PdRBJ, 38] allowed the production of large
guantities of a specific DNA from a complex DNA telate in a simple enzymatic
reaction. PCR is a recently developed procedurettfe in vitro amplification of
DNA. PCR has transformed the way that almosttatliss requiring the manipulation
of DNA fragments may be performed as a resultsso$§implicity and usefulneg89].

In the 1980s, Kary Mullis and a team of researcHéfyj at Cetus Corporation
understood a way to start and stop a polymeras@ignaat specific points along a
single strand of DNA. This DNA amplification prahge was based on an in vitro
rather than an in vivo methdd7, 38, 39]. Cell-free DNA amplification by PCR was
able to simplify many of the standard procedure<loning, analyzing, and modifying
nucleic acid441]. Previous techniques for isolating a specificpief DNA relied on

gene cloning slow procedure and a tedious PCR. Wdtkar scientists eventually
succeeded in making the polymerase chain reac#ofonn as desired in a reliable

fashion, they had an immensely powerful technigquepfoviding essentially unlimited
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quantities of the precise genetitaterial [39]. The first report related to PCR was
iN1985, more than 5000 scientific papers were gakll by 199241].

1.3.1. General Principles of the PCR

PCR amplification mechanism shows not atdysimplicity but also its practical
function. (Figure 2). Oligonucleotide primers airstfdesigned to be complementary to
the ends of the sequence to be amplified, andrtiiged in molar excess with the DNA
template and deoxyribonucleotides in an appropriatéfer. Following heating to
denature the original strands and cooling to premgrimer annealing, the
oligonucleotides each bind to a different strantheftarget fragment. The primers are
positioned so that when each is extended by theracf a DNA polymerase, the

newly synthesized strands will overlap the bindsitg of the opposite oligonucleotide.

As the process of denaturation, annealing, polymerase extension is continued
the primers repeatedly bind to both the original DMemplate and complementary
sites in the newly synthesized strands and arend&teto produce new copies of DNA.
The end result is an exponential increase in tked tmumber of DNA fragments that
include the sequences between the PCR primershwdrie finally represented at a

theoretical abundance of 2n, where n is the nurobeycles [41, 39, 42].

1.3.2. PCR Steps
1.3.2.1. Initialization Step
This step consists of heating the reaction to goeature of 94-96°C (or 98°C if

extremely thermostable polymerases are used), whibbld for 1-9 minutes. It is only

required for DNA polymerases that require heatation by hot-start PCR9].
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1.3.2.2. Denaturation Step

This step is the first regular cycling evand consists of heating the reaction to
94-98°C for 20-30 seconds. It causes melting of Dinplate and primers by
disrupting the hydrogen bonds between complemertases of the DNA strands,
yielding single strands of DNA.
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Figure 2. PCR amplification mechanisms.

1.3.2.2.1 Denaturing Temperature and Time

The specific complementary association due to rgelmobonding of single-
stranded nucleic acids is referred to as "ann€alimgp complementary sequences will
form hydrogen bonds between their complementarg&s to C, and Ato T or U) and
form a stable double-stranded, anti-parallel "hybrmolecule. One may make nucleic
acid (NA) single-stranded for the purpose of aningal if it is not single-stranded

already, like most RNA viruses - by heating it topaint above the "melting
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temperature" of the double- or partially-doubleastted form, and then flash-cooling it:
this ensures the "denatured” or separated stramasidre-anneal. Additionally, if the
NA (nucleic acide) is heated in buffers of ionicesigth lower than 150mM NacCl, the
melting temperature is generally less than°000 which is why PCR works with

denaturing temperatures of 91°@7

Taq polymerase is given as having a lif@fdf 30 min at 98C, which is partly
why one should not do more than about 30 ampliicatycles: however, it is possible
to reduce the denaturation temperature after abOutounds of amplification, as the
mean length of target DNA is decreased: for teneglaif 300bp or less, denaturation
temperature may be reduced to as low £ 88r 50% (G+C) templates [43] which

means one may do as many as 40 cycles without neariease in enzyme efficiency.

"Time at temperature" is the main reasmndenaturation / loss of activity of Taq
thus, if one reduces this, one will increase thenloer of cycles that are possible,
whether the temperature is reduced or not. Nornthltydenaturation time is 1 min at
94°C: it is possible, for short template sequencestettuce this to 30 sec or less.
Increase in denaturation temperature and decreaené may also work: Innis and
Gelfand [44] recommend 96 for 15 sec.

1.3.2.3. Annealing Step

The reaction temperature is lowered to 50-65°C Z6r40 seconds allowing
annealing of the primers to the single-stranded OiBiAplate. Typically the annealing
temperature is about 3-5 degrees Celsius belowTtheof the primers used. Stable
DNA-DNA hydrogen bonds are only formed when thenai sequence very closely
matches the template sequence. The polymerase tontdfe primer-template hybrid
and begins DNA synthesis.

1.3.2.3.1. Annealing Temperature and Primer

Designing of primer length and sequesaef icritical importance in designing the

parameters of a successful amplification: the megltemperature of a DNA duplex
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increases both with its length, and with increag@gC) content: a simple formula for
calculation of the Tmis. Tm = 4(G + C) + 2(A +°0).

Thus, the annealing temperature chosen forR &&pends directly on length and
composition of the primer(s). One should aim ahgsan annealing temperature (Tm)
about 5C below the lowest Tm of their pair of primers ®tsed [44]. A more rigorous
treatment of Ta is given by Rychlét al [45]: they maintain that if the Tm is increased
by 1°C every other cycle, specificity of amplificatiomchyield of products <1kb in
length is both increased. One consequence of hagmdpw a Tm is that one or both
primers will anneal to sequences other than the terget, as internal single-base
mismatches or partial annealing may be toleratad:is fine if one wishes to amplify
similar or related targets; however, it can lead"'non-specific* amplification and
consequent reduction in yield of the desired prodb@ithe 3'-most base is paired with a
target.

A consequence of too high a Ta is that littie product will be made, as the
likelihood of primer annealing is reduced; anotaed important consideration is that a
pair of primers with very different Ta may neveveaiappreciable yields of a unique
product, and may also result in inadvertent "asytmoieor single-strand amplification
of the most efficiently primed product strand. Aalweg does not take long: most
primers will anneal efficiently in 30 sec or lessess the Ta is too close to the Tm, or

unless they are unusually long.
1.3.2.4. Extension/Elongation Step

The temperature at this step depends @ DNA polymerase used; Taq
polymerase has its optimum activity temperaturés80°C [45, 46and commonly a
temperature of 72°C is used with this enzyme. As$ ttep the DNA polymerase
synthesizes a new DNA strand complementary to tN& Bemplate strand by adding
dNTP's that are complementary to the template to 3" direction, condensing the 5'-
phosphate group of the dNTPs with the 3'-hydroxyglug at the end of the nascent
(extending) DNA strand. The extension time depeboth on the DNA polymerase
used and on the length of the DNA fragment to beldied. As a rule-of-thumb, at its
optimum temperature, the DNA polymerase will polyine a thousand bases in one

minute.
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1.3.2.4.1. Elongation Temperature and Time

This is normally 70 - 72, for 0.5 - 3 min. Taq actually has a specifid\aist at
37°C which is very close to that of the Klenow fragmehE coli DNA polymerase |,
which accounts for the apparent paradox which tesuhen one tries to understand
how primers which anneal at an optimum temperatie then be elongated at a
considerably higher temperature - the answer iselomgation occurs from the moment
of annealing, even if this is transient, which tesin considerably greater stability. At
around 76C the activity is optimal, and primer extension urscat up t0100 bases/sec.
About 1 min is sufficient for reliable amplificatioof 2kb sequences [44]. Longer
products require longer times: 3 min is a goodfbeBkb and longer products. Longer
times may also be helpful in later cycles when pobdconcentration exceeds enzyme

concentration (>1nM), and when dNTP and / or pridegletion may become limiting.
1.3.2.5. Final Elongation

This single step is occasionally performed at aptnature of 70-74°C for 5-15
minutes after the last PCR cycle to ensure thatramaining single-stranded DNA is

fully extended.
1.3.2.6. Final Hold

This step at 4-15°C for an indefinite timay be employed for short-term storage

of the reaction.
(@) 1.3.3. Cycle Number

The number of amplification cycles necegda produce a band visible on a gel
depends largely on the starting concentration eftéinget DNA: Innis and Gelfand [44]
recommend from 40 - 45 cycles to amplify 50 tamgetecules, and 25 - 30 to amplify
3x105 molecules to the same concentration. Thispmoportionality is due to a so-
called plateau effect which is the attenuation in the exponential rafeproduct
accumulation in late stages of a PCR, when prodkasthes 0.3 - 1.0 nM. This may be
caused by degradation of reactants (dNTPs, enzymejtant depletion (primers,

dNTPs - former a problem with short products, lafte long products); end-product
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inhibition (pyrophosphate formation); competitioror f reactants by non-specific
products; competition for primer binding by re-aaleg of concentrated (10nM)
product [44].

1.3.4. Taq Polymerase

Taq polymerase is a thermostable DNA polymeraseedaafter the thermophilic
bacteriumThermus aquaticusom which it was originally isolated [46]. It isormally
abbreviated toTaqPol,” or simply Tad', and frequently used in PCR.

T. aquaticuss a bacterium that lives in hot springs and higteomal vents, and
Taq was identified as an enzyme able to withstéedprotein-denaturing conditions,
namely, high temperature, required during PCR. [A@refore it replaced E.coli DNA
polymerase in PCR. Taq's temperature optimum fovigcis 75-80 °C with a halflife
of 9 min at 97.5 °C [49].

One of Tag's drawbacks is its low replication figekince it lacks a 3' to 5'
exonuclease proofreading activity; thus it has amrerate of about one in 9,000
nucleotides [50]. It can amplify a 1-kb strand dii® in roughly 30-60 seconds at 72
°C. Some thermostable DNA polymerases, such a®R# polymerase that have been
isolated from other thermophilic bacteria posses&' 3xonuclease proofreading

activity.

1.3.5. Deoxynucleoside Triphosphates (ANTP)

A nucleotide is a chemical compound that consiét8 portions: a nitrogenous
base, a sugar, and one or more phosphate grougiee most common nucleotides the
base is a derivative of purine or pyrimidine, ane sugar is the pentose deoxyribose or
ribose. Nucleotides are the monomers of nucleidsaawvith three or more bonding
together in order to form a nucleic ac@leoxynucleoside triphosphatédNTPs; also
very commonly and erroneously are called deoxymticle triphosphates), the building

blocks from which the DNA polymerases synthesizaswa DNA strand.
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1.3.6. Magnesium Chloride Concentrations

Varying the MgC} concentration is thought to affect primer anneplend
template denaturation, as well as enzyme activityfadelity. Note that the presence of
EDTA or other chelators will lower the effectivermentrations of MgGl Taq DNA
polymerase and dNTPs also bind free.Md@enerally, excess Mgwill result in the
accumulation of nonspecific amplification produc#dthough insufficient Mg will
reduce the yield [44].

1.3.7. Reaction Buffer

Buffer solution was provided for suitaltbemical environment and optimum

activity and stability of the DNA polymerase. Reacaended buffers generally contain:

+ 10-50mM Tris-HCI pH 8.3,

+ up to 50mM KCI, 1.5mM or higher MgClI2,

+ primers 0.2 - 1uM each primer,

+ 50 - 200uM each dNTP,

« gelatin or BSA to 100ug/ml,

« and/or non-ionic detergents such as Tween-20 oidgb®-40 or Triton X-100
(0.05 - 0.10% v/v)

Modern formulations may differ considesgbhowever - they are also

generally proprietary [44, 45, 51].
1.3.8. Instruments for PCR

Thermocyclers which automatically regulsmperatures for PCR cycling were
introduced in 1986. In addition to the advance®@R reagents, new instruments for
automated thermal cycling and for analyzing PCRipats have been developed. New
thermal cyclers have increased rates of heatinglingy and heat transfer to modified
reaction vessels. The reaction vessels accomnudbgtehe first generation thermal
cyclers (or even water baths and heating blocks)evatandard plastic microfuge
tubes. PCR amplification in thin capillary tubdkwed rapid thermal cycling, and
DNA synthesis to 20s. The speed of the temperathianges achieved in these

systems has allowed the precise definition of teatpee optima for each individual
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step in the PCR cycle. The new generation theayelkers also accommodate more

samples, have more precise thermal profiles, amg@grammabl@2].

