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Motivation

• High troughput qPCR experiments generate huge 
amounts of data

• Standardized storage of experiment and results

• Standardized experiment annotation system

• Manual efficiency calculation using e.g. Excel 
spreadsheets time consuming

• Calculation of amplification efficiencies needed
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Technical overview

• Implemented in Perl

• Object-oriented data model

• Based on relational database (MySQL)

• Web-frontend as user-interface
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Upload and annotation
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Supported systems

• Adjusted for different qPCR-Systems:

 Lightcycler® (Roche Diagnostics)
• parsing output files (.ABT, .FLO)

 Opticon® (Bio-Rad Laboratories, Inc.)
• Opticon MONITORTM exports TAB separated values
• parsing these TAB separated values

• Experimental data parsed automatically

• Software extendable to support more systems
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Experiment annotation

• Annotation of RNA

• Annotation for 
each sample 
of an 
experiment

• Comparable 

annotation of

experiment 

setup
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Efficiency calculation
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Efficiency calculation

• Amplification efficiency = ratio of DNA amplification

• Theoretical amplification efficiency should be 2

• In practice mostly between 1.5 and 1.9

• High influence on calculation of gene expression
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Efficiency calculation

• Several algorithms published

• Two algorithms used in CAmpER:

 DART-PCR1 (Data Analysis RT-PCR)
• Slope of the log-linear phase

 FPLM method2

• Four Parametric Logistic Model
• Modelling of the exponential phase

• Efficiency calculation for each sample

1 Peirson et al., 2003
2 Tichopad et al., 2003
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DART-PCR

slopeefficiency 10
slopeefficiency 10
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FPLM method

xEyxf  0)(
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Gene expression calculation
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Relative gene expression ratios

• Expression in relation to a reference sample

• Calculation using the CP difference:

->Inaccurate if amplification efficiencies vary

• Normalization to an efficiency of 2 :

• Calculation using the cCP difference:

)( samplereference2 CPCPRatio 

)(log2
CPEcCP 

)( samplereference2 cCPcCPRatio 
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Visualization
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Plotting experiment data
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Melting curves

• Quality control

• Some dyes (e.g. Sybr Green I) detect 
double-stranded DNA

• Primer dimers lead to rising fluorescence without cDNA 
amplification

• Melting curves used to detect primer dimerisation
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Melting curves:

• Primer dimers are short
-> low melting point

• cDNAs are longer
-> higher melting point

• Two melting points indicate
primer dimerisation
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Data export

• All calculated data can be exported

• Export as TAB separated values
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User management

• User management integrated

• Including project managment system

• User roles with different rights
 Admin (all rights)
 Developer (extended rights, e.g. delete)
 User (basic read/write rights)
 Guest (read only)
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Summary of CAmpER features

• Parse qPCR data of different systems

• Basic LIMS functionality

• Calculate amplification efficiencies & gene expression

• Plot fluorescence, fitted models and melting curves

• User and project management

• Consistent storage of uploaded and calculated data
 MySQL database
 File storage system for uploaded files
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Outlook:

• Launch of web-application (april 2007)
www.cebitec.uni-bielefeld.de/groups/brf/software/

• Multiple reference genes in gene expression calculation

• Database search functionality

• Include more qPCR systems
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