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Abstract

Real-time PCR is the method of choice for
expression analysis of a limited number of genes.
The measured gene expression variation between
subjects is the sum of the true biological variation
and several confounding factors resulting in non-
specific variation. The purpose of normalization
is to remove the non-biological variation as much
as possible, Several normalization strategies
have been proposed, but the use of one or more
reference genes is currently the preferred way
of normalization. While these reference genes
constitute the best possible normalizers, a major
problem is that these genes have no constant
expression under all experimental conditions.
The experimenter therefore needs to carefully
assess whether a certain reference gene is stably
expressed in the experimental system under
study. This is not trivial and represents a circular
problem. Fortunately, several algorithms and
freely available software have been developed
to address this problem. This chapter aims to
provide an overview of the different concepts.

Introduction

Real-time PCR has become the de facto standard
for mRNA gene expression analysis of a limited
number of genes. Given its large dynamic range
of linear quantification, high speed, sensitiv-
ity (low template input required) and resolution
(small differences can be measured), this method
is perfectly suited for validation of microarray
expression screening results on an independent
and larger sample panel, and for studies of a
selected number of candidate genes or pathway
constituents in an experimental setup (biopsies,

treated cell cultures or any other sample collec-
tion). More recently, real-time PCR has also
entered the high throughput gene expression
analysis field based on 384-well block thermal
cyclers and newer platforms, such as array based
devices from Biotrove and Fluidigm that allow
parallel gene expression analysis of even higher
number of genes and samples (1-48 samples for
48-3072 different genes depending on platform
and configuration).

It is important to realize that any measured
variation in gene expression between subjects
is caused by two sources. On the one hand,
there's the true biological variation, explaining
the phenotype or underlying the phenomenon
under investigation. On the other hand, there
are several confounding factors resulting in non-
specific variation, including but not limited to
template input quantity and quality, yields of the
extraction process and the enzymatic reactions
(reverse transcription and polymerase chain
reaction amplification). One of the major dif-
ficulties in obtaining reliable expression patterns
is the removal of this experimentally induced
non-biological variation from the true biological
variation. This can be done through normaliza-
tion by controlling as many of the confounding
variables as possible (next section).

Reference genes as golden

standard for normalization

There are several strategies to remove experi-
mentally induced variation, each with their own
advantages and considerations (Huggett et al,,
2005). While most of these methods cannot
completely reduce all sources of variation, it has






