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The principle and advantages of Real-time PCR

The article is devoted to the modern methods of molecular diagnostics — polymerase chain reaction injreal
time. The components, stages of this reaction, the amplification products visualization techniques andits ad-
vantages are also described. The main components of the Real-time PCR are DNA polymerase engZyme, pri-
mers, DNA template, fluorescent dye, nucleotides. The advantages of Real-time PCR include direct ‘determi-
nation of the presence of pathogens, a high specificity, high sensitivity, universality of the various procedures
to identify DNA and RNA, high speed of analysis, the possibility of the diagnostics of acute and latent infecs
tions, the possibility of pre-clinical and retrospective diagnostics, the ability to conduct analysis with minimal
sample, the possibility of simultaneous diagnosis of several pathogens or abnormal genes_imyone,the possibil-
ity of research results examining; exclusion of the possibility to the personnel, infecfion. /The information
about additives and enhancing agents can be included in PCR amplifications to increase’yiéld, speeificity and
consistency are also given in the article.

Key words: Real-time PCR, amplification, nucleic acids, SYBR Green dye, prinder, prabeyyDNA polymerase,
melting curve.

Polymerase chain reaction (PCR) was discovered by KarydB.Mullis,in 1983, for which he was awarded
the Nobel Prize in 1993 [1].

PCR is often described as the method by which scientists\can find a needle in a haystack, and then build
a stack of these needles. «Needle» is a tiny fragment of gengtic material and the PCR not only accurately
detect the fragment, and then, using a natural properfy of DNA'replication (reproduction), it makes a copy of
itself [2].

The PCR-based method is a unique chara€teristici@f both DNA and RNA, the property of nucleic acids
— the ability of self-reproduction, which is reéproduced artificially in vitro; it is synthesized only when strict-
ly specific nucleic acid fragments present§ [3].

The following components are required, for the implementation of PCR:

— a mixture of primers,

— deoxyribonucleotides

— a thermostable DNA polymerase (an enzyme of thermophilic bacteria Termus aquaticus),

— matrix — the test sample nucleic acid is isolated from the biological material in the sample prepara-

tion step,

— Mg’ "ions are fequired for polymerase;

— a buffer solution"which provides the necessary reaction conditions — pH, ionic strength of the solu-

tion. It Contains$alts, bovine serum albumin [4-6].

The abowve, reaction mixture was subjected to repeated cycles of heating — cooling certain number of
times: heating fofi denaturation and cooling for nucleic acid hybridization or annealing of the primers to syn-
thesize new nucleic acids [4].

The PCR method has a number of advantages compared to many other types of laboratory diagnostic
techniques:

= direct determination of the presence of pathogens;

— a high specificity (about 100 %);

— high sensitivity (detection of a few hundred copies in the sample);

— versatility of the various procedures to identify DNA and RNA [7];

— high speed of analysis;

— the possibility of the diagnostics of acute and latent infections;

— the possibility of pre-clinical and retrospective diagnostics;

— the ability to conduct analysis with minimal sample under study;
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— the possibility of simultaneous diagnosis of several pathogens or abnormal genes in one;

— the possibility of research results examining (electrophoresis photos and reports on the Real-Time
PCR results are stored in a computer database);

— exclusion of the infection possibility to the personnel who is carrying out the PCR process because
material is disinfected by lyses and high temperature [8, 9].

Despite of the advantages PCR method has drawbacks and which, however, are offset by the improve-

ment of analysis methods.

Since the sensitivity of PCR can reach mathematically possible limit (1 copy of template DNA), there is
a high risk of false-positive results due to transfer through the objects and agents of both the template DNA
(less often), and the amplicons (very often) produced in large quantities in many test tubes during daily ‘oper-
ations. Therefore special planning requirements and mode of operation laboratory PCR are deyéloped"ih0].

Factors causes of false-positive results are the following:

— Cross-contamination from sample to sample (in the processing of clinical samples ‘op,digging up of
the reaction mixture), which leads to sporadic appearance of false-positive results;

— Contamination with recombinant plasmids containing the cloned gene sequence, o be detected;

— Contamination of amplification products (amplicons) are the most frequent causelef false-positive re-
sults, as in the process of PCR diagnostic amplicons accumulate in large q@tantities and is very easy to
carry with aerosols and through the instruments, hence, detection of RCR products’should be conduct-
ed in an isolated room by employee which is not generating processing of'¢liniical samples and pre-
pares reagents for PCR [11].