1.3.9. PCR Today

PCRs can now be performed enabling theliioapion of DNA fragments up to
several kilobases in length by more than one miltimes their initial abundance. The
procedure is highly automatable and requires jugtva hours from beginning the
thermocyling to product analysis. This was not ¢hse previously, and the practical
requirements for performing a PCR have been gresithyplified since the first
manuscripts of the method [42]. Today, most ofithigal hitches or inefficiencies of
the PCR have been worked out. Furthermore, PCRxX@anded to include more than
313619 articles [52].

1.4, CONVENTIONAL MULTIPLEX POLYMERASE CHAIN REACTI ON
(CM-PCR)

Multiplex polymerase chain reaction (PG&pa variant of PCR in which two or
more loci are simultaneously amplified in the sam@&ction. Since its first description
in 1988 this method has been successfully applednany areas of DNA testing,
including analyses of deletion mutations and polggh®sms or quantitative assays and
reverse transcription PCR [53]he use of multiple, unique primer sets within gk
PCR mixture to produce amplicons of varying sizgectic to different DNA
sequences. By targeting multiple genes at oncadtiada information may be gained
from a single test run that otherwise would reqsegeral times the reagents and more
time to perform. Annealing temperatures for eaclthefprimer sets must be optimized
to work correctly within a single reaction, and dityn sizes, i.e., their base pair
length, should be different enough to form distibeinds when visualized by gel
electrophoresis.
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1.4.1. Advantages of CM-PCR

1.4.1.1. Internal Controls

Potential problems in PCR include falsgates due to reaction failure or false
positives due to contamination. False negatives aften revealed in multiplex
amplification because each amplicon provides armatl control for the other amplified
fragments. For example, multiple exons may be dragdlin assays that survey for gene
deletion. Unless the entire region scanned by thdtipltex PCR is deleted,
amplification of some fragment(s) indicates that tkaction has not failed (Fig. 1A).
Furthermore, because major deletions are usualhtigtmus, results that suggest
noncontiguous deletions based on the absence dsheually reflect artifactual failure
of some fragments to amplify. Complete PCR failaea be distinguished from an
informative no-amplification result by adding a t@h amplicon external to the target
sequence to the reaction. In addition to monitofR failure and artifacts, internal
control amplicons can be designed to verify thes@mnee of target template. In
multiplex assays where closely related templatesh sas pathogen strains are
distinguished by amplifying differing sequence,npers for a sequence common to all

templates provide a positive control for amplifioat[54, 55].

1.4.1.2. Indication of Template Quality

The quality of the template may be deteedimore effectively in multiplex than
in single locus PCR. Degraded templates give weskgrals for long bands than for
short. A loss in amplification efficiency due to R@nhibitors in the template samples
can be indicated by reduced amplification of annalaut control sequence in addition
to the amplification of rarer target sequencesiotherwise standardized reaction [56].

1.4.1.3. Indication of Template Quantity

The exponential amplification and intersindards of multiplex PCR can be used
to assess the amount of a particular template saraple. To quantity templates
accurately by multiplex PCR, the amount of refeesteamplate, the number of reaction

cycles, and the minimum inhibition of the theoratidoubling of product for each cycle
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must be accounted. In the simplest method of gligation, the gene multiplexes for
major deletions detect carriers or duplicationpriopounds when the band intensity of
abnormal amplicons is compared with that of norrhaimozygous fragments in the
multiplex. Cycling conditions for carrier testingust be determined carefully, because
the variation in amplicon intensities will be magkié the reaction is allowed to cycle
until the signal is saturated. The diagnosis is tnagsurate when at least two other
fragments are used in the comparison r and theysinat performed by densitometry,
fluorescent scanning on an automated DNA sequeacéry analysis of charge coupled
device camera images. Preliminary studies sugbaststgnal intensities of fluorescent
multiplex PCR products may reflect relative amouwftsnixed, disproportionate DNAs
in forensic samples. The majority of multiplex gtication assays compare the signal
intensity of a reference sequence to the signah femother sequence in the same
reaction, either directly or by extrapolating thesult to standard curves. There are
numerous coamplification assays based on this ipten the literature of competitive
PCR with RNA or DNA standards [57].

1.4.1.4. Efficiency

The expense of reagents and preparatioa t$ less in multiplex PCR than in
systems where several tubes of uniplex PCRs ark Asmultiplex reaction is ideal for
conserving costly polymerase and templates in sugply. For maximum efficiency of
preparation time, the reactions can be preparédliq randomly tested for quality, and

stored frozen without enzyme or template until &3

1.5. REAL-TIME PCR

1.5.1. History of Real-Time PCR

History of Real-Time PCR Techniques Higuehial. [59, 60] pioneered the
analysis of PCR kinetics by constructing a systbat tletects PCR products as they
gather. This “real-time” system includes the inaating ethidium bromide in each
amplification reaction, an adapted thermal cycler itradiate the samples with
ultraviolet light, and detection of the resultinigdrescence with a computer-controlled

cooled CCD camera. Amplification produces incregsamounts of double-stranded
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DNA, which binds ethidium bromide, resulting in amcrease in fluorescence. By
plotting the increase in fluorescence versus cyulenber, amplification plots that
provide a more complete picture of the PCR procdsn assaying product

accumulation after a fixed number of cycles aralpoed by system.

1.5.2. Introduction to Real Time PCR

As the name suggests, real time PCR is a technigeé to monitor the progress
of a PCR reaction in real time with the combinatafrsoftware and thermal cycler. At
the same time, a relatively small amount of PCRIpob (DNA, cDNA or RNA) can be
quantified. Real Time PCR is based on the deteatiothe fluorescent produced by
reporter molecules which are like florescence digm| labeled probs which their light
increases, as the reaction proceeds. This occwwdalthe accumulation of the PCR
product with each cycle of amplification. Theseoflescent reporter molecules include
dyes that bind to the double-stranded DNA (i.e. 88BGreen) or sequence specific
probes (i.e. Molecular Beacons, TagMan® Probescorgon Probes). Real time PCR
facilitates the monitoring of the reaction as ibgnesses. One can start with minimal
amounts of nucleic acid and quantify the end prodocurately. Moreover, there is no
need for the post PCR processing such as electregiipgel preparing or monitoring

under the UV light because the resources are saeeaind the time.

Real time PCR assays are now easy to mperfbave high sensitivity, more
specificity, and provide scope for automation. Reak PCR is also referred to as real
time RT-PCR which has the additional cycle of reeetranscription that leads to
formation of a DNA molecule from a RNA molecule.iFls done because RNA is less

stable as compared to DNA

Real-time PCR is the technique of collegtilatas throughout the PCR process as
it occurs, thus combining amplification and detactinto a single step. This is achieved
using a variety of different fluorescent chemidri¢hat correlate PCR product
concentration to fluorescence intensity [60]. Rieast are characterized by the point in
time (or PCR cycle) where the target amplificatiofirst detected. This value is usually
referred to as cycle threshold:(Cthe time at which fluorescence intensity is tgea

than back ground fluorescence. Consequently, thatgr the quantity of target DNA in
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the starting material, the faster a significantré@ase in fluorescent signal will appear,
yielding a lower €

Real-time PCR assays are 10,000- to 10k@d more sensitive than RNase
protection assays, 1000-fold more sensitive tharbbtia hybridization. [61] The major
disadvantage to real-time PCR is that it requirgseasive equipment and reagents. In
addition, due to its extremely high sensitivityusd experimental design and an in-
depth understanding of normalization techniques arperative for accurate

conclusions.

1.5.3. Fluorescent Reporter Molecules of Real-timeCR

In areal time PCR procedure, a fluorescent reporteeaubé is used to monitor
the PCR as it progresses. The fluorescence entijteébe reporter molecule manifolds
as the PCR product accumulates with each cycle ngbliication. Based on the
molecule used for the detection, the real time RE€ghniques can be categorically

placed under two heads:

1.5.3.1. Specific Probes

Specific detection of real time PCR isdzhen some oligonucleoside probes
labeled with both a reporter fluorescent dye agdencher dye. Probes are done with
different chemistries are available for real tineeaedtion, these include: Molecular

Beacons, TagMan® Probes, FRET Hybridization ProSesrpion® Primers et cetera.

1.5.3.2. Double-Stranded DNA Binding Dyes

Small molecules that bind to double-stranded DNA ¢t& divided into two
classes: Intercalators and minor groove binderd. [BRuchi et al [60] used the
intercalator ethidium bromide for their real-timetection of PCR. Regardless of
binding mechanism, there are two requirements f&MN# binding dye for real-time
detection of PCR: a) increased fluorescence whemdao double-stranded DNA; b)
no inhibition of PCR.
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1.5.4. SYBR® Green

The mechanism of SYBR® Green | dye’s interactionhwdDNA is not known.
In real time PCR, DNA binding dyes are used asréscent reporters to monitor the
real time PCR.The fluorescence of the reporteridgeeases as the product accumulates
with each successive cycle of amplification. Byoreling the amount of fluorescence

emission at each cycle, it is possible to moniterPCR during exponential phase.

In the solution, the unbound dye exhibitery little fluorescence. This
fluorescence is substantially enhanced when theigigmund to double strand DNA.
SYBR® Green remains stable under PCR conditions thedoptical filter of the
thermocycler can be affixed to harmonize the ekomaand emission wavelengths.
(Figure 3
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Figure 3. The binding of SYBR Green fluorescence dye betvieeses
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While probe-based chemistries provide additionajusece-specificity to that
given by the PCR primers, they are generally mdifecadlt to design and optimize and
add significantly to the overall costs of the asayIn contrast, a DNA binding dye like
SYBR green, which adheres to the minor groove ef dbuble stranded DNA in a
sequence-independent way, provides a flexible ndethithout the need for individual
probe design and optimization steps [30].

SYBR Safe is a variant of SYBR Green that been shown to have low enough
levels of mutagenicity and toxicity to be deemedchazardous waste under U.S.
Federal regulations. It has similar sensitivitydisvto EtBr. [63]. The advantages of
SYBR Green are that it is inexpensive, easy to asd,sensitive. The disadvantage is
that SYBR Green will bind to any double-stranded A the reaction, including
primer dimers and other nonspecific reaction pregluowvhich results in an
overestimation of the target concentration. FogleiiPCR product reactions with well-
designed primers, SYBR Green can work extremelyl, wath spurious nonspecific

back ground showing up only in very late cycles][63

1.5.5. Optical System of Real-time PCR

Figure 4 shows how sample tubes are ilhateid and signals detected from within
the reaction chamber. All tubes pass the deteateryerevolution (150 milliseconds),
enabling high-speed data capture. Up to six sepafaD light sources can be used in
combination with six different detection filtersgp Figure 6 shows that results of the

amplification can observed at the real-time.

Chamber Detection Filters
Airflow
§ Ty )

PMT
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LED Light
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Figure 4. Cross-section of reaction chamber and appeardrmeves of application.
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1.5.6. Phases of Real-time PCR

PCR can be formed into four major phasegufe 5): the linear ground phase,
early exponential phase, log-linear phase, ancealaphase [66]. During the linear
ground phase (usually the first 10-15 cycles), RECRst beginning, and fluorescence
emission at each cycle has not yet risen abovegpbacid. Baseline fluorescence is
calculated at this time. At the early exponentiaadge, the amount of fluorescence has
reached a threshold where it is significantly higihan background levels. This value is
representative of the starting copy number in thgirmmal template and is used to
calculate experimental results [67]. During the-liogar phase, PCR reaches its optimal
amplification period with the PCR product doubliafger every cycle in ideal reaction
conditions. Finally, the plateau stage is reachéernwvreaction components become

limited and the fluorescence intensity is no longseful for data calculation [68].
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Figure 5. Phases of the PCR amplification curve.

The PCR amplification curve makes a grépd accumulation of fluorescent
emission at each reaction cycle. The curves canraato four different phases: the
linear ground, early exponential, log-linear, arddtgau phases. Data gathered from

these phases are important for calculating backgt@ignal, cycle threshold (Ct), and



27

amplification efficiency. This graph was generataetth Rotor-Gene 6000 series

software, version 1.7.

