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30-45 cycles of a 3-step process

denaturation (95 °C 15 s)

extension (72 °C 1 min)

annealing (50-70 °C 15 s)

20bp ~1/1000 000 000 000

Polymerase chain reaction (PCR)
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Polymerase chain reaction (PCR)

Endpoint detection (agarose gel electrophoresis)

Not really quantitative

Carry-over contamination

Laborious
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Real-time PCR principle

Continuous monitoring of PCR product accumulation

i.e. measure every cycle the amount of fluorescence

Relationship between the time fluorescence increases above background and 

the initial amount of template

i.e. the sooner fluorescence is visible, the more template was present, and vice 

versa
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real-time PCR principle
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Amplification curve

exponential function
(y=ax + b)

sigmoid amplification curve
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Amplification curve
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Quantification cycle value: threshold method

threshold

Cq
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Quantification cycle value: 2nd derivative maximum method

Cq
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Quantification cycle value: 2nd derivative maximum method
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Comparative Cq quantification

Delta-Cq = ∆Cq = 19 – 17 = 2

Relative quantity (RQ)= Edelta-Cq = 22 = 4

E value represents the amount of fold change per cycle per gene

E = 2 represents 100% PCR efficiency
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PCR efficiency

Determine PCR efficiency

Standard dilution series

Single curve efficiency

Standard dilution series  Standard curves
Gold standard

Slope (a) of the standard curve ~ efficiency of the PCR

Efficiency = 10(-1/a) – 1

Ideal efficiency

100 %

1

slope of -3.322

E = 2 (base exponential amplification) 
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PCR efficiency

Single curve efficiency

Calculate the amplification efficiency from the shape of the amplification plot

Different algorithms

LinReg Ramakers, Nucleic Acids Res. 2009 Apr;37(6):e45 

PCR Miner Zhao, Comput. Biol. 2005 Oct;12(8):1045-62

LRE (Linear Regression of Efficiency)  Rutledge, BMC Biotechnol. 2008 May 8;8:47 

...

exponential function

sigmoidal amplification curve
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PCR efficiency

Estimation of PCR efficiency by exponential fit

Bar T et al., 2003, NAR 
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single curve efficiency determination
PCR efficiency

Problem with single curve efficiency determination

Different algorithms give different efficiencies

• LinReg

• PCR Miner

• LinReg

• PCR Miner
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single curve efficiency determination
PCR efficiency

Problem with single curve efficiency determination

Different algorithms give different efficiencies

Single curve efficiencies do not correspond to standard curve efficiencies

Imprecise estimates due to noise on limited number of usable data points
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single curve efficiency determination
PCR efficiency

Problem with single curve efficiency determination

Different algorithms give different efficiencies

Single curve efficiencies do not correspond to standard curve efficiencies

Imprecise estimates due to noise on limited number of usable data points

Individual efficiency values can not be used in comparative Cq quantification model

Individual efficiency values may be averaged across all measurements for a given 

assay to replace standard curve efficiency estimates

References

Nordgård et al., Anal Biochem, 2006

Goll et al., BMC Bioinformatics, 2006

Karlen et al., BMC Bioinformatics, 2007
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Relative quantification

Relative quantification

One sample relative to another

One transcript relative to another (e.g. splice isoforms)

Vandenbroucke et al., Nucleic Acids Research, 2001

Comparative Cq method / delta-Cq method



accelerating your analysis

Relative quantities (RQ)

RQ = 2
ΔCq

RQ1/3 = 2
4 

= 16

RQ2/3 = 2
2 

= 4

RQ3/3 = 2
0 

= 1
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Relative quantities (RQ)

differences in RQ due to

 different gene expression level
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 different total starting amount
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Relative quantities (RQ)

differences in RQ due to

 different gene expression level

 different total starting amount

 run dependent differences

accelerating your analysis

Correcting for unwanted variation

Cq RQ NRQ CNRQ

Normalization Inter-run calibration

technical variation

 avoid

 minimize

 correct
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Relative quantities (RQ)

