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What is Wrong with 
Agarose Gels?

* Poor precision

* Low sensitivity

* Short dynamic range < 2 logs

* Low resolution

* Non-automated

* Size-based discrimination only

* Results are not expressed as numbers

* Ethidium bromide staining is not very quantitative

ABI: Real-Time PCR vs Traditional PCR (www)

http://www.appliedbiosystems.com/support/tutorials/pdf/rtpcr_vs_tradpcr.pdf


Real-Time PCR

Real-time PCR monitors the fluorescence emitted during 

the reaction as an indicator of amplicon production at 

each PCR cycle (in real time) as opposed to the endpoint 

detection



(www)

http://www.the-scientist.com/2006/12/1/68/1/


Nigel Walker, NIEHS (www)

Log-view augments
this part

http://dir.niehs.nih.gov/microarray/realtime.pdf


Real-time PCR advantages

* not influenced by non-specific amplification 

* amplification can be monitored real-time 

* no post-PCR processing of products
(high throughput, low contamination risk) 

* ultra-rapid cycling (30 minutes to 2 hours)

* wider dynamic range of up to 1010-fold

* requirement of 1000-fold less RNA than conventional assays
(6 picogram = one diploid genome equivalent)

* detection is capable down to a two-fold change

* confirmation of specific amplification by melting curve analysis

* most specific, sensitive and reproducible

* not much more expensive than conventional PCR
(except equipment cost)



ABI-7700 User Bulletin #5

Wider Dynamic Range

- Five log dilutions

- Triplicates are used

- Six dilutions



Real-time PCR disadvantages

* not ideal for multiplexing 

* setting up requires high technical skill and support 

* high equipment cost

* * * 

* intra- and inter-assay variation

* RNA lability

* DNA contamination (in mRNA analysis)



Real-time PCR Principles

* based on the detection and quantitation of a fluorescent 

reporter

* the first significant increase in the amount of PCR product 

(CT - threshold cycle) correlates to the initial amount of 

target template



(www)

http://www.biotechniques.com/multimedia/archive/00011/BTN_A_05391RV01_O_11901a.pdf


log view



The five-fold dilution series seems to plateau at the same place even though the 
exponential phase clearly  shows a difference between the points along the dilution 
series. This reinforces the fact that if measurements were taken at  the plateau phase, 
the data would not truly represent the initial amounts of starting target material.

log view



Real-Time PCR Principles

Three general methods for the quantitative assays: 

1. Hydrolysis probes

(TaqMan, Beacons) 

2. Hybridization probes

(Light Cycler)

3. DNA-binding agents

(SYBR Green)



Van der Velden, Leukemia 2003 (www)

Principles of Real-Time Quantitative PCR Techniques

(a) SYBR Green I technique: SYBR Green I fluorescence is enormously increased upon 
binding to double-stranded DNA. During the extension phase, more and more SYBR 
Green I will bind to the PCR product, resulting in an increased fluorescence. 
Consequently, during each subsequent PCR cycle more fluorescence signal will be 
detected. 

(b) Hydrolysis probe technique: The hydrolysis probe is conjugated with a quencher 
fluorochrome, which  absorbs the fluorescence of the reporter fluorochrome as long 
as the probe is intact. However, upon  amplification of the target sequence, the 
hydrolysis probe is displaced and subsequently hydrolyzed by the Taq polymerase. 
This results in the separation of the reporter and quencher fluorochrome and  
consequently the fluorescence of the reporter fluorochrome becomes detectable. 
During each  consecutive PCR cycle this fluorescence will further increase because 
of the progressive and exponential accumulation of free reporter fluorochromes. 

(c) Hybridization probes technique: In this  technique one probe is labelled with a 
donor fluorochrome at the 3’ end and a second –adjacent- probe is labelled  with an 
acceptor fluorochrome. When the two fluorochromes are in close vicinity (1–5  
nucleotides apart), the emitted light of the donor fluorochrome will excite the 
acceptor fluorochrome (FRET). This  results in the emission of fluorescence, which 
subsequently can be detected during the annealing  phase and first part of the 
extension phase of the PCR reaction. After each subsequent PCR cycle more 
hybridization probes can anneal, resulting in higher fluorescence signals. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12764363


http://www.invitrogen.com/site/us/en/home/References/Molecular-Probes-The-Handbook/Technical-Notes-and-Product-Highlights/The-Alexa-Fluor-Dye-Series.html