1.6. QUANTITATIVE REAL-TIME PCR (QRT-PCR)

The ability to monitor the real-time progress af fACR completely revolutionizes
the way one approaches PCR-based quantificatidDNoA and RNA. Reactions are
characterized by the point in time during cyclingem amplification of a PCR product
is first detected rather than the amount of PCRdyecb accumulated after a fixed
number of cycles. The higher the starting copy nemdd the nucleic acid target, the

sooner a significant increase in fluorescence seoked.
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Figure 6. Amplification curves of quantification analysis

Figure 6 shows a representative amplificaplot and defines the quantification
analysis. An amplification plot is the plot of fliescence signal versus cycle number. In
the initial cycles of PCR, there is little changefluorescence signal. This defines the
baseline for the amplification plot. An increase finorescence above the baseline
indicates the detection of accumulated PCR produtiked fluorescence threshold can
be set above the baseline. The parameter CT (dixckshold) is defined as the
fractional cycle number at which the fluorescenassgs the fixed threshold. As shown
by Higuchi et al. [60], a plot of the log of initidarget copy number for a set of
standards versus CT is a straight line. Quantiboadf the amount of target in unknown
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samples is accomplished by measuring CT and ubiegtandard curve to determine
starting copy number.

1.6.1. Standard Curve

A standard curve is a research tool ongjtieation, a method of plotting assay
data that is used to determine the concentratiansafbstance, particularly proteins and
DNA. It can be used in many biological experimeiise assay is first performed with
various known concentrations of a substance sintbathat being measured. For
example a standard curve for protein concentraigoroften created using known
concentrations of bovine serum albumin. The assageglure may measure absorbance,

optical density, luminescence, fluorescence, ratiady, et cetera.

Greater absorbance is for the higher trecentration. This data is used to make
the standard curve, plotting concentration on thax}s, and assay measurement on the
Y axis. The same assay is then performed with seengil unknown concentration. To
analyze the data, one locates the measurementeol-#xis that corresponds to the
assay measurement of the unknown component anowilh line to intersect the
standard curve. The corresponding value on theiXiaxhe concentration of substance
in the unknown sample [69].

The standard curve method simplifies daltans and avoids practical and
theoretical problems currently associated with PERciency assessment. This
technique is used in many laboratories because simple and reliable. Moreover, at
the price of a standard curve on each PCR plaksdt provides the routine validation

for methodology.
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Figure 7. Standard curve of DNA amplifications.

The CT values are plotted versus the fafp® initial amount of genomic DNA to

give the standard curve shown in Figure 6.
1.6.2. Standard curve calculation

A standard curve is derived from the serial diloidoy a customary way. Relative
concentrations are expressed in arbitrary unitgiatithms (base 10) of concentrations

are plotted against crossing points.
1.6.3. R-value (square root of correlation coeffient)

The R-value of the calculation is the square rdothe R"2 value. Unless you
have a specific statistical application, thé W®alue is more useful in determining
correlation [65].

1.6.4. R"2-value (correlation coefficient)

The R”2 value, or Rvalue (as displayed with the superscript), ispleentage of
the data which is consistent with the statistiogddthesis. In the quantitation context,
this is the percentage of datas which matches ypethesis that the given standards
form a standard curve. If the’Ralue is low, then the given standards cannotasiye
fit onto a line of best fit. This means that thesulés obtained (ie. the calculated

concentrations) may not be reliable. A godevRlue is around 0.99 [70].
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1.6.5. Slope, Amplification, Reaction Efficiency ath B value

Slope The slope (M) of a reaction (shown in the staddarve window), can be used

to determine the exponential amplification andogdfncy of a reaction.

The slope is calculated of being the change indi®ided by the change in log
input (for example copy number). A 100% efficiemification means a doubling of
amplification product in each cycle resulting in lnvalue of -3.322, an amplification
factor of 2 and a reaction efficiency of 1.

Given an M value of —3.322, the calculations aréolsws:
Amplification value: 10*3322=2
Reaction efficiency [10°733%%3 -1 =1

Here are two examples for two different slope value

An M value 3.8 means that the reaction has an &cgilon value of ~1.83 and a
reaction efficiency of 0.83 (or 83%).

There could be several reasons for this valuehdfualue needs to be improved,
optimization steps like primer or probe concentrad, MgCh- or SYBR-Green |
concentrations could be improved, or cycle timesaased

An M value 3 means that the reaction has more 18886 efficient. A reason for
this could be a disproportionate digestion of probmpared to the amplicon produced.
In addition, if the R-value is low, then statistiearor can cause unexpected reaction

efficiency.

B-value: In a formula describing the relation between twaoialades, the intercept is
expressed with the letter "B" (Y = MX + B). Theeantept is also sometimes referred to
as the Offset.

The B value represents the ©r a given concentration of 1 unit. By substitgti

1 into the concentration formula as shown below:
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Cr=log(1)*M +B
Cr=0*M+B

We obtain G = B as described above.

The intercept can change from run-to-ang is less stable than the gradient. For
this reason, most analysis techniques will anatiizegradient rather than the intercept
[70].

1.6.6. Melting Curve Analysis

By using in real-time PCR, SYBR green binding topéifred DNA are simply
measured the fluorescence increase as the dye foirttle increasing amount of DNA
in the reaction tube. It is hoped that this inceeas fluorescence is coming from the
DNA. Is there any way to check that the correcgrnants are amplified? One way to
do some checking of the products is to do a mettumnge. The fragments are controlled

by melting curve analysis in order to understarabrfect amplification or not.

The real-time machine not only monitors DNA syntheturing the PCR, it also
determines the melting point of the product at ¢he of the amplification reactions.
The melting temperature of a DNA double helix dejsean its base composition (and
its length if it is very short). All PCR productsrfa particular primer pair should have
the same melting temperature - unless there isrmsm, primer-dimer, artifacts,
contamination or some other problem. Since SYBRmmoes not distinguish between
one DNA and another, an important means of quabtytrol is to check that all samples
have a similar melting temperature. After real til@R amplification, the machine is
programmed to do a melt curve, in which the tenpeeais raised by a fraction of a
degree and the change in fluorescence is measMrédte melting point, the two strands
of DNA will separate and the fluorescence rapidigrases. The software plots the rate
of change of the relative fluorescence units (R&ldh time (T) (-d (RFU)/dT) on the
Y-axis versus the temperature on the X-axis, ansl Will be peak at the melting
temperature (Tm). Figure-6 shows that are the ngelturves for the sample; when long
peaks represent long DNA fragments, short peaksvsaoprimer-dimers artifact
because they are such a short DNA and would giyeeak with a lower melting

temperature [71].



32

If the peaks are not similar, this might suggesttamination, mispriming, primer-
dimer artifact etc. You need to be sure that thg tnng you detect with SYBR green
is the thing you want to detect; that is a spedifidA fragment corresponding to the
size predicted from the position of the primerstba DNA. if you are looking at
MRNA) or the genomic DNA, plasmid DNA, etc (accowglito what your target DNA
IS). You need to know DNA product size and Tm.

79 Peak value/Tm: 83 3

Primer dimer

3074 Y5 V6 7 F¥8 73 80 ©1 82 @§3 84 85 96 BY 8% 89 90 M 92 93 94 95 36 57
deg,

Figure 8. The graph of DNA melting curves.

In this melting curve graph, all samples gesults of experiment made with the

same primer pair.

1.7. MULTIPLEX REAL-TIME PCR (MRT-PCR)

Real-time PCR assay provided comparablensitgty and superior
reproducibility, precision and shorter performantee when compared to previous
methods. This fluorescence-based real-time asstpmiy can quickly identify target
genes independently but also allows for multipleRP&actions in one tube by

employing the unique melting curve analysis follogPDNA amplification [72].

Multiplex PCR allows amplification several targetngs simultenously within a
single reaction tube using several primers [MRTRPOhe templates are amplified in

the PCR followed by melting curve analyisis: Inuiig 26 (a,b,c), the chart represents
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the change in fluorescence as a function of tinkéd®) versus the temperature of the
reaction products.

Since SYBR Green fluorochrome effectivedybound all amplicons without
establishing a direct differentiation between ruaminand poultry specific products,
multiplex MRT-PCR fragments are detected by meltiogrve analysis. Hence,
ruminant and poultry amplicons can be easily digtished by specific Tm values due

to the different length and compositions of two #ogns.

Some scientists shared the same opinitim BIYBR Green fluorescence dye can
not do multiplexing for example, Although multipleg reactions cannot be performed
with SYBR Green, specificity can be achieved byetdrprimer design and reaction
optimization, which can be confirmed from dissaolat(or melt) curve analysis [3, 73,
74].

Normally SYBR green is used in simplexctems, however when coupled with

melting curve analysis, it can be used for mul#pieactions [75].



CHAPTER 2

EXPERIMENTAL PART

2.1 MATERIALS

2.1.1 Meat Samples

During the research, 93 meat samples caigl were collected (Figure 9, Table
1
[ Raw(35) ]

| |

1
Known origin(31) [ Unknown origin(4) ]
(27)Known origin
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Ruminant(1)

1
[ Unknown origin(27)]
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Pork(1)
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Figure 9. Meat samples collected from shops located in iffierent points of Istanbul

57 of 93 were processed and mixed meat productghtdtom supermarkets or
ordinary local shops. 30 and 31 among them werelddband unlabelled samples
respectively. There was no any information aboatrtitio of the meat species used in
the processed-mixed meat in the labels of 19 sample

There were 35 raw samples (mince etcluded in the research. 4 of 34 were
standards which were cut directly from the bodyhef animals (ruminant, poultry, fish,
and pork). Although the origin of one of 34 sampless unknown, those of the rest

were known and they were obtained from ordinanalebops and supermarkets.

Table 1.Grouping of Samples according to the criteria gilselow

Criteria | Groups # (%)
3 RU 1 (1.1)
§ g PO 1 (1.1)
2 § FS 1 (1.1)
x PR 1 (1.1)
< RU 42 (45.2)
c RU+PO 13 (14.0)
(]
25 PO 10 (10.8)
e
g FS 5 (5.4
§ PR 1 (1.1)
n UK 22 (23.7)
5 9 PM 57 (61.3)
Q> RMM 21 (22.6)
go RWM 15 (16.1)
o c RS 4 (4.3)
g-g’ RR 18 (19.4)
g ?5 RF 4 (4.3)
S o RP 5 (5.4)
25 RU 5 (5.4)
NI
58 MLK 11 (11.8)
o 2
ga MLU 19 (20.4)
(]
O£ MU 27 (29.0)

RU: Ruminant; PO: Poultry; FS: Fish; PR: Pork; UK: Unknown; PM: Processed Meat (salami, sausages, ham,
frankfurter, meat ball); RMM: Raw mince meat; RWM: Raw Meat; RS: Reference species; RR: Raw Ruminant; RF: Raw
Fish; RP: Raw poultry; RU: Raw but species unknown; MLK: Mix, labeled and concentration of species given; MLU: Mix,

labeled and concentration of species not given; MU: Mixed but species unknown.
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The list of the machines and equipments used sty was shown below.

Thermocyclers

Software
Autoclave
Camera
Centrifuges
Deep freezers
Electrophoretic Equipment
Magnetic Stirrers
Power supplies
Refrigerator
Transilluminator
Vortex

Water Purification System

Balance

Pipets

Tips
Spectrophotometer
V3.41

: TECHNE TC281K), Corbet Rotor-Gene 6000 Rotary
Analyzer (AUSTRALIA)
: RoBene Software
: CERTQAW A-4050 Traun, Austria
: Soryp&rshot DSC T520
. Hettidhikro 22
: BEKOrkay
: Bio-Rad Sub GalT,
. Chilterotgdlate Magnetic Stirrer
: Bio-Ramver PAC-300
: Phdjp-4C, -20C
: Bio-RaeiBoc 2000
: IKBABORTECHNIK
: Millipore, Watearification System, Ultra Pure
Water
: Bdus, Wender Landstrasse 94-108 D-37075
Goettingen, Germany
chipet EX
eptune BT brand barrier tips
: UNICAM UVSIBLE, VISION SOFTWARE
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2.1.3 Chemicals

Many of the chemicals were supplied frathexr MERCK [Germany] or SIGMA
[USA]. Alcohols were purchased from RIEDEL DE-HAHSermany].

