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Abstract

Quantitative real-time RT-PCR (qRT-PCR)
is widely and increasingly used in any kind of
mRNA quantification, because of its high sen-
sitivity, good reproducibility and wide dynamic
quantification range. While qRT-PCR has a tre-
mendous potential for analytical and quantitative
applications, a comprehensive understanding of
its underlying principles is important. Beside the
classical RT-PCR parameters, e.g. primer design,
RNA quality, RT and polymerase performances,
the fidelity of the quantification process is highly
dependent on a valid data analysis. This review
will cover all aspects of data acquisition (true-
ness, reproducibility, and robustness), potentials
in data modification and will focus particularly
on relative quantification methods. Furthermore,
useful bioinformatic, biostatistical as well as
multidimensional expression software tools will
be presented.

Introduction

Real-time qPCR has a tremendous potential
for analytical applications in quantitative DNA
and RNA analysis. To tap the full potential, a
comprehensive understanding of its underlying
quantification principles is important. For most
researchers, high reaction fidelity in the nucleic
acid (NA) quantification procedure performed is
key to a quick result and a biological answer. This
is associated with highly standardized pre-ana-
lytical steps, like tissue sampling and storage, NA
extraction and storage, NA quantity and quality
control, and through an optimized RT and/or
PCR performance in terms of specificity, sensi-

tivity, reproducibility, and robustness (Bustin,
2004). However, we should not forget that
post-qPCR data processing can influence or even
change the final result. Events such as qPCR data
generation, acquisition, evaluation, calculation
and statistical analysis are essential to interpret
the biological significance of an experiment.

Data analysis in general is the act of trans-
forming and interpreting data with the aim of ex-
tracting useful information and drawing correct
conclusions, Depending on the type of data and
the biological question, qPCR data analysis might
include curve fitting algorithms, data processing,
selecting or discarding certain data subsets based
on specific pre-set criteria, transformation of
logarithm quantification cycle (Cq) values to
relative quantities, normalization, rescaling, and
a final statistical test of the derived qPCR data.
The ultimate goal for gPCR and qRT-PCR is to
get a meaningful biological answer at the initial
DNA or RNA level, respectively. To understand
gPCR data analysis in detail, we have to split
the procedure in to various levels, which will be
discussed below.

Levels of data analyses in

qPCR

On the first level, gPCR data analysis takes place
within one raw fluorescence acquisition point.
Multiple fluorescence measurements are aver-
aged to a final raw fluorescence reading value per
cycle. How many data points are averaged and
how the averaging algorithm works is often hid-
den in the quantification software. Some instru-
ment manufactures, like Bio-Rad (Hercules, CA,