One of the most effective ways to combat contamination caused by thethit of the amplicons in the sam-
ple, a gradual transition to fluorescent detection methods of amplifieation products that eliminates the need
to have the reaction tube opening and extraction [12].

Advances fluorometric technology, as well as the develepment of the instrument, which measures the
concentration of amplicons directly during the reaction,, led\ to,the’development of PCR method in real-
time [13,14].

Real-time PCR method includes both amplifi€ation, and detection. It uses the general principles of
PCR [15]. There are all the reaction steps described‘@above [16].

It is possible the quantification (measuring'directlypthe number of copies, or copies measurement to the
DNA or additional calibration genes) of specitic DNA sequences in the sample [17]. This is particularly im-
portant for the anaerobic microorganisms$, whigh_ig difficult in the case of using classical microbiological
methods of anaerobic microorganisms €ultivating [ 18-20].

Today, the method of quantifative determination of PCR products directly during amplification
(RealTime) becomes one of thejymost pepular methods of gene diagnostics in clinical and scientific re-
search [21].

Real-time PCR using fluoreseently labeled oligonucleotide probes for the detection of DNA during its
amplification, and allowing,a complete analysis of the sample for 20-60 minutes and it is theoretically capa-
ble of detecting even gne molecule of DNA or RNA in a sample [22].

The most implertant feature of the method is to synchronize the check and amplification. This makes it
possible to evaldate the kinetics of the process, which depends on the initial amount of testing hereditary ma-
terial. If we compare the kinetics of the reaction in the test and standard samples, it can be concluded about
the concentration ofithe pathogen in the test serum. Usually included software allows carrying out this opera-
tionfautomafically. It was shown that in comparison to other methods of quantitative PCR diagnostic real-
fime PCR 1sth&most effective and least time-consuming procedure [23].

Conducting of real-time PCR requires cycler with special, distinctive feature of which is the ability to
exeite and detect fluorescence reflects the accumulation of amplicons on each amplification cycle.

Detection of amplification products

To detect the amplification products in real-time it is using the following most common approach mode:

1. excision of 5' terminal tag (TagManAssay).

This technique is based on the use of 5'-exonuclease activity of the polymerase. The DNA probes which
include a fluorescent tag at the 5'-position and the fluorescence quencher in 3'-position and a phosphate
group at the 3'-position was added to the reaction mixture. These probes have a landing site within the ampli-
fied region. The absorber absorbs the radiation emitted by a fluorescent label, a phosphate group at the 3'-
position blocks polymerase [24].
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In the initial stages the fluorescence is weak, because the product is not very much, so it is difficult to
distinguish from the background. As the product is accumulating, the signal increases exponentially at first,
and then reaches a plateau. The yield on the plateau is due to the lack of a reaction component — primers,
nucleotides, tag. If the reaction product has accumulated too much, the limiting factor may be an enzyme,
and then the dependence of the amount of the product from the cycle becomes linear. It should be noted that
all samples of standard PCR reaction in real time will plateau and reached approximately the same signal
level. Therefore, the endpoint will not say anything about the initial amount of the sample. On the other
hand, in the exponential phase can be traced to differences in the growth rate of the product. Differences in
the initial amount of the molecules affect the number of cycles required for the higher level concepts
cence noise [25]. Figure 1 shows a diagram of the PCR method with the use of end tags excision using fluo-
rescence analysis in Real-time PCR [24].
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Fi 1."The principle of real-time PCR [26]
As can be seen from Figur imjcomponents of the Real-time PCR are:
— DNA polymerase enz
— DNA template
— probe
— quencher
— fluoresce
— phosphate gro
2. T probes with complementary terminal sequences (molecular beacons)
Thi fers from that was described above in that the end of the probe sequences are mutually

