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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,
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USA), promote the software option of inspecting
single cycle fluorescence readings to optimize the
polymerase elongation time length to prevent
primer-dimers or unwanted and unspecific PCR
by-products, or to evaluate reaction kinetics.
The next level of data evaluation is performed
within one sample gPCR run, where multiple
single fluorescence data points are analysed
(mostly between 30 and 50), measured at each
cycle and constituting the so-called amplifica-
tion plot. Most software applications do curve
smoothing to show a ‘perfect’ real-time qPCR
history in the amplification plot. We have to real-
ize that the real’ fluorescence readings, generated
in the reaction cup are noisy and rough, and not
as ‘smooth and beautiful’ shaped as shown in the
plot. To retrieve the maximal information out of
the shape of the amplification plot, rather than
a single ‘quantification point, more advanced
fitting procedures must be applied. In the recent
literature various models have been described,
either using single (Liu et al., 2002a; Larionov
et al., 2005; Ma et al., 2006; Goll et al., 2006) or
multiple algorithms fitted to the amplification
plot (Tichopad et al., 2003, Wilhelm et al., 2003).
More useful information can be generated from
these mathematical model variables concerning
the background, fluorescence increase and pla-
teau phase (Pfaffl, 2004). Valuable conclusions
on qPCR fidelity can be drawn from this data.
From the heights of the background fluorescence
we can observe if too much reporter dye (SYBR
Green I or labelled probe) is present in the reac-
tion setup, whether primer or probe mismatches
occur in eatly cycles and how comparable the
samples are. The fluorescence increase gives es-
sential information about amplification fidelity
and PCR efficiency. Plateau height informs about
the total amount of generated PCR product (Liu
et al., 2002b; Tichopad et al., 2004). Some early
software applications (LightCycler Software
2001) used amplitude normalization to generate
‘identical plateau levels’ and unify plateau height
(Larionov et gl., 2005). The amplitude normali-
zation is based on the suggestion that in an ideal
PCR procedure the outcome is determined by
the initial available PCR resources. This as-
sumption is valid for ideal PCR but in practice
it may not be true. To improve any quantification

procedure the amplitude normalization can be
implemented for each individual factor analysed
(Larionov et al., 2005).

Further curve smoothing algorithms are ap-
plied in melting curve analysis, to test the gPCR
product-specificity and to show whether am-
plimer-dimers, splice variants, or unspecific PCR
products have been formed. New approaches to
increase the sensitivity of melting curve analysis
are the application of innovative saturation fluo-
rescence dyes, e.g. using LC Green (Wittwer et
al.,2003) in the LightCycler (Roche Diagnostics,
Mannheim, Germany) or Rotor-Gene 6000
(Corbett Life Science, Sydney, Australia) and
the use of ‘High Resolution Melt' (HRM) curve
analysis (Corbett Life Science). These methods
are designed to give better-specificity testing and
reliable genotyping.

Background subtraction

A prerequisite for cycle threshold (C,) or cross-
ing point (CP) determination is background
fluorescence subtraction. accurate
measurement of the level of background fluo-
rescence can be a challenge. While a stable and
constant background is ideal for subtraction,
often the background appears noisy, with a rising
or decreasing fluorescence level. Real-time PCR
reactions with significant background fluores-
cence variations occur, caused by drift-ups and
drift-downs over the course of the reaction (Wil-
helm et al., 2003; Larionov et al., 2005). Averag-
ing over a drifting background will result in an
overestimation of variance and thus increase the
threshold level (Livak, 1997; Rasmussen, 2001).
Key questions surround how the software deals
with the background data. Are the data shown
real raw fluorescence data or are they already
manipulated, e.g. through an additional ROX

adjustment or amplitude normalization? Has

However,

curve smoothing been applied to the fluorescence
data? Which kind of fluorescence background
correction and/or subtraction was applied on the
hardware?

Most real time platforms show pre-adjusted
fluorescence data and in consequence pre-
adjusted CP values. After doing an automatic
background correction the CP values are deter-