Threshold Cycle

* threshold cycle or the CT value is the cycle at which 
a significant increase in DRn is first detected

* it is the parameter used for quantitation

* CT value of 40 or more means no amplification and 
cannot be included in the calculations

* theoretically a single copy of the target should 
create a CT value of 40 (if efficiency is 100%), which 

is the y-intercept in a standard curve experiment



The Amplification Plot contains valuable information for the quantitative measurement of DNA or 
RNA. The Threshold line is  the level of detection or the point at which a reaction reaches a 

fluorescent intensity above background. The threshold line is  set in the exponential phase of the 
amplification for the most accurate reading. The cycle at which the sample reaches this  level is 

called the Cycle Threshold, CT. These two values are very important for data analysis using the 5’ 
nuclease assay. 

What is CT?

log view



DRn

* Rn+ is the Rn value of a reaction containing all 

components (the sample of interest); Rn- is the Rn 

value detected in NTC (baseline value)

* DRn is the difference between Rn+ and Rn-. It is an 

indicator of the magnitude of the signal generated by 

the PCR

* DRn is plotted against cycle numbers to produce the 

amplification curves and to estimate the CT values



(www)

What is DRn?

http://dir.niehs.nih.gov/microarray/realtime.pdf
http://dna-9.int-med.uiowa.edu/RealtimePCRdocs/realtimeoverview.pdf
http://dir.niehs.nih.gov/microarray/realtime.pdf


Efficiency

The slope of the log-linear phase is a reflection of the 
amplification efficiency

The efficiency of the reaction can be calculated by the 
following equation:  Eff=10(-1/slope) –1. The efficiency of 

the PCR should be 90-110% (ideal slope = 3.32)

A number of variables can affect the efficiency of the PCR. 
These factors can include length of the amplicon, 

secondary structure and primer design, to name a few 

Approximation vs Pfaffl method

(Efficiency Determination)

http://www.gene-quantification.de/efficiency.html


Nigel Walker, NIEHS (www)

http://dir.niehs.nih.gov/microarray/realtime.pdf


Assay Validation

* Test primer pairs in all combinations with the probe with

a known template (plasmid clone, cDNA, RNA)

* Use standard assay conditions: 300-400 nM primers,

100 nM probe, 4 mM MgCl2 (higher for multiplex reactions)

* Choose the primer pair that gives the highest DRn and the lowest CT

* Make at least three (1:10) dilutions of a template, either cDNA, RNA or total

RNA (in triplicates) for a standard curve

* If the slope of the standard curve of the best primer pair is 

around -3.5 increase the MgCl2 concentration to 5 mM

* If the slope is higher than -3.6, change primers

* An ideal assay will have a slope of -3.32, 

R2 (coefficient of determination)  >0.99, SD<0.250 and y-intercept ~ 40

* Target and normalizer standard curves should be parallel 

(same slope = efficiency)

* In a well-optimized multiplex reaction, the target CT values should be the 

same as obtained in singleplex reactions for each target



Real-Time PCR Applications - I

* quantitation of gene expression

* array verification

* quality control and assay validation

* biosafety and genetic stability testing

* drug therapy efficacy / drug monitoring

* viral quantitation 

* pathogen detection 



Real-Time PCR Applications - II

* DNA damage (microsatellite instability) measurement 

* radiation exposure assessment

* in vivo imaging of cellular processes 

* mitochondrial DNA studies 

* methylation detection

* detection of inactivation at X-chromosome

* linear-after-the-exponential (LATE)-PCR: a new method for 

real-time quantitative analysis of target numbers in small 

samples, which is adaptable to high throughput applications 

in clinical diagnostics, biodefense, forensics, and DNA 

sequencing
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Real-Time PCR Applications - III

* Determination of identity at highly polymorphic HLA loci 

* Monitoring post transplant solid organ graft outcome 

* Monitoring chimerism after HSCT

* Monitoring minimal residual disease after HSCT 

* Genotyping (allelic discrimination) 

- Trisomies and copy number variations 

- Microdeletion genotypes 

- Haplotyping

- Quantitative microsatellite analysis 

- Prenatal diagnosis from fetal cells in maternal blood 

- Intraoperative cancer diagnostics