2.1.4 Buffers and Solutions

During DNA isolation and visualization tfie PCR products, different buffers

were used.

* DNA Isolation: Solutions and buffers for DNA isolation were obt&nby the
commercial kit called Qiagen DNeasy® Blood & Tisslie(QIAGEN, Germany)

« PCR: One buffer (Tag polymerase buffer (Takara,BiogelQx Taq Buffer +
[NH4]2S04 — MgCI2 (Fermentas, Germany) for stand®R and real-time PCR
and one master mix solution (SYBR® Green PCR Masligr (Takara, Germany)
just only for real-time PCR were used during thelgt

* Gel Electrophoresis: Agarose gel electrophoresis was performed forahzation
of PCR products. The buffers and solutions for iiethod were given in the list
below.

= 10 x TBE buffer: 54 g Trisbase, 27.50 g Boric acidg50 g NaEDTA
dissolved in 500ml distilled water.

» 10 x loading buffer : 2.5mg/ml bromophenol blue, 8BS in 2 ml of
glycerol

» Ethedidum Bromide : 10 mg/ml (Merck, Germany)

= 3% agarose: 3 gram agarose (Merck, Germany) waslded in 100 ml
boiling 0.5xTEB buffer.



38

2.1.5 Oligonucleoside Primers

Oligonucleotide primers were used to am@pecific gene loci, which are called 16S rRNRSIrRNA-tRNA Val and 12S rRNA. The

detailed information about primers’ design was giuethe section called 2.2.2. DNA Extraction amghfer Design.

Table 2.Design of oligonucleotides of the different animrpkcies

Primers Species Genes Positions Oligonucleotideems Amplicons (bp)

Ruminant | Bos taurus 16S rRNA-tRNA Bos taurus 5" GAA AGG ACA AGA GAAATAAGG 3 374
EU177870 5 TAG CGG GTC GTAGTGGTTCT 3

Pork Sus scrofa 12S rRNA-tRNA Val Sus scrofa 5 CTA CAT AAG AAT ATCCACCACAZ 290
bNC 000845 5 ACATTG TGG GAT CTT CTAGGT 3

Fish Sardinops melanostictysl2S rRNA Sardinops mel.| 5 TAA GAG GGC CGG TAAAACTC 3 224
bNC 002616 (5 GTG GGG TAT CTAATCCCAG 3

Poultry | Meleagris meleagridis [12S rRNA Gallus gallus |5 GGG CTATTGAGC TCACTGTT 3 183
bNC 001323 |5 TGA GAACTA CGA GCACAAACJ
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2.2 METHODS

2.2.1. Preparation and Collection of Meat Samples

Samples were obtained commercially from the diffemoints ofistanbul. During
the collection of meat samples, clean, non-usestiplaoxes were used to prevent the
cross-contamination. As soon as samples were gdttep were directly transported to
Molecular Biology and Genetic Research LaboratofyFatih University at the
Buyukcekmece Campus, Istanbul. Then, each one waghed about 20 gr and
homogenized by sterile the mixers in the falconetulnanually. Exactly 25 mg of
samples was placed in a 1.5 ml microcentrifuge tabé numbered E-1 to E-100.

Finally, they were stored under “ZDuntil the DNA isolation procedure.

On the other hand, information about the sample® weaded to an Excel File
(Microsoft Excel, USA) and performed a raw tableeTable contained the place where
they were obtained, production date, expired dhigly mark, origin and storage and
packaging conditions, etc.

2.2.2 DNA Extraction, Quality and Quantity of DNA, Primer Design

i. DNA extraction:

DNA was extracted from 25 mg of meat sasplsing the DNeasy® Protocol

provided with the DNeasy® Tissue Kit (Qiagen, Hild&ermany).

= One hundred and eighty microlitres ATL buffer arfdl (21 Proteinase K were
added and vortexed.

= The mixture was incubated at 56 °C in a water battisperse the sample until
the tissue was completely lysed. The mixture watexed for 15 s.

= 200ul AL buffer was added to the sample, vortexeadughly.

= 200ul ethanol (96-100%) was added to mixture andexes to yield a
homogenous solution.

= The homogenous solution was pipetted into the Di¥@asini column in a 2 ml

collection tube.
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= The homogenous solution was centrifuged at

DNeasy Mini _
Procedure 8000 RPM for 1 min.

Saiitiil = The flow-through and collection tube was
ample

discarded and the DNeasy® mini column was
put in a new 2 ml collection tube.

= 500 ul AW1 buffer was added and spun at 8000
RPM for 1 min.

= The flow-through and collection tube was
discarded and the DNeasy® mini column was
placed in another 2 ml collection tube.

= 500 ul AW2 buffer was added and centrifuged at
14,000 RPM for 3 min to dry the DNeasy
membrane and then the flow-through and
collection tube was removed.

» The DNeasy® mini column was placed in a

clean 1.5 ml microcentrifuge tube. 200 pl AE

. buffer was pipetted directly onto the DNeasy®
Recel-te-s Dbl membrane and incubated at room temperature at
1 min.

= This was then spun at 8000 RPM for 1 min to

Figure 10. A simple
domenstration of Dneasy
DNA isolation procedure elute. Elution was repeated to increase final
DNA concentration. Last solution volume is 400
microliter in a microsentrifuge tube.
= After the amount of DNA was measured by spectropineter the DNA

solution was stored at -20 °C until used in proeess PCR.

ii.  Quantification of Nucleic Acids
DNA concentration was calculated by tlusriula: DNA concentration = OD260
X extinction coefficient (50ug/ml) X dilution faato

A spectrophotometer device was used torahite the concentration of DNA in a
solution. Samples were exposed to ultraviolet ligh260 nm and 280 nm. With the

260:280 ratio was determined qualification of nicheids.
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iil. Protein Contamination and the 260:280 ratio

The ratio of absorptions at 260nm vs 28@oommonly used to assess the purity

of DNA with respect to protein contamination, siiereds to absorb at 280nm.(Table 2)

Table 3. Sensitivity for protein contamination in nucleicids’

% nucleic acid | % protein | 260:280 ratio
100 0 2.00
95 5 1.99
90 10 1.98
70 30 1.94

The ratio of 260/280 ranged from 1.6 to 2.0, whieas sufficiently pure for PCR
reactions [76]. The method dates back to 1942, wivanburg and Christian showed
that the ratio is a good indicator of nucleic amihtamination [77].

Table 4.The results of quantification and qualification farcleic acids

Name 0.D.260 nm | O.D.280 nm 260/280 Concentration
Ruminant | 1,200 0,589 +2 60 ng/ul

< | Pork 1,514 0,714 +2 75,7 ng/ ul

E Poultry 1,520 0,728 +2 76 ng/ ul
Fish 0,895 0,447 2 44,75 ng/ ul
E-42 1,400 0,677 2 70ng/ pl
E-48 1,608 0,801 +2 80 ng/ ul
E-17 0,908 0,466 +1,9 45,4 ng/ pl

0 E-44 1,286 0,648 +19 64,3 ng/ pl

E- E-50 0,966 0,535 +1,8 48,3 ng/ pl

& E-90 1,577 0,723 +2 78,85 ng/ pl
E-91 1,112 0,540 +2 55,6 ng/ pl
E-92 1,160 0,567 +2 58 ng/ ul
E-93 1,071 0,548 +19 53,55 ng/ pul

3http://en.wikipedia.org/wiki/ Quantification of nigic acid



42

iv.  Primer Design and Production

We only designed ruminant primers (16S rRNA) udtrgner3 (v. 0.4.0) primer
design software which is free on internet and $emtgi and specificity of all primers
(Table 1) were checked by using the BLAST of NCBNational Center for
Biotechnology Information). All the primers werenslyesized by the company, lontek,

Istanbul, Turkey.

2.2.3. Polymerase Chain Reaction (PCR) Conditions

2.2.3.1. Conventional Simplex PCR

PCR amplification was performed in a final volumfe26 ul containing 10x Taq
Buffer + [NH4]2S04, 1 unit of Platinum Tag DNA Raterase, 0.2 mM each of dATP,
dCTP, dGTP, dTTP, 2 mM MgCI2, 0.1 mM of each prismand 60-80ng/udf DNA
template. Amplification was performed in a Thermdey Techne with the following
cycling conditions; after an initial heat denatioatstep at 94 °C for 10 min, 35 cycles
were programmed as follows: 94 °C for 30 s, 606Clf min, 72 °C for 1 min and final

extension at 72 °C for 5 min.

Table 5.Simplex PCR composition

PCR compossition | Volume Concantriation
ddH20 15.875pl ~
Buffer 2.5 ul 1x
dNTP 2 ul 0.2mM

2 MgCI2 2l 2mM

% Forward Primer 0.5ul 0.1mM

g Rreverse Primer 0.5ul 0.1mM
Tag polymerase 0.125ul 1U/reaction
Template DNA 0.5ul 60-80ng/pl

Total 25 pl
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2.2.3.2. Conventional Multiplex PCR

For the simultaneous detection of eacltispe a one-step multiplex PCR was

developed using each of the primer sets previalestygned for the simplex PCR.

Table 6. Multiplex PCR composition

PCR composition Volume Final Concant.
ddH20 13.55ul _
Buffer 2.5 pl 1x
dNTP 2l 0,2mM
MgCI2 2 ul 2mM
Forward Primer for Ruminant 0.4ul
Reverse Primer for Ruminant 0.4ul
X
% Forward Primer for Pork 0.4l
]
@ Reverse Primer for Pork 0.4pl +0.1mM
=
Forward Primer for Poultry 0.4ul
Reverse Primer for Poultry 0.4l
Forward Primer for Fish 0.4ul
Reverse Primer for Fish 0.4ul
Taq polymerase 0.15pl 1U/reaction
Template DNA for Ruminant 0.4pl
o Template DNA for Pork 0.4pul
T 60-80ng/ul
E_ % | Template DNA for Poultry 0.4l
o
2 2 | Template DNA for Fish 0.4ul
Total 25 pul

As for the simplex PCR, amplification waerformed in a final volume of 25 pl
containing 10x Taqg Buffer + [NH4]2S04, 1.5 unit Blatinum Tagq DNA Polymerase
(lontek,Turkey), 0.2 mM each of dATP, dCTP, dGTHTE (lontek,Turkey), 2 mM
MgCl,, 20, 20, 12.5 and 10 pmol of ruminant, pork, fiahd poultry primers,
respectively, and 60-80ng/ul of DNA template. Tharnosycling was programmed

following the same procedure used in simplex PCR.
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Amplimers were resolved by electrophoresis3% agarose gel (MERCK) run in
Tris Boric EDTA Buffer for 50 min at 110 V.

2.2.3.3 Agarose Gel Electrophoresis

A 3% agarose gel was performed for the deteaifdhe PCR products.

Preparation of the gel:

1. 2.4 g of agarose (Sigma, St. Louis, USA) was added 80 ml of 0.5 M
Tris-Borate EDTA (TBE) buffer.

2. The mixture was boiled.

3. The gel was cooled to 6C and a 4ul of Ethidium bromide was added. It
was poured to its plate and then a comb was platedhe gel.

Loading the samples:

1. 2 yl loading dye (Fermentas, Germany) was mixed wilRFproducts as a
tracking dye.
2. 1Qul of PCR products were put in each slot.
3. A 100 bp DNA Ladder (MBI Fermentas, Hanover, MIESA) as a molecular
marker was dropped into the side slot.
4. The gel was run at 110V in 0.5 M TBUdfer for 50 minutes.
5. The gel was illuminated by the transilluminaséthe Gel Doc 2000 (Biorad,
Milan, Italy).

0.5X TBE buffer was diluted from 10X TBE. To prepatOX TBE buffer, 54 g Tris
base, 27.50 g Boric acid, 4.650 g NaEDTA was dissbln 500ml distilled water.

2.2.4. Real-time PCR

Real-time PCR amplification was performed in alfmalume of 20 pl containing
SYBR Green master premix (Takara, Japan), 0.2 Moh @& Datp, Dctp, Dgtp, Dttp
(Takara, Japan) 0.1 Mm each of primers and 60-80rg/ DNA template (Table 6).

