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PCR amplification curve 



End-point PCR is not quantitative 



96 identical reactions will have very different final 
amounts of fluorescence at endpoint 

End-point PCR is not quantitative 



Real Time PCR Technology: 

-Enables detection and quantification of sample 
 
-Extremely sensitive 
 
-Can be used in various applications  
(gene expression, allelic discrimination,  
pathogen detection) 
 



What is Real-Time qPCR? 

� Fluorescence-based detection of amplification 
products through the use of a DNA-binding dye or 
hybridization probe. 

� Real-time qPCR is used to quantify input nucleic acid 
by measuring the number of cycles required to reach 
a set level of product. 

�  In contrast, traditional PCR is used to amplify DNA 
with end point analysis to distinguish products. 



Monitoring DNA amplification“real-time” 

Follows the amplification of DNA at the end of 
each PCR cycle  
� Fluorescent dyes 
� Fluorescent probes  

(Taqman)  



■  DNA binding dyes are inexpensive compared to 
hybridization probes.   

■  EtBr is 25 times more fluorescent when bound to 
dsDNA  

■  SYBR Green I is 125 times more fluorescent 
brightly bound to dsDNA. This is the one used in 
qPCR. 

Intercalation (DNA binding) dyes 
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•  Advantages 
– Experiment only requires gene-specific primers 

 
 
 
 
 

•  Disadvantages 
– Potential contribution to fluorescence from non-

specific products (primer-dimers) 

Intercalation (DNA binding) dyes 



The point at which the fluorescence rises appreciably 
above background.  
Threshold can be placed anywhere in the exponential 
(log-linear) phase. Typically calculated by the software. 

Threshold cycle CT 



Correlates strongly with the starting copy number 
 

Threshold cycle CT 



�  1 CT Difference = 2 fold difference in starting template amount 

�  3.3 CT Difference = 10 fold difference in starting template 
amount 

ProductT = (Template0)2
n 

Where n=Number of Cycles 

Ideal PCR 

Threshold cycle CT 



Endpoint analysis to determine the melting 
temperature (Tm) of PCR products. 

Melt Curve Analysis 



Melt Curve Analysis 

Principle: 
� Melting temperature (Tm) of dsDNA 
� Temperature at which half the DNA is double 

stranded and half is single stranded 
� Depends on nucleotide content and length 

�  After PCR amplification, the temperature is 
increased, causing the dsDNA to melt and release 
the dye, resulting in a decrease in fluorescence  

� Analogous to agarose gel analysis except Tm is used to 
distinguish products 



� Melting temperature (Tm) 
� DNA is half double and half single-stranded 
� Depends on nucleotide content and length 

Tm 

Double Stranded 
DNA 

Single 
Stranded 

Melt Curve Analysis 



Two peaks are indicative 
of a primer-dimer 
contamination. Data 
CANNOT be used. 

Melt Curve Analysis: primer dimer 



• Basic delta Ct 

• Delta-delta Ct  

• Pfaffl delta-delta Ct 

Data Analysis: 


