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Real-time PCR experimental designs

 Absolute quantification of a single marker by means of a standard 

curve
 Viral load testing

 Relative quantification – the response of a single expression marker 

relative to an endogenous control
 Diagnosis and monitoring of monogenic diseases

 Expression profiling
 Staging, monitoring and prediction of complex diseases

 Protein detection

 Expression correlation

The Real-Time Polymerase Chain Reaction, M. Kubista, J.M. Andrade, M. Bengtsson, A. 

Forootan, J. Jonak, K. Lind, R. Sindelka, R. Sjöback, B. Sjögreen, L. Strömbom, A. Ståhlberg, N. 

Zoric, Molecular Aspects of Medicine (2006) 27, 95-125 
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Viral load testing
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Determination viral load
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Monogenic disease monitoring
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Trend study



One disease marker for complex disease

Mean and 95% CI Unpaired 2-sided t-test

The probability that samples from two like 

populations shall produce the observed difference



Classification based on 1 marker

False positive False negative



Classification based on 2 genes

False positive

False negative



Principal component analysis based on 14 markers



Breast cancer vs. Healthy individuals (14 markers)



Single-cell quantitative RT-PCR



Expression of Ins2 in individual b cells



and in logarithmic scale....



The typical (median) cell
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Correlation in genes’ expression identifies the cell

Pearson’s coefficient

  ActB Ins1 ins2 Sur1 Kcnj11 

ActB 1      

Ins1 0.15 1     

ins2 0.12 0.90 1    

Abcc8 -0.02 -0.01 0.06 1   

Kcnj11 0.11 -0.02 0.24 -0.15 1 

 1 
M. Bengtsson, A. Stålberg, P. Rorsman, M. Kubista, Genome Research (2005) 1388-1392 

With pre-amp 50 genes per cell



Protein detection

Lind & Kubista, Bio-Rad amplification tech note 2805

ELISA Immuno PCR



ELISA vs immuno-qPCR
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Measurements of PSA mRNA and protein

Human Pathology, in press



High throughput expression profiling 

48 (genes) × 48 (samples) = 2304 reactions!

Sample 

Inputs
Chip

IHS Underneath Chip

Pressure 

Accumulator



Digital PCR

Sample is diluted into chambers that each 

contains in average less than 1 molecule



Digital PCR

Sample is diluted into chambers that each 

contains in average less than 1 molecule

Rare mutations are easily detected 

because the background in a chamber 

containing the target has been reduced by 

the dilution 
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