Amplification was performed in a Corbet Rotor-Ge8®@00 rotary analyzer (Corbett,



45

Australia) with the following cycling conditionsftar an initial heat denaturation step at
94 °C for 10 min, 40 cycles were programmed a®vat 94 °C for 10 s, 60 °C for 20
s, 72 °C for 20 s and after that melting curve gsialwas programmed its ramp was
formed from 72 C° to 95 C° raising by 1 C° eaclpstrogram waits for 90 s. of pre-

melt conditioning on first step and for 5 s. fockeatep afterwards.

Table 7.Real-time PCR composition

PCR composition Volume Concentration
ddHO 7.2ul or 8.2yl _

'é Forward Primer 0.4ul 0.1mM

% Reverse Primer 0.4ul 0.1mM

g SYBR premix ex tag| 10l 1x
Template DNA 2ul or 1pl 60-80ng/ul
Total 25 pul

2.2.4.1. Identification of Species by Melting Curvénalysis

Melting Curve Analysis Tools of Rotor Gene SoftwaReogram (Corbett,
Australia) at the end of each reaction was usedeatify specific-species melting

temperature (tm) value of the amplified regiontad template DNA.

2.2.4.2. Preparation of Diluents of Standard DNA Saples

Diluents of four species (ruminant, pork, poultnddish) standard samples were
prepared according to the following ratio: 1, 1/10100, 1/1.000, 1/10.000, 1/100.000,
1/1000.000,1/10.000.000. For dilution, sterile wated DNA solution of four species

was used as a solvent.

2.2.5. Quantitative Real-time PCR (QRT-PCR) Assay

After PCR, quantification of the DNA concentration samples was performed
by the Quantitative Analyzing Tools of Rotor Geneftware Program (Corbett,

Australia) to quantify the ratio of meats of di#et species in processed meat. To do
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that, the software itself determined cycle thredh@t) values of each DNA samples,
compared them with the known concentration of diteef standard DNA samples and

made a concentration versus Ct values plot.

The PCR products were loaded to 3% agarose gdtabkboresis to check the size
of PCR products.

2.2.5.1. QRT-PCRs Sensitivity and Specificity

Progressive dilution of a mixed DNA template watutédd in DNA of other
species  respectively 1, 1/10, 1/100, 1/1000, 10@M.0 1/100.000,
1/1.000.000,1/10.000.000. The results obtained filmase dilutions at the end of PCR
were shown both in raw data and melting curve amlgf software which is called
Rotor-Gene. The detection limits were determineddioninant, pork, poultry and fish.
Real-time dilution products also were run on a 38&rase gel, and stained with
ethidium bromide. The results in agarose gel wempared with the result of QRT-
PCR.

2.2.5.2. Standard Curve

A lot of experiments were made to optimstandard curve data by using dilution
values (froml to 1/10.000.000) of DNA which aredwej to ruminant, pork, poultry and
fish in order to reach maximum reaction applicagfirciency and optimum R2 value.

2.2.6. Multiplex Real-time PCR (MRT-PCR)

Multiplex real-time PCR was applied tontiey ruminant, poultry, fish and pork
materials in the same reaction. For this purpo$erdnt PCR conditions were used
such as thermal gradients and amplification cuwese compared with DNA bands in

the results conventional multiplex PCR.



CHAPTER 3

RESULTS

3.1. Optimization of Simplex PCR

In a preliminary phase of the investigation, simpRCRs were optimized and
carried out on DNA samples extracted from raw mteaverify the sensitivity and
specificity of the primers. The primers generatpdc#ic fragments of 374bp, 183bp,
224bp, 290bp for ruminants, poultry, fishes andkpaspectively (Figure 11, 12). To
detect possible cross-reactions, each set of psimas performedn simplex PCR with
non-target species. In no case, a cross-reactisrobserved.

OeslOSTN12% 13 =514 157116 17

Figure 11. Evaluation of assay sensitivity progressive daatiof ruminant DNA

template diluted in DNAs of pork, poultry and fish.

In figure 11; lane 1, M, 100-bp ladder; I&heontrol reagent; lane 3, 100%; lane 4,
100%; lane 5, 100%; lane 6, 20%; lane 7, 10%; &r&%; lane 9, 1%; lane 10, 0.2%;
lane 11, 0.1%; lane 12, 0.02%; lane 13, 0.01%; lahe).002%; lane 15, 0.001%; lane
16, 0.0002%; lane 17, 0.0001%.

47
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3.2. Conventional Multiplex PCR Specificity and Opimization

When multiplex PCR was carried out on agals samples, the set of primers
retained the same specificity (Figure 11). Thetetghoretic pattern clearly shows the
absence of cross-reaction. In fact, only the sgespecific band is evident.

We optimized multiplex PCR at the same aomts of simplex PCR in order to
check mixed meat products and showed the appligabfl multiplex PCR (Fig. 3) on

the commercial meat.

Figure 12. Specificity of multiplex PCR of DNA from raw meat

In figure 12, it is represented lane 1;10-bp ladder. Lane 2, ruminant (374bp);
lane 3, pork (290bp); lane 4, poultry (183); landigh (224bp); lane 6, mixture of all
animal (ruminant, pork, poultry, and fish) DNA; &ntc, no template control reagent.

The size of PCR products was as expeciéd mo additional fragment from a
target species. This result showed that the spspiesific primers amplified only one
size fragment from a target species. Primer spgeddithe other species was examined
by multiplex PCR using the same primer mixtureha tnethod. Figure 11 showed the
result of an optimized multiplex PCR which resulie@ single band of target size from

one meat species and no fragment produced by remfispamplification
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3.2.1. The results of Raw and Mixed Meat Samples WyM-PCR

The applicability of the assays to comnapgroducts, raw meat and mixed meat
has been demonstrated. The optimized multiplex R@Bod was performed at once to
all samples collected from the different pointsIstfanbul. The some of the actual
experimental results were shown in four differagtifes (Figures 13, 14, 15, and 16)
and four different tables (Tables 8, 9, 10 and ttBt compared the true species
composition of the samples and the results. Wigam to commercial meat products,
the species claimed in label have been researclethd modern DNA analysis

methods.
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Figure 13.Conventional multiplex PCR assay 1 for controllofgsamples

Table 8. Conventional multiplex PCR assay 1 results

Num.&Name | Given Reveal Num.&Name | Given Reveal
Composition Composition Composition | Composition
1 M 100-bp Ladder 11 RU3 Ruminant Rum./Poultry
2 RR2 Ruminant Rum./Poultry 12 RU4 Ruminant Rum./Poultry
3 RR4 Ruminant Rum./Poultry 13 RU5 Ruminant Rum./Poultry
4 E-17 Rum./Poultry Rum./Poultry 14 ML5 Rum./Poult.Rum./Poultry
5 ML4 Ruminant Rum./Poultry 15 E-42 Ruminant Rum./Poultry
6 RR5 Ruminant Rum./Poultry 16 NTC Negative Template Control
7 RP1 Poultry Poultry 17 NTC Negative Template @an
8 RR8 Ruminant Rum./Poultry 18 PCT Positive Control Template
9 RR10 | Ruminant Rum./Poultry 19 NTC Negative Template Control
10 | RR10 | Ruminant Rum./Poultry 20 M 100-bp Ladder

In table 8, multiplex PCR assay 1 results show ity ruminant origin products were
unintentionally contaminated or intentionally mixleg poultry meat (lane 2, 3, 5, 6, 8,
9,10, 11, 12, 13, and 15).
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Figure 14.Conventional multiplex PCR assay 2 for controllofgsamples

Table 9. Conventional multiplex PCR assay 2 results

Name Given Reveal Name Given Reveal
Composition| Composition Composition | Composition

21 PCT 31| ML8 | Rum./Poultry Rum./Poultry|

22 ML4 | Ruminant Rum./Poultry | 32 | RR18 Ruminant Ruminant

23 ML1 | Rum./Poultr| Rum./Poultry | 33 E-44 Rum./Popltr] Rum./Poultry

24 MU2 | Ruminant Rum./Poultry | 34 | E-44( Rum./Poultry Rum./Poultry

25 MU3 | Unknown Rum./Poultry | 35 RR1B Ruminant Rumina

26 MU4 | Ruminant Rum./Poultry | 36 | ML10 Ruminant Ruminant

27 MUS5 | Ruminant Rum./Poultry | 37 | E-91( Rum./Poultry Rum./Poultry

28 RR11 | Ruminant Ruminant 38 E-92  Rum./Poultiy RBoultry

29 MU6 | Unknown Rum./Poultry | 39 M 100-bp DNA Ladder

30 ML6 | Ruminant Ruminant 40| NTC No Template Cohtro

In Figure 14, multiplex PCR assay 2 resglhows that many ruminant origin
products were unintentionally contaminated or ihterally mixed by poultry meat
(lane 22, 24, 26 and 27). Some of the samples diemly tested such as the one, E-44
lane which lane 33 and 34 belong to.
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Figure 15. Conventional multiplex PCR assay 3

Table 10.Conventional multiplex PCR assay 3 results

Name Given Reveal Name Given Reveal
Composition | Composition Composition | Composition

41 | M 51 | E-50 | Rum./Poultry | Ruminant

42 | ML7 | Ruminant Ruminant 52 | E-52 Rum./Poultry| Rum./Poultry

43 | ML9 | Ruminant Rum./Poultry | 53 | MU9 | Rum./Poultry | Rum./Poultry

44 | MIL12 | Poultry Rum./Poultry | 54 | MU10 | Unknown Rum./Poultry
[ 45 | ML13 | Ruminant Rum./Poultry | 55 | MU10 | Unknown Rum./Poultry

46 | ML18 | Ruminant Poultry 56 | M

47 | ML19 | Ruminant Poultry 57 | PCT

48 | MU1 | Unknown Rum./Poultry | 58 | E-59 Ruminant Ruminant

49 | MU8 | Unknown Rum./Poultry | 59 | MU12 | Unknown Ruminant

50 | E-48 | Rum./Poultry Rum./Poultry | 60 | MU13 | Ruminant Rum./Poultry

In figure 15multiplex PCR assay 3 results shows that many rantirorigin
products were unintentionally contaminated or ihterally mixed by poultry meat
(lane 43, 44, 45, 46, 47, 51 and 58).
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Figure 16. Conventional multiplex PCR assay 4

Table 11.Conventional multiplex PCR assay 4 results

Name Given Reveal Name Given Reveal

Composition [ Composition Composition | Composition
61 | M 71 | MU19| Unknown* Rum./Poultry
62 | PCT Positive Contr ol Template 72|  MU2[LUnknown* Rum./Poultry
63 | NTC Negative Te 73 MU22 | Unknown* Rum./Poultry
64 [ ML14 | Ruminant Rum./Poultry | 74 | MU23 | Unknown* Rum./Poultry
65 [ ML16 | Poultry Rum./Poultry | 75 | MU24 | Unknown* Rum./Poultry
66 [ MU15 | Unknown* Rum./Poultry | 76 | MU25 | Unknown* Rum./Poultry
67 [ MU16 | Unknown* Rum./Poultry | 77 | MU26 | Unknown* Rum./Poultry
68 [ MU17 | Unknown* Rum./Poultry | 78 | MU27 | Unknown* Rum./Poultry
69 [ ML17 | Poultry Rum./Poultry | 79 | E-90 | Rum./Poultry | Rum./Poultry
70 [ MU18 | Unknown* Rum./Poultry | 80 | E-42 Rum./Poultry | Poultry

*mixed meat

In table 11, multiplex PCR results sholet tmany ruminant origin products were
unintentionally contaminated or intentionally mixbg poultry meat (lane 64, 65, 69
and 80).
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Table.12Overall multiplex results

Given Species (b)# | (%) Reveal Results # (%)
RU 21 (50)
RU 42 (45.2) RU+PO 19 (47.5)
PO 2 (2.5)
RU+PO 12 (92.3)
RU+PO 13 (14.0) 50 1 77
PO 7 (70.0)
PO 10 (10.8) RU+PO 3 (30.0)
FS 5 (5.4) FS 5 (100.0)
PR 1 (1.1) PR 1 (100.0)
UK PO 1 (4.5)
22 (23.7) RU 1 (4.5)
RU+PO 20 (91.0)

Overall multiplex results showed that Z&.0(%) among 71 (RU+ (RU+PO)
+PO+FS+PR) samples gave unexpected results (Tableot indicated in their labels.
It was seen that 19 of 42 RU samples were contdadnaith PO whereas 3 of 10 PO
were contaminated with RU. On the other hand, 22RU were found as only PO

though it was stated as only RU on their labels.

