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Data processing - 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)
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Relative quantities (RQ)

differences in RQ due to

Ádifferent gene expression level
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Relative quantities (RQ)

differences in RQ due to

Ádifferent gene expression level

Ádifferent total starting amount
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Relative quantities (RQ)

differences in RQ due to

Ádifferent gene expression level

Ádifferent total starting amount

Árun dependent differences
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differences in RQ due to
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Correcting for unwanted variation

Cq RQ NRQ CNRQ

Normalization Inter-run calibration

technical variation

Áavoid

Áminimize

Ácorrect

accelerating your analysis

Relative quantities (RQ)

Cq RQ NRQ CNRQ

RQ = 2
ȹCq

RQ = E
ȹCq

Calculate gene specific amplification efficiency 

(E) from dilution series



6

accelerating your analysis

Reference Cq
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Choice of Cqref does not affect the RQ ratio between samples

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

Minimize error: Cqref = average Cq

accelerating your analysis

Reference Cq
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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

( )( )

( )ä

ä

=

=

-

--

=
n

a

a

n

a

aa

QQ

CqCqQQ

slope

1

2

1

öö
÷

õ
ææ
ç

å-

=
slope

E

1

10

( )
)1( -

=
ns

s
slopeSE

x

e

()
() ( )

2

10ln

slope

slopeSEE
ESE

ÖÖ
=

( )

2

1

2

,,

-

-

=
ä
=

n

CqCq

s

n

a

predictedameasureda

e

( )ä
=

-
-

=
n

a

ax QQ
n

s
1

2

1

1

accelerating your analysis

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&2 SE(E)=0.032

1&3 SE(E)=0.018
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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

accelerating your analysis

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

accelerating your analysis

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

accelerating your analysis

Inter - run calibration

different analysis settings

instrument, reagents and consumable variation

Cq RQ NRQ CNRQ
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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

accelerating your analysis

Inter - run calibration

correct for inter-run variation by including IRCôs

IRC:

inter-run calibrator

identical sample measured for the same gene in different runs

Cq RQ NRQ CNRQ
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Inter - run calibration

IRCrun 1

IRCrun 2

+ = NRQlow

+ = NRQhigh

CNRQ
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ARHGEF7 gene

366 samples

use of 5 standards (triplicates) for correction

absolute standards cross lab comparison
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qBase


