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Introduction

� Nucleic acid quantification: increasingly important in
� Biological research
� Clinical decision making

� Practical performance feasible for most labs because of
� Improved detection chemistry & design guidelines
� Advanced instruments

� Remaining problems
� Accurate and straightforward data processing
� Management of ever growing data sets
� Need for flexible & user friendly software:

SoFar, REST, Q-gene, DART, GENEX (BioRad), …



Limitations current qPCR gene expression analysis tools

� Dedicated for one instrument, cumbersome data import
� Limited number of samples or genes (<1run / plate)
� Fixed number of replicates
� Only one reference gene
� Lack of data quality controls

� Replicate variability
� Standard curve
� NTC control
� Reference gene stability

� Inaccurate error propagation / quantification
� Limited visualisation / rescaling
� Lack of experiment archive
� Closed architecture



Our solution: qBase

Browser module

Analyzer module

� Excel workbooks + VBA scripts
� Free – open source (Artistic license)
� Management & automated analysis

q B a s e



Data organization

Organize data on three levels

� Run (plate)
� Experiment: group of runs that need to be processed as 

a whole
� Wells with identical sample and gene name are considered replicates
� Sample results are relative to those of all the other samples
� 2 independent (e.g. biological) replicates = 2 different experiments

results are relative within an experiment but not between the two

� Project: group of related experiments



qBase Browser

Menu

Annotation

Add & remove

Browser



qBase Browser

� Manage data
� Annotate projects / experiments / runs
� Add & remove projects / experiments / runs
� Import & export projects / experiments (data exchange)
� Import run data
� Start analysis



Data import

� qBase format (.xls)
� Well
� (sample) type
� Sample (name)
� Gene (name)
� Ct / Cp
� Quantity

� Conversion of proprietary formats into qBase format
� Many formats � Lots of work
� Difficulties – errors
� Continued adaptation for newer formats

� Universal XML (work in progress)



XML

� XML = Extensible Markup Language
� Open format (extensible with future additions)
� Identical for all qPCR users
� Facilitates data exchange between

� Users
� Software packages (e.g. data collection software vs. qBase)

� Can be read by everyone
� Allows submission of raw data along with publication
� Format is still open for discussion …

qBase@medgen.ugent.be



XML-format

Experiment
(Experiment name)
(Experiment description)
Run [1]

(Run name)
(Run Description)
Well

Well Name (or number)
Sample type {UNKN, NTC, NAC, STD}
Sample name
Gene name
Ct value
(Quantity)
Exclusion

…
Well

…
Run [n]



qBase Analyzer

� Project level (under construction)
� Statistical modules for analysis of normalized relative quantities

� Experiment level
� Calculation of normalized relative quantities



Experiment analyzer

Menu

Sample & Gene list

Workflow



Workflow

� Fetches data from source file
� Creates a

� Data list



Workflow

� Fetches data from source file
� Creates a

� Data list
� Sample list
� Gene list



Workflow

� Renames all the instances of a name 
(sample or gene)

� Renaming of specific wells
� Run editor



Workflow

� Renames all the instances of a name 
(sample or gene)

� Renaming of specific wells
� Run editor



Workflow

� Select up to 5 reference genes



Workflow

� NTC present?
� Minimal value for NTC
� Maximum difference between

replicates
� Minimum difference between UNKN 

and NTC
� Gene spread over multiple runs
� Thresholds in ‘Options’



Workflow

� NTC present?
� Minimal value for NTC
� Maximum difference between

replicates
� Minimum difference between UNKN 

and NTC
� Gene spread over multiple runs
� Thresholds in ‘Options’
� Summary of quality control
� Review data in highlighted list



Data list

‘Delete’



Workflow

� Inter-run calibration for experiments
with genes spread over multiple runs 
in the presence of inter-run calibrators



Experiment setup

Maximize number of samples Maximize or fix number of genes

GOI1 GOI2 GOI3 GOI4

GOI5 REF1 REF2 REF3

48 wells
2X (20 samples + NTC)