We had 30 commercial labeled meat mixtpreducts (salami, frankfurter,
sausages, etc) manufactured by high quality oudsigrcompanies. It was revealed that
one company had used only poultry meat whereasstagd they used mixture meat of
poultry and ruminant. Overall, it was observed thally 18 of 30 products obeyed their
labels. That is, 40% of commercially labeled prdduwere carrying different meat

species not indicated in their labels (table 8)

Table 13.Results of commercial labeled mixed meat products

Given Reveal
Species © #|(%) Results #| (%)
RU 6| (42.9)
RU 14| (46.6)| RU+PO| 6| (42.9)
PO 2| (14.3)
RU+PO| 11| (91.7)
RU+PO 12 (40.0) 50 1623)
PO 1] (25.0)
PO 4 (13.3) RU+PO| 3] (75.0)

In addition to ruminant meat, the preseoicpoultry has been evidenced in many
meat products although no poultry meat usage has gwen in their official labels. In

our experiment, no fish and pork meat were detected
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3.3. Identification of Species by Real-time PCR Mghg Curve Analysis

Real time PCR technique was optimized. All of thé&rence strains (ruminant,
pork, fish, and poultry) were amplified. Real-timesults of PCR amplification products

were shown using Rotor-Gene 6000 system employ¥BfFSGreen 1. (Fig.1)

All of the reference strains were amplified seveirales and melting curve chart
belonging to ruminant, pork, fish and poultry (Figl2 a) was obtained by using real-
time PCR melting curve analysis program in the R@ene Software. Temperature
values belonging to four species were identifiedoading to melting curve peaks. It
was seen that each species has a different chastictd m value. Test results were
considered positive when their melting Tm was witthe average Tm = 0.3 SD for
each class of species. By looking at the charatiemm value which is specific to the
species, it can be easily identified that the signa result on the machine is a false
positive primer-dimer or a true positive PCR prddédternatively, one can easily say

what the origin of the amplicon belongs to.
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Figure 17. Quantification raw data chart of species

The figure 16 shows raw data analysis of flifferent species. Curve 1, ruminant;

curve 2, pork; curve 3, poultry; curve 4, fish;,mo template control.
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Figure 18 Melting curves of species (a) and gel analys)s (

Figure 18 is for gene classes of curveutinant; curve 2 pork; curve 3, poultry;
curve 4, fish in SYBR Green | real-time PCR witht®eGene 6000. The templates
were amplified in the PCR followed by melting curmealysis: (a) the chart represents
the change in fluorescence as a function of tinkdd@) versus the temperature of the
reaction products. (b) PCR products from contnaiss were run on a 3% agarose gel,
and stained with ethidium bromide. Lane M, 100bpADMdder; lane 1, ruminant
(374bp, tm: 86.3); lane 2, pork (290bp, tm: 82l&ye 3, poultry (183bp, tm: 86.3); lane
4, fish (224bp, tm: 87.2); lane mul, multiplex cant it was produced by conventional

multiplex PCR; lane ntc, negative template control.
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3.4. Identification of Real-time PCR Assay Sensitity

Serial diluted reference DNA samples waarglified and their melting curves
were analyzed to find out the least detectablesdiist It showed that almost 1 million
fold diluted samples even could be detected byrtethod. By the way, SYBR green
Real-time PCR could detect the amplicon in porkiailtion times diluted tube. The
amplicon then were separated by electrophoresiviandlized (Figure 19 b). It was
revealed that SYBR-green Real-time PCR systemleaat twice more sensitive than

conventional visualization system, gel electrophbise

3.4.1. Ruminant PCR Assay Sensitivity

The templates were amplified in the PCR followednhbgliting curve analyses: (a) the
chart represents the change in fluorescence asdidn of time (dF/dT) versus the
temperature of the reaction product$he detection limit was 0.0006% for ruminant
which has tm: 83.2

20
18 1
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2= Brig

-3-0.6ng/ul

4-0.06ngAl
— 5-0.006ngpl
— B-0.000Bngp)
— 7= 0.0003ngA
— 8- 000006,
— 3-ntc

dF AT
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Figure 19. Melting curves of ruminant DNA diluted (a) and gealysis (b)
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Figure 19 is for ruminant sensitivity ity BR Green | real-time PCR with Rotor-
Gene 6000. (b) PCR products from control ruminagtenrun on a 3% agarose gel, and
stained with ethidium bromidéane M, 100bp DNA ladder; lane 1, 100%; lane 2, 10%
lane 3, 1%; lane 4, 0.1%; lane 5, 0.01%; lane .601%; lane 7, 0.0001%; lane

0.00001%;lane ntc, negative template control.

3.4.2. Poultry PCR Assay Sensitivity

The templates were amplified in the PCRofeed by melting curve analyisis: (a)
the chart represents the change in fluoresceneef@sction of time (dF/dT) versus the
temperature of the reaction products. The detediiait was 0.00076% for poultry

which has tm: 86.5
a

—1-7Bng/pl

g- 7. bnogiyl
Tm: §6.3 — 3- 0.7Bng/yl

4- 0.07Bnog/l
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Figure 20. Melting curves of poultry DNA diluted (a) and geialysis (b)

Figure 20 is for poultry sensitivity in 8BR Green | real-time PCR with Rotor-

Gene 6000. PCR products from control poultry wene on a 3% agarose gel, and
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stained with ethidium bromide. Lane M, 100bp DNAdar; lane 1, 100%; lane 2, 10%;
lane 3, 1%; lane 4, 0.1%; lane 5, 0.01%; lane .601%; lane 7, 0.0001%; lane

0.00001%:;lane ntc, negative template control.

3.4.3. Pork PCR Assay Sensitivity

The templates were amplified in the PCRoweed by melting curve analysis :( a)
the chart represents the change in fluoresceneef@sction of time (dF/dT) versus the
temperature of the reaction products. The detedimit was 0.0000375% for pork
which has tm: 83.2

a
[, 0o—
124 — -
. — T
3-0.757ng/pl

—4-0.0757ng/l

5- 0.00757ng/ul
—— 6-0.000757ng/ul
—— 7-0.0000757ng/pl
- 0.0000375ng/ul

dF/dT

Figure 21 Melting curves of pork DNA diluted (a) and gebdysis (b)

Figure 21 is for sensitivity in SYBR Greéneal-time PCR with Rotor-Gene
6000). PCR products from control pork were run @%@agarose gel, and stained with
ethidium bromide. Lane M, 100 bp DNA ladder; land.Q0%; lane 2, 10%; lane 3, 1%;
lane 4, 0.1%; lane 5, 0.01%; lane 6, 0.001%; |an@.0001%,; lane 8, 0.00005%;lane

ntc, negative template control.
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3.4.4. Fish PCR Assay Sensitivity

The templates wer amplified in the PCRofeked by melting curve analysis: (a)
the chart represents the change in fluoresceneef@sction of time (dF/dT) versus the
temperature of the reaction products The detedtoit was 0.0001% for fish which
has tm: 86.5

a

5_'5 I -[}—

— 1- 45 75ng/yl
— 2- 4575ng/l
—— 3 0.4575ng/l
— 4-0.04575ng/l

B- 0.004575ng/l
—— G- 0.0004575ng/|l
—— 7- 000004575 ngy/l

dF T

Figure 22. Melting curves of fish DNA diluted (a) and gel &sas (b)

Figure 22 is for fish sensitivity in SYBRreen | real-time PCR with Rotor-Gene
6000. PCR products from control fish were run d8f/& agarose gel, and stained with
ethidium bromide. Lane M, 100 bp DNA ladder; land.Q0%; lane 2, 10%; lane 3, 1%;
lane 4, 0.1%; lane 5, 0.01%; lane 6, 0.001%; |an@.0001%,; lane 8, 0.00001%;lane
ntc, negative template control.

3.5. Applicability of QRT-PCR on the Mixed Meat Commercially

QRT-PCR was optimized and applied on msed/treated meat samples. During

optimization, we made Ct values of serial dilutedference samples versus
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concentration plot. Ct values were determined aatmally by the device’s software by
using a threshold line drawn on the exponentiakphaf DNA curves as seen in figure
Figure 23 a&b. The plot showed a linear decreageedr-regression analyzing unit in
the package of the software developed a formuldn & Y=AX + B. The linear

regression analyzing software calculated that R Rfnehlues are more than 1.9 which
shows significance of the formula. By using thenfala it produced, Corbett Rotor-
gene software estimated the concentration of unkngamples with a negligible
experimental error. Then, we did quantify all tleenples and calculated their ratio in

the mixture meat products even contamination.

After we apply QRT-PCR, with the primetssef only poultry and ruminant, on
the commercial good quality and high prices labeteded meat nine products whose
experimental numbers are E-17, E-42, E-44, E-4BQHE=-90, E91, E-962, E-93 it was
seen that most of the products contained excessirgnod poultry meat regarding to

their labels.
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3.51. Ruminant Meat Quantification in Mixed Meats

a o 0—

— 1-B0ng/1pl
— 2- Bngf1pl
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Figure 23. Ruminant quantification analysis in the processedts (a) and calibration
ruminant standard curve (b) for quantification IMBIR Green | real-time PCR with
Rotor-Gene 6000.

In figure 23, the templates were amplifiedhe PCR followed by quantification
analysis: (a) The chart represents the change imaldluorescence as a function of
time (dF/dT) versus the cycle of the reaction paisluCurve 1,2,3,4,5,6,7,8, ruminant
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standard amplification; curve 9,10,11,12,13,14,63,7, unknown amplification; curve
18, ntc, negative template control (b) The chapresents standard cure for ruminant

standard amplification.

Table.14 Results of ruminant quantification assay

No. | Name Type Ct Calc Conc Expexted | Spectro
(ng/ul) (ng/ul) Conc (ng/ul)

1 Ruminant Standart 9,16 |78 60

2 Ruminant Standart 12,33 |9 E *ﬂé 6 S

3 | Ruminant Standart 16,81 0,43 X 2 106 B

4 |Ruminant |Standart 20,73 [0,3 e £ o006 =

5 [Ruminant [Standart 23,52 0,004 2 £] [0,006 £

6 Ruminant Standart 26,43 |0,0006 g g 0,0006 (é

7 | Ruminant Standart 28,14 (0,00019 g &| |oo00012| @

8 Ruminant Standart 29,8 [0,00006 0,00006 o

9 E-17(20%) Sausage 19,97 [0,025 16 (10 |454

10 |E-42(50%) Salami 20,09 |0,023 39 (35 |70

11 | E-44(70%) Sausage 10,55 | 15,2 55 (45 |64,3

12 | E-48(60%) Salami 13,37 12,3 47 |48 (80 "

13 | E-50(70%) Sausage 16,6 0,25 55 (34 |48,3 %_

14 | E-90(60%) Unknown 11,67 |7,1 47 |42 |78,8 %

15 |E-91(60%) Sausage 13,42 12,15 47 |33 |[55,6 @

16 |E-92(80%) Frankfurter 14,15 |1,3 62 |46 |58

17 |E-93(100%) |Sausage 9,46 |56,5 78 |54 |54

18 |NTC 30,17 |0,00002

In Table 11, the column entitled Name” indicates the standard origin of
ruminant and ratio of ruminant meat in the mixedatmdhe column entitled Type”
indicates standard samples and control samples. ¢Glumn gives cycle threshold
values and shows that there are correlation beteeealues and amount of target DNA
quantification. For example high Ct value means tmmcentration of target DNA in
the reaction. The column declared a€alculation concentration'shows values of
DNA concentration calculated by Corbett Rotor-Gemalyzer automatically itself.
These values are original datum of PCR machinensndeed to compare the amount of
control samples with calculation concentration ealuln the ‘Expected”column
datum was calculated as follows: Because calculatedentration of template DNA of
the standard sample-1 was 78ng/ul, the calculatarcentrations of control samples
(sausage, salami...) were estimated in accords \Wwgir given ratios. For instance,
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expected value of E-17 whose label declares tleapéncentage of ruminant meat used
in the product is 20%, is 78X20/100=16ng/ul. As éapected concentration according
to spectrophotometric measurement, spectrophotoimet®ncentration of control
samples were examined in order to find similariaes differences in accord with their
given ratios For example, expected value of E-14X80/100= +10ng/ul. Given
concentratiori datum in the "spectro concentration”column were used for both

standard (positive control) and PCR assay sertsitivi

As a result, ratios of ruminant sampleggion labels were not fitted to the actual
results (too far from the fact). For instance, @h@ount of ruminant meat in the samples,
E-17, E-42 and E-50, was negligibly small that wepose ruminant meat were actually
not added to the products. May be, this was a ocwintion in processed-mixed meat
products. On the contrary, only value of E-93 ittcgkation concentration column in
table 11 was near to ratio given on its label. Wée aropose that samples, E-17, E-42,
E-50, having lower ruminant meat than 1%, mightjust contaminated by ruminant

meat.
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3.5.2. Poultry Meat Quantification in Mixed Meats
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Figure 24. Poultry quantification analysis in the processeeats (a) and calibration
poultry standard curve (b) for quantification in BX Green | real-time PCR with
Rotor-Gene 6000.

