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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
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been shown to be very important to try to con-
trol all the sources of variation along the entire
workflow of PCR based gene expression analysis.
If one does not meticulously try to standardize
each step, variation can and will be introduced
in your results that cannot be eliminated by
applying the final normalization (Stahlberg et
al., 2004). It is thus recommended to ensure
similar sample size for extraction of RNA and
to standardize the amount of RNA for DNase
treatment and reverse transcription into cDNA.
Furthermore, artificial RNA molecules can be
spiked into the sample prior to extraction or to
the RNA extract prior to reverse transcription
(Gilsbach et al, 2006; Huggett et al, 2005;
Smith et al., 2003). This will give an indication
of the efficiency of the reverse transcription and
qPCR procedures, and will reveal any inhibition.
The spike however, may not be extracted with
the same yield as compartmentalized natural
mRNAs and will not control fully for the final
amount of input material in the reaction.

Taking everything into consideration, it has
been agreed that the reference gene concept is
the currently preferred way of normalizing real-
time PCR data (3rd London qPCR symposium,
April 2005). Several companies have recognized
the problem and provide validated reference gene
panels for various organisms (Table 4.1). The
reference gene concept is particularly attractive
because the reference genes are internal controls
that are affected by all sources of variation during

Table 4.1 Commercial reference gene panels

the experimental workflow in the same way as
the genes of interest. The reference genes were
expressed in the cells, and their mRNAs are
present during prelevation, nucleic acid extrac-
tion, storage, and any enzymatic processes such
as DNase treatment and reverse transcription.
Furthermore, PCR-based quantification results
for a gene of interest are best normalized using
a factor that is measured using the same meth-
odology (i.e. a reference gene’s expression is also
measured by PCR).

While the use of reference genes for
normalization of gene expression levels is cer-
tainly the gold standard some new approaches
for normalization have recently been developed.
Argyropoulos et al. have developed a generic
normalization method for real-time PCR against
total mRNA. During reverse transcription this
method incorporates a long tailed sequence to
each mRNA. After double-stranded cDNA syn-
thesis the tailed sequence can be quantified and is
a measure of the mRNA fraction (Argyropoulos
et al., 2006). It remains to be determined what
the fraction of mispriming of the tailed oligo-d T
primer is to e.g. highly abundant RNA molecules
such as the ribosomal RNAs. Talaat et al. (2002)
and Kanno et al. (2006) use a gene expression
normalization strategy based on DNA. The
former measures the DNA content of a total
nucleic acids extract by PCR and uses this as
normalization factor. In the latter approach the
DNA content is determined spectroscopically,

Company Targeted genera and number of URL
reference genes
Applied Homo (10), Mus (2), Rattus (2), http://www.appliedbiosystems.com
Biosystems
Eurogentec Homo (12), Mus (2), Rattus (1), http://www.eurogentec.com
Oryctolagus (1)
Invitrogen Homo (16), Mus/Rattus (15), http://tools.invitrogen.com/content/sfs/

Drosophila (2)

Homo (12), Mus (12), Rattus (12),
Caenorhabditis (12), Xenopus (12),
Arabidopsis (12), Ovis (12), Danio
(12), Bos (7), Sus (10), Nicotiana (6),
Cucumis (6), Solenopsis (6)

Homo (12), Mus (12)

PrimerDesign

TATAA
Biocenter

brochures/711-022292_L UXhskg_brochure.pdf

http://www.primerdesign.co.uk/genorm_all_
specials.asp

http://www.tataa.com/webshop/Endogenous-
Control-Panels/View-all-products.html