GOI1
GOI2
GOI3
GOI4
GOI5
REF1
REF2
REF3

GOI1
GOI2
GOI3
GOI4
GOI5
REF1
REF2
REF3

12 wells
2X (5 samples + NTC)

[5 GOI + 3REF] X [20 samples + 1 NTC] X [2 replicates] � 4 runs



Plate pipetting

Most common use: relative quantification, comparison of 
gene expression levels between samples

Minimize variation NOT caused by differential expression

� Differences in cDNA starting concentration and quality
� Normalization

� Differences in amplification conditions
� Good equipment with minimal intra-run variation
� Use ‘Sample maximalisation’
� Inter-run calibration (if required)



Workflow

� Inter-run calibration for experiments
with genes spread over multiple runs in 
the presence of inter-run calibrators

� Automated
� Identification of inter-run calibrators
� Calibration (gene specific)

• Calculation of ∆Ct between the runs for all inter-run
calibrators

• Calculate the average ∆Ct
• Adjust Ct values with this average ∆Ct

� Quality control
� Avoid calibration with bad calibrators
� Allows user intervention



Inter-run calibration



Workflow

� Set default ampl. eff. for all genes
� Specify a gene specific ampl. eff.
� Determine ampl. eff. with standard

curve



Standard curve



Workflow

� Use keyboard button ‘del’ to exclude
samples in the results

� Use keyboard buttons ‘up’ and ‘down’
to reorder samples



Workflow

Three generations of quantification models
1. Livak and Schmittgen (2001)

100% PCR efficiency, 1 reference gene
CtNRQ ∆∆

= 2



Workflow

Three generations of quantification models
1. Livak and Schmittgen (2001)

100% PCR efficiency, 1 reference gene
2. Pfaffl (2001)

adjusted PCR efficiency, 1 ref. gene
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Workflow

Three generations of quantification models
1. Livak and Schmittgen (2001)

100% PCR efficiency, 1 reference gene
2. Pfaffl (2001)

adjusted PCR efficiency, 1 ref. gene
3. Unpublished new model

adjusted PCR eff. & multiple ref. genes
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Workflow

� Average Ct values of replicates
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Workflow

� Average Ct values of replicates
� Convert Ct values into relative quantities
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Workflow

� Average Ct values of replicates
� Convert Ct values into relative quantities
� Calculate the normalization factor
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Workflow

� Average Ct values of replicates
� Convert Ct values into relative quantities
� Calculate the normalization factor
� Perform normalization
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Workflow

� Average Ct values of replicates
� Convert Ct values into relative quantities
� Calculate the normalization factor
� Perform normalization
� Rescale data (Options)



Workflow

� Only applicable with >1 reference gene
� Normalization factor histogram 

(abnormalities?)



Workflow

� Only applicable with >1 reference gene
� Normalization factor histogram 

(abnormalities?)
� CV & M



Workflow

� Only applicable with >1 reference gene
� Normalization factor histogram 

(abnormalities?)
� CV & M



Workflow

� Table



Workflow

� Table
� Single gene histogram



Workflow

� Table
� Single gene histogram
� Multi gene histogram



Workflow

� Table
� Single gene histogram
� Multi gene histogram
� Options
� Export

� Results (NRQ + SD or SEM)
� geNorm input file



Workflow

� Table
� Single gene histogram
� Multi gene histogram
� Options
� Export

� Results (NRQ + SD or SEM)
� geNorm input file



Summary

� qBase Browser
� Import raw data in different formats (proposal for a universal XML format)
� Manage, organize and annotate data

� qBase Analyzer, experiment level
� Quality control of raw data
� Inter-run calibration
� Correct conversion of Ct values into relative quantities using efficiencey

correction
� Normalization with up to 5 reference genes
� Reference gene quality evaluation
� User friendly results viewing

� qBase Analyzer, project level (under construction)
� Statistical processing of normalized relative quantities

� Easy data exchange
� Free – open source
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