The templates were amplified in the PCRoweed by quantification analysis: (a)

The chart represents the change in normal fluonescas a function of time (dF/dT)
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versus the cycle of the reaction products. Curv&3}4,5,6,7,8 poultry standard
amplifications; curve 9,10,11,12,13,14,15,16,17navn amplifications; curve 18 ntc,

negative template control (b) The chart represstdaadard cure for poultry standard

amplification.

Tablel5. Results of poultry quantification assay

No. | Name Type Ct Calc Conc. | Expexted | Spectro
((ng/ul)) | (ng/ul) Conc. (ng/ul)

1 Poultry Raw-Standard | 11,01 | 78 = = 76
2 Poultry Raw-Standard | 13,82 [ 10 s 9 |76 =
3 [ Poultry Raw-Standard | 17,5 [ 0,78 S o |076 g
4 Poultry Raw-Standard | 21,86 | 0,03 > o [0,08 S
5 Poultry Raw-Standard | 23,95 | 0,0079 T T |0,0076 (;:)
6 | Poultry Raw-Standard | 27,08 [ 0,0009 g gl [000076| 2
7 Poultry Raw-Standard | 29,23 | 0,0002 < </ |0,00015 | ©
8 E-17(80%) | Sausage 11,96 | 20 62 |36 |454
9 E-42(50%) | Salami 9,97 |85 39 |35 |70
10 | E-44(30%) | Sausage 9,05 | 159 23 |19 |[64,3
11 | E-48(40%) | Salami 9,43 | 120 31 |32 |80 .
12 | E-50(30%) | Sausage 20,06 | 0,6 23 |15 [ 483 2
13 | E-90(40%) | Unknown 96 |1075 31 [31 [788 £
14 | E-91(40%) | Sausage 10,24 [ 67,5 31 [22 [556 @
15 | E-92(20%) | Frankfurter 9,49 | 116,5 15 (12 |58
16 | E-93(0%) Sausage 17,71 | 33,5 0 0 53,5
17 | NTC 31,75 | 0,00003

In Table 12, the column entitledName” indicates the standard origin of poultry
and ratio of poultry meat in the mixed meat. Thiiom entitled ‘Type” indicates that
standard samples are raw and control samples vangctype.‘Ct” column gives cycle
threshold values and shows that there are cowaktetween ct values and amount of
target DNA quantification. For example high ct v@almeans low concentration of target
DNA. The column labeled Calculation concentration"shows values of DNA
concentration calculated as follows: Because caledlconcentration of template DNA
of the standard sample-1 was 78ng/ul, the calamatoncentrations of control samples
(sausage, salami...) were estimated in accords Wiir given ratios. For instance,
expected value of E-17 whose label declares tleapéncentage of ruminant meat used
in the product is 80%, is 78X80/100=62ng/ul. As éxpected concentration according
to spectrophotometric measurement, spectrophot@mewncentration of control

samples were examined in order to find similariaes differences in accord with their
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given ratios For example, expected value of E-1/4X80/100= £36ng/ul.45. Given
concentratioii datum in the "spectro concentration”column were used for both

standard (positive control) and PCR assay sertsitivi

As a result, ratios of poultry given omeéh were not suitable even went too far
from fact. For instance, the amount of poultry me@as more than the ratios given on
it's label in the samples, E-42, E-44, E-48, ER@1, E-92. In spite of this, value of E-
17 and E-50 in calculation concentration columiainie 12 was less than ratio given on
its label. Nevertheless different of other consamples contain E-42, E-44, E-48, E-90,
E-91, E-92 and E-93 from positive sample (78nghd)ye more two folds than ratios on
the label. This result showed that poultry meatiddne substituted ruminant meat if we

took account of calculation concentration for ruamnvalues in table 11.

We used dilution series as a contaminatmoarker and compared with
concentration of control samples and we saw thafpsss lower than 1% contain E-50

might be contamination.

3.6. Optimization of Multiplex Real-time PCR (MRT-PCR) by SYBR Green

The reaction condition including reagdotsMRT-PCR assay were optimized for
making small modifications, SYBR Green | addedhe protocol of CM-PCR. The
primers for poultry and ruminant were combined foe multiplex reaction. Using
SYBR Green | and the Corbett Rotor Gene Analyzestesy, the accumulation of
amplicons in the reaction was monitored over tifftee templates were amplified in the

Real-time PCR followed by melting curve analysis.

Figure 24 a, b and c is the results ofedéint experiments. They represent the
changes in fluorescence as a function of time (OFkersus the temperature of the

reaction products.

Since SYBR Green florescence effectivelgswbound all amplicons without
establishing a direct differentiation between ruaminand poultry specific products,
multiplex MRT-PCR fragments were detected by maglticurve analysis. Hence,
ruminant and poultry amplicons were easily distisad by specific Tm values due to

the different length and compositions of two ampiis.
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In each of charts on figure 24a, b anthelting curves of positive templates can
be clearly seen. Chart ¢ had especially the metitnges of both poultry and ruminant

positive controls separately.

a b
u’ th = &
451 :
— 1 Aum.Pet B[ — T-Pout Pet
4 =4 2: Rum+Foult. 55| — 2-Poult Pet
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Figure 25. Specifity of multiplex real-time PCR assay, fluaresce melting curve for
ruminant and poultry in SYBR green | multiplex rtiahe PCR with Corbett Rotor

Gene.

In figure 25, (a) Melting temperature plex of ruminant and poultry as follows:
1: Ruminant, pct(positive template control), tm:B2,3: Ruminant+Poultry (multiplex
amlication), tm: 83.2, tm: 86.5; ntc (negative téatg control).(b) 1, 2, 3: Poultry, pct;

4, 5: Poultru+Ruminant (multiplex amplication), 86:5, tm: 83.2, ntc
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Figure 26. Specifity of multiplex real-time PCR assay, fluaresce melting curve for
ruminant and poultry in SYBR green | multiplex rtiahe PCR with Corbett Rotor
Gene and gel image of products 2.

In figure 26, (c) Melting temperature pled$ of ruminant and poultry as follows:
1&2: Ruminant, pct, tm: 83.2; 3&4: Poultry, pct, :tm 86.5;
5&6:Ruminant+Poultry(multiplex amlication); ntc.)MRT-PCR products were run on
a %3 agarose gel, and stained with ethidium brontidee M, 100bp DNA ladder; lane
1&2: Ruminant, pct, 374bp; 5 and 6: Ruminant+Pgultnultiplex amplication); 2&3:

Poultry, pct, 183bp, positive template control;, megative template control.

The MRT-PCR resulted in a two peaks inngle curve shown in the figure 24.
These peaks were mounted from their specific lonatin temperature axis 83.2 for

ruminant and 86.5 for poultry.

SYBR Green | obviates the need to exarfi@®R products on time-consuming
agarose gels. In spite of this, MRT-PCR productsewan on the agarose gel and we
saw that the sizes of the amplicons were as exghet83bp and 374 bp for poultry and
ruminant respectively. (Figure 25, d)



CHAPTER 4

DISCUSSION

Accurately labeling for food products is a mustnrany companies. In food
industry, meat and its products are one of thendisdengredients in foodstuffs. The
possible aims of the law above are; (i) to prohithie unfair competition between food
companies due to the fraudulent substitution odtadation , (i) to reduce medical
problems of consumers who have specific meat adlergnd (iii) religious rules in
whose Muslims and Jewish peoples are not allowetbtsume pork meat and many

Hindu do not consume beef.

Some of low qualified companies can not obey tHe above and use different
types of species in different quantity in meat jud although they do not decelerate it
in their labels. There are not so much low priced qualified analytical techniques and
it encourages the companies to select illegal wayproduce food. That is why
scientists have developed several quantitative gualitative analytical methods to
identify meat species used in food stuffs.

The methods can be classified into three groupsiphabogy-based methods
(MBM), protein-based methods (PBM) such as elettoogtic, chromatographic and
immunological techniques and DNA-based methods (PBM

DBMs are two major advantages over others. DNA @amstable in extreme
conditions and that is why samples heated to as &sy120C can still be analyzed.
Next, DBMs are very species-specific to discrimendtetween even much related
species such as chicken and turkey.

70
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Polymerase chain reaction-restriction tengolymorphism (PCR-RFLP), as one
of DBMs, of the molecular methods applied in thetdar meat species identification
commonly. However, applicability of this method mixed-adulterated meats was
found not to be satisfactory. Results of thesertegles were not representative of the
actual amount of the different components preseiiié mixture. This could be due to
the disparity in the quantity of PCR product ametifand the amounts of target DNA
present [33].

In this thesis, we optimized conventiorsamplex and multiplex PCR and
developed a novel QRT-PCR method and MRT-PCR USKgR Green dye.

One of DBMs is conventional simplex PCRht@que. Conventional PCR has
been applied for the detection of origin of differgpecies by a lot of scientists [10, 13,
24, 25, 27, 28, 29]Jerilyn A. Walker et al, also used it to make arjitative analysis
according to the gel electrophoresis results of lexmps. They found out that bovine
DNA was detected at 0.005 %( 0.5 pg), porcine DNa&swletected at 0.0005% (0.05
pg), and chicken DNA was detected at 0.05% (5 pga i10-ng mixture of bovine,
porcine, and chicken DNA templates by this methdte also optimized a similar
method and could detect 0,001% of amplicon by raminFigure 11), pork, poultry
and fish and. We also scanned all samples withashpork primers and saw that none
of the samples except fish or pork samples declarethe labels was contaminated by

pork and fish meats.

The CM-PCR in present thesis depicts theelbpment and application of a
multiplex PCR to detect ruminant, poultry, fish aomork materials in foodstuffs in a
single reaction step that highly decreases theafdssts.

We used mitochondrial DNA for the detectiand quantification of species in
processed meat. Because of high copy number df, stimeular mitochondrial DNA in
cells, their chances of their survival under digi@r processing conditions are higher,

making it ideal for processed meat species ideatitin [78].

The conventional multiplex PCR describedhis thesis proved to be very useful
when DNA mixtures were tested. The same assayjeabph commercial processed
meat containing salami, sausage and frankfurtesywel its predictability was very

good.
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Many scientists used CM-PCR for the saomp@ses. Dalmasso et al. [12] applied
CM-PCR on the 13 commercial labeled processed nfpatdood, baby food meat and
blood meal). They found that 3 of 4 commercial reeakre carrying meats belonging
to the species not declared on their labels. Tte raour study is 35.1% (25 over 71).
From another point of view, 6 and 2 of 14 ruminargat products manufactured by
high quality companies were contaminated by pouding carrying only poultry meat

respectively ( Table 10, 11).