gion, so they collapse and form a hairpin at primer annealing temperature. The inner region
obes has a nucleotide sequence complementary to the amplified region. Probes which are not joined
NA template at annealing of primers remain in «to collapse» condition, so that a fluorescence quench-
ing.\Fhose probes that anneal to the matrix, deployed, and a fluorescent tag and a quencher go in different
directions. Thus, the light intensity increases.
3. The use of 2 probes with resonance energy transfer (Light Cycler assay)
— OTHOBPEMEHHO /1Ba 30H/1a
— docharnas rpymnma
— racurenb
— YTJIEBOIbBI
— NHK-maTpuia
— IIPOLIECCHI IEPEHOCA SHEPTUH U CBEUCHUSI.
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This method for detecting of the amplification products accumulation is shown in Figure 2, has high
specificity, as the fluorescence increase occurs in binding to a complementary amplicons immediately 2
DNA probes. The principle of the method lies in the transfer of energy from one fluorophore located at the 3°
end of the first probe to the second fluorophore, located on 5° end of the second probe, the distance between
fluorophores is 1-3 nucleotides. The scheme of the Real-time PCR with the resonance energy transfer is
shown in Figure 2. The following components are using:

— two simultaneous probe

— phosphate group

— quencher

— carbohydrates

— DNA template

— energy transport and fluorescence processes.

The scheme of the Real time PCR with the resonance energy transfer is shown in Figu

? ..

Figure 2. The scheme of the Re;: ith the resonance energy transfer [26]

the DNA template the radiation emitted by the first
ophore, and its radiation is detected by the device. Thus, the

When both probes simultaneous
fluorophore is transferred to the second
specificity of the assay is increased

4. The use of intercalating

This detection method i
significantly increase when
tion of amplification p

itroduced in a double-stranded DNA molecule. Schematic representa-
ing intercalating agents (SYBR Green [) is shown in Figure 3.

JIT

Figure 3. PCR using intercalating agents [26]
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Thus, it is possible to observe the accumulation of amplification products [28].

It is important to note that the increase in fluorescence may be due to the accumulation of a specific
product, and non-specific (primer-dimers, the downward smearing). To obtain correct results, it is necessary
to study obtained additional amplicons by constructing so-called «melting curve».

Melting curves

To construct melting curve after the PCR reaction mixture is heated and continuously measure fluores-
cence. Upon reaching the melting temperature of amplification product fluorescence decreases dramatically.
Figure 4 is a graph showing a melting curve as a function of temperature. The ordinate shows fluorescence.
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Figure 4. The melting curye [27]

Each sharp decrease in fluorescence on the graph corrésponds to the number of bands obtained on elec-
trophoresis, i.e. the number of different types of amplicons. To facilitate the handling of the information re-
ceived to carry out differential melting curve analysis, This method of visualization of the data is much easi-
er to understand and analysis [29].

The use of melting curves is not limited to only detection of amplification products using ethidium
bromide and SYBR Green [.When melting curvesfare used in systems with a DNA probe (Tag-manassay,
beacons) it is possible to distinguish pdint mutations located within the binding regions of the template DNA
and the probe. The presence of suchtmutations can lead to a change of probe melting temperature and a
change in the melting curve graphyUse melting curve does not require from thermocycler operator any addi-
tional manipulation with tubg§"and mterpretation of the data is automated and formalized [30].

Dyes for Real-time PCR

In modern versions of PCR in real time sufficiently long time use multiple fluorescent probes labeled
with different fluosescent dyes — the so-called «multiplex» variants real-time PCR (multiplexReal-
TimePCR). ThiS allows the detection in a single tube multiple PCR products. Which is very convenient in
the case, for,example, determining the level of gene expression, when it is possible to take two probes with
different fluopescent’dyes to determine the ratio of the gene expression for «housekeeping» gene, in the same
redction mikture for the same sample. In many modern devices for RT PCR detection of multiple variants of
fluorescent dyes are provided simultaneously. For detection of the fluorescent signal of each dye comes
within a certain range (channel) for it. This range is selected so as to detect the signal of only one dye, nor
getinto the neighboring region.

Channels are usually called by the name of the dye, the maximum of which they are detected. To date,
five channels are well known:

1. Channel FAM / SybrGreen

2. Channel JOE / HEX

3. Channel TAMRA / Cy3

4. The channel ROX / SuperROX

5. Channel Cy5
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The most common options of multiplex Real-Time PCR: two channels — FAM and HEX, on three
channels — FAM, HEX and Cy5, on four channels — FAM, HEX, ROX and Cy5 [31].

