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ABSTRACT… In recent years, real-time PCR has come forward as a robust and widely used molecular technique in clinical and biological 
settings. Although it can detect very minute quantities of target nucleic acid, but quantification of specific nucleic acids is not an easy task. 
Accurate and precise quantification is hampered by a number of factors that may include assay development and validation, fluorophores 
selection, handling during sample preparation, storage, reaction procedures, and batch analysis conditions. Even minor variations are 
significantly magnified by the exponential nature of this technique. Current review gives an insight of the advantages, limitations, assay 
chemistries, quantitation parameters, and quality control issues related to this technology. Moreover it will also highlight the utilization of Real 
time PCR in clinical oncology, virology, microbiology, and gene expression studies. 

INTRODUCTION veterinary. In this technique amplification and 
In 1983, the most significant molecular biology quantification of targeted DNA molecule is done 
technique, polymerase chain reaction (PCR) was first simultaneously as reaction progress in Real time. 

1conceptualized by Dr. Kary Banks Mullis at Cetus , who 
Both specific and non specific dyes can be used as a was awarded Nobel Prize in chemistry in 1993 for his 
detection fluorophore. Non-specific fluorescent dyes invention. Later on, the technique became the most 
based detection follow the phenomenon of intercalation popular and extensively used techniques in biological 
where any double-stranded DNA is available (whether it research. Now it plays a vital role in the identification of 
is amplified gene of interest product or any primer dimer), inherited disorders, molecular diagnostics of cancer and 
whereas sequence based DNA probes allows the infectious diseases, forensic laboratory, poultry for 
detection of only complementary DNA target. Real-Time investigation purpose. 
PCR application includes quantification of specific 
sequences in complex mixtures, for example viral or After the historical development of polymerase chain 

3-5
reaction technique, a breakthrough came when Bob bacterial genotyping , quantifying viral nucleic acid and 

4,6Griffith and Russell Higuchi gave the concept of screening of infectious diseases in patients  pathogen 
amplification in real time through fluorescence dye. This detection, gene expression profiling by coupling it with 
was an accidental discovery as PCR ran with reverse transcription, DNA damage measurement,  drug 
intercalating dye ethidium bromide and post-PCR therapy rationale and for RNA interference 

2 7-8processing was done . PCR turned into quantitative measurement  technique. In short real-time PCR is an 
category, when fluorescence signal cross threshold advance, sophisticated, accurate, precise, rapid, 
value by observing amplification cycles and amount of sensitive and less time consuming technique.
end-product generated during a reaction. Practically, the 
name real time PCR is based on the fact of measuring the Conventional versus Real-Time PCR
fluorescence of dye during a reaction as observed in real Real-Time methodology detects amplification of PCR 
time environment. This new emerging technique, Real- products as they accumulate in early phase and 
Time PCR, is an advanced form, modification to statistically significant fluorescence is captured by the 
conventional or traditional PCR technique which has instrument. Threshold cycles are calculated on the basis 
enormous applications in biomedical, agriculture and of exponential phase whereas in traditional PCR 
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amplification is measured at the completion of the products would be made and if the cycling profile is quite 
reaction (also called end point phase) followed by long, the amplified products may start to degrade. Area of 
agarose gel  e lectrophoresis.  The pr incipal  detection for Real time PCR is exponential phase that is 

8,10disadvantages of end point technique, which make why it is more accurate and precise . It has nothing to do 
conventional PCR less popular are, low accuracy and with plateau or end of the reaction in contrast to 
sensitivity, poor resolution, short or limited dynamic conventional techniques. Many nucleic acid 
range, and requirement of post PCR processing. quantification techniques that require post PCR 
Conventional PCR offers size based discrimination, not processing are now replaced by real time PCR e.g. 
very quantitative and very time consuming. Agarose has different hybridization assays like Northern, Southern 
poor resolution while Real time PCR has high detection and in situ hybridizations are thought as obsolete 
capability even two-fold change. techniques because of very laborious, time consuming 

and complicated ones. Real time PCR has an edge of 
The end point approach vary for each sample and quantification of nucleic acids over extensive range, high 
amplification results on gels are unable to determine detection sensitivity of a target sequence, quick with 
these variabilities, but real-time PCR  is giving a powerful high-throughput automation, less chance of carry over 

9-10
insight to detect these sensitive changes . Real time and cross contamination as reaction is performed in a 

20PCR deals in the template with which you have started. close vial .
Major difference between the two technologies is that 
endpoint assays bisects the assay perpendicular to x- LIMITATION OF REAL TIME PCR
axis (no. of cycles), while real time assays bisects assay The major disadvantage of real time PCR is its failure to 
horizontal to x-axis. For qualitative results classic PCR is examine amplicon size. Most of the time real time PCR 
quite good for diagnostics and different gene assays for systems are not compatible with each fluorogenic 

11-16
medical, poultry, plant assays  while real time PCR can chemistry. Multiplex capabilities are also less than 
give quantitative results that can be used in checking conventional thermal cyclers. The cost for the 
treatment response and quantification of different establishment of real time PCR setup also offers hurdles. 