Briefly, our CM-PCR assay was applied togessed and raw meats for the
identification of the most used species in foodstatich as ruminant, poultry, fish and
pork materials. Specific-species primers desigmedifferent regions of mitochondrial
DNA were used after alignment of the available seges in the GenBank database.
The primers were generated specific fragment of 223, 290 and 374 bp lengths for
poultry, fish, pork, and ruminant, respectively.eTbptimized CM-PCR assay was
applied to 93 commercial meat products and it shibtle presence of poultry meat in
25/71 of the analyzed products contain raw or eee red meat, evidenced the
presence of animals species not indicated on thel.ldn this study, as for samples
shown in figure 12, 13, 14 and15 the results ofveational multiplex PCR performed
on commercial meals in Istanbul, evidenced the gmes of animals species not

indicated on the label.

The results of conventional multiplex P@Bsay on the commercial food have
suggested an extension of the assay to other fremsthe retail trade, such as pet food,
baby food etc. The test could be useful in thercbwf different products, such as baby
food, to verify the origin of the raw materials,pesially in products submitted to
denaturing technologies, for which other methodmoabe applied [12] For instance,
the Ouchterlony method cannot distinguish betweéesety-related species such as wild
boar and pig, cattle and buffalo, sheep and gdat. eifectiveness of ELISA and SDS-
PAGE is hampered by the cumbersome process oftirsplapecies-specific proteins.
IEF presupposes that the protein composition oftnsesimilar within species, and has
differences between, for instance, muscle protefrsheep and goat. However, even the
electrophoresis patterns of serum proteins and laiteins could be different within

thesamespecies [76].
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Disadvantageousl|¢learly, CM-PCR could not detect whether theyexpected
results, are contamination or not at the momenhefmanufacturing of these products.
That is, it could be difficult to establish whethar fraud is presumable or an
unintentional contamination occurred, in case afy\@nall amounts of contaminating
animal materials. Because of this drawback, wel tieedevelop a quantitative real-time
PCR technique by SYBR Green to quantify the pres@i@nimal material in foodstuff

samples.

The developments and the availabilitypeafic quantitative PCR-based methods
for identification of small amounts of DNA are nesary as a support of an efficient
surveillance system for species substitution lagkimowadays. The enforcements of
legislation guidelines to guarantee public heaklsoaiated to the improvements of
detection methodologies appear to be necessaryffayedtiate between technically

inevitable contamination or intentional admixtui8].

In spite of the extensive use of real-tiMER technology for gene expression
analysis and identification of microorganisms [89, 81, 82 ] there are relatively few
published reports on its application for food speajuantification such dkat ofbeef,
pork, lamb, chicken, and turkey [30, 32, 82, 3].lyOone of them is about real-time
PCR detection and quantification of meat spedigsusing SYBR Green fluorescence

dye. The technique was optimized only to quantégrdmeats in meat products [3].

In the study, quantification was performedietermine the proportions of species
contained in the food sample (corbett rotor sofeasystem). That is because the main
potential advantages of real-time PCR technology the possibility of performing
quantitative measurements. Nonetheless, other itereek: (1) It categorizes DNA
origin without the need for any additional time saming and laborious steps such as
sequencing, enzyme digestion, or conformationalyaisa (2) Real-time PCR assays
arefast, since multi-well plates (96 or more) can bsaged in a workinday resulting
in routine high-throughput screening ofultiple samples; (3) data can be collected
directly from a real-time PCR instrument or a flescencepectrophotometer, avoiding
the need for electrophores(d) Potential contamination of the PCR mixture wabhget
DNA is greatly reduced because the reaction tueesinclosed throughout the assay;

(5) Providing almost equivalent efficiency and sfieity, SYBR Green assays have
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almost 7 folds lower cost compared to fluorescawbe-based assays with Tagman

probes or molecular beacons [3].

The drawbacks of most real-time PCR appibms come from the fact that the
accuracy of the method can be influenced by factiecting to the DNA yield such as
the extent of DNA degradation and, and the high desived of specific fluorescent
probes [83]. To decrease this limitation, the uksepecies-specific primers and SYBR
Green was introduced for the detection of PCR prtedwithout the need for probes

linked to fluorescent molecules [83, 84]

During the optimization of protocols, te&ndard curve method was applied, as
shown in Figs. 1 b and 2 b. The threshold cycle)(@dicates the cycle number at
which the fluorescence generated within a reaatrosses the threshold. The threshold
should be put above any baseline activity and withie exponential increase phase.
The CT value is related directly to the amount @RPproduct and so related to the
original amount of target DNA present in the reatiube. (Figure 1 a and figure 2 a)
A low CT value means high level, and a high CT ealneans low level of initial
amount of the target one. A plot of the logarithiihe initial target copy number for a
set of standards vs. CT is used for regression [line quantification of the target
amount in unknown samples is accomplished by megs@T and using the standard
curve to determine the starting copy number. [83Bdentification and quantification
by real-time PCR assay can be completed in 1.5chuding 20 min for sample

preparation, 70 min for PCR cycling.

Real-time PCR data obtained from differ@ncentration of DNA are comparable
only when the experimental efficiencies for thefetént reactions are similar and near
to the value of 100%. [74] (Figure 22 b, 23 b). ®iéciency (E) of a real-time PCR
assay can easily be calculated from the Formula[E0€/5°P?). 1] X100 (Rotor-Gene
6000 operator manual). Our QRT-PCR experimentsicieficies were 0.98 for
ruminant, 0.99 for poultry and also R and WRilues of experiments were 0.99709,
0.99419 for ruminant, 0.99656 and 0.9999314 foltppuespectively.

In the case of quantitative methods, tmét lof quantification (LOQ) is the lowest
level of analyte that can be reliably quantifiedseqp a known concentration of target
taxon genome. For this purpose, tenfold dilutioneseof DNA from ruminant, pork,
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poultry and fish were prepared. Dilution seriestaonng 60-0,00006ng of DNA for

ruminant and 76-0,000076ng of DNA for poultry wdested in ten replicates, and
compared with curve series of unknown DNA. The Itesof the quantification of the

respective animal species including ruminant andltpoin the samples given in table
11, 12 showed that the sensitivity, the specifieityl the reproducibility of the method
was very high.

The minimum effective quantification lesedf QRT-PCR were 0.00006 ng/ul,
0.000076 ng/ul 0.000045 ng/ul and 0.000045 ng/putdminant, poultry, fish and pork
respectively. This shows that this assay highlgassitive, specific and ideal for he
identification and quantification of ruminant, ptyl| fish and pork DNA in mixed
products. kot Ornek ver. We saw that these resudte almost overlapped by those of
Jerilyn A. Walker [3]. In their study, they alsoufed their minimum effective
quantification level as Bovine DNA was detecte®.805% (0.5 pg), porcine DNA was
detected at 0.0005% (0.05 pg), and chicken DNA aedscted at 0.05% (5 pg) in a 10-

ng mixture of bovine, porcine and chicken DNA teatps.

Nine commercial labeled meat products weseed by our QRT-PCR method and
seen that none of the products carried meat ingnéslias indicated in labels. The
ruminant meat proportions were predicted after canmg with the standard dilution
series. The results of ruminant products showedrattiinant meat products were
defective and poultry meats had been added eslyeicisiead of ruminant meat which
was the main component of the mixed-processed méatsthe other hand, in the
amount of poultry meat was more than the ratiosmion it's label in processed-mixed
meat products on the contrary ruminant meat praponvas less than. For example
Jerilyn A. Walker [4] also tested six commerciappyrchased meat products using
SYBR Green Real-time PCR assay. The most surprigidgng of their meat analyses
was that the chicken sausage they selected fangesbntained significant amounts of
both beef (0.06%) and pork (7,7%). However, theam of pork in the sample, nearly
8%, would appear to be more than trace quantit@sce only a single sample of
chicken sausage from a single grocery store appdarbe mislabeled these findings
may not be indicative of a widespread problem wetipard to ambiguous meat labeling
practices. However, if an individual consumer hadsteong objection to pork
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consumption, or was allergic to pork, the consuarpbf this mislabeled meat product
could potentially have devastating consequences.

By means of QRT-PCR even minute admixtofedifferent animal species can be
identified in foodstuffs of complex composition apdoportions of species can be
determined by relating the concentration of dete&gecies-specific sequences to the
concentration of a suitable reference sequenceserSénts about the absolute content
of proportion of meat or plant are not possible Jéte amount of ingredients analyzed
needs to be determined besides the other ingresligiatr, salt, oil and ice, which cannot
be identified by DNA analytical methods, togethethmadditives and flavoring agents
[83].

The ruminant proportions were quantifieiteracomparing with the standard
dilution series. The results for proportion of rmamt showed significantly ruminant
meat defective and there was DNA of poultry espigciastead of mammals DNA in
the mixed meat as the main component. The resditained in this study from
sausages, salami, frankfurter and minced meat ssnmghlighted that the substitution
of meat species is rather frequent and probablytdmth unavoidable contamination

and intentional admixture for economic reasons.

Real-time PCR assay provided comparablensitgty and superior
reproducibility, precision and shorter performantee when compared to previous
methods. This fluorescence-based real-time asstpmiy can quickly identify target
genes independently but also allows for multipleRP&actions in one tube by

employing the unique melting curve analysis follogPDNA amplification [72].

The study of multiplex real-time PCR ustBYyBR Green dye we described here
was done to develop an assay that can combinemMhedvantages of real-time PCR
and multiplex PCR together for animal gene detectiod identification. The objective
of this study was to design a rapid, specific andueate multiplex fluorogenic PCR
assay to detect a group of mixed meat simultango@lir results indicate that our
multiplex real-time PCR assay can be used to maorekly identify ruminant and

poultry DNAs isolated from complex foods.
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Using the intercalating fluorescence dyéBR Green | and the Corbett Rotor
Gene Analyzer system, the accumulation of amplieorike reaction can be monitored
over time. SYBR Green | obviates the need to exanfCR products on time-
consuming agarose gels. After PCR amplificatio®, @orbett Rotor Gene Analyzer
continuously monitors the decrease of fluoresceasalting from the release of SYBR
Green | during DNA melting point analysis by slowhcreasing the temperature. The
Tm of specific amplicons and unique shape of thdtinge peak can be used to

differentiate the target genes and identify them.

Some scientists proposed that MRT-PCR ®iBR Green fluorescence dye can
not be possible. Although multiplexing reactionswmwat be performed with SYBR
Green, specificity can be achieved by careful pridesign and reaction optimization,
which can be confirmed from dissociation (or melijve analysis [3, 73, 74Tagman
Real-time PCR was used by many scientiss in MRT-IREESR The uniformity of each
species-specific amplicon in conjunction with flaphor-specific TagMan probes
would make these assays amenable to multicoloriptert detection, whereas SYBR
Green-based detection would not [73].

There are few reports describing the dse multiplex flourogenic PCR however
most of them are with bacteria [72]. There are revipus reports describing the use of
a multiplex fluorogenic PCR assay using SYBR Greerdentify meat genes, so it is

not possible for direct comparison of our assaywihers.

In briefly, we describe a multiplex SYBRe&8n | real-time PCR assay which
appears to be a promising tool for rapid, sensispecific and accurate identification of
ruminant and poultry gene in the processed-mixedtmeoducts. The use of a simple
and less expensive SYBR Green | format with Tm ymislof PCR products is easier
and faster to perform compared with conventionaRP&halytic approaches. This
method readily distinguishes specific and nonspedfCR products, even if they
produce fragments of almost equal sizes in elebtigsis. Determination of melting

points was very reproducible in our experiments.

The use of our assay for the identifiaatxd meat DNA within food products will

provide additional molecular approach for outbreakestigation and surveillance.
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Finally, this is a rapid and simple assay that ddad used in molecular food analysis as

well as for the surveillance.



CHAPTER 5

CONCLUSION

We developed QRT-PCR, MRT-PCR and optichZ&1-PCR for quantitative and
qualitative analysis of meat products. They aramsmg techniques for cheap, rapid,
sensitive, specific and accurate identificationaofmal DNA in the processed-mixed
meat products. These techniques are potentidiigbte techniques for detection of
illness, BSE, origin and amount of meat from otéeimals for labeling regulation and
Halal authentication. In addition QRT-PCR is a noettielarified the cause of a positive
result whether it is due to adulteration of thedqua or inadequate handling during
manufacture and useful tool in the food industry.
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