Figure 5 shows the fluorescence spectra of four dyes: FAM, HEX, ROX, and Cy5. As can be seen, by
setting the device on detection of the fluorescence signal at the maximum of each dye, the other dyes in this
peak will have very low fluorescence and can be neglected. Thus, in this case, we can get four independent
channels for use in multiplex Real-Time PCR.
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Figure 5. Fluorescence spectra for the four pasie,dyes:\| FAM, 2 HEX, 3 ROX and 4 Cy5

It is not necessary that the name of the channeljcoin¢ides with the name of the dye, the main thing to
use dye spectrally matched channel responsg: Foriexample, the channel can use probes JOE dye HEX or
VIC. Select a suitable dye for use in PCR 4n real time is difficult, as it is necessary that it have good spectral
properties, i.e. fluoresce in the desired rdnge of #t§"channel, and does not fluoresce in adjacent channels. It is
also very important is its chemical and photestability and the possibility of use in the synthesis of oligonu-
cleotides [31].

Absorbers for Real-time PCR

Today, there are already dquitela few different quenchers, which are used for Real-time PCR. The main
objective of such a quenchentosdothe initial (background) value of fluorescence of the probe as little as pos-
sible, in order to then as a result of PCR, the probe «broke» the best way possible. For this purpose extin-
guisher should haveja substantial absorption capacity (molar extinction) in the range of fluorescence corre-
sponding fluoréscent dye it. For Tagman type probe, in which the dye and the quencher molecule are sepa-
rated in spaeepeffeetive quenching is achieved by appropriate selection of the quencher fluorescent dye spec-
trally [32]

PCR enhancers

A variety of additives and enhancing agents can be included in PCR amplifications to increase yield,
specificity and consistency. Agents include: dimethyl sulfoxide (DMSO), N, N, N-trimethylglycine
(betaine), formamide, glycerol, nonionic detergents, bovine serum albumin, polyethylene glycol and
tetramethylammonium chloride. These additives have beneficial effects on some PCR amplifications; how-
ever, it is not possible to predict which agents might be useful for a particular target. PCR amplifications
specificity was improved by formamide, but not DMSO (1), and reactions in which DMSO was more effec-
tive than formamide at increasing yield and specificity. Several agents that facilitate product formation in
PCR amplifications are now commercially available. These agents alter the melting characteristics of DNA.
Their identities, however, are not revealed by the respective suppliers [33].
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Based on all the above facts it can be distinguished advantages of Real-time PCR:

— High sensitivity, specificity and universality;

— Guaranteed absence of contamination (contamination of samples) as well as the registration result of

the analysis is carried out directly through the wall of the reaction tube;

— The possibility of simultaneous detection of multiple pathogens in a single test tube (multiplex reac-

tions);

— The ability to analyze point mutations;

— Simplifying the process and reducing the analysis time;

— Reducing the requirements for the organization of PCR laboratory — the ability to accommodate all

lab areas in the same room,;

— Automation and standardization of the results registration;

— A measure of the initial DNA template;

— Reducing of the analysis time for 2—3 hours;

— Registration of data in electronic format.

Thus, thanks to the savings of production space, reducing the number of personngl and the demand for
the quantitative determination of DNA / RNA, overcoming contamination of amplification/products, this
method in recent years have been used successfully in the largest sanitarysepidémiologicaly diagnostic and
research centers in the developed countries of the world, replacing the PCR'in its «classie» format.
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HarpI3 yakbITTaFbI IOJMMEPA3aJibl TI30CKTI peakuusi NPUHIUAII
MeH apThIKIIbKILIKTApbI