17-19 Limitations in system hardware and selection of genes .
fluorophores are probably most promising problems to 
overcome. Figure V gives details of the instruments ADVANTAGES OF REAL-TIME PCR
being in use all over the world. Moreover sample A PCR amplification reaction usually has three phase, 
preparation is also very tricky. Amplification can be exponential, linear, and plateau. 
inhibited if nucleic acid is not extracted properly. 
Biological samples like body fluids may contain In exponential phase amplification of PCR product is 
inhibitors, food samples for microbe detection are not so analyzed in terms of doubling of the product which is 
easy because of the presence of so many things in the accumulating in each cycle. It is possible to assume 
sample like phenolic and organic inhibitors, forensic 100% reaction efficiency during this phase if factors 

9
affecting the reactions are fully optimized. This includes samples are also very difficult to perform . Gene 
run profile, nucleic acid purity, length of the target region, expression assays are many times halted because of the 
and primer characteristics. Linear phase is highly wrong selection of specimen, selection of inappropriate 
variable in which most of the reaction reagents are housekeeping genes, reaction normalization processes 

21-22consumed, and the products starts to degrade, so the and many others .
reaction is becomes slow. Plateau is the final phase of 
the end-point detection methods for ethidium bromide REAL TIME PCR CHEMISTRIES
gel based detection assays. Real time PCR chemistries generally divided into three 

main categories: a. Hydrolysis probes; b. Hybridization 
Now there is no more reaction process, so no further probes and c. DNA-binding agents although it also 

REAL TIME PCR
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fluorochrome resulting in the emission of fluorescence. 
This is called fluorescent resonance energy transfer or 
FRET analysis to differentiate among various products. 
That can be observed during annealing and first part of 
the extension phase. During each consecutive cycle 
annealing of hybridization probes will increase, resulting 
in higher fluorescence signals. 

DNA binding dyes
SYBR Green dye is the first choice when someone want 
to develop an assay because of its low cost. This dye is 
mostly used in melt curve analysis assays to detect 
mutations or for typing. This dye gives fluorescence 
when it get bound with double strand DNA. As the 
reaction progresses, more dye will bind, resulting in 
increased fluorescence. More fluorescence signal will 
detect when more SYBER Green I will bind to PCR 

8product at extension phase . But this dye is rather 
nonspecific. In every cycle; syber green frequently used 
DNA binding dye and is the first choice when you are 
going to develop the assay.  SYBR Green I gives when 
bind to double-stranded DNA. A detailed use of probes all 
over the world is stated in Figure II.

includes use of molecular beacons, scorpions, Sun rise 
and Lux primers (Figure. I).

Hydrolysis probes
The chemistry behind hydrolysis probe is based on 
quencher and reporter fluorochrome conjugated with 
probe. As long as quencher dye is intact with probe, it 
absorbs the fluorescence of reporter fluorochrome. 
When target sequences are amplified, Taq polymerase 
uses its 5’ to 3’ exonuclease activity and reporter dye is 
detached from quencher fluorochrome making the 
fluorescence of the reporter fluorochrome detectable. 
During exponential phase of successive PCR, 

Assay Development progressive accumulation of free reporter fluorochrome 
This includes; a. Sequence selection: For disease of will increase.
interest, first you have to select sequences that are 
specific in nature to disease phenotype; Hybridisation probes

This method relies on labelling of donor fluorochrome at 
b. Primer & probe selection: For gene expression the 3’ end of one probe and acceptor fluorochrome at 
quant use intron-spanning primers to avoid genomic second adjacent probe. Donor fluorochrome emitted 
contamination or use DNase treatment after RNA light when acceptor fluorochrome comes in close vicinity 
purification. All primers must be optimized under required (1 to 5 nucleotides apart), which excite the acceptor 
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temperature. Efficient primers can be designed by using 
following instruction as mentioned in table and avoiding 
the following flaws: primer-dimer formation, self-
complementarity, too low Tm of the primers, and/or their 
incorrect internal stability profile (Table I); 