Cq RQ NRQ CNRQ

RQ = 2
ΔCq

RQ = E
ΔCq

Calculate gene specific amplification efficiency 

(E) from dilution series
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Reference Cq

ΔCq = Cqref – Cqsoi

Choice of Cqref does not affect the RQ ratio between samples

Sample of choice

Sample with lowest expression

Average Cq

Cycle 20

Choice of Cqref does affect the error on RQ (if SE(E) is taken into 

account)

Minimize error: Cqref = average Cq

qbasePLUS approach
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Reference Cq

Hellemans et al., 2007, Genome Biology 
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Error on amplification efficiency estimate

calculate and propagate the error on E

minimize SE(E)

increase number of dilution points (n)

increase range of dilution
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Error on amplification efficiency estimate

increase number of points increase range of points

1-2 SE(E)=0.032 1&2 SE(E)=0.032
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Error on amplification efficiency estimate

increase number of points increase range of points

1-2 SE(E)=0.032

1-3 SE(E)=0.013

1-4 SE(E)=0.008

1&2 SE(E)=0.032

1&3 SE(E)=0.018

1&4 SE(E)=0.008
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Error on amplification efficiency estimate

increase number of points increase range of points

1-2 SE(E)=0.032

1-3 SE(E)=0.013

1-4 SE(E)=0.008

1-5 SE(E)=0.005

1&2 SE(E)=0.032

1&3 SE(E)=0.018

1&4 SE(E)=0.008

1&5 SE(E)=0.004
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Error on amplification efficiency estimate

1-2 SE(E)=0.032

1-3 SE(E)=0.013

1-4 SE(E)=0.008

1-5 SE(E)=0.005

1-6 SE(E)=0.003

increase number of points increase range of points

1&2 SE(E)=0.032

1&3 SE(E)=0.018

1&4 SE(E)=0.008

1&5 SE(E)=0.004

1&6 SE(E)=0.002
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Normalized relative quantities

Minimize technical variation

sample: size and type

RNA extraction: quality and quantity

RNA degradation

cDNA synthesis

Correct for technical variation

normalization

Huggett et al., Genes Immun, 2005

Cq RQ NRQ CNRQ
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Quantification models

Livak and Schmittgen (2001)

100% PCR efficiency

1 reference gene

Pfaffl (2001)

adjusted PCR efficiency

1 reference gene

qBase model (2007)

adjusted PCR efficiency

multiple reference genes
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Inter-run calibration

Different analysis settings

Cq RQ NRQ CNRQ
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Inter-run calibration

Different analysis settings

Instrument, reagents and consumable variation

Cq RQ NRQ CNRQ

accelerating your analysis

Inter-run calibration

Avoid inter-run variation

use sample maximization

Minimize inter-run variation

use the same instrument, reagents and consumables

Correct for inter-run variation

inter-run calibration

Cq RQ NRQ CNRQ
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Inter-run calibration

Correct for inter-run variation by including IRC’s

IRC

inter-run calibrator

identical sample measured for the same gene in different runs

Cq RQ NRQ CNRQ

accelerating your analysis

Inter-run calibration

IRCrun 1

IRCrun 2

+ = NRQlow

+ = NRQhigh

CNRQ
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Inter-run calibration - Absolute standards cross lab comparison

average ΔCq standards
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ARHGEF7 gene

366 samples

use of 5 standards (triplicates) for correction

Inter-run calibration - Absolute standards cross lab comparison
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Cq qPCR instrument 2, mastermix 2
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qBase

accelerating your analysis

qBase
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Result rescaling

Choosing a different reference sample will result in different NRQ values, but

differences between samples will be exactly the same

The entire set of NRQ values for a given gene may be rescaled

Nicer graphs

Easier to interpret

Rescale to a reference / normal / calibrator sample to make all data relative to this

sample (calibrator = 1 or 100%)

Use the average of multiple reference samples if the absolute value matters

e.g. for copy number profiling

accelerating your analysis
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