Makasa MOJICKYJIANIbIK [MarHOCTUKAHBIH 3aMaHayM o[iCl h— Harbl3 yaKbITTaFbl IOJHMEpasaibl Ti30CKTi
peakuusara (ITTP) apuanran. Makanaga OHbIH KOMIOHEHTTEpi, Ke3eHIepi, aMIuiMdukaius eHiMAepiHiH
BU3yanu3anus aaicrepi sxone [1TP apThIKBHbIKTapsl KapacTeipbutran. Harbi3 yakeirrarsl [ITP-np1H Herisri
komnoHeHtTepi 6onbin JJHK-nmonumepasa gepmenti,) npaimepiep, JHK-maTtpuia, GpayopecueHTTi 60sFbIL,
ne30KcupruboHykiIeoTuaTep Tabbu1a bl OChl 9AiCTIH apTHIKIIBUIBIKTAPBIHA TATOTeHHIH Oap GOJybIH Tikenei
aHBIKTAY, apHaIBLIBIFbL, ce3iMTan simbiEbl, JTHK Men PHK-HbI aHbIKTaY ic-11apaiapbiHbIH OMOEOaNnThUIBIFL,
TaJay/IblH KbULIAM/IBUIBIFBI, KEACT KOHGNIATCHTTI HH(EKIMSIAPIbl aHBIKTAY MYMKIH/ITI, KIMHUKaFa JIeHiH
JKOHE PETPOCIICKTUBTI JHATHOCTUKAMYMKIHAIT, YATiHIH MHHIMAJIABI KeJIeMiH Tajjgay MeH Oip ynrige Oip
yakpITTa OipHenre matoreH{HeMece ‘@HOMAaIbpl TeHAlI AMArHOCTHKANay MYMKIHAITI, Tangay HOTIKeIepiH
3epTTey MYMKIHJIri, TMEpeoHaM A\ sKyFy MYMKIHAIriHIH OoiMaysl xkatafpl. COHBIMEH Katap aBTOpJIapMEH
PEaKIMsHBIH IIBIFBIMEL, apHAMIBUIBIFBI MCH COMKECTLIIriH apTThIPY YIIIH KOJIaHyFa 00JaThlH KOCBUIBICTAp
MEH areHTTep Typajbl MAJIMeT) YChIHBUIFaH.

A.A. KonoBagoga, A.Cf Mannkan, A.B. Xoakos, I'.I1. [Torocsn, A.I'. XKymuna, P.I'. Oranecsn

HpuHiun u nperMyniecTBa MOJUMEPA3ZHOM HENMHON peakuu
B peajJibHOM BpPEeMEHHU

CTaThsl MOCBSIIEHAa COBPEMEHHOMY METOJly MOJIEKYISIPHON AMAarHOCTHUKH — IOJUMEPa3HOH IeMHOH peak-
i (IILP) B peansHOM BpemeHH. OnucaHbl KOMIOHEHTHI, 3TAMbl, METO/ABl BU3yaln3allud MPOAYKTOB aM-
WIMpUKAIUUd U ee IpeuMyllecTBa. BoiieneHsl ocHOBHBIE KOoMIOHeHTHI I[P B peaspHOM BpemMeHH —
(epmeHT JHK-nonumepasa, npaiMepsl, JHK-maTpuna, (iryopeceHTHBII KpacHUTellb,
ne3okcuprnOonykiaeotuasl. [lokxazans! npenmymniectsa [P B peansHOM BpeMeHH — IpsSIMOE ONpe/eeHHe
NPUCYTCTBUSI TATOT€Ha, BHICOKAs CHENU(HUYHOCTh, YYBCTBHTCIBHOCTD, YHUBEPCAIBHOCTH IIPOLELYD
onpenencaus JJHK m PHK, BbICOKas CKOpPOCTh aHaimu3a, a TaKKe BO3MOXKHOCTb JUATHOCTHKU OCTPBIX U
JIATEHTHBIX HMH(EKIUH, AOKIMHUYECKOH U PETPOCNEKTUBHOH JUArHOCTHUKH, BO3MOXKHOCTh aHAIM3a IIPU
MHHUMAlIbHOM ~KOJM4YecTBE 00pasia, OJHOBPEMEHHOW JHAarHOCTUKH HECKOJBbKHUX TIaTOT€HOB WU
aHOMAJIbHBIX T€HOB B OJHOM 00pa3lle, BO3MOXKHOCTb M3Yy4YEHHUs pe3ylbTaTOB aHallM3a, HCKIIIOUEHHE
BO3MOXKHOCTH MH(UIIMPOBaHUS NEpCcoHaNa. B craThe Takke mpejacTaBieHa MHGOpPMALUS O COSIMHEHMAX M
areHrax, KOTOpble MOTYT OBITH HCIOJIB30BAaHBI IJISI TOTO, YTOOBI YBEJNHYHUTH BBIXOA, CIHEHU(PHIHOCTH U
COINIACOBAHHOCTb PEAKLIUU.
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