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Differences in RQ due to:
different gene expression level

= variation of interest
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Differences in RQ due to:
different gene expression level
different total starting amount

≠ cell numbers
≠ RNA isolation
≠ RNA degradation
≠ cDNA synthesis
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Differences in RQ due to:
different gene expression level
different total starting amount
run dependent differences

≠ data analysis settings
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Differences in RQ due to:
different gene expression level
different total starting amount
run dependent differences

≠ data analysis settings
instrument related variation
≠ reagents
≠ optical properties of plastics
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Cq RQ NRQ CNRQ

Normalization Inter-run calibration
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Avoid variation
> Minimize & correct variation

>>> Ignore variation



Cq RQ NRQ CNRQ

RQ = 2ΔCq

RQ = EΔCq

Calculate gene specific
amplification efficiency
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Dilution series

Average of well specific amplification efficiencies
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Decrease SE(E)
Increase number of dilution points (n)
Increase range of dilution



ΔCq = Cqref – Cqsoi
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
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ΔCq = Cqref – Cqsoi
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
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RQ = EΔCq

Calculate the correct error on RQ 
without overestimating it



Cq RQ NRQ CNRQ
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Multiple reference genes 

More accurate results
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( )
NRQ

NRQSECV =

Multiple reference genes

quality control on reference gene stability

coefficient of variation of NRQref
1 reference gene NRQref=1

multiple reference genes NRQref fluctuate around 1

geNorm M value
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Detect & exclude unstable reference genes
prevent skewing of results



Sample panel
Homogenous

CV: 25%
M: 0.5

Heterogenous
CV: 50%
M: 1.0

tissue type gene CV (%) M mean CV% mean M

neuroblastoma UBC 31.84 0.740 30.89 0.703
SDHA 27.40 0.660
HPRT1 37.11 0.736
GAPDH 27.21 0.675

fibroblast YHWAZ 18.19 0.408 14.81 0.365
HPRT1 8.84 0.308
GAPDH 17.40 0.378

leukocyte B2M 15.76 0.400 15.81 0.394
UBC 15.79 0.389
YWHAZ 15.89 0.393

bone marrow YWHAZ 17.77 0.383 15.47 0.372

UBC 13.60 0.356
RPL13A 15.03 0.376

normal pool TBP 47.51 1.099 43.73 0.925
HPRT1 46.99 0.988
HMBS 31.16 0.849
SDHA 49.50 0.869
GAPDH 43.50 0.819
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Cq RQ NRQ CNRQ

Inter-run differences are generally ignored
Inter-run differences can be corrected for with IRCs
inter-run calibrator = identical sample measured for the same gene in different runs

IRCrun 1

IRCrun 2

+ = NRQlow

+ = NRQhigh

CNRQ
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Inter-run calibration needs to be performed for 
each gene seperately

Inter-run calibration on the level of

Cq values

NRQ values

Enables comparison with an IRC from a fresh cDNA synthesis

(  = )
(  or )
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Limitation: same set of IRCs required in all runs

Solutions:
No calibration for that gene in that run
Exclude this IRC in all runs
Complex inter-run calibration

3rd International qPCR Symposium   - Freising 2007   - Jan Hellemans

3
3

,∏
x

xircNRQ 3
3

,∏
x

xircNRQ 3
3

,∏
x

xircNRQ

2
2

,∏
x

xircNRQ



Complex inter-run calibration:
based on multiple imputation

1. Same NRQ ratio between identical samples in different runs
2. Use this ratio to impute missing data (in several ways)
3. Calculate calibration factor (multiple times)
4. Average all instances of the calibration factor
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Multiple inter-run calibrators
more accurate results
less increase in error
allows quality control
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qBase

Implements most discussed methods
Interest demonstrated by downloads

>2700
>70 countries

Has a number of limitations
professional qBasePlus
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Advantages of qBasePlus (Biogazelle)
Platform indipendent (Windows, Mac, Linux, ...)

Appealing graphical interface with calculations on the fly

Direct import from instrument software export files

Data exchange and online sharing

Error estimation on PCR efficiency

Quality control
• Raw data
• Normalization
• Inter-run calibration

Inter-run calibration for any experimental setup

Biostatistical analysis
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