c. Reporter and Quencher fluorophores and use of 
internal reference: Fluorescein (6-FAM) is a classical 
reporter dye, however other reporters like Joe and Vic 
are also used for multiplexing. Stratagene Mx4000 Real 
time PCR system can use red dyes as reporters. TAMRA 
(Rhodamine) has been a classic quencher dye many 
years but some newer quenchers DABYCL and the black 
hole quenchers are also available now but these are the 
dark dyes. There is added benefit of TAMRA-quenched 
probes that they do not require a reference dye because 
TAMRA can itself be used. But if you are using dark dyes, 
an additional dye as an internal reference dye is also 
needed, most likely ROX (dark red). In multiplex 
reactions mostly this combination is used. An internal 
reference choice is usually based on the selection of After running comparative reactions the primer pair 
those genes that are most abundant and are constantly giving highest Delta Rn with the lowest Ct is selected. 
expressed. Moreover these should be reliable and offer a Now a standard curve can be prepared by making 
valid test for the selected endogenous control. Most dilutions of a template. Template can be a single strand 
importantly probes are selected depending upon their RNA, single strand DNA or total RNA. Analysis 
absorption and emission spectrum (Figure III); d. Assay parameters include the values of R, slope, and intercept. 
validation: It is very much important to check the primers Slope of the standard curve can guide towards selection 
in different combination of probes for amplification of of MgCl  concentration. Ideal assay should have a slope 2
known templates. Standard assay conditions can be value of -3.3, if it is around -3.5 then an increase in MgCl  2
used initially for optimization. This includes 300-400 nM 

to 5 mM can solve the issue while a value higher than -3.6 
primer concentration, 100nM probe and 3 mM MgCl2. 

shows that primers are not specific. 
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Assay Setup the “explained variation” by “total variation”, slope value 
Real time PCR assay can be one step or two step (Figure of the run must be within a certain range/value (-3.76 to -
IV). In one step assay, reverse transcription is followed by 3.04), efficiency of reaction can be calculated from slope 
amplification and detection step in a single buffer system value using the formulae [10(-1/slope)]–1. For an 
in one tube while in two-step assay both steps are efficient and reliable measurement system, it  must 
performed separately in two different tubes, performing based on accuracy and precision to give authentic 
reverse transcription product as a template for results, if any of these parameter is missing the results 
amplification and detection.  Thermo cycler settings are not valid for further considerations
includes usual denaturing, annealing, and amplification 
steps but an extra step is the acquiring of the QUANTITATION OF RESULTS
fluorescence of dyes at specific amplification steps Real time PCR results are obtained mainly by using two 
depending upon the use of selected dye. board strategies; the Absolute quantification and the 

Relative quantification which are mentioned below.
DATA ANALYSIS 
Data analysis settings vary instrument to instrument. ABSOLUTE QUANTIFICATION
Most commonly used instruments detail is given in This method follows a reference standard (standard 
Figure V. curve) which is used to quantify unknown concentration 

of target mRNA. As the name indicates the reference 
standard are build on known RNA concentrations and the 
comparison is done based on known RNA concentration 
with unknown target RNA concentration. However, the 
stability of RNA standards can cause variation in the final 
analysis. In contrast to RNA, other nucleic acid samples 
i.e. purified plasmid dsDNA, in vitro generated ssDNA or 
any cDNA sample may use as standard curve because 
they expressed target gene. Further evaluation of these 
DNAs, spectrophotometric measurements at 260nm can 
be used, which convert a copy number value based on 
molecular weight of sample used. Preferred standards 
are based on cDNA plasmids however, cDNA plasmids 
will not capable to manage variants in reverse 
transcription, so it only gives relative change in mRNA 
expression. To overcome these variations, house 

9,21
keeping genes can be use .

Parameters  to be kept in mind during analysis are slope 
Relative quantification

correction, dynamic tube settings, intra standard %age 
Another mathematical derived quantification named as 

variance calculated automatically within run (accuracy), 
comparative Ct method used a control or calibrator (RNA 

intra run %age  variance (precision) calculated manually, 
sample form normal tissue, or non-treated sample) with 

threshold settings (calculated manually keeping in view 
Ct values of target sample. Endogenous housekeeping 

the actual well fitted data), threshold cycles (statistically 
gene is used to standardize the Ct values of both 

significant fluorescence as compared to back ground), 
calibrator and target sample. The comparative Ct method 2

elimination of early cycles, difference of handling, R  [delta] [delta] is also known as the 2– Ct = method, where [delta] 
value of standard curve (must be between 1 to 0.98), r 

[delta] Ct = [delta] C  - [delta] C Here, [delta] t,sample t,reference value of the run (a measure of how well the actual data fit 
C  is the Ct value for any sample normalized to the t,sampleto the standard curve) that can be obtained by dividing 
endogenous housekeeping gene and [delta]Ct, 
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reference is the Ct value for the calibrator also along with known standards are used. 
normalized to the endogenous housekeeping gene. For 
valid calculation of [delta][delta]C ,  target  and Continual assessment of the sensitivity of real time t

PCR primer and probeendogenous reference amplification, must be equal  
There must be a need to re-access the sensitivity of such that [delta]C  varies with template dilution. Target t

assays by using positive samples detected by an and the housekeeping genes show close similarity if the 
alternative test or by comparing primers and probe to plot of cDNA dilution versus delta Ct is close to zero and if 
new sequences stored in surveillance databases. Serial both show dissimilarity than standard curve method is 

24 dilutions of reference are usually used to check the preferred . 
sensitivity limit of the assay.

QUALITY CONTROL ISSUES
Interpretation of resultsFor diagnostics selection of instrument, methodology 
Numbers of factors are responsible for signal drift. In and kits is very much important. Four controls are used in 
case of true positive samples, signal drift can be each batch including known value standards, no 
generated due to sub optimal PCR conditions, inhibition template control, negative control, and positive controls 
and primer mismatches. Signal drift for negative sample that can tell you how precise and accurate you are in your 
is base on the fact that probe breakdown resulting in  handling, contamination free area, accuracy of your 
fluorescence increase 23. Interpretation of the captured results, and validity of your results respectively. It 
fluorescence can be in international units (IU), or in includes following parameters
copies per ml. For some kits there is no specific 
coefficient value to calculate the IU and copies inter The optimization of new batches of primers
conversion. Summary of quality control issues is stated Different variation in primers and probes will affect assay 
in table II.sensitivity. For a new batch of reagents, a PCR run must 

be conducted based on new and old primers with similar 
There are other parameters that can affect the real time positive quality control that runs parallel. Results of Ct 
PCR results. This includes the handling errors, sample and Rn values are examine if the results are comparable 
processing techniques, time duration, storage conditions then the new reagents are used for routine test, but if the 

24
etc.assay reduces its sensitivity then optimization of probes 

and primers should take palace.
Clinical Application of real time PCR technology
PCR are widely used technique in molecular diagnostics Routine validation of each real time PCR runs
and essential tool in research laboratories to identify For validation of each real time PCR run Ct of the positive 
nucleic acids form biological samples. Real time PCR is control must be documented with each run to recognize 
beneficial in order to differentiate specific sequence form the user error or primers degradation. Moreover overall 
DNA mixture. Quantitative analysis of target genome or fluctuation in fluorescence must be observed because 
other signature sequences within a sample can be decrease fluorescence signal may be the indication of 
carried out.some problem which occurs during PRC reaction. 

Internal control should include for ideal results to make 
At NORI we are offering services for the viral load sure confidence in negative controls.
quantification of HCV and HBV for antiviral therapy 

17,25monitoring by detecting changes in viral load .  Quality control of quantitative assays
There must be standard quantitative controls to the 

Antiviral therapies effectiveness and disease progress assay by using uniform sample type to achieve 
can also be calculated by real time PCR which depend on significant results for research purpose but for molecular 
viral load and disease severity relation. Individual and diagnostics specified positive and negative controls 
epidemiological studies of viral co infections or quasi 
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species can be carried out by  mutation analyses using 
26melt curve analysis . The technology is in routine use for 

27
identification of bacteria , or to solve problematic 

11bacterial diseases . Fast and early diagnosis make 
possible for clinicians to recommend better antibiotic 
therapies and minimize the extensive use of antibiotic, 
which may cause to develop antibiotic resistance 

28-29strains . Mutational analysis is used to monitor 
antibiotic resistance among Staphylococcus and 

30Enterococcus species  or detection of spores of Bacillus 
anthracis, the well-known causative agent of anthrax and 

31
a potential weapon of biological warfare . In 
microbiological diagnostic, real time PCR has made 
revolutionary changs for variant determination based on 
sensitivity and specificity for target samples. It is quite 
efficient strategy to overcome traditional cultural method 
and reducing the cost and time in clinical investigations. 
lymph node micro metastases detection in prostate 
cancer and bone metastases in breast cancer is recently 

32
been exploited by RT-PCR technology .

In addition, real time PCR make possible to identify 
minimum residual disease (MRD) , or disease 
progression by using quantification approach for 

33chromosomal translocation in patient sample , find out 
copy number variation that are responsible for 

 
malignancy[36], or useful for gene expression analysis in 

34solid tumors with fine-needle aspirates . To determine 
the pathogenesis of cancer and tumor biology, real time 
PCR analysis gives accurate and responsive prediction 
which is quite helpful to understand the disease 
mechanism, recurrence risk and development of cancer 
therapies. Drug discovery can be facilitated through this 
technology by establishing response between target 

35-37gene expression to drugs and transporters .

In conclusions recent developments in fluorogenic dyes 
and labeling chemistries has made real time PCR 
technology most widely accepted. Advanced technology 
instrumentation has made incredibly short cycling times 
possible with an enhanced ability of detecting minute 
quantities and differentiates among multiple amplicons. 
Technology is quite flexible to allow the use of any of the 
chemistries described in this article making nucleic acid 
amplification an increasingly attractive and workable 
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“Anyone can deal with victory. 
Only the mighty can bear defeat.”

Adolf Hitler
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